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Editorial on the Research Topic 


Advances in the surgical management of gastric and colorectal cancers


The Research Topic ‘Advances in the Surgical management of Gastric and Colorectal cancer’ started in October 2022 and ended in May 2023. The aim of this project has been to describe the most recent innovations in surgical treatment and/or endoscopic techniques in localized gastric cancer (GC) and colorectal cancers (CRC) and to investigate the advances in adjuvant or neoadjuvant therapies in metastatic setting. Issues in novel biomarkers with prognostic impact were also solicited. Surprisingly (and for this we are very grateful to the Authors), in less than a year we received more than 100 submissions and 34 papers were accepted for publication, after a careful and detailed peer-review process, with a total of 230 Authors involved. In particular, 23 Original Research Articles, 7 Systematic Reviews and 4 Case Reports have been published (Figure 1A).




Figure 1 | (A) ORA, Original Research Article; SR/MA, Systematic Review/Meta-Analysis; CR, Case Report. (B) CRC, Colorectal Cancer; GC, Gastric Cancer; SB, Small Bowel.



In this Editorial we aim to resume some characteristics of these papers and raise some reflections.

Among Original Research Articles concerning CRC issues, Yang et al. investigated the impact of the total number of lymph nodes retrieved on the prognosis after neoadjuvant chemo and radio therapy in 257 consecutive patients with locally advanced CRC who underwent laparoscopic surgery. Multivariate analysis showed that only patient age, Tumor Regression Grade (TRG) score and ypN stage were independent factors affecting the number of lymph nodes (P<0.05). Moreover, less than 12 lymph nodes dissected has not been proved to be an adverse predictor for long-term survival (Lymph node yield less than 12 is not a poor predictor of survival in locally advanced rectal cancer after laparoscopic TME following neoadjuvant chemoradiotherapy).

Wang et al. explored the efficacy of transatmospheric ileal stoma manometry (TISM) in early detection of stoma outlet obstruction (SOO) before the manifestation of intestinal obstruction in a total of 38 patients who were subjected to laparoscopic anterior rectal resection and diverting ileostomy for CRC. Group with SOO had significantly higher stoma pressure on the second day after return of gut function compared to those without SOO (p<0.001), suggesting TISM can be used as a supplementary method for the early detection of SOO and allow timely treatment of the patients before they develop symptoms of obstruction (Transatmospheric ileal stoma manometry can be applied for the early detection of stoma outlet obstruction).

Some Original Research Articles focused on new surgical approaches in CRC. In particular, Ren et al. explored the short-term and long-term efficacy of superior rectal artery (SRA) preservation in laparoscopic radical resection for sigmoid cancer. A total of 84 patients received lymph node clearance around the inferior mesenteric artery (IMA) root (D3 lymph node dissection) with preservation of SRA (SRA preservation group), and 123 patients received high ligation of the IMA (control group). The results indicated that SRA preservation does not increase postoperative morbidity and mortality, does not affect prognosis, and can achieve D3 lymph node dissection, which is technically completely feasible (p<0.05) a front of the operation time, significantly longer in the preservation group (p<0.001) (Feasibility of preservation of superior rectal artery plus dissection of lymph nodes around inferior mesenteric artery in laparoscopic resection for sigmoid colon cancer).

Lu et al. described suitability of laparoscopic modified Bacon in 60 patients in stage I-III low rectal cancer. In particular, this new approach is safe for older patients or those with high risk factors for anastomotic leakage such as diabetes, chronic obstructive pulmonary disease, and hypoproteinemia (P <0.05) respect to the control cases. This technique can improve the rate of anal preservation, and save for rectal benign tumors or other rectal tumors that cannot be locally resected (e.g., large villous adenoma of the rectum, rectal gastrointestinal stromal tumor) (Application of laparoscopic modified Bacon operation in patients with low rectal cancer and analysis of the changes in anal function: A retrospective single-center study).

Liu et al. investigated the effect of carbon nanoparticles staining (CNS) in 6886 CRC resected patients, on lymph node tracing and postoperative complications using propensity score matching (PSM). PSM from age, sex, body mass index (BMI), smoking, drinking, hypertension, type 2 diabetes mellitus (T2DM), coronary heart disease (CHD), surgical history, open surgery, tumor location, tumor nodes metastasis (TNM) stage, tumor size and CNS suggested that CNS before surgery could help surgeons to retrieve more lymph nodes (P <0.001), reduce intraoperative blood loss (P =0.004) and reduce hospital stay (P <0.001) respect to non-CNS group (The effect of carbon nanoparticles staining on lymph node tracking in colorectal cancer: A propensity score matching analysis).

Qiu et al. compared safety and feasibility of advance incision (AI) technique for robotic-assisted laparoscopic rectal anterior resection in 102 patients. The mean time to perform auxiliary incisions and the average incision length were shorter (p<0.05) in the AI group with respect to the control group. No significant differences in incision infection, incision hematoma, incision healing time, and long-term incision complications, including incision hernia and intestinal obstruction, were observed between groups, supporting the utility of AI technique (Application of the advance incision in robotic-assisted laparoscopic rectal anterior resection).

Chen et al. applied indocyanine green (ICG) angiography to prevent anastomotic leakage (AL) in rectal cancer in 286 patients. Less patients in the ICG group were diagnosed with AL respect to non-ICG (p<0.001). Moreover, the ICG group had a less hospital readmission rate than the non-ICG group (p=0.003), showing ICG can reduce AL and hospital readmission rates (Indocyanine green angiography for lower incidence of anastomotic leakage after transanal total mesorectal excision: a propensity score-matched cohort study).

Zhou et al. investigated intracorporeal anastomosis (IA) approach for reconstruction of digestive tract after laparoscopic right hemicolectomy with respect to extracorporeal anastomosis (EA) in 78 patients with CRC. Although the postoperative complication rate of IA is similar to that of EA, the intraoperative blood loss was less (P =0.010) and the incision length was shorter (P <0.001) in the IA group. Moreover, postoperative farting time was faster (P =0.005) and postoperative pain score (VAS) was lower (P <0.001) in the IA group. These results support IA as an alternative of EA in high volume surgical centers, after adequate technical training (Intraoperative and postoperative short-term outcomes of intracorporeal anastomosis versus extracorporeal anastomosis in laparoscopic right hemicolectomy).

Yu et al. investigated transvaginal natural orifice specimen extraction surgery (NOSES) in the right hemicolectomy with respect to traditional transabdominal specimen extraction surgery in 138 CRC patients. Transvaginal NOSES showed better short-term outcomes than transabdominal specimen extraction surgery (p<0.001), such as less intraoperative bleeding and faster recovery of gastrointestinal function. Moreover, transvaginal NOSES provided a better postoperative quality of life and scar satisfaction suggesting this new approach as a valid alternative (Transvaginal versus transabdominal specimen extraction surgery for right colon cancer: A propensity matching study).

Yang et al. explored the safety of transanal total mesorectal excision (TaTME) with respect to laparoscopic transabdominal total mesorectal excision (TME) in 51 patients with low rectal cancer. The incidence of postoperative complications in the TaTME group was significantly lower than that in the TME group (P>0.05), without significant difference in operation time (P>0.05), suggesting TaTME resection as safe and effective alternative to laparoscopic transabdominal TME (Simple transanal total mesorectal resection versus laparoscopic transabdominal total mesorectal resection for the treatment of low rectal cancer: a single-center retrospective case-control study).

Concerning the new approaches in GC surgery, Park et al. led a prospective single-arm open-label observational study to investigate the feasibility of a patient-specific 3-D surgical navigation system for preoperative planning and intraoperative guidance during robotic surgery in 30 patients with GC. Results showed in the experimental group a shorter anesthesia time (P=0.299), operative time (P =0.137), and console time (P =0.101) than the control group, validating patient-specific 3-D surgical navigation system as clinically feasible and applicable with an acceptable turnaround time (Patient-specific virtual three-dimensional surgical navigation for gastric cancer surgery: A prospective study for preoperative planning and intraoperative guidance).

Shen et al. investigated robotic distal gastrectomy (RDG) in 110 patients with stage I-III GC. RDG showed a comparable operation time and lower volume of blood loss compared with laparoscopic distal gastrectomy (LDG) if performed by surgeons stepping into the stable stage of the robotic learning curve (P=0.434) (Comparison of short-term outcomes between robotic and laparoscopic distal gastrectomy performed by the same surgical team during the same period).

Jin et al. performed normothermic intraoperative intraperitoneal chemotherapy (NIIC) in a total of 1253 patients with naive stage I-III GC, showing no significant difference in overall survival (P>0.05). The multivariate Cox analysis confirmed that only age, BMI, pathological type, TNM stage, and differentiation grade were independent risk factors of survival in GC (A real-word study: is normothermic intraoperative intraperitoneal chemotherapy impactful as we expect)?.

Ye et al. explored laparoscopic digestive tract nutrition reconstruction (LDTNR) combined with conversion therapy (epirubicin + oxaliplatin + capecitabine regimen) in improving the inflammatory nutritional immune status and survival time in 37 patients with unresectable advanced GC with obstructive symptoms. The median chemotherapy cycle of patients in LDTNR group was higher than that in non-LDTNR group (P <0.001), with a significantly better response rate and 3-year cumulative survival rate respect to non-LDTNR group (P <0.001) (Safety and efficacy of laparoscopic digestive tract nutrition reconstruction combined with conversion therapy for patients with unresectable and obstructive gastric cancer).

Other Original Research Articles explored predictive usefulness of nomograms application. In detail, Huang et al. proposed a nomogram including preoperative triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio (THR) ≥ 1.93 and prognostic nutritional index (PNI) ≥ 42.55 as independently associated with overall survival (OS) and cancer-specific survival (CCS) in 523 stage I-III CRC patients. In particular, six (pT stage, pN stage, histological subtype, perineural invasion, THR and PNI) and seven (pT stage, pN stage, histological subtype, perineural invasion, gross appearance, THR and PNI) variables were chosen to develop nomograms for the prediction of OS and CCS. The nomograms incorporating the two indexes provide a reliable approach for predicting the prognosis and optimizing individualized therapy of non-metastatic CRC patients (Prognostic nomograms integrating preoperative serum lipid derivative and systemic inflammatory marker of patients with non-metastatic colorectal cancer undergoing curative resection).

Su et al. investigated a nomogram to predict cancer-specific survival (CSS) of early-onset locally advanced rectal cancer (EO-LARC) in 2440 patients from the Surveillance, Epidemiology, and End Results (SEER) database. Seven variants (sex, pathology, radiotherapy, grade, T-stage, CEA, and LNR) have been shown to be independent risk factors affecting the postoperative outcome of EO-LARC patients and taken in consideration. This nomogram is able to predict CSS at 3, 6, and 9 years in patients with EO-LARC. The coherence index (C-index), net reclassification index (NRI), ROC, and integrated discrimination improvement (IDI) demonstrated that the nomogram had better clinical value than AJCC staging (Early-onset locally advanced rectal cancer characteristics, a practical nomogram and risk stratification system: a population-based study).

Li et al. described a nomogram predicting the risk of lymph nodes metastasis (LNM) in 626 early GC (EGC) patients according to proportions of undifferentiated components (PUC), histologically detected. Compared with the pure differentiate group (PD), LNM rate was higher in group M4 (60%<PUC ≤ 80%) and group M5 (80%<PUC < 100%) (P < 0.05). Differences of tumor size, presence of lymphovascular invasion (LVI), perineural invasion and invasion depth also exist between groups. Multivariate analysis revealed that tumor size over 2 cm, submucosal invasion, presence of LVI and PUC level M4 significantly predicted LNM in EGC (Clinicopathological characteristics of early gastric cancer with different level of undifferentiated component and nomogram to predict lymph node metastasis).

One Original Research Article Original faced radiological issues in CRC. Wang et al. demonstrated delta-Radiomics model was superior to the pre-Radiomics model in predicting the treatment response to neoadjuvant chemoradiotherapy (NCRT) in 84 patients with locally advanced CRC (MRI-based pre-Radiomics and delta-Radiomics models accurately predict the post-treatment response of rectal adenocarcinoma to neoadjuvant chemoradiotherapy).

Finally, Original Research Articles describing serological markers/pathological features utility in predicting outcome have been included. Costantini et al. evaluated a large panel of cytokines, chemokines, and growth factors in the plasma after bevacizumab plus oxaliplatin-based regimens within the Obelics trial (NCT01718873) in a cohort of 30 metastatic CRC (mCRC) patients undergoing curative resection of liver metastases. Notably, metabolite-set enrichment analysis, evaluated in plasma at the time of response evaluation before surgery, highlighted a complex interplay between different metabolic pathways that clearly distinguished poor vs good outcome patients suggesting a potential role of these combined biomarker in defining personalized management and treatment strategies (Plasma metabolomics, lipidomics and cytokinomics profiling predict disease recurrence in metastatic colorectal cancer patients undergoing liver resection).

Concerning GC, Du et al. investigated the predictive ability of the PNI-IgM score (a combined prognostic nutritional index (PNI), and immunoglobulin M (IgM)) on the prognosis in 340 patients undergoing surgery for GC. The score 1 (the lower the PNI-IgM score; PNI< 48.45 and IgM < 0.87) has been associated with the worse prognosis, suggesting this novel combination of nutritional and immunological markers can be used as a sensitive biological marker for patients with GC who undergo surgery (Combined with prognostic nutritional index and IgM for predicting the clinical outcomes of gastric cancer patients who received surgery).

Liu et al. investigated the impact of type 2 diabetes mellitus (T2DM) on the short-term outcomes and long-term survival in 272 CRC patients (136 patients for T2DM group and 136 for non-T2DM group). Higher body mass index (BMI), higher proportion of hypertension and cerebrovascular diseases (P<0.05), more overall complications (P =0.001), and higher risk of re-operation (P =0.007) were found in T2DM group when compared to the control group. Moreover, T2DM patients had longer hospitalization time and worse 5-year overall survival (P =0.024) and 5-year disease-free survival (DFS) (P =0.019) in all stage (Marked paper: Type 2 diabetes mellitus indicates increased postoperative complications and poor prognosis in colorectal cancer patients receiving curative surgery).

Omeroglu et al. have explored the predictive value of metastatic lymph node (MLN) size on prognosis and survival in 101 stage III CRC patients who underwent curative resection. Among the patients with MLN diameter ≥ 1.05 cm, the maximum size of tumor was larger and number of MLNs were higher than those of patients with MLN diameter < 1.05 cm (p=0.049 and p<0.001, respectively), suggesting that histopathological measurement of MLN size may contribute to predicting the prognosis with a MLN larger than 1.05 cm being predictive for a poor prognosis and lower survival (Clinical significance of the histopathological metastatic largest lymph node size in colorectal cancer patients).

Yao et al. investigated the clinical impact of small para-aortic lymph node (smaller than 10 mm in diameter, sPAN) in a total of 667 consecutive patients with GC resectable (98 patients in the sPAN group, and 569 patients without enlarged para-aortic lymph node in the nPAN group) in which standard D2 lymphadenectomy was performed. As cN stage has been proven to be significantly related to sPAN (p=0.001), standard D2 lymphadenectomy should be considered a valid approach in these patients. Moreover, sPAN associated to elevated CEA or CA19-9 levels has been suggested to benefit from a multimodal approach (neoadjuvant chemotherapy; radical surgery with D2 plus lymph nodal dissection extended to n°16 station) (Clinicopathological characteristics and treatment outcome of resectable gastric cancer patients with small para-aortic lymph node).

Concerning meta-analyses and Systematic Review, Yang et al. started a protocol for a systematic review and meta-analysis concerning effectiveness and safety of laparoscopic Transversus abdominis plane block (TAPB) compared to ultrasound-guided TAPB for postoperative pain control and opioid consumption in patients undergoing major colorectal surgeries (Laparoscopic versus ultrasound-guided transversus abdominis plane block for postoperative pain management in minimally invasive colorectal surgery: a meta-analysis protocol), wherease Zhang et al. launched a protocol comparing the surgical and oncological outcomes of local excision (LE) and radical excision (RE) for rectal gastrointestinal stromal tumors (GISTs) (Local Excision and Radical Excision for Rectal Gastrointestinal Stromal Tumors: A meta-analysis protocol).

Yan et al. compared a short- and long-term outcomes of laparoscopic distal gastrectomy (LDG) respect to open distal gastrectomy (ODG) in patients with advanced gastric cancer (AGC) in randomized controlled trials (RCTs) when performed by experienced surgeons in hospitals contending with high patient volumes. The Authors underline a certainty of evidence racing from moderate to very low; however, LDG has been showed a similar short-term surgical outcome and a long-term survival to ODG in surgical high volume Centers (Laparoscopic vs. open distal gastrectomy for locally advanced gastric cancer: A systematic review and meta-analysis of randomized controlled trials).

Guo et al. focused on the potentially prognostic value of the platelet-to-lymphocyte ratio (PLR) in CRC patients, showing that higher PLR levels had worse Overall Survival (P < 0.00001), Disease Free Survival (P = 0.01) and Relapse Free Survival (P = 0.005) than lower PLR levels, respectively. An elevated PLR seems to be an adverse prognostic factor affecting survival outcomes in patients with CRC (Potential impact of platelet-to-lymphocyte ratio on prognosis in patients with colorectal cancer: A systematic review and meta-analysis).

Bai et al. investigated the effectiveness of primary tumor resection (PTR) in improving the median overall survival (OS) and quality of life in patients with metastatic CRC. This review underlines all misunderstanding and bias in the studies concerning PTR, wishing randomized clinical trial to compare its effectiveness with alternative treatment options (Primary tumor resection in colorectal cancer patients with unresectable distant metastases: a minireview).

Wang et al. described safety of CRC surgery in the pre-pandemic and during the COVID-19 pandemic periods. Although the preoperative waiting time related to CRC surgery has been higher during the COVID-19 pandemic (p<0.00001), there was no difference in the postoperative complications, postoperative mortality, anastomotic leakage, and 30-day readmission times between pre-COVID-19 pandemic and during the COVID-19 pandemic periods. The Authors concluded that the COVID-19 pandemic did not affect the safety of CRC surgery (The safety of colorectal cancer surgery during the COVID-19: a systematic review and meta-analysis).

Yu et al. compared perioperative parameters, oncologic findings, and short-term postoperative outcomes between robotic gastrectomy (RG) and laparoscopic gastrectomy (LG) performed in obese patients with GC. Whereas no significant differences were observed between RG and LG groups in terms of complications, bleeding, or lymph node dissection, RG had a longer procedure time (P=0.03), earlier oral intake (P=0.0010), shorter hospital stay (P=0.0002), and shorter time to defecation (P<0.00001) (Robotic versus laparoscopic gastrectomy for gastric cancer in patients with obesity: systematic review and meta-analysis).

Finally, four case reports have been published, describing interesting surgical experience. Zhu et al. described laparoscopic-assisted distal gastrectomy for GC in a patient with situs inversus totalis with a detailed surgical technique description (Case report: Laparoscopic-assisted distal gastrectomy for gastric cancer in a patient with situs inversus totalis).

Jiang et al. run into a giant abdominal hemangioma originating from the liver with a detailed review of the Literature, suggesting a combination of imaging methods such as ultrasound, Computed Tomography, and/or Magnetic Resonance Imaging is essential for accurate diagnosis and to avoid complications in surgery (Case Report: Giant abdominal hemangioma originating from the liver).

Ouyang et al. reported a case of advanced rectal cancer (pT4bN2aM1b, stage IV) with the KRAS G12D mutation and a total of seven surgeries for relapses and long-term FOLFIRI- or XELOX-based chemotherapy regimens, with the targeted agents bevacizumab and regorafenib. The patient has been alive for 86 months since her diagnosis (Case Report: Long-term survival of a patient with advanced rectal cancer and multiple pelvic recurrences after seven surgeries).

Finally, Han et al. described a case of breast and vulvar metastases from rectal signet ring cell carcinoma (SRCC) with clinical and therapeutic implications (Case Report: Systemic treatment for breast and vulvar metastases from resected rectal signet ring cell carcinoma).

As evidence of interest about these issues, at now (end of August), in total more than 6.500 downloads have been registered.

Behind the scientific soundness of this Research Topic, it would be interesting to focus on some aspects. First: 22/34 papers (64.5%) describe issues in CRCs; 10/34 (29.5%) papers describe issues in GCs; 1/34 paper (3%) describes issue in small bowel and 1/34 (3%) in liver cancer (Figure 1B). Second: 33/34 papers were developed by Asian Authors and only 1 paper from Western Authors. Third: in 27/34 papers, Surgeons contributed substantially with names in the Authorship; others medical expertise were involved in the Authorship respectively as: Clinicians in 14 papers; Gastroenterologists, Pathologists, Radiologists in 3 papers; Anesthesiologists, Laboratorists, Oncologist in 2 papers; Nuclear Medicine Specialist in 1 paper. In 4 papers, the Authorship referred to general Institutions/Research Centers, without specific affiliations (Figure 1C). Investigating Materials and Method of Original Researches, however, in some papers are described in detail procedures and/or assays, included in the study protocols and finalized to the Results, performed by other Specialists resulting not included in the Authorship. Fourth: out of 30 papers with tracked affiliations, 1 paper (from Italian group) resulted from collaboration of six medical specialties; different contributions resulted as: four medical specialties in 1 paper; three medical specialties in 3 papers; two medical specialties in 13 papers; only one medical specialties in 12 papers (Figure 1D).

From the description of these data, we can draw some observations.

First of all, these papers, supported by an adequate statistical analysis, confirm and highlight a solid and continuous growth of skills and innovations in surgical and endoscopic techniques in Asian countries. Second: the higher prevalence of papers concerning CRC surgical issues, a front of a more complexity in GC surgical technique, has a socio-demographic significance. In fact, the higher incidence of gastric, esophagogastric region and esophageal cancers in Asian regions in the past decades is well known. The screening and early diagnosis with adequate endoscopic treatment developed and applied have documented a significant decrease in cases requiring surgical therapy and/or adjuvant treatment. We hope that the attention now paid to CRC can lead to increasing and improving its approaches, still today burdened by high morbidity and mortality. Finally, these studies focused on surgical techniques mentioning the clinical-pathological counterpart. Deal the GC and CRC need a multi-disciplinary approach involving many clinical figures to protect every aspect of the treatment of the ‘single’ patient at every step. Having achieved high scientific knowledge is an asset for all Researchers; expanding and involving all medical specialties lead to applying these advances in clinical practice, avoiding these studies remain an isolated experience.
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Purpose

Previous studies have confirmed that neoadjuvant chemoradiotherapy (nCRT) may reduce the number of lymph nodes retrieved in rectal cancer. However, it is still controversial whether it is necessary to harvest at least 12 lymph nodes for locally advanced rectal cancer (LARC) patients who underwent nCRT regardless of open or laparoscopic surgery. This study was designed to evaluate the relationship between lymph node yield (LNY) and survival in LARC patients who underwent laparoscopic TME following nCRT.



Methods

Patients with LARC who underwent nCRT followed by laparoscopic TME were retrospectively analyzed. The relationship between LNY and survival of patients was evaluated, and the related factors affecting LNY were explored. To further eliminate the influence of imbalance of clinicopathological features on prognosis between groups, propensity score matching was conducted.



Results

A total of 257 consecutive patients were included in our study. The median number of LNY was 10 (7 to 13) in the total cohort. There were 98 (38.1%) patients with 12 or more lymph nodes harvested (LNY ≥12 group), and 159 (61.9%) patients with fewer than 12 lymph nodes retrieved (LNY <12 group). There was nearly no significant difference between the two groups in clinicopathologic characteristics and surgical outcomes except that the age of LNY <12 group was older (P<0.001), and LNY <12 group tended to have more TRG 0 cases (P<0.060). However, after matching, when 87 pairs of patients obtained, the clinicopathological features were almost balanced between the two groups. After a median follow-up of 65 (54 to 75) months, the 5-year OS was 83.9% for the LNY ≥12 group and 83.6% for the LNY <12 group (P=0.893), the 5-year DFS was 78.8% and 73.4%, respectively (P=0.621). Multivariate analysis showed that only patient age, TRG score and ypN stage were independent factors affecting the number of LNY (all P<0.05). However, no association was found between LNY and laparoscopic surgery-related factors.



Conclusions

For LARC patients who underwent nCRT followed by laparoscopic TME, the number of LNY less than 12 has not been proved to be an adverse predictor for long-term survival. There was no correlation between LNY and laparoscopic surgery-related factors.





Keywords: locally advanced rectal cancer, lymph node yield, neoadjuvant chemoradiotherapy, laparoscopic surgery, prognosis



Introduction

Rectal cancer is one of the most common malignant disease worldwide. In the National Comprehensive Cancer Network’s (NCCN) clinical practice guidelines, neoadjuvant chemoradiotherapy (nCRT) followed by total mesorectal excision (TME) is recommended as the standard of care for locally advanced rectal cancer (LARC) (1). It has been confirmed that nCRT can improve the local control and overall survival in patients with LARC without increasing the risk of serious complications compared with TME with no prior treatment (2–5). The American Joint Committee on Cancer (AJCC) recommends that at least 12 lymph nodes be examined to ensure accurate tumor staging (6). However, nCRT is known to significantly reduce the number of lymph node yield (LNY) in surgical specimens (7–10). Although this finding has been interpreted by some investigators as indicating a good response to nCRT and therefore a predictor of positive outcome (11, 12), others have suggested that detection of fewer lymph nodes may lead to understaging and staging migration, affecting patient outcomes (13, 14).

In recent years, several multicentre studies, such as the MRC-CLASSIC, COLOR II, and COREAN trials, have demonstrated that laparoscopic resection of rectal cancer is superior to open surgery in short-term efficacy with no significant difference in the aspect of oncological results (15–17). Therefore, laparoscopic surgery in rectal cancer has been rapidly promoted worldwide in the past decade. Laparoscopic surgery has a better surgical field of view than open surgery, making it easier for surgeons to identify anatomical landmarks and enter into the correct anatomical plane. In theory, laparoscopic techniques may potentially lead to some changes in lymph node dissection.

In this study, we investigated the relationship between LNY and survival in LARC patients who underwent laparoscopic TME following nCRT. In addition, characteristics associated with LNY were analyzed to determine whether laparoscopic surgery-related factors have an impact on LNY.



Patients and methods


Study population

Patients with locally advanced mid-low rectal cancer (cT3/T4 or N+, and lower edge of the tumor within 10 cm from the anal verge) who underwent nCRT followed by laparoscopic TME at the Department of Gastrointestinal Surgery IV, Peking University Cancer Hospital from January 2010 to December 2018 were collected from a prospectively maintained database. The exclusion criteria were as follows: 1. Patients received open surgery; 2. Patients who did not receive nCRT; 3. Patients underwent palliative resection or emergency surgery; 4. Patients with simultaneous distant metastases; 4. The interval from the completion of radiation to surgery more than 16 weeks; 5. Concomitant with other tumors or a history of other tumors within 5 years. Preoperative clinical assessment included digital rectal examination, routine blood testing, serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels, colonoscopy biopsy, computed tomography (CT) of the chest and abdomen, pelvic magnetic resonance imaging (MRI) and endorectal ultrasonography (EUS). According to the number of lymph node dissection confirmed by postoperative pathology, the patients were divided into lymph nodes ≥12 group and < 12 group. The clinical data and long-term survival were compared between the two groups. This study was approved by the Research Ethics Committee of Peking University Cancer Hospital & Institute.



Perioperative treatment

All patients in this cohort underwent preoperative nCRT. The vast majority of patients received long-term radiotherapy (usually a total dose of 50.6 Gy divided into 22 daily fractions), while only a few patients received short-term radiotherapy (usually a total dose of 30 Gy divided into 10 daily fractions). The most common concurrent chemotherapy regimen was continuous oral capecitabine (825 mg/m2 twice daily) during radiotherapy, and a small number of patients received 2-3 cycles of oxaliplatin-containing regimen, including CAPEOX (intravenous oxaliplatin 130 mg/m2 on day 1 plus oral capecitabine 1000 mg/m2 twice daily on days 1-14 every 3 weeks) or mFOLFOX6 (intravenous oxaliplatin 85 mg/m2 plus leucovorin 400mg/m2, 5-fluorouracil 2400mg/m2 on day 1 every 2 weeks). All patients in this study completed nCRT. Laparoscopic TME surgery was usually performed within 6 to 10 weeks after the completion of long-term radiotherapy and within 3 to 4 weeks after the completion of short-term radiotherapy. If the patient had a successful postoperative recovery, 3-6 months of 5-fluorouracil-based adjuvant chemotherapy (CAPEOX, mFOLFOX6 or capecitabine only) was routinely recommended around 4 weeks after surgery.



Surgery and pathology

All the operations were performed laparoscopically by an experienced surgical team according to the principles of TME. Sphincter-preserving or non-preserving surgery was primarily depended on the location and stage of tumor, together with the surgeon’s experience and intraoperative judgment. The central lymph nodes were dissected, regardless of high or low inferior mesenteric artery ligation. Sharp separation was performed along the surgical plane between the mesentery and parietal fascia, and the autonomic nerves were preserved. Low anterior resection (LAR) was the main surgical procedure for patients who were suitable for retention of anal function, or else patients would receive non-preserving surgery, including abdominoperineal resection (APR), extralevator abdominoperineal excision (ELAPE) and Hartmann’s procedure. For sphincter-preserving surgery, diverting ileostomy was performed in patients with high-risk anastomosis. Postoperative complications were graded using the Clavien-Dindo classification (18).

The pathological examinations were performed by two pathologists independently. The TME quality was graded using the criteria of Nagtegaal et al. (19) as complete, nearly complete, or incomplete. Tumor stage was assessed according to the AJCC TNM staging system (the eighth edition) (20). Preoperative chemoradiotherapy response was classified in accordance with tumor regression grade (TRG) score recommended by AJCC, defined as follows: TRG 0 (complete response), no residual cancer cell; TRG 1 (moderate response), single or a cluster of cancer cells; TRG 2 (minimal response), residual cancer outgrown by fibrosis and TRG 3 (poor response), nearly no cancer cells killed, extensive residual cancer (21). CRM≤ 1 mm was considered positive.



Follow-up

All patients were followed up every 3 months during the first 2 years after surgery, every 6 months in the following 3 years, and once a year thereafter. Follow-up assessment included a physical examination, routine blood testing, serum CEA, CA19-9 and other necessary examinations. Chest radiography or CT, abdominopelvic CT were conducted every 6 months, and colonoscopy was carried out annually. Overall survival (OS) was defined as the time from the date of surgery to the date of death from any cause. Disease-free survival (DFS) was defined as the time from the date of surgery to any type of relapse.



Statistical analysis

Categorical variables were presented as numbers (percentages) and compared using the chi-square test or Fisher exact test. Continuous variables were presented as median (Inter quartile range, IQR) and compared using the Mann-Whitney U test. To further eliminate the differences in clinicopathological features between the two groups (LNY ≥12 or LNY <12), patients were matched 1:1 by propensity score (nearest neighbor matching with logistic regression, caliper 0.01 without replacement) using the covariates sex, age, pathological T stage, N stage, TNM stage and TRG score. Survival curves were drawn by the Kaplan–Meier method and compared using log-rank test. To identify independent determinants of the number of lymph nodes retrieved, a multivariable linear regression analysis was performed, and to explore risk factors affecting tumor recurrence, logistic regression analysis was conducted. All variables with potential significance in the univariate analyses were included in the multivariate analyses (based on a P value <0.1). Statistical analyses were performed using SPSS software (version 27.0, IBM Corporation), and P values <0.05 were considered statistically significant.




Results


Patient characteristics

A total of 257 consecutive patients with locally advanced mid-low rectal cancer treated with nCRT followed by laparoscopic TME in our center from January 2010 to December 2018 were included in this study. The median follow-up was 65 (54 to 75) months. The clinical and pathological characteristics of the patients are presented in Tables 1, 2. The surgical outcomes are shown in Table 3. Of the 257 patients, males and females accounted for 63.4% and 36.6%, respectively. The median age of the whole group was 59 (52 to 65) years. The median height of the tumor from the anal verge was 5 (3 to 7) cm. A total of 239 (93.0%) patients received long-term radiotherapy, while only 18 (7.0%) patients received short-term radiotherapy. Most of the patients (81.7%, 210 of 257) received concurrent oral administration of capecitabine during radiotherapy, while a small number of patients (18.3%, 47 of 257) received combined chemotherapy regimen including oxaliplatin. In all patients, 101 (39.3%) patients were operated on before 2016 and another 156 (60.7%) after that, while the vast majority (86.8%, 223 of 257) performed by senior surgeons and only a few (13.2%, 34 of 257) performed by junior surgeons. The proportions of different surgical procedures were 49.0% for LAR, 42.0% for ELAPE, 7.4% for APR and 1.6% for Hartmann’s procedure, respectively. Within 30 days after surgery, the complication rate was 11.3%, the reoperation rate was 1.9%, and the mortality rate was 0.4%. Pathological data revealed that 15.2% (39 of 257) of the patients achieved pathologic complete response (pCR or/ypT0N0M0). The median number of lymph nodes detected was 10 (7 to 13) in all patients. A total of 98 (38.1%) patients had 12 or more lymph nodes harvested (LNY ≥12 group), and 159 (61.9%) patients had fewer than 12 lymph nodes retrieved (LNY <12 group).


Table 1 | Comparison of demographic characteristics between LNY ≥ 12 group and < 12 group.




Table 2 | Comparison of pathologic outcomes between LNY ≥ 12 group and < 12 group.




Table 3 | Comparison of surgical outcomes between LNY ≥ 12 group and < 12 group.





Comparison of clinical features and survival between different LNY groups

The clinicopathologic characteristics and surgical outcomes were compared between the two LNY groups. The median number of lymph nodes dissected was 14 (13 to 16) in the LNY ≥12 group and 7 (6 to 10) in the LNY <12 group (P<0.001). By comparison, there were no significant differences between the two groups in almost all clinical and pathological features, such as sex, ASA, BMI score, distance from the anus, tumor differentiation, presurgery CEA level, presurgery CA19-9 level, cT, cN, ypT, ypN, TME quality, CRM status and so on (all P>0.05), except that the age of LNY <12 group was older than that of LNY ≥12 group (P<0.001), and LNY <12 group tended to have more TRG 0 cases, while LNY ≥12 group tended to have more TRG 3 cases (P<0.060). There were also no significant differences between the two groups in the administration of nCRT and adjuvant chemotherapy, as well as in surgery-related parameters, for example, the selection of neoadjuvant radiotherapy and chemotherapy regimen, the proportion of patients receiving adjuvant chemotherapy, surgical procedures, type of surgeons, postoperative complications and the like (all P>0.05). After propensity score matching, the clinicopathological characteristics and treatment procedures of the two different LNY groups were almost balanced, so the long-term survival of the two groups was comparable. The results are detailed in Tables 1–3.

After a median follow-up of 67 (52 to 75) and 64 (55 to 74) months, the locoregional recurrence rates of the LNY ≥12 group and LNY <12 group were 5.1% (5 of 98) and 3.1% (5 of 159), and the distant metastasis rates in the two groups were 20.4% (20 of 98) and 21.4% (34 of 159), respectively. There was no significant difference between the two groups (P=0.512 and P=0.852). For all patients, the 3-year OS and DFS was 89.9% and 81.1%, the 5-year OS and DFS was 83.7% and 76.9%, respectively. Separately, the 5-year OS was 83.5% for the LNY ≥12 group and 83.9% for the LNY <12 group (P=0.985, Figure 1A), the 5-year DFS was 77.9% and 76.3%, respectively (P=0.957, Figure 1B). After further matching, the 5-year OS was 83.9% for the LNY ≥12 group and 83.6% for the LNY <12 group (P=0.893, Figure 2A), the 5-year DFS was 78.8% and 73.4%, respectively (P=0.621, Figure 2B). Therefore, dissecting fewer than 12 lymph nodes was not significantly related to a poor OS and DFS.




Figure 1 | (A) Kaplan-Meier curves showing the overall survival stratified by LNY ≥12 and LNY <12 groups in the total cohort (P=0.985). (B) Kaplan-Meier curves showing the disease-free survival stratified by LNY ≥12 and LNY <12 groups in the total cohort (P=0.957).






Figure 2 | (A) Kaplan-Meier curves showing the overall survival stratified by LNY ≥12 and LNY <12 groups in the matching cohort (P=0.893). (B) Kaplan-Meier curves showing the disease-free survival stratified by LNY ≥12 and LNY <12 groups in the matching cohort (P=0.621).





Factors influencing on lymph nodes dissected and tumor recurrence

The analysis of factors affecting the number of lymph nodes dissected is shown in Table 4. Univariate analysis showed that older patient age and long-term radiotherapy were negatively associated with the number of lymph nodes retrieved, while more advanced TRG score and ypN stage were positively associated with the number of lymph nodes dissected (all P<0.05)). On multivariate analysis, only patient age, TRG score and ypN stage independently affected the number of lymph nodes retrieved (P=0.001, P=0.018 and P=0.013). However, there was no significant correlation between the number of lymph nodes dissected and the parameters related to laparoscopic surgery, including the time of operation distribution, surgical procedures, type of surgeons, duration of operation or intraoperative bleeding (all P>0.05). In addition, the TME quality and CRM status were not significantly associated with the number of lymph nodes dissected (all P>0.05).


Table 4 | Analysis of the association between characteristics of patients and the number of lymph nodes harvested.



The analysis of factors influencing tumor recurrence is presented in Table 5. Univariate analysis showed that presurgery CEA level, TRG score, ypT stage, ypN stage and tumor deposit were associated with tumor recurrence (all P<0.05). However, on multivariate analysis, only presurgery CEA level and ypN stage were independent predictors of tumor recurrence (P=0.020 and P=0.005).


Table 5 | Univariate and multivariate analyses of prognostic factors for recurrence.






Discussion

Accurate lymph node pathologic assessment is essential to ensure correct staging and treatment of rectal cancer, and it is the strongest predictor of long-term survival (10, 12). Insufficient LNY may result in tumor understaging and suboptimal treatment, ultimately increasing the risk of tumor recurrence (10, 12–14). Moreover, once tumor recurrence occurs, treatment will be extremely difficult (22, 23). nCRT followed by TME surgery is currently considered the standard of care for LARC, however, it has been demonstrated that nCRT may reduce the number of lymph nodes retrieved (7–10). Mechera et al. demonstrated nCRT resulted in a mean reduction of 3.9 lymph nodes and an average reduction in harvested positive lymph nodes of 0.7 compared with patients who received no neoadjuvant therapy (10). This phenomenon may be due to stromal fibrosis and lymph node shrinkage caused by the inflammatory response induced by neoadjuvant radiotherapy, making it difficult to identify lymph nodes in the resected specimen (24, 25). In addition, there are many factors that may affect the number of lymph nodes retrieved, such as the experience and specialization of the surgeon, the experience and work attitude of the pathologist, the characteristics of the patient (age, sex, obesity, etc) and the disease (stage, site, etc) (26).

In our cohort, the median number of lymph nodes retrieved was reduced to 10 (7 to 13) after receiving nCRT, consistent with previous studies (7–9), and approximately 62% of the patients had fewer than 12 lymph nodes retrieved. In order to specifically explore the correlation between the number of lymph nodes dissected and the prognosis of patients after laparoscopic TME, all patients enrolled in this study underwent laparoscopic surgery. Compared with previous reports (16, 17, 27, 28), this group of patients achieved satisfactory results, with a complication rate of 11.3% and mortality of 0.4% within 30 days, the 3-year OS and PFS of 89.9% and 81.1%, and the 5-year OS and PFS of 83.7% and 76.9%, respectively. In recent years, several multicenter studies, such as the COLOR II and COREAN trials, have confirmed that laparoscopic resection of rectal cancer is superior to open surgery in terms of short-term efficacy, and there are no significant differences in oncologic outcomes (16, 17). Data from the COLOR II study showed a complication rate of 40% after laparoscopic surgery, the median number of lymph node dissected was 13 (10 to 18), and the 3-year OS and PFS were 86.7% and 74.8%, respectively (16). In COREAN study, all patients underwent nCRT, the complication rate after laparoscopic surgery was 21.2%, the median number of lymph nodes dissected was 17 (12 to 22), and the 3-year OS and PFS were 91.7% and 72.5%, respectively (17). Clearly, long-term survival was not worse in our cohort than in these two studies, despite relatively fewer lymph nodes being detected.

At present, the impact of the total number of lymph nodes retrieved on the prognosis of rectal cancer patients after nCRT is still controversial. Some studies have suggested that LNY <12 have no effect on the survival of patients receiving nCRT (29, 30), while other studies have come to the opposite conclusion that LNY <12 is a poor prognostic factor for patient survival (31–33). Based on an analysis of 495 rectal cancer patients treated with nCRT, Wang et al. concluded that an LNY of at least 12 indicated an improved survival, so sufficient LNY was still required after nCRT, especially in patients with potentially poor tumor response (29). Lin et al. reported a cohort study of 837 patients underwent nCRT and showed no significant improvement in OS or PFS with ≥12 lymph nodes dissected compared with less than 12 lymph nodes dissected (33). In our study, after propensity score matching, the clinical characteristics and treatment options of the two groups were generally comparable, and there was no significant difference in 5-year OS and PFS between LNY <12 and LNY ≥12 groups. Therefore, the standard of at least 12 lymph nodes being dissected after nCRT remains to be discussed. Some researchers even suggest that since nCRT can reduce tumor size and result in down-grading of lymph node stage, the reduction of LNY is correlated with overall tumor pathologic regression (11, 12). Bustamante-Lopez et al. reported that the number of lymph nodes retrieved was positively associated with laparoscopic surgery and upper rectal cancer, but negatively related to complete or nearly complete pathologic regression, and TRG was the most important factor for decreased LNY (12).

In order to determine which factors might influence the number of lymph nodes dissected after nCRT in patients with rectal cancer, especially those laparoscopic surgery-related parameters, we conducted a multivariable linear regression analysis. The results showed that only uncontrollable factors such as age, TRG score and ypN stage were closely related to the number of lymph node dissected, while laparoscopic surgery-related factors had no effect on this. Here, we took into account the time span of the operation, the qualification of the surgeon, the type of surgery, the quality of TME, the duration of the operation and the like, but none of these controllable factors showed an association with the number of lymph nodes retrieved. The implication may be that in centers where laparoscopic TME can be performed routinely, the number of lymph nodes retrieved after nCRT in rectal cancer is largely determined by patient or disease factors, and laparoscopic surgery itself has little effect. Therefore, it is questionable whether the detection of at least 12 lymph nodes after nCRT can be used as a standard to measure the quality of laparoscopic surgery, and whether it can be considered for cancer-specific prediction. In our study, we further explored the factors affecting tumor recurrence, and the results showed that only presurgery CEA level and ypN stage were independent predictors of tumor relapse, while whether LNY ≥12 or not showed no connection to tumor recurrence.

In view of the fact that LNY <12 may not be a poor prognostic factor for rectal cancer with nCRT, some researchers have proposed that different criteria should be set for this type of patients compared with those without nCRT (33, 34). Lin et al. recommended that at least 7 harvested lymph nodes may be more appropriate for LARC patients with nCRT (33). La Torre el al pointed out that node-negative patients with six or fewer lymph nodes after nCRT were significantly associated with a poor DFS and OS (34). Other researchers have improved pathologic testing reagents or methods to increase the number of LNY, so as to meet the requirements of the current guidelines (35, 36). Dias et al. reported a randomized trial comparing the Carnoy’s solution and formalin concerning LNY in specimens of LARC patients after nCRT, the results showed that the Carnoy’s solution increased lymph node count and reduced the cases with <12 lymph nodes, and it reduced the formalin cases with <12 lymph nodes from 33.8% to 4.6% and upstaged 2 patients (35). In addition, several studies have suggested that other lymph node-related indicators, such as positive lymph node ratio (LNR) or lymph node regression grade (LRG), are more effective in predicting survival of patients with nCRT (37–40). Sun et al. explored the prognostic impact of LRG in LARC patients following nCRT and radical surgery, which ultimately concluded that higher LRG score was associated with higher TRG, more advanced ypT and ypN stages, and poorer OS and DFS, and LRG was an independent prognostic indicator for DFS in LARC patients after nCRT (39).

To our knowledge, this is one of very few studies specifically focusing on whether LNY <12 has adverse impact on the prognosis of LARC patients undergoing laparoscopic surgery after nCRT. In the meantime, the related factors affecting LNY during laparoscopic surgery were analyzed to determine whether surgery-related parameters would have influence on the number of lymph nodes harvested. Therefore, this study could provide more data for these controversial issues. However, the present study has several limitations. First, due to the retrospective design and small sample size, there must be inherent selection bias, and the generality of the conclusion is uncertain. Second, the time span of this study was 9 years, and the development of new radiotherapy techniques, chemotherapy regimens and laparoscopic techniques may have an impact on the prognosis of patients. However, the deviation caused by these factors was offset to some extent by multivariate analysis. Finally, more than 60% of the patients in this cohort had less than 12 lymph nodes retrieved, which may be related to the sampling method and work attitude of pathologists, and this could be changed by some methods.



Conclusion

Our study identified that for LARC patients who underwent laparoscopic surgery after nCRT, the number of lymph nodes dissected less than 12 has not been proved to be an adverse predictor for long-term survival. There were a number of factors associated with LNY after laparoscopic TME, but mainly patient and disease related factors, such as age, TRG score and ypN stage, while laparoscopic surgery-related factors had no effect on this. Given the relatively small sample size of this study, more convincing conclusions need to be confirmed by more large-scale clinical studies.
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Purpose

In metastatic colorectal cancer (mCRC) patients (pts), treatment strategies integrating liver resection with induction chemotherapy offer better 5-year survival rates than chemotherapy alone. However, liver resection is a complex and costly procedure, and recurrence occurs in almost 2/3rds of pts, suggesting the need to identify those at higher risk. The aim of this work was to evaluate whether the integration of plasma metabolomics and lipidomics combined with the multiplex analysis of a large panel of plasma cytokines can be used to predict the risk of relapse and other patient outcomes after liver surgery, beyond or in combination with clinical morphovolumetric criteria.



Experimental design

Peripheral blood metabolomics and lipidomics were performed by 600 MHz NMR spectroscopy on plasma from 30 unresectable mCRC pts treated with bevacizumab plus oxaliplatin-based regimens within the Obelics trial (NCT01718873) and subdivided into responder (R) and non-R (NR) according to 1-year disease-free survival (DFS): ≥ 1-year (R, n = 12) and < 1-year (NR, n = 18). A large panel of cytokines, chemokines, and growth factors was evaluated on the same plasma using Luminex xMAP-based multiplex bead-based immunoassay technology. A multiple biomarkers model was built using a support vector machine (SVM) classifier.



Results

Sparse partial least squares discriminant analysis (sPLS-DA) and loading plots obtained by analyzing metabolomics profiles of samples collected at the time of response evaluation when resectability was established showed significantly different levels of metabolites between the two groups. Two metabolites, 3-hydroxybutyrate and histidine, significantly predicted DFS and overall survival. Lipidomics analysis confirmed clear differences between the R and NR pts, indicating a statistically significant increase in lipids (cholesterol, triglycerides and phospholipids) in NR pts, reflecting a nonspecific inflammatory response. Indeed, a significant increase in proinflammatory cytokines was demonstrated in NR pts plasma. Finally, a multiple biomarkers model based on the combination of presurgery plasma levels of 3-hydroxybutyrate, cholesterol, phospholipids, triglycerides and IL-6 was able to correctly classify patients by their DFS with good accuracy.



Conclusion

Overall, this exploratory study suggests the potential of these combined biomarker approaches to predict outcomes in mCRC patients who are candidates for liver metastasis resection after induction treatment for defining personalized management and treatment strategies.
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Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide and the second leading cause of cancer deaths in the western world (1, 2), with liver metastases developing in almost half of the cases with metastatic disease. Surgery for CRC liver metastases (CRCLM) is the only curative treatment, resulting in 50% 5-year survival rates when integrated with effective systemic therapies (3, 4). However, liver resection is a complex and costly procedure associated with significant morbidity and mortality risks, and relapse occurs in almost two-thirds of patients after potentially curative resection, within 2 years of the surgery in the majority of cases (5). Therefore, accurate identification of patients at higher risk of recurrence is critical for developing different follow-up schedules or avoiding nonbeneficial invasive surgical procedures.

Currently, resectability is established using clinical-morphovolumetric criteria based on conventional computed tomography (CT) or magnetic resonance imaging (MRI), approaches that cannot recognize occult metastatic disease elsewhere, thus affecting the patient outcome (6). Moreover, recent evidence and a meta-analysis do not support the routine use of preoperative positron emission tomography (PET)-CT in patients with potentially resectable disease (6, 7). Efforts to develop risk scores that include clinical parameters resulted in several proposed prognostic scoring systems that failed to be adequately predictive and are unlikely to enter clinical practice (8–10). Similarly, a few attempts have been made to study the prognostic role of tumor molecular parameters, such as mutational status or tumor gene expression profiles, with no consensus yet (9, 11, 12). Circulating blood biomarkers for prognostication are currently attracting increasing attention because they are minimally invasive and their trend can be evaluated over time.

The application of metabolomic profiling to biological fluids has recently emerged as a powerful and reliable tool for identifying novel biomarkers to improve early diagnosis and prognostication and for predicting the response of cancer patients to treatment (13–16). In this context, nuclear magnetic resonance (NMR) spectroscopy represents the only nondestructive technique able to rapidly identify and quantify complex mixtures of metabolites in small samples, and its use is increasing for successful patient stratification in various diseases, including cancer (17–20).

The NMR approach has already been used to study metabolic alterations in CRC using a variety of sample types, including urine, tissues, sera and feces (21–24). Serum metabolomics has been demonstrated to have a potential role in CRC clinical management for early detection of CRC (25–29), enhancing staging accuracy (30, 31), distinguishing locoregional disease vs. metastatic disease, differentiating between liver-only vs. extrahepatic metastases, and identifying patients who will have a poor outcome (19, 27, 32, 33).

Cytokines contribute to cancer development and progression, and deregulated serum levels of cytokines can be detected in cancer patients, including colorectal cancer, and they correlate with patient outcomes (27, 34–37).

We recently completed a phase 3 study (Obelics trial) of 230 mCRC patients, investigating different schedules of bevacizumab plus oxaliplatin/fluoropyrimidine regimens (mFOLFOX-6/mOXXEL) (38). In detail, we compared the traditional concomitant administration of bevacizumab with an experimental schedule in which bevacizumab was given 4 days before chemotherapy. Although the objective response rate, the primary endpoint of the study, did not significantly differ between the two treatment groups, a longer overall survival (OS), fewer adverse effects and better health-related quality of life were observed with the sequential bevacizumab administration schedule. A total of 81 patients enrolled in the trial underwent resection of metastases with no significant differences observed in the radical resection rate between the two arms.

Here, we retrospectively evaluated the peripheral blood samples of mCRC patients who underwent liver metastasis resection within the Obelics trial, hypothesizing that the integration of plasma metabolomics and lipidomics as well as the multiplex analysis of a large panel of plasma cytokines may enable a more informative prediction, either at diagnosis or over time, of the risk of relapse and outcome after liver surgery, beyond or in combination with clinical morpho-volumetric criteria.



Materials and methods


Study population and sample collection

The clinical samples were collected within the multicentricObelics trial (NCT01718873), which investigated different schedules of bevacizumab in combination with oxaliplatin plus fluoropyrimidines (FOLFOX-6 or OXXEL) regimens for treating metastatic colorectal cancer (mCRC) patients. Patient recruitment and sample collection were approved by the ethics committee of the National Cancer Institute of Naples – Fondazione G. Pascale. Written informed consent was obtained from all of the patients in accordance with the Declaration of Helsinki for the use of human biological samples for research purposes. Blood samples from the patients were obtained after overnight fasting. Plasma samples were retrospectively selected from patients in the Obelics trial enrolled at Pascale Institute who underwent surgery for resection of only liver metastases; patients with severe surgical complications were excluded. For thirty patients (15 in the experimental arm and 15 in the standard arm) with these characteristics, blood samples were collected at different time points (baseline and whenresectability was defined at the response evaluation). The patient characteristics are shown in Table 1, and the patient inclusion process is reported in Figure 1. The patients were subdivided into responder (R) and non-R (NR) according to 1-year disease-free survival (DFS): ≥ 1-year (R, n = 12) and < 1-year (NR, n = 18).


Table 1 | Baseline characteristics of 30 patients.






Figure 1 | CONSORT diagram showing the 30 mCRC patients selected.



Blood samples were collected in plasma preparation Vacutainer tubes (BD Biosciences), centrifuged at 1500 × g for 10 min within 2 h of collection and then stored at -80°C until the day of analysis.

Vital tumor areas selected by a pathologist from the metastases resected from the liver of ten patients were frozen at -80°C until analysis. Normal liver tissues for the same patients were also collected and frozen.

Pathological tumor response was evaluated according to the 2010 American Joint Committee on Cancer (AJCC) TRG system: TRG 1, no viable cancer cells; TRG 2, single or few cancer cells; TRG 3, fibrosis predominating over residual cancer; TRG 4, predominant viable cancer cells outgrowing the fibrosis (39).



Plasma 1H NMR spectroscopy

All plasma samples were prepared for NMR analysis by mixing 330 μL of plasma with 300 μL of PBS (containing 10% v/v H2O) and 70 μL of reference standard D2O solution containing 0.1 mM sodium 3-trimethylsilyl [2,2,3,3-2H4] propionate (TSP). Samples were inserted into an NMR tube, and all of the spectra were recorded using a Bruker Avance III HD (600 MHz) NMR spectrometer operated at a 599.97 MHz 1H resonance frequency and equipped with a TCI cryoprobe. To attenuate the broad NMR signals from the slowly tumbling molecules in the lipids and proteins, a standard Carr−Purcell−Meiboom−Gill (CPMG) pulse sequence was used to record the 1D spin−echo spectra. To suppress the water peaks, a CPMG presaturation pulse sequence was used with the equation -RD-90°-(t-180°-t) n - ACQ, where RD is the relaxation delay of 2 s; 90° and 180° represent the pulses that trip the magnetization vector; t is the spin−echo delay; n represents the number of loops; and ACQ is the data acquisition period. In our experiment, the data points were acquired using 256 transients.



Extraction of the lipidic fractions from the plasma samples and 1H NMR spectroscopy

Each 100 µL plasma sample was resuspended in 170 µL of H2O and 700 µL of methanol. Then, 350 µL of chloroform was added, and the samples were mixed on an orbital shaker on ice for 10 min. Then, 350 μL of H2O/chloroform (1:1, v/v) was added to each sample and centrifuged at 4000 rpm for 10 min at 4°C. Thereafter, the lipidic (apolar) phases were collected and evaporated. Then, these fractions were dissolved in 700 µL of deuterated chloroform containing 0.1 mM TSP and inserted into NMR tubes. 1H-NMR spectra at 300 K were acquired using a Bruker Avance III HD (600 MHz) NMR spectrometer equipped with a TCI cryoprobe and zgesgp as the pulse sequence. The data points were acquired using 512 transients.



Tissue 1H HRMAS NMR spectroscopy

Frozen tumor tissue samples were cut to an appropriate size (mean weight: 10 mg) and placed in 50 μL disposable rotor insets filled with reference standard D2O solution containing 0.1 mM TSP for the field lock. Inserts with frozen samples were transferred to 4 mm zirconium rotors. Samples were kept at 277 K to slow down tissue degradation. Spectra were acquired by a Bruker Avance III HD (600 MHz) NMR spectrometer equipped with a high resolution magic angle spinning (HRMAS) probe using a magic angle spinning rate of 4 kHz and CPMG presaturation pulse sequence. A total of 256 scans were collected.



NMR data processing

All of the 1H NMR spectra were manually phased and baseline-corrected and referenced to the CH3 resonance of TSP at 0 ppm. The spectral 0.50-8.60 ppm region of the 1H-NMR spectra was integrated in buckets of 0.04 ppm by the AMIX package (Bruker, Biospin, Germany). In detail, we excluded, in the case of the polar spectra, the water resonance region (4.5-5.2 ppm) during the analysis and normalized the bucketed region to the total spectrum area using Pareto scaling by the MetaboAnalyst v5.0 tool (40).



Cytokinome evaluation

A large panel of cytokines, chemokines, and growth factors were evaluated in plasma collected when resectability was defined using LuminexxMAP-based multiplex bead-based immunoassay technology. In detail, the concentrations of β-NGF, CCL2 (MCP-1), CCL3 (MIP-1α), CCL4 (MIP-1α), CCL7 (MCP-3), CCL11 (Eotaxin), CTACK (CCL27), CXCL1 (GRO-α), CXCL9 (MIG), CXCL10 (IP-10), CXCL12 (SDF-1α), FGFbasic, G-CSF, GM-CSF, HGF, IFN-α2, IFN-γ, IL-1α, IL-1ß, IL-1ra, IL-2, IL-2Rα, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-16, IL-17, IL-18, LIF, M-CSF, MIF, PDGF-ßß, RANTES, SCF, SCGF-ß, TNF-α, TNF-β, TRAIL and VEGF were determined using the Bio-Plex Pro™ Human Cytokine Screening Panel, 48-Plex assay and a Bio-Plex array reader (Luminex, Austin, TX, USA) that quantifies multiplex immunoassays in a 96-well format with very small fluid volumes. The analyte levels were calculated using a standard curve with software provided by the manufacturer (Bio-Plex Manager Software).



Pathway analysis of significant metabolites

Pathway analysis of the modulated metabolites was performed using the Metaboanalyst 5.0 tool (40). In detail, we calculated the centrality through Pathway Impact, a combination of the centrality and pathway enrichment results. Metabolites were selected by evaluating both VIP values > 1 in the class discrimination and correlation values >0.8. Moreover, the Homo sapiens pathway library was chosen and analyzed using Fisher’s exact test for overrepresentation and relative betweenness centrality for pathway topology analysis.



Data processing and statistical analysis

The sparse partial least squares-discriminant analysis (sPLS-DA) algorithm was applied to explain the maximum separation between the defined class samples in the data. Score and loading plots were used to highlight and assess the role of X-variables (NMR signals and cytokine concentrations) in the classification models and, hence, to identify the top 10 significant NMR signals and cytokines. In detail, for the loading plot, we set H = K - 1, where H is the number of dimensions and k is the number of variables to select on each dimension (41). The significant NMR signals were assigned to metabolites and lipids using the reference metabolite spectra from the HMDB database (42).

The levels of proton signals were normalized to the total spectrum area using Pareto scaling with the MetaboAnalyst v5.0 tool (40). The average rate of change (Δ) values were obtained considering for each metabolite the ratio between [the average level of the proton signals at the response evaluation] and [the average level of the proton signals at baseline]×100 in the R and NR patient groups.

Receiver operating characteristic (ROC) curves were calculated for metabolites/lipids/cytokines that were found to be significantly correlated with DFS ≥ 1 year by the Biomarker Analysis tool of Metaboanalyst v5.0 (40). The area under the curve (AUC) was used to assess the accuracy. The 95% confidence intervals (CIs) were calculated to compute the optimal cutoffs for any given feature (significant metabolites, lipids and cytokines).

DFS was defined as the time from liver metastasis resection to the date of progression or death, whichever occurred first. Patients who did not progress were censored on the date of the last follow-up visit. OS was defined as the time from randomization to the date of death. Patients alive at the time of the final analysis were censored on the date of the last follow-up information available. DFS and OS curves were estimated according to the Kaplan−Meier method, and differences were evaluated with the log-rank test in MedCalc software (https://www.medcalc.org).

The Cox regression model was used to assess the role of the cutoff for metabolite parameters in predicting DFS and OS. Hazard ratios (HR) were derived from the Cox regression analysis, and their 95% confidence intervals (95% CI) were calculated using the proportional hazard model. Univariate analysis assessed the correlation of the baseline patient characteristics (sex, CEA, RAS status, TRG, treatment ARM and primary tumor location), metabolites, lipids and cytokines with DFS and OS. In all statistical tests, a p value less than 0.05 was considered significant. A multivariate analysis was performed using MedCalc software (https://www.medcalc.org) according to a backward elimination of factors showing a p value less than 0.05 in the univariate analysis.

Finally, biomarker analyses were performed on the basis of ROC curves for multiple biomarkers (metabolites, lipids and cytokines) using the support vector machine (SVM) algorithm by the module “Biomarker Analysis” in the Metaboanalyst 5.0 tool (40). The SVM classification algorithm aims to find a nonlinear decision function in the input space by mapping the data into a higher dimensional feature space and separating it by means of a maximum margin hyperplane (43).The input of an SVM is a training set S= (x1, y1)…,(xn, yn) of the vector of features (metabolites, lipids and cytokines) for each pt together with their known classes yi∈ {R, NR}. The output of an SVM is a Model f: X → {R, NR} that predicts the class f(x) of any new pt (44). MetaboAnalyst’s SVM analysis is performed through recursive feature selection and sample classification using a linear kernel (45). Features are selected based on their relative contribution to the classification using cross validation error rates. The least important features are eliminated in the subsequent steps. This process creates a series of SVM models. The features used by the best model are considered to be important and are ranked by their frequencies of being selected in the model. In detail, in our study, different biomarker models were tested, and sample predictions were made. We evaluated 100 cross validations (CVs) to produce a smooth ROC curve, and the results were averaged to generate the plot. The average of the predicted class probabilities of each sample across the 100 cross-validations was produced (40).




Results


Metabolic profiles of plasma samples from metastasis-resected cancer patients

Blood samples from a group of mCRC patients undergoing liver metastasis resection after first-line conversion oxaliplatin-based chemotherapy plus bevacizumab, enrolled within the Obelics trial (NCT01718873), were collected at baseline and at the time of response evaluation when resectability was established. Only those patients obtaining R0 resection without any severe surgical complications were considered, balanced between the two arms (Figure 1). Blood samples available from thirty patients were analyzed by comparing, on the basis of disease-free survival (DFS) at 1 year: good responders (R), with a DFS ≥ 1 year, versus poor responders (NR), with a DFS < 1 year. The median DFS was 47.39 months (95% CI, 31.62-52.65) and 3 months (95% CI, 2.75-6.76) for R (n=12) and NR (n=18) patients, respectively. Of note, the median follow-up in this patient population was 39 months.

Baseline patient and tumor characteristics were well balanced between the two groups, although there was a statistically significant difference in the gender proportion (Table 1). The median number of chemotherapy cycles administered before surgery was 6 (range 6-12) in both groups of patients; only 22% of NR and 25% of R patients received 12 cycles.

We first analyzed the plasma metabolic signature at the time of response evaluation when resectability was established. As reported in Figure 2, sparse partial least squares discrimination analysis (sPLS-DA) (19.4% of the total variance), calculated on the 1H NMR plasma spectra, clearly discriminated R from NR patients (Figure 2A), with a model accuracy of 63.3%, suggesting that the two study groups are distinctively different in terms of their plasma metabolic profiles. Moreover, the sPLS-DA score plot showed that the profiles of the R patients clustered together, whereas the NR patients were scattered, suggesting that patients with good outcomes may have similar metabolic profiles (Figure 2A).




Figure 2 | Score plot (A) and loading plot (B) related to metabolomic profiling on plasma of mCRC patients, collected at response evaluation when liver resectability was established and subdivided accordingly to DFS in good (R; DFS ≥ 1 year) and bad (NR; DFS < 1 year) responders. (C) The most significant pathways are reported: colors, from yellow to red, indicate increasing levels of statistically significance (p values from the pathway enrichment analysis); size of the nodes indicates pathway impact (a combination of both pathway enrichment results and centrality of each of the matched metabolites within the pathway).



An analysis of the PLS loading was then conducted to identify the metabolites found to be most relevant to the class separation (as reported in the Methods section). As shown in the loading plot of the top 10 NMR signals that were significantly different, it appears that R patients were characterized by lower plasma levels of isoleucine, 3-hydroxybutyrate, valine and hydroxyproline and higher levels of malate, histidine glutamate and gamma-aminobutyric acid (GABA) (Figure 2B).Notably, two NMR signals for both valine and histidine were reported, reinforcing the significance of their differential expression between the two patient groups.

Furthermore, these metabolites were used to perform a metabolite-set enrichment analysis. A complex interplay of several different metabolic pathways and metabolites was highlighted (Figure 2C; Table 1S). In detail, aminoacyl-tRNA biosynthesis; butanoate metabolism; arginine and proline metabolism; alanine, aspartate and glutamate metabolism; valine, leucine and isoleucine biosynthesis; beta-alanine metabolism; nitrogen metabolism; valine, leucine and isoleucine degradation; histidine metabolism; synthesis and degradation of ketone bodies; and D-glutamine and D-glutamate metabolism emerged as playing a role in discriminating the plasma metabolic profiles of R from NR patients.

Next, to establish the optimal cutoff value for the metabolites selected by sPLS-DA, we performed ROC curve analysis, finding areas under the curve (AUC) values of the metabolites ranging between 0.63 and 0.74 (Figure 1S). Based on the metabolite parameter cutoff values, univariate and multivariate analyses were then conducted to evaluate metabolites potentially associated with DFS.

Univariate analysis demonstrated that sex (M vs. F) (HR, 2.90; 95% CI, 0.94–8.91; P=0.028) and tumor regression grade (TRG, 3-4 vs. 1-2) (HR, 2.80; 95% CI, 0.85–9.21; P=0.036) were significantly associated with DFS (Table 2). No significant association was found between DFS and RAS status, CEA, primary tumor location, or treatment arm. Among the metabolites, both 3-hydroxybutyrate (HR, 4.35; 95% CI, 1.58–11.97; P=0.011) and histidine (HR, 0.23; 95% CI, 0.081–0-63; P=0.03) predicted DFS (Table 2, Figure 3A). In detail, as shown by the Kaplan−Meier survival curves, only lower levels of 3-hydroxybutyrate (<cutoff) or higher levels of histidine (≥cutoff), evaluated before surgery, correlated with a more favorable DFS (Figure 3A and Figure 2S). These two metabolites were also the only parameters significantly correlated with overall survival (OS) in the univariate analysis (Table 2S, Figure 3S). Notably, in multivariate analysis, 3-hydroxybutyrate was the only parameter that significantly predicted DFS (Table 2) and OS (Table 2S).


Table 2 | Univariate and Multivariate analyses of baseline patients characteristics, metabolites, lipids and cytokines for disease free survival (DFS).






Figure 3 | (A) Kaplan–Meier curves of disease free survival (DFS) accordingly to 3-hydroxybutyrate (3-HB) and histidine (HIS) (B) Kaplan–Meier curves of DFS accordingly to tumor regression grade (TRG) alone or in combination with either 3-HB or HIS. Log-rank p-values are reported. * and ** symbols indicate p-values < 0.05 and < 0.01, respectively.



The prognostic role of TRG in patients with locally advanced rectal cancer treated with neoadjuvant chemoradiation has been explored and was previously confirmed as a predictor of disease-free survival in this setting (46, 47). Recently, TRG has been suggested as a useful prognostic factor in mCRC patients subjected to preoperative chemotherapy before metastasis resection (48). This observation was confirmed in our cohort of patients, where poor pathological responses (TRG 3-4) were associated with shorter DFS than complete and near-complete responses (TRG 1-2) (Table 2, Figure 3B). When the metabolites histidine or 3-hydroxybutyrate were combined with TRG status, a striking separation of distinct categories was obtained (Figure 3B). Indeed, the two metabolites were far better predictors of DFS, with patients with either low 3-hydroxybutyrate or high histidine being associated with more favorable DFS outcomes, independent of TRG status (Figure 3B). Conversely, the patients with high 3-hydroxybutyrate or low histidine levels, although they had favorable prognostic TRG1-2, displayed a worse prognosis, further highlighting the powerful role of both metabolites in predicting DFS (Figure 3B). Similar data were also obtained for OS (Figure 4S). Kaplan–Meier curves of DFS and OS related to TRG in combination with other metabolites confirmed that only low 3-hydroxybutyrate or high histidine levels were associated with more favorable DFS/OS outcomes, independent of TRG status. The curves obtained for isoleucine were reported as representative example (Figure S5).

When we considered the plasma metabolic signature at baseline, the sPLS-DA score plot demonstrated a less evident discrimination between R and NR patients (Figure 6SA). However, among the top 10 NMR signals contributing to class separation, the PLS loading plot again identified high levels of 3-hydroxybutyrate, hydroxyproline, and isoleucine as associated with NR patients (Figure 6SB), as also reported at the response evaluation time point for this group of patients (Figure 2B). In addition, high levels of 2-hydroxybutyrate, proline, trimethylamine and aspartate, and low levels of phosphoethanolamine and betaine, were among the most significant metabolites associated with NR patients (Figure 6SB). Overall, only a limited number of metabolic pathways, all included in the analysis reported in Figure 2C, were highlighted, confirming that the metabolic profiles of NR and R patients, at baseline, were less discriminated than those evaluated at the response evaluation time point (Figure 6SC and Table 3S).

Indeed, when we considered the normalized values of 3-hydroxybutyrate and histidine NMR signals at both baseline (B-R and B-NR) and at the response evaluation (R and NR), a clear rate of change in metabolic abundance over time from baseline was observed (Figure 4). Notably, the average rate of change (Δ) for 3-hydroxybutyrate levels increased by 23.9% in NR and only 3.8% in R patients from baseline (p=0.042); conversely, the average Δ for histidine levels increased significantly by 71.8% in R vs. only 12.4% in NR patients from baseline (p=0.001) (Figure 4). In other words, 3-hydroxybutyrate, whose high levels predicted a poor DFS at the response evaluation, increased during treatment only in the case of NR patients, whereas histidine, whose high levels at the response evaluation predicted a more favorable DFS, increased during treatment only in R patients. As reported above, in order to validate that only the 3-hydroxybutyrate and histidine were modulated in statistically significant way during treatment in NR or R patients, the plots obtained for isoleucine were reported as representative example (Figure 7S).




Figure 4 | Box and whisker plots summarize the normalized values of 3-hydroxybutyrate and histidine evaluated at both baseline (B-R and B-NR) and at response evaluation (R and NR) (* p-value=0.042; ** p-value=0.001).





Metabolomic profiles of cancer tissues from resected liver metastases

We conducted a parallel metabolomics investigation by 1H HRMAS NMR analysis on 10 available patient-matched frozen resected liver metastasis tissues, 6 from NR and 4 from R patients. Notably, the sPLS-DA (48.3% of the total variance) calculated on the 1H NMR tissue spectra clearly discriminated R from NR patients with a model accuracy of 80% (Figure 5A), suggesting that the two study groups are distinctively different in terms of their tissue metabolic profiles.




Figure 5 | Score plot (A) and loading plot (B) related to metabolomic profiling, on resected liver metastases tissues 4 R and 6 NR mCRC subdivided accordingly to DFS in good (R; DFS ≥ 1 year) and bad (NR; DFS < 1 year) responders.



As shown in the loading plot (Figure 5B), the top 10 NMR signals were significantly different between the two patient cohorts. It is worth noting that higher levels of hydroxyproline and lower levels of GABA were observed in NR patients than in R patients, recapitulating the data obtained in the plasma samples (see Figure 2B). We also conducted a targeted analysis in order to verify tissue levels of 3-hydroxybutyrate and histidine metabolites that were not among the top 10 NMR signals. Interestingly, although not statistically significant, higher levels of 3-hydroxybutyrate and lower levels of histidine were confirmed in NR tissues in line with the data reported on plasma samples (Figure 8S).

In addition, higher levels of methylamine, aspartate, proline, citrulline, lactate, 2-hydroxybutyrate, and threonine were observed in NR patients than in R patients.

We also compared the metabolic profiles of all liver metastases (LM) with the matched adjacent noncancerous tissues (NC), again demonstrating a clear separation into two distinct clusters (Figure 9SA), with high levels of proline, 2-hydroxybutyrate, aspartate and lactate associated with LM vs. NC (Figure 9SB), which interestingly were previously reported among the top metabolites discriminating NR vs. R in LM tissues (Figure 5). Indeed, the metabolite-set enrichment analyses demonstrated three common pathways (aminoacyl-tRNA biosynthesis; alanine, aspartate and glutamate metabolism; valine, leucine and isoleucine biosynthesis) distinguishing both R vs. NR LM tissues and LM vs. NC tissues (Figure 10SA). Notably, some altered common pathways and metabolites (aminoacyl-tRNA biosynthesis; arginine and proline metabolism; alanine, aspartate and glutamate metabolism; and valine, leucine and isoleucine biosynthesis) distinguished R vs. NR patients in both plasma and metastatic tissue metabolomics, suggesting potential mechanistic correlations (Figure 10SB).



Lipidomic profiles of plasma samples from metastasis-resected cancer patients

As suggested from all of the data reported above, plasma metabolic profiling at the response evaluation time point is able to discriminate R from NR patients, reflecting the impact of treatment. Therefore, further analyses conducted on plasma samples from our cohort of patients were limited to this time point.

To better define a metabolic signature predicting DFS, we also acquired 1H NMR spectra on the lipidic fractions extracted from the thirty plasma samples. The sPLS-DA plot (54.8% of the total variance) grouped R and NR patients into two different clusters with a model accuracy of 65%, suggesting the presence of some lipidic proton signals with significantly different levels between the two patient groups (Figure 6A). The related loading plot showed that the NR group had lower levels of choline and higher levels of proton signals of fatty acids, cholesterol, triglycerides, omega-3 and phospholipids than the R group (Figure 6B), indicating increased plasma lipids in patients with poor DFS.




Figure 6 | Score plot (A) and loading plot (B) related to lipidomic profiling on plasma of mCRC patients, collected at response evaluation when liver resectability was established and subdivided accordingly to DFS in good (R; DFS ≥ 1 year) and bad (NR; DFS < 1 year) responders.



To determine the optimal cutoff value for the significant lipidic signals selected by sPLS-DA, we performed ROC curve analysis (Figure 11S), which showed AUC values ranging between 0.681 and 0.787. Based on the obtained parameter cutoff values, univariate analysis showed that lower levels (<cutoff) of cholesterol (HR, 9.72; 95% CI, 3.47–27.20; P=0.005), triglycerides (HR, 4.51; 95% CI, 1.59–12.81; P=0.003), or phospholipids (HR, 2.83; 95% CI, 1.01–7.90; P=0.042) were significantly associated with good DFS (Table 2; Figure 7A) and OS (Table 2S; Figure 12S). Moreover, higher levels of choline (≥cutoff) were also found to correlate with good OS (Table 2S; Figure 12S). None of these signals were statistically significant in the multivariate analysis for both DFS and OS (Tables 2 and 2S).




Figure 7 | (A) Kaplan–Meier curves of disease free survival (DFS) accordingly to cholesterol (CHOL), phospholipids (PL) and triglycerides (TG). (B) Kaplan–Meier curves of DFS accordingly to tumor regression grade (TRG) alone (log-rank p=0.036) and in combination with CHOL, Pl or TG (log-rank p-values are reported). * and ** symbols indicate p-values < 0.05 and < 0.01, respectively.



Most importantly, as also reported for histidine and 3-hydroxybutyrate (Figure 3), we compared the DFS prediction potential of the lipid NMR signals with TRG, demonstrating that low cholesterol levels were a better predictor of DFS, independent of TRG status, and that both phospholipids and triglycerides plus TRG evaluation were better predictors of DFS than TRG alone (Figure 7B). Interestingly, the patients with high levels of either phospholipids or triglycerides, although they had favorable prognostic TRG1-2, displayed a worse prognosis, further highlighting the powerful role of lipid metabolites in DFS prediction (Figure 7B). Similar data for phospholipids and triglycerides were also obtained for OS (Figure 13S).



Cytokinomic profiles of plasma samples from metastasis-resected cancer patients

We evaluated a panel of 48 chemokines and cytokines in the patients’ plasma at the time of the response evaluation by a multiplex bead–based system. We applied sPLS-DA to analyze the results (17.4% of the total variance), again finding that the NR and R patients grouped into two distinct clusters with a model accuracy of 66.7% (Figure 8A). The loading plot showed that 9 out of the top 10 cytokines that were more statistically relevant for class separation, IL-6, CXCL9 (MIG), SCGF-β, IFN-α2, CXCL10 (IP-10), IL-12, IL-8, VEGF and MIP-1β, showed higher plasma levels in the NR relative to the R patients. Only the plasma levels of CTACK chemokine (CCL27) were higher in the R group Figure 8B.




Figure 8 | Score plot (A) and loading plot (B) related to cytokinomics profiling on of mCRC patients, collected at response evaluation when liver resectability was established and subdivided accordingly to DFS in good (R; DFS ≥ 1 year) and bad (NR; DFS < 1 year) responders.



Next, we performed ROC curves to determine the optimal cutoff value of these cytokines, reporting AUC values ranging between 0.471 and 0.773 (Figure 14S). Based on the obtained parameter cutoff values, univariate analysis showed that lower levels (< cutoff) of IL-6 (HR, 4.83; 95% CI, 1.68-13.83; P=0.002), SCGF-β (HR, 6.44; 95% CI, 1.83-22.63; P=0.034), and CXCL10 (HR, 7.98; 95% CI, 2.43-26.20; P=0.014) or higher levels (≥cutoff) of CTACK (HR, 0.22; 95% CI, 0.026-1.91; P =0.022) were significantly associated with good DFS (Table 2; Figure 9A). Similar results were found for OS (Table 2S, Figure 15S).




Figure 9 | (A) Kaplan–Meier curves of disease free survival (DFS) accordingly to IL-6, SCGF-β, CXCL10 and CTACK. (B) Kaplan–Meier curves of DFS accordingly to tumor regression grade (TRG) alone (log-rank p=0.036) and in combination with IL6 (log-rank p-value is reported). * and ** symbols indicate p-values < 0.05 and < 0.01, respectively.



Again, we compared the DFS prediction potential of these four cytokines with TRG, demonstrating that only low IL6 levels were a clearly better predictor of DFS, independent of TRG status (Figure 9B). Similar data were obtained considering OS (Figure 16S).



Combined biomarker signature using the support vector machine (SVM) algorithm

Finally, taking advantage of all of the data accumulated on metabolomics, lipidomics and cytokinomics (as predictors of DFS) associated with the DFS of our cohort of patients, we analyzed all of the possible combinations of statistically significant variables that emerged to create a multiple biomarkers model using a support vector machine (SVM) algorithm. As shown in Figure 10, we found that the best combination of circulating biomarkers to predict R (DFS ≥ 1 year) and NR (DFS < 1 year) patients in our cohort of metastases-resected cancer patients was represented by 3-hydroxybutyrate, cholesterol, phospholipids, triglycerides and IL-6, evaluated in plasma samples collected at the time of the response evaluation. In detail, ROC curve analysis for these combined biomarkers had an AUC value equal to 0.73 (95% CI: 0.083-0.0972) (Figure 10A). The combination of these five features was able to classify 15 R and 15 NR patients (Figure 10B) with a positive predictive value of 73% (probability of the correct identification of R) and a negative predictive value of 93% (probability of the correct identification of NR), overall correctly predicting the outcome of 83.3% (accuracy) of the patients.




Figure 10 | (A) Smooth receiving operating-characteristic (ROC) curve performed on the combination of 3-hydroxybutyrate, cholesterol, IL-6, phospholipids and triglycerides for predicting R (DFS ≥ 1 year)vs NR (DFS < 1 year) patients. AUC value and 95% CI are reported. (B) Average of predicted class probabilities of each patient group (NR and R) across the 100 cross-validations. Confusion matrix is reported in table indicated R and NR patients and those identified by support vector machines (SVM) algorithm (SVM-R and SVM-NR).






Discussion

Recurrence following chemotherapy and metastatic liver resection is a significant hurdle in CRC. Therefore, a better prediction of DFS is critical for the adequate management of patients undergoing CRCLM resection as a curative strategy. However, all previous efforts to identify risk prediction approaches beyond or in addition to clinical morpho-volumetric criteria have been quite disappointing.

Our investigation, through plasma 1H NMR-based metabolomics and lipidomics as well as multiplex bead-based immunoassay cytokinomics, revealed that distinct metabolites, lipids and cytokines in the plasma after conversion chemotherapy were associated with the clinical outcome in a cohort of thirty mCRC patients undergoing curative resection of liver metastases. Notably, metabolite-set enrichment analysis, evaluated in plasma at the time of response evaluation before surgery, highlighted a complex interplay between different metabolic pathways that clearly distinguished poor vs. good outcome patients.

In detail, H1 NMR-based plasma metabolomics profiling, evaluated at the time of response evaluation when resectability was established, identified a panel of metabolites that distinguished patients with DFS ≥ 1 and < 1 year. Moreover, according to the cutoff levels evaluated by ROC curves and the univariate analysis, two metabolites in the plasma, lower levels of 3-hydroxybutyrate and higher levels of histidine, were significantly associated with more favorable DFS and OS. Our data also demonstrated that the outcome prediction of both metabolites was better and independent from the pathological response evaluated by TRG, a recognized prognostic factor in mCRC. Notably, 3-hydroxybutyrate was the only independent factor that significantly predicted both DFS and OS in the multivariate analysis.

The plasma metabolic signature at baseline was less able to discriminate between patients with DFS ≥ 1 and < 1 year compared with the presurgery evaluation. Indeed, few metabolic pathways were able to distinguish the two groups of patients at baseline. However, the dynamic evolution of both histidine and 3-hydroxybutyrate plasma levels from baseline up to the response evaluation before surgery was consistent with their prognostic prediction. Indeed, histidine increased upon treatment significantly more in patients with DFS ≥ 1, whereas 3-hydroxybutyrate increased upon treatment only in the case of patients with DFS < 1 year.

Overall, our findings suggest that metabolomics profiling during treatment might contribute to predicting treatment resistance and tumor relapse, highlighting the importance of dynamic monitoring that offers the opportunity to modify the treatment strategy early, before surgery, which cannot be achieved with post-surgical pathology findings such as TRG.

Our results are consistent with one of the first meta-analyses analyzing serum metabolomics data in cancer patients, which found that both 3-hydroxybutyrate and histidine were among the top serum metabolites discriminating cancer patients from healthy donors across different cancer types. In detail, histidine was among the top three most decreased metabolites and 3-hydroxybutyrate was among the two most increased metabolites in cancer patient blood (49).

Histidine is an essential amino acid associated with increased inflammation and oxidative stress (50). In CRC patients, serum histidine was significantly reduced compared to healthy controls (51) and correlated with stage progression (26). Low levels of histidine have been attributed to higher activity of histidine decarboxylase, resulting in an accelerated decarboxylation of histidine to histamine, a mediator involved in inflammatory and immune responses associated with cancer initiation and progression (26).On the other hand, 3-hydroxybutyrate is a component of ketone bodies and an end-product of fatty acid β-oxidation. In this context, cancer-associated 3-hydroxybutyrate augmented levels suggest both increased protein catabolism, involving a ketogenic amino acid, and increased fatty acid oxidation, to support the energy demand of cancer cell proliferation (22).Interestingly, NMR-based metabolomics profiling studies demonstrated significantly higher serum levels of 3-hydroxybutyrate in mCRC patients versus healthy donors or CRC patients compared with those with colon polyps and healthy controls (19, 30). Notably, a recent meta-analysis of global serum metabolomics profiling studies of CRC patients compared to healthy subjects confirmed that 3-hydroxybutyrate was consistently upregulated, suggesting that, together with a few other selected metabolites, it has potential as a diagnostic biomarker for CRC (22).

Lipidomic profiling by NMR spectroscopy on the same plasma samples of mCRC patients, collected at the response evaluation, also discriminated between patients with DFS ≥ 1 and < 1 year. According to the cutoff levels evaluated by ROC curves and the univariate analysis, lower levels of cholesterol, phospholipids and triglycerides were significantly correlated with more favorable DFS and OS. In addition, higher levels of choline were correlated with OS. However, none of the lipids remained significant in multivariate analysis. Notably, as also reported for histidine and 3-hydroxybutyrate, cholesterol, phospholipids and triglycerides were independent and better predictors of DFS than TRG status.

Altered lipid metabolism is currently considered a hallmark characteristic of many cancers, including CRC (52). High levels of lipids are indeed necessary for tumor cell energy production, membrane turnover, and signal transduction, which are needed for cell growth motility and metastases (53). Elevated serum levels of cholesterol and triglycerides were previously reported in CRC patients compared to patients with benign colorectal disease and healthy controls and were correlated with advanced TNM stage (54). Both cholesterol and triglyceride serum levels were also associated with the development of distant metastasis in CRC patients (55). Notably, a recent meta-analysis including only prospective studies confirmed that high levels of total serum cholesterol and triglycerides are positively correlated with the presence of CRC (56).

Although phospholipid studies on tumors and cancer cells are limited, the concomitant downregulation of choline levels and upregulation of phospholipids associated with poor DFS in patients in our study might suggest that choline and its derivatives are consumed in greater amounts than in the normal state to drive phospholipid synthesis (57). Indeed, choline plays a critical role in the synthesis of the phospholipid components of the cell membranes, and its abnormal metabolism is emerging as being associated with oncogenesis (57, 58). Notably, in accordance with our data, lower levels of choline were found in CRC patients than in healthy donors and were correlated with stage progression (26). A very recent report showed that multiple circulating lysophosphatidylcholines (lysoPCs) and phosphatidylcholines (PCs) were associated with a high risk of disease recurrence within 6 months in patients undergoing CRCLM resection (59).

Intriguingly, altered levels of lipids in tumor cells, particularly phospholipids and cholesterol, have been suggested to promote drug resistance by altering the membrane composition (56).High lipid levels may also promote cancer development by inducing an inflammatory response and cytokine dysregulation (60). Mechanistically, crosstalk between lipid metabolism dysregulation and proinflammatory cytokine secretion has been described (61). Thus, our lipidomic findings may reflect an increased inflammatory status in patients with short DFS, in agreement with a previous report correlating an altered 1H-NMR lipid profile with short OS in mCRC patients (19). In this regard, some studies reported that CRC development is accompanied by cytokine production alterations (36), and a novel cytokine-based prognostic classifier has been recently developed in this setting (37).

Therefore, in our study, we also evaluated a panel of 48 chemokines and cytokines in the plasma of thirty patients at the time of the response evaluation by a multiplex bead–based system. According to the cutoff levels evaluated by ROC curves and the univariate analysis, lower levels of IL-6, SCGF-β and CXCL-10 and higher levels of CTACK correlated with a more favorable DFS and OS. In comparison to TRG, only IL-6 was an independent and better predictor of DFS. None of the cytokines evaluated remained significant after multivariate analysis.

IL-6 is a proinflammatory cytokine involved in cancer growth, invasion, progression and metastasis (62). Elevated IL6 levels in CRC patient serum (63) or tumor tissue (64) were correlated with advanced stages and a poor prognosis.

CXCL-10 is a small (10 kDa) secretable chemokine that mediates adaptive inflammation, immunity, leukocyte trafficking, and angiogenesis and induces the chemotaxis of various subtypes of leukocytes, including NK cells, T and B lymphocytes, macrophages and dendritic cells, by engaging its receptor CXCR3. CXCL-10 levels increased significantly in CRC patients compared to control subjects (65), and a recent meta-analysis revealed significant associations between low CXCL-10 expression and good overall, disease-free and relapse-free survival of CRC patients (66).

Stem cell growth factor-β (SCGF-β) is a secreted sulfated glycoprotein that functions as a growth factor for primitive hematopoietic progenitor cells. SCGF-β elevated plasma levels were associated with circulating tumor cell (CTC)-positive primary breast cancer patients, whereas interestingly, an inverse correlation with CTCs was observed for Cutaneous T-cell attracting chemokine (CTACK) in the same patient cohort (67). CTACK, also known as CCL27, binds to the CCR10 receptor expressed in normal skin, favoring T-cell homing to the inflammatory microenvironment and thus maintaining immune surveillance. Observational evidence on CTACK and CRC is limited to a single experience demonstrating no statistically significant difference in the expression of CTACK mRNA levels in CRC compared with normal paratumor tissues (68).

Overall, our data on circulating IL6 and CXCL10 expression were consistent with previous observations in CRC patients, whereas we were the first to demonstrate a correlation between plasma levels of either SCGF-β or CTACK and CRC patient clinical outcome.

The correlation between different altered metabolites, highlighted by overlapping and integrated pathways and/or cytokines, might also explain, with the exception of 3-hydroxybutyrate, the lack of association of any single parameter with DFS in the multivariate analysis. Thus, taking advantage of SVM, we built a multiple biomarkers model that, by combining presurgery plasma levels of 3-hydroxybutyrate, cholesterol, phospholipids, triglycerides and IL-6, was able to correctly classify patients by their DFS with good accuracy. Notably, it is important to emphasize that this model appears particularly useful to identify, before surgery, patients with early recurrence and DFS < 1 year who could benefit from a risk-adapted strategy with additional chemotherapy or a shift to an alternative treatment. Similarly, among these patients, more intensive follow-up postsurgery and consolidation by adjuvant treatment should be implemented.



Conclusions

To the best of our knowledge, our study is the first to perform a combined dynamic evaluation of plasma metabolomics, lipidomics and cytokinomics in metastatic CRC patients undergoing liver resection after induction chemotherapy treatment. The combined analysis of different analytes was able to successfully discriminate presurgical patients at high or low risk of recurrence and provide insight into the associated metabolic and inflammatory processes.

However, our observational and exploratory study has several limitations, including a limited sample size from a single center and a retrospective approach, which might bias the results we have observed. Therefore, these results need to be validated in larger cohorts and prospective studies. The present pilot study indicates the great potential of this combined biomarker approach for defining personalized management strategies in candidate patients for CRCLM resection after induction treatment.
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Purpose

To investigate the value of modified Bacon operation in patients with low rectal cancer.



Methods

Retrospective analysis of 60 patients treated with laparoscopic surgery for low rectal cancer in the Department of Colorectal and Anal Surgery, Jingzhou Hospital affiliated to Yangtze University, from 2019 to 2022, divided into observation and control groups based on the method of the operation (laparoscopic modified Bacon operation group and laparoscopic Dixon operation with prophylactic ileostomy group). We compared the variations between the two groups.



Results

The length of the abdominal surgical incision was shorter in the observation group than in the control group(P<0.05). In the observation group, the length of hospital stay after the first operation was shorter(P<0.05), the both operations time and the second intraoperative bleeding were less(P<0.05), the DET score at one week after the first operation and the VAS after both operations were fewer than in the control group(P<0.05), the postoperative rate of ischemic necrosis of the exposed bowel was higher(P<0.05), and the anal function was poorer in the short term after the second operation compared with the control group(P<0.05), but there was no significant difference between the anal function at 6 months after the second operation compared with the control group(P>0.05).12 months after the second operation, the anal function has recovered to the preoperative level in the observation group(P>0.05).



Conclusion

The laparoscopic modified Bacon operation has smaller abdominal wounds, which reduces postoperative pain; it does not require the use of staplers, which reduces the patient’s financial burden; no postoperative anastomotic leakage occurs, and a more satisfactory anal function can be obtained.





Keywords: Bacon, Dixon, anorectal manometry, surgery, anastomotic leakage, rectal cancer



1 Introduction

Low rectal cancer is typically treated with Miles surgery to achieve total tumor removal and decrease the recurrence rate. This operation necessitates the removal of the patient’s anus and creation of a permanent enterostomy in the abdominal wall, which has significant physical and mental effects on the patient. Consequently, surgeons have endeavored to preserve the maximum amount of anal function possible. With the advancement of surgical procedures and newer treatment concepts (1–4), the rate of anal preservation in patients with low rectal cancer has increased significantly. Low anterior rectal resection (LAR or Dixon) is the most common anus-preserving operation performed today, but there is a danger of anastomotic leakage. Even with the transition from manual anastomosis to double stapler operation, improved preoperative assessment, and improved postoperative treatment, the incidence of anastomotic leakage documented in the literature has not changed significantly. morbidity ranges from 2.8% to 30%, and mortality from 2% to 16.4% (1, 5, 6).The modified Bacon operation does not necessitate an ostomy and carries no danger of anastomotic leakage; however, some studies (7, 8) indicate that patients have poor postoperative bowel control; therefore, this operation is performed less frequently by some surgeons. In this study, we analyzed patients who underwent laparoscopic modified Bacon operation at Jingzhou Hospital affiliated to Yangtze University in recent years, comparing the changes in anal function before and after surgery with those who underwent laparoscopic low anterior rectal resection (LAR or Dixon) with a prophylactic colostomy. This study provides clinical evidence for selecting a better anus-preserving operation for patients with low rectal cancer.



2 Information and methods


2.1 General information

From 2019 to 2022, the data of 60 patients who underwent laparoscopic surgery for low rectal cancer at the Department of Colorectal and Anal Surgery, Jingzhou Hospital affiliated to Yangtze University, were analyzed retrospectively. There were 36 males and 24 females; their ages ranged from 36 to 82 years, with a mean of 60.62 years; their disease duration ranged from 3 to 20 months, with a mean of 10.26 months; and their BMI ranged from 17.07 to 27.81, with a mean of 22.56. The distance between the lower margin of the tumor and the anal margin ranged from 2.5 cm to 4.5 cm, with a mean of 3.61cm. According to the eighth edition of tumor staging published by the American Joint Committee on Cancer (AJCC), there were 23 patients in Phase I, 29 in Phase II, and 8 in Phase III. According to the surgical method, the patients were divided into two groups: the control group (laparoscopic Dixon operation with prophylactic ileostomy group) and the observation group (laparoscopic modified Bacon operation group). Before the operation, all patients signed an informed consent form.



2.2 Case inclusion and exclusion criteria


2.2.1 Inclusion criteria

(1) pathological diagnosis of malignant rectal tumor; (2) tumor stage I-III according to the American Joint Committee on Cancer (AJCC) 8th edition; (3) the tumor was ≤5 cm from the anal margin; (4) preoperative anal canal manometry was normal;(5) For patients undergoing laparoscopic Dixon surgery, a concomitant prophylactic enterostomy was required; (6) patients received continuous postoperative follow-up at Jingzhou Hospital affiliated to Yangtze University; (7) complete clinical data were available.



2.2.2 Exclusion criteria

(1) Preoperative functional fecal incontinence; (2) Localized invasion of the external sphincter and levator ani muscle by the tumor or with distant metastases from the tumor; (3) Combination of serious underlying diseases such as heart, brain, liver, lung, kidney and hematopoietic system; (4) Conditions such as acute bowel obstruction or bowel perforation due to tumor necessitating emergency surgery; (5) Severe obesity or severe malnutrition; (6) Concurrent multiple primary cancer, recurrent low rectal cancer; (7) Familial adenomatous polyposis; (8) Need for combined organ resection; (9) Combined immune or inflammatory diseases such as autoimmune diseases, inflammatory bowel disease; (10) Mental retardation, neuropsychiatric disorders; (11) Mid-term withdrawal.




2.3 Surgical methods


2.3.1 Laparoscopic Dixon operation with prophylactic ileostomy group

The first operation: Adequate bowel preparation was performed before surgery. The patient is placed in a lithotomy position, routinely disinfected and towelled. A 10 mm diameter observation hole is made 0.5 cm above the umbilicus to create a pneumoperitoneum, and 10 mm and 5 mm trocars are placed in the external 1/3 of the line between the right and left anterior superior iliac spines and the umbilicus, respectively. The retroperitoneum is opened with an ultrasound knife at the sigmoid mesenteric and retroperitoneal reflexes, and the Toldt’s fascia space is entered. Follow the vessel’s course to the inferior mesenteric artery (IMA) root and expose the IMA’s root. The perivascular fat and lymph nodes are cleared (Figure 1A). Depending on the situation, the IMA and the inferior mesenteric vein (IMV) are ligated at the root of the IMA or at the preserved LCA, the rectal mesentery is sharply freed along the retrorectal space, and the anterior rectal space is freed along Denonvilliers fascia, the cancerous rectal segment is cut with an intraluminal cutter at least 2 cm from the lower edge of the tumor, the sigmoid colon is cut at about 10-15cm from the upper edge of the tumor, the cancerous bowel segment is removed, and the rectal and sigmoid ends are anastomosed. An anal drainage tube was placed about 10 cm above the anastomosis and fixed to the perianal skin with sutures. Avoid perforation of the rectum and injury to blood vessels, ureters and adjacent organs. The anastomosis is checked for tension. Finally, a prophylactic ileostomy is performed. The terminal ileum (approximately 20 cm from the ileocecum) is lifted with non-invasive forceps by the assistant under direct laparoscopic vision; the intestinal wall is intermittently sutured to the skin around the stoma with 2-0 absorbable thread; the drainage tube is placed, and the incision for the extraction of the specimen and the Trocar holes are sutured; the stoma is completed with an electric knife incision of the intestinal canal. The second operation: the ileum was freed from the surrounding tissues, and the intestinal stoma tube was removed. The small intestine distal and proximal to the stoma was laterally anastomosed with a linear cutting suture, the myoplasmic layer was reinforced with absorbable sutures, and the abdomen was closed following the placement of a drainage tube.




Figure 1 | Illustration of the operation of laparoscopic modified Bacon surgery. (A) Lymph nodes around the inferior mesenteric artery are cleared. (B) The distal end of the rectum is dissociated to the level of the interspace between internal and external sphincters of anal canal. (C) Exposure of the surgical field. (D) Incision of the whole rectum. (E) Pull out the bowel tube and check the blood supply. (F) The inner anal colon and the levator ani muscle were fixed together. (G) Perineal appearance after resection of tumor bowel. (H) Two pelvic drainage tubes were placed. (I) Excision of excess colon. (J) The sigmoid colon was anastomosed to the rectal stump. (K) Unnecessary sutures are cut. (L) Perineal appearance after the second operation.





2.3.2 Laparoscopic modified Bacon operation group

The first operation: the intra-abdominal operation, is identical to the laparoscopic Dixon operation. The distal end of the rectum is dissociated to the level of the interspace between internal and external sphincters of anal canal (Figure 1B). During the perineal operation, the anus should be fully dilated, the skin of the anal verge should be pulled and fixed in all directions using at least 6 mousse threads to expose the surgical field (Figure 1C) entirely, the whole rectal wall should be incised by an ultrasound knife and an electric knife through the anus under direct vision with the aid of a purse-string anoscope (Figure 1D); the rectum, tumor and sigmoid colon should be dragged out, ensuring that the anal verge should be more than 15cm from the upper edge of the tumor, check the blood supply of the intestinal canal (Figure 1E), the inner anal colon and the levator ani muscle were fixed together to prevent retraction or prolapse of the bowel by intermittent suture with absorbable thread, and disconnect the canal at a distance of more than 10 cm from the proximal end of the tumor (Figures 1F, G).Two pelvic drainage tubes were placed (Figure 1H). The second operation: the anal canal was gradually separated from the sigmoid colonic adhesions with an electric knife to expose the dentate line and the stump of the rectum from the previous operation. The mesenteric vessels of the sigmoid colon were sutured, the distal end of the mesentery was disconnected by ultrasonic knife, and the sigmoid colon was gradually cut off with the ultrasonic knife after nudging the intestinal wall at the proposed dissection with the electric knife and the excess sigmoid colon specimen was removed (Figure 1I). Anastomosis of the proximal sigmoid colon to the rectal stump by interrupted whole layer suture with 3-0 absorbable threads (Figure 1J).Unnecessary sutures are cut (Figure 1K) and the surgical area is disinfected and the operation is completed (Figure1L).




2.4 Post-operative management

In both groups, routine anti-infection, nutritional support and symptomatic treatment were given post-operatively, and the abdominal sutures were removed about 1 week after surgery. The control group was given daily stoma care, encouraged to get out of bed early and to eat and drink as early as possible, and was discharged 6-12 weeks later for surgery of stoma closure. In the observation group, patients were in bed after surgery, and the sacrococcygeal section was raised with a soft pad to make the external intestinal tube hang down naturally. The color of the external bowel tube was monitored and flushed with dilute iodine daily, and keep the area dry and clean, and external bowel resection was performed about 3 weeks after surgery as appropriate. All patients in both groups were instructed to perform anal lifting exercises after the second operation.



2.5 Observation indicators and follow-up

Patients were followed up through a combination of outpatient visits and telephone calls. The follow-up period was from the discharge of the first operation to 1 year after the discharge of the second operation. Patients’ basic information [gender, age, tumor stage, time of operations(1st, 2nd), intraoperative bleeding (1st, 2nd), abdominal wound size (total length), hospital stay after operations(1st, 2nd), interval between two operations, degree of wound pain on the first day after two operations (VAS visual analogue pain scale), observation of postoperative anastomotic leakage, peristomal dermatitis or perianal dermatitis (DET score), hemorrhage, ischaemic necrosis, postoperative low anterior resection syndrome (LARS score) at 3, 6 and 12 months after stoma closure or drag-out segment of bowel resection. Wexner scores and anorectal manometries were performed at preoperation and 1, 2, 3, 6 and 12 months postoperatively to monitor the patient’s recovery of anal function.

The DET score, which consists of three domains, Discoloration (D), Erosion (E) and Tissue overgrowth (T), is obtained by adding the score of the affected area and the severity score for each of the three domains to give a score ranging from 0 to 15. 0 means that the peristoma skin is healthy, and as the score increases, the severity of the problem with the peristoma skin increases.

Pain is scored on a Visual Analogue Scale (VAS) of 0-10 according to the severity of the pain.

The low anterior resection syndrome score, which addresses the five most important clinical signs of low anterior resection syndrome, such as urgency, frequency, clustering, incontinence for flatus and incontinence for liquid stool, the related questions were designed and scored. Based on the total score, the low anterior incision syndrome was classified as no LARS (0-20 points), minor LARS (21-29 points) and major LARS (30-42 points). The higher the score, the worse the anal function.

Wexner score for anal incontinence scored in terms of solid, fluid and gas control, frequency of pad use and degree of lifestyle change, with 0 being normal and 20 being incontinent.

Anal canal rectal pressure measurement by direct manometry (solid catheter), the maximum value of anal canal pressure measured in a calm state (anal canal resting pressure) with a standard reference value of 50 ~ 70 mmHg and the maximum value of anal canal pressure during continuous active anal contraction (anal canal maximum squeeze pressure) with a standard reference value of 110 ~ 140 mmHg.



2.5 Statistical analysis

Data analysis was processed using SPSS 25.0 statistical software. The data results of measurement data were expressed as x̄ ± s, and the comparison between measurement data was analyzed by t-test or One-Way ANOVA. Chi-square test or Fisher’s exact test for comparison between two groups for count data. p<0.05 means the difference is statistically significant.




3 Results

From January 2019 to August 2022, 60 surgical patients suitable for inclusion in this study were collected through inclusion and exclusion criteria. 28 patients were assigned to the observation group, whereas 32 were assigned to the control group. 36 of the 60 patients with low rectal cancer were men, whereas 24 were women (male-to-female ratio = 3:2. Patients had a mean age of 60.62 years and a mean BMI of 22.56. The average distance between the tumor’s lower margin and the anal margin was 3.61 cm. 23 individuals had tumors at stage 1, 29 patients at stage 2, and 8 patients at stage 3. Separate comparisons of the basic clinical data of the patients in the two groups revealed that the differences were not statistically significant (P > 0.05) (Table 1). The abdominal surgical incision was shorter in the observation group compared to the control group(P<0.05). In the observation group, the first intraoperative bleeding volume were not significantly different from those in the control group (P > 0.05), and the both operations time and second intraoperative bleeding volume were significantly less than those in the control group (P < 0.05), but the length of their first postoperative hospital stay was shorter than that of the control group (P < 0.05), and the length of their second postoperative hospital stay was not significantly different from that of the control group (P > 0.05). There was no statistical difference in the results of the second preoperative blood biochemical examination (leukocyte count, neutrophil count and albumin concentration) between the two groups (Table 2), and in the observation group and the control group, 2 cases and 1 case, respectively, had leukocyte count exceeding 10*109/L, and were mainly increased neutrophil count, but no pelvic abscess was found. The postoperative related complications were compared, with the occurrence of hemorrhage, anastomotic leakage and anal stenosis, there were no statistical significant differences in the number of cases compared (P > 0.05); there was a statistically significant difference in the number of cases of ischaemic necrosis between the two groups(P < 0.05), and the DET score at one week after the first operation and the VAS score at first day after both operations were significantly less in the observation group than in the control group (P < 0.05)(Table 3). At 1, 2, and 3 months postoperatively, the observation group’s Wexner score and anal canal resting pressure were substantially lower than the control group’s (P<0.05). In contrast, there was no statistically significant difference between the two groups in terms of maximum squeeze pressure at 3 months postoperatively (P>0.05). There was no statistically significant difference in Wexner score, anal canal resting pressure and maximum anal canal squeeze pressure between the two groups at preoperation and 6 months postoperatively (P > 0.05) (Table 4). 12 months after the second operation, the anal function has recovered to the preoperative level in the observation group(P>0.05)(Figure 2).There was a statistically significant difference in LARS scores between the two groups at 3 months and 6 months postoperatively (P < 0.05), and no statistically significant difference in LARS scores at 12 months after operation when compared (P > 0.05) (Table 5).


Table 1 | Patient characteristics.




Table 2 | Data on patient hospitalizations and surgeries.




Table 3 | Comparison of postoperative complications.




Table 4 | Changes in anal function in patients without operation and after the second operation.




Table 5 | Postoperative recovery of low anterior resection syndrome in two groups.





4 Discussion

Globally, there are approximately 1.9 million new cases and 900,000 deaths from colorectal cancer each year, making it the third most common cancer disease and the second leading cause of cancer death, according to the International Agency for Research on Cancer in 2020 (9).

At present, the mainstay of anal preservation surgeries for low rectal cancer are low anterior resection (LAR or Dixon), intersphincteric resection (ISR) and colo-anal anastomosis (Parks). However, all of them carry the risk of anastomotic leakage or require a prophylactic stoma, which may further increase the physical and psychological burden of the patients.

In order to avoid the risk of anastomotic leakage, the concept of a drag-out rectal resection was introduced by the Viennese surgeon Julius von Hochenegg in 1887 under the name Durchzieh method (10), which was later refined by William Wayne Babcock and Harry E. Bacon, who introduced the Bacon method in 1945 (11). Although this operation could completely remove the rectal tumor, the removal of the entire rectum caused damage to the anorectal ring, and the patient’s postoperative anal function was poor (12, 13). As a result, it was conducted infrequently in the clinic at the time. Professor Zhou Xigeng changed the Bacon operation four times between 1954 and 1991 (14). With the rapid development of laparoscopic operations and minimally invasive treatment approaches, the modified Bacon operation has gradually transitioned from the original open operation to a laparoscopic operation in which the specimen is extracted through the anus. This operation permits a greater exposure of the anatomical level of the deep pelvic tissues adjacent to the anus, facilitates intraoperative protection of the pelvic nerves, and decreases the incidence of postoperative pelvic infection. This operation not only satisfies the need for anal preservation in patients with low rectal cancer but also eliminates the need for an adjuvant abdominal incision and prophylactic stoma and is more favorable to enhancing the postoperative quality of life for patients.

In this study, the tumor specimen of the control group had to be removed via a separate abdominal incision, and in addition to the prophylactic stoma, the postoperative abdominal wound was larger, and the patient’s suffering was more severe than in the observation group. The average stoma closure time was 50.94 days, mainly to enable the anastomosis to heal well and reduce the risk of anastomotic leakage. During this time, the patient required more stoma bags and stoma care products, which increased their financial burden. In addition, some stoma-related complications can also occur because of the presence of the stoma.32 patients in the control group developed varying degrees of dermatitis in the early postoperative period as a result of the stoma being almost at the same level as the skin, the stoma bag chassis not fitting the skin, the high likelihood of feces coming in contact with the skin, and the mechanical damage caused by the pulling of the sump backing on the skin during stoma bag changes (15). In addition, when the patient moves, the stoma tends to rub against the cut edge of the stoma bag chassis, which increases the risk of intestinal oedema and bleeding. In the observation group, the external bowel tube was longer and parallel to the torso, and most patients were bedridden following the initial operation; hence, the feces were less likely to come into touch with the surrounding skin, and dermatitis was less. In this study, four cases of ischaemic necrosis (there were 2 cases of partial necrosis of the distal end of the exposed colon, and 2 cases of necrosis below the anorectal ring plane, without adverse consequences.) occurred in the observation group, which was partly related to surgical techniques, primarily due to the inadequate dilation of the anal canal resulting in the trapping of the anorectal ring, closure of the marginal vessels during suture fixation. In addition, any situation with pressure on the external bowel has a high chance of causing ischaemic necrosis; therefore, modified Bacon operation may not be suitable for patients with a short length of sigmoid colon and mesentery, excessive obesity, preoperative anal stenosis and sphincter tension is high, and certainly not for patients with large tumors, abdominal organ prolapse into the pelvis minor, or preoperative anal incontinence. Postoperative management also requires that the patient be advised to elevate the buttocks with a cushion to prevent ischaemic necrosis of the bowel due to compression.

As a result of the short abdominal incision, the absence of an abdominal stoma, and the fact that larger tumor specimens did not need to be removed by re-opening the abdomen, patients in the observation group experienced less postoperative pain than those in the control group. The second postoperative pain was still less severe than that of the control group, mostly because the majority of procedures were performed above the dentate line, which is innervated by autonomic nerves. The VAS was statistically higher in the observation group after the second operation compared to the first, which may be related to the irritation of the external bowel tube and dressing that caused external hemorrhoid oedema; consequently, some patients with external hemorrhoid oedema require active treatment to reduce oedema. In the control group, the long interval between the two operations necessitated the use of stoma bags and stoma care products, which added to the patient’s financial burden, whereas in the observation group, the average interval between the two operations was 24.79 days and no stoma pouches were required, which reduced the patients’ psychological and financial stress. The both operations time of the control group was significantly longer than that of the observation group because the surgeons need to open and close the abdomens and make ostomies in the first operation, and in the second operation, they must separate the adherent intestines to facilitate the subsequent intestinal anastomosis due to the irritation of the first operation of the control group, which increases the likelihood of accidental vessel injury and consequently increases the amount of bleeding. In addition, in the control group, some patients also needed to deal with parastostomal hernia, which extended the operation time. The second operation of observation group can be finished under spinal anesthesia without re-entering the abdomen, and the average duration is 63.50 minutes, which is less than that of the control group. Additionally, there is less bleeding and no need for consumables such as staplers, which decreases the patient’s financial burden. In the observation group, the Wexner score was significantly higher than that of the control group at 1, 2 and 3 months after second operation, and the resting pressure of the anal canal was lower than that of the control group at 1, 2 and 3 months after the second operation (Figure 3), the difference was statistically significant, probably because the modified Bacon operation disrupted the pratial internal sphincter and had poorer short-term anal control, but there was no significant difference in Wexner scores and resting pressure between the two groups at 6 months after the second operation compared with that of control group. In this study, we found a significant difference in the maximum squeeze pressure of the anal canal between the two groups at 1 and 2 months after the second operation, with the observation group significantly lower than the control group (Figure 4), which may be caused by the surgery itself, such as intraoperative excessive anal dilatation result in the external sphincter injury, or a period of intestinal tube dragging out, causing spasmodic contraction of the anal sphincter, resulting in relaxation of the anal sphincter and a decrease in muscle strength, we instructed the patients to do more postoperative exercises to lift the anus, and the maximum squeeze pressure was measured at 3, 6 and 12 months after the second operation, and there was no significant difference between the observation group and the control group. Moreover, the analysis found that 12 months after the second operation, the anal function has recovered to the preoperative level in the observation group(P>0.05) (Figure 2), which shows that modified Bacon operation can achieve a satisfactory anal dynamic result.




Figure 2 | Comparison of resting pressure (RP) and maximum squeeze pressure (MSP) changes in observation group. ***, p<0.001; ****, p<0.0001 ns (no significance), p>0.05.






Figure 3 | Comparison of resting pressure (RP) changes in anal canal between two groups.






Figure 4 | Comparison of maximum squeeze pressure (MSP) changes in anal canal between two groups.



Low anastomosis is one of the most prominent risk factors for LARS (16). The height of the anastomosis has a direct effect on the occurrence of LARS. Patients who have undergone low anterior resection and other ultra-low anastomosis operations for rectal cancer may develop varying degrees of bowel dysfunction, including urgency, frequency, impaired evacuation, and fecal incontinence (17). Low Anterior Resection Syndrome describes a group of syndromes (LARS).The LARS-specific scale designed by Emmertsend et al. (18, 19) addresses the five most significant clinical symptoms of LARS, with the items being “urgency, frequency, clustering, incontinence for flatus,” and “incontinence for liquid stool.” Accordingly, each item is granted a score based on its association with quality of life impacts. The scores ranged from 0 to 42, with 0-20 (no LARS), 21-29 (minor LARS), and 30-42 (major LARS). In this study, the LARS scores of the observation group at 3 and 6 months postoperatively were significantly different from those of the control group. The impact on the quality of life of the observation group was greater in the short term, with 16 patients in Major LARS at 3 months postoperatively and 3 patients having up to 15 bowel movements per day, which had a more significant negative impact on working life, but these conditions improved significantly 12 months postoperatively.



5 Conclusion

The laparoscopic modified Bacon operation has no incision and no stoma in the abdomen, thereby avoiding complications and other effects caused by incision and stoma; there is no anastomosis in the first stage of the operation, so there is no need to worry about anastomotic leakage; therefore, the modified Bacon operation is suitable for older patients or those with high risk factors for anastomotic leakage such as diabetes, chronic obstructive pulmonary disease, and hypoproteinemia; it can improve the rate of anal preservation, and can be used as a remedy for the failure of other anal preservation operation, and is also suitable for cases where it is challenging to use staplers or other instruments to perform anastomosis or where the need for a prophylactic stoma is estimated after anastomosis. In addition, rectal benign tumors or other rectal tumors that cannot be locally resected (e.g., large villous adenoma of the rectum, rectal gastrointestinal stromal tumor) can be treated by modified Bacon operation. The short-term impact on anal function is significant, but in the long term, the indicators of anal function are not significantly different from those of Dixon. Although there was no statistical difference between the two groups in terms of the interval between the two operations, the interval between the two operations was generally longer in the control group than in the observation group; therefore, the comparison of anal function between the two groups may be subject to error. In summary, the laparoscopic modified Bacon operation is superior to the laparoscopic Dixon operation with prophylactic ileostomy in the treatment of patients with low rectal cancer, and it is a preferred method to preserve anus in the treatment of low rectal cancer.
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Purpose

This study aimed to evaluate the impact of type 2 diabetes mellitus (T2DM) on the short-term outcomes and long-term survival of patients with colorectal cancer (CRC) who underwent curative resection.



Methods

This study retrospectively included 136 patients (T2DM group) with resectable CRC and T2DM from Jan 2013 to Dec 2017. Propensity score-matched control group consisting of 136 patients (non-T2DM group) were selected from 1143 CRC patients without T2DM. The short-term outcomes and prognosis were compared between the T2DM and non-T2DM group.



Results

A total of 272 patients (136 patients for each group) were included in this study. Patients in T2DM group had higher body mass index (BMI), higher proportion of hypertension and cerebrovascular diseases (P<0.05). T2DM group had more overall complications (P=0.001), more major complications (P=0.003) and higher risk of reoperation (P=0.007) when compared with non-T2DM patients. T2DM patients had longer hospitalization time than non-T2DM (20.7 ± 10.2 vs. 17.5 ± 6.2, P=0.002). As for the prognosis, T2DM patients had worse 5-year overall survival (OS) (P=0.024) and 5-year disease-free survival (DFS) (P=0.019) in all stage. Moreover, T2DM and TNM stage were the independent predictors of OS and DFS for CRC patients.



Conclusions

T2DM increases overall complications and major complications, and prolongs the hospitalization time after CRC surgery. In addition, T2DM indicates the poor prognosis of CRC patients. A prospective study with large sample size is required to confirm our findings.





Keywords: diabetes mellitus, colorectal cancer, complication, prognosis, surgery



Introduction

Colorectal cancer (CRC) is the third most common malignancy in China, with over 550,000 patients newly diagnosed in 2020, and the fifth most common cause for cancer-related deaths, with more than 280,000 deaths in 2020 (1, 2). Unlike European countries and northern American countries, the incidence and mortality of CRC continue to increase in China (2). Although the CRC treatment strategies, including chemotherapy, targeted therapy and Immunotherapy, develop rapidly, and the prognosis of CRC improves greatly, surgery remains the cornerstone in the treatment of CRC (3, 4).

Type 2 diabetes mellitus (T2DM) is highly prevalent over the past decades, and expected to be 700 million in 2045 (5). T2DM has been suggested to be associated with risks of many types of cancers, including liver cancer, gastric cancer, colorectal cancer and renal cancer (6–9). In addition, T2DM affects the prognosis of many types of cancers (10, 11). It has been reported that T2DM significantly increased Lymph node involvement, and median disease-free survival is 81 months for non-T2DM patients and 36 months for T2DM patients, with breast cancer (11). Similarly, patients with lung cancer and T2DM had significantly higher mortality (HR=1.27, 95% CI: 1.07-1.50) than non-T2DM patients, irrespectively receiving insulin or metformin treatment (12).

The association between T2DM and risk of CRC has been investigated in some studies, and most studies suggested a negative impact of T2DM on the incidence of CRC (13, 14). The impact of T2DM on the prognosis of CRC has been studied in many studies; however, these studies yielded inconsistent results (15–18). A recent meta-analysis suggested that T2DM led to poor survival and increased the risk of relapse in CRC patients (17). However, some studies suggested no effect of T2DM on the disease-specific and the all-cause survival among CRC patients (16). On the other hand, the impact of T2DM on the short-term outcomes and prognosis of CRC patients receiving curative surgery remained uncertain (15, 19). In the present study, we investigate the effect of T2DM on the short-term outcomes and prognosis of patients with CRC and T2DM who underwent curative surgery.



Patients and methods


Study population

Patients diagnosed with CRC who underwent primary curative surgery were retrospectively included in a single center between Jan 2013 and Dec 2017. All patients were histologically diagnosed with CRC adenocarcinoma preoperatively. A total of 136 CRC patients with T2DM were included as the T2DM group. A total of 1143 CRC patients without T2DM were screened, and 136 patients were selected as the non-T2DM group by matching gender with T2DM group using propensity score matching (20). Color Doppler echocardiography, abdominal-enhanced computed tomography (CT) and plain chest CT were routinely performed as a part of the preoperative assessment. Other inclusion criteria included the following (1): age older than 18 (2); underwent primary curative surgery for CRC; and (3) no severe cardiopulmonary dysfunction. The exclusion criteria include (1): emergency surgery for gastrointestinal massive bleeding, obstruction or perforation (2); stage IV CRC (3); Non-R0 resection; and (4) incomplete medical record. Informed consent was obtained from each patient. This study was conducted in accordance with the World Medical Association Declaration of Helsinki, and approved by the Ethics Committee of our hospital (No.2022-RE-116).



Follow-up

All patients were monitored with CEA, CA199 and body CT scan every 3 months for the first 3 years, and every 6 months for the following 2 years. Colonoscopy was conducted every year after surgery. Survival status was verified using the review of out-patient records and/or telephone interviews with patients or patients’ family. The overall survival (OS) defined as the time from primary surgery to the last follow-up (when patients were alive) or death. Disease-free survival was defined as the time from primary surgery to the last follow-up, recurrence or death.



Definitions

The tumor node metastasis (TNM) was diagnosed according to the AJCC eighth edition (21). The postoperative complications were defined according to the Clavien–Dindo classification, and major complications were defined as≥III classification complications (22). T2DM was diagnosed according to the American Diabetes Association Criteria (casual plasma glucose concentration≥200 mg/dL, or fasting plasma glucose≥126 mg/dL, or 2h glucose≥200 mg/dL after the Oral Glucose Tolerance Test) (23).



Data collection

Clinical data of patients were retrospectively collected from patients’ medical records. The clinical data included age, gender, body mass index (BMI), hypertension, cardiovascular diseases, cerebrovascular diseases, American Society of Anesthesiologists (ASA) score, tumor location (colon or rectum), operative approach (open surgery or laparoscopic surgery), maximal tumor diameter, TNM stage, operative time, hospital stay, postoperative complications, anastomotic leakage and reoperation. There is no death in all patients. The prognosis included overall survival (OS) and disease-free survival (DFS).



Statistical analysis

Continuous data are expressed as the mean ± standard deviation (SD), and Student’s t-test was used to compare the differences between the two groups. Categorical data are shown as n (%), and Chi-squared test or Fisher exact test were used. Continuous variables including age, BMI, the maximal tumor diameter and operative time were converted to categorical variables by the median values in all patients for the following logistic regression analyses and cox regression analyses. Univariate and multivariate logistic regression analyses were used to identify the factors associated with the overall complications. Survival rates were calculated with the Kaplan–Meier curve, and compared with log-rank tests. Multivariate cox regression analyses were conducted to identify independent predictive factors for OS and DFS. Data were analyzed using SPSS (version 22.0) statistical software. A bilateral p value <0.05 was considered statistically significant.




Results


Patient characteristics

A total of 136 CRC patients with T2DM (T2DM group) underwent primary curative surgery, and were included in study between Jan 2013 and Dec 2017. After propensity score matching for gender, 136 CRC patients without T2DM as a control group (non-T2DM group) were selected from 1143 CRC patients without T2DM. The characteristics of the T2DM and non-T2DM patients were shown in Table 1. The patient BMI in T2DM group was larger than patients in non-T2DM group (23.8 ± 3.5 kg/m2 vs. 22.7 ± 3.2 kg/m2, P=0.008). The proportion of patients with hypertension were higher in T2DM group than in non-T2DM group (57% vs. 29%, P<0.001). The rate of CRC patients with cerebrovascular diseases was also higher in in T2DM group than in non-T2DM group (14% vs. 4%, P=0.006).


Table 1 | The basic characteristics of the included patients.





The impact of T2DM on the risk of postoperative complications

As shown in Table 2, T2DM group had significantly higher rate of overall complications than non-T2DM group (30% vs. 14%, P=0.002). In addition, T2DM group also had higher rate of major complication and re-operation than non-T2DM group (major complication risk: 7% vs. 0%, P=0.001; Re-operation risk: 6% vs. 0%, P=0.007). The detailed information for patients encountered major complications and re-operations was shown in Supplementary table 1. The time of hospital stay in T2DM group was significantly longer than that in non-T2DM group (20.7 ± 10.2 days vs. 17.5 ± 6.2, P=0.002). As shown in Table 3, Univariable logistic regression analyses showed that T2DM, hypertension, high ASA score and longer operative time predicted high risk of postoperative complications. Multivariable logistic regression analyses showed that T2DM and longer operative time were the independent predictors for postoperative complications.


Table 2 | The short-term outcomes between the two groups.




Table 3 | Univariate and multivariate analyses of overall complications.





The impact of T2DM on the prognosis of CRC

The median follow-up time for all patients was 68 (5–112) months. The 5-year OS were 70% for T2DM group and 82% for non-T2DM group. Log-rank test showed that 5-year OS rate was lower in T2DM group than in non-T2DM group (P=0.024) (Table 4) (Figure 1A). Multivariate cox regression analyses showed that T2DM and TNM-III stage remained the independent predictors for poor OS of CRC patients (HR (95%CI): 1.64 (1.01-2.65); P=0.46). The 5-year DFS were 69% for T2DM group and 81% for non-T2DM group. Similarly, 5-year DFS rate was lower in T2DM group than in non-T2DM group (P=0.026) (Table 5) (Figure 2A). Multivariate cox regression analyses showed that T2DM might independently predict poor DFS of CRC patients (HR (95%CI): 1.65 (1.00-2.73); P=0.05).


Table 4 | Univariate and multivariate COX regression analyses of 5-year overall survival.






Figure 1 | Kaplan-Meier analysis of survival in patients with T2DM. (A) Kaplan-Meier analysis of overall survival for all patients. (B, C) Kaplan-Meier analysis of overall survival for patients with colonic cancer (B) or rectal cancer (C). (D, E) Kaplan-Meier analysis of overall survival for CRC patients with TNM I&II stage (D) or III stage (E).




Table 5 | Univariate and multivariate COX regression analyses of 5-year disease-free survival.






Figure 2 | Kaplan-Meier analysis of disease-free survival in patients with T2DM. (A) Kaplan-Meier analysis of disease-free survival for all patients. (B-C) Kaplan-Meier analysis of disease-free survival for patients with colonic cancer (B) or rectal cancer (C). (D, E) Kaplan-Meier analysis of disease-free survival for CRC patients with TNM I&II stage (D) or III stage (E).



Subgroup analyses were conducted to investigate the impact of T2DM on the CRC prognosis with different TNM stages (TNM I&II or III stage) and on the different sites of CRC (colon or rectum). The results showed that patients with colon cancer and T2DM had poor OS and DFS than those with colon cancer and without T2DM (P=0.035 for OS, and 0.020 for DFS) (Figures 1B, C, 2B, C). The impacts of T2DM on the prognosis of patients (including OS and DFS) with TNM I&II stage, or with TNM III stage or patients with rectal cancer did not reach statistically significances (Figures 1D, E, 2D, E).




Discussion

In present study, T2DM increased overall complications and major complications after CRC surgery. As for CRC prognosis, T2DM was an independent predictor for 5-year OS and 5-year DFS of CRC patients.

T2DM is highly prevalent in the world, and increases the global medical cost (5). In addition, T2DM increased the incidences of many types of malignancies (6, 8, 9), including colorectal cancer, pancreatic cancer, liver cancer and gastric cancer. The impact of T2DM on outcomes of resectal CRC remains unclear. Some studies reported that T2DM induced poor CRC OS (17–19), while other studies reported the null association between them (15, 24).

In this study, we found that the incidences of postoperative overall complications and major complications in our study patients were 22% and 3%, which was in agreement with previous reports (25–27). In addition, we found that CRC patients with T2DM had significantly higher overall complications and major complications than those without T2DM. Re-operation risk in T2DM group was also increased when compared with non-T2DM group. T2DM group had significantly longer time of hospitalization than those without T2DM, which was due to increased postoperative complications. In the multivariate analyses, T2DM and longer operative time were the independent risk factors for higher postoperative complications, which was in agreement with previous studies. In a retrospective study, Cheng et al. (15) showed that T2DM was significantly associated with significantly higher incidence of postoperative complications in CRC patients than those without T2DM (28.5% vs. 22.7%, P=0.033). Yap et al. reported T2DM was significantly associated with increased surgical complications (OR: 1.44, 95%CI: 1.02-2.04) and prolonged hospitalization time (linear regression coefficient 3.8 days, 95% CI 0.7–7.1) (28). Furthermore, a meta-analysis reported that T2DM significantly increased incidences of anastomotic leakage and surgical site infection (OR: 2.41, 95%CI: 1.84–3.16 for anastomotic leakage and OR: 1.98, 95%CI: 1.64–2.39 for surgical site infection) (29). The possible reasons are that T2DM leads to extensive microangiopathy, poor blood supply and thus poor tissue regeneration.

With regard to the long-term prognosis, the 5-year OS was 70% in T2DM group and 82% in non-T2DM group; the 5-year OS was significantly shorter in T2DM group than non-T2DM group (Hazard ratio: 1.83, 95%CI: 1.06-3.14, P=0.029). Multivariate cox regression analyses showed that T2DM and TNM III stage were the independent predictors for poor OS (adjusted Hazard ratio: 1.64, 95%CI: 1.01-2.65, P=0.046). Similarly, the 5-year DFS was 70% for T2DM group and 82% for non-T2DM group, and it was statistically significant between the T2DM and non-T2DM group (Hazard ratio: 1.89, 95%CI: 1.08-3.31, P=0.026). Multivariate cox regression analyses showed that T2DM marginally predicted poor DFS (adjusted Hazard ratio: 1.65, 95%CI: 1.00-2.73, P=0.05). Our findings were consistent with previous research results (19, 24, 30). Chen et al. reported that T2DM was the independent predictor for poor 5-year OS (adjusted Hazard ratio: 1.35, 95%CI: 1.20-1.51, P<0.001) (19). A meta-analysis included 26 studies demonstrated that CRC patients with T2DM were at greater risk for all-cause and cancer-specific mortality and have worse disease-free survival than those without T2DM (24). However, some studies reported null relationship between T2DM and CRC prognosis (15, 16, 18).

To further investigate the impact of T2DM on CRC in detail, subgroup analyses for CRC TNM stage (I&II stage and III stage) and for tumor locations (colon and rectum) showed that T2DM led to the poor survival of patients with colon cancer; however, the impact of T2DM on the prognosis of patients with different CRC TNM stage and rectal cancer did not reach statistical significance, which was probably due to the relatively small sample size. Hiroki Y et al. reported that patients with T2DM had 1.38-fold risk of colon cancer and 1.20-fold risk fo rectal cancer (31). Chen KH et al. found that patients with T2DM had significantly shorter 5-year overall survival (71% vs. 81.7% for T2DM vs. non-T2DM); after adjusting confunder factors of age, sex, stage, adjuvant chemotherapy, and comorbidities, T2DM remained the independent risk factor for 5-year overall survival (19). A comparative study conducted by Huang YC et al. confirmed that T2DM had significantly negative impact on 5-year overall survival in stage II colon cancer patients (HR: 1.21, 95% CI: 1.04-1.41, P=0.016) (32). These clinical data raised the hypothesis that T2DM probably had significantly negative impact on both colon cancer and rectal cancer, which should be assessed in the future study.

Although some hypotheses have been proposed, the mechanisms for the impact of T2DM on CRC prognosis remain unclear. First, T2DM could impact the poor prognosis of CRC through sharing the common risk factors, such as obesity and cerebrovascular diseases, which increased the mortality risk for CRC patients (33). Second, hyperinsulinemia has profound impact on the incidence and prognosis of CRC. Hyperinsulinemia can promote the cancer cell proliferation, chemo-resistance and metastasis through stimulating insulin and insulin-like growth factor-1 receptors (34, 35). Third, some studies showed that insulin-treated patients with T2DM had higher mortality from cancer than those without insulin treatment (19, 36). Metformin has been reported to reduce oxidative stress reaction and protect mitochondrial function; it can inhibit cancer cell proliferation and metastasis (37–39), and thus has a protective role in CRC prognosis. A meta-analysis showed that metformin might be a protective factor for CRC risk and prognosis in patients with T2DM (40).

There were some limitations in this study. First, this was a retrospective study, which encountered inherent bias that might affect the results of this study. Second, because the data regarding antidiabetic therapies were difficult to obtain, we did not analyze the impacts of antidiabetic drug on short-term outcomes and prognosis of CRC patients. Therefore, a prospective study with large sample size is required to provide more accurate results in the future.



Conclusions

In conclusion, T2DM increases the incidence of postoperative complications and prolongs the hospitalization time after CRC surgery. In addition, T2DM independently predicts the poor survival of CRC patients. A prospective study is required to confirm our findings in the future.
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Background: Few studies showed that mixed type early gastric cancer (EGC) relates to higher risk of lymph node metastasis. We aimed to explore the clinicopathological feature of GC according to different proportions of undifferentiated components (PUC) and develop a nomogram to predict status of lymph node metastasis (LNM) in EGC lesions.



Methods: Clinicopathological data of the 4,375 patients who underwent surgically resection for gastric cancer in our center were retrospectively evaluated and finally 626 cases were included. We classified mixed type lesions into five groups (M1:0% < PUC ≤ 20%, M2:20%<PUC ≤ 40%, M3:40%<PUC ≤ 60%, M4:60%<PUC ≤ 80%, M5:80%<PUC < 100%). Lesions with 0% PUC were classified as pure differentiated group (PD) and lesions with 100% PUC were classified as pure undifferentiated group (PUD).



Results: Compared with PD, LNM rate was higher in group M4 and group M5 (p < 0.05 after Bonferroni correction). Differences of tumor size, presence of lymphovascular invasion (LVI), perineural invasion and invasion depth also exist between groups. No statistical difference of LNM rate was found in cases who met the absolute endoscopic submucosal dissection (ESD) indications for EGC patients. Multivariate analysis revealed that tumor size over 2 cm, submucosa invasion to SM2, presence of LVI and PUC level M4 significantly predicted LNM in EGC. With the AUC of 0.899(P < 0.05), the nomogram exhibited a good discrimination. Internal validation by Hosmer–Lemeshow test showed a good fitting effect in model (P > 0.05).



Conclusion: PUC level should be considered as one of the predicting risk factors of LNM in EGC. A nomogram that predicts the risk of LNM in EGC was developed.
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Introduction

Worldwide, gastric cancer is the fourth leading death caused by cancer (1). Regardless of LNM, tumors confined to the mucosa or submucosa layer are defined as EGC (2). Prevalence of routine endoscopic screening programs under white light imaging together with advances such as magnifying narrow band imaging or magnifying blue laser imaging increased EGC detection rate and accuracy (3, 4). As a consequence, more patients with gastric cancer had their lesions resected at early stage under endoscopy or laparoscopy (5, 6). Endoscopic submucosal dissection (ESD), since its safety and high efficacy, had been accepted as a therapy for resection of EGC with a limited size and very low lymph node metastasis (LNM) risk (2, 7). Since the integrity of stomach is conserved, there is less postoperative syndrome after ESD and postoperative life quality could be improved when compared to surgical resection (8–10). But lymph node dissection and examination couldn`t be performed during ESD procedure, which is one of the limitations. However, when deciding whether to choose ESD for treatment of EGC, incidence of LNM is an important factor considered (11). Histological differentiation, as a crucial factor which relates to the risk of LNM, is considered in indications for ESD (12, 13). Gastric cancer often presents with a mixed histology type even in early stage (14). According to guidelines of Japanese Gastric Cancer Association (JGCA), histological type of cancer tissues could be classified as differentiated type and undifferentiated type (2). Mixed type gastric cancer in our study refers to tumor with a mixed differentiation. Studies around LNM risk in mixed type EGCs are controversial, and there is still no recommended ESD indication for mixed type lesions. Several studies showed that mixed histological type was not associated with a higher LNM risk for EGC patients and ESD indications could be applicable to mixed type EGC (15–18). On the other hand, there were also reports demonstrated that mixed histologic type was more aggressive since it is associated with a higher LNM rate when compared with pure differentiated or pure undifferentiated tumors (19–22). Indications of ESD for EGC had recently been updated (23). According to the latest edition, lesions which met with expanded indications for ESD in the first edition had been integrated into absolute indications. For ratio of differentiated components or undifferentiated components varies in different lesions, we hypothesis that differences of LNM rate together with other clinicopathological features might exist in lesions according to PUC level. To the best of our knowledge, no study had yet focused on this point. In our study, clinicopathological features including LNM status of EGC lesions according to different PUC level was explored, applicability of ESD indications for mixed type EGC was investigated. Afterwards, a nomogram was also developed to predict status of LNM in EGC lesions, which might assist clinicians in choosing more suitable treatment strategy for EGC patients.



Method


Patients and variables

We consecutively reviewed clinicopathological data of the 4,375 patients who underwent surgically resection with lymph node dissection for gastric cancer in our hospital between January 2014 to January 2022 and 655 patients diagnosed EGC by postoperative pathology were selected. Exclusion criteria were as follows: (I) Pathological types (neuroendocrine tumor, carcinoma with lymphoid stroma and hepatoid carcinoma) outside the scope of this study (6 cases were excluded). (II) Cases with multiple synchronous cancers (12 cases were excluded). (III) Preoperative endoscopic treatment (2 cases were excluded). (IV) Local recurrence (2 cases were excluded). (V) Patients who had undergone chemotherapy and/or radiation (0 cases were excluded). (VI) Cases with no preoperative endoscopic images or reports (7 cases were excluded). A total of 626 patients with 626 lesions were finally enrolled. Clinical and pathological data including sex, age, tumor location, tumor size, macroscopic type, ulceration, invasion depth, LVI, perineural invasion, histological type, scope of LND (lymph node dissection), number of LND LNM status were collected. Cut value of age was set to 60 (years) as mean age of the cohort was 63.6 (±8.8) years. For tumor size, according to the calculated mean value (2.4 ± 1.3 cm), we graded lesions into small group(≤2 cm) and large group (>2 cm). For tumor location, we classified the lesions into upper, middle or lower 1/3 of stomach (2). Classification of tumor gross morphology were based on Paris endoscopic classification (9). Invasion depth included three following grades: mucosal(M), SM1 (depth of invasion <500 μm) and SM2 (depth of invasion ≥500 μm). Judgement of LND scope involved in this study (D1, D1+, D2) was in accordance with Japanese gastric cancer treatment guidelines (2). Cut value of node dissection number was set to 22 as mean number of the cohort was 22.3 (±9.6).



Pathological evaluation

All lesions were sliced at intervals of 3 to 5 mm. Lymph nodes (at least 15 nodes were harvested per case) were sliced and stained with hematoxylin and eosin to assessment the presence of LNM. Pathological parameters were evaluated according to guidelines of Japanese Gastric Cancer Association (JGCA) for EGC (2, 23). To assess proportion of undifferentiated components, in this study, the panel of three pathologists examined all slides of all the specimens. Different histological cancer areas of all slides were evaluated under microscope and finally summarized to determine the PUC level.



Grouping methods

To further investigate differences of clinicopathological characteristics between different PUC levels, we grouped mixed histologic type lesions into five groups (M1:0% < PUC ≤ 20%, M2:20% < PUC ≤ 40%, M3:40% < PUC ≤ 60%, M4:60%<PUC ≤ 80%, M5:80% < PUC < 100%). Together with PD (PUC = 0%) and PU lesions (PUC = 100%), clinicopathological features according to PUC level were explored. According to guidelines of ESD for EGC, tumor differentiation is determined according to its quantitative dominant component (23). Thus in our study, mixed histological type lesions were regrouped into four groups: G1(0% < PUC ≤ 25%), G2 (25% < PUC < 50%), G3 (50% ≤ PUC ≤ 75%) and G4 (75% < PUC < 100%). Compared with PD, ESD indications for differentiated EGC were verified in G1 and G2. Compared with PU, ESD indications for undifferentiated EGC were verified in G3 and G4.



Statistical analysis

Statistical analyses were conducted by SPSS 26.0 software and R software version 4.2.0. Continuous variables (age and tumor size) were translated into categorical variables. Differences of clinical and pathological features between groups were analyzed by Pearson chi-square or Fisher`s exact test. Variables that were statistically associated with LNM in univariate analysis were then entered into a logistic regression model to investigate independent risk factors. Accuracy of the nomogram was validated by the area under the curve (AUC), concordance-index(C-index) was also applied to estimate nomogram performance. Under Bootstrap method, repetitive sample of the same size were constructed. The sample was used as the training set, and the corresponding unsampled queue was used as the verification set. This performance evaluation was repeated 1,000 times to obtain the calibration curve. Hosmer-lemeshow test was used to calculate the goodness of fit of the model. P < 0.05 means the difference is regarded as statistically significant.




Results


General clinicopathological characteristics

A total of 626 patients with a total of 626 lesions were finally included in this study. Of the patients, 429(68.5%) were male and 197(31.5%) were female. Incidence of LNM in this study was 11.3% (71 of 626). Forty-eight (7.7%) lesions were in the upper third of the stomach, 156(24.9%) in the middle third, and 422(67.4%) in the lower third. Proportion of PD, mixed and PU histology type in this study was 49.8% (n = 312), 30.7% (n = 192) and 19.5% (n = 122), respectively. Together with the parameters mentioned above, clinicopathological characteristics of the whole cohort were shown in Table 1.


TABLE 1 General data of clinicopathological characteristics.
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Clinicopathological characteristics according to different PUC levels

To further investigate differences of clinicopathological characteristics between different level of PUC, we grouped mixed histologic type lesions in to five groups: M1 (n = 26, 4.2%), M2 (n = 34, 5.4%), M3 (n = 30, 4.8%), M4 (n = 41, 6.5%), M5 (n = 61,9.7%). Clinicopathological features of the patients based on different level of PUC were shown in Table 2. Distribution of age, sex, tumor location, macroscopic type, presence of ulcer, scope of LND and number of LND in lesions with different PUC levels showed no difference (p > 0.05 after Bonferroni correction). Compared with pure undifferentiated lesions, pure differentiated lesions tend to have less presence of perineural invasion (p = 0.025 after Bonferroni correction). When compared with PD group, mixed type tumors in M4 were larger (p = 0.025), tumors in M5 were more frequently with submucosal invasion to SM2 (p < 0.05), and lesions in M4 (p < 0.001) or M5 (p = 0.035) were prone to LVI (All p value were corrected under Bonferroni method).


TABLE 2 Clinicopathological characteristics of early gastric cancer with PUC level.
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Pattern of LNM rate according to different PUC levels

Comparison between each two groups showed that LNM rate was higher in group M4(M4 vs. PD: p < 0.001, M4 vs. M1: p = 0.010, M4 vs. M2: p = 0.004, M4 vs. M3: p = 0.038, M4 vs. M5: p = 0.040, M4 vs. PU: p < 0.001, all p value corrected by Bonferroni method). LNM rate of M5 was higher than PD (p = 0.009 after Bonferroni correction). While the LNM rate of M5(19.7%) was higher than PU (9.0%), there was no statistics difference between the two groups. Comparison between other each two groups also showed no significant difference (p > 0.05 after Bonferroni correction). Such results suggested that we should be more cautious about recommendations for mixed type lesions with PUC level over 60% after ESD. LNM rate according to PUC level was showed in Figure 1.


[image: Figure 1]
FIGURE 1
Distribution of LNM according to PUC level.




Univariate and multivariate analysis of LNM risk factors in EGC

Based on the results above, to identify the clinicopathological predictive factors of LNM, univariate and multivariate logistic regression analyses were performed. The univariate analysis showed that larger tumor size (OR 4.015; 95% CI 2.245–7.179; p < 0.001), presence of ulcer (OR 2.038; 95% CI 1.212–3.424; p = 0.007), submucosa invasion to SM2 (OR 7.809; 95% CI 3.952–15.431; p < 0.001), presence of LVI (OR 18.082; 95% CI 10.201–32.052; p < 0.001), presence of perineural invasion (OR 2.973; 95% CI 1.261–6.843; p = 0.009), PUC level [(M4:OR 14.687; 95% CI 6.812–31.666), (M5:OR 3.777; 95% CI 1.725–8.267), p < 0.001] was significantly associated with LNM rate (Table 3). Based on enter method multivariate analysis, tumor size over 2 cm (OR 3.157; 95% CI 1.581–6.303; p = 0.001), submucosa invasion to SM2 (OR 2.869; 95% CI 1.262–6.523; p = 0.012), presence of LVI (OR 12.648; 95% CI 6.246–25.611; p < 0.001) and PUC level M4 (60% < PUC ≤ 80%) (OR 12.205; 95% CI 4.791–31.088; p < 0.001) significantly predicted LNM in EGC (Table 4).


TABLE 3 Risk of LNM in EGC according to clinicopathological characteristics.
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TABLE 4 Multivariate analysis.
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Comparison of LNM rates in EGC according to indications for ESD

Mixed type lesions were regrouped into four groups: G1 (n = 34, 5.4%), G2 (n = 39, 6.2%), G3 (n = 52, 8.3%) and G4 (n = 67, 10.7%). One case in PD (1/172, 0.6%) and one case in G2 (1/23,4.3%) who met with absolute ESD indications for differentiated EGC developed with LNM, while no statistical difference was found in cases which met the absolute indications or in cases who was out of the absolute ESD indications for differentiated EGC. No LNM occurred in patients who met the absolute ESD indications for undifferentiated EGC in group G3 (0 of 3), G4 (0 of 6) and PU (0 of 20). For cases beyond the absolute ESD indications for undifferentiated EGC, LNM rate was significant higher in G4 (G4 vs. PU: 44.9% vs. 10.8%, p < 0.001; G4 vs. G3: 44.9% vs. 18.0%, p = 0.002) (Shown in Tables 5, 6).


TABLE 5 Comparison of LNM between pure differentiated and differentiated predominant lesions according to ESD indications for differentiated EGC.
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TABLE 6 Comparison of LNM between pure undifferentiated and undifferentiated predominant lesions according to ESD indications for undifferentiated EGC.

[image: Table 6]



Nomogram development and internal validation

Based on the results of multivariate logistic analysis, a nomogram was developed to predict LNM in EGC. Showed in Figure 2, the nomogram score was 39 for submucosa infiltration depth ≥ 500, 42.5 for tumor size > 2 cm, 100 for M4 PUC level and 93 for LVI, respectively. AUC of the model was 0.899 (range 0.724–0.915) (Figure 3). Predictive performance internal validation by Bootstrap method showed a consistency index of 0.899, the internal calibration curve showed optimal agreement between actual observations and model predictions (Figure 4). And a good fitting effect was demonstrated by Hosmer - Lemeshow test (χ² = 7.187, p > 0.05).


[image: Figure 2]
FIGURE 2
The nomogram for predicting LNM in EGC.
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FIGURE 3
Receiver operating characteristic (ROC) curves of the model.



[image: Figure 4]
FIGURE 4
The internal calibration curve of the model.





Discussion

ESD is widely accepted as a treatment method for patients with EGC who meet with the appropriate indications. Presence of LNM is a crucial factor concerned by clinicians when arranging the more appropriate therapy for EGC patients. Several parameters such as LVI, tumor size, invasion depth, presence of ulcer had been confirmed to be related to LNM in EGC. Several previous studies showed that EGC with mixed histological type was more aggressive (24–26), but none of the studies focused on the PUC levels, which might be different on clinicopathological features and related to LNM in EGC. Since proportion of each histologic type varies widely in different EGC lesions, we investigated clinicopathological features of EGC according to different PUC levels.

In our study, LNM rate of mixed type EGC was higher than rate of pure histology type EGC (16.6% vs. 6.1%, p < 0.01), which supports some of the previous reports (24–26). However, we revealed a pattern that clinicopathological features including LNM rate differ according to PUC level. LNM rate between PD and mixed type groups (M1, M2 and M3) showed no statistical difference, while LNM rate for mixed type lesions with PUC level over 60% (M4, M5) was significantly higher than PD. In our study, with a limited sample size, LNM rate in M4 was statistically higher than and PU. While LNM rate of M5(19.7%) was higher than PU (9.0%), there was no statistics difference between the two groups after Bonferroni correction. Such results above suggested that we should be more cautious about recommendations for mixed type lesions with PUC level over 60% after ESD.

Since tumor size, invasion depth and LVI were all showed to be associated with LNM, we hypothesis that differences of these parameters between groups might have influence on forming of this LNM rate pattern. Therefore, including PUC level as a parameter, we further investigated risk factors of LNM in EGC. In line with previous studies, presence of ulcer, invasion depth, tumor size, presence of LVI and histological type were associated with LNM. For histological type, LNM was showed to be more prevalence in t mixed type EGC (19, 27–30). In our study, we further performed analysis between subgroups and made a step forward to locate that PUC level M4 was an independent risk factor of LNM in EGC. This might indicate a phenomenon that LNM risk does not always parallel with proportion of undifferentiated components.

We also explored feasibility of updated ESD indications for EGC patients according to different PUC levels. Between groups, no statistical difference of LNM rate was found in cases who met the absolute ESD indications for differentiated type EGC or undifferentiated type EGC patients, respectively. For cases that beyond the range of absolute indications for undifferentiated EGC, LNM rate was significant higher in G4(75% < PUC < 100%). Based on our results, we think that PUC level could be one of the factors considered when we further explore the ESD indications for EGC.

It is a tendency that ESD is being accepted by more EGC patients and more studies would be carried out to expand indications of ESD for EGC in the future. At the same time, the necessity for remedial surgery after endoscopic resection basically depends on the presence of lymph node metastasis. Therefore, it is important to predict LNM in EGC. Based on results of logistic regression, we developed a nomogram, aimed to provide some reference for EGC patients who received endoscopic resection. The parameters in the nomogram (tumor size, invasion depth, PUC level and LVI status) could be evaluated in ESD specimens. The nomogram could provide some reference for the risk of LNM in patients after ESD, especially in patients who received non-curative resection. It might be helpful for clinicians to recommend a better postoperative treatment plan to EGC patients.

Limitations exist in this study. Firstly, though cut off values determination and pathological evaluation methods were based or developed from previous studies, there is still no better consensus achieved by us. Secondly, since this study was based on data from a single center, sample size was limited and external verification could not be performed to test the nomogram. Thus, further studies are still needed to verify the performance of our nomogram and to explore ESD indications for mixed type EGC.
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Background: Limited data are available about superior rectal artery (SRA) preservation in laparoscopic resection for sigmoid colon cancer (SCC). This study aimed to evaluate the short-term and long-term efficacies of SRA preservation in laparoscopic radical resection for SCC.



Methods: We retrospectively analyzed 207 patients with SCC who underwent laparoscopic radical resection for SCC from January 2017 to June 2021. A total of 84 patients received lymph node clearance around the inferior mesenteric artery (IMA) root (D3 lymph node dissection) with preservation of SRA (SRA preservation group), and 123 patients received high ligation of the IMA (control group). The clinicopathological data of the two groups were compared, and Kaplan–Meier method was performed to estimate patient survival.



Results: Compared with the control group, the operation time of the SRA preservation group was longer (p < 0.001), but the postoperative exhaust and defecation times were significantly shorter (p = 0.003, p < 0.001). Two cases of postoperative ileus and four cases of anastomotic leakage were observed in the control group, whereas the SRA preservation group had none. However, no statistical difference was observed between the groups (p = 0.652, p = 0.248). The overall survival also showed no significant difference in (p = 0.436).



Conclusion: Preservation of SRA plus dissection of lymph nodes around IMA did not increase postoperative morbidity and mortality nor affect the prognosis of patients but increased the bowel blood supply, which may have a significant positive effect on the recovery of postoperative intestinal function and reduction of anastomotic leakage.
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Introduction

For rectal cancer and sigmoid colon cancer (SCC), high ligation of inferior mesenteric artery (IMA) is performed for further lymph node dissection (1). High ligation of IMA with D3 lymph node dissection can improve the survival rate of patients (2, 3). However, insufficient perfusion of stumps after high ligation of IMA may lead to anastomotic ischemia (4–6). The blood supply of the proximal and distal stumps of anastomosis is an important factor affecting its healing. Preservation of superior rectal artery (SRA) theoretically increases the blood supply of the distal rectum and can reduce anastomotic leakage (AL) (7). However, reports on SRA preservation and its long-term efficacy are limited. In the present study, we investigated the short-term and long-term efficacies of SRA preservation to evaluate the clinical value of SRA preservation in SCC surgery.



Methods


Patient selection and data collection

In this retrospective cohort study, data were collected from patients who underwent laparoscopic radical resection of SCC at Department of Gastrointestinal Surgery, People’s Hospital of Deyang from January 2017 to June 2021.

The inclusion criteria were as follows: (1) complete clinicopathological data, (2) preoperative colonoscopy or intraoperative exploration of tumor located in sigmoid colon, and (3) adenocarcinoma confirmed by postoperative pathology.

The exclusion criteria included the following: (1) preoperative radiotherapy or chemotherapy, (2) tumor invading surrounding tissues and organs or distant metastasis, (3) intraoperative conversion to open surgery, (4) severe organ diseases, such as those of heart, lung, liver, and kidney, or hematopoietic and endocrine diseases that may affect survival, (5) complication with severe infection, intestinal obstruction, or other malignant tumors; (6) history of previous abdominal surgery.

Based on SRA preservation, the patients were divided into the SRA preservation (n = 84) and control (n = 123) groups. The control group underwent conventional high ligation of the IMA root. All patient data, including age, gender, body mass index (BMI), operation time, intraoperative blood loss, tumor stage, the number of lymph nodes dissected, tumor differentiation, postoperative adjuvant chemotherapy, and postoperative exhaust and defecation times, were recorded in the database. Postoperative complications, mortality (30 days after surgery or before hospital discharge), and survival were also recorded (Figure 1).


[image: Figure 1]
FIGURE 1
The flowchart of the study.




Surgical procedures

Patients were laid in head-down lithotomy position. The peritoneal cavity was routinely explored. The peritoneum was opened on the right side of the IMA root, and the mesenteric membrane was separated upward along the space between Gerota's and Toldt's fascias. In the preservation group, the lymphoid adipose tissue at the root of IMA was dissected, and the IMA root was exposed. Then, the lymphatic adipose tissue around IMA was dissected along the direction of IMA, and the IMA vascular sheath was not opened routinely. The left colic artery and first or second sigmoid artery were divided and cut off along the IMA vascular sheath, and the SRA was preserved (Figures 2A,B). In addition to SRA, the left colic artery or inferior mesenteric vein (IMV) was selectively preserved in several patients, especially those with long sigmoid colon (Figures 2C,D). In the control conventional operation group, high ligation was performed at the roots of IMA and IMV roots (Figures 2E,F, respectively). Both groups followed the principle of complete mesocolic excision and 10 cm proximal and distal margin, and the inferior mesenteric plexus and hypogastric plexus were carefully protected. Before anastomosis, the bowels were fully freed to ensure that the anastomosis was free of tension.


[image: Figure 2]
FIGURE 2
(A,B) Dissect the lymphatic adipose tissue around and at the root of IMA, divide and cut off LCA, SA1 and SA2. (C,D) Operative view of preserving LCA, IMV and SRA. (E,F) Operative view of high ligation of IMA.




Postoperative complications

AL after colorectal resection is defined as the defect of intestinal wall integrity at the colorectal or colo-anal anastomosis site (including suture and staple lines of neorectal reservoirs), leading to a communication between intra- and extraluminal compartments. A pelvic abscess close to the anastomosis is also considered AL. The severity grading of AL is as follows: Grade A: AL requiring no active therapeutic intervention; Grade B: AL requiring active therapeutic intervention but manageable without re-laparotomy; Grade C: AL requiring re-laparotomy (8).

Postoperative ileus (POI) was diagnosed if two or more of the following criteria were met on or after postoperative day 4: absence of flatus for over 24 h, absence of stool for over 72 h, abdominal distension, nausea or vomiting, incapability to tolerate diet in the past 24 h; clinical and imaging examinations (including x-ray radiograph, sonography, and computed tomography) indicative of POI (9).



Statistical analysis

Survival was measured from the time of surgery until death or last-known follow-up (censor date was January 1, 2022). The data were presented as mean ± standard deviation, and Chi-squared test or Fisher's exact test, analysis of variance, or group t test was conducted to test for differences between groups. Kaplan–Meier method was used for survival analysis, and log-rank test was applied for comparison of differences in survival curves. p < 0.05 was considered statistically significant. All statistical analyses were performed using the software SPSS Version 25.0.



Ethical statement

The procedures of this study were in accordance with the Declaration of Helsinki and approved by the Ethics Committee of People's Hospital of Deyang (No.2022-04-051-K01).




Results


Comparison of clinicopathological factors and complications between patient groups

A total of 207 patients with SCC were enrolled in this study. Exactly 84 patients underwent D3 lymph node dissection with preservation of SRA (SRA preservation group), and 123 patients underwent high ligation of the IMA (control group). Table 1 shows the comparison of clinicopathological factors between SRA preservation and control groups. No significant differences were observed in gender, age, BMI, intraoperative blood loss, tumor stage, tumor differentiation, the number of lymph nodes dissected, and postoperative adjuvant chemotherapy (p > 0.05). However, given the anatomy of IMA branches and SRA preservation, the operation time was significantly longer in the preservation group (p < 0.001) (Tables 1, 2).


TABLE 1 Demographic and clinical characteristics.
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TABLE 2 Operation data, postoperative complications and mortality.
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TABLE 3 Univariate and multivariate survival analysis of prognostic factors for patients with SCC.
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The postoperative exhaust and defecation times of the SRA preservation group were significantly shorter than those of the control group, and the differences were statistically significant (p = 0.003; p < 0.001) (Table 2). Two cases of POI were observed in the control group, but the difference was not statistically significant compared with that in the preservation group (p = 0.652). Four cases of AL were detected in the control group and none in the preservation group, but the difference was not statistically significant (p = 0.248). No postoperative abdominal bleeding, lymph leakage, death, nor reoperation occurred in the two groups after surgery (Table 2).



Survival

The cumulative 1-, 2-, 3-, and 4-year overall survival rates were 88.7%, 80.4%, 71.7%, and 67.3%, respectively. No significant difference was observed in the overall survival and disease-free survival between the two groups (p = 0.436; p = 0.414) (Figures 3, 4, respectively).
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FIGURE 3
Comparison of overall survival between SRA preservation group and control group (p = 0.436).



[image: Figure 4]
FIGURE 4
Comparison of disease-free survival between SRA preservation group and control group (p = 0.414).


Univariate analysis revealed that adjuvant chemotherapy (p < 0.001) was significantly associated with overall survival. Factors that may affect patient survival were further included in multivariate analysis through the Cox proportional risk model. Multivariate analysis demonstrated that tumor stage (p = 0.015) and adjuvant chemotherapy (p = 0.001) remained independently associated with overall survival. Adjuvant chemotherapy was a protective factor affecting the survival of patients [hazard ratio (HR) = 0.257, 95% confidence interval (CI) (0.119, 0.553, p = 0.001], and tumor stage was an adverse factor [HR = 4.2278, 95% CI (1.316, 13.586), p = 0.015]. However, SRA preservation was not an independent prognostic factor in this cohort (Table 3).




Discussion

High ligation of the IMA is usually recommended during sigmoid colon and rectal cancer surgery to achieve complete D3 lymph node dissection. Several surgeons indicated that high ligation of the IMA for colorectal cancers can improve lymph node harvest, which facilitates accurate tumor staging and thus better disease prognostication, and may improve the survival rate of patients (10, 11). However, an increasing number of studies or meta-analyses showed no significant difference in the number of lymph nodes dissected and overall survival between IMA high ligation versus IMA low ligation (12–15). Similarly, our study compared IMA high ligation with SRA preservation during SCC surgery. No difference was observed in the number of lymph nodes removed or overall survival between the two procedures. The results indicated that SRA preservation during SCC surgery does not increase postoperative morbidity and mortality, does not affect prognosis, and can achieve D3 lymph node dissection, which is technically completely feasible.

However, most previous studies showed that IMA high ligation was associated with a high incidence of AL (14, 15). Early AL is mostly related to technical failure of the anastomosis due to iatrogenic surgical disruption of the peri-anastomotic microvascular blood supply or tension at the anastomotic site (16), whereas late AL is related to pre-existing conditions, such as local sepsis, poor nutrition, immunosuppression, obesity, vascular disease, and radiation exposure (17). A recent study performed real-time indocyanine green fluorescence angiography to measure fluorescence time as a marker of blood flow in the proximal and distal stumps before anastomosis. The results showed that IMA high ligation significantly prolonged fluorescence time in the sigmoid colon during anterior rectal resection compared with low ligation, which indicates that IMA high ligation induced significant colon stump hypoperfusion (4). This finding possibly explains why IMA high ligation resulted in a high rate of AL. As a result, an increasing number of surgeons are opting to perform low ligation of the IMA with D3 lymph node dissection (18–23), particularly in patients with diabetes, obesity, or old patients with cerebrovascular disease and atherosclerotic vessels. Similarly, for SCC, SRA preservation can theoretically increase the blood supply to the distal stump of sigmoid colon or upper rectum and reduce the incidence of AL. However, reports on the preservation of SRA procedure are limited. Our study showed that AL occurred in four cases in the control group but not in the preservation group. Although no statistical difference was observed between the two groups, no AL occurred when SRA was preserved. Whether the differences will become more pronounced if the sample size is large enough should be determined. These results indicate that SRA preservation may have a certain positive significance in reducing the incidence of AL.

In addition, our study revealed that the postoperative exhaust and defecation times were significantly shortened after SRA preservation, and no POI was observed. In preservation of SRA, increased bowel blood supply has significant positive effects on postoperative intestinal function recovery, which is conducive to enhanced recovery after surgery.



Conclusion

In conclusion, SRA preservation plus dissection of lymph nodes around IMA in laparoscopic radical resection for SCC did not increase postoperative morbidity and mortality and did not affect patient prognosis. However, this process may increase the bowel blood supply, which may have a significant positive effect on the recovery of postoperative intestinal function and reduction of AL. Without compromising oncological outcomes, this alternative surgical technique should be recommended as a better intraoperative treatment option for reducing postoperative complications. However, certain technical difficulties need to be addressed by experienced surgeons under the premise of technical assurance. Large and well-designed multicenter randomized clinical trials are necessary to confirm these findings and shed light on this topic.
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Objective: The aim of this systematic review and meta-analysis is to compare the short- and long-term outcomes of laparoscopic distal gastrectomy (LDG) with those of open distal gastrectomy (ODG) for patients with advanced gastric cancer (AGC) who exclusively underwent distal gastrectomy and D2 lymphadenectomy in randomized controlled trials (RCTs).



Background: Data in published meta-analyses that included different gastrectomy types and mixed tumor stages prevented an accurate comparison between LDG and ODG. Recently, several RCTs that compared LDG with ODG included AGC patients specifically for distal gastrectomy, with D2 lymphadenectomy being reported and updated with the long-term outcomes.



Methods: PubMed, Embase, and Cochrane databases were searched to identify RCTs for comparing LDG with ODG for advanced distal gastric cancer. Short-term surgical outcomes and mortality, morbidity, and long-term survival were compared. The Cochrane tool and GRADE approach were used for evaluating the quality of evidence (Prospero registration ID: CRD42022301155).



Results: Five RCTs consisting of a total of 2,746 patients were included. Meta-analyses showed no significant differences in terms of intraoperative complications, overall morbidity, severe postoperative complications, R0 resection, D2 lymphadenectomy, recurrence, 3-year disease-free survival, intraoperative blood transfusion, time to first liquid diet, time to first ambulation, distal margin, reoperation, mortality, or readmission between LDG and ODG. Operative times were significantly longer for LDG [weighted mean difference (WMD) 49.2 min, p < 0.05], whereas harvested lymph nodes, intraoperative blood loss, postoperative hospital stay, time to first flatus, and proximal margin were lower for LDG (WMD −1.3, p < 0.05; WMD −33.6 mL, p < 0.05; WMD −0.7 day, p < 0.05; WMD −0.2 day, p < 0.05; WMD −0.4 mm, p < 0.05). Intra-abdominal fluid collection and bleeding were found to be less after LDG. Certainty of evidence ranged from moderate to very low.



Conclusions: Data from five RCTs suggest that LDG with D2 lymphadenectomy for AGC has similar short-term surgical outcomes and long-term survival to ODG when performed by experienced surgeons in hospitals contending with high patient volumes. It can be concluded that RCTs should highlight the potential advantages of LDG for AGC.



Systematic Review Registration: PROSPERO, registration number CRD42022301155.
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1. Introduction

In the year 1994, Kitano et al. described the first laparoscopic distal gastrectomy (LDG) for a patient with early gastric cancer (EGC) in Japan (1). Since some randomized controlled trials (RCTs) reported feasible short-term outcomes and similar long-term survival rates for both LDG and open distal gastrectomy (ODG), LDG became a standard technique for the treatment of EGC (2–4). In hospitals with high patient volumes, surgeons with an extensive experience of laparoscopic procedures have performed LDG for locally advanced gastric cancer (AGC). Although some studies have demonstrated the safety of LDG for AGC, short-term surgical outcomes and long-term survival rates of LDG vs. ODG are still inconclusive (5–7). Several previous meta-analyses have compared the surgical and survival outcomes of LDG vs. ODG for AGC. However, these studies included both RCTs and nonrandomized comparative studies, as well as the combined data of both early and advanced cases. Furthermore, some of the meta-analyses included studies that reported the combined outcomes of the different extents of resection, such as total and proximal as well as distal gastrectomy cases (8–10). Thus, these meta-analyses were subject to a high amount of bias for evaluating the oncologic safety and efficacy specific to LDG and advanced distal gastric cancer. Furthermore, the shortage of long-term survival outcomes in these studies prevented making out a case for obtaining complete support for LDG as a feasible procedure. Recently, several RCTs that compared LDG with ODG included AGC patients specifically planned for distal gastrectomy, with D2 lymphadenectomy being reported and updated with long-term outcomes (11–13). Therefore, the aim of this systematic review and meta-analysis is to include RCTs for the purpose of comparing the short- and long-term outcomes of LDG with those of ODG with D2 lymphadenectomy in adults diagnosed with advanced distal gastric cancer.



2. Methods

This meta-analysis followed the Cochrane Handbook for Systematic Review and Meta-Analysis as well as Preferred Reported Items for Systematic Reviews and Meta-analysis (PRISMA) recommendations (14, 15). This study was registered at PROSPERO (CRD42022301155).


2.1. Search strategy

We searched the English-language literature published up to December 2021 in PubMed, Embase, and Cochrane with the following terms: [laparoscopic OR laparoscopy OR laparoscopically assisted OR minimal invasive surgery] AND [open OR conventional OR open conventional surgery] AND [gastrectomy OR distal gastrectomy OR stomach resection] AND [gastric cancer OR stomach cancer OR gastric carcinoma OR stomach carcinoma OR advanced gastric cancer OR locally advanced gastric cancer] AND [randomized controlled trial OR randomized clinical trial].



2.2. Eligibility criteria

RCTs that evaluated open to laparoscopic/laparoscopy-assisted distal gastrectomy with D2 lymphadenectomy for locally AGC were included. Only adult patients were included. The AGC definition used was histologically proven gastric cancer, no distant metastasis, and pretherapeutic stage equal to or greater than 2 (American Joint Committee on Cancer/Union for International Cancer Control stage). Studies including total and proximal as well as distal resections were excluded, unless they provided separate outcomes for patients who underwent distal gastrectomy. Studies that included those who underwent gastrectomy for EGC, gastrointestinal stroma tumors, neuroendocrine tumors, or benign lesions were excluded.



2.3. Data extraction

The primary outcomes were intraoperative complications, overall postoperative complications, severe postoperative complications, oncologic outcomes (such as lymph node retrieval, D2 lymphadenectomy, R0 resection, and recurrence rate), and long-term survival. A specific complication was diagnosed on the basis of image-based evaluation or obvious clinical evidence according to the included trials reported. Furthermore, secondary outcomes comprised operative time, intraoperative blood loss, intraoperative blood transfusion, postoperative hospital stay, time to first flatus, time to first liquid diet, time to first ambulation, surgical margin, reoperation, mortality, readmission, and type of postoperative complications. Parameters such as study characteristics, demographic characteristics, inclusion and exclusion criteria, surgical details, surgeons' experience, and surgical quality control were determined by using a standardized data extraction sheet.



2.4. Quality assessment

The Cochrane risk-of-bias tool was employed for assessing the quality of the methodology used. The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach was used for assessing the quality of evidence. The outcomes were assessed in terms of risk of bias, inconsistency, indirectness, imprecision, and publication bias. In case of serious bias, evidence quality was downgraded. All discrepancies were resolved by way of discussion and consensus.



2.5. Statistical analysis

The software Review Manager version 5.4 was used to analyze the data. For dichotomous data, the odds ratio (OR) with 95% confidence interval (CI) was calculated. For continuous data, the weighted mean difference (WMD) with 95% CI was calculated. The hazard ratio (HR) was used by implementing a generic inverse variance method to analyze survival outcomes. Heterogeneity was assessed by employing I2, with values of more than 50% indicating significant heterogeneity. The random effects model was used when I2 was more than 50%, and the fixed effects model was used when I2 was less than 50%. A value of p < 0.05 was considered statistically significant. Sensitivity analysis and estimation of publication bias were also performed.




3. Results


3.1. Study selection

The selection flow diagram is shown in Figure 1. A total of 748 articles were retrieved, 17 articles were full-text reviewed, and 9 were excluded on grounds of ineligibility. After study selection, five eligible RCTs (16–20) published with eight full-length articles met the inclusion criteria and these were finally included, as the RCT of CLASS-01 had additional 3-year (11) and 5-year (12) outcomes published and the RCT of KLASS-02 had additional 3-year (13) outcomes published.


[image: Figure 1]
FIGURE 1
Selection flow diagram.




3.2. Study characteristics

The five two-armed RCTs included a total of 2,746 patients and were conducted in China (3) and Korea (2). The demographic characteristics are summarized in Table 1. No significant differences in baseline characteristics were found, except in the trial reported by Li et al., in which it was found that the LDG group contained more patients with advanced-stage disease and who were assessed by using the clinical TNM staging system. However, ypT, ypN, and ypTNM stages were similar between the two groups. The mean follow-up time was 71 months in the CLASS-01 trial (12), 36 months in the KLASS-02 trial (13), and 38 months in the trial reported by Park et al. (18).


TABLE 1 Demographic and baseline characteristics of patients in included studies.

[image: Table 1]

The recruitment and surgical details are summarized in Supplementary Table S1. Four of the included trials were multicenter studies (16–19), whereas the trial reported by Li et al. (20) was a monocentric study. All included patients suffered from histologically proven primary gastric adenocarcinoma and had clinical tumor stages cT2 to cT4a and cM0. All trials included patients with clinical lymph node staging cN0 to cN3, except the KLASS-02 trial (17), which only included patients with cN0 and cN1. Patients with a history of major upper abdominal surgery or previous gastric resection, an American Society of Anesthesiologists (ASA) score of more than 3, and younger than 18 years of age were excluded. Patients aged more than 80 years were excluded in the CLASS-01 (16) and KLASS-02 trials (17) and in those reported by Park et al. (18) and Li et al. (20), whereas Wang et al. (19) did not exclude those above 80 years from participating in the study. All RCTs only included patients for whom distal gastrectomy with D2 lymphadenectomy was planned. The CLASS-01, KLASS-02, Park et al., and Wang et al. trials did not include patients who received preoperative chemotherapy or radiochemotherapy. In the trial reported by Li et al., both LDG and ODG for AGC patients after neoadjuvant chemotherapy were compared and assessed (20). All RCTs reported that adjuvant chemotherapy was administered to patients when there were no contraindications, whereas data on the number of patients who actually received chemotherapy were not available. Surgical details were reported in all studies, in which standard distal gastrectomy with D2 lymph node dissection was based on the Japanese gastric cancer treatment guidelines, and the reconstruction method was selected from the standard procedures of Billroth I/II or Roux-en-Y depending on the surgeon's preference. Extracorporeal anastomosis using a procedure called minilaparotomy was recommended during the performance of LDG in the CLASS-01 trial (16), whereas there was the option of selecting the extracorporeal or intracorporeal method for anastomosis according to the surgeon's discretion in KLASS-02 (17).



3.3. Study quality

The risk of bias assessment is presented in Figure 2. Random sequence generation and allocation concealment were adequate in all RCTs. All included RCTs had a high risk of bias for blinding, except in RCTs reported by Park et al. and Li et al. A blinded assessment of the primary outcome (noncompliance rate of lymph node dissection) was provided by blinded observers in the trial reported by Park et al. (18), and the outcome assessment by pathologists and radiologists were blinded in the Li et al. trial (20). Thus, within the Park et al. and Li et al. trials, the risk for performance bias was high and that for detection bias was low. All included RCTs had a low risk for attrition and reporting bias.
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FIGURE 2
Risk of bias assessment.




3.4. Surgeons' qualification and quality control

Surgeons' qualification and control measures of surgical quality are summarized in Supplementary Table S2. All included studies reported both the surgeons' experience level for participating in their respective studies and the measures for controlling the quality of D2 lymphadenectomy. Video recordings and photographs of the surgical site were preserved for assessing surgical quality. Through reviewing the video records, a list of checkpoints was used for evaluating completeness of D2 lymphadenectomy in the trial of Park et al. (18). It was found that surgeons' experience in LDG at the start of the trials differed among studies. Within the single-center RCT reported by Li et al., one surgeon performed all surgeries and had previous experience of performing more than 600 laparoscopic gastrectomies (20). Surgeons had performed more than 50 LDGs and ODGs in the CLASS-01, KLASS-02, and Wang et al. RCTs, whereas the Park et al. RCT required surgical experience for performing only 30 laparoscopic gastrectomies. In the CLASS-01 trial, surgeons were qualified by assessing unedited videos, and only those institutions with an annual surgical volume of at least 300 gastrectomies for AGC participated in the trial. In the KLASS-02 trial, surgeons were qualified by conducting a clinical trial (KLASS-02-QC, NCT01283893) (21), and an annual surgical volume of more than 80 cases was the requirement for participation.



3.5. Open conversion

All included RCTs reported open conversion rates for the LDG group (range 2.0%–6.4%). Conversion to the open procedure was reported in 63 (4.6%) of the 1,380 cases initially randomized to LDG.



3.6. Main outcomes


3.6.1. Intraoperative complications

Three studies reported intraoperative complication rates. The rate was 4.3% (36/841) in the LDG group and 3.3% (28/836) in the ODG group. Heterogeneity was low (I2 = 0%), so the fixed effects model was used. The pooled analysis of intraoperative complications revealed no significant differences between the LDG and the ODG groups [OR (CI): 1.29 (0.78–2.14)] (Figure 3A).
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FIGURE 3
Forest plots of comparison between LDG and ODG on (A) intraoperative complications, (B) overall postoperative complications, and (C) serious postoperative complications. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.




3.6.2. Postoperative complications

Overall, postoperative complications within 30 days following surgery were reported in four of the included trials, and surgery-related complications occurring within the first 21 postoperative days were reported in the KLASS-02 trial (17). The postoperative complication rate was 16.4% (226/1,380) in the LDG group and 20.9% (285/1,366) in the ODG group. No significant differences were found between the two groups [OR (CI): 0.71 (0.47–1.08)], but there was high heterogeneity (I2 = 73%) (Figure 3B).

The number of serious postoperative complications following surgery was reported in all included RCTs. These serious adverse events were assessed on the basis of the Accordion Severity Classification of Postoperative Complications (ASCPC) classification system in the trial reported by Park et al. (18), while serious postoperative complications of Clavien–Dindo grade 3 or higher were assessed in the remaining trials. The postoperative serious complication rate was 5.1% (71/1,380) in the LDG group and 6.1% (83/1,366) in the ODG group. A meta-analysis of these data revealed no differences between the two approaches [OR (CI): 0.83 (0.60–1.16)], and a low heterogeneity was found (I2 = 31%) (Figure 3C).



3.6.3. Oncologic outcomes


3.6.3.1. Lymph nodes harvested

All trials reported the number of lymph nodes harvested. The lymph node retrieval was significantly higher in the ODG group by 1.3 nodes [WMD (CI): −1.25 (−2.35 to −0.14)] (Figure 4A).
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FIGURE 4
Forest plots of comparison between LDG and ODG on (A) harvested lymph nodes, (B) R0 resection, (C) compliance with D2 lymphadenectomy, (D) recurrence, and (E) 3-year disease-free survival. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.




3.6.3.2. R0 resection

Three trials reported an R0 resection rate. There were no significant differences between the two groups [OR (CI): 1.92 (0.21–17.38)], but a high heterogeneity was found (I2 = 59%) (Figure 4B).



3.6.3.3. D2 lymphadenectomy

All trials reported the rates of D2 lymphadenectomy. There were no significant differences between the two groups [OR (CI): 1.05 (0.66–1.68)], and a low heterogeneity was reported (I2 = 0%) (Figure 4C).



3.6.3.4. Recurrence

Three trials reported recurrence rates at maximum follow-up. There were no significant differences between the two groups [OR (CI): 1.10 (0.87–1.40)], and a low heterogeneity was found (I2 = 0%) (Figure 4D).




3.6.4. Survival outcomes

Three-year disease-free survival (DFS) outcomes were reported in three studies. There were no significant differences between the two groups [HR (CI): 1.09 (0.91–1.31)], and there was low heterogeneity (I2 = 0%) (Figure 4E).




3.7. Secondary outcomes


3.7.1. Intraoperative outcomes


3.7.1.1. Operative time

All trials reported operative times. There was a significantly longer operative time in the LDG group [WMD (CI): 49.24 (32.63–65.84)] with high heterogeneity (I2 = 92%) (Figure 5A).
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FIGURE 5
Forest plots of comparison between LDG and ODG on (A) operative time, (B) estimated blood loss, and (C) intraoperative blood transfusions. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.




3.7.1.2. Intraoperative blood loss

Three trials reported estimated blood loss during surgery. There was a significantly less intraoperative estimated blood loss in the LDG group [WMD (CI): −33.64 (−62.24 to −5.03)] with high heterogeneity (I2 = 86%) (Figure 5B).



3.7.1.3. Intraoperative blood transfusions

Three trials reported intraoperative blood transfusions. There were no significant differences between the two groups [OR (CI): 1.13 (0.65–1.97)], and a low heterogeneity was found (I2 = 0%) (Figure 5C).




3.7.2. Postoperative recovery


3.7.2.1. Postoperative length of stay

All trials reported postoperative length of stay. A significantly shorter length of stay was noted in the LDG group [WMD (CI): −0.66 (−1.08 to −0.23)] with low heterogeneity (I2 = 28%) (Figure 6A).


[image: Figure 6]
FIGURE 6
Forest plots of comparison between LDG and ODG on (A) postoperative length of stay, (B) time to first flatus, (C) time to first liquid diet, and (D) time to first ambulation. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.




3.7.2.2. Time to first flatus

Four trials reported the time to first flatus. There was a significantly shorter time to first flatus in the LDG group [WMD (CI): −0.17 (−0.27 to −0.07)] with low heterogeneity (I2 = 15%) (Figure 6B).



3.7.2.3. Time to first liquid diet

Four trials reported the time to first liquid diet. No significant differences were found between the two groups [WMD (CI): −0.21 (−0.59 to 0.17)], but there was high heterogeneity (I2 = 65%) (Figure 6C).



3.7.2.4. Time to first ambulation

Two trials reported the time to first ambulation. No significant differences were found between the two groups [WMD (CI): −0.13 (−0.27 to 0.02)], and there was low heterogeneity (I2 = 0%) (Figure 6D).




3.7.3. Surgical margin


3.7.3.1. Proximal margin

Four trials reported the proximal margin. There was a significantly less proximal margin in the LDG group [WMD (CI): −0.39 (−0.59 to −0.20)] with low heterogeneity (I2 = 0%) (Figure 7A).
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FIGURE 7
Forest plots of comparison between LDG and ODG on (A) proximal margin, (B) distal margin, (C) reoperation, (D) mortality, and (E) unplanned readmission. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.




3.7.3.2. Distal margin

Four trials reported the distal margin. There were no significant differences between the two groups [WMD (CI): −0.16 (−0.36 to 0.04)], and a low heterogeneity was noted (I2 = 0%) (Figure 7B).




3.7.4. Reoperation

Three trials reported the rates of reoperation. There were no significant differences between the two groups [OR (CI): 0.89 (−0.45 to 1.73)], and heterogeneity was low (I2 = 0%) (Figure 7C).



3.7.5. Mortality

All included RCTs reported postoperative mortality rates within 30 days. In two of the five RCTs, the mortality rate was 0% for both groups. A meta-analysis of the remaining three trials revealed no differences in short-term mortality rates between the two groups [OR (CI): 0.99 (0.29–3.43)], and a low heterogeneity was found (I2 = 0%) (Figure 7D).



3.7.6. Unplanned readmissions

Two trials reported unplanned readmissions. No significant differences were noted between the two groups [OR (CI): 0.91 (0.49–1.68)], and heterogeneity was low (I2 = 0%) (Figure 7E).



3.7.7. Type of postoperative complications

Data on the types of postoperative complications were provided in four included trials. No significant differences were found between the two groups in terms of anastomotic leakage [OR (CI): 1.77 (0.89–3.51)], wound infections [OR (CI): 0.87 (0.53–1.41)], intraluminal bleeding [OR (CI): 0.47 (0.15–1.45)], ileus [OR (CI): 0.73 (0.37–1.45)], lymphatic leakage [OR (CI): 0.82 (0.35–1.96)], pancreatic fistula [OR (CI): 1.91 (0.74–4.96)], gastroplegia [OR (CI): 0.68 (0.33–1.38)], and pulmonary complications [OR (CI): 1.02 (0.69–1.50)] (Figures 8, 9). However, there were significantly less intra-abdominal fluid collection [OR (CI): 0.59 (0.36–0.99)] and bleeding [OR (CI): 0.25 (0.08–0.74)] in the LDG group (Figures 8C,D).
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FIGURE 8
Forest plots of comparison between LDG and ODG on (A) anastomotic leakage, (B) wound infections, (C) intra-abdominal fluid collection, (D) intra-abdominal bleeding, and (E) intraluminal bleeding. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.



[image: Figure 9]
FIGURE 9
Forest plots of comparison between LDG and ODG on (A) ileus, (B) lymphatic leakage, (C) pancreatic fistula, (D) gastroplegia, and (E) pulmonary complications. LDG, laparoscopic distal gastrectomy; ODG, open distal gastrectomy.





3.8. Sensitivity analysis, publication bias, and quality of evidence

A sequential exclusion of one study at a time was performed for the purposes of sensitivity analysis. The results of this analysis suggested that the pooled WMD value of harvested lymph nodes was significantly affected after excluding the Wang et al. RCT (WMD −1.01, CI −2.30 to 0.28, p = 0.13) or the Park et al. one (WMD −1.11, CI −2.26 to 0.05, p = 0.06), indicating that the overall effect size was volatile and therefore should be interpreted cautiously. A funnel plot analysis was conducted for examining the harvested lymph nodes and overall postoperative complications, which indicates that the publication bias of these studies is not obvious (Figure 10). The meta-analysis results with its certainty of evidence are partially summarized in Table 2. The overall quality of evidence ranged from moderate to very low.


[image: Figure 10]
FIGURE 10
Funnel plots of (A) harvested lymph nodes and (B) overall postoperative complications for assessing publication bias.



TABLE 2 Summary of findings.

[image: Table 2]




4. Discussion

Several meta-analysis studies have compared laparoscopic gastrectomy with open gastrectomy for gastric cancer. However, most included articles are limited to patients suffering from EGC (2, 8). In addition, some included articles in previous meta-analyses were not restricted to distal gastric cancer and combined cases of patients who were exposed to the different levels of lymphadenectomy (8, 10). For AGC patients with the tumor located in the middle/lower part of the stomach indicating distal gastrectomy, it is not appropriate to directly provide treatment on the basis of the results reported in previous meta-analyses, which compared laparoscopic gastrectomy with open gastrectomy for AGC and reported data from different gastrectomy types, because they ignored the great amount of challenge involved in performing the procedure of total or proximal laparoscopic gastrectomy. Moreover, the anastomotic technique is particularly difficult to implement in total or proximal laparoscopic gastrectomy. Our meta-analysis compares laparoscopic gastrectomy with open gastrectomy for AGC patients in specific relation to distal gastrectomy. This meta-analysis summarizes the updated data of RCTs for AGC patients who specifically underwent distal gastrectomy and D2 lymphadenectomy, and it includes long-term follow-up RCTs published in the last few years.

Five RCTs available as full-text publications were included in the study and data were provided specifically with regard to AGC patients who underwent distal gastrectomy and D2 lymphadenectomy. These trials suggested steps to reduce intraoperative blood loss seen in the laparoscopic approach and to improve postoperative recovery rates. A recent meta-analysis of RCTs including mixed gastrectomy types for AGC found that short-term surgical outcomes and mortality and morbidity rates were not compromised by the laparoscopic approach as compared with the open gastrectomy one (10). Consistent with the results of this recent meta-analysis, our meta-analysis results also showed that the rates of intraoperative complications, overall morbidity, severe postoperative complications, intraoperative blood transfusion, reoperation, mortality, and unplanned readmission were similar between LDG and ODG for AGC patients. Similarly, the rates of R0 resection, D2 lymphadenectomy, distal margin, recurrence, and 3-year DFS were comparable in both groups. Of note, significant reductions in intraoperative blood loss, postoperative hospital stay, and time to first flatus were observed after the performance of LDG, and longer operation times were found for LDG.

Over the last two decades, great improvements in the quality of equipment and surgical techniques have widely influenced the management of AGC with a growing enthusiasm for laparoscopic procedures. Despite these advances, perioperative mortality rates were reported to be close to 1% for LDG in some studies. A study investigated 239 AGC patients from 10 Korean institutions and reported a mortality rate of 0.8% for LDG with lymph node dissection (22). The 30-day mortality rates of LDG and ODG for AGC patients in our meta-analysis were comparable (0.4% and 0.4%, respectively). With no statistically significant differences, intraoperative complication rates for LDG and ODG in our meta-analysis were 4.3% and 3.3%, respectively. In previous studies, the morbidity rates of LDG for AGC ranged from 8.0% to 24.2% (23, 24). Similarly, overall complication rates for LDG and ODG in our meta-analysis were 16.4% and 20.9%, respectively. The rates of serious postoperative complications have been previously reported to range from 2.1% to 6.0% for LDG (18, 25, 26). In the present analysis, LDG and ODG were associated with 5.1% and 6.1% serious postoperative complication rates, respectively. With regard to the issue of surgical safety, our meta-analysis showed no significant differences in terms of mortality, intraoperative complications, and overall and serious postoperative complications between the two groups.

Although the susceptibility to bias with regard to the surgeon's performance and experience level was generally discernible in these studies, a longer surgical time for LDG was a consistent finding across most studies (27). This could be attributed to a deprivation of surgeons' depth perception, decreased flexibility, and increased difficulty of dissection of lymph nodes and total omentectomy in laparoscopic procedures (28–30). In addition, the constant need to change instruments and clean cameras also increased the surgical time of LDG (31). Our analysis showed reduced intraoperative blood loss in LDG, but no significant increase of intraoperative blood transfusion was found in ODG. Although the difference in blood loss was only 33.6 mL in our study and high heterogeneity was found among the included studies, these suggest a consistent difference. In other procedures such as colectomy and rectectomy, reduced intraoperative blood loss in the laparoscopic group was a consistent finding when compared with laparoscopic and open techniques (8, 32). This could be attributed to the fact that advanced laparoscopic surgical instruments facilitated a meticulous hemostasis and prevented unexpected bleeding (33). In addition, time to first flatus and postoperative hospital stay were found to be significantly reduced in LDG compared with ODG. However, the question whether this reduced hospitalization can counterbalance the higher costs of laparoscopic procedures for AGC patients remains unanswered.

With regard to the type of postoperative complications, most major surgical complications (anastomotic leakage, wound infections, ileus, lymphatic leakage, and pancreatic fistula) of gastric surgery were comparable between the two groups (9, 10). In the present analysis, LDG and ODG were associated with 1.8% and 1.0% anastomotic leakage rates, respectively. LDG appeared to have a potential higher risk of anastomotic leakage compared with ODG because of the increased difficulty of performing intracorporeal anastomosis by using laparoscopic tools or performing extracorporeal anastomosis by using minilaparotomy in conditions of restricted space and vision (16). In the present meta-analysis, LDG for AGC patients provided the benefits of lower intra-abdominal fluid collection and bleeding, which could be attributed to the performance of more delicate maneuvers through visual magnification during the procedure (17). Notably, although no statistically significant differences were found in most studies, more instances of anastomotic leakage occurred after the performance of LDG, whereas probably less instances of intra-abdominal fluid collection and bleeding occurred post-LDG, suggesting that these differences should be considered when performing laparoscopic surgery.

The most striking finding in our meta-analysis was of decreased lymph node retrieval in the LDG versus ODG. Previous studies noted that LDG might attenuate lymph node dissection, which may limit the application of LDG for AGC patients (34). Subsequently, a series of RCTs and nonrandomized comparative studies reported similar efficacy of lymph node clearance between LDG and ODG groups, but a small reduction of harvested lymph nodes in the LDG group was a consistent finding across these studies. In this meta-analysis, lymph node yield was found to be significantly reduced in the LDG group, although D2 lymphadenectomy was comparable between the groups. Although this held true for our meta-analysis, the biggest two RCTs in our study found no statistical difference in the number of harvested lymph nodes between LDG and ODG (16, 17). The sensitivity analysis suggested that the overall effect size was volatile and further studies were needed to examine this aspect. The volatile pooled result of the harvested lymph nodes in our meta-analysis may be attributed to a small number of RCTs restricted to distal gastric cancer and the inclusion of a relatively small sample. An adequate lymph node clearance is essential for the purposes of cancer staging and is important for reducing recurrence and improving overall survival (OS) rates (35–37). The results of this meta-analysis showed that lymph node yield significantly reduced by 1.3 nodes in the LDG group, but the mean number of the harvested lymph nodes in this group exceeded 29 lymph nodes among all included studies. Although a lower proximal margin was obtained after the performance of LDG, this did not impact oncologic adequacy because the R0 dissection rates were similar between the two groups. Although the operation settings of surgical space and vision were different in laparoscopic and open surgeries, the generally high motivation levels of surgeons could have resulted in the reduced yield of lymph nodes and proximal margin of LDG. Surgeons might adopt a more conservative and discreet approach while performing lymphadenectomy and a proximal cut edge during laparoscopic surgery because both laparoscopic lymphadenectomy at a deep lymph node station and intracorporeal/extracorporeal anastomosis fashioning can be challenging, whereas there are larger spaces for lymphadenectomy and gastroenterostomy under direct vision during the open procedure. As the surgical margins fulfilled R0 resection criteria and the dissected lymph nodes were sufficient, we opine that the open or laparoscopic procedure did not determine the survival time of gastric cancer (38).

The long-term survival outcome was important for the application of LDG in AGC patients. Currently, three RCT studies (CLASS-01, KLASS-02, and COACT1001) have reported long-term survival outcomes concerning LDG and ODG for AGC (12, 13, 18). The results including the rates of OS, DFS, and recurrence could be used to evaluate the long-term oncologic outcomes of surgical procedures (39). However, data on 5-year OS and DFS are limited. Thus, 5-year OS was reported only in CLASS-01 and was 72.6% for the LDG group and 76.3% for the ODG group, with no significant differences (p = 0.19) (12). Correspondingly, data on 3-year OS in CLASS-01 was 83.1% for the LDG group and 85.2% for the ODG group (p = 0.28) (11). Within KLASS-02, 3-year OS was 90.6% for the LDG group and 90.3% for the ODG group (p = 0.96) (13). Consistent with these results, the pooled analysis of 3-year DFS in our meta-analysis also showed no significant differences between LDG and ODG. For patients with AGC, tumor recurrence was found in some patients in the 4th or 5th postoperative year. A recurrence rate of up to 20% has been previously reported (40). In the present analysis, the recurrence rate at maximum follow-up was 16.4% for LDG and 15.1% for ODG, with no significant differences. These results indicate that LDG is a feasible surgical procedure for treating AGC in terms of long-term survival outcomes.

Surgeons’ experience and quality control have a major impact on surgical outcomes. The number of cases needed to overcome the learning curve of LDG has been to show inconclusive results. Studies that evaluated the learning curve of LDG for AGC have shown a significant reduction in operation time, blood loss, postoperative hospital stay, morbidity, and an increase of lymph node yield after the performance of 40 LDG procedures with D2 lymphadenectomy (41). In the present meta-analysis, all included studies reported a previous experience of surgeons performing an LDG and highlighted the surgeons' credentials for a proficient performance of an LDG. In addition, the measures of surgical quality control were described in all RCTs through intraoperative images, videos, and checklist evaluation to ensure the adequacy of lymphadenectomy and gastric resection. These data extracted from RCTs conducted in high-volume tertiary centers may not be applicable to small grassroots hospitals and therefore should be interpreted carefully. As D2 lymphadenectomy is a technically demanding procedure, we suggest that LDG for AGC patients should be performed by experienced surgeons who completed the learning curve in high-volume tertiary hospitals.

There were several limitations in this study. First, all included RCTs were carried out in high-volume tertiary hospitals of East Asia (three in China and two in Korea), which could be a potential source of bias limiting the generalizability of these findings. Second, approximately 25% of included subjects preoperatively diagnosed to have AGC were downstaged to EGC after the release of the postoperative pathological results. Third, only one RCT in the current meta-analysis reported outcomes in patients who underwent preoperative neoadjuvant chemotherapy, and further research studies are needed to comprehensively evaluate outcomes after providing neoadjuvant treatment. Fourth, even though our analyses included only RCTs, the quality of evidence remained in the moderate to very low range, which could be partly attributed to the non-blinding of patients and surgeons, the small sample size, the different laparoscopic skills of the surgeons, and the varying methods of anastomosis and quality control. Last but not the least, there lies the possibility that Clavien–Dindo classification system for assessing postoperative complications used in included trials will fail to consider many such complications in the analysis, such as blood transfusion, the use of parenteral nutrition, antibiotic treatment of urinary tract infections, and pneumonia or fistulas treated conservatively. In addition, most included trials studied complications only up to a period of 30 postoperative days in gastrectomies, which also gives rise to the possibility of leaving out of the analysis complications suffered by many patients. Therefore, it is important to use the standard outcome definition and classify postoperative complications and record 90-day morbidity rates in future studies (42).

This study summarizes the highest quality data comparing LDG with ODG for AGC specific to distal gastric cancer. Data from five RCTs suggest that LDG with D2 lymphadenectomy for AGC has similar short-term surgical and long-term survival outcomes to ODG when performed by experienced surgeons in high-volume hospitals. LDG may result in a reduced retrieval of lymph nodes and lower proximal margin, and at the same time, LDG does not impair oncologic adequacy as D2 lymphadenectomy and R0 resection rates are comparable between the two groups. In addition, recent studies have confirmed the feasibility of the surgical safety of LDG for AGC but may not have sufficient power to assess the differences in postoperative complications between LDG and ODG. Further research studies are necessary to investigate whether LDG has any advantages over ODG for the management of AGC.
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Introduction

Abdominal computed tomography (CT) can accurately demonstrate organs and vascular structures around the stomach, and its potential role for image guidance is becoming increasingly established. However, solely using two-dimensional CT images to identify critical anatomical structures is undeniably challenging and not surgeon-friendly. To validate the feasibility of a patient-specific 3-D surgical navigation system for preoperative planning and intraoperative guidance during robotic gastric cancer surgery.



Materials and methods

A prospective single-arm open-label observational study was conducted. Thirty participants underwent robotic distal gastrectomy for gastric cancer using a virtual surgical navigation system that provides patient-specific 3-D anatomical information with a pneumoperitoneum model using preoperative CT-angiography. Turnaround time and the accuracy of detecting vascular anatomy with its variations were measured, and perioperative outcomes were compared with a control group after propensity-score matching during the same study period.



Results

Among 36 registered patients, 6 were excluded from the study. Patient-specific 3-D anatomy reconstruction was successfully implemented without any problems in all 30 patients using preoperative CT. All vessels encountered during gastric cancer surgery were successfully reconstructed, and all vascular origins and variations were identical to operative findings. The operative data and short-term outcomes between the experimental and control group were comparable. The experimental group showed shorter anesthesia time (218.6 min vs. 230.3 min; P=0.299), operative time (177.1 min vs. 193.9 min; P=0.137), and console time (129.3 min vs. 147.4 min; P=0.101) than the control group, although the differences were not statistically significant.



Conclusions

Patient-specific 3-D surgical navigation system for robotic gastrectomy for gastric cancer is clinically feasible and applicable with an acceptable turnaround time. This system enables patient-specific preoperative planning and intraoperative navigation by visualizing all the anatomy required for gastrectomy in 3-D models without any error.



Clinical trial registration

Clinicaltrials.gov, identifier NCT05039333.
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Introduction

Gastrectomy with systemic lymphadenectomy is the most important treatment for gastric cancer (1). Skeletonizing and managing vessels are crucial for thorough lymphadenectomy during gastrectomy since lymph nodes are located along the vessels (2). Thus, anatomical information of organs and vessels and their variations around the stomach is essential for safe and complete lymphadenectomy during radical gastrectomy (3–6).

Recent technological developments enable more specific and easily identifiable virtual modeling of anatomical structures from computed tomography (CT). CT effectively detects relevant and critical variations of the vascular anatomy (7). CT can accurately demonstrate organs and vascular structures around the stomach, and its potential role for image guidance is being increasingly established (3, 8). However, solely using two-dimensional computed tomography images to identify critical structures is undeniably difficult. The interpretation of CT is limited by the ability to discriminate details in CT images, even for expert radiologists. Even after identifying vessels, these images are not surgeon-friendly since this information cannot be easily delivered to surgeons during surgery. Moreover, intraoperative use of image guidance for minimally invasive gastrectomy remains challenging (5, 6, 9).

Although attempts to accurately provide vascular anatomy using 2-D CT images have been continued, identifying the positional relationship between structures is still difficult unless serial images are checked due to the limitations of 2-D images (3). Also, regarding vessels and organs in the abdominal cavity are not fixed structures different from neurosurgery or orthopedics area, developing surgical navigation through CT images in the abdominal cavity was technically challenging. To overcome these challenges, a new virtual surgical navigation system that provides patient-specific 3-D vascular information with a pneumoperitoneum model (RUS™, Hutom, Seoul, Korea) was developed. RUS™ is a software that offers a virtual surgical environment with pneumoperitoneum resembling actual operative environment. This system provides 3-D virtual anatomy and surgical instrumental models that enable preoperative planning, anatomy simulation, and intraoperative anatomy navigation. We aimed to evaluate the feasibility of a patient-specific virtual surgical navigation system for preoperative planning and intraoperative guidance with 3-D vascular imaging during robotic gastrectomy with systemic lymphadenectomy. We also assessed the accuracy of vascular anatomy around the stomach` obtained from the patient-specific surgical navigation system and compared it with surgical findings. Additionally, surgical outcomes were compared between robotic gastrectomy with patient-specific virtual surgical navigation system and without it.



Materials and methods


Patients

This study was designed as a prospective single-arm observational study allowing for comparison with the control group after propensity-score matching. We enrolled gastric cancer patients who were scheduled for robotic surgery for distal subtotal gastrectomy. We included patients aged 18 years or older who had an abdominopelvic CT according to the established protocol. We excluded patients whose major vascular structures around the stomach had been altered due to previous surgery and those with history of any gastric surgery. We also excluded patients who could not have a CT scan due to contrast agent allergy, creatinine level above 1.5 times the normal maximum, and claustrophobia. To perform robotic subtotal gastrectomy using surgical navigation in 30 patients, this clinical trial was designed to enroll 36 patients considering 20% drop out and exclusion of enrolled participants during 6 months enrollment period.

The control group was selected among 175 patients who took CT angiography with an established protocol capable of 3-D model reconstruction between September 2014 and September 2021 from the prospectively collected gastric cancer database. We used the same eligibility criteria for the control and the experimental group. After excluding 28 patients who underwent total gastrectomy or proximal gastrectomy, 147 gastric cancer patients underwent robotic distal gastrectomy. Of these 147 patients, we used propensity-score matching for control group selection to balance the two groups for different clinical and surgical features. A control group was selected using 1:1 propensity-score matching with covariates of patient demographics (age, sex, body mass index) and operative factors (extent of lymph node dissection and reconstruction type). We set the caliper value of 0.1 for 1:1 matching using the nearest method without replacement.

This study was approved by the Institutional Review Board (IRB) of Severance Hospital, Yonsei University Health System (1-2021-0036). Written informed consent was obtained from patients after a full explanation of the study. Informed consent for patients included in the control group was waived by the IRB because of its retrospective nature.



Schema of RUS™, the patient-specific virtual surgical navigation system

The schema of RUS™ consists of the following processes: 1) Taking abdominopelvic CT angiography in a 15-degree reverse Trendelenburg position. 2) Transferring the digital imaging and communications in medicine (DICOM) file of the CT angiography and patient’s clinical features to a server. 3) Artificial intelligence-based 3-D reconstruction of intraabdominal organs and vessels around the stomach. 4) Texturing of the 3-D reconstructed intraabdominal organs and vessels and generation of patient-specific pneumoperitoneum model. 5) Transferring 3-D reconstructed models to client computer equipped with RUS™. 6) Virtual trocar placement and instrumentation simulation based on preoperative virtual simulation. 7) Intraoperative anatomy navigation using RUS™ according to six pre-defined points of interest (Figure 1). The six pre-defined points of interest included in the RUS™ consist of left gastroepiploic artery and vein area, right gastroepiploic vein area, right gastroepiploic and infra-pyloric artery area, right gastric artery area, left gastric vein area, and left gastric artery area (Figure 2).




Figure 1 | Schema of the patient-specific virtual 3-D surgical navigation system.






Figure 2 | Robotic gastrectomy procedures using the patient-specific virtual 3-D surgical navigation system according to the six pre-defined points of interest (A) Dissection of the left gastroepiploic vessels, (B) Dissection of the right gastric vein, (C) Dissection of the right gastroepiploic artery and infra pyloric artery, (D) Dissection of the right gastric artery, (E) Dissection of the left gastric vein, and (F) Dissection of the left gastric artery.





Computed tomographic technique

All patients in the experimental group underwent CT scanning with multidetector row CT (Revolution EVO; GE Medical Systems, Milwaukee, WI, USA). Before the CT scan, all patients received an intravenous injection of 10-mg butylscopolamine bromide (Buscopan, Boehringer Ingelheim, Seoul, Korea) in at least 4-hour fast state to minimize bowel peristalsis and induce hypotonia. One pack (4 grams) of sodium bicarbonate/tartaric acid (Bargin effervescent granule, With Health Care, Seoul, Korea) with a minimal amount of water (<10 mL) was administered orally 3 minutes before the CT scan to establish gastric distention without positive oral contrast. To develop a surgery-oriented 3-D model, CT scan was performed in a reverse Trendelenburg position. All patients were placed in a 15-degree reverse Trendelenburg position at the CT table using a wedge on the back of the patients to minimize the difference in positional deformation of internal organs caused by the difference between the supine position and the 15-degree reverse Trendelenburg surgical position. Scans were started 2 minutes after positioning to maximize the positional changes of internal organs by gravity. All patients received 2 mL/kg of an iodinated non-ionic vascular radiocontrast agent, Iohexol (Hexosure 350 inj, Pharvis Korea, Seoul, Korea) intravenously using an automatic power injector with standardized multiphase injection protocol at a rate of 3 mL/second followed by saline flushing. Scans were acquired in a craniocaudal direction during a single breath-hold with the following parameters: detector collimation of 64 rows × 0.625 mm; rotation time, 0.5 seconds; pitch, 0.984; tube voltage, 120 kVp, and tube current, 150-350 mA with tube current modulation.

A bolus-tracking program was used to commence diagnostic CT data acquisition after the intravenous injection of the contrast agent. The region-of-interest cursor for bolus tracking was placed in the descending aorta at the first lumbar vertebra level for real-time serial monitoring. Early arterial and portal phase images were commenced at 6 and 55 seconds, respectively, after the trigger (trigger threshold level: 100 HU). Axial CT images were reconstructed with a 1 mm section thickness and a 1 mm interval for 3D reconstruction, and maximum intensity projection (MIP) images were also generated from the source images.



Artificial intelligence-based 3-D reconstruction of intraabdominal organs and vessels around the stomach

Automated segmentation of the stomach, liver, GB, pancreas, spleen, rib, skin, and abdominal wall was performed on the portal phase CT image using a deep learning algorithm based on fine-tuned 3D U-Net. 3D U-Net is a specialized deep learning algorithm for biomedical image segmentation, and this algorithm used its own fine-tuned model with learning from radiologists-annotated clinical data. On the early arterial and the portal phase CT images, biomedical engineers used semi-automatic segmentation software (AVIEW, Coreline Soft, Seoul, Korea) and segmented upper abdominal vessels which were essentially needed for making a surgery-oriented 3-D model as follows: aorta, celiac artery, left and right gastric arteries, splenic artery, common hepatic artery, proper hepatic artery, left hepatic artery, right hepatic artery, aberrant hepatic artery if present, gastroduodenal artery, left and right gastroepiploic arteries, inferior vena cava, portal vein, splenic vein, left gastric vein, and left and right gastroepiploic veins. For 3-D reconstruction, 3-D masks of organs and vessels were obtained from this segmentation process and inspected by one radiologist with 19 years of experience in abdominal imaging.



Modeling and texturing of 3-D models, including patient-specific pneumoperitoneum model generation

The following is the description of the modeling and texturing process after the 3-D reconstruction of intraabdominal organs and vessels around the stomach from the CT angiography. Mesh data of the intraabdominal organs and vessels were created using the 3-D reconstruction function of the Visualization Toolkit (VTK) library (https://vtk.org). The VTK is an open-source software for 3D rendering and a suite of widgets for 3D interaction. Simultaneously, patient-specific pneumoperitoneum model mesh data is generated using a deformation algorithm based on the patient’s demographic and clinical features.

Subsequently, the texture UV coordinates of the organs and vessels mesh data were created and the position was adjusted based on the artery and vein feature points using the Blender tool (https://blender.org). Blender is an open-source 3D computer graphics software toolset used for creating visual effects, art, interactive 3-D applications, and virtual reality. All the 3-D models were transferred to a client computer equipped with RUS™ software.



Preoperative planning and simulation

The surgeon simulated patient-specific preoperative planning for port placement with instrumentation and virtual anatomy navigation using a client computer equipped with RUS™. Surgeons may also bring recorded preoperative planning and simulation to the operation room for intraoperative use. Video 1 demonstrates an exemplary scene of virtual port placement and anatomy simulation according to the six pre-defined points of interest.



Robotic gastrectomy for gastric cancer procedures with RUS™

All surgeries were performed using da Vinci Xi system (Intuitive, Sunnyvale, CA) by two surgeons (Kim YM and Hyung WJ) who had 8- and 16-year experience in gastric oncologic surgery, respectively. Robotic distal gastrectomy procedure was described in detail previously (2, 10). RUS™ client computer was connected to the robot console via HDMI port to integrate the RUS images using the TilePro™ program, which can display multiple digital sources (11, 12). During surgery, the surgeon frequently turned on the TilePro™ program for RUS™ images to navigate the correlating vessels and intraabdominal organs and align with the real-time surgical view.

With the patient supine, an 8-mm diameter trocar was inserted just below the umbilicus and the operating table was placed in a 15-degree reverse Trendelenburg position under 12 mmHg pneumoperitoneum. The surgeon could refer to the preoperative simulated images or videos of virtual trocar placement during the actual port placement. The dissection procedure corresponded with the six pre-defined points of interest. Using RUS™, the surgeon could identify details of vascular anatomy which are essential for lymphadenectomy. Intricacies of the virtual vascular anatomy were visualized at the console by RUS™ manipulation by the surgeon. The Videos 2-7 offer representative operative scenes according to the six pre-defined points of interest.



Outcome measures

The primary outcome was the feasibility of RUS™ for robotic gastrectomy. The feasibility was evaluated as the successful use of RUS™ without any error in delivering the 3-D model or inability to perform robotic gastrectomy by generating a 3-D model until its use for operation. Secondary outcomes were the turnaround time, the accuracy of detecting vascular anatomy with its variations, and the comparison of perioperative outcomes with a control group. The turnaround time was defined as the time from the patient’s CT DICOM file and demographic information transfer until the creation of a patient-specific 3-D model for RUS™ use. When a 3-D model is developed, the feasibility of regular operation is checked so that the anatomical structures can be reviewed before surgery. We assessed the 3-D model information regarding the origin, location, and variations of vessels encountered when performing robotic subtotal gastrectomy. We compared the accuracy of the anatomy of each blood vessel identified by RUS™ with the actual intraoperative findings. We measured the distance from each vascular structure to the specific reference point. Distance from the reference point was measured using the function of RUS™ and confirmed by measuring distance using a flexible ruler during the surgery.



Statistical analysis

We calculated the propensity-scores and reported continuous variables with mean (± standard deviation) or median (± interquartile range) depending on whether the variables had normal distribution or not and used Student’s t-test or Mann-Whitney U test when comparing with the control group. We reported categorical variables with numbers (percentage) and performed Chi-square or Fisher’s exact test as appropriate. P value <0.05 was considered significant. All statistical analyses were performed using R packages (Version 4.2.0; R Foundation for Statistical Computing, Vienna, Austria).




Results


Patients characteristics

Between September 2021 and March 2022, we enrolled 36 patients using surgical navigation for robotic gastrectomy in this single-arm prospective study. Six patients were excluded due to two withdrawals, two required total gastrectomy which was confirmed by preoperative endoscopy, one refused robotic surgery, and one could not use Tilepro™ due to the mechanical problem related to Tilepro™ connection. Finally, 30 patients were included in the analysis. Of these, 13 (43.3%) were male, and the median age was 53.6 years. The characteristics of patients in this study are shown in Table 1. No patients had any comorbidities that would make robotic gastrectomy with lymph node dissection and preoperative CT with angiography unsafe. All examinations were performed and transferred to the surgeon’s console successfully. All 30 robotic gastrectomies were performed without any problems.


Table 1 | Comparison between experimental (RUS™ applied) and control group after propensity score matching.





Feasibility

The application of patient-specific surgical navigation using RUS™ for robotic gastrectomy for gastric cancer was successful in all 30 patients. The whole process of patients-specific surgical navigation was carried out without any transfer problem or system error. No intraoperative events related to the application of RUS™ occurred. There were no intraoperative unintended vessel injuries requiring combined resection or operation on other organs. There were five postoperative complications which were not related to RUS™ use. They included intraabdominal abscess, pneumonia, urinary tract infection, profuse drain fluid with hypoalbuminemia requiring diuretics use, and unknown C-reactive protein elevation and were managed conservatively.

The turnaround time was less than 72 hours in all patients. The turnaround time was within 24 hours in 19 (63.3%) patients, within 36 hours in 9 (30.0%), and within 48 hours in 2 (6.7%) patients. Thus, it took less than a day in 63.3% and less than two days in 93.3% of patients.



Accuracy of vascular anatomy identification

In all 30 patients, all vascular anatomy around the stomach was accurately reconstructed and precisely identified, completed, and matched with operative findings (Table 2). The omental branches of left gastroepiploic vessels were preserved in all 30 patients, which resulted in no remnant omental infarction after partial omentectomy. The right gastroepiploic vein drained to the gastrocolic trunk in 22 (73.3%) patients, while the other 6 (26.7%) drained to the superior mesenteric vein directly without forming the gastrocolic trunk. The left gastroepiploic vein was successfully ligated without damage to the accessory right colic vein. In 16 (53.3%) patients, right gastroepiploic artery branched off the infrapyloric artery, and in 14 (46.7%) patients, the gastroduodenal artery branched off the infrapyloric artery. In the latter case, the infrapyloric artery was ligated separately without any injury.


Table 2 | Anatomic information of vessels of interest during robotic subtotal gastrectomy.



Right gastric artery originated from the proper hepatic artery in 18 (60.0%) patients, from the gastroduodenal artery in 6 (26.7%) patients, from the left hepatic artery in 4 (26.7%) patients, and trifurcation at the branching point of the proper hepatic and the gastroduodenal artery in 2 (6.7%) patients. The mean distance from the branching point of the proper hepatic and gastroduodenal artery to the right gastric artery root was 5.4mm (range:0–14.1mm). The left gastric vein drained into the main portal trunk in 17 (56.7%) patients (15 posterior and two anterior to the common hepatic artery) and into the splenic vein anterior to the common hepatic artery in 12 (40.0%), and into the left portal vein in 1 (3.3%). The mean distance from the branching point of the common hepatic and splenic artery to the left gastric vein was 21.5 mm (range: 2.2–35.4 mm). Left gastric artery was branched as a trifurcation of the celiac trunk in 5 (16.7%) patients. It was bifurcated from the common trunk of the common hepatic and splenic artery in 25 (83.3%) patients. The mean distance from the bifurcation of the common hepatic and splenic artery to the origin of the left gastric artery was 6.5 mm (range: 0–13.7 mm). All vascular variations of the aberrant left hepatic artery were identified. There were 5 (16.7%) patients who had the aberrant left hepatic artery branching from the left gastric artery; from an accessory left hepatic artery in three patients, and from a replaced left hepatic artery in two patients. Additionally, all gastric branches from the aberrant left hepatic artery were identified. The aberrant left hepatic artery was preserved in all five patients. Information regarding these arterial variations enabled surgeons to avoid accidental hemorrhage and ischemic liver damage during surgery (Video 8).



Operative data and short-term outcomes compared with the control group

After propensity matching, the experimental and control groups were well-balanced in demographics and operative features. The operative data and short-term outcomes between the experimental and control group were comparable. The number of harvested lymph nodes and estimated blood loss were similar between the two groups (Table 1). The experimental group showed shorter anesthesia time (218.6 min vs. 230.3 min; P=0.299), operative time (177.1 min vs. 193.9 min; P=0.137), and console time (129.3 min vs. 147.4 min; P=0.101) than the control group, although the differences were not statistically significant. The proportions of the reduction in anesthesia time, operative time, and console time were 5.1%, 8.7%, and 12.3%, respectively (Figure 3).




Figure 3 | Comparison of anesthesia, operation, and console time between the experimental and control group (Error bars are used on graphs to indicate the standard error).






Discussion

In this prospective observational study, patient-specific 3-D surgical navigation system for robotic gastrectomy for gastric cancer is clinically feasible and a maximum turnaround time of 3 days is acceptable. This surgical navigation system completely visualized all the vascular anatomy required for gastrectomy in 3-D models, including all vascular variations and all information regarding the position of the vessels, without any error during preoperative planning and intraoperative navigation.

There have been various attempts to provide virtual anatomical information during minimally invasive surgery (13, 14). However, most of them offered only the reconstructed images of anatomical structures without virtual operative environment mimicking actual operation. Reconstruction processes are time-consuming, laborious, and difficult. Moreover, deformation occurs due to the difference in the position of the patient during CT scan, and the registration of artery and vein images obtained at different times are not widely available with technical challenges (15).

This new patient-specific 3-D surgical navigation system, RUS™, has key features that make virtual images like the actual operation findings. The patient-specific pneumoperitoneum model enables preoperative planning such as trocar placement and can postulate a virtual view as real operative view by inserting a virtual 30° down view camera through a virtual camera trocar. The effect of the deformation of organs and vessels caused by gravity due to the differences in the position of the patient during CT scan and surgery was minimized using a CT scan in a 15-degree reverse Trendelenburg position, the same position as during gastrectomy. Pre-defined points of interest make it easy to manipulate the virtual model during surgery. An algorithm for artery and vein image registration facilitated accurate identification of the relative position between arteries and veins resembling actual operation.

The anatomical diversity of vessels around the stomach, as if all patients in this study were different, is a major challenge for surgeons when performing gastric cancer surgery since skeletonizing and managing vessels are crucial for thorough lymphadenectomy (16–18). Moreover, there were frequent vascular variations. The navigation system provided patient-specific information on the relevant vascular information and led the surgeon to branching sites and facilitated lymphadenectomy around the vessels. The surgeon can eliminate the process of careful dissection to find the small or deep-seated vessels based on guesswork or knowledge from previous experience without fear of vascular injury. In this study, there were no accidental bleeding or damage to other organs during surgery. These advantages of a surgical navigation system have the potential to reduce operation time and console time.

The patient-specific 3-D surgical navigation system provides a fair environment by delivering accurate anatomical information on patients operated by removing the anatomical knowledge barrier between novice and experienced surgeons. It makes it easier and safer for surgeons, especially inexperienced surgeons, to perform complex minimally invasive surgery. Furthermore, this can lead to patient-specific surgery not based on anatomy case studies or textbook-based knowledge but on individual anatomy. Thus, this patient-specific 3-D surgical navigation system offers a comprehensive platform for truly helping surgeons from preoperative planning to intraoperative surgical navigation.

This study has some limitations. First, although we used a control group to compare with the experimental group, this is not a randomized controlled study. Second, we included only 30 patients to verify the feasibility. The small number of study patients hindered the identification of the clinical benefits of this navigation system compared with the control group. Third, we applied this navigation system only for robotic gastrectomy, which has a multi-display function. Thus, applying this system during laparoscopic surgery, which requires an additional 3-D monitor during surgery and intraoperative manipulation of the system, is rather limited compared with robotic surgery because surgeons are in an entirely aseptic condition, unlike the robotic console surgeon.

In addition, the system requires improvement. An automated port placement recommendation function would help inexperienced surgeons easily decide the trocar position. Automatic tumor visualization to determine the resection extent with adequate resection margins would help surgeons eliminate additional tumor localization processes during surgery. Automatic synchronization of the virtual camera movement to follow the actual operative camera position would make surgeons free from intraoperative controlling of the system and improves intraoperative control of surgical navigation during surgery, especially for laparoscopic surgery.

To the best of our knowledge, this is the first study to prove the feasibility and applicability of a patient-specific virtual 3-D navigation system for robotic gastrectomy for gastric cancer with an acceptable maximum turnaround time of 2 days. Surgeons were able to perform patient-specific preoperative planning and intraoperative navigation with complete anatomical information required for gastrectomy in 3-D models without any error. This study showed the potential for the patient-specific virtual 3-D navigation system to facilitate robotic gastric cancer surgery in clinical practice. Larger sample size randomized studies are needed to further assess the development and clinical efficacy of this patient-specific 3-D surgical navigation system in various operative environments, to provide more robust evidence for the routine application.



Conclusion

Patient-specific 3-D surgical navigation system for robotic gastrectomy for gastric cancer patients is feasible and applicable with an acceptable turnaround time. This surgical navigation system enables patient-specific preoperative planning and intraoperative navigation by visualizing all the anatomy required for gastrectomy in 3-D models.
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   Objectives

To develop and validate magnetic resonance imaging (MRI)-based pre-Radiomics and delta-Radiomics models for predicting the treatment response of local advanced rectal cancer (LARC) to neoadjuvant chemoradiotherapy (NCRT).


 Methods

Between October 2017 and August 2022, 105 LARC NCRT-naïve patients were enrolled in this study. After careful evaluation, data for 84 patients that met the inclusion criteria were used to develop and validate the NCRT response models. All patients received NCRT, and the post-treatment response was evaluated by pathological assessment. We manual segmented the volume of tumors and 105 radiomics features were extracted from three-dimensional MRIs. Then, the eXtreme Gradient Boosting algorithm was implemented for evaluating and incorporating important tumor features. The predictive performance of MRI sequences and Synthetic Minority Oversampling Technique (SMOTE) for NCRT response were compared. Finally, the optimal pre-Radiomics and delta-Radiomics models were established respectively. The predictive performance of the radionics model was confirmed using 5-fold cross-validation, 10-fold cross-validation, leave-one-out validation, and independent validation. The predictive accuracy of the model was based on the area under the receiver operator characteristic (ROC) curve (AUC).


 Results

There was no significant difference in clinical factors between patients with good and poor reactions. Integrating different MRI modes and the SMOTE method improved the performance of the radiomics model. The pre-Radiomics model (train AUC: 0.93 ± 0.06; test AUC: 0.79) and delta-Radiomcis model (train AUC: 0.96 ± 0.03; test AUC: 0.83) all have high NCRT response prediction performance by LARC. Overall, the delta-Radiomics model was superior to the pre-Radiomics model.


 Conclusion

MRI-based pre-Radiomics model and delta-Radiomics model all have good potential to predict the post-treatment response of LARC to NCRT. Delta-Radiomics analysis has a huge potential for clinical application in facilitating the provision of personalized therapy.




 Keywords: rectal adenocarcinoma, neoadjuvant chemoradiotherapy, MRI, radiomics, machine learning 

  1. Introduction.

Locally advanced middle-low rectal cancer (LARC) refers to the rectal tumor less than or equal to 10 cm away from the rectal margin, which is at stages T3 or T4 or N+, and M0 (1). Because of the small space between the rectal and pelvic structures and organs, the absence of serous membrane in the rectum, and the difficulty in obtaining sufficient circumferential margin (CRM+) during surgery, LARC has a very high local recurrence rate, low anal preservation rate, and higher chances of complications and poor quality of life of patients (2, 3). Therefore, neoadjuvant therapy (NCRT), including the preoperative chemoradiotherapy, total mesorectum excision (TME) plus postoperative adjuvant therapy (sandwich model), and neoadjuvant therapy plus TME (TNT model) have recently been recommended in the latest edition of the National Comprehensive Cancer Network (NCCN) guidelines and the 2020 Chinese colorectal Cancer Diagnosis and Treatment guidelines to treat LARC (1, 4). Compared with the surgery plus postoperative adjuvant chemotherapy, NCRT significantly reduces the local recurrence rate, increases the R0 resection rate, and prolongs the survival of patients with LARC. In addition, NCRT has a better local control rate and is only associated with fewer adverse reactions than traditional postoperative adjuvant therapy (5).

The pathological complete response rate (pCR) of preoperative neoadjuvant therapy for patients with LARC is about 20% (6–9). On the other hand, some studies have shown that the pCR of NCRT combined with immunotherapy could be higher than 40% and the rate of patients with apparent/moderate retreatment could be between 20%-30%, so NCRT has significant downstaging effect. However, NCRT may also lead to severe adverse reactions, such as fecal incontinence, gastric emptying disorder, radiation enteritis, sexual dysfunction, bone marrow suppression, gastrointestinal side reactions, and neurotoxicity. In addition, a small proportion of patients do not respond to the treatment (non-sensitive to radiation and chemotherapy/immune therapy). Therefore, it is crucial to accurately evaluate the effect of neoadjuvant therapy before surgery and develop individualized therapy, mainly for patients who are sensitive to the therapy, while patients with intolerant and nonresponse to neoadjuvant therapy could be treated with other therapies and surgery in order to effectively avoid the toxicity of chemoradiotherapy, which is the focus of current neoadjuvant therapy for LARC (10, 11).

Radiomics analysis, which extracts a large number of mineable features from medical images using data characterization algorithms, has the potential to uncover disease characteristics that are difficult to identify by human vision alone (12, 13). In the last two years, several studies have shifted the attention towards constructing novel radiomics models to predict the NCRT response of LARC. Most studies have already demonstrated the application of radiomics features based on pre-therapy MRI for predicting the treatment response of LARC after NCRT (14–28). Some studies are based only on T2 MRI (21, 23, 25, 26) or apparent diffusion coefficient (ADC) map (15), and their multi-modal imaging information is not validated. These studies (16, 19, 27) have found additional valuable perspectives using multi-modal MRI analysis. Furthermore, in some studies (29), tumor regression degree (mrTRG) on MRI was determined based on changes in tumor size and signal intensity on T1, T2, and WI to predict the outcome of NCRT. Unfortunately, as demonstrated, there is no pathological gold standard. The above studies only considered the contribution of pre-therapy images and did not include a comprehensive analysis of images before and after the therapy. Only a few studies have focused on the radiomics models at different time nodes (30, 31).

This study aimed to develop and validate the novel models for predicting LARC response to NCRT based on machine learning algorithms using radiomics features (T1, T2, and T1+T2) obtained from pre-therapy and post-therapy MRI images of LARC patients.


 2. Materials and methods.

The protocol for this retrospective study was approved by the ethics committee of The First Affiliated Hospital of Hebei North University and The Fourth Hospital of Hebei Medical University. Patient approval or informed consent for the review of medical images was not necessary.

 2.1. Patients.

The electronic medical database contained data for 105 rectal adenocarcinoma patients (adenocarcinoma < 10 cm from rectal lower margin) who underwent the standard long-course NCRT followed by radical resection between October 2017 and August 2022 at The First Affiliated Hospital of Hebei North University and The Fourth Hospital of Hebei Medical University. The inclusion criteria were as follows: (1) histologically diagnosed with primary rectal adenocarcinoma; (2) with locally advanced rectal cancer based on enhanced chest, abdominal, and pelvic CT, rectal MRI, and transrectal ultrasound, according to the eighth edition of the Joint Cancer Board (AJCC) (32) before treatment; (3) receiving neoadjuvant chemoradiotherapy and TME; (4) with preoperative MRI data. The exclusion criteria were as follows: (1) with incomplete standard NCRT. Eight patients did not complete the standard NCRT due to intolerance and rejection; (2) with other malignancies (six); (3) with no tumor regression grading data (four); (4) with low-quality key MRI images for analysis (three). In the end, 84 patients met the inclusion criteria. Further examination revealed that postoperative imaging data for 7 patients were missing. Finally, 84 patients with pre-Radiomics of MRI and 77 patients with delta-Radiomics MRI were included in this study ( Figure 1 ).

 

Figure 1 | Flow chart for inclusion and exclusion criteria of the LARC patients. LARC, Local advanced rectal cancer; nCRT, neoadjuvant therapy; TME, total mesorectum excision. 



According to the time of data collection, we used the last 16 data collected as an independent validation cohort, and the other data as the primary cohort for model construction and cross-validation. Finally, the established pre-Radiomics and delta-Radiomics models were evaluated again with the validation cohort.


 2.2. Neoadjuvant chemoradiotherapy.

Patients with LARC received long-course radiotherapy (45–50Gy, 1.8–2.0 Gy each time, 5 times per week) and concomitant chemotherapy (capecitabine 1250 mg/m2 twice a day, 5 times per week). Radical excision (TME) was performed within 8-12 weeks after the completion of NCRT.


 2.3. Pathological assessment and tumor regression response.

Postoperative TNM restaging was performed according to the pathological outcomes of the surgically resected specimens to evaluate the down-staging. Tumor regression response was evaluated systematically according to tumor regression grade (TRG) (32). The details were as follows: Grade 0: the tumor completely retracted, and only calcium salt deposition in the fibrous tissue showed pathological response; Grade 1,: moderate retraction. Here, fibrosis was present with a few visible tumor cells or cell masses; Grade 2: slight retraction. Here, there was no residual tumor, but strong fibrosis interstitial filling was present; Grade 3: no regression, extensive residual tumor, and little or no tumor cell necrosis. TRG0-1 was defined as a good reaction, whereas TRG2-3 was defined as a poor reaction.


 2.4. MRI protocol.

In this study, all MRI image data were acquired from two time points: one before NCRT and the other after NCRT. The pre-Radiomics study was conducted using pre-therapy MRI images, and the delta-Radiomics study was conducted using pre-therapy and post-therapy MRI images. All rectum MRI examinations were performed using a 3.0-T magnet (Philips Ingenia 3.0T) with a phased array surface coil. Bowel preparation was performed before image acquisition. The following pulse sequences covering the entire tumor were included: (1) axial (perpendicular to the long axis of the rectum) T2-weighted imaging (T2WI). This was obtained with a slice thickness of 3.8 mm, repetition time (TR)/echo time (TE) of 4000 ms/120 ms, a field of view (FOV) of 16 × 16 cm, matrix size of 320 × 256, echo train length (ETL) of 22, and the number of excitation (NEX) of 2.


 2.5. Tumor segmentation.

First, T1 and T2 MRI images were normalized and aligned to facilitate accurate manual segmentation of tumor areas. Then, the regions of interest (ROIs) of the tumors were manually segmented using ITK-SNAP software by two experienced doctors (version 3.8.0; www.itksnap.org). Intraobserver difference of ROI was performed by calculating the Dice ratio. Segmentations with a dice ratio of over 0.90 were considered qualified. For those less than 0.90, the segmentation would be re-evaluated by a third experienced radiologist. An example of tumor segmentation is shown in  Figure 2 .

 

Figure 2 | An example of tumor segmentation from T1 MRI. (A) The original image and tumor ROI; (B) The three-dimensional display of the entire tumor area. 




 2.6. Pre-Radiomics and delta-Radiomics analysis.

The image processing and radiomics feature extraction were performed using the Pyradiomics tool (version 3.0.1) as previously described (33, 34). A total of 105 three-dimensional Radiomics features from each tumor volume, including 14 shape-based features, 18 first-order features, and 73 texture features, were quantified. The three-dimensional texture features were calculated using gray level co-occurrence matrix (GLCM) (N=22), gray level size zone matrix (GLSZM) (N=14), gray level size zone matrix (GLSZM) (N=16), gray level run length matrix (GLRLM) (N=16), and neighboring gray-tone difference matrix (NGTDM) (N=5).

In the study, two radiomics types were defined: pre-Radiomics and delta-Radiomics. Pre-Radiomics analysis was implemented only using the pre-Radiomics features from pre-therapy MRI. Delta-Radiomics analysis was implemented using the delta-Radiomics features based on changes in radiomic features before and after NCRT, which were post-therapy radiomics features minus the pre-therapy radiomics features. All the imaging features were standardized for the subsequent machine-learning processing.

Then, eXtreme Gradient Boosting (XGBoost) was used to evaluate and select the important features, with the gbtree booster, a max-depth of 10, a lambda of 1, and an eta of 0.01, which was implemented using xgboost Python (version 0.82). Previous studies have also demonstrated that the XGBoost algorithm could be used for processing structured tabular data (35, 36). Based on experience, a feature in more than 10 samples or patients could be more robust for building binary classifiers (37, 38). Therefore, according to the sample size, an appropriate number of features were selected to construct the feature dataset. The sample imbalance was addressed using the Synthetic Minority Oversampling Technique (SMOTE) (39) to enhance the data and improve the modeling performance. Finally, the pre-Radiomics and delta-Radiomcis models were built using the corresponding features and XGBoost classifier.


 2.7. Experimental details.

Multiple group comparison experiments were performed. First, machine learning models were compared using single-model MRI and multi-modal MRI. The T1, T2, and T1+T2 integrated models were then constructed. Second, original features-based models and resampled features-based models using SMOTE were compared. Then, the pre-Radiomics model and delta-Radiomics model were compared through cross-validation with 5-fold and 10-fold, leave-one-out validation, and independent test. All the models were evaluated using the area under the receiver operator characteristic (ROC) curve (AUC). The degree of importance and statistical differences of valuable features and radiomics prediction scores in post-treatment responses were also assessed.


 2.8. Statistical analysis.

The relevant statistical analyses and machine learning algorithms were generated using Python (version 3.6.6). Differences between differently distributed variables were compared using T-test or Mann–Whitney U test. XGBoost was performed for feature selection and modeling. The prediction performance of the model was evaluated using the area under the ROC curves and mean AUCs through cross-validation. A Delong test was performed to compare the performance of the models. P-value < 0.05 was considered statistically significant.



 3. Results.

 3.1. Clinical characteristics.

Patient demographic characteristics are shown in  Table 1 . There was no significant difference in clinical factors between patients with good reactions and poor reactions to LARC. The reliability of results from small sample sizes is usually low (40, 41). Among the 84 study lesions for pre-Radiomics analysis, 28 (33.33%) were classified as having a good reaction, and 56 (66.67%) in the poor reaction group. For delta-Radiomcis analysis with 77 lesions, 27 (35.06%) were good reactions and 50 (64.94%) were poor reactions.

 Table 1 | Patient demographic characteristics. 




 3.2. Prediction performance across T1, T2, and T1+T2 models.

  Figures 3A–C ,  4A–C  show the ROC curves for T1, T2, and T1+T2 models based on pre-Radiomcis and delta-Radiomcis analysis. In pre-Radiomics analysis, the mean AUC of the T1 model was 0.81, that of T2 was 0.73, and that of T1+T2 was 0.89. In delta-Radiomcis analysis, the mean AUC of T1 was 0.77, that of T2 was 0.89, and that of the T1+T2 model was 0.93. Therefore, T1 is more relevant than T2 in pre-Radiomics analysis, but T2 is more relevant in delta-Radiomcis. Based on the Delong test, combining the T1 and T2 models were superior to either model alone (P < 0.05).

 

Figure 3 | ROC curves of the pre-Radiomics models with 5-fold cross-validation. (A) T1 pre-Radiomics model; (B) T2 pre-Radiomics model; (C) T1+T2 pre-Radiomics model; (D–F) The models developed by incorporating the SMOTE method. ROC, receiver operator characteristic; AUC, area under the curve; SMOTE, Synthetic Minority Oversampling Technique. 



 

Figure 4 | ROC curves of the delta-Radiomics models with 5-fold cross-validation. (A) T1 delta-Radiomics model; (B) T2 delta-Radiomics model; (C) T1+T2 delta-Radiomics model; (D–F) The above models were developed by incorporating the SMOTE method. ROC, receiver operator characteristic; AUC, area under the curve; SMOTE, Synthetic Minority Oversampling Technique. 




 3.3. Effect of SMOTE on modeling.

  Figures 3 ,  4  show the ROC curves of the original features-based models and SMOTE-based models. It was found that the oversampled data using SMOTE method is more accurate than original imbalanced data. As shown in  Figures 3D–F ,  4D–F  showed the same diagnostic trends and patterns as before, meaning that the SMOTE technology has superior data mining potential.


 3.4. Valuable radiomics features.

Based on the above experiments, we selected T1+T2 as the final radiomics model using SMOTE. The top-5 valuable pre-Radiomics and delta-Radiomics features are shown in  Table 2 . All the valuable pre-Radiomics features were from T1 MRI and texture features. T2 MRI had more significance in delta-Radiomics analysis than in pre-Radiomics. Overall, the delta-Radiomics features were more important than pre-Radiomcis features. The types of important pre-therapy imaging features were different from post-therapy features.

 Table 2 | The top-5 valuable pre-Radiomics and delta-Radiomics features. 




 3.5. Comparison of the pre-Radiomics model and delta-Radiomics model.

The final pre-Radiomics and delta-Radiomics models were built. The 5-fold cross-validation, 10-fold cross-validation, and leave-one-out validation were used to comprehensively evaluate the differences in the prediction performance between the two methods. The prediction performance of the pre-Radiomics and delta-Radiomics models is shown in  Table 3 . The predictive accuracy of the delta-Radiomcis model was higher than that of pre-Radiomcis model in 5-fold cross-validation (0.96 vs. 0.93), 10-fold cross-validation (0.95 vs. 0.92), and leave-one-out validation (0.93 vs. 0.90). The accuracy of all radiomics models was higher than 0.90, demonstrating their satisfactory good predictability in predicting the NCRT response of LARC.

 Table 3 | Prediction performance of the pre-Radiomics and delta-Radiomics models. 



A given cutoff prediction value for the models was selected to evaluate their NCRT prediction accuracy. The prediction probability of the machine learning models as the radiomics prediction scores to evaluate the degree of resistance to the treatment response. A higher score means a higher risk of poor reaction.  Figure 5  shows the prediction scores of the pre-Radiomics and delta-Radiomics between good and poor response groups in the primary and validation cohort. Both models accurately distinguished responses to NCRT in the primary cohort (P < 0.001) and the validation cohort (P < 0.05).

 

Figure 5 | Comparison of pre-Radiomics and delta-Radiomics prediction scores between good and poor response groups. (A) pre-Radiomics prediction and (B) delta-Radiomics prediction in the primary cohort. (C) pre-Radiomics prediction and (D) delta-Radiomics prediction in the validation cohort. 





 4. Discussion.

In this study, we developed and validated the novel MRI-based pre-Radiomics and delta-Radiomics models to predict the treatment response of LARC to NCRT. The results showed that the predictive accuracy of these models was very high and robust, and delta-Radiomics could be used as an imaging biomarker for clinical transformation.

Studies have shown that radiomics models based on preoperative T1 and T2 and delta-Radiomics have a good predictive performance of LARC to NCRT (25–27, 30, 31), consistent with our findings. We also found that to some extent, integrating the multi-modal imaging data improve the predictive performance of the radiomics models, and sample balancing with the SMOTE technique can uncover the pattern of radiomics data.

In addition to building machine learning models, we also found that the texture features of the images contributes to the prediction of NCRT response by LARC, consistent with previous studies (26, 28). Moreover, wavelet transformation may enhance the texture characteristics of the images, improving the model performance (42), which may give some hints that this task can be verified in future studies.

In addition to the MRI-based radiomics research, other deep learning models have achieved remarkable results (43, 44). Many other machine learning tools built from other data modalities to predict LARC response to NCRT have also been developed (45–48). Medical multi-modal information fusion is an inevitable development trend in intelligent precision medicine. Multi-modal data could be used to build more efficient and robust clinical diagnostic tools through extensive reference to other successful studies.

This research has potential for future improvement. First, the sample size was small, which limited the upper limit of data mining and model building. Although data was obtained from two centers and adopted a data enhancement algorithm, there is still some bias. Second, several cross-validation algorithms were used to evaluate the overall performance of our model. Through 5-fold cross-validation, 10-fold cross-validation, leave-one-out validation, and independent validation, the good predictive performance of the radiomics models was confirmed, which explains the generalization of the models to a certain extent. But the validation of large scale multi-center data cohort is the best way to evaluate and transform imaging biomarkers. Finally, because this was a retrospective study, we had no control over the collected data. Thus, key additional clinical data that could have enhanced our research outcome could not be included. Future studies should consider incorporating multi-modal data to build a better predictive model.


 5. Conclusion.

This study demonstrated that MRI-based pre-Radiomics and delta-Radiomics models could accurately predict the post-treatment response of LARC to NCRT. Delta-Radiomcis analysis may also be used in the clinical diagnosis of LARC for personalized medicine.
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Background

Resectable gastric cancer (GC) patients with small para-aortic lymph node (smaller than 10mm in diameter, sPAN) were seldom reported, and existing guidelines did not provide definite treatment recommendation for them.



Methods

A total of 667 consecutive resectable GC patients were enrolled. 98 patients were in the sPAN group, and 569 patients without enlarged para-aortic lymph node were in the nPAN group. Standard D2 lymphadenectomy was performed. Neoadjuvant and adjuvant chemotherapy were administrated according to the cTNM and pTNM stage, respectively. Clinicopathological features and prognosis were compared between these two groups.



Results

The median size of sPAN was 6 (range, 2−9) mm and the distribution was prevalent in No. 16b1. cN stage (p=0.001) was significantly related to the presence of sPAN. sPAN was both independent risk factor for OS (p=0.031) and RFS (p=0.046) of all patients. The prognosis of patients with sPAN was significantly worse than that of patients with nPAN (OS: p=0.008; RFS: p=0.007). Preoperative CEA and CA19-9 were independent risk factors for prognosis of patients with sPAN. Furthermore, patients in the sPAN group with normal CEA and CA19-9 exhibited acceptable prognosis (5-year OS: 67%; RFS: 64%), while those with elevated CEA or CA19-9 suffered significantly poorer prognosis (5-year OS: 17%; RFS: 17%) than patients in the nPAN group (5-year OS: 64%; RFS 62%) (both p < 0.05).



Conclusions

Standard D2 lymphadenectomy should be considered a valid approach for GC patients with sPAN associate to normal preoperative CEA and CA19-9 levels. Patients with sPAN associated to elevated CEA or CA19-9 levels could benefit from a multimodal approach: neoadjuvant chemotherapy; radical surgery with D2 plus lymph nodal dissection extended to No. 16 station.
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Introduction

According to the revised classification of regional nodes proposed by Japanese Gastric Cancer Association, para-aortic lymph node (PAN) locates at the region from aortic hiatus to aortic bifurcation (1). Treatment strategies for GC patients with PAN metastasis have been explored for decades of years, and there are differences existed in the treatment strategies between Eastern and Western countries. In the West, PAN metastasis is identified as distant metastasis (M1), and the survival of patients with PAN metastasis is extremely poor even after extended lymph node dissection (2). In the last two decades of the 20th century, oncologists from the East (especially Japan) discovered the incidence of PAN metastasis was around 20% in advanced GC patients (3, 4), and they regarded PAN as the terminal station in front of the systemic circulation, so proposed D2 lymphadenectomy plus para-aortic lymph node dissection (PAND) as the standard resection extent for advanced GC patients (5). However, the Japan Clinical Oncology Group (JCOG) 9501 trial and other Eastern countries trials demonstrated that prophylactic PAND was meaningless for locally advanced GC patients with no enlarged PAN (6, 7). Radical D2 dissection followed by adjuvant chemotherapy was recognized as the standard treatment option for locally advanced GC patients without PAN metastasis. Then, some investigators turned their attention to therapeutic PAND, and conducted a series of phase II randomized controlled trials about the effect of multidisciplinary therapy on resectable GC patients with PAN metastasis (8, 9). In these trials, they defined PAN metastasis as the node of 10mm or more in diameter around the abdominal aorta confirmed by contrast-enhanced computed tomography (CT) scan, and performed neoadjuvant chemotherapy (NAC) followed by D2 lymph node dissection with PAND. The prognosis results were encouraging (8–11). So, the Japanese gastric cancer treatment guidelines recommended that NAC combined with curative surgery as the standard treatment modality for selective GC patients with PAN metastasis (12).

So far, the treatment strategies for GC patients without PAN or with swollen PAN larger than 10mm in diameter have been basically confirmed. However, there are few reports about GC patients with PAN smaller than 10mm in diameter (sPAN). Therefore, we conducted this study to observe the clinicopathological characteristics and prognosis of resectable GC patients with sPAN.



Materials and methods


Patients

From April 2009 to December 2016, a total of 813 consecutive patients were diagnosed with resectable GC at the Gastrointestinal Cancer Center IV at Peking University Cancer Hospital. The inclusion criteria were as follows (1): Eastern Cooperative Oncology Group (ECOG) performance score less than 2 (2); primary gastric adenocarcinoma was confirmed by endoscopic biopsy preoperatively (3); liver, lung and Virchow lymph node metastasis were excluded by imaging examination (4); cardiopulmonary function was normal (5); preoperative liver, kidney and coagulation function were normal; and (6) no PAN larger than 10mm in diameter presented in the CT image. Exclusion criteria were as follows (1): clinical or image data incomplete (2); intraoperative laparoscopic exploration showed peritoneal implantation (3); intraoperative lavage cytology positive (4); postoperative pathological reports of neuroendocrine tumor, adenosquamous carcinoma, etc. (5); failing to perform D2 lymphadenectomy (6); history of malignant tumors. Ultimately, 667 patients in total were enrolled in this study. Written informed consent was obtained from all patients.



Baseline assessment

Abdominal contrast-enhanced CT scan was performed within 1 month before treatment. Skilled radiologists reviewed the images to evaluate cTNM stage. Furthermore, two experienced radiologists independently reviewed para-aortic region and reported the status and features of the PAN when it was detected. The results were presented in the form of location and size. The diameter of PAN less than 10mm was denoted as sPAN (Figure 1).




Figure 1 | sPAN in abdominal contrast-enhanced computed tomography scan. The lymph node, with diameter less than lcm, was detected at No. 16b1. (A) Transverse plane. (B) Reconstructed image in coronal plane. sPAN, small para-aortic lymph node.





Treatment strategy

Early GC patients received surgical treatment directly, and locally advanced GC patients were administrated NAC followed by instruction from multidisciplinary team (MDT) discussion firstly. The mainly NAC regimens were capecitabine plus oxaliplatin (CapeOX), S-1 plus oxaliplatin (SOX). Patients receiving NAC were reviewed every 2 cycles by contrast-enhanced CT scan to assess the response and the chance of radical surgical resection. However, it should be pointed out that, for various reasons (i.e. economic problem or mind burden), not all patients with MDT recommending NAC were treated as planned.

Once the opportunity for curative surgery was confirmed, no matter as the new-diagnosed patients or those after NAC, gastrectomy with standard D2 lymphadenectomy was performed. Ahead of gastrectomy, laparoscopic staging examination was executed to exclude patients with peritoneal plantation and/or positive results of lavage cytology. Postoperative chemotherapy started within 45 days after surgery depending on the pathological results and the recovery process. The adjuvant chemotherapy regimens included CapeOX, SOX, and S-1 monotherapy.



Follow-up

In this study, patients were followed up every 3 months for 2 years after surgery, then every 6 months from third to fifth year. After 5 years, they were followed up once every 12 months. The median follow-up period for the cohort was 68 (range, 1-161) months, and 642 (96.3%) patients completed postoperative follow-up. The deadline of the follow-up was August 31st, 2022. Relapse-free survival (RFS) was defined as the time from the date of surgery to the first date of relapse and/or death from any cause, and overall survival (OS) was calculated from the date of surgery to death or the deadline of follow-up.

The primary end-point was 5-year OS, secondary end-points included 5-year RFS.



Data collection

Patients’ demographic data, image examination, preoperative tumor markers [carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9)], pathological data (tumor location, size, macroscopic type, differentiation degree, Tumor-Node-Metastasis (TNM) stage, number of lymph node harvested and number of positive), and the follow-up results were recorded in this study.



Statistical analysis

IBM SPSS Statistics (Version 25.0; IBM Corp., New York, USA) was applied for data statistical analysis. Data are presented as the x ± s for continuous variables and as numbers and percentages for categorical variables. Differences between groups were calculated using the independent t-test, X2 test or Fisher’s exact test, as appropriate. Cumulative RFS and OS rates were compared using the Kaplan-Meier method and Log-rank test. Cox regression model was used for multi-factor prognostic analysis. Multivariate logistic regression analysis was used for factors that were p < 0.1 on univariate analysis. P < 0.05 was considered statistically significant.




Results


Patients’ clinicopathological characteristics in sPAN and nPAN group

From April 2009 to December 2016, 667 of 813 consecutive resectable GC patients were enrolled in this retrospective cohort study. Among them, 98 patients (14.7%) were included in the sPAN group, while the left 569 patients (85.3%), with no enlarged lymph nodes in para-aortic region, were included in the nPAN group (Figure 2). We performed D2 lymphadenectomy with perioperative chemotherapy (if necessary) for them.




Figure 2 | Flow diagram of treatment patterns. SPAN. small para-aortic lymph node; nPAN, non para-aortic lymph node.



According to the revised classification of regional nodes proposed by Japanese Gastric Cancer Association, PAN is classified into four groups, namely No. 16a1, a2, b1 and b2, from cranial to caudal. In the current study, the distribution of sPAN was 16a1 in 1 (1.0%) patients, 16a2 in 15 (15.3%), 16b1 in 65 (66.3%), 16b2 in 4 (4.1%), and cross-regional in 13 (13.3%). The median size of PAN was 6 (range, 2−9) mm.

Table 1 shows the clinicopathological characteristics of patients in sPAN and nPAN group. No significant association was observed between PAN status and age, pathological T (pT) stage, pathological TNM (pTNM) stages, preoperative CEA and CA19-9 level, tumor location, tumor size, differential grade (p>0.05). The proportion of male (80.6% vs 69.9%, p=0.031), macroscopic type 3/4 (74.5% vs 60.5%, p=0.008) and number of metastatic lymph nodes (6.0 ± 8.3 vs 3.9 ± 5.9, p=0.017) were significantly higher in sPAN group than in nPAN group (p<0.05). Besides, there were more patients with advanced clinical T (cT) stage and clinical N (cN) stage in the sPAN group than that in the nPAN group (p<0.05). Moreover, 15 of 98 (15.3%) patients received NAC in the sPAN group compared with 35 of 569 (6.2%) patients in the nPAN group (p=0.001).


Table 1 | Clinicopathological characteristics of patients in sPAN and nPAN group.





Risk factors for sPAN

In the univariable analysis of risk factors for sPAN, gender (p=0.031), NAC (p=0.001), macroscopic type (p=0.044), cT stage (p=0.014), cN stage (p<0.001), and pathological N (pN) stage (p=0.001) were significantly associated with the presence of sPAN.

In the multivariable analysis of the risk factors for sPAN, cN stage (p=0.001) was significantly related to the presence of sPAN (Table 2).


Table 2 | Preoperative risk factors of sPAN by logistic regression analysis.





Survival analysis of all GC patients

The median OS of all GC patients was 68 (IQR 37~91) months, and the 1-, 3- and 5-year OS rates were 84%, 71% and 62%, respectively. Univariate Cox regression analysis showed that age, CEA, CA19-9, macroscopic type, tumor size, cT stage, cN stage, PAN status, differential grade, pT stage, pN stage, pTNM stage were correlate with OS of all patients (p<0.05). The above factors, plus other factors with p<0.1, were selected as covariables in the multivariate Cox regression model. The results revealed that age (p<0.001), CA19-9 (p=0.014), PAN status (p=0.031), tumor size (p=0.031), pT stage (p<0.001), pTNM stage (p=0.013) were independent risk factors for OS of all patients (Table 3).


Table 3 | Univariate and multivariate analysis of risk factors for OS and RFS of overall gastric cancer patients.



The median RFS of all patients was 65 (IQR 27~89) months, and the 1-, 3-, 5-year RFS rates were 78%, 66%, and 60%, respectively. Univariate analysis revealed that age, CA19-9, macroscopic type, cT stage, cN stage, PAN status, differential grade, pT stage, pN stage, pTNM stage were correlate with RFS of all patients (p<0.05). The above variables, together with other variables with p<0.1, were enrolled in the multivariate analysis. And the results indicated that age (p=0.002), PAN status (p=0.046), pT stage (p<0.001), pTNM stage (p=0.008) were independent risk factors for RFS (Table 3).



Comparison of prognosis between sPAN and nPAN group

The 1-, 3- and 5-year OS rates in the sPAN group and the nPAN group were 76% vs. 85%, 60% vs. 73% and 51% vs. 64%, respectively (p=0.008) (Figure 3A). Meanwhile, the 1-, 3- and 5-year RFS rates in the sPAN group and the nPAN group were 65% vs. 80%, 54% vs. 68% and 49% vs. 63%, respectively (p=0.007) (Figure 3B). Kaplan-Meier analysis revealed that both the OS and RFS of patients in the sPAN group were significantly worse than that of patients in the nPAN group.




Figure 3 | Survival curves for GC patients with SPAN and nPAN. (A) Patients with SPAN had worse OS than patients with nPAN (p = 0.008); (B) Patients with SPAN had worse RFS than those with nPAN (p = 0.007). PAN, para-aortic lymph node; sPAN, small para-aortic lymph node; nPAN, non para-aortic lymph node; GC, gastric cancer; OS, overall survival; RFS, relapse-free survival.





Survival analysis of patients in the sPAN group

The univariate and multivariate COX regression analyses for patients in the sPAN group were summarized in Table 4.


Table 4 | Univariate and multivariate analysis of risk factors for OS and RFS of patients in the sPAN group.



Based on univariate analysis, the risk factors that might affect OS of patients in the sPAN group with p < 0.05 (CEA, CA19-9, macroscopic type, tumor size, cT stage, pT stage, pN stage, pTNM stage) were chosen to performed multivariate analysis. Subsequently, the results of multivariate analysis revealed that elevated CEA (p<0.001), elevated CA19-9 (p=0.001), advanced pT stage (p=0.014) were independent poor survival factors for OS of patients in the sPAN group.

Univariate analysis indicated that CEA, CA19-9, macroscopic type, cT stage, pT stage, pN stage, and pTNM stage were associated with RFS of patients in the sPAN group (p<0.05). All factors above were included in the multivariate Cox regression analysis. The results showed that elevated CEA (p=0.002), elevated CA19-9 (p=0.005) were independent poor survival factors for RFS of patients in the sPAN group (Table 4).

Particularly, univariate analysis indicated that the size and location of sPAN were not correlated with OS or RFS of patients in the sPAN group (p > 0.05).



Risk factors of prognosis in sPAN group

As mentioned above, preoperative elevated CEA and CA19-9 level were both relevant to worse OS and RFS in the sPAN group. Then, patients in the sPAN group were divided into two groups, namely low-risk group (both CEA and CA19-9 were normal) and high-risk group (at least one of the tumor markers was abnormal). There were 68 cases in low-risk group, and 30 cases in high-risk group. The differences in postoperative survival among the above two groups, as well as the nPAN group were compared together. The results revealed no significant differences existed in OS or RFS between low-risk group (5-year OS: 67%; RFS: 64%) and nPAN group (5-year OS: 64%; RFS 62%), while the prognosis in high-risk group (5-year OS: 17%; RFS: 17%) was significantly inferior to the former two groups (p < 0.05) (Figure 4).




Figure 4 | Survival curves for SPAN patients with low risk, high risk and nPAN. (A) sPAN patients with high risk had much worse OS than those with low risk and nPAN (p < 0.001); (B) sPAN patients with high risk had much worse RFS than those with low risk and nPAN (p < 0.001). sPAN, small para-aortic lymph node; nPAN, non para-aortic lymph node; OS, overall survival; RFS, relapse-free survival; GC, gastric cancer.





Postoperative recurrence of PAN

During follow-up, para-aortic region recurrences were found in 17 (2.5%) patients. There were 3 cases (3.1%) in the sPAN group, and 14 cases (2.5%) in the nPAN group. The median time interval for PAN recurrence was 12 (range, 2−19) months and 22 (range, 8−50) months in the sPAN and nPAN group, respectively. However, the differences were not statistically significant (p > 0.05).




Discussion

GC patients with sPAN are a special entity. Due to the deep location and continuous beating of the aorta nearby, it is difficult and risky to biopsy, so obtaining pathological result of sPAN before treatment is of great challenge. Some other alternative diagnosis tools, such as CT, endoscopic ultrasound (EUS), and positron emission tomography (PET), have been applied for detecting the status of lymph nodes in gastric cancer (13). However, the small size of sPAN makes false positive results inevitably. It is unreasonable to simply classify the sPAN in to inflammatory or metastatic nodes. So far, the clinical features and prognosis of GC patients with sPAN are rarely discussed, and existing guidelines do not provide definite treatment recommendation for such patients.

Our study discovered the proportion of male, macroscopic type 3/4, clinical T3/4, clinical N+ and number of metastatic lymph nodes were obviously high in the sPAN group, and multivariate analysis demonstrated that clinical N stage was significantly associated with the presence of sPAN. Therefore, for GC patients with clinical N+, special attention should be paid to the evaluation of sPAN.

In the present study, PAN status was independent risk factors for OS and RFS of overall patients (p<0.05). Moreover, the rate of 5-year OS and RFS of GC patients in the sPAN group was both significantly worse than those of patients in the nPAN group (51% vs 64%, p=0.008; 49% vs 63%, p=0.007, respectively). We suspected this may be due to two reasons. Firstly, we enrolled patients with PAN smaller than 10mm in diameter in this study. In fact, this criterion would not exclude patients with PAN metastasis effectively. In the study of Lee JH, et al. (14), the authors focused on the advanced GC patients with equivocal findings of PAN metastasis (nodes size from 7~10mm or larger than 10mm with a fatty marrow) on CT image. All patients were performed D2 gastrectomy plus PAND, and histopathological results showed that 10/23 (43.5%) patients had PAN metastasis. In our study, the median size of PAN was 6 (range, 2-9) mm, which meant that our patients should share several similar clinicopathological characteristics to those in Lee’s study. And it was reasonable that some patients with PAN metastasis, mixed into the sPAN group. This subset of patients might be detected early before their PAN had grown large enough. Although the PAN was smaller than 10mm in size, the node was metastatic in nature, and therefore the patient had a poor prognosis. The incorporation of these patients finally worsened survival rate in the sPAN group.

Secondly, it was not until 2018 that NAC was formally recommended in the Japanese gastric cancer treatment guidelines (5th edition) (15). So, when our study was conducted in 2009, NAC for GC was not widely recognized in the East. Whether to receive NAC depended on the clinical TNM stage and the treatment intent of patient. Although the incidence of NAC in the sPAN group was significantly higher than that in the nPAN group (15.3% vs 6.2%, p=0.001), the actual rate of NAC in our study was still low. Recently, oncologists around the world generally recognized that NAC played an increasingly important role in the treatment of advanced GC (16–19). Studies from China revealed that NAC could significantly reduce the size of the PAN in some patients with PAN metastasis (20). They performed D2 dissection after the size of PAN shank to < 10mm, and reported the survival of patients received surgery was significantly improved, even comparable to that of the JCOG trials. The authors concluded that NAC could cleared the occult metastasis in the PAN, and then patients achieved long-term survival without PAN dissection. Therefore, it could be cautiously inferred that the low incidence of NAC in our study might be associated with the poor prognosis of patients in the sPAN group.

One of the unsolved questions is whether the survival results of patients in the sPAN group could be improved by expanding the extent of lymph node dissection. Although the present study could not provide definitive answers, it still offered some meaningful suggestions. We found both patients in the sPAN and nPAN group had a low rate of recurrence at the PAN region after radical D2 dissection, and the difference was not statistically significant. So PAND itself could not reduce the recurrent rate for patients with sPAN efficiently. At the same time, even for skilled operators, the peri- and post-operative complication rates of PAND were still high (21–23). So, it is inferred that PAND may be a high-risk treatment option with low benefit for GC patients with sPAN.

Historically, in some studies, a diameter of 8mm or 6mm was used as the criteria for positive lymph node in GC patients (24–26). Unfortunately, most of the studies reported high false-positive rates (27). A higher false-positive rate meant more patients with enlarged PAN were regarded as PAN metastases. Actually, GC patients with PAN metastasis in our center were referred to the Digestive Oncology Department for systemic chemotherapy. Thus, they might miss the opportunity for surgery. Therefore, at the beginning of the study design, the diameter of 10mm was selected as the criterion for evaluate PAN status. In our view, this had two major advantages: firstly, the inclusion criteria of this study were consistent with those of previous JOCG studies, which made it easier to compare the prognosis of patients; secondly, reducing the false-positive rate made more patients had the opportunity to obtain radical surgery.

However, everything had its own two sides. Loosening the inclusion criteria inevitably enrolled patients with poor prognosis. In fact, sPAN could be caused by benign lymph node hyperplasia or malignant metastasis, but there was no absolute criterion that completely distinguished the metastatic from non-metastatic PAN. One effective way was to establish a relatively simple and feasible method to predict patients with poor prognosis in the sPAN group. We noticed that preoperative CEA and CA19-9 levels were independent risk factors for the prognosis of patients with sPAN, and these two items were routinely performed preoperatively recommended by the National Comprehensive Cancer Network (NCCN) guidelines. Therefore, we used them as a screening protocol and classified sPAN patients into the two subgroups, that was low-risk sPAN group (normal preoperative CEA and CA19-9 levels) and high-risk sPAN group (elevated levels of either or both of CEA and CA19-9). We compared prognosis of patients in low-risk sPAN group, high-risk sPAN group and nPAN group together, and found this screening protocol was efficient because it could effectively distinguish two categories of patients with totally different prognosis. The survival difference was not significant between patients with low-risk sPAN and nPAN, while the survival of patients in high-risk sPAN group was significantly worse than the other two groups.

Several studies revealed that preoperative CEA and CA19-9 levels could predict lymph node metastasis of GC patients. Ding BC, et al. discovered that higher level of CEA (OR 1.447, 95%CI 1.046-2.002) and CA19-9 (OR 1.529, 95%CI 1.151-2.029) were associated with a higher risk of lymph node metastasis (28). Wang K, et al. reported that preoperative serum CEA (OR 4.86, 95%CI 2.33-10.139) was significantly associated with positive lymph node metastasis (29). Feng F, et al. also found that the level of CA19-9 was correlated with the presence of lymph node metastasis for early GC patients (30). Moreover, many studies have indicated that preoperative serum CEA and CA19-9 levels are independent risk factors for prognosis and recurrence in patients with gastric cancer. Abdullah Sisik, et al. showed that positive levels of both CEA and CA19-9 could indicate GC patients in advanced stage (31). Zhou YC, et al. observed 1075 consecutive GC patients in a single tertiary hospital, and discovered both CEA and CA19-9 positively correlated with several clinicopathologic features including pTNM stage (32). Kambara Y, et al. reported that the prognosis of patients with CA19-9 > 46.3 U/ml were significantly poorer than those CA19-9 < 46.3 U/ml in stage III GC (33). Currently, it is generally believed that CEA and CA19-9 play an important role in the screening, diagnosis, prognosis assessment and recurrence prediction of GC patients. Besides, CEA and CA19-9 correlated significantly with serum levels of intercellular adhesion molecules, and the high level reflected aggressive invasive potential (34). So, it was reasonable that patients in the sPAN group with high level of CEA and/or CA19-9 exhibited extremely poor prognosis results.

In the JCOG 9501 trial (6), after excluding GC patients with enlarged and/or hard PAN, the 5-year OS and RFS rate was 69.2% and 62.6% for the patients assigned to D2 gastrectomy alone, and 70.3% and 61.7% for the patients assigned to D2 gastrectomy plus PAND, respectively. The differences were not statistically significant (p=0.57 for OS, and p=0.72 for RFS, respectively). The authors concluded that D2 gastrectomy was adequate for curable GC patients without PANM. In our study, the 5-year OS and RFS rate was 67% and 64% of the patients in the low-risk sPAN group. The result was both comparable to the prognosis of patients in the nPAN group (64% for 5-year OS rate, and 63% for 5-year RFS rate, respectively), and to that in the JCOG 9501 trial. Then, we confirmed that D2 gastrectomy should be suitable for GC patients in the sPAN group with normal preoperative CEA and CA19-9 levels.

Survival analysis showed that median survival time and median relapse-free time were 25.5 months and 14.5 months for patients in the high-risk sPAN group, respectively. The 5-year OS rate and RFS rate was both 17%. This prognosis was similar to that of patients with PAN metastasis treated by D2 lymphadenectomy plus PAND (6, 35, 36). Although we had no pathological evidence to prove that high-risk sPAN was equivalent to PAN metastasis, the fact that GC patients in the high-risk sPAN group suffered extremely poor prognosis suggested that the treatment strategy of D2 lymphadenectomy plus perioperative chemotherapy (if necessary) should not be indicated for them.

There were several limitations of this study. Firstly, it was a single-arm, retrospective design. Secondly, the patients enrolled in this study did not represent all GC patients with sPAN, but only those who underwent radical D2 lymph node dissection. Thirdly, the population of patients with sPAN was relatively small, resulting in only 2 cases with high risk in the sPAN group recurrent to PAN after surgery, so it was impossible to further analyze their clinicopathological features and survival. A prospective trial is needed to make a definitive conclusion about the optimal therapeutic strategy for GC patients in the sPAN group with elevated preoperative CEA and CA19-9 levels.



Conclusion

Standard D2 lymphadenectomy should be considered a valid approach for GC patients with sPAN associate to normal preoperative CEA and CA19-9 levels. Patients with sPAN associated to elevated CEA or CA19-9 levels could benefit from a multimodal approach: neoadjuvant chemotherapy; radical surgery with D2 plus lymph nodal dissection extended to No. 16 station.
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Purpose: The aim of this study was to evaluate the effect of carbon nanoparticles staining (CNS) on colorectal cancer (CRC) surgery, lymph node tracing and postoperative complications using propensity score matching (PSM).



Method: Patients who were diagnosed with CRC and underwent surgery were retrospectively collected from a single clinical center from Jan 2011 to Dec 2021. Baseline characteristics, surgical information and postoperative information were compared between the CNS group and the non-CNS group. PSM was used to eliminate bias.



Results: A total of 6,886 patients were enrolled for retrospective analysis. There were 2,078 (30.2%) patients in the CNS group and 4,808 (69.8%) patients in the non-CNS group. After using 1: 1 ratio PSM to eliminate bias, there were 2,045 patients left in each group. Meanwhile, all of their baseline characteristics were well matched and there was no statistical significance between the two groups (P > 0.05). In terms of surgical information and short-term outcomes, the CNS group had less intraoperative blood loss (P < 0.01), shorter operation time (P < 0.01), shorter postoperative hospital stay (P < 0.01), less metastatic lymph nodes (P = 0.013), more total retrieved lymph nodes (P < 0.01), more lymphatic fistula (P = 0.011) and less postoperative overall complications (P < 0.01) than the non-CNS group before PSM. After PSM, the CNS group had less intraoperative blood loss (P = 0.004), shorter postoperative hospital stay (P < 0.01) and more total retrieved lymph nodes (P < 0.01) than the non-CNS group. No statistical difference was found in other outcomes (P > 0.05).



Conclusion: Preoperative CNS could help the surgeons detect more lymph nodes, thus better determining the patient's N stage. Furthermore, it could reduce intraoperative blood loss and reduce the hospital stay.
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Introduction

Colorectal cancer (CRC) is one of the most common malignancies among both men and women and the second leading cause of cancer-related death in the world (1–3). Currently, there are about 185 million CRC patients worldwide (4). CRC increases the burden on world health, especially on the elderly (5). Although the treatment has developed, radical CRC surgery is still the main treatment at present (6, 7). The current mainstream surgical approach is usually performed laparoscopically or robotically assisted, and robotic assistance shows advantages (8). In recent years, carbon nanoparticles staining (CNS) technology has been widely used to improve surgical outcomes (9).

The applications of carbon nanoparticles were developing rapidly (10, 11). It was proved that carbon nanoparticles were safe and reliable tracers for CRC (9). Carbon nanoparticles could selectively penetrate lymphatic vessels rather than capillaries. When they entered the lymphatic vessels, they could be phagocytized by macrophages, and then stained the lymph nodes black (12). Thus, it facilitated the detection of lymph nodes during pathological examination. Meanwhile, a sufficient number of lymph nodes was crucial for accuracy of a patient's cancer stage (13). Studies reported that the number of lymph nodes dissected should be ≥ 12 for more accurate staging of the patient's N stage (14). Accurate cancer staging could guide post-operative treatment, furthermore, optimiz patients' short-term outcomes and improve patients' survival rates (14).

At present, CNS has been widely used in the localization of CRC and lymph node tracking (14–17). However, the number of metastatic lymph nodes detected remained controversial. The CNS group was considered to have more metastatic lymph nodes compared with the non-CNS group (5, 12). Other studies reported that there was no difference in the rate of metastatic lymph nodes between the two groups (18–20). Therefore, the aim of this study was to evaluate the effect of CNS on lymph node tracing and postoperative complications for CRC surgery.



Method


Patients

Patients who were diagnosed with CRC and underwent surgery were collected from a single clinical center from Jan 2011 to Dec 2021, retrospectively. A total of 6,886 patients were enrolled. This study was approved by the Institutional Ethics Committee of our hospital (2021–536), and informed consents were obtained from all patients.



Inclusion and exclusion criteria

We included CRC patients who underwent radical surgery in a single clinical center (n = 8152). The exclusion criteria were as follows: 1, non-R0 resection (n = 22); 2, recurrent CRC surgery (n = 47); 3, incomplete baseline information (n = 148); and 4, incomplete information of carbon nanoparticles staining (n = 1049). Ultimately, a total of 6,886 patients were enrolled (Figure 1).


[image: Figure 1]
FIGURE 1
Flow chart of patient selection.Abbreviations: CNS, carbon nanoparticles staining.




Data collection

The baseline characteristics, operation information and short-term outcomes were collected from electronic medical records. The baseline characteristics were as follows: age, sex, body mass index (BMI), smoking, drinking, hypertension, type 2 diabetes mellitus (T2DM), coronary heart disease (CHD), surgical history, open surgery, tumor location, tumor nodes metastasis (TNM) stage, tumor size and CNS. The operation information included: intraoperative blood loss and operation time. The postoperative information included: postoperative hospital stay, metastatic lymph nodes, total retrieved lymph nodes, anastomotic fistula, lymphatic fistula, postoperative major complications and postoperative overall complications.



PSM

PSM was used to reduce the intergroup bias in this study. We conducted PSM method including age, sex, BMI, smoking, drinking, hypertension, T2DM, CHD, surgical history, open surgery, tumor location, TNM stage and tumor size. The CNS group was matched to the non-CNS group by using the nearest neighbor matching at a 1:1 ratio, and within a caliper of 0.01.



Procedures

Patients in the CNS group were injected carbon nanoparticles (1 ml; 50 mg, Chongqing lummy Co.) into the submucosal layer before surgery by electronic colonoscopy. The carbon nanoparticles entered the lymphatic vessels rather than the blood vessels. Then, the tumor and lymph nodes would be stained black (Figure 2).


[image: Figure 2]
FIGURE 2
(A), nanocarbon stained tumour; (B), tumour without nanocarbon staining; (C), nanocarbon stained lymph nodes; (D), lymph nodes without nanocarbon staining.




Definition

The tumor node metastasis stage was diagnosed according to the AJCC 8th Edition (21). The complications were graded according to the Clavien-Dindo classification (22), and major complications were defined as ≥ III classification complications. The CNS group was defined as the patients who underwent injection of carbon nanoparticles before surgery, while the non-CNS group was defined as the patients who did not receive injection of carbon nanoparticles before surgery. R0 resection was defined as a negative margin on pathological examination.



Statistical analysis

Continuous variables were expressed as mean ± standard deviation (SD). Categorical variables were expressed as n (%). The Chi-square test was used to analyze categorical variables and the t-test was used to analyze continuous variables between the CNS group and the non-CNS group. Statistical analysis was performed by the SPSS (version 22.0) software. P-value of < 0.05 was considered statistically significant.




Results


Patients

A total of 6,886 patients were included in this study according to the inclusion and exclusion criteria, and there were 2,078 (30.2%) patients in the CNS group and 4,808 (69.8%) patients in the non-CNS group. After 1:1 ratio PSM, there were 2,045 patients in each group (Figure 1). The mean age of the enrolled patients was 62.7 ± 12.4 years old. Meanwhile, 4,044 (58.7%) were males and 2,042 (41.3%) were females. In addition, more baseline characteristics including BMI, smoking, drinking, hypertension, T2DM, CHD, surgical history, open surgery, tumor location, TNM stage, tumor size, CNS, operation time, intraoperative blood loss and short-term outcomes were shown in Table 1.


TABLE 1 Clinical characteristics of CRC patients.
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Baseline characteristics

The baseline characteristics before and after PSM were shown in Table 2. Before PSM, we found that the CNS group had a higher BMI (P < 0.01), a higher proportion of smoking (P = 0.037) and a higher proportion of open surgery (P < 0.01) than the non-CNS group. Meanwhile, significant difference was found in tumor location (P < 0.01) and TNM stage (P < 0.01). There was no difference in age, sex, drinking, hypertension, T2DM, CHD, surgical history or tumor size (P > 0.05). After PSM, all of these baseline characteristics were well matched and there was no statistical significance (P > 0.05).


TABLE 2 Baseline characteristics before and after PSM.
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Surgical and postoperative characteristics

The operation and postoperative characteristics of the two groups were compared before and after PSM, and the outcomes were shown in Table 3. The operation information included intraoperative blood loss and operation time. The postoperative information included postoperative hospital stay, metastatic lymph nodes, total retrieved lymph nodes, anastomotic fistula, lymphatic fistula, postoperative overall complications and postoperative major complications. Before PSM, intraoperative blood loss (P < 0.01), operation time (P < 0.01), postoperative hospital stay (P < 0.01), metastatic lymph nodes (P = 0.013), total retrieved lymph nodes (P < 0.01), lymphatic fistula (P = 0.011) and postoperative overall complications (P < 0.01) had significant differences in the two groups.


TABLE 3 Outcomes before and after PSM.

[image: Table 3]

After PSM, the CNS group also had less intraoperative blood loss (P = 0.004), shorter postoperative hospital stay (P < 0.01) and more total retrieved lymph nodes than the Non-CNS group (P < 0.01).




Discussion

There was a large sample size of 6,886 CRC patients in this study. After 1:1 ratio PSM, there were 2,045 patients left in each group. Before and after PSM, intraoperative blood loss, postoperative hospital stay and total retrieved lymph nodes were statistically significant. This suggested that CNS before surgery could help surgeons retrieve more lymph nodes, reduce intraoperative blood loss and reduce hospital stay. In term of total retrieved lymph nodes, we found that the CNS group retrieved more lymph nodes than the non-CNS group.

The guidelines of the European Society for Medical Oncology and the American Society of Clinical Oncology consider inadequate lymph nodes harvested to be one of the risk factors for stage II CRC (23, 24). Lymph nodes metastasis is an independent prognostic factor after radical resection for T1-2 CRC (25). Accurate TNM staging could guide postoperative chemoradiotherapy and improve the prognosis of CRC patients. However, it was required that the total number of lymph nodes detected exceeded twelve (26). Moreover, in order to accurately determine the pathological staging of patients with adenocarcinoma of esophagogastric junction, Zheng J et al. proposed that no less than 11 LNs must be resected in patients with stage T1-2 and no less than 16 LNs must be resected in patients with stage T3-4 (27). Meanwhile, it was found that the number of removed lymph nodes was positively correlated with the number of metastatic lymph nodes (28). Resection of more lymph nodes could improve the accuracy of postoperative pathological analysis. Lelin Pan et al. showed that the more lymph nodes were removed, the more accurate N-stage we obtained (18). However, a 2010 study indicated that lymph node detection rates for colorectal cancer remain low (29). A variety of lymph node staining were beginning to be used in clinical practice. Cawthorn et al. used xylene alcohol clearance technique to facilitate the identification of lymph nodes (30). Quadros et al. performed lymphoscintigraphy using technetium-99 m-phytate and patent blue to detect lymph nodes of rectal adenocarcinoma patients (31). However, these techniques are not widely used in clinical practice because they are time-consuming, labour-intensive and toxic to doctors (12). In this study, we used carbon nanoparticles for lymph node tracking and more total number of dissected lymph nodes in the CNS group were found than the non-CNS group. This could help surgeons obtain the accurate N stage of patients.

Although, the use of carbon nanoparticles increased the total number of lymph nodes detected, the number of metastatic lymph nodes detected remained controversial. Some studies reported that the rate of lymph node metastasis detected in the CNS group was higher than the non-CNS groups (5, 12). Other studies reported that there was no difference in the rate of metastatic lymph nodes between the two groups (18–20). The mechanism was not clear, but there were possible reasons as follows: first, CNS allowed for better anatomical clarity, making it more convenient for the operator to clear the lymph nodes. Second, it was found that there were many other factors that affected metastasis lymph node dissection, such as the patient's sex, age, tumor stage, type of surgery, and neoadjuvant chemotherapy (32–35). Although the information underlying the two groups was not statistically significant after PSM, we were still unable to determine their combined effect on metastatic lymph node dissection. We searched nine similar articles and listed some information in Table 4 (5, 12, 14, 18–20, 36–38). The main outcomes reported in these articles were the total or mean number of lymph nodes detected. Dissections of metastatic lymph nodes were reported in five articles (5, 12, 18–20). Two articles also reported that the dissections of microscopic lymph nodes in the CNS group was more than the non-CNS group (5, 12). Wang Q et al. reported the effect of CNS on intraoperative information (14). Complications and long-term survival without difference were reported by Wang LY et al. (20).


TABLE 4 The difference between CNS and Non-CNS group were reported from previous studies.
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So far, CNS has been widely used. Studies reported that CNS could avoid aggressive axillary treatment of breast cancer (39). CNS was also reported to improve the outcomes of surgery for thyroid papillary carcinoma (40). In addition, CNS had a positive impact on the surgical results of early gastric cancer (41, 42). It was also reported that CNS played an essential role in lymph node dissection for non-small cell lung cancer (43). Fortunately, no significant adverse effects of CNS on patients have been identified at present. Van Tongeren MJ et al. did not demonstrate mutagenic or carcinogenic effects of carbon nanoparticles (44). Meanwhile, Magrez A et al. proved that CNS had no adverse effects on the central serious system, cardiovascular system and respiratory system (45). Expectantly, more systematic reactions to carbon nanoparticles are looking forward to be discovered. In the future, CNS may be widely used to improve patients' survival.

The application of CNS could also help surgeon obtain more convenience. Previous study found that CNS could help surgeons distinguish tissue structure (9). This finding could lead to less intraoperative blood loss and shorter postoperative hospital stay. Expectedly, it was found that the CNS group had less intraoperative blood loss and shorter postoperative hospital stay than the non-CNS group in this study. More benefits of CNS are waiting to be discovered by researchers.

To our knowledge, this was the first study to use PSM to analyze CNS on lymph node dissection, operation information and short-term outcomes for CRC. However, there were some limitations in this study. First, our data in this study came from a single clinical center. Second, we did not analyze the influence of other factors on lymph node dissection in detail. Third, there was no agreement on when patients should be injected carbon nanoparticles. Forth, lack of long-term patient outcomes. Therefore, prospective studies with a larger sample size were needed.



Conclusion

Preoperative CNS could help the surgeons detect more lymph nodes, thus better determining the patient's N stage. Furthermore, it could reduce intraoperative loss and reduce the hospital stay.
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Background

The metastatic lymph nodes (MLN) are interpreted to be correlated with prognosis of the colorectal cancers (CRC). The present retrospective study aimed to investigate the clinical significance of the largest MLN size in terms of postoperative outcomes and its predictive value in the prognosis of the patients with stage III CRC.



Methods

Between May 2013 and December 2018, a total of 101 patients who underwent curative resection for stage III CRC retrospectively reviewed. All patients were divided into two groups regarding cut-off value (<1.05 cm and ≥1.05 cm) of maximum MLN diameter measured histopathologically. A comparative analysis of demographic and clinicopathological characteristics of the patients and their postoperative outcomes were performed.



Results

Two groups carried similar demographic data and preoperative laboratory variables except the lymphocyte count, hematocrit (HCT) ratio, hemoglobin level and mean corpuscular volume (MCV) value (p<0.05). The patients with MLN diameter ≥1.05 cm (n=46) needed more erythrocyte suspension and were hospitalized longer than the patients with a diameter <1.05 cm (n=55) (p=0.006 and 0.0294, respectively). Patients with MLN diameter < 1.05 cm had a significantly longer overall survival than patients with MLN diameter ≥ 1.05 cm (75,29 vs. 52,57 months, respectively). Regarding the histopathologic features, the patients with MLN diameter ≥1.05 cm had larger tumor size and higher number of MLN than those with diameter <1.05 cm (p=0.049 and 0.001).



Conclusion

The size of MLN larger than 1.05 cm may be predictive for a poor prognosis and lower survival of stage III CRC patients. The largest MLN size may be a proper alternative factor to the number of MLNs in predicting prognosis or in staging CRC patients.





Keywords: colorectal cancer, lymph node metastasis, lymph node size, survival, postoperative complications




Introduction

Colorectal cancer (CRC) is the third leading cause of cancer-related death in the world, with an increasing incidence in developing countries (1). According to Globocan 2020 data, the number of new colorectal cancer cases in 2020 constituted 10% of all cancers and the number was 1,931,590 (1,065,960 males, 865,630 females). The cumulative incidence risk was 2.25% in both sexes, 2.71% in men and 1.83% in women. The number of deaths from colorectal cancer was 935,173 people and this rate was 9.4% of all cancer-related deaths (2). 5-year survival was detected as 65% among the colorectal cancer patients (3).

Surgery is the curative treatment of CRC. Following surgical resection, examination of lymph nodes (LNs) are important for staging, postoperative treatment approach, clinical follow-up and prognosis. LN metastasis plays an important role in the recurrence and survival of the CRC patients undergoing surgery (4). Total mesorectal or complete mesocolic excision and the number of metastatic LNs are well-known prognostic factors (5, 6). Also, the number of harvested LN and metastatic lymph node (MLN) ratio are important prognostic factors (7). Eighth Edition of The American Joint Committee on Cancer (AJCC) Staging Manual is currently used for pathological examination. In this TNM classification, N staging is done by the number of MLN, neither MLN size nor MLN ratio is considered. Similar to the LN rate, the effect of the size of the positive LN on the pathological stage is not being taken into account in this staging system (8).

There are studies in the literature evaluating the relationship between tumor size and CRC. Alese et al. reported that tumor size showed variable postoperative outcomes among CRC patients with the same AJCC stages. Therefore, they stated that tumor size may have a role in staging models for optimal management selection (9). Similarly, in some studies involving gastric and esophageal cancers, it was reported that MLN size was effective in determination of the prognosis and provided valuable support to the classification systems (10–12). There are limited reports describing the predictive value of MLN size on prognosis and survival in colorectal cancer (13, 14). The role of MLN size on postoperative outcomes remains a serious gap in the literature. Furthermore, to our knowledge, there is no research in the literature evaluating the relationship between metastatic largest LN size and postoperative complications in the patients with CRC. In the present retrospective study, we aimed to investigate the effect of the histopathologically determined metastatic largest LN size on postoperative outcomes in patients with stage III CRC.



Materials and methods



Study design and patient selection

Between May 2013 and December 2018, all patients who underwent curative surgery for CRC were retrospectively reviewed. Medical records of the patients who met inclusion criteria were collected. A total of 101 patients, aged ≥18 years who presented with stage III carcinoma of the colon or rectum histopathologically confirmed according to the TNM staging of the 8th edition of AJCC Staging Manual and who underwent curative resection of the primary tumor enrolled in the study. Patients who underwent emergency operations or palliative resection, immunodeficiency patients or patients using immunomodulatory drugs, patients with the lymphoproliferative disease, patients with missing clinical or histopathological data were excluded from the study (Figure 1). The study was carried out in accordance with the Helsinki Declaration and local laws and regulations. This study was approved by the ethical committee of Koşuyolu High Specialization Education and Research Hospital (Date: 10th Nov 2020, Issue number: 2020/12/382).




Figure 1 | Flow chart of the study selection process.





Data collection

Demographic data included age, sex, body mass index (BMI) and comorbidities defined by Charlson Comorbidity Index (CCI). The preoperative data included neoadjuvant therapy status, The American Society of Anesthesiologists (ASA) physical status score, localization of the tumor and laboratory data from whole blood analysis. Intraoperative data included the date of surgery, surgical technique, application of epidural anesthesia, duration of operation, and the need for erythrocyte suspension (ES) during the surgery. Postoperative data included length of hospital stay, the need for ES after an operation, Clavien-Dindo postoperative complication grade, date of the last follow-up and date of death. The pathological information included the histological type, maximum tumor diameter, tumor nuclear grade, total number of harvested LN, number of MLN, the diameter of largest MLN, the presence of lymphovascular invasion and perineural invasion.

Surgical specimens fixed with 10% buffered formalin for 24 hours were examined by the pathologist, and the long axis diameter of each dissected maximum MLN was measured and recorded. Two groups of patients were defined according to the cut-off value of maximum MLN diameter as MLN diameter < 1.05 cm and ≥1.05 cm, and all demographic features, preoperative and postoperative outcomes of patients were compared statistically.



Statistical methods

All statistical analysis were performed with Statistical Package for the Social Sciences version 23 (SPSS 23). The frequencies and percentages were determined for categorical variables. The mean, standard deviation, median, minimum and maximum values were determined for continuous variables. The distribution of continuous variables was tested with the Kolmogorov Smirnov test. Chi-square analysis was used for comparison of the categorical variables. If appropriate, the categorical variables were compared with the Fisher-Freeman Halton Test. The Mann Whitney U test was used to compare two independent groups for the variables that did not fulfill the assumption of normal distribution, and the Student-t test was used for the variables with normal distribution. Clinicopathological variables affecting mortality were analyzed by Cox regression analysis by considering survival time. Analysis of ROC curve was used to measure the significance and cut-off value of maximum MLN diameter in predicting the mortality. The method of De Long et al. was used to compare the area under the ROC curves. The Kaplan-Meier method and the log-rank test were used to conduct the survival analyzes of the largest MLN size. p value of <0.05 was considered significant.




Results

The mean age of patients was 59.82 ± 13.28 years and 59.41% of all patients were male. The mean BMI was 28.41 ± 2.51 kg/m². Most of the tumors were localized in rectum and sigmoid colon (33.66% and 26.7%, respectively). Patients receiving neoadjuvant therapy constituted 29.7% of all patients. Most of patients had a CCI score of 2 and 3 (29.7% and 25.74%, respectively). The ASA score of 49.6% of the patients was 2 (Table 1).


Table 1 | Patient characteristics.



Clinicopathological variables affecting mortality were evaluated by Cox regression analysis considering survival time and PNI, LVI, N stage, MLN size found significant (Table 2). The statistically significant cut-off value was 1.05 cm for the diameter of the largest MLN to predict mortality based on the ROC analysis (AUC: 0.841, p<0.001) (Table 3, Figure 2). According to this cut-off diameter of the largest MLN, all patients were divided into two groups as the MLN diameter < 1.05 cm and ≥ 1.05 cm. The relationship between MLN size and survival was evaluated by Kaplan-Meier analysis, and survival was found to be significantly higher in the group with MLN<1.05 cm compared to the group with MLN≥1.05 cm (Table 4, Figure 3) (p<0.001).


Table 2 | Cox regression analysis of clinicopathological variables affecting mortality.




Table 3 | ROC analysis of the maximum MLN diameter to predict mortality of the CRC patients.






Figure 2 | ROC analysis of maximum MLN diameter to predict mortality of the CRC patients.




Table 4 | Kaplan-Meier analysis of the relationship between MLN size and survival.






Figure 3 | Graphs of cumulative hazard function for MLN categories.



There were 55 patients in the group with MLN diameter < 1.05 cm and 46 patients in the group with MLN diameter ≥ 1.05 cm. The age, sex, BMI, localization of tumor, neoadjuvant therapy status, CCI and ASA score did not differ significantly among two groups (Table 5). From the preoperative laboratory findings, lymphocyte count, hemoglobin level, HCT ratio were significantly higher and MCV value was lower in patients with MLN <1.05 cm compared to patients with MLN diameter ≥1.05 cm (p<0.05). Other laboratory findings did not differ among two groups (Table 6).


Table 5 | Comparison of patient characteristics according to the diameter of largest MLN.




Table 6 | Preoperative laboratory findings.



Most of patients underwent an open surgery (73.3%) and 57.43% had an epidural anesthesia. The mean duration of operation was 215.4 minutes and was not different between groups. 30.4% of the patients with MLN diameter ≥1.05 cm and 9.1% of the patients with MLN diameter <1.05 cm were given an intraoperative ES and this difference was found to be statistically significant (p=0.006). The distribution of Clavien-Dindo grade and postoperative ES need did not differ among the two groups. The patients with MLN diameter ≥1.05 cm were hospitalized longer than with MLN diameter <1.05 cm (median 9-day vs. 8-day, p=0.0294). The mortality rate was significantly higher in the group with MLN diameter ≥1.05 cm. (p=0.001) (Table 7).


Table 7 | Intraoperative and postoperative findings.



According to the pathological findings (Table 8), the median number of harvested LN was 22 and the median number of MLN was 4. The mean maximum diameter of the tumors was 6.49 cm, and most of them were in T3 stage (66.34%), N2 stage (50.5%) and nuclear stage 2 (67.33%). Lymphovascular invasion was present in 58.42% and perineural invasion was present in 41.58% of all tumors. T stage, N stage, nuclear grade of tumor, presence of lymphovascular and perineural invasion and total number of harvested LN did not differ among the two groups. However, the total number of MLN was higher in the patients with MLN diameter ≥ 1.05 cm (median 4) than those with MLN diameter < 1.05 cm (median 3) (p=0.049). The diameter of maximum tumor size was also considerably larger in patients with MLN diameter ≥ 1.05 cm (median 7.35 cm) than those with diameter < 1.05 cm (median 5.2 cm) (p=0.0001).


Table 8 | Histopathological findings.





Discussion

Our study results indicated that the evaluation of the largest MLN size via the histopathological examination can provide valuable information in CRC patients with metastatic lymph nodes. The main aim of this study was to examine the clinical significance of the largest MLN in terms of postoperative outcomes and its predictive value in mortality of patients with stage III CRC.

Lymph node (LN) metastasis in CRC is a prognostic factor, determines the disease stage and guides the treatment (4). Many studies showed the effect of MLN number and MLN ratio on survival (7). Some studies reported that MLN size is effective in determining the prognosis in patients with gastrointestinal malignancies, including gastric and esophageal cancer, and provides support for classification systems. In gastric cancer, larger MLN size was associated with poor prognosis and MLN size was important in overall and disease-free survival (DFS) rates. Similarly, the importance of metastatic LN size in CRC evaluated in a limited number of studies. In 2005, Dhar et al. measured the long diameter of 107 CRC patients’ MLN and reported that the overall survival of 69 patients with MLN size ≤ 9 mm was 63.5% and 38 patients with MLN size ≥ 10 mm was 42.5% (13). In 2022, Maeda et al. divided 209 patients who underwent curative colectomy for pathological stage III colon cancer, into four groups based on the short-axis diameter of the largest MLN<5 mm, ≥5 mm and <10 mm, ≥10 mm and <15 mm, ≥15 mm. There were no significant differences in OS rates between the groups. But, they found that the 5-year recurrence-free survival (RFS) rates of groups were 82.3%, 74.6%, 74.5% and 60.7%, respectively. MLN diameter ≥15 mm reported to be associated with significantly worse RFS in multivariate analysis (14). Survival for both colon and rectal cancer had improved over the years. 5-year survival increased from 53% to 62% and from 51% to 65% for all colon and rectal cancer stages, respectively (3). Consistent with the literature, our study had a 68.32% survival rate for all stage III CRC patients. However, a significant difference was found between the groups formed by considering the MLN diameter. Patients with MLN diameter ≥ 1.05 cm had a survival rate of 39.1% and OS of 52,57 months, whereas patients with an MLN diameter of <1.05 cm had a survival rate of 92.7% and OS of 75,29 months.

Tumor size is an independent factor for survival in CRC (15). Lymph node size is not a reliable indicator for lymph node metastasis (16). Metastatic lymph nodes can be seen in any size (17). Luo at al reported nonlinear correlation between tumor size and lymph node metastasis (18). According to the Dhar et al. study there was a significant correlation between MLN size and MLN number in CRC. Also, they indicated that the prevalence of MLN size≥ 10 mm increased with increasing depth of tumor penetration (13). Maeda et al. also showed that the median tumor size, advanced T and N stage status, and the number of MLNs were higher in patients with larger MLN diameter (14). In our study, the maximum size of tumor was larger and number of MLNs were higher among the patients with MLN diameter ≥ 1.05 cm than those of patients with diameter < 1.05 cm. However, T stage, N stage, lymphovascular/perineural invasion status and nuclear grades did not differ among the two groups. Therefore, histopathological measurement of MLN size may contribute to predicting the prognosis.

The blood biomarkers easily obtained from a preoperative routine blood test are associated with the prognosis of colorectal cancers. The immune cell counts, inflammatory and coagulation parameters and their ratios were examined for a prognostic factor of cancer. In a recent study, the neutrophil-lymphocyte ratio was proved to be an independent prognostic factor for disease-free survival in patients with non-metastatic colon cancer (19). In another study, Zhang at al. showed that pre-operative lymphocyte count was an independent prognostic factor and pre-operative high lymphocyte count was significantly associated with better prognosis of rectal cancer patients (20). In a study, in which clinical laboratory and morphological factors were evaluated in colon cancer, hematocrit value between 16.7% and 31% was found to be significantly correlated with pT > 2 (21). In our study, blood product was needed in the perioperative period in the patient group with MLN diameter ≥ 1.05 cm, worse survival, lower preoperative hemoglobin level and HCT values. In terms of MCV, Nagai et al. found that patients with MCV <80 fL superior to patients with MCV ≥80 fL for DFS and reported that MCV was a prognostic factor for DFS in CRC (22). Our study is in the same direction with the literature in terms of lymphocyte count, hemoglobin level, hematocrit ratio and MCV value.

Longer length-of-hospital stay and emergency admissions after colorectal surgery are not uncommon. According to Kelly et al., one in four patients remained in the hospital for at least 25 days after colorectal resection (23). In a study, age ≥ 76 years, CCS ≥ 2, total mesorectal excision (TME) and laparoscopic conversion were significantly associated with a prolonged hospital stay (24). Major complications require longer hospital stays. Postoperative complications adversely affect CRC survival (25). In our study, hospital stay was longer in patients with larger MLN size. However, we did not detect a relationship between the largest MLN size and the presence of major complications.

Limitations of the study are its retrospective single-center design and a relatively limited number of patients. Another limitation relates to our analysis of disease free survival. Since recurrence data was not set as one of the endpoints, these data had not been assessed systematically and were incomplete. However, there were a limited number of previous studies in this area. In contrast to Dhars’ and Maedas’ studies, not using categorical cut-off and preventing stage bias by including a limited pathological stage group are the strengths of our study. This paper expresses a different perspective on the relationship between postoperative complications and the largest MLN size.



Conclusion

Our study results indicated that the largest MLN size was an independent risk factor for mortality and a cut-off value of 1.05 cm in MLN size had prognostic value in surgically treated stage III CRC patients. Therefore, the largest MLN size may be a proper alternative factor to number of MLNs for predicting the survival in CRC patients. In the light of these results, a review of N-stage subgroups of TNM staging may be considered. Further multicenter, large-scale studies are required to confirm our study results.
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Background: The incidence of rectal cancer is increasing each year. Robotic surgery is being used more frequently in the surgical treatment of rectal cancer; however, several problems associated with robotic surgery persist, such as docking the robot repeatedly to perform auxiliary incisions and difficulty exposing the operative field of obese patients. Herein we introduce a new technology that effectively improves the operability and convenience of robotic rectal surgery.



Objectives: To simplify the surgical procedure, enhance operability, and improve healing of the surgical incision, we developed an advance incision (AI) technique for robotic-assisted laparoscopic rectal anterior resection, and compared its safety and feasibility with those of intraoperative incision.



Methods: Between January 2016 and October 2021, 102 patients with rectal cancer underwent robotic-assisted laparoscopic rectal anterior resection with an AI or intraoperative incision (iOI) incisions. We compared the perioperative, incisional, and oncologic outcomes between groups.



Results: No significant differences in the operating time, blood loss, time to first passage of flatus, time to first passage of stool, duration of hospitalization, and rate of overall postoperative complications were observed between groups. The mean time to perform auxiliary incisions was shorter in the AI group than in the iOI group (14.14 vs. 19.77 min; p < 0.05). The average incision length was shorter in the AI group than in the iOI group (6.12 vs. 7.29 cm; p < 0.05). Postoperative incision pain (visual analogue scale) was lower in the AI group than in the iOI group (2.5 vs. 2.9 p = 0.048). No significant differences in incision infection, incision hematoma, incision healing time, and long-term incision complications, including incision hernia and intestinal obstruction, were observed between groups. The recurrence (AI group vs. iOI group = 4.0% vs. 5.77%) and metastasis rates (AI group vs. iOI group = 6.0% vs. 5.77%) of cancer were similar between groups.



Conclusion: The advance incision is a safe and effective technique for robotic-assisted laparoscopic rectal anterior resection, which simplifies the surgical procedure, enhances operability, and improves healing of the surgical incision.
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1. Introduction

Currently, the incidence of colorectal cancer and cancer-related mortality ranks third and second, respectively, worldwide (1). For non-metastatic colorectal cancer, surgery is the preferred treatment. Surgical methods have gradually transitioned from traditional laparotomy to laparoscopic surgery and da Vinci robotic surgery. In 2006, Pigazzi et al. (2) described robotic total mesenteric excision (TME) for rectal cancer. Since then, da Vinci robots have been increasingly used for rectal cancer surgery. Because of its more flexible angle, wider field of view, and support of the primary surgeon's hand-eye coordination, the da Vinci robot provides unique advantages with respect to complete mesorectal excision (CME), lymph node dissection, and reduction of intra- and post-operative complications (3–5).

Although the da Vinci robot has clear advantages in robotic-assisted laparoscopic rectal anterior resection, its relatively large size leads to inconvenience for assistants performing procedures such as making auxiliary incisions to remove specimens, placing the tubular stapler anvil, and completing the anastomosis. Therefore, some surgeons choose to dock the robot repeatedly to complete the laparoscopic anastomosis, thus substantially prolonging the operative time (6, 7) and increasing the wear and tear on the robot. In addition, only one assistant assists on the right side of the operating table during robot-assisted surgery. When emergencies occur, such as massive bleeding, rapid conversion to open surgery to stanch bleeding is difficult. Indeed, open conversion increases the risk of surgery because of robot obstruction and a shortage of assistants. In recent years, some surgeons have performed robotic transanal total mesorectal exclusion (R-TaTME or hybrid TaTME) to treat patients with low rectal tumors, obesity, or narrow pelvises (8, 9). However, it still cannot solve the problem of repeated docking and has limitations in the treatment of high rectal cancer.

To increase the appeal of robotic surgery and help promote the use of robotic surgery, we created and introduced the advance incision (AI) for robotic-assisted laparoscopic rectal anterior resection. Before the da Vinci robot is docked, the abdomen is entered in advance by selecting a suitable position, and the robotic surgery is completed with the help of an Alexis wound retractor. In this study, we describe the novel technique and evaluate its feasibility and safety.



2. Materials and methods


2.1. Law and ethics

This was a retrospective study approved by the Medical Ethics Committee of the First Affiliated Hospital of Chongqing Medical University (No.2022-K398) without the need for participants’ explicit consent. The Institutional Review Board of the First Affiliated Hospital of Chongqing Medical University approved the analysis of patients’ clinical and radiologic data.



2.2. Patient selection

This retrospective study was conducted in the Department of Gastrointestinal Surgery at the First Affiliated Hospital of Chongqing Medical University (Chongqing, China). This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. A total of 152 patients underwent robotic-assisted laparoscopic rectal anterior resection for colorectal cancer from January 2016 to October 2021.

According to the inclusion and exclusion criteria, 102 patients were included in the study. The patients were divided into AI and intraoperative incision (iOI) groups, with 50 and 52 patients, respectively. All patients underwent surgery performed by the same group of experienced surgeons (>10 years of experience in laparoscopic colorectal surgery and skilled in robotic-assisted colorectal surgery).

The criteria used to select patients were as follows: (1) preoperative pathologic examination showing rectal adenocarcinoma; (2) preoperative magnetic resonance imaging (MRI) showing that circumferential resection margin and extramural vascular invasion are negative; and (3) the operation performed was a curative resection.

The exclusion criteria were as follows: (1) presence of distant metastasis; (2) combined organ resection; (3) robotic-assisted laparoscopic rectal anterior resection with natural orifice specimen extraction surgery; and (4) history of neoadjuvant radiotherapy and chemotherapy.



2.3. Operative procedures

After general anesthesia, the patients were positioned in the modified lithotomy position. A robotic-assisted laparoscopic rectal anterior resection was performed with standard techniques, except for the incision-related steps (10). TME and CME principles were followed for all patients (11, 12).

Placement of the ports in the iOI group was as follows: (1) a 12-mm trocar was placed 3–4 cm superior and to the right of the umbilicus (camera port C); (2) an 8-mm trocar was placed at McBurney's point (robot port R1); (3) an 8-mm trocar was placed at the midline of the left clavicle and horizontal to the camera port (robot port R2); (4) an 8-mm trocar was placed at the left anterior axillary line and horizontal to the camera port (robot port R3); (5) to mobilize the splenic flexure an 8-mm trocar was placed 3–4 cm below the xiphoid process and between the midline and right midclavicular line (robot port R4); and (6) a 12-mm trocar was placed at the vertical line passing through R1 (assistant port A; Figure 1).


[image: Figure 1]
FIGURE 1
(A) The port placement in the intraoperative incision group. (B) The advance incision and port placement in the advance incision group.


Before docking the robot, two surgeons made a longitudinal incision through the right rectus abdominis that was 5–7 cm in length and 3–4 cm from the umbilicus in the AI group. The upper edge of the incision was horizontal to the umbilicus. This incision is referred to as the AI (Figure 1B). After the AI was made, a small Alexis wound retractor was placed (Figure 2A). The Alexis wound retractor has an air-tight cover through which a 12-mm trocar was inserted and used as the assistant port. Placement of the camera and robot ports was the same as the iOI group ports (Figures 2B,C). The robot was docked adjacent to the patient's left thigh, and a pneumoperitoneum was established with the pneumoperitoneal pressure maintained at 12 mmHg (Figure 2D).


[image: Figure 2]
FIGURE 2
(A) The advance incision with an alexis wound retractor. (B) Inserting the camera port under direct vision through the advance incision. (C) The photograph of the advance incision and the port placement in the advance incision group. (D) The photograph of docked robot in the advance incision group.


The surgical assistant stood on the right side of the patient and assisted in the operation through the assistant port (Figure 3A). We used an intermediate approach and performed a colectomy through a medial-to-lateral approach in all patients. Starting from the sacral cape level, the mesentery was stripped upward along the abdominal aorta. Then, Toldt's space was expanded, the inferior mesenteric artery and vein were denuded, and the lymph nodes were excised. For middle or low rectal cancer, the inferior mesenteric artery was ligated distally to the left colic artery to ensure adequate perfusion. The left ureter, gonadal vessels, and autonomic nerves were safeguarded intraoperatively. The colon and rectum were mobilized with an electro-coagulation hook or ultrasonic knife according to the TME and CME principles. A linear stapler (45 or 60 mm) was used to divide the colon at >2 cm from the distal end of the tumor.


[image: Figure 3]
FIGURE 3
(A) The assistant assists in robotic surgery through the advance incision. (B) Removal of the specimen through the advance incision. (C) Embedding the tubular stapler anvil and replacing the proximal colon into the abdomen through the advance incision. (D) The photograph of the advance incision, port incisions, and the surgical drain after suturing.


When the the previous steps was completed, the pneumoperitoneum was suspended. And we choes not to dock the robot. The assistant port incision was extended according to the tumor size by one assistant, with a length of 3–4 cm, and the Alexis wound retractor was placed in the iOI group. There was no need to make another incision in the AI group. After release of the pneumoperitoneum, the airtight cover of the Alexis wound retractor was removed in the AI group.

The specimen was removed, and the colon was resected approximately 10 cm from the tumor. No ischemia was observed in the proximal colon. Next, a purse string suture was used to embed the anvil of a 29-mm tubular stapler (Figures 3B,C). The proximal colon was replaced into the abdomen, and the airtight cover of the Alexis wound retractor was covered. Finally, a 29-mm tubular stapler was inserted into the anus and anastomosed under direct vision after the pneumoperitoneum was re-established.

The pneumatic leak test was performed by injection of 50 ml of air into the colorectum from the anus to confirm the integrity of the stapled anastomosis. If the pneumatic leak test was positive, additional sutures were placed to strengthen the anastomosis. For patients with a positive pneumatic leak test or an anastomosis <7 cm from the anus, a drain was placed into the rectum through the anus to decrease the rectal pressure. And the drain prevents the faecal load from contacting anastomosis, thereby preventing leakage of faeces into the peritoneal cavity (13). A surgical drain was placed in the pelvic cavity or left paracolic gutter close to the anastomotic site. The peritoneum was then closed with a continuous 2–0 absorbable surgical suture, and the anterior sheath of the rectus abdominis was closed by an interrupted 2–0 absorbable surgical suture. Before being closed, the skin incision was rinsed with 200 ml of dilute iodophor, and the skin was disinfected with iodophor. Finally, the incision was closed with simple interrupted non-absorbable silk sutures (Figure 3D).



2.4. Statistical analysis

SPSS statistical software was used for data analysis (SPSS version 26.0; SPSS, Inc., Chicago, IL, United States). Quantitative variables are presented with descriptive statistics, including the median and range. Nominal variables were compared with chi-square test or Fisher's exact test. A p value < 0.05 was considered statistically significant.




3. Results


3.1. Patient characteristics

From January 2016 to October 2021, 152 patients underwent robotic-assisted laparoscopic rectal anterior resection at the First Affiliated Hospital of Chongqing Medical University. Twelve patients underwent combined organ resection, 17 patients underwent natural orifice specimen extraction surgery, 14 patients received neoadjuvant radiotherapy and chemotherapy, and 7 patients were excluded because of incomplete clinical data. Finally, 102 patients were included in the statistical analysis. Among the 102 patients, 50 received an advance incision in the experimental group (AI group), and 52 patients received an intraoperative incision in the control group (iOI group).

The baseline characteristics of the two groups are listed in Table 1. No significant differences were found in sex, age, body mass index (BMI), tumor height above the anal verge, tumor stage, American Society of Anesthesiologists Classification (ASA Class) (14), and prior abdominal surgery between groups.


TABLE 1 Comparison of the baseline characteristics of the study patients.
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3.2. Surgical procedure

Four patients had positive pneumatic leak tests (AI group, n = 2; iOI group, n = 2). The anastomosis was reinforced with absorbable sutures, and a surgical drain was placed into the rectum through the anus to decrease the rectal pressure in these patients. All four patients recovered postoperatively, with no anastomosis-related complications. The incision of one patient in the AI group was appropriately prolonged intraoperatively because the tumor was larger than expected; the specimen was removed without difficulty, and no intestinal compression or rupture occurred. The patient did not experience any incision-related complications, such as an incision infection or hematoma. One patient had air leakage of pneumoperitoneum through the AI intraoperatively. The incision was narrowed by sutures, and a large piece of wet gauze was used to wrap the Alexis wound retractor to increase the tightness. The operation was successfully completed.



3.3. Comparison of postoperative outcomes

Comparisons of postoperative parameters between patients in the AI and iOI groups are shown in Table 2. No significant differences were observed in the operative time, blood loss, time to first passage of flatus, time to first passage of stool, duration of hospitalization, and rate of overall postoperative complications between groups.


TABLE 2 Comparison of perioperative outcomes between groups.

[image: Table 2]

Two patients (one patient in each group) experienced anastomotic leakage. The patient in the iOI group underwent a double-lumen ileostomy because of a severe abdominal infection. The patient in the AI group was cured by non-surgical treatment, including antibiotics, rehydration, and nutritional support. One patient in the AI group had hematochezia at the first day after the operation. The color of the patient's faeces was bright red, and the bleeding volume was approximately 50 ml. The possibility of anastomotic bleeding was considered high. After stanching bleeding with medicines such as Hemocoagulase Bothrops Atrox for Injection, Carbazochrome Sodium Sulfonate for Injection, the patient was cured without anastomotic complications. Except for patients with anastomotic leakage, there were three patients who had positive drainage fluid bacterial cultures (AI group, n = 2; iOI group, n = 1). The patients had abdominal pain and fever, and the inflammatory indices, including the leukocyte count, and the C-reactive protein and procalcitonin levels, were elevated, thus suggesting an abdominal infection. All three patients were cured after antibiotic treatment. Five patients had bowel obstruction postoperatively (AI group, n = 2; iOI group, n = 3). Despite the possibility of postoperative intestinal adhesion, the patients recovered after non-surgical treatment, including antibiotics, nutritional support, and gastrointestinal decompression. Three patients had chylous fistula postoperatively (AI group, n = 1; iOI group, n = 2) and positive chylous tests. The surgical drain was left in place until the drainage fluid was clear and the drainage fluid was <20 ml per day, and the chylous test was negative. Urinary retention occurred in one patient in the AI group postoperatively. Seven days postoperatively, the patient had difficulty urinating after removal of the urinary catheter. B-scan ultrasonography suggested that the residual urine volume was 150 ml. Despite the possibility of a postoperative neurogenic bladder, urinary retention was resolved after bladder training and self-catheterization for 3 months.



3.4. Comparison of incisional short-term outcomes

Comparisons of incisional short-term outcomes between patients in the AI and iOI groups are shown in Table 3. The mean time for making an auxiliary incision differed significantly between groups (AI group vs. iOI group = 14.14 vs.19.77 min p < 0.05). Moreover, the AI group had a shorter incision length than the iOI group (AI group vs. iOI group = 6.12 vs.7.29 cm p < 0.05). In addition, no significant differences were observed in the incidence of incision infection, hematoma, or incision healing time between groups. Six patients developed an incision infection postoperatively (AI group, n = 2; iOI group, n = 4), and the incision secretion bacterial cultures were positive. We removed the sutures of these patients’ incisions. And we filled the infected incisions with gauze to drain the secretion. With the exception of one patient with an abdominal infection, the other patients were not treated with antibiotics, and all incisions healed uneventfully. Four patients developed incision exudate and were diagnosed with fat liquefaction; their bacterial cultures were negative (AI group, n = 2; iOI group, n = 2). The patients showed improvement after removing sutures and draining with gauze. Two patients in the iOI group developed incision hematoma postoperatively. We found that the incisions oozed blood and there were subcutaneous hematomas. After removing the sutures, we cleaned the blood clots and sutured to stop bleeding. Then we sterilized and re-sutured the incisions. No incision infections occurred, and the incisions healed well. We routinely scored pain postoperatively [visual analogue scale (VAS) score]. The degree of postoperative incisional pain in the AI group was significantly lower than that in the iOI group (VAS scores: AI group = 2.5; iOI group = 2.88; p = 0.048).


TABLE 3 Comparison of incisional outcomes between groups.
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3.5. Comparison of survival outcomes between groups

All patients underwent a radical R0 resection, that was confirmed by pathologic evaluation. The mean duration of follow-up was 24.6 months [AI group: 21.2 months (range, 3.0–36.0 months); iOI group: 25.7 months (range, 3.0–39.0 months)]. The overall recurrence and metastasis rates were 4.9% (5/102) and 5.9% (6/102), respectively. The rates of recurrence [AI group vs. iOI group (4.0% vs. 5.8%)] and metastasis [AI group vs. iOI group (6.0% vs. 5.8%)] were similar between groups. Two patients in the AI group (T3N2 and T4N1) and three patients in the iOI group (T4N0, T3N1, and T4N2) developed local recurrence. Three patients in the AI group (T3N1, T4N1, and T4N2) developed hepatic metastasis. One patient in the iOI group (T3N0) had pulmonary metastasis, and two patients (T3N2 and T4N1) had hepatic metastasis postoperatively (Table 4). Tumor staging was performed according to the 8th edition of the American Joint Committee on Cancer Staging Manual (15).


TABLE 4 Local recurrence and distant metastases in the two groups.

[image: Table 4]

We also followed long-term incision complications, including incisional hernia and intestinal obstruction. No incisional hernias occurred in the AI group. One patient in the iOI group experienced an incisional hernia 15 months postoperatively. The defect size was approximately 4 cm × 5 cm, and the hernia was reducible. The patient received an abdominal belt without surgical treatment. One patient in the iOI group experienced repeated episodes of intestinal obstruction postoperatively at an interval of approximately 3 months. A CT scan revealed that the obstruction site was located in the pelvic cavity, and indicated an absence of recurrence or metastasis. Because of the possibility of adhesive intestinal obstruction, the patient underwent surgical treatment. No tumor recurrence was observed intraoperatively, however, an adhesive band in the pelvic cavity formed at the obstruction point.




4. Discussion

In 2006 Pigazzi et al. (2) reported robotic TME for rectal cancer. In recent years, with continual innovations in robotic surgery technology, robotic surgery has been more widely adopted in patients with rectal cancer; however, because of the relatively large size of robotic equipment, the surgical assistant has limited space to maneuver, thus hindering removal of specimens and placement of the tubular stapler anvil. To simplify the operative process and improve operative efficiency, we developed an advance incision for robotic-assisted laparoscopic rectal anterior resection. Compared with other ways to perform auxiliary incisions in robotic-assisted laparoscopic rectal anterior resection, this technology is safe and feasible, and it effectively improves the prognosis of postoperative wounds, according to our findings. Thus, the advance incision technique has important clinical application value.

We observed no significant differences in the time to first passage of flatus, time to first passage of stool, duration of hospitalization, and rate of overall postoperative complications between groups. These findings might have been because the operations were performed by the same surgeon, and all surgical procedures followed TME standards. The only difference was the sequence of perform incisions, which had little effect on the procedure within the abdominal cavity. The postoperative recovery of patients was not usually affected.

In our study, the overall operative time in the AI group was 206.94 min. Baik et al. (16) have reported an average operative time for da Vinci robot surgery of 217.1 min. Our operative time was shorter, possibly because they undocked the robot to place the tubular stapler anvil (16). Because we have reduced the steps of docking the robot. Therefore, the use of the advance incision effectively shortened the time of robotic rectal surgery comparing with other researches. But the difference between two groups was not significant in total operation time in our study, because the number of times docking the robot was the same. As for the surgical process of the two groups of patients, only the moment of performing the incision was changed, and other operation steps were the same. And performing the advance incision is only a small part of the operation process, which determines that the operation time is more related to the intra-abdominal operation steps. At the same time different patients have different conditions whitch may affect the results of average operation time in each group. Although time of performing the auxiliary incisions was shorter in the AI group, if compared with the overall operation time, its limited difference in the time of performing the auxiliary incisions will be diluted. So there was no statistical difference in the overall time between the two groups, but there was statistical difference in time for performing the auxiliary incisions.

The incidence of postoperative complications was 16.0% and 13.5% in the AI and iOI groups (p = 0.717), respectively. The absence of significant differences between groups suggested that the advance incision is safe and feasible. Kang et al. (17) have reported an incidence of postoperative complications in robotic-assisted laparoscopic rectal anterior resections of 19.0%. Alimoglu et al. (18) have reported a postoperative complication rate after robotic rectal surgery of 16.0%. The results of these studies are similar to our results, thus suggesting that the AI is safe and feasible, and does not lead to increased postoperative complications. Herein, the AI group had a significantly shorter time of performing the auxiliary incision, a significantly shorter incision length, and significantly lower postoperative incision pain, possibly because the auxiliary incision was made before docking the robot, thus enabling cooperation among surgeons, superior hemostasis, and better incision healing. The surgeon's intention to shorten the incision due to the fear of air leakage through the advance incision may cause the difference. But the auxiliary incision was performed by one assistant in iOI group. Due to the inconvenience of operating by one person, to better expose the tissue and better stop bleeding, the surgeon may extend the length of the incision involuntarily. Studies have shown that robotic surgery decreases the incision infection rate below that of laparoscopic rectal anterior resection (19, 20). David et al. (21) have reported an incidence of incision infection after robotic rectal surgery of 8.9%. In our study, the overall incision infection rate was 6.0% (4.0% in the AI group and 7.7% in the iOI group). The lower infection rate in the AI group might have been because the AI was closer to the upper abdomen than other auxiliary incisions, and the incision was shorter. Therefore, the advance incision effectively decreases the incision infection rate after robotic surgery and has clinical application value.

The overall postoperative rectal cancer recurrence rate was 4.9%, and the postoperative metastasis rate was 5.9%. Lee et al. (22) have reported a local recurrence rate after robotic rectal cancer surgery of 5.9%, a value similar to our results. Moreover, our study indicated similar recurrence and metastasis rates in the AI and iOI groups, thus suggesting that the advance incision is safe. Although there were differences in the opening time and position of the incision between the two groups, the other operative processes were the same. The two surgical methods complied with the principles of TME and CME for colorectal cancer. Furthermore, we did not observe an increase in implant metastasis in the advance incision, possibly because of the relative distance between the incision and the tumor and the use of an Alexis wound retractor. In addition, opening the incision in advance did not lead to an increase in the incidence of postoperative adhesive ileus, possibly because the occurrence of this condition is related primarily to the operative site and method, but not the time for performing the incision. In conclusion, the advance incision is safe and feasible with respect to long-term complications and prognosis.

It is worth mentioning that we found the following advantages of the advance incision in clinical applications: (1) Before the trocar is inserted into the camera port, in contrast to the advance incision, other surgical methods use blind puncture with the Veress needle, thereby greatly increasing the risk of accidental injury (23). For patients with a history of abdominal surgery, the difficulty and risk of inserting trocars caused by abdominal adhesions are substantially greater. The advance incision can separate the adhesions in the abdominal cavity under direct vision or through the single-port laparoscopic technique (24, 25) before trocar insertion. (2) In the event of an intraoperative emergency, such as uncontrollable massive hemorrhage, the use of an advance incision can notably save the time required for a laparotomy: the advance incision can be extended to achieve rapid laparotomy, and bleeding can even be stopped through the advance incision. For robotic surgery requiring substantial time to docking the robot, the advance incision greatly improves the safety of the operation. (3) The advance incision increases the flexibility of the assistant, allows the assistant to better cooperate with the primary surgeon, and improves the operative efficiency. (4) In obese patients, exposure of the surgical field can be difficult in traditional laparoscopic surgery (26–28). The presence of an advance incision enables intraoperative placement of large gauze to displace organs, such as the small intestine, and help expose the surgical field.

Notably, the following aspects should be considered in the application of the advance incision. (1) The patient's condition should be evaluated in detail preoperatively, the tumor size should be preliminarily evaluated with CT and MRI, and the length of the advance incision should be adjusted appropriately according to the tumor size to avoid excessive extrusion during specimen removal. (2) The advance incision may increase the risk of pneumoperitoneum leakage. If the pneumoperitoneum pressure decreases, the assistant can use a suture to narrow the incision, and wrap the Alexis wound retractor with large wet gauze to strengthen the sealing performance.

This study has several limitations. First, this was a retrospective study with a small sample size. Hence, larger prospective studies are required to confirm the results of this study. Second, the decision to perform an AI or iOI was made by the operating surgeon, thus potentially leading to selection bias; however, all the surgical procedures were completed according to the standard TME surgical procedures; the only difference was the time to perform auxiliary incisions. We believe that the influence of this selection bias was limited and had little influence on the experimental results. Thus, the advance incision is safe and feasible in robotic-assisted laparoscopic rectal anterior resection and has clinical value.



5. Conclusion

The advance incision is a safe and effective technique for robotic-assisted laparoscopic rectal anterior resection that simplifies the surgical procedure, enhances operability, and improves the healing of the surgical incision. The application of an advance incision, which may support the promotion of robotic surgery, has important clinical value. Future prospective randomized trials are warranted to validate the findings of our study.
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Background

Lipid metabolism and cancer-related inflammation are closely related to the progression and prognosis of colorectal cancer (CRC). Therefore, this study aims to establish novel nomograms based on the combined detection of preoperative blood lipids and systemic inflammatory indicators to predict the overall survival (OS) and cancer-specific survival (CCS) of CRC patients.




Methods

A total of 523 patients with stage I-III CRC in our institute were collected from 2014 to 2018. The independent predictors for OS and CCS were determined by forward stepwise Cox regression for the establishment of prognostic models. The superiorities of different models were compared by concordance index (C-index), Akaike information criterion (AIC) and integrated discrimination improvement analysis. The performance of the nomograms based on the optimal models was measured by the plotting time-dependent receiver operating characteristic curves, calibration curves, and decision curves, and compared with the tumor-node-metastasis (TNM) staging system. The cohort was categorized into low-risk, medium-risk and high-risk groups according to the risk points of the nomogram, and analyzed using Kaplan–Meier curves and log-rank test.




Results

Preoperative TG/HDL-C ratio (THR) ≥ 1.93 and prognostic nutritional index (PNI) ≥ 42.55 were independently associated with favorable outcomes in CRC patients. Six (pT stage, pN stage, histological subtype, perineural invasion, THR and PNI) and seven (pT stage, pN stage, histological subtype, perineural invasion, gross appearance, THR and PNI) variables were chosen to develop the optimal models and construct nomograms for the prediction of OS and CCS. The models had lower AIC and larger C-indexes than other models lacking either or both of THR and PNI, and improved those integrated discrimination ability significantly. The nomograms showed better discrimination ability, calibration ability and clinical effectiveness than TNM system in predicting OS and CCS, and these results were reproducible in the validation cohort. The three risk stratifications based on the nomograms presented significant discrepancies in prognosis.




Conclusion

Preoperative THR and PNI have distinct prognostic value in stage I-III CRC patients. The nomograms incorporated the two indexes provide an intuitive and reliable approach for predicting the prognosis and optimizing individualized therapy of non-metastatic CRC patients, which may be a complement to the TNM staging system.
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Introduction

Colorectal cancer (CRC) is one of the most common malignant tumors worldwide, and its incidence rate on the rise in recent years. It is reported that CRC is the cancer with the third highest incidence rate and the second highest mortality rate, which is second only to lung cancer (1). Surgical resection is currently the primary treatment for non-metastatic CRC, and about 50% of patients have recurrence or metastasis (2). Therefore, adjuvant therapy is recommended for CRC patients with high-risk factors. Despite continuous progress in treatment, the long-term survival rate of CRC patients is still not optimistic, with a 5-year survival rate of only 60% for those undergoing radical surgery (3).

At present, the criteria widely used to predict postoperative risk and develop treatment strategy of CRC patients is still the classification system of tumor-node-metastasis (TNM) approved by the American Joint Cancer Committee. Moreover, higher histological grading, positive lymphovascular invasion, positive perineural invasion, preoperative intestinal obstruction or perforation, elevated levels of preoperative carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) have been generally recognized to be associated with recurrence, metastasis and short survival (4, 5). However, due to the heterogeneity of CRC, its clinical course is not always predictable, and patients with the same disease stage and similar pathological features may have different outcomes. Thus, it is always necessary for clinicians to identify new and effective factors related to the poor prognoses of CRC patients, so as to optimize personalized treatment.

A large number of studies have shown that lipid metabolism plays a key role in carcinogenesis and the invasive or metastatic procedure of neoplasms (6). For instance, abnormal triglyceride (TG) metabolism regulates tumor cell proliferation through adenosine monophosphate-activated protein kinase (AMPK) and mechanistic target of rapamycin (mTOR) pathway (7); cholesterol promotes tumor progression and chemotherapy resistance by altering cytoskeleton, angiogenesis and apoptosis (8); low-density lipoprotein cholesterol (LDL-C) promotes tumor progression through accumulating more reactive oxygen species and mitogen-activated protein kinase (MAPK) signaling pathway (9); and high-density lipoprotein cholesterol (HDL-C) may be associated with increased levels of anti-inflammatory cytokines such as interleukin (IL)-10, which reduces the production of pro-inflammatory cytokines such as IL-6 and tumor necrosis factor (TNF)-α, thereby inhibiting the growth and proliferation of tumor cells and promoting their apoptosis (10). It was reported that some routinely measured blood lipid parameters were effective prognostic factors for many solid malignant tumors, including CRC, prostate cancer, and breast cancer (11–13). In addition, serum lipid derivatives, including the ratio of TC minus HDL-C to HDL-C which is known as the atherosclerotic index (AI), the ratio of TG to HDL-C (THR), and the ratio of LDL-C to HDL-C (LHR), have been widely considered to be associated with cardiovascular and cerebrovascular diseases, and their prediction for prognosis is better than that of individual blood lipid indicators (14, 15). Previous studies have shown that serum lipid derivatives have significant predictive ability for postoperative survival of patients with malignant tumors such as breast and gastric cancer (16–18).

Tumor-related inflammatory response is closely related to tumor cell proliferation, angiogenesis, metastasis, anti-tumor immune disorder, and drug resistance of anti-cancer therapy (19). As markers of the systemic inflammatory, neutrophils and platelets secrete pro-inflammatory cytokines such as vascular endothelial growth factor, tumor necrosis factor, interleukin-2, and interleukin-6 to affect the development of tumors (20, 21). It is found that monocytes and lymphocytes play an anti-tumor role by enhancing the immune response to neoplasms (22, 23). Recently, some immune prognosis scores that can only be obtained by calculating the whole blood cell count and/or preoperative nutritional indicators, such as neutrophil/lymphocyte ratio (NLR) (24), platelet/lymphocyte ratio (PLR) (25), neutrophil/white blood cell ratio (NWR) (26), lymphocyte/monocyte ratio (LMR) (27), C-reactive protein (CRP)/albumin (Alb) ratio (CAR) (28), modified Glasgow prognostic score (mGPS) (29), systemic immune inflammation index (SII) (30) and prognostic nutritional index (PNI) (31, 32), have been proved to be able to predict the prognoses of a variety of malignant tumors including CRC.

Researchers have begun to pay attention to the subtle relationship between plasma lipids and inflammation in patients with malignancies. Blood lipids may affect the development of tumors by up-regulating or suppressing immune responses (11, 33). On the contrary, malignant tumors may also trigger low-grade acute phase response through systemic inflammatory responses, leading to changes in lipid metabolism (34). It is reasonable to propose a hypothesis that the combination of circulating serum lipids and immune indexes may be helpful to identify CRC patients with poor prognosis. In this study, we aim to explore the prognostic value of preoperative blood lipids and inflammatory indexes in patients with non-metastatic CRC undergoing radical surgery, and attempt to develop and validate novel and promising prognostic nomograms to complement TNM staging system and to optimize individualized prediction of such populations.




Materials and methods




Patient selection

We collected the medical records of CRC patients admitted to the Affiliated Tumor Hospital of Guangxi Medical University from January 2014 to December 2018. Patients who meet the following criteria will be included study: 1) patients who received radical surgery (surgical R0 excision) and were confirmed as CRC by histopathology; 2) without distant metastasis before operation; 3) patients did not receive any preoperative anti-tumor treatment. The exclusion criteria included: 1) patients who suffered from other malignant tumors in the past or at the same time; 2) patients with two or more primary tumors; 3) patients who diagnosed with familial hereditary CRC such as Lynch syndrome and familial adenomatous polyposis; 4) patients who have taken any drug known to affect blood lipids level, such as lipid-lowering drugs, glucocorticoids, and metformin within six months before collecting serum information; 5) patients who have any clinical evidence of acute infectious disease such as pneumonia and urinary tract infection, liver or kidney dysfunction, severe cardiovascular or cerebrovascular disease, and other serious diseases before surgery; 6) patients receiving less than 3 months of follow up; 7) patients lacking relatively complete and available clinicopathological, laboratory information and follow-up data. Eligible patients constitute the overall cohort (N = 523) and were randomly assigned to a training cohort (N = 418) or validation cohort (N = 105) in 4:1 ratio. The flow chart for cohort selection was described in Figure 1.




Figure 1 | Flow diagram of patient selection.



This study was approved by the Ethics Committee of the Affiliated Tumor Hospital of Guangxi Medical University (LW2023012). Individual consent from patients for this retrospective study was waived.




Data collection and definition

All data were obtained from the electronic medical record system of the Affiliated Tumor Hospital of Guangxi Medical University. Patients’ clinical information included gender, age at diagnosis, body mass index (BMI), presence of preoperative intestinal obstruction or perforation, operation type, and the number of harvested lymph nodes in surgery. Among them, BMI was further divided into underweight (<18.5 kg/m2), normal weight (18.5-23.9 kg/m2), overweight (24.0-27.9 kg/m2) and obesity (≥28 kg/m2) in accordance with the diagnostic criteria in China (35). Tumor condition included TNM stage, pT stage, pN stage, histological subtype, differentiation degree, perineural invasion, lymphovascular invasion, tumor location, tumor size, and gross appearance. The pathological staging was performed according to the 8th edition of the American Joint Committee on Cancer (AJCC) TNM staging system.

Laboratory indicators included serum lipid indexes, inflammatory indexes, and tumor markers. All blood samples were obtained by drawing fasting venous blood from the participants within two weeks before surgery. Serum lipid indexes included total cholesterol (TC), TG, HDL-C, LDL-C, apolipoprotein A1 (apoA1), apolipoprotein B (apoB), lipoprotein(a) [Lp(a)], and three blood lipid derivatives such as AI, THR, and LHR. Among them, the levels of TC and TG were assayed with enzymatic methods, while HDL-C and LDL-C were detected with direct methods. Serum levels of apoA1, apoB, and Lp(a) were measured using immunoturbidimetry. The measurements were conducted on the Siemens ADVIA 2400 automatic biochemical analyzer, and the kits were purchased from commercial sources.

Inflammatory indexes included CAR, mGPS, SII, LMR, NLR, PLR, NWR, and PNI. Notably, mGPS was evaluated in light of the previously reported formula (36): score 0: no increase in CRP (≤ 10mg/L); score 1: increase in CRP (> 10mg/L), but normal level of Alb (≥ 35g/L); score 2: increase in CRP (> 10mg/L), and decrease in Alb (< 35g/L). SII and PNI were calculated according to the previously reported formulas (30, 37): SII = (platelet × neutrophil count)/lymphocyte count; PNI = 10 × serum Alb level (g/dL) + 0.005 × peripheral blood lymphocyte count (mm3). In addition, serum tumor markers such as CEA and CA19-9 were also collected.




Follow-up

The Follow-up was performed every 3 to 6 months for the first 2 years after surgery, every 6 months for the next 3 years, and annually thereafter until patient’s death or March 2022. The primary endpoints were overall survival (OS) and tumor-specific survival (CCS). OS was defined as the interval from the date of surgery to death or the last follow-up, and CCS was defined as the interval from the date of surgery to death due to CRC or the last follow-up.




Statistical analysis

Categorical variables were expressed as frequencies (percentages) and compared using the chi-square test or Fisher’s exact test. Cut-off values for tumor markers were defined according to conventional reference ranges. And for lipid and inflammatory markers, the optimal cut-off values were obtained in the overall cohort to predict OS by using the maximum x2 method in the R language “maxstat” package (38).

All variables were consistent with the proportional hazard assumption. Univariate Cox regression analysis was used to assess the impact of each variable on OS and CCS in the total cohort, and the variables with P < 0.10 were regarded as potential predictors. Multivariate Cox regression analysis with forward stepwise selection was performed to identify independent prognostic factors. First, we identified prognostic factors that independently predict OS and CCS among the clinicopathological variables, which were defined as basic risk factors. Then, these factors were entered into stepwise regression together with laboratory indicators for variable screening. All selected independent prognostic factors with P < 0.05 were used to establish predictive models for OS and CCS based on the training cohort. Meanwhile, in order to prove the superiorities of the models, a few models containing different combinations of independent candidate variables were constructed, such as blood lipid models including serum lipids and clinicopathological factors, inflammatory models including inflammatory indicators and clinicopathological factors, and basic risk models with only clinicopathological factors. Akaike information criterion (AIC) and concordance index (C-index) were used for model comparison. The smaller the AIC value and the larger the C-index, the better the model. In addition, the integrated discrimination improvement (IDI) was applied to measure the improvement in forecasting ability of models. Nomograms for the likelihood of OS and CCS at 3- and 5-year were developed separately based on the optimal models. The predictive performance of the nomograms was assessed in the training cohort and compared with the 8th AJCC TNM classification. Time-dependent receiver operating characteristic (ROC) curves were used to evaluate the predictive discrimination of the nomograms. Calibration curve and decision curve analysis were applied to assess the clinical consistency and effectiveness of the nomograms. The boot-strap resampling strategy was applied to validate the nomograms internally. Furthermore, the nomograms were evaluated utilizing the same method in the validation cohort. The differences in the survival curves of patients stratified into low-risk, medium-risk and high-risk categories according to the risk points calculated from the nomograms were analyzed by applying Kaplan-Meier (K-M) survival analysis and log-rank test.

All statistical analyses were performed by using SPSS software, version 25.0 (SPSS Inc., Chicago, IL, USA) and R 4.1.2 software (Institute of Statistics and Mathematics, Vienna, Austria). All tests were two-sided and P values less than 0.05 were considered statistically significant.





Result




Patient characteristics

A total of 523 CRC patients including 310 (59.3%) males and 213 (40.7%) females were included in this study. The median age at diagnosis was 60 (39, 68) years. Among them, lesions of 122 patients (23.3%) were located in the right colon, 145 patients (27.7%) were located in the left colon and 252 patients (48.2%) were located in the rectum. There were 109 (20.8%), 189 (36.1%), and 225 (43.0%) patients with TNM stage I, II, and III, respectively. The median follow-up time was 53 months, ranged from 3 to 97 months. The total cohort included 115 patients who died during the follow-up, of which 104 died of CRC and 11 died of other diseases. There was no statistically significant difference in baseline features between the training (N = 418) and validation cohorts (N = 105). Detailed characteristics in the cohorts were summarized in Table 1.


Table 1 | Baseline characteristics.






Identification of basic risk factors for predicting OS and CCS

As classic prognostic factors, Clinicopathological variables such as pT stage, pN stage, gross appearance, differentiation degree, histological subtype, perineural invasion and lymphovascular invasion were all associated with the OS and CCS by univariate analysis in the overall cohort (all p < 0.10) (Tables 2, 3). With further selection by forward stepwise Cox regression analysis, pT stage, pN stage, histological subtype, and Perineural invasion were determined as independent prognostic factors of OS (all p < 0.05) (Table 2), and pT stage, pN stage, gross appearance, histological subtype and perineural invasion were determined as independent predictors of CCS (all p < 0.05) (Table 3). All factors above were considered as the fundamental risk factors and will be used as the cornerstones for further variable screening.


Table 2 | Univariate and multivariate Cox regression analysis of clinicopathological variables related to OS.




Table 3 | Univariate and multivariate Cox regression analysis of clinicopathological variables related to CCS.






Association between preoperative laboratory indicators and prognosis

In the entire cohort, univariate analysis showed that preoperative blood lipid indexes such as TC, HDL-C, LDL-C, THR, LHR, ApoA1, ApoB and Lp(a) were considered to be potential prognostic indicators for OS (all p < 0.10), while TC, TG, HDL-C, THR, LHR, ApoA1, and Lp(a) were potential prognostic indexes for CCS (all p < 0.10) (Table 4). Among the preoperative inflammatory indicators, univariate analysis showed that PNI was potentially associated with both OS and CCS (all p < 0.10) (Table 4). Besides, tumor markers such as CEA and CA19-9 also showed a correlation with prognosis in univariate analysis (Table 4). Further, both the identified basic risk factors and the candidate variables in preoperative laboratory indexes were collectively incorporated into the Cox regression analysis with stepwise forward. After multivariate analysis, only THR and PNI of blood indexes were finally selected (all p < 0.05) (Table 5). Our results showed that high THR level in patients was not only correlated with better OS (HR: 0.39, 95% CI: 0.19‐0.80, P = 0.010), but also correlated with better CCS (HR: 0.31, 95% CI: 0.14‐0.72, P = 0.006), and high PNI level in patients was associated with better OS and CCS (HR: 0.56, 95% CI: 0.36‐0.87, P = 0.010; HR: 0.50, 95% CI: 0.31‐0.81, P = 0.004, respectively) (Table 5).


Table 4 | Univariate Cox regression analysis for OS and CCS in laboratory parameters.




Table 5 | Selected variables by multivariate forward stepwise Cox regression analysis.






Development and comparison of novel prognostic models

According to the independent prognostic variables previously determined by multivariate regression, the blood lipid and inflammation models (model A and E), blood lipid models (model B and F), inflammation models (model C and G), and basic risk models (model D and H) were developed respectively to predict OS and CCS based on the training cohort (Table 6). Among them, model A predicting OS included pT stage, pN stage, histological subtype, perineural invasion, THR, and PNI, while model E predicting CCS included pT stage, pN stage, gross appearance, histological subtype, perineural invasion, THR, and PNI. In the comparison of different prognostic models (Table 6), the models with both THR and PNI had lower AIC values and higher C-indexes (with 1000 boot-strap resampling adjustments) (Model A: AIC: 1006.232; adjusted C-index: 0.741. Model E: AIC: 882.210; adjusted C-index: 0.763) than did models with other variables combination. And compared with the C-indexes of other models, the difference is statistically significant (all p < 0.05). The IDI analysis illustrated that the addition of PNI parameter could improve the integrated discrimination ability of blood lipid models (Model A vs model B: IDI = 0.027, p = 0.022; model E vs model F: IDI = 0.035, p = 0.022). Similarly, the predictive capability of inflammatory models was improved by adding THR parameter (Model A vs model C: IDI = 0.021, p = 0.018; model E vs model G: IDI = 0.026, p = 0.004). Compared with the basic risk model, the models combined with THR and PNI significantly improved comprehensive prediction ability (Model A vs model D: IDI = 0.050, p = 0.004; Model E vs model H: IDI = 0.063, p = < 0.001), especially more significant than the TNM staging models (Model A vs TNM: IDI = 0.116, p < 0.001; Model E vs TNM: IDI = 0.153, p < 0.001).


Table 6 | Construction and comparison of different prognostic models.






Construction and validation of novel nomograms

Novel nomograms were constructed on the strength of the optimal models (Figures 2A, B). The predicted area under the curve (AUC) values for 3- and 5-year OS and CCS in the training cohort utilizing the nomograms were 79.0 (95% CI: 71.9-86.1) and 78.6 (95% CI: 72.0-85.3) (Figures 2C, D), and 81.3 (95% CI: 74.1-88.6) and 81.7 (95% CI: 75.2-88.3) (Figures 2E, F), respectively, all of which were superior to the AUC values predicted by TNM stage. The calibration curve adjusted by 1000 times boot-strap resampling also indicated that the prediction probability of the nomograms for 3- and 5-year OS and CCS were consistent with the actual observation (Figures 2G–J). Finally, we draw decision curves to illustrate the clinical applicability of the nomograms. The decision curves showed that the clinical effectiveness of the nomograms is better than that of TNM staging system within the actual threshold probability range (Figures 2K, L).




Figure 2 | Construction of nomograms based on the training cohort to predict OS (A) and CCS (B) at 3- and 5-year in patients with non-metastatic CRC after receiving radical surgery. ROC curves for assessing the discrimination ability of the nomograms and TNM staging system for OS (C, D) at 3- and 5-year and for CCS (E, F) at 3- and 5-year in the training cohort. Calibration curves for evaluating the clinical consistency of the nomograms in predicting 3- and 5-year OS (G, H) and 3- and 5-year CCS (I, J) in the training cohort. Decision curves of the novel nomograms and TNM classification for predicting 3- and 5-year survival of OS (K) and CCS (L) in the training cohort.



In the validation cohort, the AUC values for predicting 3- and 5-year OS and CCS using the nomograms were 91.3 (95% CI: 83.2-99.5) and 83.3 (95% CI: 69.2-97.4) (Figures 3A, B), and 92.2 (95% CI: 85.0-99.5) and 87.3 (95% CI: 74.2-100.0) (Figures 3C, D), respectively, all of which were also higher than those of TNM stage. Similarly, the calibration curves (Figures 3E–H) and decision curves (Figures 3I, J) showed that the nomograms had favorable calibration capacity and clinical efficacy in predicting 3- and 5-year OS and CCS in the validation set.




Figure 3 | ROC curves for assessing the discrimination ability of the nomograms and TNM staging system for OS (A, B) at 3- and 5-year and for CCS (C, D) at 3- and 5-year in the validation cohort. Calibration curves for evaluating the clinical consistency of the nomograms in predicting 3- and 5-year OS (E, F) and 3- and 5-year CCS (G, H) in the validation cohort. Decision curves of the novel nomograms and TNM classification for predicting 3- and 5-year survival of OS (I) and CCS (J) in the validation cohort.



According to the gross risk score assigned to each patient by nomograms, the cases in the training cohort were ranked in ascending order and divided into low-risk, medium-risk, and high-risk groups with 50% and 80% percentiles as the cut-off values (For OS: 190.48, 260.99; for CCS: 212.01, 287.03). The K-M survival curves revealed that the differences of survival rate among the groups were statistically significant (all p < 0.001) (Figures 4A, B).




Figure 4 | K-M curves depicting OS (A) and CCS (B) of the training cohort stratified by 50% and 80% percentiles of risk points calculated based on the nomograms. K-M survival curves describing OS (C) and CCS (D) of the training cohort categorized into 3 groups according to the combination of THR and PNI at different levels. Time-dependent AUC curves showing the AUC values of THR combined with PNI compared to serum lipid or systemic inflammatory indexes alone to predict OS (E, F) and CCS (G, H).






The prognostic value of combined THR and PNI in patients with CRC following radical surgery

We divided the training cohort into three groups: both high THR and high PNI, either low THR or low PNI, and both low THR and low PNI. The K-M survival curves showed that patients with low THR and low PNI had the shortest OS and CCS (all p < 0.05) (Figures 4C, D). In addition, we also plotted time-dependent AUC curves of each indicator. The results showed that the combination of THR and PNI could achieve higher AUC values in predicting OS and CCS during 20-60 months than using blood lipid or inflammatory parameters alone (Figures 4E–H).




The relationship between THR and PNI and clinicopathological characteristics

To better understand the role of THR and PNI in CRC prognosis, we further analyzed the correlation between them and clinicopathological features in the entire cohort (Table 7). Patients with higher BMI and tumor located in the left colon or rectum had higher THR levels, indicating that THR level may be influenced by BMI and tumor location. Patients with higher PNI level tended to have younger age, have more advanced pN stage, have a higher proportion of in the left colon or rectum tumors, and have smaller tumor. These results suggested that the PNI level may be influenced by the age of patient, pN stage of the tumor, tumor location, and tumor size.


Table 7 | Correlations between serum THR, PNI and clinicopathological factors in the overall cohort.







Discussion

Based on the single center retrospective cohort data, we investigated the effects of clinicopathological factors, blood lipid indexes, and systemic inflammatory indexes on the prognoses of non-metastatic CRC patients undergoing curative excision. Through multivariate analysis with forward stepwise, novel nomograms were established according to the optimal models containing THR and PNI, which could effectively predict the OS and CCS of the population at 3- and 5-year. Compared with traditional TNM classified system, nomograms showed better differentiation, accuracy and clinical applicability.

Given the role of lipid metabolism in carcinogenesis and the invasive or metastatic procedure in CRC, researchers are always keen to develop lipid parameters as new and convenient biomarkers for prognoses. THR is one of the derivatives of blood lipids. Previous studies proposed that its high level is associated with poor postoperative prognosis of breast cancer and gastric cancer (16, 17). However, there are still few studies on the predictive role of three lipid derivatives including THR in CRC patients. This study excluded people with non-cancerous factors that may affect blood lipid level, and adjusted other variables, indicating that higher THR level is independently associated with reduced risk of death. As far as we know, this study is the first time to propose THR as a meaningful prognostic marker for non-metastatic CRC patients. The contradictory assessment of the prognostic role of THR may be caused by different tumor types, study populations, and cut-off values. Although it remains unclear why a higher THR level is associated with a better prognosis of CRC, several speculations may explain this phenomenon. Firstly, it is speculated that such association is related to the higher level of TG and the corresponding lower HDL-C concentration. In fact, the existing studies on the relationship between these two lipid indexes and the prognoses of CRC is not sufficient, and the results are inconsistent. Yang et al. reported that dyslipidemia, including high serum level of TG and low level of HDL-C, was independently associated with the improvements of OS and recurrence-free survival in patients with colon cancer (12). Yin et al. found that increased adipose triglyceride lipase is negatively correlated with the OS of CRC patients, and in vivo experiments showed that it could promote the progression of CRC by enhancing lipid mobilization or lipolysis (40), which also reflects that high serum TG level are related to the improvement of prognosis. Other studies showed that increased TG or decreased HDL-C are associated with poor prognosis in CRC (11, 41), or not (13, 42). However, although some studies seem to support THR as an independent protective factor for CRC patients, further exploration is needed. Secondly, in the correlation analysis between THR and clinicopathological factors, we found that the high BMI was significantly related to the high levels of THR. Since TG is one of the prime lipid metabolites involved in energy supply, our findings support the hypothesis that an elevated level of THR may be mainly driven by TG concentration, which represent a better nutritional status and is related to a good prognosis of CRC. Thirdly, we also found that THR level in patients with tumors located in the right colon are significantly lower than those in the left colon or rectum. Despite no statistical significance has been observed in predicting survival in our study, previous studies have shown that the prognoses of patients with left-sided neoplasms are better than those of patients with right-sided neoplasms (43). It will be meaningful to further explore how the pathways affected by blood lipid profile interact with the carcinogenic pathways of different site (44).

Although indexes of systemic inflammation have been reported to predict cancer prognosis in recent years, it is still uncertain which marker has the greatest clinical application value. In this study, PNI was screened to be an independent protective factor affecting the postoperative survival of non-metastatic CRC patients by stepwise forward multivariate analysis. Onodera et al. firstly calculated PNI based on serum Alb level and peripheral blood lymphocyte count (37), and a large number of studies have confirmed its prognostic value in various cancers (31, 32). The activation of immune response can promote the protective response of cancer patients, which mainly depends on the levels of lymphocytes. A possible mechanism is that circulating lymphocytes may promote cytotoxic cell death to exert anti-tumor effect by secreting cytokines such as interferon-gamma and tumor necrosis factor-alpha (23). Alb, another component of PNI, is a common index to evaluate nutritional status in clinic. Malnutrition can inhibit the immune response by regulating the production of some cytokines and hormones which mainly affect T-lymphocytes metabolism and function (45). Moreover, poor nutritional status may delay surgery or adjuvant treatment for patients. However, there was also evidence that hypoproteinemia in CRC patients is associated with serum Alb degradation caused by systemic inflammatory response during tumor progression, rather than reduced synthesis caused by malnutrition alone (46). Therefore, low preoperative Alb level is usually associated with poor prognosis in patients with solid tumors. In summary, increased PNI levels may indicate that patients have a valid protective immune response and better nutritional status, so as to achieve longer survival.

Some studies have revealed the potential relationship between blood lipid derivatives and systemic inflammation. Blood lipid derivatives could serve as surrogate biomarkers of insulin resistance (IR) which is identified as a chronic subclinical inflammation in various chronic diseases including cancer (47, 48). The immune pathway mediated by pro-inflammatory cytokines such as IL-6 and TNF-α interferes with the biological effects of the insulin receptor downstream signaling and results in IR (49), which is also found to be closely involved in cancer development (50). Chronic IR is present in malignancies, and is speculated to contribute to tumor-related cachexia due to chronic exposure of pro-inflammatory cytokines and insulin growth factor binding protein (51). Because of the close interaction between IR and systemic inflammation in cancer patients, serum lipid derivatives combined with systemic inflammatory indicators may have an important predictive effect on cancer prognosis, as highlighted by a multicenter prospective study from China (18).

To our knowledge, THR and PNI were first applied together as independent prognostic factors for patients with non-metastatic CRC. While the combination of THR and PNI showed relatively higher AUC values and better predictive ability compared to using serum lipid or inflammatory indicators alone in predicting OS and CCS, it should be noted that the AUC values of the combined use of these two markers did not reach the clinically recommended level, which may contribute to their limited application in clinical practice. In our study, the combined detection of THR and PNI could help to screen patients with high risk of death, i.e. patients with both low THR and low PNI display the worst postoperative survival, indicating that there may be a synergistic effect between the two indexes in predicting CRC prognosis. Moreover, compared with the models including other combinations of variables or the TNM staging model, the models containing THR and PNI showed greater superiorities in the comparison of AIC and C-index. IDI analysis also revealed that the performance of the new prognostic models was significantly improved with the addition of THR and PNI. As discussed above, the combination of these two indicators may reflect a tumor-related metabolic and inflammatory state of the host, which could provide additional information for prognostic prediction of cancer. Although external data validation is still needed to confirm our findings, we believe that incorporating THR and PNI with traditional clinicopathologic features such as established TNM stage into an integrated system may lead to a more comprehensive and accurate prediction of survival outcomes for CRC patients.

In view of tumor heterogeneity and individual differences in nutrition and metabolism, there is no clear cut-off point for serum lipids and systematic inflammatory indicators to predict the prognosis of cancer patients. In this study, we used the maximum x2 method to obtain the optimal cut-off value of the above indicators, which could divide the cohort into two groups with maximum discrepancy based on log-rank statistics. Compared with the cut-off values obtained by arbitrary number method, median value method or ROC curves, our method could appropriately reflect the correlation between binary independent variables and dependent variables in time-to-event data. It is worth noting that the cut-off values of THR and PNI in this study were 1.93 and 42.55, respectively. Several reports (31, 39, 52, 53) on CRC utilized ROC curves analysis or classification and regression tree analysis to determine the best threshold value of preoperative PNI as 42.4 or higher, and found that the high-level group was associated with the lower incidence of postoperative complications and improved prognosis, which was consistent with our results. Nevertheless, there is still no large-scale cohort evidence to determine the cut-off value of THR for predicting postoperative survival of CRC patients, and further exploration is needed to facilitate clinical promotion and application.

The nomograms in this study contained pathological prognostic factors that have been widely recognized and utilized, such as pT stage, pN stage, histological subtype, and Perineural invasion. Furthermore, it is worth mentioning that gross morphology of tumors was identified as an independent candidate for predicting the clinical outcomes of stage I-III CRC patients undergoing radical operation. This is consistent with previous study which showed that patients with protruded type CRC have a lower risk of cancer-specific death (54). As a parameter that could be obtained directly by endoscopy or surgery, the predictive role of macroscopic morphology of CRC should not be underestimated.

The present research has several merits. First of all, through the detailed review of electronic medical records, the interference of non-CRC factors on blood lipids and inflammatory parameters was excluded with stricter criteria, which made the prognostic significance of above indexes more convincing and the models more robust. On the other hand, compared with some models based on large sample data obtained from the Surveillance, Epidemiology, and End Result (SEER) database, although the number of cases enrolled in this study is comparatively finite, we have obtained more detailed laboratory indicators than those found in tumor registration. Finally, our nomogram contains risk factors that could be easily collected from clinical practice. Easy accessibility, low cost and clinical applicability are prospects of the nomograms.

This study still has some limitations: 1) A retrospective study based on a single-center samples only, which may lead to selection and memory bias; 2) Lack of diet and lifestyle information of the surveyed population, which may affect the measurement of preoperative blood lipids and lead to potential deviations; 3) We only analyzed the relationship between preoperative THR and PNI and prognosis, and failed to monitor their dynamic variation in the disease process, which need to be further explained; 4) Given the screening conditions of this study, the application scenarios of constructed nomograms are limited; 5) The nomograms were only internally validated using data from a single center, and its generalizability needs further external data validation. Therefore, large-scale, multicenter prospective research is still needed in the future.




Conclusion

Our study suggests that preoperative THR and PNI are independent predictors for survival of patients with stage I-III CRC. We have successfully established and verified the novel nomograms integrating preoperative THR and PNI, which will help clinicians to conveniently and accurately evaluate the prognosis of these patients and identify high-risk groups, so as to formulate individualized therapeutic regimens and follow-up strategies in time.
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Case report: Laparoscopic-assisted distal gastrectomy for gastric cancer in a patient with situs inversus totalis
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Background: Situs inversus totalis (SIT) is a rare congenital disease with a series of clinical features characterized by a mirror image distribution of the viscera to the normal anatomy.



Case presentation: This study aims to report a 63-year-old male SIT patient with gastric cancer with a preoperative diagnosis of stage IIB gastric cancer (cT3N0M0), who underwent a preoperative multi-disciplinary treatment (MDT) discussion and an abdominal enhancement CT for visceral evaluation to ensure a successful operation. A laparoscopic-assisted distal gastrectomy including D2 lymph node dissection and Billroth I reconstruction was successfully performed. Laparoscopic radical gastric gastrectomy and D2 lymph node dissection were performed through the opposite surgical station to the conventional one, followed by digestive tract reconstruction under small incision-assisted direct vision. There was less blood loss throughout the operation, no postoperative complications, and the patient was discharged successfully 10 days after surgery. Histopathological examination showed ulcerated high-medium differentiated adenocarcinoma stage IB (PT2N0M0). There were no complications or tumor recurrence in the patient with examination 6 months after the operation.



Conclusion: Surgery in a patient with gastric cancer and SIT can be safely performed by the application of 3D laparoscopy and small incisions to assist the digestive tract reconstruction under direct vision.
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gastric cancer, gastrectomy, situs inversus totalis (SIT), case report, surgery





Introduction

Situs inversus totalis (SIT) is a rare autosomal recessive disorder occurring in 1 in 5,000–20,000 people and is characterized by a mirror image distribution of the viscera to the normal anatomy (1). However, due to the small number of cases, most surgeons have no surgical experience in this type of disease, which makes the operation difficult. Most of the treatment for this type of operation is mainly reflected in the removal of the gallbladder and appendix (2, 3). Looking back over the past few decades, there are very few reports on the surgical treatment of patients with total inverse gastric cancer.

As early as 1936, Yamaguchi et al. (4) reported the first case of SIT with gastric cancer in the world, and the first laparoscopic surgery in SIT patients with gastric cancer was not reported until 2003 when Yamaguchi et al. (5) reported the first laparoscopic-assisted distal gastrectomy. At present, there are still few case reports on laparoscopic radical gastrectomy for patients with gastric cancer in total inversion.

This study reports the case of an SIT patient with gastric cancer in the sinus region who underwent a successful radical gastrectomy and recovered well with no recurrence and no serious complications in the examination 6 months after the operation. This study was reported in agreement with principles of the CARE guidelines (6).



Case presentation

A 63-year-old man presented to our outpatient clinic complaining of epigastric pain for 2 months. Gastroscopy showed an ulcerative lesion in the gastric sinus, located on the lesser curvature of the gastric antrum, about 2.5 cm × 1.2 cm in size. Biopsy pathology showed high-medium differentiated adenocarcinoma, and the perfected CT of the patient showed horizontal turning of the intra-abdominal organs and local thickening of the gastric wall in the sinus with enlargement of small adjacent lymph nodes. Enhanced CT examination showed hepatic vascular variation. The common hepatic artery extended directly to bridge the gastroduodenal artery (GDA) without the proper hepatic artery, the right hepatic artery (RHA) emanated from the superior mesenteric artery (SMA), and the left hepatic lobe is supplied by the accessory left hepatic artery (ALHA) from the left gastric artery (LGA), and the celiac trunk and portal system were normal (Figure 1). The preoperative examination did not reveal any operational contraindications for the patient. After inviting the medical oncology department and radiotherapy department for the multi-disciplinary treatment (MDT) discussion, the patient was diagnosed with gastric cancer CT3N0M0 (stage IIB). Considering that the tumor was small and no obvious lymph node metastasis was suggested by imaging, the patient could be operated on with radical resection of the tumor although he had local vascular variation, which did not affect the surgical operation. Finally, D2 surgical resection was directly performed on the patient without preoperative adjuvant chemotherapy in a combination of the patient's age and economy, followed by laparoscopic-assisted distal gastrectomy and D2 lymph node dissection and Billroth I anastomosis in this patient.


[image: Figure 1]
FIGURE 1
Enhanced CT arterial phase shows vascular variation.


For the surgical approach, we adopted the opposite stance and perforation to conventional gastric cancer surgery (Figure 2) and used a 3D laparoscope to allow a more detailed view of the anatomical levels. The patient was placed in a supine split-legged position, and the lead surgeon operated on the right side of the patient. A 10 mm trocar was placed in the umbilicus and a camera was put in to explore that there were no malignant ascites in the abdominal cavity and the tumor did not break through the surface of the gastric sinus, but in the right midclavicular line in the flat umbilical position. A 12 mm trocar was placed and three 5 mm trocars were placed on the remaining side. The gastric colon ligament was separated by an ultrasonic blade at the upper edge of the transverse colon, followed by free cutting of the splenic colic ligament and splenic ligament to the splenic hilum to the right, dissection of the left vascular of the gastric omentum and the short gastric vessels, clearing of station 4 lymph nodes, and stripping of the anterior lobe of the transverse mesocolon. The posterior wall of the gastric antrum was excised from the transverse mesocolon, which then was dissected upward to the superior margin of the pancreas and separated to the right to the lower margin of the duodenal bulb, followed by separation and ligation of the right gastroepiploic vein and the right gastroepiploic artery, and clearing of station 6 lymph nodes. After that, the gastric body and greater omentum were turned cephalad, and the accessory left hepatic artery was ligated and dissected after separating the left gastric artery and protecting, followed by the clearing of the lymph nodes of station 7 and station 9, the clearing of station 8 lymph nodes along the common hepatic artery to the left, and the clearing of station 11 lymph nodes along the splenic artery to the right. The stomach and greater omentum were then turned caudally, and the hepatoduodenal ligament was opened over the pylorus to find the right gastric artery, which was dissected at the root of its confluence with the common hepatic artery, and station 5 lymph nodes were cleared, freeing the superior duodenum by about 3 cm; the hepatogastric ligament was dissected immediately over the liver to the right side of the cardia and the lymph nodes of station 1 and station 3 were cleared, and the 12 groups of lymph nodes were cleared over the common hepatic artery.


[image: Figure 2]
FIGURE 2
Perforation position.


The postoperative pathology showed ulcerated high-medium differentiated adenocarcinoma (2 cm × 3 cm) and muscular infiltration, without nerve involvement, and the examination results of upper and lower margins were all negative. No cancerous tissue was seen in the omental tissue, 14 lymph nodes in the small curved side did not show cancer metastasis, and 6 lymph nodes in the large curved side did not show cancer metastasis (Figure 3). The postoperative diagnosis was gastric cancer (PT2N0M0 stage IB).


[image: Figure 3]
FIGURE 3
Ulcerated high-medium differentiated adenocarcinoma (2 cm × 3 cm), muscular infiltration.


The patient recovered well after surgery and was discharged 10 days after surgery, with no serious complications, abnormal liver function, and obvious tumor recurrence after 6 months of follow-up.



Discussion

SIT is an autosomal recessive disease, but its exact genetic cause remains unknown. The inhibition of extraembryonic fluid flow during embryogenesis is associated with cardiovascular abnormalities; familial long QT syndrome; hand, foot and mouth disease; and various urinary abnormalities (7, 8). In the available case reports (8–11), four cases were clearly reported in which patients with gastric cancer presented with varying degrees of vascular or organ degeneration. Therefore, we also performed relevant tests in the preoperative examination and evaluation of SIT patients, and we also performed an enhanced CT abdomen before surgery. Fortunately, there was no significant cardiovascular disease in the patient. Although there were variants in both the left and right hepatic arteries in the patient, there were no significant variants in the course of the named vessels around the stomach that needed to be dissected during gastric cancer surgery as well as the anatomy of the surrounding organs; we could safely perform surgery on the patient with gastric cancer.

There is no difference in the treatment for SIT patients with gastric cancer from patients with normal gastric cancer, but there are some difficulties in the surgical treatment. First, the organs are distributed in a mirror image flip from the normal anatomical structures and there may be local vascular variants. When the camera of the laparoscope is drawn closer to magnify the surgical field, it can easily lead to confusion about anatomical structures due to the limitation of the field of view. Second, it requires a lead surgeon who is skilled in gastric cancer surgery as the lead surgeon needs to change his operating habits from the customary right-handed operation to a left-handed operation, and it may be confusing due to the reversal of the patient's anatomy (12), thus increasing the difficulty of the operation. Therefore, we chose 3D laparoscopy to present the patient's intra-abdominal organs in three dimensions so that the lead surgeon could distinguish the anatomical structures more intuitively. Third, the surgical assistant will operate in the opposite way to the normal gastric operation due to the adjustment of the standing position, and there may be poor cooperation with the lead surgeon.

As there is no clear standard for surgical staff positioning in the available literature, we chose the opposite standing position from the conventional surgery for this laparoscopic surgery, in which the operator was on the right side of the patient. We believe that it is effective to change the surgeon's standing position during the surgery of SIT patients, and such a change can avoid the confusion of anatomical structures due to the mirror image change of the organ's position to some extent. At the same time, the incision was mirrored for the convenience of the surgeon, and the 12 mm trocar was switched from the normal left subcostal margin to the flat umbilical point on the right midclavicular line.

The operative steps were performed according to the standardized D2 lymph node dissection technique for distal gastric cancer, with a gradual intraoperative transition according to the dissection area. At the level of lymph node dissection, there was no significant difference between the mirror organ and normal anatomy, and it should be noted that the spleen was located on the left side of the patient due to the inversion of the organ; we should, therefore, avoid damaging the spleen and splenic artery when performing 4.11 lymph node dissection. Although we have the sufficient technical ability to perform total laparoscopic distal gastrectomy, we finally chose to perform Billroth I reconstruction under direct vision through an epigastric incision to ensure the safety of the anastomosis due to the discomfort brought by the backhand operation. The reconstruction under direct vision can change the laparoscopic backhand operation for digestive tract reconstruction into a familiar routine reconstruction by changing the position of the lead surgeon to ensure the safety of the anastomosis and prevent postoperative leakage or obstruction, and the patient was discharged on the 10th postoperative day with no significant postoperative complications.



Conclusion

SIT patients with gastric cancer are very rare and may have vascular variants, so it is important to refine the preoperative evaluation. Also, the application of 3D laparoscopy can reduce the confusion caused by the opposite position of organs by showing the anatomical structures in three dimensions due to the mirror image flip of the organs, while small incisions to assist the digestive tract reconstruction under direct vision can also avoid the backhanded reconstruction of the digestive tract under laparoscopy, thus increasing the operation safety.
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Background: Numerous studies have confirmed that inflammation promotes the occurrence, development and prognosis of colorectal cancer (CRC).



Objective: This study focuses on the potentially prognostic value of the platelet-to-lymphocyte ratio (PLR) in CRC patients.



Data Sources: This study was registered at PROSPERO (ID: CRD42020219215). Relative studies were searched on PubMed, Cochrane Library, Embase, Web of Science, and clinical trial databases by two back-to-back reviewers. Study Selection and Intervention: Studies were screened according to the predetermined inclusion and exclusion criteria, comparing prognosis differences between low PLR levels and high PLR levels for CRC patients. Main Outcome Measures: Studies were integrated and compared to analyze the value of PLR in predicting overall survival (OS), progression-free survival (PFS), cancer-specific survival (CSS), disease-free survival (DFS) and recurrence-free survival (RFS) of CRC. Results: Outcomes were compared using Review Manager (version 5.4) software from Cochrane Collaboration. A total of 27 literary works, including 13,330 patients, were incorporated into our study. The final results showed that higher PLR levels had worse OS (hazard ratio [HR] = 1.40, 95% confidence interval [CI] = 1.21–1.62, P < 0.00001), DFS (HR = 1.44, 95% CI = 1.09–1.90, P = 0.01) and RFS (HR = 1.48, 95% CI = 1.13–1.94, P = 0.005) than lower PLR levels, respectively. However, there was no evidence of significance for PFS (HR = 1.14, 95% CI = 0.84–1.54, P = 0.40) and CSS (HR = 1.16, 95% CI = 0.88–1.53, P = 0.28) in the final meta-analysis.



Limitations: Our study has the following limitations. First of all, we only included literature published in English, which means that some publication bias may be inevitable. In addition, our study used aggregate data, not individual data; furthermore, we did not define the exact cut-off value representing the PLR level.



Conclusion: An elevated PLR seems to be an adverse prognostic factor affecting survival outcomes in patients with CRC. Meanwhile, more prospective studies are required to confirm our conclusion.

PROSPERO ID: CRD42020219215.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in the world and the second-leading cause of cancer-related death (1), the incidence of which shows a younger trend (2). At present, the diagnosis and treatment of CRC have been significantly improved. However, due to local tumor recurrence and metastasis, patients' long-term survival is poor, and OS and FPS are not ideal. It is predicted that the greatest impact and the fastest increase in the burden of cancer in the coming decades will continue to be in low- and middle-income countries, many of which are already facing overwhelming difficulties (3). Adding to the tension, current tumor markers, such as CEA and pik3, lack accuracy or are expensive. Therefore, it is particularly important to find an economical, convenient and effective biomarker to predict CRC prognosis.

Blood routine examination, including a series of indicators reflecting the level of inflammation, is simple and cheap but has not been paid attention to. As early as 1863, a German pathologist named Rudolf Virchow noticed “lymphoreticular infiltrate” in tumor tissue and linked inflammation to cancer (4). Additionally, immune cells are the main cellular components of tumor lesions and play an important role in the anti-tumor process (5), including CRC. The tumor microenvironment is the internal environment for tumor cell survival, which is composed of tumor cells, immune cells, cytokines, and cell metabolites. It has been reported that host cell interaction in the tumor microenvironment, such as immune cell infiltration, plays a crucial role in tumor progression and is closely related to patient prognosis (6). The platelet-to-lymphocyte ratio (PLR), as one of the evaluation indexes of systemic inflammatory response, not only can reflect the body's inflammatory response and is an independent risk factor for poor prognosis of various tumors, such as lung cancer, ovarian cancer, hepatocellular carcinoma, and so on (7–11) but also is available, inexpensive and repeatable in clinical laboratory examination. However, the relationship between the PLR and CRC remains controversial. Some studies reported that an elevated PLR was an independent adverse prognostic factor in patients with CRC (12–23), yet others showed that the PLR could not be a related prognostic biomarker of CRC (11, 24–35).

In this study, a meta-analysis was conducted on published survival data on the PLR and prognosis of CRC, and the relationship between different PLR levels and survival outcomes in patients with CRC was finally determined.



Materials and methods


Search strategy

This study was registered at PROSPERO (ID: CRD42020219215). Two authors independently searched relevant literature from PubMed, Cochrane Library, Embase, Web of Science, and clinical trial databases with the following search terms: (colorectal neoplasms or “CRC” or ((cancer* or carcinoma* or neoplasm* or adenoma* or adenocarcinom* or tumour* or tumor* or polyp* or malignan*) and (colorectal* or colon* or rect* or anal or anus or “large bowel”))) and (platelet to lymphocyte ratio or platelet lymphocyte ratio or “PLR”). We limited the research method to cohort studies, and the retrieval time was limited from the database construction to December 28, 2021. Subject words and random words were used during retrieval.



Inclusion and exclusion criteria

Studies meeting the following criteria were included: (1) original articles published in English; (2) studies that compared prognosis in patients with CRC between different PLR levels; (3) patients were diagnosed with CRC by histopathological examination; (4) study methods were cohort studies; (5) studies that carried out multivariate analysis; (6) studies that succeeded in reporting the cut-off value of PLR and HR and a 95% CI. Studies were excluded when: (1) they were non-English studies; (2) they were non-cohort studies; (3) data could not be extracted from original articles; (4) studies failed to report the cut-off value of PLR or HR or a 95% CI; (5) original articles were letters, editorials, comments, supplements, conference abstracts, review articles, or duplicated and unrelated studies.



Data extraction

Two researchers independently screened the literature, extracted the data, and cross-checked it. If there are differences, they will be discussed and resolved or handed over to a third researcher for judgment. For literature lacking information, we will try our best to contact the original author to supplement it. The extracted information is as follows: (1) basic information included in the study: first author’s name, year and country of publication, name of the journal, contact information; (2) basic characteristics of the study: sample size and age, no. of different PLR levels, follow-up time, TNM stage; (3) key elements of quality assessment; (4) main data of outcome indicators.



Statistical analysis

We used Review Manager (version 5.4) software from Cochrane Collaboration for our meta-analysis, and P < 0.05 was considered statistically significant. HR and 95% CI were recorded to assess the strong connection between different PLR levels and CRC prognosis. The heterogeneity of included studies was analyzed and evaluated by combining the Cochrane Q test and I2 test (36). A P-value <0.1 for Q statistic test or I2 > 50% was considered to be significantly heterogeneous. Then a random-effect model (DerSimonian–Laird method) was performed to calculate HR and 95% CI. Otherwise, a P-value >0.1 for Q statistic test or I2 < 50% was considered to use the fixed-effect model (Mantel–Haenszel method). However, it should be noted that when the number of studies is small, there is moderate or substantial heterogeneity and the distribution does not necessarily follow the normal or t-distribution. In this case, the random-effect models are preferred irrespective of the I2 statistic (37–40). When the number of included studies exceeded 10, funnel plots (41) were used to evaluate publication bias. Eventually, the stability and reliability of meta-analysis results were clarified through sensitivity analysis.




Results


Eligible articles

According to the aforementioned retrieval strategies, 470 literary works were identified, including 160 studies from PubMed, nine from Cochrane Library, 181 from Embase, 118 from Web of Science, and two from clinical trials. Because we obtained zero related literary works through other resources, 470 studies were finally screened. According to the inclusion and exclusion criteria, there were 187 duplicated records, 15 literary works with inconsistent research types (14 systematic reviews or meta-analyses, one randomized controlled study), two articles retrieved from clinical trials were unpublished, and 204 articles were removed after screening titles and abstracts. After that, after reviewing the full text of the remaining 62 articles, 35 records were excluded due to the following criteria: (1) supplement: n = 7; (2) conference: n = 4; (3) Japanese language: n = 1; (4) not multivariable analysis: n = 19; (5) a lack of cut-off: n = 1; (6) a lack of hazard ratio: n = 3. Consequently, there were 27 studies, including 13,330 CRC patients, included in our meta-analysis (Figure 1). In the included studies, there were 25 records for OS, 11 for PFS, five for CSS, three for DFS and three for RFS. Clinical characters and relevant information extraction of the eligible studies are shown in Table 1 (42–44).


[image: Figure 1]
FIGURE 1
Flow diagram for study selection. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.



TABLE 1 Main characteristics of included studies.

[image: Table 1]



Quality assessment

After extracting data from the original articles, the Newcastle-Ottawa Scale (NOS) was used to assess the methodological quality of included studies (22, 45). The NOS is a simple and convenient quality assessment tool widely used to evaluate case control and cohort studies. The NOS consists of three parts: cohort selection, comparability, and results. Each part has evaluation items, each item is represented by ⋆, and the full score is 9. Our quality evaluation table is revealed in Table 2.


TABLE 2 Newcastle-Ottawa Scale for assessing the quality of the included studies

[image: Table 2]



OS, DFS, RFS and PLR

Twenty-five of the included records reported that overall survival (OS) of CRC patients with high PLR levels was significantly shorter than for those with low PLR levels (11–15, 17, 19–27, 29–31, 34, 35, 46–50). Pooled analysis of OS revealed significant differences and moderate heterogeneity between the high and low PLR groups in the random-effect model (HR = 1.40, 95% CI = 1.21–1.62, P < 0.00001, Figure 2A). Meanwhile, there were three studies evaluating hazard ratios for disease-free survival (DFS) (16, 19, 35) and recurrence-free survival (RFS) (11, 21, 23), respectively. As for DFS and RFS only few studies were available, considering that between-trial heterogenicity was still significant, random effect-models were preferred, and an elevated PLR was related to poor prognosis of patients with CRC for DFS and RFS (HR = 1.44, 95% CI = 1.09–1.90, P = 0.01 and HR = 1.48, 95% CI = 1.13–1.94, P = 0.005, respectively, Figures 3A, 4A).


[image: Figure 2]
FIGURE 2
Forest graph on association of overall survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect model.



[image: Figure 3]
FIGURE 3
Forest graph on association of disease-free survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect model.



[image: Figure 4]
FIGURE 4
Forest graph on association of recurrence-free survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect model.




PFS, CSS and PLR

Eleven records assessed progression-free survival (PFS) (18, 29–31, 33, 34, 46, 48, 49, 50), whereas a non-significant association between PFS and the PLR (HR = 1.14, 95% CI = 0.84–1.54, P = 0.40; I2 = 65%, PH = 0.002, Figure 5A) was observed. Another five articles evaluated cancer-specific survival (CSS) (11, 14, 16, 25, 49). However, there was also no evidence of significance for CSS and PLR (HR = 1.16, 95% CI = 0.88–1.53, P = 0.28; I2 = 68%, PH = 0.01, Figure 6A).


[image: Figure 5]
FIGURE 5
Forest graph on association of progression-free survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect model.



[image: Figure 6]
FIGURE 6
Forest graph on association of cancer-specific survival with different levels of platelet-to-lymphocyte ratio groups. (A) random effect model. (B) fixed effect model.




[image: Figure 7]
FIGURE 7
Funnel plot on the association of overall survival (A) and progression-free survival (B) with different levels of platelet-to-lymphocyte ratio groups.



Sensitivity analysis

The purpose of sensitivity analysis is to determine the stability and reliability of meta-analysis results. in OS, PFS and CSS tests, random-effect models were adopted according to Q test, so the fixed-effect models were used for sensitivity analysis (51). The results of OS, PFS and CSS (HR = 1.32, 95% CI = 1.23–1.42, P < 0.00001, HR = 1.16, 95% CI = 0.98–1.37, P = 0.09 and HR = 1.16, 95% CI = 0.88–1.53, P = 0.28, respectively, Figures 2B, 5B, 6B) were stable and reliable. In DFS and RFS, the results (HR = 1.39, 95% CI = 1.14–1.69, P = 0.001 and HR = 1.47, 95% CI = 1.14–1.89, P = 0.003, respectively, Figures 3B, 4B) were consistent with those of the original random-effect model, indicating that the meta-analysis results of DFS and RFS were also stable and reliable.



Publication bias assessment


OS and PFS

Since more than ten studies were included in the OS group and the PFS group, a funnel plot was used to evaluate publication bias (Figures 7A,B). The funnel plots for publication bias show no obvious asymmetry, indicating that the pooled results were not influenced by publication bias.



DFS, RFS and CSS

Because of the small number of included studies, funnel plots have not been carried out.





Discussion

Colorectal cancer is the third most common malignant tumor in the world and the second largest cause of cancer-related deaths. In 2018, there were about 1.8 million new cases and 881,000 deaths worldwide (52). The early clinical manifestations of CRC are not typical, and some patients have local progression or metastasis when found, leading to poor survival prognosis. Deeply studying the factors related to the prognosis of CRC and actively looking for tumor markers related to the prognosis of CRC are helpful to guide clinicians to evaluate the prognosis of CRC patients (53). However, two commonly used blood biomarkers, carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9), are not highly sensitive and specific (54). Some new tumor biomarkers such as circulating tumor cells (CTC) and circulating tumor DNA (ctDNA) (55) are also faced with high detection costs. Therefore, finding and screening some new, simpler and effective molecular indicators related to the prognosis of CRC is still a hot topic that needs further study.

Nowadays, an increasing number of researchers have confirmed that the platelet-to-lymphocyte ratio (PLR), the neutrophils-to-lymphocyte ratio (NLR) and the lymphocyte-to-monocyte ratio (LMR), as the common inflammatory indicators, are of great significance in the diagnosis and prognosis of tumors, including CRC (56, 57). The relationship between PLR and the prognosis of CRC has attracted our attention. Then, we explored the prognostic effect of PLR in 27 studies, including 13,330 patients with CRC. In our study, we searched the literature as comprehensively as possible, consisting of PubMed, Cochrane Library, Embase, Web of Science, and clinical trial databases. Our primary outcomes were OS and PFS, and secondary outcomes included CSS, DFS and RFR. We used Review Manager (version 5.4) software from Cochrane Collaboration for our meta-analysis, and P < 0.05 was considered statistically significant. The heterogeneity of included studies was mainly analyzed and evaluated by combining the Cochrane Q test and I2 test. Thus, in OS, PFS and CSS tests, random-effect models were adopted. As for DFS and RFS only three studies were available respectively, considering that between-trial heterogenicity was still significant, we similarly used random effect-models in the analysis of them. What's more, taking the uncertainty in the estimation of the between-trial heterogeneity, the fixed-effect models were used to verify the results. Eventually, our pooled results demonstrated that an elevated PLR was correlated with poor OS, DFS and RFS, which were consistent with those of previous meta-analysis (58–60). Furthermore, among them, we included more relevant articles, obtained more data and used more stringent methods.

Investigating the reason, PLR is one of the indicators reflecting the body’s inflammatory response, and studies have indicated that inflammation is related to the occurrence and development of tumors to some extent (61). Inflammatory cells can release a variety of bioactive substances in the tumor microenvironment, and the tumor microenvironment is the internal environment for tumor cell survival, which is composed of tumor cells, immune cells, cytokines, and cell metabolites. Simultaneously, various cells interact with inflammatory factors, which further promote the formation of tumors due to the extreme immunosuppressive microenvironment (62). Meanwhile, several studies have pointed out that platelets can secrete P-selectin adhesion factor, which can make inflammatory cells adhere to endothelial cells and have a great adverse impact on tumor production, metastasis and prognosis (63–65). In addition, the angiogenic factors released by platelets can promote endothelial cell growth, induce the proliferation and migration of endothelial cells, increase vascular permeability of tissue, and facilitate the invasion and metastasis of tumor cells through blood vessels in the body (66). Moreover, platelets can release tumor growth-promoting factors, resulting in continuous crazy growth of tumor tissue, which affects patient prognosis (67–69). Therefore, in CRC progression, PLR levels will gradually increase, and the higher the PLR, the worse the prognosis.

At the same time, it is interesting to note that under the assistant of R language, several new statistical research methods such as Paule-Mandel (70), Hartung-Knapp-Sidik-Jonkman (19) etc are developing with each passing day. Ralf Bender et al. (71) simultaneously pointed out that DerSimonian and Laird approach had some limitations, especially in the case of very few studies, and they recommend using Knapp-Hartung method for meta-analyses. It can be seen that everyone is working hard to eliminate the between-trial heterogeneity. And we known this and made our own efforts. Henmi et al. (72) use of fixed effects estimates with a random effects approach to deal with heterogeneity. Böhning D et al. (73) mentioned that if there is strong heterogeneity, the results of the random effect model and the fixed effect model will differ greatly; If there is small heterogeneity, the both approaches will provide similar results. Based on this, in our study, when the random effect models were used for data analysis, the fixed effect models were used to verify the results. The same results are obtained in the statistical results, which mean that the conclusion is stable and reliable. Considering that the heterogeneity between independent studies has not had a huge impact on the production of results and conclusions, nor has it produced new controversial results and conclusions, we have not introduced more complex statistical methods or analysis programs. Of course, we agree that these new statistical methods are very interesting and useful, and we will try to use them in the future.

Our results can better reflect the authenticity of the relationship between PLR and CRC prognosis. However, our study has the following limitations. First of all, we only included literature published in English, which means that some publication bias may be inevitable. In addition, our study used aggregate data, not individual data; furthermore, we did not define the exact cut-off value representing the PLR level. It is really a pity that there is no way to obtain the original data for statistics and determine the exact cut-off value. Because many articles give different cut-off values, we can only try to use “high level” and “low level” to evaluate. At the same time, as an analogy, similar problems have been encountered in similar studies conducted by predecessors. Hamid et al. (74) showed that a low lymphocyte-to-monocyte ratio, but not a high platelet-to-lymphocyte ratio, was inversely correlated with complete pathologic response rate. In his another research about prognostic value of neurophil-to-lysophocyte ratio (NLR) after curative rectal cancer recovery, result indicated that high NLR was associated with worse OS (75). It can be seen that the determination of the clear cut-off value of similar research did puzzling everyone. In addition, in order to avoid the impact of such differences as much as possible, we used both “random effect model” and “fixed effect model” in statistics, and the results are consistent. we know that our research is not perfect, but it provides a relatively useful result for clinical application. we also look forward to high-quality, multi-center RCT research to eliminate these deviations and determine the exact cut-off value.

Despite these limitations, our meta-analysis assessed the impact of an elevated PLR upon OS, PFS, CSS, DFS, and RFS outcomes in CRC patients. Based on existing data, our study suggests that PLR has a certain correlation with CRC patient prognosis, and an elevated PLR is correlated with poorer OS, DFS and RFS. However, no evidence exists that an elevated PLR is significantly associated with worse PFS and CSS. Clinical workers strengthening the detection of this available, inexpensive and repeatable index will have a good reference value for CRC patients. Moreover, with the emergence of more and more convincing studies, the impact of an elevated PLR upon CRC patient prognosis can be further explored and confirmed.



Conclusions

An elevated PLR seems to be an adverse prognostic factor affecting survival outcomes in CRC patients. Meanwhile, more prospective studies are required to confirm our conclusion.
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Background

The transvaginal route for specimen extraction is considered ideal for colorectal surgery, but its safety is still questioned. There has been little research on transvaginal natural orifice specimen extraction surgery (NOSES) in the right hemicolectomy. As a result, we conducted a study comparing transvaginal NOSES to traditional transabdominal specimen extraction surgery.





Patients and methods

Data on female patients who underwent radical right hemicolectomy at the First Affiliated Hospital of Nanchang University between January 2015 and December 2020 were collected retrospectively. A total of 847 patients were compliant, with 51 undergoing the transvaginal specimen extraction surgery (NOSES) group and 796 undergoing the transabdominal specimen extraction surgery (TISES) group. A propensity score matching method (1:2) was used to balance the clinicopathological characteristics of the two groups.





Results

Finally, 138 patients were enrolled in our study, with 46 in the NOSES group and 92 in the TISES group. Compared to the TISES group, the NOSES group had less intraoperative blood loss (p = 0.036), shorter time to first flatus (p < 0.001), shorter time to first liquid diet (p < 0.001), lower postoperative white blood cell counts (p = 0.026), lower C-reactive protein levels (p = 0.027), and lower visual analog scale (VAS) scores (p < 0.001). Regarding the quality of life after surgery, the NOSES group had better role function (p < 0.01), emotional function (p < 0.001), and improved symptoms of postoperative pain (p < 0.001) and diarrhea (p = 0.024). The scar satisfaction was significantly higher in the NOSES group than in the TISES group. Overall survival and disease-free survival in two groups were similar.





Conclusion

The short-term results of transvaginal NOSES were superior to conventional transabdominal specimen extraction surgery. At the same time, transvaginal NOSES could improve the abdominal wall appearance and quality of life. The long-term survival was similar in the two surgical approaches. Therefore, transvaginal NOSES is worthy of our implementation and promotion.





Keywords: transvaginal, natural orifice specimen extraction surgery, right colon cancer, transabdominal specimen extraction, survival




1 Introduction

Natural orifice specimen extraction surgery (NOSES), as a new and emerging technology, has developed rapidly in recent years, and its theoretical and technical framework has been continuously improved (1). NOSES removes the specimen through the natural cavity with only a few tiny postoperative scars. In the meantime, NOSES avoids the incisions produced by traditional surgery and the series of complications or effects derived from the incisions and demonstrates excellent minimally invasive results. Nowadays, NOSES is used in various fields such as general surgery, urology surgery, and gynecology (2–4).

Because of its excellent healing ability and ease of surgical operation, the vagina is considered the ideal route for specimen extraction of larger tumors and more highly located colorectal tumors (e.g., right hemicolectomy, 5). Compared to the transanal route, transvaginal specimen extraction for colorectal cancer is less common, and the safety and impact on sexual function are still questionable (6–8). However, transvaginal surgery has been performed in gynecology for a long time (9–11), Furthermore, its safety and feasibility have been recognized (12).

Currently, there are numerous clinical studies and meta-analyses on transanal NOSES, confirming that NOSES provides better short-term outcomes (13) and the long-term survival of patients undergoing NOSES is similar to those undergoing conventional surgery (14, 15). However, transvaginal NOSES is more complicated to perform. Few reports are available on transvaginal NOSES for right hemicolectomy. Therefore, we conducted this study to compare whether there is a difference in short-term outcomes and long-term survival between transvaginal specimen extraction and transabdominal specimen extraction in right hemicolectomy.




2 Methods



2.1 Patients

This study included 847 eligible female patients who underwent right hemicolectomy at the First Affiliated Hospital of Nanchang University between January 2015 and December 2020. Among them, 51 patients with transvaginal specimen extraction were allocated to the NOSES group, and 796 patients with transabdominal specimen extraction were allocated to the TISES group.

Inclusion criteria were (1) preoperative colonoscopy showing that the tumor was located in the ileocecal region, ascending colon, or transverse colon with pathology showing malignancy; (2) no distant metastasis; (3) American Society of Anesthesiologists (ASA) classification I, II, and III; (4) patients who signed informed consent; (5) patients, who were allocated to the NOSES group, without reproductive needs.

Exclusion criteria comprised (1) emergency surgery for intestinal obstruction and bleeding perforation; (2) a combination of primary malignancies or distant metastases from other organs; (3) incomplete data and missing follow-up data; (4) patients with a prophylactic stoma or other causes of a stoma; (5) preoperative radiotherapy; (5) combined organ resection; (6) body mass index (BMI) > 35 kg/m2.




2.2 Surgical procedure

After general anesthesia, a patient was placed in a functional lithotomy position, and the abdomen and vagina were disinfected with iodophor. The abdomen was first explored to determine the location of the tumor, the presence of metastasis, and other conditions. After severing the colonic mesentery along the ileocolic vessels, we entered the Toldts gap. The ileocecal artery and vein were then exposed, the root lymph nodes were cleared, and the ileocecal artery and vein were disconnected. The same method was used for the right colonic artery. The right hemicolon and its mesentery were freed after the right branch of the middle colonic artery was transected from the root and the surrounding lymph nodes were clear.

In the TISES group, a median abdominal incision was made. The intestinal canal was transected at the transverse colon (> 10 cm from the tumor) and 10 cm from the end of the ileum. Afterward, an end-to-end anastomosis between the transverse colon and ileum was performed, which was then reinforced.

In the NOSES group, the terminal ileum was pulled up to the upper abdomen and placed parallel to the transverse colon. A side-to-side anastomosis between the transverse colon and ileum was performed with a linear stapler, and then the common opening was closed. The intestinal canal was transected at the transverse colon (> 10 cm from the tumor) and 10 cm from the end of the ileum. Afterward, the posterior vaginal wall was incised. A sterile protective sleeve was placed into the vagina to establish sterile access, and the specimen was dragged out transvaginally. Then, the vaginal incision was sutured. The critical operation for transvaginal specimen extraction is illustrated in Figure 1.




Figure 1 | Key surgical steps of transvaginal specimen extraction surgery (A–F). (A) The transverse colon and ileum were connected by side-to-side anastomosis. (B) The posterior vaginal wall was incised. (C) A sterile protective sleeve was placed into the vagina to establish sterile access. (D, E) Transvaginal specimen extraction. (F) Suturing the vaginal incision.






2.3 Data collection

All clinicopathological data from patients were collected, including age, BMI (kg/m2), tumor size (cm), carcinoembryonic antigen (CEA) levels, TNM stage (using the 8th edition of the AJCC TNM staging system for colorectal cancer), histological differentiation, and ASA classification. Additionally, perioperative indicators such as operating time, estimated intraoperative blood loss, postoperative hospital stay, postoperative complications, postoperative C-reactive protein (CRP) levels, postoperative white blood cell (WBC) counts, time to first flatus, time to first liquid diet, and visual analog scale (VAS) score were also recorded.

The Body Imagery Questionnaire (BIQ) includes the body image scale and cosmetic scales. Consequently, we used the body image scale to assess patients’ attitudes and satisfaction about their body appearance 2 months after surgery and the cosmetic scale to evaluate patients’ satisfaction with scar appearance. The EORTC QLQ-C30, which is a questionnaire from the European Organization for Research and Treatment of Cancer that assesses the quality of life, was used to evaluate the quality of life 2 months after surgery.




2.4 Follow-up

The follow-up method was similar to that shown by Tang et al. (16).




2.5 Statistical analysis

This study used propensity score matching (PSM) to balance the clinicopathological data between the two groups to reduce selection bias. We used Stata 17.0 software for 1:2 matching with a caliper value of 0.05. All statistical analyses were performed by the SPSS 25. Data conforming to normal distribution were expressed as mean ± standard deviation (SD) and tested by independent samples t-test. Non-normally distributed continuous data were expressed as median and range and tested by the Mann-Whitney U test. Categorical data were expressed as frequencies and percentages and tested by the χ2 test or Fisher exact probability. Disease-free survival and overall survival were compared by the log-rank test. Univariate survival analysis was performed using COX regression, and then variables with a P < 0.05 in the univariate survival analysis and those variables considered significantly correlated with survival in clinical work were selected for multivariate survival analysis. A P < 0.05 was considered statistically significant.





3 Results



3.1 Patients and clinicopathological characteristics

Table 1 shows the comparison of clinicopathological data between the two groups before and after PSM. A total of 847 patients were enrolled in the study, including 51 patients in the NOSES group and 796 patients in the TISES group. The differences in BMI (24.05 ± 3.35 vs. 23.11 ± 2.84; p = 0.024), tumor size (4.21 ± 1.06 vs. 5.42 ± 2.28; p < 0.01), and infiltration depth (T stage, p < 0.01) between the NOSES and TISES groups were significant before PSM. After PSM (1:2), 46 patients were in the NOSES group, 92 patients were in the TISES group, and there was no statistical difference in the clinicopathological data between the two groups.


Table 1 | Comparison of clinicopathological data of patients in two groups.






3.2 Intraoperative and postoperative outcomes

Table 2 presents a comparison of the perioperative indexes between the two groups. Compared with the TISES group, the NOSES group had a longer operative time (164.00 ± 13.82 min vs. 146.90 ± 17.38 min; p < 0.001), faster postoperative gastrointestinal recovery (55.98 ± 8.84 h vs. 64.76 ± 9.25 h; p < 0.001), and earlier postoperative fluid diet (64.89 ± 7.70 h vs. 72.93 ± 8.50 h; p < 0.001). Postoperative hospital stay and complication rates were comparable in both groups. However, four incisional infections occurred in the TISES group (Table 2). Concerning postoperative pain scores, the NOSES group had significantly lower VAS scores than the TISES group after surgery (p < 0.001, Table 3). In the comparison of postoperative inflammatory reaction, WBC (p = 0.026) and CRP (p = 0.027) were significantly lower in the NOSES group than in the TISES group (Table 3, Figure 2).


Table 2 | Perioperative indexes between the NOSES group and the TISES group.




Table 3 | Comparison of VAS scores, WBC and CRP levels between the NOSES group and the TISES group.






Figure 2 | Comparison of postoperative CRP levels (A), WBC (B), and VAS score (C) in the two groups.






3.3 The comparison of the postoperative pathology between the two groups

Table 4 shows the comparison of the postoperative pathological findings between the two groups. There were no statistical differences between the NOSES and TISES groups regarding the number of lymph nodes harvested (p = 0.784), N stage (p = 0.820), perineural invasion (p = 0.806), lymphatic or vascular invasion (p = 0.789), and histological differentiation (p = 0.843, Table 4). It indicated that NOSES could achieve a similar degree of tumor eradication as TISES.


Table 4 | Comparison of the postoperative pathological findings between the NOSES group and the TISES group.






3.4 Comparison of quality of life between the NOSES group and the TISES group

In this study, the EORTC QLQ-C30 was used to assess the patients’ quality of life 2 months after surgery. In function scales, higher scores meant better function. In symptom scalds, the lower scores meant better symptoms. Compared to the TISES group, the NOSES group had better role function (p < 0.01), global health status (p < 0.001), and emotional function (p < 0.001, Figure 3A). Regarding postoperative symptom scores, the NOSES group was significantly superior to the TISES group in terms of postoperative pain (p < 0.001) and diarrhea (p < 0.05, Figure 3B). In the BIQ scores 2 months after surgery, the NOSES group had significantly lower body image scores (p < 0.001) and higher cosmetic scores (p < 0.001) than the TISES group (Figure 4).




Figure 3 | Comparison of EORTC QLQ-C30 results [(A) standard scores of functional scales, (B) standard score of symptom scales] between the two groups. *p < 0.05, **p < 0.01, ***p < 0.001. The p-value was calculated by the Mann-Whitney U test.






Figure 4 | Comparison of Body Image Questionnaire (BIQ) in two groups. ***p < 0.001.






3.5 Long-term survival outcomes between the two groups

As of 2020-Dec, the median follow-up time was 38 months (20–53) in the NOSES group and 42 months (18–60) in the TISES group. In this study, the maximum period of follow-up was 60 months (patients beyond 60 months postoperatively were not followed up further). Three-year overall survival in the NOSES group was 92.9%, and 3-year overall survival in the TISES group was 91.2%. Figure 5 shows the survival analysis of the NOSES group vs. the TISES group. There were no statistical differences in overall survival (log-rank p = 0.789) and disease-free survival (log-rank p = 0.876) between the two groups.




Figure 5 | Comparing the survival curves between the two groups in terms of overall survival (A) and disease-free survival (B). P-value was calculated by log-rank test.






3.6 Univariate and multivariate survival analysis of overall and disease-free survival

Tables 5 and 6 depict the univariate and multivariate survival analysis of overall survival and disease-free survival. The univariate overall survival analysis in Table 5 showed that T-stage (p = 0.047), lymphatic or vascular invasion (p = 0.001), and N-stage (p < 0.001) were associated with overall survival. The univariate disease-free survival analysis in Table 6 showed that perineural invasion (p = 0.021), lymphatic or vascular invasion (p < 0.001), and N-stage (p < 0.001) were associated with disease-free survival. Multifactorial overall survival analysis showed that the N-stage (p < 0.001) was associated with overall survival. Multifactorial disease-free survival analysis showed that the N stage (p = 0.001) and lymphatic or vascular invasion (p = 0.030) were associated with disease-free survival. Therefore, we consider the N-stage an independent prognostic factor for overall survival and disease-free survival.


Table 5 | Univariate and multivariate survival analysis of overall survival.




Table 6 | Univariate and multivariate survival analysis of disease-free survival.







4 Discussion

In recent decades, the surgical treatment of colorectal cancer has advanced rapidly. From open surgery to laparoscopic surgery and emerging NOSES and robotic surgery, technological advances have improved patient outcomes. In general surgery, transvaginal gallbladder extraction was first reported in 1993 (17), In 1996, Redwine et al. (18) attempted laparoscopic-assisted resection of benign colorectal disease and transvaginal specimen extraction surgery. Subsequently, transvaginal specimen extraction was used for colorectal and gastric cancers (19). The vagina is very flexible and can accommodate larger volumes, while the incision and suturing in the posterior vaginal vault, which has great healing results, have a low probability of fistula and infection. Therefore, for women who do not require fertility, the vaginal route is the ideal option for specimen removal.

The operative time in our research was obviously longer in the NOSES group than in the TISES group. The NOSES group required incision and suturing of the vagina, intra-abdominal anastomosis, and reinforcement of the anastomosis. Additionally, this was a challenge for the operator, and the operation was longer. However, the NOSES group had faster postoperative recovery of gastrointestinal function (20). Ron Shapiro et al. have considered that intra-abdominal anastomosis is less straining for the colon and has a lower risk of mesenteric tears, bleeding, and tissue torsion; therefore, NOSES was more conducive to the recovery of gastrointestinal function (21). Although the procedure was longer, the extra time spent was worth it for the rapid recovery and higher quality of life after NOSES.

On the one hand, the abdominal incision is the most direct indicator of the minimally invasive effect of the surgery. The surgical incision is the main factor causing postoperative pain and also one of the factors influencing postoperative recovery. Simultaneously, abdominal incisions increase the risk of complications such as incisional infection, incisional hernia, and tumor implantation (22). In our study, the postoperative pain scores were obviously lower in the NOSES group than in the TISES group. Additionally, a total of four wound infections were seen in 138 patients, all of which were in the TISES group. On the other hand, we could assess not only the physical impact of the incision but also the psychological impact, which is equally important. Pain and abnormal sensations of postoperative scarring can bring negative psychological and adverse emotions to patients (13). Abdominal scarring not only affects the aesthetics of the abdominal wall but may also impose limitations on life, recreation, and work. All of these factors can have an impact on the psychological health of the patient. At the postoperative follow-up, the NOSES group was superior to the TISES group in role function, emotional function, and global health status. In terms of postoperative symptom scores, the NOSES group had much fewer pain and diarrhea symptoms. Furthermore, patients who received transvaginal NOSES had better satisfaction with the scar and abdominal beauty.

Regarding surgical safety, there were 5 complications in the NOSES group and 13 in the TISES group, with no statistical difference. For the risk of potential abdominal infection in NOSES, In our present research, there was one case of abdominal infection in the NOSES group and one in the TISES group. The probability of developing an abdominal infection in a Chinese NOSES study that included 5055 patients was 1.9% (23).

Therefore, we believe that NOSES does not increase the risk of abdominal infection in the presence of strict aseptic principles. With reference to whether transvaginal specimens may affect the patient’s sexual function or cause other vaginal-related complications, complications such as vaginal fistula or infection were not found in our research, and some studies have reported similar results (24, 25). In transvaginal NOSES, our chosen vaginal incision site was the posterior vaginal vault, which is not surrounded by important nerves and does not produce arousal to sexual stimulation. Sexual function was affected for a short time after transvaginal NOSES, and the procedure did not increase the risk of sexual dysfunction in the long term in Zheng et al.’s research (26). In terms of tumor eradication, there were no differences in the number of lymph nodes harvested, N-stage, perineural invasion, lymphatic or vascular invasion, and histological differentiation between NOSES and TISES, suggesting that the same degree of eradication can be achieved with NOSES, which is similar to results reported by Kim et al. (27).

From our postoperative follow-up, the overall survival and disease-free survival of NOSES and TISES were similar, which is similar to the results reported by Li et al. (28). In the univariate cox regression analysis, there was no statistical difference in the two surgical approaches for either disease-free survival or overall survival, and this was consistent with the findings of Liu et al. (29). This demonstrated that different surgical approaches have no obvious impact on patient’s survival when radical resection of the tumor has been achieved. Combining the results of univariate and multifactorial COX regression, we considered that the most important factor affecting the long-term survival of patients was the N-stage.

It is important to acknowledge that this study had some limitations. First, our study was retrospective research; therefore, selection bias were inevitable. Thus, we used PSM to reduce the difference between the two groups. Second, transvaginal extraction of the specimen after right hemicolectomy is a difficult procedure, limiting its use in clinical practice. Meanwhile, the study was a single-center study; hence, the sample size was not large, which might have made the results of our COX regression less accurate. We expect more prospective, large-sample, multicenter randomized controlled studies to provide better evidence-based medical help.




5 Conclusion

Overall, transvaginal NOSES is a safe and feasible technique for treating patients with right colon cancer. Transvaginal NOSES had better short-term outcomes than transabdominal specimen extraction surgery, such as less intraoperative bleeding and faster recovery of gastrointestinal function. Transvaginal NOSES provided a better postoperative quality of life and scar satisfaction. Meanwhile, the long-term survival was similar in the two surgical approaches. The N-stage was probably the major factor affecting long-term survival.
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Background

Intracorporeal anastomosis (IA) is a difficult but popular anastomotic approach for reconstruction of digestive tract after laparoscopic right hemicolectomy, which may reduce some limitations faced during extracorporeal anastomosis (EA).





Methods

A retrospective review of 78 patients who underwent laparoscopic right hemicolectomy by a veteran surgeon in a high-volume public tertiary hospital, including 50 patients with IA and 28 patients with EA. The intraoperative-related factors and short-term results of the two anastomotic approaches were compared.





Results

There was no significant difference in demographics and clinical characteristics between the two groups (P>0.05). The intraoperative blood loss was less (P=0.010) and the incision length was shorter (P<0.001) in the intracorporeal group. Postoperative farting time was faster (P=0.005) and postoperative pain score (VAS) was lower (P<0.001) in IA group. Although the anastomotic time of IA was shorter (P<0.001), the operative time of the two groups were similar. And number of lymph nodes harvested, NLR from POD1 to POD3, postoperative hospital stay and overall hospital stay between the two groups were comparable. Except for significant difference in abdominal infection rate, the Clavien-Dindo classification and the incidence of other postoperative complications were not statistically different. Moreover, the morbidity of abdominal infection decreased with time in the IA group (P=0.040).





Conclusion

IA is a reliable and feasible procedure, which has faster anastomotic time, earlier return of bowel function and superior postoperative comfort of patient, compared to EA. The postoperative complication rate of IA is similar to that of EA, and may be improved with the IA technical maturity of surgeons, which potentially contributes to the development of ERAS.
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1 Introduction

With the development of laparoscopic technology and staplers, the difficulty of totally laparoscopic resection and intracorporeal anastomosis (IA) is greatly reduced (1), and laparoscopic colectomy has been widely used in the treatment of colon cancer. Nonetheless, the complication rate after laparoscopic surgery is still high, which in part is related to the failure of anastomosis and reconstruction of the digestive tract (2). In addition to the anastomosis methods (side-to-side anastomosis, end-to-side anastomosis, etc.), it has been suggested that different anastomotic approaches may affect the recovery after laparoscopic right hemicolectomy in the previous studies, which can be divided into IA and extracorporeal anastomosis (EA) (3). IA is a critical step in total laparoscopic right hemicolectomy, in which all resection and anastomosis of bowel are performed intracorporeally, with a small incision to dislodge the intraoperative specimen (3); while EA refers to the laparoscopic-assisted resection and anastomosis after the externalization of the bowel through an abdominal incision (4). The theoretical advantages of laparoscopic IA include but not limit that it would avoid having to extract the bowel and mesentery through the thick abdominal wall in obese patients; it would reduce the hazard of intestinal and mesenteric twisting and tension during EA (5, 6). However, intestinal bacteria cannot be completely eliminated even by adequate preoperative bowel preparation and the bowel requires to be opened during IA, hence it is difficult to prevent the abdominal environment from bacterial contamination due to the leakage of intestinal contents and the contact of linear staplers with intestinal lumen. In addition, the technical difficulty of IA has discouraged some young doctors. Therefore, there are still some disputes about the impact of IA and EA on the perioperative period. Our hospital is a high-volume public tertiary hospital with a dedicated colorectal cancer team which has developed laparoscopic colectomy since 2013 and performed stapled anastomosis through IA or EA. This study reviewed laparoscopic right hemicolectomy through IA or EA in recent years and compared their intraoperative and postoperative outcomes.




2 Patients and methods



2.1 Patients

From September 2019 to April 2022, 78 patients who received laparoscopic right hemicolectomy were included in this study. All of these operations were performed by the same surgeon who specialized in totally laparoscopic colectomy (TLC) and open colon surgery. The operating surgeon has hundreds of cases of intracorporeal anastomosis and extracorporeal anastomosis in laparoscopic colectomy experience. The decision of anastomotic approaches was made randomly by the chief physician during the operation. The patients did not participate in the decision-making of anastomosis approaches.

Inclusion criteria included the preoperative diagnosis of the tumor in the cecum, the ascending colon or the hepatic flexure; laparoscopic right hemicolectomy through IA or EA; postoperative negative resection margin. Patients with other malignant tumors, urgent colectomy due to complications, coagulation dysfunction or organ dysfunction, having received neoadjuvant chemotherapy or colostomy were excluded (Figure 1). Written informed consent was obtained from all selected patients. This study was reviewed and approved by the Ethics Committee of Fujian Provincial Hospital.




Figure 1 | Flowchart of IA and EA Patient Selection in laparoscopic right hemicolectomy. IA, intracorporeal anastomosis; EA, extracorporeal anastomosis.



Baseline characteristics of patients included age, sex, Body Mass Index (BMI), American Society of Anesthesiologists classification (ASA), TNM staging and prior abdominal surgery. Intraoperative-related factors that included anastomotic approaches, anastomotic time, operative time, length of incision, number of harvested lymph nodes and intraoperative blood loss were recorded. Intracorporeal or extracorporeal anastomotic time started with punching in the ileal and colonic stumps and ended with closing the common opening of anastomosis, which was recorded by watching surgical video. Postoperative short-term outcomes collected included time to first passage of gas, visual analog scale (VAS) for postoperative pain, postoperative hospital stay, total hospital stay, neutrophil-to-lymphocyte ratio (NLR) during POD1 and POD3, Clavien-Dindo grade and postoperative complications. Among post-complications, postoperative ileus refers to the lack of bowel movement in the early postoperative stage (3-7 days after surgery). It was defined as the inability to fart, defecate and restore the tolerance for eating (7), then was diagnosed ultimately by imaging evidences like X-ray or CT, etc.




2.2 Surgical technique

Amongst 78 patients, IA was performed in 50 patients and EA was performed in 28 patients. In the intracorporeal group, ileocolic and right colic vessels were exposed and ligated laparoscopically at vascular pedicles, and the mesocolon and ileal mesentery were completely liberated before transection of colon. The cutting line was perpendicular to the colonic axis for intracorporeal resection using a linear stapler equipped with the cutting knife. After laparoscopic resection of specimen, two 5-10mm holes were made in the ileal and colonic stumps, and two prongs of linear staplers were inserted into the two holes for intracorporeal functional end-to-end anastomosis (FEEA, also known as side-to-side anastomosis). The mucosal lumen of anastomosis was checked carefully for hemostasis after 10-30 seconds of evenly clamping stapler. Then the common opening of FEEA was closed with the same stapler. The serosal bleeding of anastomosis was examined and was stanched with electric scalpel. Then the hole of Trocar at umbilical region was selected as incision to install the incision protector and remove the specimen.

In the extracorporeal group, ileocolic and right colic exteriorization and enterotomy were performed by widening the hole of Trocar at umbilical site, which followed by using linear staplers for extracorporeal FEEA and closing the common opening. The mesenteric notch was sutured after the blood supply of the anastomosis was checked, and the anastomosed bowel was placed back into the abdominal cavity.




2.3 Statistical analysis

All statistical analyses were conducted using SPSS software (IBM SPSS Statistics for Windows, version 25.0, Armonk, NY, USA). The independent samples t-test was used for the comparison of measurement data with normal distribution among groups. The Wilcoxon rank-sum test was used to compare the measurement data with skewed distribution and compare the ordinal data among groups. The chi-square test or Fisher’s exact test was used for the analysis of count data. P-values < 0.05 were considered statistically significant.





3 Results

From September 2019 to April 2022, 44 males and 34 females were included in this retrospective study with a mean age of 61.97 years (range: 40 - 88 years) and a mean BMI of 22.74 kg/m2 (range: 15.33 - 32.95 kg/m2). Among them, 28 patients underwent EA and 50 patients underwent IA. All patients are ASA II-III and survival within 30 days of surgery. There was no difference in demographics and clinical characteristics between the two groups (P>0.05) (Table 1).


Table 1 | Baseline clinical characteristics of patients between the extracorporeal anastomosis (EA) group and intracorporeal anastomosis (IA) group.



Both groups completed laparoscopic right hemicolectomy and lymph node dissection. Intraoperative conditions of two anastomotic approaches are shown in Table 2. None of selected patients were converted to laparotomy. No statistical difference was observed with respect to lymph node dissection and operation time (P>0.05), yet anastomotic time between the two groups were significantly different (P<0.001); the anastomosis time of EA group was significantly longer than that of IA group. Compared with EA, the IA group had less intraoperative blood loss (median: 30 mL, P=0.010) and smaller incision (median: 3 cm, P<0.001) (Table 2).


Table 2 | Intraoperative conditions of including patients.



Postoperative outcomes of two groups are manifested in Table 3. No statistical difference between the two groups was found in terms of postoperative hospital stay (P=0.294), totally hospital stay (P=0.366) and NLR during POD1 and POD3 (P>0.05), but the postoperative pain scores of IA group significantly decreased (P<0.001) and the first fart time of EA group significantly delayed (P=0.006). 27 patients in the two groups had at least one postoperative complication, including anastomotic leakage, anastomotic bleeding, abdominal infection, surgical site infection and postoperative ileus, and thereof the incidence of abdominal infection between groups existed statistical difference (P=0.044), while there was no significant difference in other complications (Table 3).


Table 3 | Postoperative outcomes of two groups.



Patients in the IA group were divided into three groups based on timeline: from September 2019 to August 2020 (group A), from September 2020 to June 2021 (group B), and from July 2021 to April 2022 (group C). 6, 3, and 0 cases of abdominal infection were observed respectively among the 3 groups (P=0.040), without difference between each group (P>0.05) (Table 4).


Table 4 | Abdominal infection of intracorporal anastomosis in different periods.






4 Discussion

The feasibility and safety of laparoscopic colectomy in terms of radical resection have been demonstrated by some trials with high-level evidence (8, 9). However, different types of anastomotic approaches have their own drawbacks. Theoretically, EA requires a larger abdominal incision compared to IA to achieve ileocolic exteriorization, and undue traction on the mesentery may lead to bleeding during EA (10). The result of our study demonstrated that intraoperative blood loss and incision length were reduced in IA different from EA, and a smaller incision achieved by the IA technique can decrease the hazard of incisional hernias and postoperative pain (11, 12). In our study, the postoperative pain complained basically came from the surgical incision. The incision of TLC with IA is mainly used for the removal of surgical specimens, including trans-umbilical incision which our team selected, Pfannenstiel incision and trans- McBurney incision, natural orifice. Although some studies have pointed to a lower incidence of incisional hernias using the Pfannenstiel incision compared with using the umbilical incision (13–15), none of incisional hernia was observed in our patients, so this view has not been confirmed by us yet. The umbilicus was usually employed for a Trocar and slightly enlarged to extract the specimen to avoid adding an incision. We predicted this would alleviate postoperative pain, less adhesions and offer decent cosmesis. Then our study verified this hypothesis, which tallied with the findings of Fabozzi et al. (16).

Our study showed that the first postoperative fart time of patients in IA group was faster than EA; previous studies have also found that patients receiving IA recover their diet and defecate more quicker than EA (17, 18). These evidences suggested that bowel function recovery after IA was faster, and less bowel manipulation and reduction of traction were thought to contribute to it (10, 19). In some research of IA, the bowel peristalsis recovery after overlap anastomosis (OLA) was found faster than after FEEA, which may be due to isoperistaltic pattern after OLA creating more natural digestive reconstruction over antiperistaltic pattern after FEEA (20, 21). However, these studies also showed that the difference between two anastomotic mode was not significant in the incidence of post-complications; On the other hand, the OLA is more complicated than FEEA, which will prolong the anastomotic and operative time (20–22). Our chief surgeon was adept at FEEA and we opined that the theoretical advantages of OLA may be counterbalanced by our extensive experience of FEEA.

IA reduces tissue trauma by better visualization of anastomosis and abdominal manipulation under the laparoscopic lens, which may also be one of explanations for less intraoperative bleeding or one of reasons for less postoperative inflammatory reaction. NLR is a validated prognostic scoring system, which uses two different leukocyte count components to predict short-term systemic inflammatory response; previous literatures suggested that IA had less inflammatory reaction than EA (17, 23). In contrast, there was no significant difference in NLR between the two anastomoses in our study, which was speculated to be related to the postoperative complications of the two anastomotic approaches.

Some scholars opined that EA needed more time to arrange the bowel and mesentery to avoid mesenteric torsion (10, 24). Although our study discovered that the anastomotic time of IA was shorter than EA, there was no significant difference respect to the operative time, probably because the extra time was taken in separating the mesentery and ileocolic vessels intracorporeally (25). Some studies (18, 26, 27) even found that TLC required longer operative time than laparoscopic-assisted colectomy (LAC), which may be related to the difficulty of performing IA. We conjectured that the mastery of IA and tacit understanding of the team cooperation would curtail the anastomotic time and alleviate the difficulty of IA operation. Hanna et al. (6) also found the operative time was improving steadily by analyzing the learning curve in IA, believing the overall operative time of TLC by surgeons well versed in IA should be comparable to that of LAC (5, 17). In addition, it is difficult to judge whether the bowel or mesentery twisted owing to the limitation of the assisted incision during EA; While IA reduce the time of avoiding intestinal and mesenteric twisting and tension depending on clear laparoscopic observation. Different types of sutures and materials may also impact the effect of anastomosis. It has been pointed out that the post-complications of double-layer anastomosis is less than single-layer anastomosis, and the use of barbed sutures in double-layer suturing can shorten the anastomotic time in TLC (28, 29). Although barbed sutures have not been frequently used by our team hitherto in TLC, it will be considered to utilize for further reducing the anastomotic time and post-complications of IA, which is significant for the development of totally laparoscopic surgery.

In addition to intraoperative-related factors, the occurrence of postoperative complications is often discussed when comparing the anastomotic approaches, and the reports are conflicting in the previous systematic reviews. Our research found that the incidences of postoperative complications of IA and EA were equivalent, and there was no difference between them when stratifying postoperative complications according to Clavien-Dindo classification in detail.

Theoretically it is redundant to drag out the bowel from coelom for stapling during IA, hence fewer bowel operations are required for IA and the incisions are less likely to be contaminated (30). However, no significant difference was observed in the postoperative ileus and surgical site infection (SSI) between the two anastomotic techniques, which may be induced by the low morbidity seemly due to limited sample size. Anastomotic leakage is one of the most concerned postoperative complications. It has previously been shown that exteriorization of the bowel, hand-sewn anastomosis and compromised vascular supply by lengthening of the mesentery bring about a higher incidence of anastomotic leaks in EA (17, 31). Our team was used to performing manual suture after stapled anastomosis regardless of whether IA or EA, which may be the reason for the low incidence rate and statistical similarity of anastomotic leakage and anastomotic bleeding between the two anastomotic methods in our study. It was worth noting that half of the complications in the IA were abdominal infections, which was significantly different from EA. Although many scholars indeed speculated that opening the bowel during IA increased the hazard of abdominal infection, their findings did not definitely support it (2, 17). We had found several years ago that the postoperative abdominal infection rate in IA was higher than EA, so we had tried a variety of methods to prevent it, including adequate preoperative bowel preparation, sufficient intraoperative peritoneal lavage and improving the postoperative nutrition and immunity. Further research revealed that the abdominal infection rate after IA had been descending in recent years, which may be related to the preventive measure or IA technical strides of our surgeons. We infer that with the comfort of our surgeons for IA technique, the abdominal infection after IA will further decline in the next few years (6); and as the incidence of postoperative complications such as abdominal infection decreases, the superiority of IA in postoperative recovery may be gradually revealed, including shortening the length of hospitalization and reducing the inflammatory response, which is relevant for the realization of “enhanced recovery protocol (ERAS)”.




5 Conclusion

In our opinion, IA is a safe and reliable technology and even has an advantage over EA in terms of anastomotic time, incision length, during surgery, intraoperative blood loss, postoperative pain and bowel function recovery. Along with the advance of IA technique, smaller hazard of postoperative complications will be obtained and the potential of IA in ERAS will be gradually realized. In addition, due to the limited patient number in this study, more cases will be required to verify these views in the future.
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Colorectal cancer (CRC) is the second most common cause of cancer-related death among both men and women worldwide and the third most common cancer overall. About 20% of patients diagnosed with CRC were discovered to have distant metastatic lesions, the majority of which were located in the liver. For the optimum treatment of CRC patients with hepatic metastases, interventional radiologists, medical oncologists, and surgeons must all collaborate. The surgical excision of the primary tumor is an important part of CRC treatment since it has been found to be curative in cases of CRC with minimal metastases. However, given the evidence to date was gathered from retrospective data, there is still controversy over the effectiveness of primary tumor resection (PTR) in improving the median overall survival (OS) and quality of life. Patients who have hepatic metastases make up a very tiny fraction of those who are candidates for resection. With a focus on the PTR, this minireview attempted to review the current advancements in the treatment options for hepatic colorectal metastatic illness. This evaluation also included information on PTR’s risks when performed on individuals with stage IV CRC.
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1 Introduction

Colorectal cancer (CRC) is the third most common kind of malignancy to be diagnosed. It is estimated that by 2020, there will be more than 1.9 million new cases and 935,000 deaths of CRC, making it the second leading cause of death from cancer overall, in both men and women (1). Incidence and mortality rates for CRC are reported to be highest in North America, Europe and Oceania (2), and the numbers have increased due to changes in diet and lifestyle, notably in China (3). More than half of CRC patients develop metastases, of whom 20% had distant metastatic lesions at the initial diagnosis or during the treatment, predominantly in the liver (4, 5). For the localized stage, the 5-year relative survival rate can reach to 90%, but it is less than 10% for the remote stage (1). Currently, long-term treatment goals for CRC patients with distant metastases focus on improving overall survival (OS) and quality of life.

Surgeons, medical oncologists, and interventional radiologists must all work together to develop a multidisciplinary strategy for the best therapy for CRC patients with hepatic metastases. For CRC patients with few metastases, surgical removal of the main tumor is essential and has been shown to be curative. Only 10–20% of stage IV CRC patients, however, have surgical indications for treatment since the majority (75–90%) have untreatable distant metastases (6, 7). As a result, the National Comprehensive Cancer Network (NCCN) guidelines do not typically advise patients with stage IV CRC to go through primary tumor resection (PTR) as a form of curative surgery (8). PTR is only taken into consideration for patients with stage IV CRC that is resectable if all metastatic lesions can be removed concurrently (9).

For managing the main tumor-related symptoms and side effects (such as blockage, perforation, or refractory bleeding), surgeons have traditionally advised PTR (10). However, currently, several systemic chemotherapies and biological targeted agents (e.g., 5-fluorouracil, oxaliplatin, irinotecan, cetuximab) are available and have become the first-line regimens for metastatic colorectal cancer during the past ten years. For example, fluorouracil-based induction chemotherapy has a significant effect on primary tumor and liver metastasis (11). The monoclonal antibody bevacizumab in conjunction with oxaliplatin-based chemotherapy has been found to significantly increase the metastatic CRC patients overall survival from 6 months to 24 months in a randomized phase III trial (12). As reported by two population-based investigations using the Surveillance, Epidemiology, and End-Results (SEER) database, PTR was gratuitously performed in almost 70% of CRC patients despite the increased effectiveness and widespread usage of these medications (6, 13). Early studies concluded that PTR improved median OS and quality of life in patients with stage IV CRC. However, these studies were retrospective, single-center, observational, lacked corroboration from prospective randomized controlled trials, with selection bias and unknown confounders, and may have weakened the robustness of the conclusions. In addition, the risks associated with PTR performance (e.g., post-PTR complications and mortality) have not been adequately assessed. Therefore, the implementation of the non-curative PTR as an initial treatment option requires a systematic assessment in terms of its benefits and risks. If the surgery of primary tumors is ineffective in prolonging survival or reducing serious postoperative complications, patients are going to be exposed to a higher risk of morbidity, mortality and uncalled-for expenses. With a particular focus on the efficacy and safety of PTR, this minireview attempted to develop an extensive specialization in the treatment of patients with viscus metastases from CRC. Additionally, this review aimed to spot the determinants which may influence the choice creating of aid suppliers to perform PTR. This will help to inform the future practice and figure out in whom PTR is of benefits.




2 The advantages of initial tumor removal in stage IV CRC patients



2.1 Effectiveness and efficacy of PTR in stage IV CRC patients

The effectiveness of PTR in CRC patients with unresectable metastases remains polemic (14), with some studies advised that PTR will considerably improve the survival and quality of life, while others have failed to find a significant difference in its survival benefit. For instance, a Japanese randomized controlled trial (RCT) evaluated the role of PTR prior to the initiation of chemotherapeutical agents in improving OS in CRC patients. However, no statistically significant OS was found between the patients (median OS 25.9 months for the PTR group vs. 26.4 months for the non-PTR group, P>0.05) (15) (Tables 1, 2). The latest CAIRO4 Phase 3 Randomized Clinical Trial (16) investigated 60-day mortality in patients with CRC and found that patients randomized to PTR followed by fluoropyrimidine-based chemotherapy with bevacizumab had higher mortality compared to the control group (systemic treatment, consisting of fluoropyrimidine-based chemotherapy with bevacizumab). Both of these studies have the advantage of being RCTs, and both concluded that PTR may not be beneficial in improving survival in CRC patients, but both studies have the commonality of small sample size, with a total sample size of only 361.


Table 1 | Characteristics of selected studies assessing the impact of PTR on survival or survival benefit in unresectable stage IV CRC.




Table 2 | The survival advantage associated with PTR in non-resectable stage IV CRC.



In addition to the two RCTs mentioned above, we included nine other retrospective observational studies (17–25). Almost all of these studies support the survival benefit of PTR to patients (Table 2). Of a total of approximately 30,000 patients in these nine studies, only the study by Xu et al. found no significant survival benefit in the PTR group (24). Lam-Boer et al. (17) and Doah et al. (19) performed a propensity score matching analysis (so-called post hoc randomization) of the included population to minimize selection bias, and both studies confirmed the advantage of PTR in improving survival in patients with in unresectable stage IV CRC. Another retrospective longitudinal study conducted by Kim et al. found that 103 patients with nonlocally advanced tumors who underwent PTR had an improved overall survival by 17.8 months (95% CI 16-19.5 months, P<0.05) (26). The overall survival of patients who got PTR improved by 7.76 months (95% CI 5.96-9.56 months, P 0.05) according to a meta-analysis of 148,151 patients from 56 retrospective studies (27). However, a high heterogeneity was noted in this study. Overall, PTR has the potential to improve patient survival in larger samples of clinical studies, but requires validation by RCTs.

PTR alone can improve survival irrespective of other treatments. In the study of Urvay et al., 215 patients who had stage IV unresectable metastatic CRC had a median overall survival of 29.56 months, whereas the patients who did not get PTR had a median OS of 14.25 months (P=0.001). OS was 35.6 months in the PTR group whereas 22.2 months in the non-PTR group who only received chemotherapy (P=0.002). For the surgical group, the median progression-free survival (PFS) was 9.85 months, but for the non-surgical group, it was 7.06 months (P=0.001) (22). These trials provided more evidence that PTR can increase survival for metastatic, unresectable CRC. In an RCT carried out across multiple centers, in a sample of 48 patients with advanced stage IV CRC, the PTR group (n=26) had a significantly higher 2-year cancer-specific survival rate than the upfront chemotherapy group (n=22) (72.3% vs. 47.1%, P=0.049) (28). The two-year PFS rate was not significantly different between the two groups (69.5% vs 44.8%, P=0.058), which may have been a result of the small sample size. Similar conclusions were reached by a systematic review and meta-analysis encompassing 159,991 people (PTR n=94,745; primary tumor intact [PTI] n=65,246): the PTR group had a significantly longer OS (7.46 months, HR 0.58, P<0.0001) than the PTI group, but there was also a significant between-group heterogeneity (P<0.0001). A prolonged PFS (HR 0.76, P<0.0001; MD 1.67 months, P<0.0001) and cancer-specific survival (HR 0.44, P<0.0001; MD 10.01 months, P<0.0001) were also associated with PTR (29). The median OS for 616 patients with advanced CRC (PTR n=414; non-PTR n=202) was 23.9 months in the PTR group whereas 12.3 months in the non-PTR group, according to a further retrospective multicenter analysis (P<0.001). The interquartile range for the PTR group was 12.2-39.9 months (adjusted HR 0.51; 95% CI 0.42–0.64; P<0.001). PTR was substantially linked to a better OS. This strongly suggests that PTR contributes to an improved prognosis irrespective of the chemotherapy regimens.

PTR combined with postsurgical systemic chemotherapy may be more beneficial for patients with advanced stage IV CRC who are asymptomatic than either treatment alone (i.e., PTR alone or chemotherapy alone). The cumulative 5-year overall survival rate was 28.3% for patients who received PTR plus chemotherapy, 17.6% for patients who only received chemotherapy, 15.9% for patients who only underwent PTR, and 9.1% for patients who were not treated, according to an analysis of retrospective cohort studies using the American National Cancer Data Base (n=31,310). The median OS (23 months) for patients who got PTR and then chemotherapy was likewise much longer than it was for individuals who underwent chemotherapy alone (13 months), PTR alone (6 months), or received no treatment at all (2 months) (24).




2.2 PTR might decrease the emergency surgery during chemotherapy

Stage IV patients who had initial therapy and had an unresectable tumor experienced a 22% incidence of complications attributable to the primary tumor. In this situation, 87% of patients have to discontinue their chemotherapy regimens for approximately 4 weeks and seek emergency surgery (24), which in turn put the patients at a higher risk of having unexpected complications (30%) or hospital mortalities (8.5%) (30). Furthermore, research has shown that persons who experienced initial tumor difficulties during chemotherapy were more likely to have a colon cancer prognosis that was concerning (31). According to a secondary database analysis conducted in the western Netherland, the post-surgery mortality rate on the 30th day was only 1.5%. However, it increased to 8.8% after the onset of symptoms (32). According to other research, if the main tumor is not removed during the initial therapy, 7–22% of patients will need emergency surgery or intervention (33–35). A non-randomized prospective controlled study by Wang et al. demonstrated that PTR reduced the incidence of serious clinical events and improved patients’ quality of life, whereas the group of patients not treated with PTR could require emergency surgery due to significant primary tumor-related complications (including bleeding, perforation, etc.) (36).





3 Factors contributing to a better prognosis for stage IV CRC patients undergoing PTR

Table 1 shows the baseline characteristics of individuals who received PTR or non-PTR in a few trials. The median age of the patients ranged from 60 to 75 years, and no appreciable differences were discovered between the studied groups. The majority of the studies had a higher proportion of male participants, except for Niitsu et al. (21) who had more female than male patients, but there was no statistically significant difference in gender between individuals who underwent surgery and those who did not.

Identifying which CRC patients with metastases may benefit from PTR is of profound importance. Previous studies conducted multivariate analyses and the following were identified as independent factors affecting prognosis: age (older patients have poorer prognosis), American society of anesthesia (ASA) score/WHO-PS (the lower the score, the better the prognosis. E.g: ASA score < 3, WHO-PS < 2), preoperative CEA levels (high levels indicate a poor prognosis), primary tumor location, size, and differentiation, tumor burden, the extent of hepatic metastases (liver involvement < 50% with a better prognosis), peritoneal dissemination, and extra-hepatic metastases(the smaller the extent of metastasis and the extent of the primary tumor, the better the prognosis) (10). As for the primary location of the tumor, Zhang et al. found that patients with left-sided colon cancer may benefit from PTR (25). Other variables that impacted prognosis but were less frequently noted were serum albumin, alkaline phosphatase levels, lymph node involvement, ascites, the number of metastatic sites, and the use of targeted therapy (10). In summary, surgeons should consider these prognostic factors when making the decision to perform PTR. Of course, PTR is obviously not recommended for patients with contraindications, including patients with a high burden of advanced metastatic tumors, etc.




4 Risks of PTR in CRC patients with incurable metastases

The most common complications after PTR include anastomotic leakage, intestinal obstruction, wound infection, adaptive immune suppression secondary to anesthesia, and blood transfusion. Systematic inflammatory response and homeostasis disorder after PTR can further promote immunosuppression and accelerate the growth of metastases (27, 37). Postoperative problems are associated with longer hospital admissions, delayed recovery, and later initiation of systemic therapy, all of which have a poor impact on the physical state, prognosis, and survival of patients who received PTR.

The severe complications caused by PTR can negatively influence the prognosis of patients. Anastomotic leak, obstruction, and wound infection were the most frequent severe postoperative complications in a multicenter retrospective cohort study carried out in Japan, which included 93(9.6%) patients (n=966). These complications were defined as National Cancer Institute Common Terminology Criteria for Adverse Events v3.0 [CTCAE] grade 3 or 4. Major problems were characterized as CTCTAE grades 1 or 2, and patients who had them had a substantially worse prognosis than those who did not (HR1.62, 95% CI1.21-2.18, P<0.01) (38). As a result, some oncologists advocate using chemotherapy as the first-line treatment option, as they are concerned about the impact of postoperative complications, particularly when patients experience a deteriorating physical condition (e.g., weight loss and malnutrition) after surgery. However, long-term chemotherapy may lead to higher toxicity compared with patients who underwent PTR. Therefore, the best therapy for people with stage IV CRC must thus be chosen by weighing the risks and advantages.




5 Conclusions

The prognosis is poor for patients with metastatic colorectal cancer, and they are more likely to experience potentially fatal tumor-related complications such as blockage, perforation, and bleeding. The advantages of PTR, even though they were performed in around 70% of patients with metastatic CRC, were still not completely clear. Previous reviews on PTR in CRC patients have reported high rates of postoperative mortality and morbidity associated with PTR (10, 39). These studies ignore the heterogeneity of the included studies, which may result in misunderstanding and bias towards PTR. In this study, we focused on reviewing the survival benefit of PTR for stage IV CRC patients in several previous retrospective studies, and we emphasize that the potential benefits of PTR should be re-examined. We synthesized clinical studies from the last decade and came to similar conclusions as Pędziwiatr, Liang et al. that PTR may actually be beneficial, mainly in terms of prolonging survival (40, 41). We also highlight the heterogeneity (selection bias and unknown confounders may distort the conclusion) of current studies, present some of the key factors affecting patient prognosis, and advocate that surgeons pay attention to this evidence and carefully assess the risks and benefits of surgery before proceeding. Finally, PTR is still widely performed and high postoperative complications and mortality remain a fact, but there are still no large sample, multicenter RCTs to validate the role of PTR, especially in the current era of targeted therapies (biologic agents, bevacizumab or cetuximab), thus high quality RCTs are needed to compare its effectiveness with alternative treatment options.
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Background

Rectal cancer has a high risk of recurrence and metastasis, with median survival ranging from 24 months to 36 months. K-RAS mutation is a predictor of poor prognosis in rectal cancer. Advanced rectal cancer can be stopped in its tracks by pelvic exenteration.





Case summary

A 51-year-old woman was diagnosed with advanced rectal cancer (pT4bN2aM1b, stage IV) with the KRAS G12D mutation due to a change in bowel habits. The patient had experienced repeated recurrences of rectal cancer after initial radical resection, and the tumor had invaded the ovaries, sacrum, bladder, vagina and anus. Since the onset of the disease, the patient had undergone a total of seven surgeries and long-term FOLFIRI- or XELOX-based chemotherapy regimens, with the targeted agents bevacizumab and regorafenib. Fortunately, the patient was able to achieve intraoperative R0 resection in almost all surgical procedures and achieve tumor-free survival after pelvic exenteration. The patient has been alive for 86 months since her diagnosis.





Conclusions

Patients with advanced rectal cancer can achieve long-term survival through active multidisciplinary management and R0 surgery.





Keywords: rectal cancer, recurrence, pelvic exenteration, long-term survival, KRAS mutation




1 Introduction

According to the latest global cancer statistics, colorectal cancer (CRC) is the third most common type of cancer worldwide and the second leading cause of cancer-related deaths (1, 2). The number of CRC cases has been rising steadily in recent years, and there is a trend towards an earlier age of onset (3, 4). Patients with early CRC lack typical symptoms. Most CRCs are at an advanced stage when patients present with changes in bowel habits, blood in the stool, anemia or abdominal pain (5). In addition, 20% of CRC patients already have metastases at the time of diagnosis, with the liver, lung, peritoneum, and local lymph nodes being the most common metastatic sites (6, 7). The prognosis of metastatic CRC is poor, with a 5-year survival rate of only 12% (8). As newly developed chemotherapeutic agents and targeted drugs continue to be put into clinical use, coupled with the continued maturation of multidisciplinary oncology treatment, new hope has been brought to extend the overall survival(OS) of patients with advanced metastatic CRC (2). Rectal cancer accounts for approximately 30% of all CRCs and is one of the most common cancers of the gastrointestinal tract (9). Herein, we introduce a female patient with advanced rectal cancer who experienced multiple tumor recurrences, metastases, and underwent seven surgeries, and has survived for up to 86 months as of today.




2 Case presentation



2.1 Patient information and clinical findings

In October 2015, a 51-year-old lady was admitted to Zhujiang Hospital because of a change in her bowel habits that had been going on for more than six months. Six months ago, she noticed an increase in the frequency of her bowel movements, which were typically thin and unformed stools with two to three drops of blood after the stool, and she also had a feeling of anal drop before defecation, tenesmus and endless defecation. Thirteen years ago, she underwent a total hysterectomy for uterine fibroids. The patient had a history of diabetes mellitus and was advised to control her diet without taking medications. There were no other comorbidities. There was no history of alcohol or tobacco abuse and no family history of hereditary disorders. On examination, the patient was found to have tenderness pain in the lower abdomen, and rectal palpation revealed a mass of approximately 3×3 cm on the right posterior wall of the rectum 7 cm from the anus. There were no abnormal findings on physical examination of other systems.




2.2 Diagnostic assessments

A recent colonoscopy performed on the patient at the local hospital revealed a cauliflower-like mass located 7 cm from the anus, blocking the bowel lumen and restricting access to the colonoscope. Pathological analysis of the specimen indicated rectosigmoid junction cancer. The patient had elevated tumor markers, with blood levels of 85.2 μg/L for CEA and 82.1 kU/L for CA199. Body CT showed significant local bowel luminal narrowing, a soft tissue mass shadow with uneven density and enhancement, and significant thickening of the bowel wall at the junction of the rectum and sigmoid colon. Many enlarged lymph nodes were seen around this section of the bowel. The results of the abdominal CT and chest x-ray ruled out liver and lung metastases. According to the patient’s condition and her wishes, we performed a laparoscopic radical surgery for rectal cancer. Intraoperative exploration revealed a 5cm × 4 cm mass in the right wall of the rectum, which penetrated the plasma membrane layer and was strongly adherent to the right peritoneum and ovary. Two white metastatic cancer nodules could be seen at the top of the vagina. The right ovary and metastatic cancer nodules were also removed simultaneously with the consent of the family and with the assistance of the gynecology department. The postoperative pathology revealed a moderately differentiated adenocarcinoma of the rectum with a mucinous component, infiltrating the entire intestinal wall, invading the vasculature and nerves, with metastatic cancerous tissue visible in the mesenteric lymph nodes (4/14) and metastatic tissue from the right ovary. The patient’s final diagnosis was a moderately differentiated adenocarcinoma of the rectum (pT4bN2aM1b stage IV). (Figure 1) Immunohistochemistry showed CK (+), CDX-2 (+) and approximately 30% P53 in cancer cells. The patient had a microsatellite stable tumor microenvironment (TME) (MSS: MLH1 (+), MSH2 (+), PMS2 (+)) and Ki-67 approximately 40% (+). Genetic testing suggested mutations at the G12D locus of the KRAS gene.




Figure 1 | Preoperative CT and postoperative pathology for first radical rectal cancer: CT scan showed obvious thickening of the intestinal wall at the junction of the rectum and sigmoid colon, and soft tissue mass shadow with uneven density (A). CT enhanced scan showed uneven enhancement of soft tissue masses at the rectosigmoid junction and local intestinal cavity was obviously narrow (B). Part of intestinal duct (rectal mass), 18 cm long, 6-8 cm in circumference, 6cm away from the cut edge at one end, and a cauliflower-like mass 8 cm from the cut edge at the other end, 7cm x 5cm x 2 cm in size (C). The cancer tissue of rectal mass was arranged in irregular glandular tubular and sieve shape, infiltrating the whole intestinal wall and breaking through the serous layer. The cancer cells were obviously heteromorphic, with large nuclei, deep staining and frequent mitotic images (D).






2.3 Therapeutic interventions and follow-up

The first and second surgeries: In October 2015, the patient underwent laparoscopic radical surgery for rectal cancer and right ovariectomy. This was followed by six rounds of the XELOX (oxaliplatin and capecitabine) chemotherapy. However, 22 months after the surgery, the patient underwent a pelvic CT and plain and enhanced MRI at follow-up, which showed that the metastases had progressed and that there was a significantly larger mass anterior to the left external iliac artery than previously seen. In August 2017, laparoscopic exploration revealed a 3cm × 4cm irregular mass in front of the left iliac vessels, completely encapsulating the left ovary below, so the left ovary and metastases were removed. And six cycles of FOLFIRI (irinotecan, 5-FU, and calcium folinic acid) chemotherapy were started after the procedure.

The third surgery: At review in November 2019, imaging showed an occupying lesion on the right side of the anastomosis, poorly demarcated from the right wall of the vaginal stump, invading the surrounding tethered fascia and the right levator ani muscle, and tumor recurrence was considered. Once the diagnosis was clear, the patient was localized for radiotherapy and treated with local radiotherapy and a second-line chemotherapy regimen: FOLFIRI and bevacizumab. Due to 2 or 3 loose stools per day with painful bowel movements, the patient returned to hospital in March 2021. Since non-surgical treatment could not remove the lesion and prolong life, we performed a laparoscopic partial rectal resection and sigmoid colostomy for her.

The fourth surgery: In June 2021, a review revealed that the occupying lesion on the rectal stump continued to progress and increase in size, and tumor recurrence was considered. After multidisciplinary discussion, the final decision was made to perform abdominal radiofrequency ablation and particle implantation in collaboration with the interventional and radiology departments. The multidisciplinary consultation agreed that the patient’s lesion had progressed after previous first- and second-line treatment, and that she should be switched to third-line therapy with regorafenib, while TAC102 could be considered.

The fifth to seventh surgeries: At the follow-up in July 2022, a rectal stump mass was again observed, together with an extended invasive lesion on the right side of rectal stump. Considering that almost all medical drugs had failed to control the disease, and radiotherapy and particle implantation had failed to control the tumor progression, we proposed pelvic exenteration to the patient after discussion with the multidisciplinary team. We actively sought the patient’s opinion and her main concern was to remove the tumor and reduce the threat to her life. She was willing to undergo aggressive surgical treatment and accepted our proposal. Therefore, we performed pelvic exenteration (transsacral resection of rectum, anus, bladder, vagina and sacrum) for the patient. Due to the large size of the surgical wound which was difficult to heal on its own, we performed a free myocutaneous flap graft and skin and subcutaneous necrotic tissue debridement on the lower back in September 2022. (Figures 2, 3).




Figure 2 | Pre-pelvic exenteration colonoscopy, CT, post-operative pathology and reconstruction: CT scan showed a mass-like slightly hypodense shadow next to the right side of the rectal stump. The lesion was poorly demarcated from the right vaginal wall and presacral soft tissue and invaded the surrounding tethered fascia and right levator ani muscle. The rectal cavity was compressed and deformed(A-C). The blind end was observed at 8cm away from the anus through the natural anus, and the intestinal mucosa was covered with white contents(D). The cancer tissue invaded the entire bowel wall, the entire vagina, involving the surrounding striated muscle tissue and adipose tissue, the local prolusion of the bladder mucosa, and localized necrosis of the serous layer and the muscular layer(E). After pelvic exenteration, the patient underwent free myocutaneous flap graft (F).






Figure 3 | The patient had undergone seven surgeries (radical rectal cancer surgery and right ovariectomy in October 2015, left ovariectomy in August 2017, partial rectal resection in March 2021, radiofrequency ablation and particle implantation in July 2021, pelvic exenteration in July 2022, and two reconstructive surgeries in September 2022). During treatment, the patient had been taking chemotherapy drugs, including first-line chemotherapy drugs: XELOX (oxaliplatin and capecitabine), second-line chemotherapy drugs: FOLFIRI (irinotecan, leucovorin, and fluorouracil) and bevacizumab, and third-line therapy drugs: regorafenib.



By 2023-1, the patient had been diagnosed with advanced rectal cancer for more than 7 years, had undergone 7 surgeries, and had survived up to 86 months. The patient’s tumor markers were not elevated during regular post-operative follow-ups after pelvic exenteration. The patient’s psychological burden was greatly reduced when we informed her that the tumor was most likely to be completely removed. Although she lived with a fistula bag after surgery, she was able to live independently with little restriction in general physical activity at our follow-up. We carried out the FACT-C (Functional Assessment of Cancer Therapy-Colorectal) test for the patient and her quality of life was quite satisfactory.





3 Discussion

The patient was still quite young when she was diagnosed with rectal cancer at the age of 51. In recent years, early-onset colorectal cancer (EOCRC) has gained widespread attention due to an alarming increase in its morbidity. Recent data from European registry studies show that the incidence of CRC in patients aged 20-49 has risen sharply over the past 25 years (10, 11). It is estimated that by 2030, one in ten colon cancers and one in four rectal cancers will be diagnosed in people under the age of 50 (12). Although the high incidence of diseases in young people is often due to genetic factors, this does not explain the rapid increase in recent years, so potential factors may also include westernized diets, obesity, antibiotics, infections and changes in the gut microbiome (13). Several studies have shown that the clinical characteristics and biological behavior of EOCRC differ significantly from those of conventional CRC. More invasive pathological factors are found in EOCRC, including higher tumor grade, lymphovascular infiltration, perineural infiltration, and elevated serum CEA, and are associated with worse OS (14). Current guidelines in the United States recommend starting screening at the age of 50 for average-risk individuals, which may lead to delayed diagnosis in EOCRC (15). In a study of 1,514 patients with rectal cancer, the median time from symptom onset to treatment is 217 days for those younger than 50, compared with 29.5 days for those older than 50 (16). Delayed diagnosis may lead to the development of cancer to a more advanced stage with a poorer prognosis (17, 18). Therefore, it is still worth investigating whether the age of screening for CRC needs to be brought forward and when to start screening to get the most benefit.

Colorectal cancer is known to have a poor prognosis as the second leading cause of cancer-related death. Fewer than 15% of patients with stage IV CRC survive within 5 years of diagnosis (19), and the majority of patients with metastatic colorectal cancer currently have a survival of 24 to 36 months (2). This patient was diagnosed with stage IV rectal cancer at the time of detection, and several factors suggested that she would have a much shorter survival. Firstly, the patient had a K-RAS mutation. As the most common and first discovered mutation in colorectal cancer, KRAS mutations are seen in between 30% and 40% of cases and are often considered a poor prognostic indicator (20, 21). On one hand, KRAS mutant cancers are highly invasive (22). On the other hand, KRAS mutations have also been found to be an important predictor of lack of response to treatment with epidermal growth factor receptor monoclonal antibodies (23–25). In addition, studies have shown that KRAS G12D mutant tumors have a poorer response to chemotherapy and radiotherapy, and significantly shorter progression-free survival (PFS) and OS (26). The patient in our case report had the G12D mutation, which largely predicted her poor prognosis. Secondly, ovarian metastases were found during the treatment. Metastases from the gastrointestinal tract to the ovary are known as Krukenburg tumors, which are very rare metastatic malignancies of the ovary with an incidence of 0.16/100,000 (27). The prognosis for Krukenburg tumors is poor, with a median survival of 23 months for limited metastases and an average of 14 months for widespread metastases, regardless of the treatment method (28). Remarkably, the patient has lived for 86 months so far. Our analysis of her prolonged survival could be as follows:

First, despite numerous recurrences and involvement of nearby organs, the patient showed no evidence of liver or lung metastases. Metastases to secondary organs, such as the liver and lung, are thought to be a major contributor to colorectal cancer-related mortality (29). According to a review of 14 randomized clinical trials, median OS was 19.1 months for CRC patients with liver metastases and 24.6 months for those with lung metastases (30). The exemption of liver and lung is beneficial for patient survival to some extent.

Second, the only salvage procedure is pelvic exenteration (PE) when advanced rectal cancer has spread to many nearby organs and recurred frequently (31, 32). To achieve a tumor-free margin, PE is a procedure that completely eradicates all pelvic malignancies (33). Recent improvements in perioperative care, surgical technique, and multidisciplinary team approaches have reduced surgical mortality and increased access to therapy for rectal cancer whose recurrences and metastases are confined to the pelvis (34, 35). In this case, we removed the patient’s vagina, bladder, anus, rectum, and sacrum. The patient underwent two further reconstructive procedures, as research suggests that myocutaneous flap reconstruction and long-term pelvic/perineal drainage after PE may reduce infection rates and improve wound healing (36). Despite the risk associated with PE, most of these patients face a median OS of approximately 7 months if surgical resection is not attempted (37). Therefore, pelvic exenteration may be the only hope for long-term survival of rectal cancer patients without distant metastases (38).

Finally, the patient had many pelvic metastases and tumor recurrences that were surgically significant, and R0 resection was achieved in almost all surgical procedures. Margin status is the most important predictive factor for the outcome of pelvic exenteration for recurrent rectal cancer, according to a number of studies. The greatest survival benefit after PE is seen in patients with negative margins or R0 resection (39–42). The American Joint Committee on Cancer was the first organization to recognize the importance of the ‘R’ status of tumor resection in 1977 (43). Histopathological evaluation of R0 resection is considered to be a circumferential margin (CRM) of >1 mm.R1 resection is the presence of microscopic residual lesions defined as CRM ≤1 mm, while R2 resection is the presence of residual sarcoid lesions (39). R0 resection status remains the most important determinant of disease-free survival and OS in resectable rectal cancer. One study showed that the median survival was 43 months for patients with R0 resection, 21 months for patients with R1 resection, and 10 months for patients with R2 resection, and three-year survival rates were 56.4%, 29.6%, and 8.1% for R0, R1, and R2, respectively (39). In addition, multiple studies have suggested that R0 resection is associated with a good prognosis (39–41, 44). The patient we report achieved R0 resection at almost all surgeries of tumor recurrence or adjacent organ involvement and is still tumor free today.

There is currently no clinical consensus on the value of resection of distant metastases in the management of patients with advanced CRC. A number of studies have shown that surgical resection is the main treatment for patients with liver and lung metastases from CRC to achieve ‘no evidence of disease’ status and long-term survival (45–50). The Japanese guidelines for the treatment of CRC recommend surgical treatment of the metastatic lesion if the patient can tolerate it and both the primary colorectal and metastatic lesions are completely resectable (7). According to the results of the Bologna Multidisciplinary Rectal Cancer Group, people who underwent metastatic resection had a longer OS (51).. However, the main problem with resection of liver metastases is the high recurrence rate, which is as high as 75% within 2 years and is the main cause of postoperative mortality in patients (52). Other studies have shown that lung metastasectomy leads to a reduced quality of life and reduced health benefits for patients after surgery (53, 54). In addition, Riccardo Lemini et al. showed no difference in survival outcomes between patients who underwent metastasectomy and those who did not (55). Therefore, more studies are needed in the future to fully understand the role of metastasectomy in order to provide more effective treatment strategies for patients with advanced CRC who develop distant metastases.

The incidence of ovarian metastases from CRC ranges from 1.6% to 6.4% (56),with approximately 40-60% of patients with ovarian metastases presenting with bilateral involvement (57, 58). It has been shown that the ovary appears to be a ‘sanctuary’ for tumor cells, providing a favorable microenvironment for tumor growth, and that metastatic ovarian tumors do not respond well to chemotherapy. Therefore, surgery appears to be the only viable alternative (57, 59). In this case, we found involvement of the right ovary during the initial radical surgery for rectal cancer, and performed resection of the metastases at the same time, and then found metastases in the left ovary 2 years later and promptly resected them. This raises the controversial question of whether prophylactic removal of the other ovary is necessary in the case of metastases from one ovary. Bilateral ovaries are interconnected by branches of the fundic artery and CRC can develop bilateral ovarian metastases by a haematogenous route (60, 61). In addition, CRC may also increase the risk of ovarian metastases by spreading through the peritoneum (62). Utku Akgor et al. argue that: Microscopic metastases can occur even in normal-appearing ovaries, and bilateral salpingo-oophorectomy should be the standard of care for all patients with ovarian metastases from CRC (59, 63).

The standard treatment for colorectal cancer is surgical resection combined with adjuvant chemoradiotherapy (64). However, for the past 30 years, patients with KRAS mutations have been in a drug-free situation, because targeting KRAS-driven cancer therapy faces several major challenges: first, KRAS has a similar GTP/GDP-binding region to other RAS family members, making it difficult to achieve targeted therapy (65). Second, the high affinity of KRAS for GTP/GDP makes it difficult to find effective inhibitors (65). There are now new developments in targeting KRAS for the treatment of CRC. Several groups have reported the development of direct KRAS small molecule inhibitors that bind directly to KRAS and inhibit nucleotide exchange or block the interaction between RAS-GTP and SOS (66–69). In addition, RT11, a cytoplasmic penetrating antibody targeting RAS mutant tumors, has been shown in preclinical studies to overcome drug resistance when combined with cetuximab (70). In addition, immunotherapy has shown clinical promise in the treatment of gastrointestinal tumors and autologous T cell transplantation for the treatment of KRAS G12D CRC is expected to enter the clinical practice (71), which may lead us to bid farewell to the era of KRAS ‘incurable’.




4 Conclusion

Although colorectal cancer patients with KRAS mutations and multiple recurrences often have a poor prognosis, the patient in our reported case, who had advanced metastatic colorectal cancer with KRAS mutations, had an exceptionally long survival. This is due to a combination of factors, including vigorous medical and surgical treatment with intraoperative R0 resection, and the fact that the patient’s liver and lungs were free of tumor metastases. The patient achieves tumor-free survival with good quality of life after pelvic exenteration. Our diagnosis and treatment provide experience and hope for patients with multiple recurrences and local metastases of colorectal cancer.
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Background

The purpose of this study is to construct a novel and practical nomogram and risk stratification system to accurately predict cancer-specific survival (CSS) of early-onset locally advanced rectal cancer (EO-LARC) patients.





Methods

A total of 2440 patients diagnosed with EO-LARC between 2010 and 2019 were screened from the Surveillance, Epidemiology, and End Results (SEER) database. The pool of potentially eligible patients was randomly divided into two groups: a training cohort (N=1708) and a validation cohort (N=732). The nomogram was developed and calibrated using various methods, including the coherence index (C-index), receiver operating characteristic curve (ROC), calibration curves, and decision curves (DCA). A new risk classification system was established based on the nomogram. To compare the performance of this nomogram to that of the American Joint Committee on Cancer (AJCC) staging system, DCA, net reclassification index (NRI), and integrated discrimination improvement (IDI) were employed.





Result

Seven variables were included in the model. The area under the ROC curve (AUC) for the training cohort was 0.766, 0.736, and 0.731 at 3, 6, and 9 years, respectively. Calibration plots displayed good consistency between actual observations and the nomogram’s predictions. The DCA curve further demonstrated the validity of the nomination form in clinical practice. Based on the scores of the nomogram, all patients were divided into a low-risk group, a middle-risk group, and a high-risk group. NRI for the 3-, 6-, and 9-year CSS(training cohort: 0.48, 0.45, 0.52; validation cohort: 0.42, 0.37, 0.37), IDI for the 3-, 6-, and 9-year CSS (training cohort: 0.09, 0.10, 0.11; validation cohort: 0.07, 0.08, 0.08). The Kaplan-Meier curve revealed that the new risk classification system possesses a more extraordinary ability to identify patients in different risk groups than the AJCC staging.





Conclusion

A practical prognostic nomogram and novel risk classification system have been developed to efficiently predict the prognosis of EO-LARC. These tools can serve as a guide to individualize patient treatment and improve clinical decision-making.





Keywords: early-onset rectal cancer, risk stratification, clinical prediction model, cancer-specific survival, AJCC staging




1 Background

Colorectal cancer is a common malignancy of the gastrointestinal system, with the third-highest global incidence and mortality rate among malignant tumors (1). Due to insidious disease, poor specificity of clinical symptoms, and lack of widely used screening tools, a significant proportion of patients are diagnosed with locally advanced rectal cancer (LARC) at the time of diagnosis (2, 3). LARC has garnered considerable attention from researchers domestically and internationally due to its high risk of recurrence and distant metastasis. Early-onset rectal cancer(EORC), which refers to rectal cancer diagnosis in individuals under 50 years, is still not fully understood in terms of its causes and underlying mechanisms (4). In recent years, investigators have studied the clinical and molecular biological features of EORC and found that it may be a separate disease rather than a subgroup of rectal cancer (5, 6). The prognosis of early-onset locally advanced rectal cancer(EO-LARC)may differ from EORC, and a separate survival analysis of EO-LARC is warranted (7). Radical surgical resection is still one of the main treatments for EO-LARC.

The current National Comprehensive Cancer Network (NCCN) clinical practice guidelines primarily rely on the AJCC TNM staging system for predicting prognosis and guiding treatment of EO-LARC patients (8). However, the TNM staging system still has certain limitations, such as age, gender, histological type, degree of tumor differentiation, serum biomarkers, and treatment-related factors affecting patient prognosis (9). Compared with the traditional TMN staging system or other staging systems, nomograms have demonstrated accurate predictive value for many types of tumors and are widely used in clinical applications (10, 11). However, there is no nomogram model to predict the postoperative survival of EO-LARC patients.

In this study, we investigated the factors that affect the postoperative survival of EO-LARC patients based on a large sample dataset from multiple centers in the SEER database and created a nomogram and a novel risk stratification system based on these data to help clinicians make personalized predictions of patient prognosis and guide clinical decisions.




2 Methods



2.1 Research data

Clinically relevant data for patients diagnosed with EO-LARC between 2010 and 2019 were extracted from the SEER registry database (2010–2019) using SEER*Stat 8.3.9.2 software. This study meets the requirements of the Declaration of Helsinki, and SEER is a publicly available database. The patients’ records and information included in this study were anonymous before analysis. Therefore, institutional ethics committee approval was not required for this study.




2.2 Patient inclusion and exclusion criteria

International Classification of Diseases in Oncology (ICD) (C20.9) and ICD code O-3 morphology (8140) were used for differentiation. Inclusion criteria: (a) age <50; (b) confirmed diagnosis of locally progressive rectal cancer (T1-2 N+/T3-4 N0/T3-4 N+); (c) radical surgery; (d) known cause of death. Exclusion criteria: (a) incomplete clinicopathological information; (b) lack of follow-up information; (c) occurrence of distant metastases or undetermined distant metastases; (d) missing treatment options; The process of selection by brush is shown in the flow chart Figure 1.




Figure 1 | The flowchart of EO-LARC patients identified in the SEER database.






2.3 Variables management

Thirteen clinically relevant variables for EO-LARC were downloaded with the seer database, including age, gender, race, pathology, tumor size, T-stage, N-stage, tumor size, lymph node ratio (LNR), CEA, radiotherapy, and survival data were extracted. The main terminal point of the study was the time until cancer-specific death. Tumor staging was performed using the 8th edition AJCC TNM staging criteria.




2.4 Establishment of nomogram model

All eligible cases were randomly divided into a training cohort (n=1708, 70% of the total cases) and a validation cohort (n=732, 30% of the total cases). The training cohort was used to build the prognostic model of the nomogram. Meanwhile, the validation cohort was used to test the stability of the model. All variables included in the study were analyzed using univariate Cox regression analysis and multivariate Cox regression analysis to screen for variables that significantly affect postoperative CSS in patients with EO-LARC.




2.5 Validation of nomogram model

Based on the training and validation cohorts, the models were validated using C-index, receiver operating characteristics (ROC), calibration curves, and decision curve analysis (DCA). The C-index showed the nomogram’s performance and prediction accuracy, while the ROC showed its sensitivity and specificity. 3-, 6-, and 9-year calibration curves were produced to assess the degree to which model predictions and actual data agreed. The analyses above were done 1,000 times by Bootstrap rerun to lessen bias.




2.6 Comparison between risk stratification associated with nomogram and the AJCC staging system

Using the net reclassification index (NRI), C-index, integrated discrimination improvement (IDI), and DCA compared to the AJCC staging system, the nomogram model’s net benefit and risk stratification were evaluated. DCA evaluated the nomogram’s clinical usefulness. Using the best threshold of total score chosen by X-Tile, all eligible patients were separated into low-risk, middle-risk, and high-risk groups. Log-rank tests and Kaplan-Meier curves were used to compare the CSS of patients in various groups.




2.7 Statistical methods

All study variables are presented as the number of cases and percentages. Univariate and multi-factor Cox regression analyses, C-index, calibration plots, ROC curves, and DCA curves were generated using R version 3.6.3 and correlation packages. Kaplan-Meier and log-rank tests were applied for survival analysis. Differences in the distributions of the training and validation cohorts were detected by the chi-square test. A two-tailed p-value of less than 0.05 was considered statistically significant.





3 Results



3.1 Patient characteristics

A total of 2440 patients were diagnosed with early-onset locally advanced rectal cancer and randomized in a 7:3 ratio to the training cohort (1708, 70%) and the validation cohort (732, 30%) (Figure 1). The population and clinical features of patients with early-onset locally advanced rectal cancer were summarized below in Table 1. Of all patients eligible for inclusion in the research, 1371 (56.19%) were male, 1069 (43.18%) were female, 1910 (78.28%) were white, and 192 (7.87%) were black. Most patients received chemotherapy treatment (90.12%) and radiotherapy (73.98%). The training and validation cohorts were not statistically different in the


Table 1 | Demographics and clinical and pathology characteristics of EO-LARC patients.



distribution of the 13 variables (P >0.05).




3.2 Analysis of variables

Univariate analysis of the training cohort showed that age, race, sex, pathology, radiotherapy, grade, T-stage, N-stage, CEA, LNR, and radiation were promotional factors for patients with early-onset locally advanced rectal cancer (P<0.05). The findings of multivariate Cox regression analysis showed that sex, pathology, radiotherapy, grade, T-stage, CEA, and LNR were independently prognostic factors affecting CSS in patients with early-onset locally advanced rectal cancer (P<0.05) and were therefore included in the build-up of the nomogram (Table 2).


Table 2 | Univariate and Multivariate Cox regression analyses.






3.3 Create a nomogram and model validation

The results of the nomogram, which incorporates all the independent prognostic factors in the multivariate Cox regression model, including sex, pathology, radiotherapy, grade, T-stage, CEA, and LNR, for the prediction of CSS at 3, 6, and 9 years for patients with EO-LARC are shown in Figure 2. This nomogram can be used to predict individual CSS according to different clinicopathological characteristics of patients. The internal validation C-index of the model assesses the model’s accuracy; the calibration curve assesses the consistency of the predicted values with the actual survival. The C-indexes for the training and validation cohorts were 0.747 (95% CI:0.735-0.752) and 0.744 (95% CI: 0.731-0.756), respectively (Figure 3). The ROC curves, DCA curves, and calibration curves are shown in Figures 3–5. The results of the ROC curve analysis showed that the AUCs for the training cohort at 3, 6, and 9 years were 0.766, 0.736, and 0.731, respectively. The AUCs for the validation cohort at 3, 6, and 9 years was 0.791, 0.751, and 0.746, respectively. The calibration curves all showed that the 3, 6, and 9-year predicted CSS probabilities strongly agreed with the actual observations. In addition, the DCA curves at 3, 6, and 9 years showed outstanding positive clinical net benefits in both the training and validation cohorts. e validation cohort. DCA, decision curve analysis; CSS, cancer-specific survival.




Figure 2 | A nomogram for EO-LARC patients and new risk stratification.






Figure 3 | ROC curves. (A) Training cohorts based on the nomogram. (B) Validation cohorts based on nomogram.






Figure 4 | Decision curve analysis. (A, C, E) DCA curves of 3-year, 6-year, and 9-year CSS in the training cohort. (B, D, F) DCA curves of 3-year, 6-year, and 9-year CSS in the validation cohort. DCA, decision curve analysis; CSS, cancer-specific survival.






Figure 5 | Calibration plots of 3-year, 6-year, and 9-year CSS for EO-LARC patients. (A) Calibration plots of 3-year, 6-year, and 9-year CSS in the training cohort. (B) Calibration plots of 3-year, 6-year, and 9-year CSS in the validation cohort. CSS, cancer-specific survival.






3.4 Comparison of the new model with the traditional pTNM model

In the training and validation cohort, the C-index of the nomogram was all higher than that of the AJCC staging system (Figure 6). The 3-, 6-, and 9-year NRIs were 0.48 (95% CI=0.40-0.65), 0.45 (95% CI=0.36-0.66), and 0.52 (95% CI=0.37-0.71), respectively (Table 3). IDI (training cohort: 3-, 6-, 9-year CSS: 0.09, 0.10, 0.11; validation cohort: 3-, 6-, 9-year CSS: 0.07, 0.08, 0.08) indicated that the established nomogram significantly outperformed AJCC TNM staging system (P<0.05) (Table 3). The net benefit of the nomogram was compared to that of the AJCC staging system. The DCA curves showed that the nomogram had a higher net benefit and clinical validity than the 8th edition of the AJCC TNM staging system in the training and validation cohorts (Figure 4).




Figure 6 | C-index analysis. (A) Nomogram-related C-index and AJCC staging criteria-related C-index in the training cohort. (B) Nomogram-related C-index and AJCC staging criteria-related C-index in the validation cohort.




Table 3 | The nomogram and AJCC staging criteria for NRI and IDI are in the CSS projections for EO-LARC.






3.5 Risk stratification based on the nomogram

Finally, using the total points determined by the nomogram, we created a risk stratification system. Three risk groups of EO-LARC patients were created: low risk (total points < 134), middle risk (134 ≤ total points <162), and high risk (total points ≥ 162). (Figure 7). The AJCC staging approach had a limited ability to identify high-risk patients in both the training and validation cohorts, but the Kaplan-Meier CSS curves demonstrated excellent differentiation among the three risk groups (Figure 8).




Figure 7 | Cut-off point for risk stratification selected using X-tile.






Figure 8 | Kaplan–Meier CSS curves of patients with EO-LARC based on different criteria. (A, B) Kaplan–Meier CSS curves of the training and validation cohorts based on the new risk stratification system. (C, D) Kaplan–Meier CSS curves of the training and validation cohorts based on AJCC staging criteria.







4 Discussion

The incidence of EORC patients is increasing annually, and the results of their survival analysis have been reported successively (12, 13). Accurate prediction of patient survival prognosis can assist medical personnel in making individualized treatment and follow-up decisions. While the AJCC TNM staging system is currently the most commonly used prognostic assessment system, relying solely on anatomic invasion and metastasis of tumors may impact the accuracy of survival prediction. In recent years, several clinical prediction models for predicting tumor prognosis have emerged and shown the superior predictive ability of the AJCC TNM staging system (14, 15). Clinical prediction models for projecting EO-LARC patients are relatively rare.

In this study, based on univariate and multifactorial COX proportional risk regression analysis, sex, pathology, radiotherapy, grade, T-stage, CEA, and LNR were independent risk factors affecting the postoperative outcome of EO-LARC patients. Gender differences had a significant effect on postoperative EO-LARC. This study found a worse prognosis in male patients (HR=1.45; 95% CI=1.16-1.82; P<0.01), which aligns with most of the literature. The protective effect of estrogen and differences in pregnancy, birth, anatomy, and physiology may be associated with a relatively lower incidence and better prognosis of CRC in women (16).

Mucinous and signet ring cell carcinoma were identified as independent risk factors for postoperative EO-LARC patients (HR=1.49; 95% CI=1.03-2.15; P<0.01), consistent with many recent studies on the relationship between tumor type and prognosis (17). Signet ring carcinoma is a rare type of colorectal cancer with a low incidence. It belongs to a particular kind of invasive adenocarcinoma along with mucinous adenocarcinoma, which has a high incidence of tumor infiltration depth, lymph node metastasis, vascular tumor embolism, and combined intestinal obstruction, with a late stage of disease at the time of patient presentation, a low surgical resection rate, and a poor prognosis.

Radiotherapy is an essential tool in the treatment of EO-LARC, and the European Society for Medical Oncology (ESMO) guidelines recommend two preoperative radiotherapy modalities: long-course radiotherapy combined with concurrent chemotherapy. Still, short-course preoperative radiotherapy is the predominant treatment in some European countries (18). This study showed that patients could benefit from radiotherapy (HR=0.56; 95% CI=0.41-0.77; P<0.01). The effect of tumor differentiation on the postoperative outcome of colorectal cancer patients has been studied more frequently, and the lower the degree of tumor cell differentiation tends to be more malignant, less sensitive to treatment such as radiotherapy, and less favorable overall treatment prognosis. The College of American Pathologists used the degree of tumor differentiation as a class IIA prognostic factor for colorectal cancer (19). The results of the present study also showed that high-grade (low/undifferentiated) was an independent risk factor for postoperative CSS in patients with EO-LARC (P<0.001), and the degree of differentiation was significant for the prognosis of rectal cancer.

This study found that T-stage was an independent risk factor for postoperative CSS in EO-LARC patients by multifactorial analysis (P<0.01). That is, the more extensive invasion of the primary focus within a specific range, the more involvement of nearby lymph nodes, or the more distant metastasis of the tumor, the worse the prognosis of patients. A study on colon cancer noted that the 5-year survival rate of patients with high T-stage was much lower than that of patients with T1-stage (20).

Carcinoembryonic antigen (CEA) is a standard tumor marker in colorectal cancer. It can, to some extent, provide a basis for tumor diagnosis, recurrence, and metastasis and is most effective when patients have high preoperative serum CEA levels (21). The results of this study are consistent with previous studies (22, 23), where elevated preoperative CEA was an independent risk factor for postoperative EO-LARC patients (HR=1.24; 95% CI=1.05-1.47; P<0.001), which is also consistent with clinical reality.

Lymph node metastasis is a common form of metastasis in colorectal cancer, which can lead to disease recurrence and even death. The rate of lymph node metastasis is calculated by dividing the number of metastatic lymph nodes by the number of pathologically examined lymph nodes. Compared with the traditional number of lymph node metastases, it can effectively avoid differences due to individual patient factors. It can be used for lymph node staging and prognosis assessment of colorectal patients (24, 25). The study results indicated that lymph node metastasis rate (LNR) (HR=1.24; 95% CI=1.05-1.47; P<0.001) had a high predictive value for the survival of EO-LARC patients.

Nomograms are an intuitive and easy-to-understand statistical tool that can consider multiple risk factors and provide individualized assessments of patients. This study conducted a multifactorial survival analysis, which included seven objective clinical and pathological factors (sex, pathology, radiotherapy, grade, T-stage, CEA, and LNR) to construct a nomogram that predicts CSS at 3, 6, and 9 years in patients with EO-LARC. The C-index, NRI, ROC, and IDI demonstrated that the nomogram had better clinical value than AJCC staging. Furthermore, EO-LARC patients were classified into low, medium, and high-risk groups based on the total score of the nomogram. The results of Kaplan-Meier and Cox risk ratio models, showed significant differences in CSS between these three groups.

Although the EO-LARC patients included in this study were rigorously screened, several limitations remain: (i) The SEER database does not contain detailed treatment protocols, gene expression information, immunotherapy, and other indicators, which may affect the accuracy and comprehensiveness of the prediction model. (ii) Retrospective studies may lead to inherent bias, and direct deletion of patients with missing data may introduce selection bias. (iii) The lack of independent external validation in the study may affect the practical generalizability of the prediction model. The selection of predictors still needs to be optimized in the future and confirmed based on prospective randomized clinical trials.




5 Conclusion

In conclusion, this study constructed and validated a prognostic nomogram, which provides a simple and reliable tool for survival prediction of EO-LARC patients after surgery. Meanwhile, the new risk stratification model can conveniently screen patients with different risks, which is important for the individualized treatment of EO-LARC cancer patients.
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Introduction

The number of overweight patients with gastric cancer (GC) is increasing, and no previous study has compared laparoscopic gastrectomy (LG) and robotic gastrectomy (RG) in obese patients with GC. To investigate the perioperative and oncologic outcomes of RG and LG in obese GC patients, we performed a meta-analysis of propensity matched scores and retrospective studies to compare the perioperative parameters, oncologic findings, and short-term postoperative outcomes between the two groups.





Methods

This study was performed according to the PRISMA guidelines. A search was performed on PubMed, Web of Science, EMBASE, and Cochrane Central Register to identify eligible propensity matched scores and retrospective studies conducted and published before December 2022. Data on perioperative and oncological outcomes were included in the meta-analysis.





Results

Overall, we identified 1 propensity score match study and 5 randomized control trials of RG and LG, enrolling a total of 718 patients (197 and 521 patients received RG and LG, respectively). No significant differences were observed between the two groups in terms of complications, bleeding, or lymph node dissection. Of note, RG had a longer procedure time (P = 0.03), earlier oral intake (P = 0.0010), shorter hospital stay (P = 0.0002), and shorter time to defecation (P < 0.00001).





Conclusions

This meta-analysis concluded that patients in the RG group had shorter hospital stays, earlier postoperative feeding, and earlier postoperative ventilation; however, no differences were found in blood loss, number of lymph nodes removed, or overall complications. RG is an effective, safe, and promising treatment for obese patients with GC, compensating for the shortcomings of laparoscopy and allowing for less trauma and faster recovery.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42022298967.
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1 Introduction

Gastric cancer (GC) is a disease of global concern. With more than 1 million new cases of GC annually, GC is the fifth most commonly diagnosed malignancy and third most common cause of cancer-related deaths worldwide (1). GC is a complexand heterogeneous disease, resulting from the interaction among genetic, environmental, and host factors (2). Recent summaries and epidemiological studies conducted by the International Agency for Research on Cancer have reiterated obesity as a risk factor for GC (3), with the strength of the positive association between excess weight and GC risk increasing as a function of increasing body mass index (BMI) (4). Since 1980, the number of obese patients has tripled in 70 countries (5), with obesity having become a global epidemic, affecting more than 600 million adults worldwide (6). The Japanese Association for the Study of Obesity defines obesity as a BMI ≥25 kg/m2 (2, 7), with the criteria of the World Health Organization (WHO) differentiating between overweight (BMI between 25-30 kg/m2) and obesity (BMI >30 kg/m2) (8).

For patients with GC, radical gastrectomy with D2 lymph node dissection remains the standard treatment (9). However, minimally invasive surgery (MIS), including laparoscopic and robotic approaches, has become an effective option for the treatment of GC, particularly in patients with early-stage tumors (10, 11). Compared to conventional open gastrectomy, laparoscopic gastrectomy (LG) offers the advantages of minimal invasiveness, which include good visualization and magnification of the anatomy; less surgical trauma and pain; less intraoperative blood loss; and earlier postoperative recovery (12, 13). Since the first successful LG was reported by Kitano et al. (14) in 1994, LG has routinely been used worldwide to treat GC (15). However, obesity is considered as a major technical limitation of laparoscopic surgery, with a large amount of visceral fat narrowing the surgical field (16). Moreover, the volume and fragility of abdominal fat can also hinder pancreatic tissue and fat deposition and cause error in the intraoperative anatomical plane, resulting in inadequate lymph node dissection, which can be further exacerbated by lymph node clearance tissue and blood exudate (17).

In order to address the limitations of conventional LG in obese patients, the feasibility of robot-assisted gastrectomy (RG) has inferred from the results of earlier publications (17). Robotic surgery systems were created to overcome the effect of surgeons’ physiological hand tremor and provide a larger and more accurate range of motion, as well as to provide surgeons with a 3-dimensional (3D) magnified view of the surgical field and an ergonomic surgical environment (18). Since first reported by Hashizume et al. (19) in 2002, studies on RG have been increasingly reported. However, differences in performance parameters and surgical outcomes between robotic and laparoscopic surgery for GC have not been evaluated in obese patients. The use of MIS in this high-risk group could be improved by quality evidence regarding the risk and benefits of RG in obese patients with GC, an important clinical issue considering the rapid increase in incidence of both obesity and GC. Therefore, our aim was to perform a meta-analysis to compare perioperative parameters, oncologic findings, and short-term postoperative outcomes between RG and LG performed in obese patients with GC.




2 Methods



2.1 Search strategy and study selection

The protocol for this study was prospectively registered with PROSPERO (registration number CRD42022298967) (20) and the methods adhered to the PRISMA guidelines. The PICO model was used to ensure completeness and accuracy of the search strategy. The population of interest was obese patients with GC. The interventions evaluated were RG and LG, with outcomes compared between the two procedures or a control group. The following outcomes were evaluated: operative time, volume of blood loss, extent of lymph node dissection, overall rate of complications, time to first flatus, time to oral intake, and length of hospital stay.

A systematic literature search for published propensity score match (PSM) studies and randomized control trials (RCTs) was performed in PubMed, EMBASE, Web of Science, and Cochrane Central Register, from January 2003 to December 2022. The following keywords were used for the search: gastric cancer, obesity, laparoscopic gastrectomy, robotic gastrectomy, propensity score matching, retrospective studies, and minimally invasive surgery. A manual search of the reference lists of included studies was performed to identify additional relevant references.




2.2 Selection criteria and exclusion criteria

Two reviewers (XY and LZ) performed an independent screening of identified studies. In the first stage, the abstracts and titles were screened to include potentially relevant studies. Full texts of selected studies were subsequently retrieved and reviewed entirely to confirm inclusion. Disagreements were resolved by consensus with a third author (QF). The selection criteria for studies were as follows: (1) participants – mean age >18 years, confirmed diagnosis of GC, and obesity, defined by a BMI ≥25 kg/m2; (2) types of interventions – RG and LG; (3) types of studies – PSM and retrospective studies; and (4) inclusion of necessary data for statistical analysis or at least one of the following clinical outcomes – estimated blood loss, time to flatus, time to oral intake, number of harvested lymph nodes, operative time, length of hospital stay, and overall rate of complications. The exclusion criteria were as follows: (1) absence of differentiation between patients with GC and other indications for surgery; (2) reported on open gastrectomy only; (3) combined reporting of outcomes for LG and RG; and (4) non-comparative study designs, such as letters, reviews, comments, posters, and agreements. Observational studies in which patients were sampled based on exposure were included as cohort studies, whereas those in which patients were sampled based partially or entirely on outcomes were included as case series, irrespective of the sample size.




2.3 Data extraction and quality assessment

XY imported the search results into the document manager EndNoteX9. After eliminating duplicate documents, XY and LZ screened the documents by browsing titles, abstracts, and full-text reading, and XY and LZ independently extracted data from the literature that met the inclusion and exclusion criteria. The major data extraction included the following: name of first or corresponding author, study design, publication year, country, sample size, mean age, sex, BMI, operative time, bleeding, overall complications, number of retrieved lymph nodes, time to first flatus, time to oral intake, and hospital length of stay. The Newcastle-Ottawa Scale (NOS) was used to assess the quality of studies (21). All included studies were independently evaluated by two authors (XY and LZ), and RCTs and PSM studies with an NOS score >6 were considered to be high-quality studies.




2.4 Statistical analysis

Meta-analyses were performed using Review Manager (version 5.3). The 95% confidence interval (CI) and mean difference (MD) were used for continuous data, whereas the odds ratio (OR) with 95% CI were used for dichotomous data. When outcomes were reported as a median and range, the methods described by Hozo et al. (22) were used to convert the values to the mean and standard deviation. Statistical heterogeneity was quantified using Higgin’s I2 index. Larger values of I2 indicate increasing heterogeneity, with values of 25%, 50%, and 75% reflecting low, moderate, and high degrees of heterogeneity, respectively. If the analysis still showed significant heterogeneity, the random effects model was used for meta-analysis. A sensitivity analysis was performed by omitting one study at a time and recalculating the combined OR. Finally, Egger’s test and Begg’s method were used to evaluate bias.





3 Results



3.1 Characteristics of the included studies

Our search retrieved 741 publications, of which six were included in the meta-analysis, one PSM (23) and five retrospective (24–28) studies, published between 2012 and 2018, reporting on a total of 718 patients. Of these, 197 patients were treated with RG for GC and 521 with LG. The detailed flow chart of the identification, screening, and selection of studies is shown in Figure 1. The characteristics and demographic data of patients included, as well as the summary of NOS of all included studies, are summarized in Table 1. The six studies included were of relatively high quality, according to the NOS (7-8) (Table 2).




Figure 1 | Flow chart of identification and selection of studies.




Table 1 | Main characteristics and NOS scores of the studies included in the meta-analysis.




Table 2 | Study quality of included studies based on the Newcastle-Ottawa scale.






3.2 Short-term outcomes



3.2.1 Operative time

The operative time was reported in six studies, with a longer operative time for RG than LG (MD: 28.20 min; 95% CI: 2.76 to 53.65; P < 0.00001), with high heterogeneity (I2 = 91%) (Figure 2).




Figure 2 | Forest plot comparing the operative time for the RG versus LG group.






3.2.2 Blood loss

The volume of blood loss was reported in six studies, including 718 patients, with lower blood loss for RG than LG (MD: 0.28 ml; 95% CI: -29.66 to 30.22; P = 0.99), with high heterogeneity (I2 = 84%) (Figure 3).




Figure 3 | Forest plot comparing the volume of blood loss for the RG versus LG group.






3.2.3 Number of retrieved lymph nodes

The number of harvested lymph nodes was reported in six studies, with the extent of lymph node dissection not being different between RG and LG (MD: 1.50; 95% CI: -3.25 to 6.26; P = 0.54), with high heterogeneity (I2 = 76%) (Figure 4).




Figure 4 | Forest plot comparing the lymph node dissection for the RG versus LG group.







3.3 Postoperative outcomes



3.3.1 Overall complications

Overall surgical complications were reported in four studies, including 631 patients (168 RG and 463 LG). Although the rate of overall complications was lower for RG than LG, this difference was not statistically significant (OR: 0.99; 95% CI: 0.55 to 1.79; P = 0.98), with low heterogeneity (I2 = 0%) (Figure 5).




Figure 5 | Forest plot comparing overall rate of complications for the RG versus LG group.






3.3.2 Time to first flatus

Time to first flatus was reported in two studies, including 129 patients (56 RG and 73 LG), and was lower for RG than LG (OR: -0. 46; 95% CI: -0.60 to -0.32; P < 0.00001), with moderate heterogeneity (I2 = 49%) (Figure 6).




Figure 6 | Forest plot comparing time to first flatus for the RG versus LG group.






3.3.3 Time to oral intake

Time to oral intake was reported in two studies, including 129 patients (56 RG and 73 LG). The time to oral intake was earlier for RG than LG (OR: -0.46; 95% CI: -0.74, -0.19; P = 0.0010), with low heterogeneity (I2 = 0%) (Figure 7).




Figure 7 | Forest plots comparing the time to oral intake for the RG versus LG group.






3.3.4 Length of hospital stay

Length of hospital stay was reported in four studies, including 560 patients (355 RG and 205 LG), with a shorter stay for RG than LG (MD: - 0.81; 95% CI: -1.25 to 0.38; P = 0.0002), with low heterogeneity (I2 = 0%) (Figures 8, 9).




Figure 8 | Forest plots comparing the length of hospital stay for the RG versus LG group.






Figure 9 | Funnel plots comparing length of hospital stay for the RG versus LG group.








4 Discussion

MIS has revolutionized gastrectomy surgery, with comparable oncological outcomes to those for open surgery having been reported, making it an ideal alternative to open surgery to facilitate an earlier return to daily activities postoperatively (29). MIS offers many advantages over conventional open surgery, including reduced post-operative pain, rapid recovery of gastrointestinal function, and shorter hospital stays (30). In their meta-analysis study, Milone et al. (31) showed that for distal gastrectomy, a total laparoscopic approach, with intraperitoneal anastomosis, was safe and feasible, compared to laparoscopic-assisted surgery with extraperitoneal anastomosis, with a lower volume of blood loss (P=0.003), lower number of lymph nodes harvested (P=0.022), and shorter length of hospital stay (P=0.037). However, differences between RG an LG have not previously beenclarified for obese patients with GC with regards to perioperativeparameters, oncological findings, and short-term postoperative outcomes.

The increasing prevalence of obesity and overweight is now considered to be a global epidemic, with 1.9 billion and 650 million of adults being obese and overweight, respectively, in 2016 (32). The International Obesity Task Force recommended that a BMI ≥25 kg/m2 be used to define obesity (33). Obesity poses a specific risk for radical laparoscopy for GC treatment. While radical laparoscopic treatment for GC offers significant advantages over conventional open surgery in terms of minimizing invasive operative time and shortening the postoperative recovery period (34), the approach is limited by two-dimensional images, decreased tactile sensation, magnification of physiological hand tremor, decreased dexterity due to instruments used, and limited range of instrument motion (35). The large amount of fatty tissue in the abdominal wall and cavity in obese patients increases the difficulty of adequately exposing the surgical field, further increasing the technical difficulty of radical laparoscopic treatment (36). This increased technical difficulty has been associated with longer operative times, increased intra-operative blood loss, decreased extent of lymph node dissection, and a higher risk of postoperative complications (37, 38). Major complications of distal gastrectomy for GC treatment in obese patients include pancreatic fistula and significant increase in anastomotic leakage (39). Robotic surgery has been shown to overcome the limitations associated with a thick abdominal wall and excess intra-abdominal fat for colectomy.

Therefore, new technology is required to overcome these limitations. For patients who have undergone colectomy (40), robotic surgery has been shown to overcome the difficulties associated with thick abdominal walls and excess intra-abdominal fat, improving the visual field, instrumentation, and ergonomics. Therefore, the benefits of robotic surgery might be more pronounced for patients with a high BMI compared to those with BMI within normal range. RG improves complex reconstruction after gastrectomy and lymph node dissection to ensure oncological safety in patients with advanced GC (15), providing an enlarged 3D view and steadily motion of tweezers, allowing for precise identification of anatomical layers and avoiding injury to the adjacent organs (41). In particular, wrist mounted surgical instruments combined with the shock absorption function of RG can provide accurate anatomical rendering near the pancreas for precise in vivo anastomosis, which can reduce postoperative intraperitoneal complications (42). These features minimize surgical trauma and facilitate precise control of intra-abdominal bleeding in technically challenging tasks, such as lymph node dissection, intracorporeal anastomosis, and application of ligatures within closed cavities (43). As surgical instruments continue to advance and surgical performance gradually improve, more procedures have been attempted by experienced surgeons using Da Vinci robots, with the safety and feasibility of these procedures having been confirmed (44). Moreover, the learning curve for RG is less steep than that for LG (45), with better outcomes obtained in initial cases for RG than LG, indicative of an easier adaptation to robot-assisted than laparoscopic surgery. However, no previous studies have reported on the advantages of RG over LG with regards to reducing surgical stress and improving short-term outcomes in patients with obesity.

Longer operative time for RG than LG might be attributed to the longer docking time associated with older robotic systems, which often involve complex docking procedures and port-placement configurations (25). Longer operative time for RG in obese patients include unsuitable length of ports for obese patients, inefficient port placement, camera movements that interrupt the procedure, and unsuitable optical systems that do not allow for a large surgical field of view, all of which prevent safe continuous dissection and require careful manipulation (46). However, with the newer Da Vinci Xi system, docking can be accomplished more quickly, using an arm-mounted robotic arm and a laser targeting system. In addition, the multi-quadrant capability of Xi system reduces the need for redocking or mixing procedures, thereby reducing the procedure time (41). Song et al. (47) reported a decrease in time to dock and set up of the robotic arm after the initial 25 learning cases, with further shortening of docking time with accumulating experience. The effect of learning curve may have contributed to the longer operative time in the RG group as some cases were performed as a part of the surgeon’s learning. This is a limitation of the evidence we present in this study and, therefore, the prolonged operation time should not limit the research on new applications of RG.

Radical surgery for GC requires extensive lymph node dissection for accurate assessment of GC stage and prognosis, reducing the risk for metastasis and recurrence (48, 49). In our analysis, there was no difference in the extent of lymph node dissection between RG and LG (P = 0.82). Moreover, surgical blood loss (P = 0.99) and rate of complications (P = 0.98) were also comparable between the two approaches. However, RG offered surgeons the benefit of a 3D surgical field of view, with a magnification of 10-15x, improving direct viewing of the relationship between blood vessels and surrounding tissues and ability to clearly recognize different tissue structures. In addition, the manipulator arm (e.g., “hand” of the robotic surgical system) removes physiological tremor, improving surgical stability and accuracy, thus ensuring safety during gastric vascular dissection and ligation (50). In this regard, the rate of postoperative complication is an important short-term outcome, being lower for RG than LG group, although this difference was not statistically significant. These results demonstrate that RG is as safe and as viable as LG for the treatment of GC in obese patients.

Since the first description of RG in 2003, its use has increased rapidly, especially in East Asia (51). Our analysis identified two important advantages of RG over LG, namely: a faster return to bowel function and shorter length of hospital stay. Earlier time to first flatus and time to first oral intake are two crucial factors of postoperative recovery. The superiority of RG over LG on functional recovery of bowel function may reflect the stability and flexibility of the movement of the robotic arm, avoiding excessive traction forces on the tissues and accidental damage to the blood vessels, and, thus, causing less trauma to the patient (52). Therefore, RG causes minimal disturbance to the gastrointestinal tract, facilitating an earlier recovery of bowel function, resulting in earlier return to oral intake, evacuation, and early discharge from hospital. However, few studies have evaluated the long-term oncological efficacy of RG, with most of these having limitations, such as imbalanced covariates, a small number of cases, and the inability to compare outcomes with the same surgical team (53). Moreover, owing to the short history of clinical use of RG, the long-term survival outcomes between RG compared to other surgical methods for GC in obese patients remains to be evaluated.

Owing to insufficient data, the cost-effectiveness of RG and LG in obese patients with GC was not compared in this meta-analysis. Robotic surgical systems have well-known capital and maintenance costs, as well as additional costs depending on the robot-assisted procedures (54). However, there is growing evidence that robotic surgery is more cost effective in the long term, compared to traditional open surgery, reducing the length of hospital stay and lowering the risk of complications (55). Robotic surgery might have specific cost benefits for high-risk clinical populations, such as the elderly, morbidly obese patients, and patients with comorbidities (56). Moreover, the cost of robotic gastrectomy surgery will gradually decrease with continued improvement in robotic technology and increased use.

In summary, our meta-analysis provides evidence of specific benefits of RG over LG for GC treatment in obese patients, namely shorter hospital stay, and earlier oral intake and bowel function. Therefore, RG might be considered as an effective, safe, and promising treatment for obese patients with GC, resulting in less trauma than LG and facilitating a faster postoperative recovery. Long-term oncological outcomes and survival of RG will need to be evaluated. It is anticipated that future prospective trials with long-term outcomes will provide a better understanding of the role of RG in the treatment of GC in obese patients.
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Introduction

Transversus abdominis plane block (TAPB) is now commonly administered for postoperative pain control and reduced opioid consumption in patients undergoing major colorectal surgeries, such as colorectal cancer, diverticular disease, and inflammatory bowel disease resection. However, there remain several controversies about the effectiveness and safety of laparoscopic TAPB compared to ultrasound-guided TAPB. Therefore, the aim of this study is to integrate both direct and indirect comparisons to identify a more effective and safer TAPB approach.





Materials and methods

Systematic electronic literature surveillance will be performed in the PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov databases for eligible studies through July 31, 2023. The Cochrane Risk of Bias version 2 (RoB 2) and Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tools will be applied to scrutinize the methodological quality of the selected studies. The primary outcomes will include (1) opioid consumption at 24 hours postoperatively and (2) pain scores at 24 hours postoperatively both at rest and at coughing and movement according to the numerical rating scale (NRS). Additionally, the probability of TAPB-related adverse events, overall postoperative 30-day complications, postoperative 30-day ileus, postoperative 30-day surgical site infection, postoperative 7-day nausea and vomiting, and length of stay will be analyzed as secondary outcome measures. The findings will be assessed for robustness through subgroup analyses and sensitivity analyses. Data analyses will be performed using RevMan 5.4.1 and Stata 17.0. P value of less than 0.05 will be defined as statistically significant. The certainty of evidence will be examined via the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) working group approach.





Ethics and dissemination

Owing to the nature of the secondary analysis of existing data, no ethical approval will be required. Our meta-analysis will summarize all the available evidence for the effectiveness and safety of TAPB approaches for minimally invasive colorectal surgery. High-quality peer-reviewed publications and presentations at international conferences will facilitate disseminating the results of this study, which are expected to inform future clinical trials and help anesthesiologists and surgeons determine the optimal tailored clinical practice for perioperative pain management.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=281720, identifier (CRD42021281720).





Keywords: transversus abdominis plane block, postoperative pain management, minimally invasive, colorectal surgery, data synthesis




1 Introduction

Recently, minimally invasive surgery (MIS) has been recommended to treat colorectal diseases, such as colorectal cancer, inflammatory bowel disease, and diverticular disease, because of its equivalent efficacy and improved functional recovery (1–3). Compared to traditional protocols, enhanced recovery after surgery (ERAS) pathways could significantly shorten the length of hospital stay (LOS) and reduce the healthcare costs without compromising surgical outcomes (4–6). Acute postoperative pain, however, remains the most common concern of ERAS. Meanwhile, regular administration of opioids is associated with postoperative ileus (POI), postoperative nausea and vomiting (PONV), delayed mobilization, acute urinary retention, and early-term somnolence and delirium (7). Despite the increasing popularity of the conception of opioid-sparing multimodal analgesia, consensus on optimal pain management after MIS is lacking.

Transversus abdominis plane block (TAPB) as a type of local anesthesia involves the injection of a local anesthetic between the transversus abdominis and internal oblique muscles to infiltrate the segmental nerves at the level of T8-L1 (8, 9). TAPB is now commonly employed during laparoscopic colorectal surgery and has proven to be effective in reducing postoperative opioid consumption (10). In the ERAS Society Guidelines for Perioperative Care in Elective Colorectal Surgery 2018, the use of TAPB is strongly recommended instead of epidural analgesia in colorectal MIS (11). Both laparoscopic (Lap-) and ultrasound-guided (US-) TAPB have allowed to reduce the risk of peritoneal penetration and facilitate the accurate identification of the tissue plane (12).

Currently, training in the use of ultrasonography among anesthesiologists is commonplace in tertiary referral centers (13). Characterized by ability to perform dynamic maneuvers and assess long segments of nerves, lack of radiation and contraindications, and portability, ultrasonography is recognized as one of the optimal imaging modalities for peripheral nerves (14), which contributes to its widespread application in perioperative nerve blocks. Conversely, due to additional human, time, and economic costs, techniques of ultrasound-guided nerve blocks might not be available in the primary hospitals. Furthermore, despite the guidance of ultrasound, procedure-related inadvertent visceral injury still should not be ignored (15, 16). Lap-TAPB can seemly be a potential alternative to reduce the waste of healthcare resource. Though visualization of laparoscopy minimizes intraperitoneal injection and visceral injury originated from peritoneal penetration, the precise positioning of the nerves and planes can be compromised by Lap-TAPB compared to US-TAPB (17).

The existing systematic reviews generally aimed to assess the differences between TAPB and no-TAPB locoregional analgesia or placebo control in colorectal surgery (18–21). Focusing on not all colorectal MIS but only laparoscopic colorectal surgery, a recently published meta-analysis cannot provide a convincing conclusion owing to the small sample size (3 studies, 219 patients) (22). Above all, there remain several controversies about the effectiveness and safety of Lap-TAPB compared with US-TAPB, and high-quality evidence is needed to guide individualized clinical practice (23–25). We hypothesize that surgeon-performed Lap-TAPB would be non-inferior to anesthesiologist-delivered US-TAPB. To verify this, we conduct the present meta-analysis to compare the effectiveness and safety of the two specific TAPB approaches for postoperative analgesia in colorectal MIS.




2 Materials and methods

On October 26, 2021, the present meta-analysis protocol was prospectively registered at the International Prospective Register of Systematic Reviews (PROSPERO) (registration ID: CRD42021281720). Besides, the protocol follows the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols (PRISMA-P) 2015 checklist (Supplementary material) (26). The main text of our future meta-analysis will adhere to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and the Cochrane Collaboration’s standardized methodology (27, 28).



2.1 Eligibility criteria



2.1.1 Inclusion criteria

Detailed inclusion criteria will be developed using the PICOS description model (participants, intervention, controls, outcome measures, and study design) (29).



2.1.1.1 Type of participants (P)

Patients with cancer, inflammatory bowel disease, diverticular disease, or other diseases scheduled to undergo colorectal resection MIS (including laparoscopic, hand-assisted laparoscopic, robot-assisted, and trans-anal) will be included in this study. Other restrictions consist of age (≥ 18 years old) and American Society of Anesthesiologists physical status score (I - III).




2.1.1.2 Type of interventions (I)

Lap-TAPB performed by surgeons at the beginning or end of surgeries is administered by a traditional transcutaneous or intraperitoneal approach as the intervention. Under laparoscopic guidance, a bilateral TAPB with the “double pops” technique is performed using a total of 40 mL of local anesthetic. Particularly, a needle of 18 gauge is inserted under direct vision at the midpoint of the midaxillary line between the iliac crest and the lower costal margin, and then 2 mL of normal saline is injected to identify its position. The preplanned amount of local anesthetic will be injected at the same point after a bulge formation as a result of the internally pushed transversus abdominis muscle and peritoneum. The contralateral abdominal wall is treated with the same technique.




2.1.1.3 Type of controls (C)

US-TAPB delivered by anesthesiologists prior to surgery was set as the control.




2.1.1.4 Type of outcomes (O)



2.1.1.4.1 Primary outcomes

	• opioid consumption at 24 hours postoperatively;

	• pain scores at 24 hours postoperatively both at rest and at coughing and movement according to the numerical rating scale (NRS).






2.1.1.4.2 Secondary outcomes

	• TAPB-related adverse events;

	• overall postoperative 30-day complications (Clavien-Dindo classification grade II or higher) (30);

	• postoperative 30-day POI;

	• postoperative 30-day surgical site infection (SSI);

	• postoperative 7-day PONV;

	• LOS.







2.1.1.5 Type of study design (S)

Prospective randomized controlled trials (RCTs), quasi-RCTs (e.g., participants were assigned to groups according to alternate days of the week), case-control studies and cohort studies in which at least one outcome of interest was evaluated will be included.





2.1.2 Exclusion criteria

	• patients undergoing only laparoscopic exploration, bypass or diverting ostomy, conversion to laparotomy, or without assignment to Lap-TAPB and US-TAPB groups;

	• animal subjects;

	• conference abstracts, case reports, letters, editorials, reviews, or non-controlled trials without available data;

	• previously published literature or with overlapping data of the same clinical trial;

	• studies with missing or insufficient data after contacting corresponding authors;

	• literature in non-English languages.







2.2 Sources of information and strategies for searching

Systematic electronic literature surveillance will be conducted in the PubMed, Embase (OVID interface), and Cochrane Central Register of Controlled Trials (CENTRAL) databases utilizing TAPB-related text words and medical subject headings (MeSH) to obtain relevant studies published through July 31, 2023. All references of the included literature will be further retrieved to identify potential eligibility. Identifying some relevant studies through hand searching is planned to supplement searching whenever necessary. To review trials in progress, the ClinicalTrials.gov and the International Clinical Trials Registry Platform (ICTRP) databases will also be searched. The search will be confined to human subjects and the English language. The detailed and specific search strategy and syntax for the PubMed database are formulated (Table 1).


Table 1 | The search strategy for the PubMed database.






2.3 Study identification and data management

Records obtained following the search strategy will be collected and imported in Mendeley software (RELX Group, Amsterdam, Netherlands). A team of three reviewers (WY, TY, and ZC) will independently screen the searched titles and abstracts against the eligibility criteria. For potentially eligible studies, full texts will be reviewed thoroughly. If there are a series of reports on one clinical trial, the latest publication containing the most sufficient data is suitable for inclusion. For further information on eligibility, corresponding authors of the studies will be contacted via e-mail whenever necessary. Thereafter, the above-mentioned three reviewers will reevaluate the entire texts post initial identification and document the reasons for some records to be excluded. All disputes among the three reviewers in this process will be settled via a consultation with a senior author (XL, LY). A structured PRISMA 2020 flowchart will be drawn to display the overview of the study identification procedure (Figure 1).




Figure 1 | PRISMA 2020 flow diagram template of literature surveillance. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses. CENTRAL, the Cochrane Central Register of Controlled Trials. ICTRP, the International Clinical Trials Registry Platform.



The review author pair (QM, HZ) will then extract general characteristic data of selected articles using a standardized electronic form designed by all authors (Table 2) for pooled analyses. A data set of first author’s name, publication year, country (or region), study design, study period, sample size, general characteristics of study population, TAPB technique and perioperative analgesia protocol, and all outcomes of interest will be collected from all eligible studies. Moreover, e-mails will be sent to the corresponding author to request adequate raw data in order to ensure the accuracy of the meta-analysis. If no effective response is received in 2 weeks, individual trials with missing data will be omitted from pooled analyses of the outcomes of interest. For high-quality management and synthesis, the cross-checked data will then be entered into Stata 17.0 software (StataCorp LLC, College Station, Texas, USA).


Table 2 | Data extraction form.






2.4 Methodological quality assessment

The included studies will be meticulously evaluated by a team of three reviewers (WY, TY, and ZC) for methodological quality. The Cochrane Risk of Bias version 2 (RoB 2) tool is supposed to validate the risk of bias for included RCTs based on bias arising from the randomization process, bias due to deviations from intended interventions, bias due to missing outcome data, bias in measurement of the outcome, and bias in selection of the reported result (31). The RoB 2 Excel Tool (available at: https://www.riskofbias.info/welcome/rob-2-0-tool/current-version-of-rob-2 ) will be applied to implete RoB 2 for primary outcomes (31, 32). To quantify the risk of bias in each study, the Cochrane Handbook for Systematic Reviews of Interventions will be adopted (28). For non-randomized studies (NRSs), on the other hand, the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool will be utilized (33). Due to potential risk of bias in the selected studies, the findings generated from this meta-analysis will be interpreted with caution.




2.5 Data synthesis and statistical analysis

Stata 17.0 and Review Manager 5.4.1 software (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) will be employed to conduct the present meta-analysis. For continuous outcomes (opioid consumption at 24 hours postoperatively, pain scores at 24 hours postoperatively, and LOS), pooled weighted (WMDs) or standardized mean differences (SMDs) with their respective 95% confidence intervals (CIs) will be calculated due to the uniformity of scales used in studies. In addition, pooled odds ratios (ORs) will be worked out with corresponding 95% CIs for dichotomous variables (TAPB-related adverse events, overall postoperative 30-day complications, POI, SSI, and PONV). As a way to summarize the findings across the studies, statistical significance level will be set at a p value of less than 0.05. Given that NRSs with large sample sizes could dominate and reverse the pooled effect estimates, data synthesis for the RCT group and NRS group will be performed separately. We will identify the statistical heterogeneity among studies using the χ² test and quantify it with Cochrane’s Inconsistency (I²)-statistic. We set 50% as a cutoff value, such that substantial heterogeneity is defined as I² exceeding 50% and/or p value less than 0.10. It is preferable to adopt a random-effect model (REM) if heterogeneity is considerable, or else a regular fixed-effect model (FEM) will be the alternative. Meanwhile, to investigate the potential sources of substantial heterogeneity, sensitivity analysis and significative subgroup analyses will be conducted. Whenever clinical heterogeneity is considerable, we will undertake a narrative review rather than a meta-analysis.




2.6 Sensitivity analysis and subgroup analyses

A leave-one-out sensitivity analysis will be carried out, which aims to verify the robustness of the primary outcomes’ measure effects regarding study design, sample size, heterogeneity qualities, and non-informative prior distribution for heterogeneity parameters.

The subgroup analyses listed below will be arranged if homogeneous outcomes are reported in multiple studies within the matched subgroups:

	1) region/country: Asia versus other places;

	2) type of MIS: laparoscopic versus robot-assisted;

	3) natural orifice specimen extraction surgery: yes versus not;

	4) neoadjuvant therapy: yes versus not;

	5) NRSs with propensity-score matched analysis: yes versus not.






2.7 Publication bias

To ascertain the possibility of publication bias, we will firstly check whether the RCT protocol was published prior to the enrollment of patients for the study. Studies published after July 1, 2005 will be checked at the World Health Organization-affiliated ICTRP. The presence of outcome reporting bias (selective reporting of outcomes) will also be evaluated. The visual symmetry of a funnel plot will be considered as the primary predictor of publication bias when more than ten studies are included (34).




2.8 Confidence in cumulative evidence

In order to grade the certainty of evidence for each outcome, the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) working group approach will be chosen, which mainly contains the dimensions of study limitations, publication bias, imprecision, inconsistency, and indirectness (35). The evidence’s strength will be ranked as four levels: high (very confident that the effect estimate lies close to the true effect), moderate (moderately confident in the effect estimate), low (limitedly confident in the effect estimate), and very low (very little confident in the effect estimate) (36). In order to make the table and the process easier to be understood, all decisions to downgrade or upgrade the certainty of evidence will be accompanied by clear arguments in footnotes whenever necessary.




2.9 Ethical approval and dissemination

Owing to the nature of secondary analysis of existing data, there will be no patients involved in this study, and ethical approval will be not needed. High-quality peer-reviewed publications and presentations at international conferences will facilitate disseminating the results of this study.





3 Discussion

This protocol for a meta-analysis complies with the PRISMA-P guidelines. The subsequent meta-analysis will explore the effectiveness and safety of Lap-TAPB compared with US-TAPB on postoperative analgesia in colorectal MIS by summarizing the published studies. Furthermore, the meta-analysis is supposed to determine which subgroups benefit more from Lap-TAPB. The statistical analyses and other methodological processes will follow the PRISMA guidelines. The risk of bias will be examined via the Cochrane RoB 2 or ROBINS-I tool at the study level as well as the GRADE approach at the outcome level. Therefore, its findings are expected to build the foundation for future research and provide evidence-based tailored guidance on postoperative pain management for patients undergoing colorectal MIS.
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Background

To explore the safety, efficacy, and survival benefits of laparoscopic digestive tract nutrition reconstruction (LDTNR) combined with conversion therapy in patients with unresectable gastric cancer with obstruction.





Methods

The clinical data of patients with unresectable gastric cancer with obstruction who was treated in Fujian Provincial Hospital from January 2016 to December 2019, were analyzed. LDTNR was performed according to the type and degree of obstruction. All patients received the epirubicin + oxaliplatin + capecitabine regimen as conversion therapy.





Results

Thirty-seven patients with unresectable obstructive gastric cancer underwent LDTNR, while thirty-three patients received chemotherapy only. In LDTNR group patients, the proportion of nutritional risks gradually decreased, the rate of severe malnutrition decreased, the proportion of neutrophil-lymphocyte ratio (NLR) <2.5 increased, the proportion of prognosis nutrition index (PNI) ≥45 increased, and the Spitzer QOL Index significantly increased at day 7 and 1 month postoperatively (P<0.05). One patient (6.3%) developed grade III anastomotic leakage and was discharged after the endoscopic intervention. The median chemotherapy cycle of patients in LDTNR group was 6 cycles (2-10 cycles), higher than that in Non-LDTNR group (P<0.001). Among those who received LDTNR therapy, 2 patients had a complete response, 17 had a partial response, 8 had stable disease, and 10 had progressive disease, which was significantly better than the response rate in Non-LDTNR group(P<0.001). The 1-year cumulative survival rates of the patients with or without LDTNR were 59.5% and 9.1%. The 3-year cumulative survival rate with or without LDTNR was 29.7% and 0%, respectively (P<0.001).





Conclusions

LDTNR can improve the inflammatory and immune status, increase compliance with chemotherapy, and have potential benefits in improving the safety and effectiveness of and survival after conversion treatment.





Keywords: advanced gastric cancer, digestive tract reconstruction, conversion therapy, immune and nutrition status, inflammatory status




1 Introduction

Gastric cancer is frequently diagnosed at an unresectable advanced stage and has a poor prognosis (1). Gastric obstruction (GO), a common complication in such patients, has various symptoms, such as nausea and vomiting, depriving them of further anticancer treatments (2, 3). A previous study demonstrated that fewer chemotherapy cycles and an objective response rate (ORR) could be achieved in patients with gastric outlet obstruction (GOO) (4). Therefore, ameliorating GO plays an important role in the continuation of subsequent anticancer treatments.

The National Comprehensive Cancer Network (NCCN) guidelines recommend the restoration of enteral nutrition with palliative methods, including gastrojejunostomy (GJ), gastrostomy (GT), and jejunostomy (JT) (5). Moreover, with the application of laparoscopic techniques, these palliative methods tend to afford quicker resumption of enteral nutrition, less surgical trauma, and better compliance with chemotherapy (6). Our previous study also indicated that laparoscopic gastrojejunostomy (LGJ) combined with conversion therapy could improve the overall survival (OS) of these patients (4). However, few studies have focused on multimodal therapy of laparoscopic digestive tract nutrition reconstruction (LDTNR), including GJ, GT, and JT, combined with conversion therapy. Therefore, the present study was designed to determine the safety and efficacy of LDTNR combined with conversion therapy in patients with GO. The results of this study may aid in clinical decisions to enable the management of symptoms caused by GO.




2 Methods



2.1 Patients

A retrospective study was conducted on all cases of unresectable gastric cancer treated at the Fujian Provincial Hospital, Fuzhou, Fujian, China, between January 2016 and December 2019. The inclusion criteria were as follows (1): pathological and radiological diagnosis of gastric cancer and presence of non-curable factors (No.16 lymph node metastasis, peritoneum metastasis and other organ invasion or metastasis) (7); (2) GO confirmed by endoscopy; (3) difficulty in oral intake caused by GO; (4) tolerance to general anesthesia and laparoscopic surgery; and (5) written informed consent. Exclusion criteria were as follows: (1) combined with other gastrointestinal obstructions; (2) combined with other malignant tumors; (3) patient received other anticancer treatments, such as chemoradiotherapy, before surgery; (4) severe dysfunction of the heart, lungs, kidneys, and other important organs; (5) patient completed less than two chemotherapy cycles; and (6) incomplete clinicopathological data. Based on the inclusion criteria, 70 patients were enrolled in the study. A multidisciplinary team determined the strategy for each patient. Gastric outlet obstruction scoring system (GOOSS) was scored as followed: 0 = no oral intake, 1 = liquids only, 2 = soft food and 3 = solid food. Patients with a GOOSS score of 2 were categorized into the Non-LDTNR group, and GOOSS score of 0 or 1 were categorized into the LDTNR group. The study was approved by the Ethics Committee of the Fujian Provincial Hospital. All procedures were performed in accordance with the Declaration of Helsinki of 1964 and its later versions.




2.2 Surgical procedures

All patients in LDTNR group received general anesthesia with endotracheal intubation and were placed in a supine position with splayed legs. We used the “five-hole method” to establish the laparoscopic hole. In the “five-hole method,” a 10 mm Trocar was inserted 2 cm below the umbilicus as the observation hole. A 12 mm Trocar was inserted 2 cm below the costal margin of the left anterior axillary line as the main operating hole. Trocars of 5 mm were inserted 2 cm above the plain umbilical of the left midclavicular line and 2 cm below the costal margin of the right anterior axillary line as an auxiliary operation hole. And a 5 mm Trocar was inserted 2 cm above the right midclavicular plain umbilicus.

(1) LGJ surgery was performed in patients with gastric pyloric cancer: a) The omentum of the greater curvature of the stomach was dissociated. We made holes in the greater curvature of the stomach (> 5 cm from the tumor edge) and jejunum (approximately 15 cm from the ligament of Treitz). b) The linear stapler was placed in the greater curvature of the stomach and closed with the jejunum to form a gastrojejunal anastomosis (Figure 1).




Figure 1 | Laparoscopic gastrojejunostomy. (A) Side to side gastrojejunostomy (B) Postoperative status.



(2) Laparoscopic gastrostomy (LGT) was performed in patients with gastric cardia cancer: a) The omentum of the greater curvature of the stomach was dissociated, and the gastric wall was cut to 2 cm. b) The purse-string needle was inserted into the anterior wall of the stomach (2 cm from the incision of the gastric wall) and the abdominal wall from the inside, and the gastrostomy tube was placed by traction. c) The gastric wall incision was closed using a linear stapler, and the inner and outer latches of the fistula tube were fixed to the abdominal wall (Figure 2).




Figure 2 | Laparoscopic gastrostomy. (A) Cut open gastric wall (B) The purse-string needle was inserted into the anterior wall of the stomach (C) The gastrostomy tube was placed (D) Postoperative status.



(3) Laparoscopic jejunostomy (LJT) was performed in patients with diffuse-type cancer. a) The jejunum was cut, using a linear stapler, 10–15 cm from the ligament of Treitz. b) The mesentery of the proximal jejunum was fully dissociated, and holes were made on the side of the proximal jejunum and the side of the jejunum 10 cm from the distal jejunum. A linear stapler was placed to perform side-to-side anastomosis of the proximal and distal jejunums. c) The distal jejunal stump was cut 2 cm, a purse-string needle was inserted into the intestinal wall (2 cm from the jejunal stump incision) and the abdominal wall from the inside, and the jejunostomy tube was placed. d)The opening of the distal jejunal stump was closed using a linear stapler, and the inner and outer latches of the fistula tube were fixed to the abdominal wall (Figure 3).




Figure 3 | Laparoscopic jejunostomy. (A) Jejunum puncture (B) Embedding suture (C) Attach the fistula to the abdominal wall (D) Postoperative status.






2.3 Conversion therapy

All patients received the EOX (epirubicin + oxaliplatin + capecitabine) regimen, and the EOX regimen was administered to patients who underwent LDTNR, 7–14 days post surgery. The EOX regimen was epirubicin 100 mg/m2 on day 1, oxaliplatin 130 mg/m2 on day 1, and capecitabine 825 mg/m2 on days 1-14, and the chemotherapy cycles repeated every 3 weeks. Imaging evaluations were performed after every two cycles of chemotherapy. After a multidisciplinary discussion, the tumor was evaluated for radical surgery. In the case of tumor progression or National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) (8) grade 3-4 chemotherapy adverse events, subsequent treatments were formulated according to the multidisciplinary discussion.




2.4 Data collection

	(1) Nutritional Risk Assessment: The total score of the Nutrition Risk Screening 2002 (NRS2002) was calculated (9). For nutritional status assessment, BMI and the Patient-Generated Subjective Global Assessment (PG-SGA) overall assessment grading were used (10). The Prognosis Nutrition Index (PNI) and Neutrophil-Lymphocyte ratio (NLR) were used to assess the inflammatory and immune status. We divided the patients into two groups: PNI (<45 vs. ≥45) and NLR (<2.5 vs. ≥2.5) (11, 12). The Quality of life Assessment: Spitzer QOL Index was used to evaluate patients’ mobility, daily life, health status, support, and knowledge of disease and life (13, 14). Nutritional risk, nutritional status, inflammatory and immune status, and quality of life were evaluated before surgery and 7 days and 1 month after surgery of patients in LDTNR group.

	(2) Response to chemotherapy: The efficacy of chemotherapy was evaluated according to RECIST 1.1 criteria. The overall response rate (ORR) was calculated as follows: cases of complete response + cases of partial response)/total number ×100%, and the disease control rate (DCR) as follows: cases of complete response + cases of partial response + number of stable disease)/total number ×100%.

	(3) Postoperative follow-up: Postoperative complications were graded according to the Clavien-Dindo classification, and patients were followed up by telephone, outpatient examination, and inpatient review until the death of the patient or the last follow-up date (November 1, 2021). OS was defined as the time from the start of treatment to the date of the last follow-up or death.






2.5 Statistics analysis

The SPSS Statistics 23.0 (IBM, USA) statistical software was used for statistical analysis. Continuous variables were presented as x ± s. Kruskal-Wallis H test, t-test, or Wilcoxon rank sum test was used for continuous variables. Categorical variables were described as absolute numbers or percentages and tested using the chi-square or Fisher’s exact test. The Kaplan-Meier method was used to analyze survival, and the log-rank test was used for survival analysis. Prognostic factors of OS were analyzed using univariate and multivariate logistic regression. A P-value of less than 0.05 was considered to indicate a statistically significant difference.





3 Results



3.1 Baseline characteristics

During the study period, we obtain data of 37 patients who received LDTNR therapy, and 33 patients who received chemotherapy only. The baseline characteristics of all eligible patients are outlined in Table 1. No significant differences were detected in sex, age, cancer types, ECOG, clinical stage, non-curable factors and baseline nutritional and inflammatory status. Baseline GOOSS was better in Non-LDTNR group in comparison to the LDTNR group (P<0.001).


Table 1 | Baseline data for all patients.






3.2 Nutritional risk, nutritional status, inflammatory immune status, and quality of life

After LDTNR, the proportion of patients with nutritional risk (94.6% vs. 70.3% vs. 18.9%) and severe malnutrition (89.2% vs. 51.4% vs. 0) decreased gradually. The proportion of patients with NLR <2.5 (21.6% vs. 48.6% vs. 70.3%), PNI ≥45 (24.3% vs. 56.8% vs. 73.0%), and Spitzer QOL Index (P<0.05) increased gradually (Tables 2, 3). There was no significant difference in the BMI (P>0.05) at these time points.


Table 2 | The nutritional risk, inflammatory and immune status before operation, 7 days and 1 month after operation.




Table 3 | QOL scores at different periods.






3.3 Response to chemotherapy

The median chemotherapy cycle of patients in LDTNR group was 6 cycles (2-10 cycles), higher than that in Non-LDTNR group (P<0.001). Among those who received LDTNR therapy, 2 patients had a complete response, 17 had a partial response, 8 had stable disease, and 10 had progressive disease, which was significantly better than the response rate in Non-LDTNR group(P<0.001) (Table 4). In the LDTNR group patients, peritoneal metastasis (receiving hyperthermic intraperitoneal chemotherapy) turned negative in eight patients, the No.16 lymph nodes disappeared or decreased in four patients, the depth of tumor invasion reduced to T4a stage in one patient with pancreatic invasion, and the liver metastasis significantly reduced or disappeared in three patients. While none of the Non-LDTNR group patients had resolution of non-curable factors.


Table 4 | Response to chemotherapy.






3.4 Surgical and postoperative situations

Conversion surgery was performed in 16 (43.2%) LDTNR group patients. Four patients underwent gastrectomy and D3 lymph node dissection, and 12 underwent gastrectomy and D2 lymph node dissection (including 3 patients with liver metastasis resection). R0 resection was achieved in 13 patients (81.2%) and R1 resection in 3 patients (18.8%) (Table 5). One patient (6.3%) developed grade III anastomotic leakage and was discharged after the endoscopic intervention. All patients were followed for 1.2-50.3 months, with a median time of 12.5 months. The 1-year cumulative survival rates of the patients with or without LDTNR were 59.5% and 9.1%. The 3-year cumulative survival rate with or without LDTNR was 29.7% and 0%, respectively. The difference in survival between the two groups was statistically significant (P<0.001) (Figure 4). Further analysis showed that the survival time of the 13 patients with R0 resection was 41.9 ± 9.4 months and that of the 3 patients with R1 resection 18.4 ± 1.5 months, and the difference was statistically significant (P<0.001) (Figure 5). Univariate and multivariate analysis identified LDTNR therapy and subsequent gastrectomy were associated with better long-term prognosis (Table 6).


Table 5 | Postoperative pathological and complication outcomes.






Figure 4 | Survival curve of all patients enrolled in the present study. The 1-year cumulative survival rates of the patients with or without LDTNR were 59.5% and 9.1%. The 3-year cumulative survival rate with or without LDTNR was 29.7% and 0%, respectively.






Figure 5 | Survival curve of patients receiving radical gastrectomy in the present study. The survival time of patients with R0 resection was 41.9 ± 9.4 months and that of patients with R1 resection was 18.4 ± 1.5 months.




Table 6 | Univariate and multivariate analyses for OS.







4 Discussion

In previous studies, palliative resection was often used for patients with unresectable advanced gastric cancer with obstructive symptoms, focusing less on the long-term prognosis of such patients (14). A previous study (15) showed that tumor cells are released into the blood after palliative resection, and the activity of residual tumor cells is enhanced under surgical stress and an inflammatory response, which greatly enhances proliferation, invasion, and metastasis. In addition, the influence of gastrectomy on the quality of life, chemotherapy compliance, and tolerance will also affect the subsequent treatment effects in patients with gastric cancer. The REGATTA study (14) demonstrated that palliative resection could not prolong patient survival. LDTNR can bypass obstruction without stimulating the primary tumor, relieve the symptoms caused by obstruction, and restore enteral nutrition. It is expected to overcome the problem of undertaking subsequent treatments in patients with obstruction due to long-term insufficient nutrient intake and a metabolic state of high decomposition and low synthesis of nutrients (14, 16, 17). To the best of our knowledge, this study is the first to analyze the role of LDTNR in improving the inflammatory nutritional immune status and survival time of patients with unresectable advanced gastric cancer with obstructive symptoms.

In patients with gastric cancer obstruction, improvement in nutritional status enhances long-term survival. Therefore, relieving obstruction plays an important role. LDTNR is associated with less trauma load, shorter recovery time for enteral nutrition, and high compliance of patients with subsequent treatment (6). While reducing the stress response, it also avoids failure of endoscopic catheterization caused by obstruction and gastric retention, stent displacement, and secondary interventions due to tumor progression (18). After LDTNR, the first time to liquid food was after 1.43 ± 0.50 days, which was shorter than that after an open procedure (19), indicating that LDTNR results in less trauma and faster recovery of intestinal function. In addition, the latest general principles of nutritional therapy indicate that it supplements insufficient nutrients, enhances the body’s immune function, and reduces the inflammatory response (20). After LDTNR, the nutritional status and quality of life gradually increased, the inflammatory indicators gradually decreased, and the differences were statistically significant (P<0.001).

In survival analysis, LDTNR therapy offers a survival benefit in patients with unresectable and obstructive gastric cancer. The 3-year cumulative survival rate of patients with LDTNR was 29.7%, which is higher than that in Non-LDTNR group (P<0.001). In addition, multivariate analysis identified that LDTNR were associated with better long-term survival, compared with Non-LDTNR (HR, 5.198; 95% CI 1.019-3.368,P<0.001). For patients with GO caused by unresectable advanced gastric cancer, subsequent gastric resection, specifically R0 resection, is key to determining long-term prognosis. In this study, the survival of patients treated with radical resection was significantly better than those without this treatment. The median survival time of patients with R0 resection was also significantly longer than that of patients with R1 resection, which was similar to the previous report (21). Such patients have a low completion rate of conversion therapy owing to their poor nutritional status. In this study, 37 patients with unresectable advanced gastric cancer received LDTNR; the ORR was higher than that in Non-LDTNR group, with a resection rate of 43.2% and an R0 resection rate of 81.2%, which are also higher than those previously reported (22). The basic nutritional status of patients with gastric cancer and obstruction is poor. Preoperative chemotherapy often leads to a decreased nutritional status and suppression of cellular immunity, which increases the risk of postoperative complications. In this study, only one patient who underwent LDTNR had grade III postoperative complications, which was lower than that reported in the literature (20), and no deaths occurred. Enteral nutrition can effectively reduce gastric wall edema and malnutrition caused by obstruction and reduce the occurrence of anastomotic leakage, bleeding, and other complications. However, there was no significant difference in BMI among the patients in this study, and 10 patients could not tolerate the toxic effects of chemotherapy. This suggests that after the removal of the obstruction, individualized enteral nutrition, appropriate loading exercise, and efficacy evaluation are still needed for the safety and effectiveness of conversion therapy.




5 Conclusion

LDTNR results in better nutritional and inflammatory immune status of patients with obstruction caused by gastric cancer and improves the long-term prognosis of these patients. However, the effect of combination therapy with conversion therapy on the efficacy of chemotherapy, postoperative complications, and OS of these patients still needs to be verified using larger sample size and long-term follow-up data.
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Objective

Although the survival rate of patients who undergo surgery for gastric cancer has greatly improved, still many patients have a poor prognosis. This retrospective study aimed to investigate the predictive ability of the PNI-IgM score, a combined prognostic nutritional index (PNI), and immunoglobulin M (IgM), on the prognosis of patients undergoing surgery for gastric cancer.





Methods

340 patients with gastric cancer who underwent surgery from January 2016 to December 2017 were selected. The PNI-IgM score ranged from 1 to 3: score of 1, low PNI (< 48.45) and low IgM (< 0.87); score of 2, low PNI and high IgM, or high PNI and low IgM; score of 3, high PNI and high IgM. We compared the differences in disease-free survival (DFS) and overall survival (OS) among the three groups, while univariate and multivariate analyses calculated prognostic factors for DFS and OS. In addition, the nomograms were constructed based on the results of multivariate analysis to estimate the 1-, 3- and 5-year survival probability.





Results

There were 67 cases in the PNI-IgM score 1 group, 160 cases in the PNI-IgM score 2 group, and 113 cases in the PNI-IgM score 3 group. The median survival times of DFS in the PNI-IgM score group 1, the PNI-IgM score group 2, and the PNI-IgM score group 3 were 62.20 months, not reached, and not reached, and 67.57 months vs. not reached vs. not reached in three groups for OS. Patients in the PNI-IgM score group 1 had a lower DFS than the PNI-IgM score group 2 (HR = 0.648, 95% CI: 0.418-1.006, P = 0.053) and the PNI-IgM score group 3 (HR = 0.337, 95% CI: 0.194-0.585, P < 0.001). In stratified analysis, PNI-IgM score 1 had a worse prognosis in the age < 60 years group and CA724 < 2.11 U/m group.





Conclusion

PNI-IgM score is a novel combination of nutritional and immunological markers that can be used as a sensitive biological marker for patients with gastric cancer who undergo surgery. The lower the PNI-IgM score, the worse the prognosis.





Keywords: prognostic nutritional index, IgM, gastric cancer, surgery, prognosis





Introduction

According to the World Health Organization, gastric cancer was the fifth leading cancer in the world, with nearly 1.09 million new cases of gastric cancer worldwide in 2020. Gastric cancer is the fourth leading cause of cancer deaths, with almost 770,000 deaths worldwide in 2020 (1). In 2022, China is expected to have 509,000 new cases and 400,000 estimated deaths per year (2). Currently, radical gastrectomy is the preferred and primary treatment modality for patients with gastric cancer, while other treatments include endoscopic intervention followed by gastrectomy, adjuvant chemotherapy (ACT), or neoadjuvant chemotherapy (NACT) (3–5). In recent years, immunotherapy has also been applied to the treatment (6). Unfortunately, outcomes remain unsatisfactory as a significant number of patients develop local recurrence or distant metastases after resection (7). Therefore, it appears essential to identify potential biomarkers that can accurately select appropriate treatment strategies for patients and predict patient prognosis.

The nutritional status of patients with gastric cancer, which could predict the progression of the treated cancer, has been identified an important factor (8–11). It was common for patients with gastric cancer to suffer from malnutrition and cachexia due to reduced food intake and increased energy consumption (12). Cachexia was reported to affect approximately 50%-80% of cancer patients and was associated with 20%-40% of cancer deaths (13–15). Nutritional markers such as albumin (ALB), prealbumin (PALB), and body mass index (BMI) have been found to be independent prognostic factors for gastric cancer (16). The prognostic nutritional index (PNI), as a simple and readily available nutritional indicator, has been shown to be related to the prognosis of many malignancies, such as gastric cancer, lymphoma, pancreatic head cancer, head and neck tumors, etc. al (17–21). Additionally, the body’s Inflammatory response could also affect to tumor recurrence and metastasis. Some studies have reported that lymphocytes, neutrophils, and C-reactive protein (CRP) are associated with disease progression in patients with gastric cancer (22). Immunoglobulin M (IgM) was primarily responsible for the primary humoral immune response following initial antigen stimulation and has been shown to be closely associated with the prognosis of many malignancies (23–25). Taken together, the prognosis of gastric cancer patients with malnutrition and inflammation was worse.

A large number of previous researches have pointed out that composite indicators of nutrition and immunity, such as Glasgow Prognostic Score (GPS), platelet-to-lymphocyte (PLR), and Controlling Nutritional Status (CONUT) score could predict the prognosis of gastric cancer patients (26, 27). However, no study has investigated the validity of a mixed index of PNI and IgM (PNI-IgM score) to predict the prognosis of patients with gastric cancer who underwent surgery.

In this study, we evaluated the predictive effect of the PNI-IgM score on efficacy and prognosis in 340 patients with gastric cancer who underwent surgery. To further validate the PNI-IgM score, we performed a subgroup analysis and created nomograms.





Materials and methods




Patients

This is a retrospective study, so the Ethics Committee of Harbin Medical University Cancer Hospital waived informed consent. In total, we collected 340 consecutive patients with gastric cancer who received surgery at Harbin Medical University Cancer Hospital between January 2016 and December 2017 and were tested for lymphatic subsets and specific proteins. Statistical analysis of 340 patients and their clinical information was implemented according to the Helsinki Declaration and its amendments. All patients were included according to the following criteria: (1) all patients underwent surgical treatment; (2) all patients had no chronic disease; (3) all patients were tested for lymphatic subsets and specific proteins; (4) all patients did not display inflammatory response. (5) Patients with gastric cancer combined with other primary malignant tumors were excluded. Patients without complete clinical information and regular review after surgery were exclusion criteria. The flow chart of clinical case selection is shown in Figure 1. Electronic medical records system was used to collect clinical and pathological information.




Figure 1 | Flow chart of patients’ election in this study.







Data collection

Patients were followed up by telephone or outpatient visit, every 3-6 months during the first 2 years, and every 6-12 months from the 3rd to 5th year, and annually thereafter. Disease-free survival (DFS) was comprehended as the period from the first day of surgery date to the date of disease progression. The evidence of progression was obtained by chest and abdomen X-ray or computed tomography. DFS was also defined as the date of death, death from any cause, or the date of withdrawal from the follow-up. Overall survival (OS) was described as the period from the first day of surgery date to the date of death, the date of withdrawal from the follow-up, or the time of the last follow-up. Electronic medical record system was used to acquire patients’ clinical and pathological information.

The peripheral venous blood was collected in fasting state after admission in all patients. The counts of peripheral lymphocytes (L) were measured and analyzed by an automatic blood analyzer (BACKMAN COULTER LH750), the levels of peripheral albumin were measured and analyzed by an automatic blood analyzer (ADVIA-2400), and the levels of peripheral IgM were measured and analyzed by a specific protein analyzer (IMMAGE800). PNI was calculated as follows: PNI = albumin (g/L) + 5 × total lymphocyte counts (109/L). The cut-off point was obtained by the receiver operating characteristic (ROC), which was based on OS for the prediction of patients’ death. The area under the ROC Curve (AUC) was used to evaluate the predictive ability of PNI and IgM. The optimal cut-off values of PNI and IgM with the highest Youden index were obtained.





Statistical analysis

Continuous variables are presented as means with standard deviations or as medians with interquartile ranges. Categorical variables were expressed as percentages. The comparison between continuous variables used the t-tests, one-way ANOVA, Kruskal-Wails rank sum test. We used the Chi-square test or Fisher’s exact test to compare the discrepancies between categorical variables. The Kaplan-Meier survival curve was used to compute the survival rate and the Log-rank test to compare the survival time difference. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Variables that achieved statistical significance at P < 0.05 were entered into the multivariate Cox regression analyses. Relative risks were assessed by the hazard ratio (HR) and 95% confidence interval (CI). The Cox proportional hazards regression model was constructed to analyze independent prognostic factors for DFS and OS. The nomograms were also constructed to predict the 1-, 3-, and 5-year survival probability for DFS and OS. The calibration curve analysis was used to assess the prognostic predictive ability of nomogram. All statistical analyses were completed through the R 4.1.3 (Vienna, Austria), IBM SPSS Statistics 25 (Chicago, IL, USA). Finally, we considered two-sided P values < 0.05 as statistical differences.






Results




Patient characteristics

The median age of patients was 60 years, and there were 105 women (30.9%) and 235 men (69.1%) in all two groups’ cases. The optimal cut-off value of PNI was 48.45. The optimal cut-off value of IgM was 0.87 g/L. According to the optimal cut-off values of PNI and IgM, all patients were divided into three groups: PNI-IgM score of 3 (n = 113): high IgM (≥ 0.87) and high PNI (≥ 48.45); PNI-IgM score of 2 (n = 160): high IgM (≥ 0.87) and low PNI (< 48.45), or low IgM (< 0.87) and high PNI (≥ 48.45); PNI-IgM score of 1(n = 67): low IgM (< 0.87) and low PNI (< 48.45). The Chi-square test or Fisher’s exact test showed that PNI-IgM score was related to melaena (P = 0.006), weight loss (P = 0.012), fatigue (P < 0.001), pTNM stage (P < 0.001) and tumor size (P = 0.003). The one-way ANOVA Kruskal-Wails rank sum test showed that PNI-IgM score was related to age (P < 0.001), BMI (P = 0.012), bleeding volume (P = 0.012). The detailed clinical characteristics of all 340 cases grouped by PNI-IgM score are displayed in Table 1.


Table 1 | Clinical, pathological and laboratory information of all patients.



In this study, we also collected patients’ nutritional and hematological parameters before surgery, including total protein (TP), PALB, alanine aminotransferase (ALT), aspartate transaminase (AST), glutamyl transpeptidase (γ- GT), lactate dehydrogenase (LDH), total bilirubin (TBIL), globulin (GLOB), urea, creatinine (CREA), urate (UA), alkaline phosphatase (ALP), monocyte (Mono), eosinophils (Eosi), basophil (Baso), red blood cell (RBC), platelet (P), carcinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199), carbohydrate antigen 724 (CA724), carbohydrate antigen 125II (CA125II). We also collected lymphatic subsets and specific proteins, including immunoglobulin A (IgA), immunoglobulin G (IgG), transferrin (TRF), light-chain immunoglobulin (KAP), heavy-chain immunoglobulin (LAM), KAP/LAM, CD3 + cells (T cells), CD3 +/CD4 + cells (Th cells), CD3 +/CD8 + cells (CTL cells), CD4 +/CD8+ cells, CD3 +/CD4 + CD8 + cells, CD19 + cells (B cells), CD3 -/CD16 + CD56 + cells (NK cells), CD3 +/CD16 + CD56 + cells (NKT cells). We analyzed their relationship to the PNI-IgM score by Kruskal-Wails rank sum test (Table 1). We found that the PNI-IgM score was related to ALT (P = 0.017), γ- GT (P < 0.001), TBIL (P < 0.001), TP (P < 0.001), ALB (P < 0.001), GLOB (P < 0.001), UA (P = 0.002), ALP (P = 0.027), WBC (P < 0.001), RBC (P < 0.001), IgA (P < 0.001), IgG (P < 0.001), KAP (P < 0.001), LAM (P < 0.001) and CD3 +/CD4 + CD8 + cells (P = 0.004).





Univariate and multivariate Cox hazard analysis for DFS and OS

According to univariate analysis, the prognosis factors for patients’ DFS in this study were age (P = 0.001), BMI (P = 0.043), tumor size (P < 0.001), pTNM stage (P < 0.001), radical resection (P < 0.001), TBIL (P = 0.020), Eosi (P = 0.032), RBC (P = 0.032), CA724 (P < 0.001), CA125II (P = 0.003), IgG (P = 0.028), PNI-IgM score (P < 0.05). And the prognosis factors of patients in this study for OS were age (P = 0.001), melaena (P = 0.048), tumor size (P < 0.001), pTNM stage (P < 0.001), radical resection (P < 0.001), TBIL (P = 0.016), Eosi (P = 0.030), RBC (P = 0.031), CA724 (P = 0.004), CA125II (P = 0.004), IgG (P = 0.036), PNI-IgM score (P < 0.05). The multivariate analysis indicated that age (P = 0.036 vs. P = 0.035), pTNM stage (P < 0.001 vs. P < 0.001), radical resection (P = 0.006 vs. P = 0.001), and CA724 (P = 0.027 vs. P = 0.015) were both independent prognostic factors for DFS and OS. In addition, melaena (P = 0.003) was the independent prognostic factor for OS (Table 2).


Table 2 | Univariate and multivariate analysis for DFS and OS.







Stratified analyses by potential effect modifiers

In order to further study PNI-IgM score, we conducted a stratified analysis and found that patients with PNI-IgM score 1 had shorter OS in age < 60 years group (HR = 0.555, 95% CI: 0.360-0.855, P = 0.008) and in CA724 < 2.11U/m group (HR = 0.412, 95% CI: 0.209-0.813, P = 0.011) (Figure 2).




Figure 2 | The stratificationan alysis of PNI-IgM score for OS.







PNI-IgM score and prognosis

The PNI-IgM score 1 group’s median survival time for DFS was 62.20 months, the 1-, 3-, and 5-year DFS probability was 89.4% (95% CI: 82.3%-97.1%), 65.4% (95% CI: 54.7%-78.3%), 53.1% (95% CI: 41.9%-67.3%). The PNI-IgM score 1 group’s median survival time for OS was 67.57 months, the 1-, 3-, and 5-year OS probability was 89.5% (95% CI: 82.4%-97.2%), 69.0% (95% CI: 58.6%-81.3%), 55.6% (95% CI: 44.5%-69.4%). The PNI-IgM score 2 group’s median survival time for DFS and OS were both not achieved. The 1-, 3-, and 5-year DFS and OS probability were 89.3% (95% CI: 84.6%-94.2%), 74.0% (95% CI: 67.4%-81.3%), 68.2% (95% CI: 61.1%-76.1%); 89.9% (95% CI: 85.4%-94.7%), 77.8% (95% CI: 71.6%-84.6%), 69.7% (95% CI: 62.8%-77.3%), respectively. The PNI-IgM score 3 group’s median survival time for DFS and OS were both not achieved. The 1-, 3-, and 5-year DFS and OS probability were 93.8% (95% CI: 89.4%-98.4%), 80.5% (95% CI: 73.4%-88.4%), 80.5% (95% CI: 73.4%-88.4%); 95.6% (95% CI: 91.9%-99.4%), 82.0% (95% CI: 75.1%-89.4%), 81.0% (95% CI: 74.0%-88.7%), respectively. To further determine whether the PNI-IgM score could predict the prognosis of gastric cancer patients. The ROC curves were based on OS for the prediction of patients’ death. For the traditional clinicopathologic factors, including ALB, L, PNI, and IgM, each feature and the combined PNI-IgM score were plotted, and the point with the highest AUC was illustrated on the ROC curve. The PNI-IgM score exhibited a higher prognostic accuracy for DFS and OS than PNI and other clinicopathological risk factors (Figure 3). Patients with the PNI-IgM score 1 have a worse DFS than patients with the PNI-IgM score 2 (HR = 0.648, 95% CI: 0.418-1.006, P = 0.053) or the PNI-IgM score 3 (HR = 0.337, 95% CI: 0.194-0.585, P < 0.001). Patients with the PNI-IgM score 1 have a shorter OS than patients with the PNI-IgM score 2 (HR = 0.631, 95% CI: 0.407-0.978, P = 0.040) or the PNI-IgM score 3 (HR = 0.327, 95% CI: 0.188-0.568, P < 0.001) (Figures 4A, B).




Figure 3 | The ROC curves of PNI-IgM score, PNI, IgM, ALB, L.






Figure 4 | PNI-IgM score related survival curve of (A) DFS and (B) OS in all patients.







Survival for pTNM stage

To study the predictive ability of PNI-IgM score for prognosis of gastric cancer patients in correlation with pTNM stage, we divided the 340 patients into early pTNM stage (0/Tis + I + II) group (221 patients) and advanced pTNM stage (III + IV) group (119 patients). The median survival time for DFS and OS in the early pTNM stage group were both not reached. The 1-, 3-, and 5-year DFS and OS probability were 98.2% (95% CI: 96.4%-100.0%) vs. 98.2% (95% CI: 96.4%-100.0%), 89.2% (95% CI: 85.2%-93.5%) vs. 89.9% (95% CI: 86.0%-94.0%), 86.7% (95% CI: 82.2%-91.4%) vs. 87.4% (95% CI: 83.1%-92.0%). The median survival time for DFS and OS in the advanced pTNM stage group were 30.90 months and 40.27 months. The 1-, 3-, and 5-year DFS and OS probability were 76.9% (95% CI: 69.6%-84.9%) vs. 79.6% (95% CI: 72.7%-87.2%); 45.7% (95% CI: 37.2%-56.2%) vs. 54.1% (95% CI: 45.7%-64.0%); 34.7% (95% CI: 26.6%-45.4%) vs. 39.0% (95% CI: 30.9%-49.3%). Patients with the PNI-IgM score 1 have a shorter DFS than patients with the PNI-IgM score 2 (HR = 0.814, 95% CI: 0.356-1.860, P = 0.626) or the PNI-IgM score 3 (HR = 0.278, 95% CI: 0.096-0.800, P = 0.018). Patients with the PNI-IgM score 1 also have a shorter OS than patients with the PNI-IgM score 2 group (HR = 0.821, 95% CI: 0.359-1.876, P = 0.640) or the PNI-IgM score 3 group (HR = 0.280, 95% CI: 0.097-0.808, P = 0.019). Patients in the advanced pTNM stage had lower DFS (HR = 4.394, 95% CI: 2.737-7.055, P < 0.001) and OS (HR = 4.466, 95% CI: 2.805-7.109, P < 0.001) than those early pTNM stage patients (Figures 5A, B).




Figure 5 | pTNM related survival curve of (A) DFS and (B) OS in all patients.







Construction of nomograms to predict DFS and OS

This study found that age, radical resection, CA724, and pTNM stage were the independent prognostic factors for DFS. By constructing Cox proportional hazard regression model, age, melaena, radical resection, CA724, and pTNM stage were the independent prognostic factors for OS. Based on the results of multivariate analysis, the nomograms to predict the 1-, 3-, and 5-year survival probability for DFS and OS were established (Figures 6A, B). The C-index and 95% CI for predicting the survival probability of DFS and OS were 0.770 (0.724-0.817) and 0.772 (0.724-0.819). Calibration curves for the DFS probability at 3-, 5-years in the demonstrated satisfactory consistency between the nomogram-predicted and actual survival. The calibration curves for the probability of OS at 3-, 5-years also suggested correlation between the observed and nomogram-predicted survival (Figures 7A, B).




Figure 6 | Nomogram for predicting 1-, 3-, 5-year survival probability of (A) DFS and (B) OS.






Figure 7 | Calibration curves for predicting DFS (A) and OS (B) at 1-,3-, and 5-years.








Discussion

Gastric cancer is a common malignant tumor in China, with the third highest incidence and mortality rate (1). Although there are many treatments for gastric cancer, it is still a very challenging disease (28). With the development of medical technology, the 5-year survival rate of gastric cancer patients undergoing surgery has steadily increased, but there is still a large proportion of patients with poor prognoses (29). Numerous researches have shown that gastric cancer patients’ prognoses were related to disease tumor markers, body nutrition and immune status (30–32). Therefore, there is a need to develop a more accurate prognostic risk stratification system to stratify patients and help individualize the choice of treatment.

Our study is the first to assess the association between the PNI-IgM score, which a composite indicator of immunity and nutrition, clinicopathological factors and survival. It also demonstrated that the PNI-IgM score predicted prognosis among gastric cancer patients who underwent resection. We found that low PNI and IgM were associated with poor patient prognosis. This study found that age, pTNM stage, radical resection, and CA724 were independent prognostic factors for DFS and OS. In addition, an independent prognostic factor for OS was melaena. In the Stratified analyses, we found age <60 years and CA724 < 2.11 U/m had shorter OS in PNI-IgM score 1.

Although many studies have confirmed the prognostic association of PNI and IgM with gastric cancer (33–35) and other solid tumors (36–38). In this study, PNI and IgM were also demonstrated to predict the prognosis of gastric cancer patients. There are several possible mechanisms explaining the association of PNI-IgM score with the prognosis of patients with gastric cancer. PNI is a composite indicator consisting of albumin and lymphocytes, which mainly reflects the nutritional status of the body, but also the immune status of the body (39, 40). Albumin is a well-known indicator of the nutritional status of the body, and many studies have concluded that low albumin is a sign of malnutrition in the body (41, 42). Lymphocytes are an important component of the body’s immune system and reflect the overall immune status of the body (43). Low serum lymphocytes have been reported to be associated with tumor progression and metastasis in patients with gastric cancer (44–46). IgM accounts for about 10% of the total serum immunoglobulins and mainly reflects the recent immune response. Tumor-reactive IgM had been shown to eliminate malignant cells through complement fixation (47), induction of apoptosis (48), and induction of secondary immune responses against neoantigens (49).

This study also has some limitations. First, this was a single-region, single-center retrospective study with limited sample size and potential selection bias. Second, we only selected patients with gastric cancer who underwent surgery. Third, the cut-off value of PNI and IgM is usually derived from the ROC curve, and the optimal cut-off value is uncertain. Therefore, multi-regional, multi-center, and larger sample size studies are needed to validate our findings.





Conclusion

In conclusion, our study found that the PNI-IgM score is a valid scoring tool for patients with gastric cancer who received surgery. Patients in the PNI-IgM score 1 group had a worse prognosis than those in the PNI-IgM score 2 group, and the PNI-IgM score 3 group. Therefore, the PNI-IgM score could be used as a biomarker to develop better treatment strategies for patients undergoing surgery for gastric cancer.
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Background

Anastomotic leakage (AL) is the most serious complication that can arise during colorectal surgery. Indocyanine green (ICG) angiography offers an intraoperative assessment of colonic vascular perfusion in real time. We aimed to assess ICG’s effects on the AL rate in patients who have undergone transanal total mesorectal excision (TaTME) for rectal cancer.





Methods

This retrospective cohort study was conducted at our center from October 2018 to March 2022 to analyze the clinical data of patients with rectal cancer who have undergone TaTME after propensity score matching (PSM). The primary outcome was the proximal colonic transection line modification and clinical AL rate.





Results

A total of 143 patients in the non-ICG group and 143 patients in the ICG group were included after PSM. The proximal colonic transection line of seven patients in the non-ICG group was modified, while 18 were in the ICG group (4.9% vs. 12.5%, p = 0.023). Twenty-three patients (16.1%) in the non-ICG group and five patients (3.5%) in the ICG group were diagnosed with AL (p < 0.001). The ICG group had a less hospital readmission rate than the non-ICG group (0.7% vs. 7.7%, p = 0.003). The between-group differences in basic line and other outcomes were not significant.





Conclusions

ICG angiography is a safe and feasible method to help surgeons identify potentially poor colonic vascular perfusion and modify the proximal colonic transection line, resulting in a significant reduction in AL and hospital readmission rates.
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Introduction

Anastomotic leakage (AL) is the most severe complication following colorectal surgery with an incidence of 7%–24% (1–4). It can adversely affect both the short- and long-term outcomes, such as the reoperation and hospital admissions rates, along with local recurrence rate and concurrent cancer-specific survival (5–7).

Compared with traditional total mesorectal excision (TME), transanal TME (TaTME), introduced by Lacy et al. (8) in 2010, has several potential benefits in mid/low rectal cancer or difficult cases such as narrow pelvis, bulky tumor, and patients treated with neoadjuvant chemoradiotherapy (CRT), including better specimen quality and radicality, less morbidity and complications, fewer conversions, and more sphincter-preserving rectal resections without compromising oncological outcomes (8–11). In spite of this, the AL rate after TaTME remains high, ranging from 9.8% to 17.9% (12–15). There are three surgery-related factors associated with AL: inadequate anastomosis (16), anastomotic tension (17), and anastomotic vascular perfusion (18–21). In particular, adequate anastomotic vascular perfusion has been emphasized (22–24).

Recently, a real-time and reliable measurement of colonic vascular perfusion can be obtained using near-infrared (NIR) fluorescence imaging with indocyanine green (ICG) (25). It has been demonstrated that ICG angiography might decrease AL rates by selecting a bowel transection site or modifying the transection line according to the demarcation line (26–29). This issue, nevertheless, has been barely studied in TaTME. Further studies are required to verify its efficacy in decreasing the AL rate of patients who underwent TaTME.

We aimed to assess the ICG impact on perioperative outcomes, especially proximal colonic transection line modifying and AL rates in rectal cancer patients treated with TaTME.





Materials and methods




Patients and study design

Data from rectal cancer patients who underwent TaTME assisted by laparoscopy between October 2018 and March 2022 at the First Affiliated Hospital of Fujian medical university were used to compile the database. The patients in this study met the following inclusion criteria: 1) malignant tumors were confirmed by computed tomography, magnetic resonance imaging, or pathological diagnosis; 2) clinical records and follow-up information with imaging and physical exam were available. The subsequent exclusion criteria were identified: 1) patients under the age of 18; 2) patients with previous abdominal or pelvic surgery history; 3) patients with multiple primary cancers; 4) patients allergic to ICG or iodine, along with those who were currently receiving iodine dyes or medications likely ICG; 5) conversion to open surgery; 6) emergent cases.

Patients were separated into the ICG and non-ICG groups. Whether patients underwent ICG or clinical assessment evaluation for colonic vascular perfusion was at the discretion of the multidisciplinary team (MDT) and the patient’s intent. The TaTME was performed on each patient with the same surgical group. Patients’ demographics (age, sex, body mass index [BMI], albumin [ALB], comorbidities [including diabetes, hypertension, cardiovascular disease, smoking history, cirrhosis, and steroid use at the time of surgery], and American Society of Anesthesiologists [ASA] scores), tumor features (TNM staging, tumor diameter, distance from the anal verge, and neoadjuvant CRT), operative characteristics (ligation level of inferior mesenteric artery [IMA], anastomosis level from the anal verge, extraction site, operative time, intraoperative blood loss, prophylactic stoma, anastomotic perfusion score, and surgical plan changing including modification of the proximal colonic transection or further surgical operations), and postoperative outcomes [postoperative hospital stay, AL, abdominal/pelvic abscess, surgical reinterventions, ileus, bleeding, acute urinary retention, wound infection and hospital readmission, and other complications with a Clavien–Dindo classification score of grade II or higher occurring during the first 30 days following surgery (30)] were documented in a case report form (CRF).





Surgical procedure and proximal colon/anastomotic vascular perfusion assessment

TaTME was performed in accordance with previous studies (31). Real-time proximal colonic vascular perfusion assessment was conducted at our center with the laparoscopic NIR camera system provided by Karl Storz (D-Light P; Tuttlingen, Germany) and the Stryker Corporation (1588 AIM Platform, Michigan, USA) just before and after performing the anastomosis by evaluating the mucosa through transanal visualization. Before injecting ICG, the surgeon marked the planned transection colonic line with electrocautery under white light for the initial evaluation. This was performed after the bowel was mobilized, the rectum was transected, the inferior mesenteric vessels were transected, the splenic flexure was mobilized (if it was deemed necessary), and the mesocolon was sectioned, once the specimen had been transabdominally or transanally externalized and before the anastomosis creation. In accordance with the guidance protocol, a bolus of ICG of 0.25 mg/kg was administered intravenously through a peripheral line by the anesthesiology team. The international normalized ratio (INR) was utilized to evaluate colonic perfusion, and the boundary line between the perfused and non-perfused tissue was marked and compared to the planned initial point of the transection. The anastomosis was subsequently created and then another bolus of ICG to evaluate anastomotic perfusion endoluminally (32). The NIR was administered by the transanal device repositioned in the anus. Through the transanal device placed again in the anus, the NIR was introduced. If the surgeon considered that it was required, the patient could receive an ICG third dose (for instance, following an additional surgical procedure including the splenic flexure mobilization if there is too much tension at the mesenteric or anastomotic site, the third injection would be taken).

Proximal colon/anastomotic vascular perfusion was assessed by using an anastomotic perfusion scoring system according to D.A. Sherwinter et al. (33): for clinical assessment in the non-ICG group, dusky appearance was assigned 1 point; patchy appearance was assigned 2 points; pink appearance without pulsatility or bleeding cut edges was assigned 3 points; pink appearance, mesenteric vasculature pulsatility, and bleeding cut edges, but with clinical concern over viability, were assigned 4 points; pink bowel appearance, mesenteric vasculature pulsatility, and bleeding from the cut edge of bowel were assigned 5 points. For fluorescence assessment (30–60 s after ICG injection) in the ICG group, no uptake was marked as 1 point, patchy fluorescence was marked as 2 points, significantly hypofluorescent but homogeneous was marked as 3 points, somewhat hypofluorescent compared to other segments was marked as 4 points, and hypofluorescent to all other segments was marked as 5 points. For both groups, a score of 4 to 5 was considered adequate perfusion for anatomy creation, and 1–2 points indicated poor perfusion, which needed modification of the proximal colonic transection. Whether interventions were needed for patients with 3 points depends on the discretion of MDT and the patient’s condition and intent (32, 33).





Diagnosis of AL

AL was defined as a defect of the intestinal wall integrity at the anastomosis site (including suture and staple lines of neorectal reservoirs) that permitted connection between intra- and extraluminal compartments regarding the definition and grading of anastomotic leakage of the International Study Group of Rectal Cancer (34), as confirmed by rectal contrast radiologic extravasation evidence or digital rectal examination within 30 days after the operation. According to the impact on clinical management, the severity of AL should be graded. AL of grade A required no modification in the management of patients, AL of grade B required active therapeutic intervention but is manageable without re-laparotomy, and AL of grade C required re-laparotomy (34).





Statistical analysis

Nearest neighbor propensity score matching (PSM) extracted 1:1 matched pairs of subjects from the non-ICG group or the ICG group based on patient features involving age, sex, BMI, ALB, comorbidities, ASA scores, and tumor features involving tumor diameter, distance from the anal verge, TNM stage, and neoadjuvant CRT. Continuous variables are represented by median (minimum–maximum) or mean ± standard deviations (SDs). To analyze differences in categorical variables, the chi-squared or Fisher’s exact test was applied. The Wilcoxon rank-sum test was utilized to compare continuous variables between groups. p < 0.05 indicated that differences between the two groups were statistically significant. R 3.3.0 was utilized to conduct analyses.

This study was authorized by the Ethics Review Committee of the First Affiliated Hospital of Fujian Medical University [Approval No. (2018)068], and all patients provided written informed permission. All procedures were conducted in conformity with the principles of the Declaration of Helsinki.






Results




Patient and tumor characteristics

This study included a total of 370 individuals who underwent TaTME at the First Affiliated Hospital of Fujian medical university. Table 1 outlines the patient and tumor features that were present before PSM (227 in the non-ICG group and 143 in the ICG group). Before PSM, the ICG group was older and had a shorter distance from the anal verge than the non-ICG group. Following PSM, 143 patients from the non-ICG group and 143 patients from the ICG group were ultimately enrolled in this study. There was no significant difference between the two groups concerning age, sex, BMI, ALB, comorbidities, ASA scores, tumor diameter, distance from the anal verge, TNM stage, and neoadjuvant CRT (Table 2).


Table 1 | Comparison of patient and tumor characteristics before propensity-matched cohort.




Table 2 | Comparison of patient and tumor characteristics for propensity-matched cohort.







Operative characteristics

Operative details are presented in Table 3. In terms of operative features, there was no statistically significant difference between groups including ligation level of IMA, anastomosis level from the anal verge, extraction site, operative time, intraoperative blood loss, and prophylactic stoma. Eighteen patients underwent surgical plan changes according to ICG evaluation and seven patients according to clinical evaluation (12.5% vs. 4.9%, p = 0.023).


Table 3 | Operative characteristics.







Postoperative outcomes

A total of AL was observed in 28 patients: 5 in the ICG group and 23 in the non-ICG group (3.5% vs. 16.1%, p < 0.001, Table 4). Among them, 4 (2.8%), 1 (0.7%), and 0 (0%) in the ICG group and 12 (8.4%), 11 (7.0%), and 1 (0.7%) in the non-ICG group were diagnosed with AL of grade A, B, or C (p = 0.040, 0.006, and 1.000, respectively), while 80 (55.9%) in the ICG group and 75 (52.4%) in the non-ICG group underwent neoadjuvant CRT. The ICG group had a less hospital readmission rate than the non-ICG group (0.7% vs. 7.7%, p = 0.003, Table 4). Abdominal/pelvic abscess, surgical reinterventions, ileus, bleeding, acute urinary retention, wound infection, postoperative hospital stay, and other complications with a Clavien–Dindo classification score of grade II or higher were similar between the two groups (Table 4). In addition, surgical reintervention with a stoma was required in one patient diagnosed with AL of grade C in the non-ICG group, while the other 27 patients diagnosed with AL of grade A or B were treated conservatively with antibiotics and CT scan drainage (not shown in Table 4).


Table 4 | Postoperative complications.



Typical cases: Clinical outcome of transection line modification or not according to anastomotic perfusion score evaluated by ICG or clinical assessment.


Case 1 in the ICG group: male, 75 years old, BMI was 26.5 kg/m2, tumor diameter was 4.3 cm, TNM stage was IIIB, underwent neoadjuvant CRT, distance from the anal verge was 3.7 cm, anastomotic perfusion score was 2 points, transection line was modified to the level of excellent perfusion, and an anastomosis was created using the modified transection line, with a prophylactic stoma. Clinical outcome: no AL.

Case 2 in the non-ICG group: male, 79 years old, BMI was 27.8 kg/m2, with hepatitis B cirrhosis, tumor diameter was 5.1 cm, TNM stage was IIIB, underwent neoadjuvant CRT, distance from the anal verge was 4.2 cm, anastomotic perfusion score was 3 points, anastomosis was carried out with the planned transection line, with a prophylactic stoma. Clinical outcome: AL.








Discussion

AL is among the most severe postoperative complications following colorectal surgery (35, 36). The most crucial intraoperative factor of AL is anastomotic perfusion (37, 38). ICG angiography is a practical and repeatable method that permits real-time monitoring of tissue perfusion, which aids the surgeon in the visualization of the proximal colonic transection line. The effectiveness of intraoperative ICG angiography in reducing AL rate after colorectal surgery is reported in many studies (15, 39, 40), while few studies were focused on its application in patients who underwent TaTME. This is the first PSM retrospective cohort study to assess ICG angiography’s impact on the incidence of AL in patients who underwent TaTME.

We found that the basic line of patient and tumor characteristics between the two groups did not differ between the two groups following PSM. For operative details, 12.5% of patients in the ICG group underwent surgical plan changes according to ICG evaluation while 4.9% of patients in the non-ICG group according to clinical evaluation (p = 0.023). As a result of that, 5 AL was observed in the ICG group, while 23 in the non-ICG group (3.5% vs. 16.1%, p < 0.001) and ICG group had less rate of hospital readmission (0.7% vs. 7.7%, p = 0.003). The between-group differences in other operative outcomes were not significant.

Since then, methods including bleeding, palpable pulse in the mesocolon, and intestinal coloration have been employed to evaluate tissue perfusion. Nevertheless, these evaluations are reliant on the surgeon’s clinical judgment, which underestimates the AL risk (41, 42). These results were verified by Jafari et al. (43), who found that the use of who Firefly system led to a 19% change in the proximal resection margin, as opposed to a 4.5% change by the clinical evaluation during low anterior robotic resections, hence reducing the AL rate by 60%–65%. Based on the studies discussed above, conventional methods are not entirely reliable for evaluating bowel perfusion (42, 44). Kim et al. (43) evaluated ICG angiography’s impact on AL rate in patients receiving anterior robotic resections and reported an overall decrease of 4.6% (ICG group 0.8% vs. control group: 5.4%, p = 0.03). Kin et al. (45) observed that ICG angiography revealed a shift in the proximal colonic transection in eight patients (5%), and one of them was diagnosed with AL. However, the between-group difference in the AL rate was not significant. Kawada et al. (46) reported that the usage of ICG altered the proximal colonic transection line in 30.9% of the patients undergoing laparoscopic left hemicolectomy. As a result, three patients with a change in the transection line were diagnosed with AL. Mizrahi et al. recently showed that ICG led to a transection line modification in four patients (13.3%), and none of these four patients experienced AL (47). The PILLAR II multicenter study (28), the prospective study with the largest published cases to date, included 139 patients who had ICG evaluation during left hemicolectomy. The surgical plan was changed in 11 patients (7.9%) according to ICG evaluation, none of whom had AL. The AL rate diagnosed in our center (16.1% in the control group) was comparable to that in previous studies (48, 49). Applications for ICG angiography led to modifying the proximal colonic transection line in 12.5% of patients. Typically, in case 1, after proximal colon dissection, the anastomotic perfusion score was 2 points according to ICG evaluation. Therefore, the proximal colonic transection line was modified, and re-evaluation was performed (the score was 5 points). No AL occurred within 30 days of follow-up. Notably, in case 2, after proximal colon dissection, the anastomotic perfusion of the patient was 3 points. Considering his comorbidity of hepatitis B cirrhosis affecting anesthetics-metabolism function of the liver resulting in prolongation of emergence time from anesthesia or postoperative delirium, the proximal colonic transection line was not modified according to the intraoperative discretion of MDT and the patient’s family’s intent. AL (grade 2) occurred on day 7 after the operation. These results indicated that there was indeed great potential for modifying surgical plans according to ICG angiography to decrease the AL rate in patients undergoing TaTME.

Even though we performed many such procedures to minimize potential bias, there is still some room for further improvement. First, this study was based on retrospective data and, thus, there were inevitably some inherent limitations including various biases, such as selection bias. In the future, larger, multi-institutional, prospective, randomized controlled trials are required to validate the efficacy of ICG in preventing AL in patients having TaTME. Second, more cases of patients could show its further strengths in preventing AL. Finally, the evaluation of the intensity of the ICG fluorescence is a subjective process, and through visual assessment for ICG fluorescence, surgeons sometimes have difficulty determining whether or not intestinal perfusion is adequate despite the fact that we have restrictedly qualified the amount of time available for fluorescence evaluation (30–60 s after ICG injection). While there were already some studies with quantitative evaluations in colorectal surgery (40, 46, 48), whether the outcomes may be enhanced further will be revealed by additional research.

In conclusion, this cohort study is the first one to investigate the effect of ICG angiography in decreasing AL rate during TaTME using a PSM analysis. Our results showed that compared to clinical evaluation, ICG angiography, with safety and feasibility, could help surgeons to identify potentially poor colonic vascular perfusion and modify the proximal resection line in a considerable number of patients during TaTME, significantly reducing the AL and hospital readmission rate.
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Background

Patients with gastric cancer have a poor prognosis. Currently, intraperitoneal chemotherapy has been considered a therapeutic option to improve prognosis due to its appealing theoretical rationales. But there is no consensus on the choice of chemotherapeutic agents used in intraperitoneal chemotherapy for gastric cancer. The real-world efficacy of applying intraoperative chemotherapy in gastric cancer still remains undefined.





Methods

Patients with gastric cancer who underwent radical gastrectomy at the Gastrointestinal Department of The First Affiliated Hospital of Anhui Medical University between 2012 and 2019 were enrolled in this study. Patients were divided into two groups based on whether they received intraperitoneal chemotherapy. The t-test (mean of two samples) was conducted to compare the difference in measurement data between the two groups, and the chi-square test was used to compare the difference in count data. Kaplan-Meier method with log-rank test was performed to analyze the overall survival of patients. Kaplan-Meier method with log-rank test was also performed in various subgroups to respectively compare the survival of patients. Multivariate Cox analysis was performed to analyze the prognosis factors of these patients.





Results

A total of 1253 patients were included in the final analysis, in which 861 patients received intraperitoneal chemotherapy and 352 not received intraperitoneal chemotherapy. The clinicopathological features of the participants in the two groups were comparable. There was no significant difference between the two groups in overall survival (P > 0.05). Consistently, no significant difference was found between the two groups in each subgroup (P > 0.05). The multivariate Cox analysis demonstrated that only age, BMI, pathological type, TNM stage, and differentiation grade were independent risk factors of survival.





Conclusion

Intraoperative intraperitoneal chemotherapy usage did not improve survival in patients with gastric cancer undergoing radical gastrectomy.





Keywords: subgroup, lobaplatin IPC = intraperitoneal chemotherapy, NIIC = normothermic intraoperative intraperitoneal chemotherapy, gastric cancer, real-world, regulatory science





Introduction

Gastric cancer is among the most common and deadly cancers in the world (1). According to GLOBOCAN 2018 data, gastric cancer remains the third most common cause of cancer-related death and the fifth most diagnosed malignancy globally (2). More than 1 million new cases of gastric cancer are reported annually worldwide (3). Furthermore, the majority of patients miss the surgical opportunity in that they are already in the advanced stage when diagnosed owing to the insidious onset and rapid progression. Despite non-surgical treatments including radical surgery and intravenous chemotherapy have been widely used for gastric cancer, the long-term survival rate still remains unsatisfactory (4). In addition to the harm to physical and mental health, gastric cancer also represents a significant burden on society.

Intraperitoneal chemotherapy (IPC), which is considered to be beneficial for concentrating chemotherapeutic efficacy, has been increasingly used due to the appealing theoretical rationales. Innovative results have shown the necessity to keep increasing consideration into the intraperitoneal administration of chemotherapies. Despite the widespread clinical use of IPC for gastric cancer, its efficacy and safety still remain controversial. Currently, agents applied in IPC include cisplatin, 5-FU, hydroxycamptothecin, Sinofuan, and so on. Intraoperative use of extended-release 5-FU implants is a relatively new approach and has been widely used in almost all types of digestive tract cancers in China (5). But for a section of drugs applied in IPC, there are no guidelines that recommend them as intraperitoneal perfusion drugs for gastric cancer yet. In addition, the drug classification, temperature, concentration, and location may vary among different IPC strategies, while these are closely related to the efficacy of IPC (6). Based on randomized controlled trials (RCT) reporting efficacy of IPC, IPC can be mainly summarized as the following five types: normothermic intraoperative intraperitoneal chemotherapy (NIIC), normothermic postoperative intraperitoneal chemotherapy (NPIC), hyperthermic intraoperative intraperitoneal chemotherapy (HIIC), hyperthermic postoperative intraperitoneal chemotherapy (HPIC) and hyperthermic intraoperative intraperitoneal chemotherapy combined with postoperative intraperitoneal chemotherapy (HIIC+PIC). Nonetheless, there are no international guidelines or expert consensus that can guide peritoneal perfusion therapy. These factors put us into doubt whether IPC truly benefits the prognosis of patients with gastric cancer as we expected.

Over the past few years, an increasing number of studies have drawn optimistic conclusions that IPC can be effective in improving prognosis. Studies are showing that application of NIIC can effectively prevent tumor recurrence and peritoneal metastasis, bringing promising clinical effects. A multi-center, randomized, open-label, controlled clinical study demonstrated that for stage III gastric cancer, intraoperative sustained-release fluorouracil implants after radical resection combined with postoperative adjuvant chemotherapy could significantly reduce the risk of peritoneal recurrence and prolong PFS (7). A meta-analysis by Jin-yu Huang claimed that HIIC and NIIC should be recommended to treat patients with gastric cancer because of improvement in overall survival. However, it was also found that NIIC can increase the risks of marrow depression, intra-abdominal abscesses, and fever (8). Meanwhile, it has also been reported that intraperitoneal administration of mitomycin C or cisplatin resulted in no significant clinical effects against peritoneal metastasis of gastric cancer (9). Apparently, there are different opinions about the exact efficacy of IPC in gastric cancer patients. These studies have the following limitations: insufficient follow-up time, limited sample size, and high rate of loss to follow-up. To explore the real impact of IPC on the prognosis of patients with gastric cancer, we collected single-center large-sample data to complete the real-world study, which mainly focused on the efficacy of NIIC.





Materials and methods

This study was conducted following the World Medical Association Declaration of Helsinki. This protocol was approved by the institutional review board of The First Affiliated Hospital of Anhui Medical University.

We collected the patient’s clinical characteristics, including gender, age, body mass index (BMI), chronic disease (hypertension or diabetes), lifestyle habits (smoking and drinking), and the treatment of NIIC. According to the revised Asia-Pacific BMI criteria by the World Health Organization (World Health Organization, 2004), BMI was divided into three types, including underweight (BMI<18.5), normal weight (18.5 ≤ BMI ≤ 23.9), and overweight/obesity (BMI ≥ 24.0 kg/m2).

Postoperative factors, including the pathological type, differentiation grade, TNM stage (tumors were staged according to the seventh edition of the American Joint Committee on Cancer tumor-node-metastasis staging system), and operative time were also evaluated.




Participants

A total of 1682 patients diagnosed with gastric cancer underwent surgery at the Gastrointestinal Department of The First Affiliated Hospital of Anhui Medical University between 2012 and 2019 were retrospectively analyzed. Inclusion criteria: (1) a diagnosis of gastric cancer confirmed by preoperative biopsy and postoperative pathology report; (2) no serious heart, lung, liver and kidney dysfunction; (3) a primary treatment without any other chemotherapy or biologic therapy before the operation; (4) stage diagnosed with preoperative thoracic-abdominopelvic computed tomography (CT) with double contrast and intraoperative examination; (5) R0 resection (with no tumor cells at the margin) with D2 or more extensive lymph node dissection; (6) age from over 20 to under 80 years old. Exclusion criteria: (1) having received chemotherapy, radiotherapy, or immunotherapy before surgery; (2) distant metastases confirmed by postoperative pathological examination; (3) positive peritoneal cytology; (4) having definite diseases or abnormal laboratory test results; (5) having remnant gastric cancer; (6) having any condition not suitable for NIIC.





Follow-up

Patients were followed up after the operation following the National Comprehensive Cancer Network (NCCN) guideline by clinical examination, carcinoembryonic antigen level, lung CT scan, and ultrasound of the abdomen every 3 months within 2 years after surgery. Follow-up was reviewed every six months for 2 to 5 years after surgery. Gastroscope was done 1 year after surgery and then repeated every 1 year in 3 years.





Experimental design

A total of 1253 patients ultimately met the study criteria. In patients receiving NIIC, a fixed dose of 1000mg implant was placed adjacent to the tumor bed after surgical resection. Both the two groups were then further divided into subgroups including age, sex, BMI, lifestyle habits, chronic disease, pathological type, TNM stage, and differentiation grade.





Statistics

IBM SPSS Statistics (version 26.0, IBM Inc., Armonk, NY, United States), and GraphPad Prism software (version 9, GraphPad Software Inc., San Diego, CA, United States) were used for statistical analysis. The baseline characteristics of patients were described using summary statistics. The continuous variables were presented as central tendencies (means or medians) and dispersions (standard deviations or interquartile ranges). For the group comparisons of the numeric variables, the Student’s t-test was used when the data were normally distributed, and the Mann-Whitney test for the variables in which distribution was not normal. Count indicators were described by numbers and percentages. The intragroup comparison was performed by using the chi-square test. Survival was estimated using the Kaplan–Meier method and differences between groups were estimated using the log-rank test. Cox regression ratio was used to obtain the crude hazard ratio and adjusted risk ratio for OS. P < 0.05 indicated a significant difference.






Results




Baseline information of the participants

In total, 314 patients with incomplete data and 115 patients with distant metastasis were excluded. 1253 patients were finally recruited and divided into two groups according to whether they received NIIC. There were 861 patients receiving NIIC and 392 patients not receiving NIIC. The flowchart of the study is shown in Supplementary 1.

The average age of the patients in the RC (receive chemotherapy) group was 62.1 ± 10.4 years, and that of the NRC (not receive chemotherapy) group was 62.2 ± 10.0 years. Furthermore, 79.3% patients were male in the NRC group while 74.1% of patients were male in the RC group. In the NRC group, patients with BMI below 18.5 were 17.6%, BMI between 18.5-23.9 was 70.9%, and BMI ≥ 24 was 11.5%. In the RC group, patients with BMI below 18.5 was 17.8%, BMI between 18.5-23.9 was 65.9%, and BMI ≥ 24 was 16.3%. In the NRC group, smoking and drinking patients accounted for 60.5% and 52.8%, respectively. In the RC group, smoking and drinking patients accounted for 58.7% and 53.2%, respectively. In the NRC group, adenocarcinoma accounted for 61.2%, squamous carcinoma accounted for 35.2%, and signet-ring cell carcinoma accounted for 3.6%. The baseline characteristics of patients were described using summary statistics. The detailed proportion of each tumor stage and differentiation degree in the two groups were also calculated. Results showed that the background data for all patients were relatively similar, suggesting that the two groups were comparable (Table 1).


Table 1 | Baseline clinical characteristics of the patients.







Survival analysis

Subsequently, we conducted a K-M survival analysis to compare the overall survival between the two groups. No significant difference was found in the overall survival between patients who received NIIC treatment and patients without NIIC treatment (Figure 1). To further demonstrate the research conclusion, we repeatedly performed K-M survival analysis in various subgroups. The gender was categorized as male and female. Age was divided into three subgroups: 20-44 years old, 45-59 years old, and ≥ 60 years old. BMI was also categorized into three subgroups: <18.5, 18.5-23.9, and ≥ 24. Meanwhile, chronic disease, smoking, drinking, pathological type, differentiation grade, and TNM stage are separately divided into subgroups. Consistently, no significant difference was found between patients who received NIIC treatment and patients without NIIC treatment in each subgroup.




Figure 1 | Overall survival between patients received NIIC treatment and patients without NIIC treatment in subgroups.







Prognostic factors in gastric cancer patients

Ultimately, to further figure out the clinical variables associated with gastric cancer, the Cox proportional hazards model was applied to the analysis (Table 2). The multivariable Cox analysis also indirectly corroborated our conclusion, showing that the application of NIIC was not an independent risk factor affecting the prognosis. The multivariable Cox analysis also revealed that age, BMI, pathological type, TNM stage, and differentiation grade were independent risk factors affecting the survival of gastric cancer patients.


Table 2 | Multivariate analysis of prognostic factors of OS in gastric cancer.








Discussion

Nowadays, gastric cancer remains one of the most deadly cancers in China (10, 11). Recurrence after gastrectomy, especially peritoneal recurrence, is a primary factor affecting the survival of patients with gastric cancer. Patients with gastric cancer and peritoneal carcinomatosis (PC) have a poor prognosis, with a median survival of 3.1 months without treatment (12). Studies demonstrated that extended resection including gastrectomy and peritonectomy combined with intraperitoneal chemotherapy (IPC) improves survival in patients (13–15). As one of the IPC treatments, NIIC has the theoretical advantage that injecting high concentrations of drugs directly into the abdominal cavity reduces systemic toxicity (16–18). Besides, the drug concentrations in the portal vein are also higher, which may be vital because the liver is a common site of metastasis (19).

Briefly, researchers have different opinions on the efficacy and safety of NIIC. In our real-world study, it was revealed that intraoperative intraperitoneal injection of normothermic chemotherapy drugs did not significantly ameliorate the outcomes of patients, which goes contrary to our previous perception. Notably, this conclusion is also tenable in our various subgroups (sex, age, BMI, chronic disease, lifestyle, tumor stage, differentiation grade, and pathological type). This real-world research conclusion indeed differs from partially published articles. The conflicting conclusions directly lead to the following questions: Despite NIIC being theoretically effective for patients with gastric cancer, is there an evident advantage in clinical practice? Is NIIC truly effective as we think? Should we abandon NIIC in gastric cancer if the benefits outweigh the disadvantages? These interlocking questions are worth deeply pondering due to the extensive application of NIIC in clinical.

Given that NIIC is defined by complex parameters, which include drug, dosage, concentration, inflow temperature, method, perfusion duration, and so on (20). Pharmacokinetic sufficiency and drug sensitivity are tightly related to NIIC efficacy. In different clinical models, the above parameters of NIIC may be different. Lacking the guideline to normalize NIIC may be responsible for the inconsistent results. For example, no guidelines recommend lobaplatin for NIIC in gastric cancer. Besides, different studies may focus on different patient populations. Some of these studies have mainly focused on patients with advanced gastric cancer, others may focused on patients in the early stage. Different characteristics of the study subjects may also result in different findings. Our study mainly included patients in TNM stage I-III. Moreover, some limitations of this study must be discussed. The data is not representative because this study is just a single-center sample study. The clinical outcome included the OS only, lacking the analysis of the relapses may also lead to compromised results. In addition, we did not collect clinical data related to postoperative complications, thus we could not ensure whether there were correlations between postoperative complications and NIIC. On the premise that NIIC could not improve the prognosis of gastric cancer patients, further explorations were not conducted to confirm whether NIIC would cause a series of side effects. The safety and serious adverse events rate of NIIC were not shown.

The chemotherapy regimen of NIIC for gastric cancer has not been established yet, but the various parameters including drugs, dosage, carrier solution and infusion methods are thought to be vital factors for the treatment efficacy. Treatment regimens combining multiple drugs are also expected to potentially yield superior efficacy. Meanwhile, the applied drugs are expected to meet certain demands. The selected drug (s) should be shown to be active in vitro and in vivo in the specific malignancy. The satisfactory pharmacokinetic profile and tissue permeability are also pivotal to achieving ideal treatment effects. The drug should be localized in high concentrations in the peritoneal cavity, avoiding diffusion through the peritoneal barrier to cause systemic toxicity. Highly volatile drugs are also unconsidered owing to the direct harm to the operating personnel. Besides, the carrier solution and infusion method are of great significance to the efficacy. Above all, more randomized controlled experiments and research are warranted to determine the appropriate indicators and the exact toxicity profile to realize favorable treatment outcomes.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patients/participants was not required to participate in this study in accordance with the national legislation and the institutional requirements.





Author contributions

MJ, WC, and JC were responsible for the acquisition and analysis of data, had full access to all of the data in the study, and take responsibility for the integrity of the data and the accuracy of the data analysis. BC and MX have revised the original draft. GC conceived the idea and revised the manuscript. All authors were responsible for the interpretation of data, the drafting, and critical revision of the manuscript for important intellectual content. All authors contributed to the article and approved the submitted version.





Funding

This work was supported by the Anhui Provincial Natural Science Foundation (2208085MH240), the Scientific Research Project of Anhui Provincial Department of Education (2022AH051167), the Clinical Key Specialty Construction Program of Ma’anshan City, the Anhui Quality Engineering Project (2020jyxm0898, 2020jyxm0910, 2021jyxm0727); the Anhui Medical University Clinical Research Project (2020xkj176).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1172782/full#supplementary-material



Abbreviations

IPC, Intraperitoneal chemotherapy, NIIC, normothermic intraoperative intraperitoneal chemotherapy.




References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Rawla, P, and Barsouk, A. Epidemiology of gastric cancer: global trends, risk factors and prevention. Prz Gastroenterol (2019) 14(1):26–38. doi: 10.5114/pg.2018.80001

3. Ferlay, J, Soerjomataram, I, Dikshit, R, Eser, S, Mathers, C, Rebelo, M, Ervik, M, Lam, F, et al. Global cancer observatory: cancer today (2018). Lyon, France: International Agency for Research on Cancer. Available at: https://gco.iarc.fr/today (Accessed 09 October 2018).

4. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer (2015) 136:E359–86. doi: 10.1002/ijc.29210

5. Li, L, Li, C, and Zhou, J. Effective sustained release of 5-FU-loaded PLGA implant for improving therapeutic index of 5-FU in colon tumor. Int J Pharm (2018) 550:380–7. doi: 10.1016/j.ijpharm.2018.07.045

6. Kuramoto, M, Shimada, S, Ikeshima, S, Matsuo, A, Yagi, Y, Matsuda, M, et al. Extensive intraoperative peritoneal lavage as a standard prophylactic strategy for peritoneal recurrence in patients with gastric carcinoma. Ann Surg (2009) 250:242–6. doi: 10.1097/SLA.0b013e3181b0c80e

7. Xu, Y, Zhang, R, Li, C, Sun, Z, Deng, J, and Wang, X. Intraperitoneal chemotherapy using fluorouracil implants combined with radical resection and postoperative adjuvant chemotherapy for stage III gastric cancer: a multi-center, randomized, open-label, controlled clinical study. Front Oncol (2021) 11:670651. doi: 10.3389/fonc.2021.670651

8. Huang, JY, Xu, YY, Sun, Z, Zhu, Z, Song, YX, and Guo, PT. Comparison different methods of intraoperative and intraperitoneal chemotherapy for patients with gastric cancer: a meta-analysis. Asian Pac J Cancer Prev (2012) 13(9):4379–85. doi: 10.7314/APJCP.2012.13.9.4379

9. Sautner, T, Hofbauer, F, Depisch, D, Schiessel, R, and Jakesz, R. Adjuvant intraperitoneal cisplatin chemotherapy does not improve long-term survival after surgery for advanced gastric cancer. J Clin Oncol (1994) 12:970–4. doi: 10.1200/JCO.1994.12.5.970

10. Gao, K, and Wu, J. National trend of gastric cancer mortality in China (2003-2015): a population-based study. Cancer Commun (Lond) (2019) 39:24. doi: 10.1186/s40880-019-0372-x

11. Zeng, H, Ran, X, An, L, Zheng, R, Zhang, S, Ji, JS, et al. Disparities in stage at diagnosis for five common cancers in China: a multicentre, hospital-based, observational study. Lancet Public Health (2021) 6:e877–87. doi: 10.1016/S2468-2667(21)00157-2

12. Sadeghi, B, Arvieux, C, Glehen, O, Beaujard, AC, Rivoire, M, Baulieux, J, et al. Peritoneal carcinomatosis from non-gynecologic malignancies: results of the EVOCAPE I multicentric prospective study. Cancer (2000) 88:358–63. doi: 10.1002/(SICI)1097-0142(20000115)88:2<358::AID-CNCR16>3.0.CO;2-O

13. Sugarbaker, PH. Peritonectomy procedures. Ann Surg (1995) 221:29–42. doi: 10.1097/00000658-199501000-00004

14. Gilly, FN, Carry, PY, Sayag, AC, Brachet, A, Panteix, G, Salle, B, et al. Regional chemotherapy (with mitomycin c) and intra-operative hyperthermia for digestive cancers with peritoneal carcinomatosis. Hepatogastroenterology (1994) 41:124–9.

15. Fujimoto, S, Takahaschi, M, Mutou, T, Kobayashi, K, Toyosawa, T, Isawa, E, et al. Improved mortality rate of gastric carcinoma patients with peritoneal carcinomatosis treated with intraperitoneal hyperthermic chemoperfusion combined with surgery. Cancer (1997) 79:884–91. doi: 10.1002/(SICI)1097-0142(19970301)79:5<884::AID-CNCR3>3.0.CO;2-C

16. Yonemura, Y, Ninomiya, I, Kaji, M, Sugiyama, K, Fujimura, T, Sawa, T, et al. Prophylaxis with intraoperative chemohyperthermia against peritoneal recurrence of serosal invasion-positive gastric cancer. World J Surg (1995) 19:450–5. doi: 10.1007/BF00299188

17. Dedrick, R. Theoretical and experimental bases of intraperitoneal chemotherapy. Semin Oncol (1985) 12:1–6.

18. Shimada, T, Nomura, M, Yokogawa, K, Endo, Y, Sasaki, T, Miyamoto, K, et al. Pharmacokinetic advantage of intraperitoneal injection of docetaxel in the treatment for peritoneal dissemination of cancer in mice. J Pharm Pharmacol (2005) 57:177–81. doi: 10.1211/0022357055380

19. Speyer, JL, Sugarbaker, PH, Collins, JM, Dedrick, RL, Klecker, RW Jr, and Myers, CE. Portal levels and hepatic clearance of 5-fluorouracil after intraperitoneal administration in humans. Cancer Res (1981) 41:1916–22.

20. Turaga, K, Levine, E, Barone, R, Sticca, R, Petrelli, N, and Lambert, L. Consensus guidelines from the American society of peritoneal surface malignancies on standardizing the delivery of hyperthermic intraperitoneal chemotherapy (HIPEC) in colorectal cancer patients in the united states. Ann Surg Oncol (2014) 21:1501e1505. doi: 10.1245/s10434-013-3061-z




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Jin, Cao, Chen, Xiong, Cao and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




CASE REPORT

published: 06 July 2023

doi: 10.3389/fonc.2023.1213888

[image: image2]


Case Report: Systemic treatment for breast and vulvar metastases from resected rectal signet ring cell carcinoma


Yihui Han 1,2†, Wenming Yang 3†, Qin Ma 3,4, Zhaolun Cai 1,2, Yun Yang 1,4,5, Junhe Gou 6, Tao Yuan 7, Mingming Zhang 1,4,5* and Bo Zhang 1,2*


1 Department of General Surgery, West China Hospital, Sichuan University, Chengdu, China, 2 Gastric Cancer Center, West China Hospital, Sichuan University, Chengdu, China, 3 Division of Gastrointestinal Surgery, Department of General Surgery, West China Hospital, Sichuan University, Chengdu, China, 4 Department of General Surgery, West China Shangjin Hospital, Sichuan University, Chengdu, China, 5 Colorectal Cancer Center, West China Hospital, Sichuan University, Chengdu, China, 6 Department of Pathology, West China Shangjin Hospital, Sichuan University, Chengdu, China, 7 Department of Anesthesiology, West China Shangjin Hospital, Sichuan University, Chengdu, China




Edited by: 

Airazat M. Kazaryan, Østfold Hospital, Norway

Reviewed by: 

Alexander Petrovsky, Russian Cancer Research Center NN Blokhin, Russia

Samvel Bardakhchyan, Professor R.H. Yolyan Blood Center, Armenia

*Correspondence: 

Mingming Zhang
 mmzhangmd@163.com 

Bo Zhang
 zhangbo_scu@scu.edu.cn


†These authors have contributed equally to this work and share first authorship



Received: 28 April 2023

Accepted: 22 June 2023

Published: 06 July 2023

Citation:
Han Y, Yang W, Ma Q, Cai Z, Yang Y, Gou J, Yuan T, Zhang M and Zhang B (2023) Case Report: Systemic treatment for breast and vulvar metastases from resected rectal signet ring cell carcinoma. Front. Oncol. 13:1213888. doi: 10.3389/fonc.2023.1213888






Background

Breast and vulvar metastases from rectal signet ring cell carcinoma (SRCC) represent a rare and obscure clinical entity associated with poor survival. Managing patients with metastatic rectal SRCC is extremely challenging due to the absence of high-quality evidence.





Case presentation

A 26-year-old woman presented with progressively worsening anal pain, constipation, and hematochezia for approximately two years. Following the diagnosis of locally advanced rectal cancer (cT3N0-1M0), she received neoadjuvant chemotherapy with modified FOLFOX6 regimen and underwent laparoscopic abdominoperineal resection. Metastases to the breast and vulva developed during postoperative chemotherapy. Genetic testing revealed RAS/BRAF wild-type and microsatellite instability (MSI)-low status. Though sequential administration of irinotecan plus tegafur and tegafur plus raltitrexed-based chemotherapy in combination with bevacizumab, the disease progressed rapidly. Sadly, the patient passed away 15 months after initial diagnosis due to rapidly progressive disease.





Conclusion

Rectal SRCC is associated with younger on-set, aggressive behaviors, and worse survival outcomes. Due to poor cohesiveness, SRCC tends to develop metastases. A patient’s medical history and immunohistochemical staining (such as CK20, CK7, and CDX-2) can aid in identifying the tumor origin of breast and vulvar metastases. Mutations and signaling pathways predominant in the tumorigenesis of SRCC remains unveiled. There is poor effect of conventional chemotherapies, targeted and immunotherapies for colorectal adenocarcinoma on SRCC, so novel therapies are needed to treat this patient population.
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Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the second leading cause of cancer-related deaths worldwide (1). Signet ring cell carcinoma (SRCC), characterized by the presence of over 50% signet ring cells, represents one of the rarest histopathologic subtypes of CRC (1-2.4%) and is associated with poorer survival outcomes (2, 3). Signet ring cells are featured by an eccentrically displaced nucleus due to excess intracellular mucin, imparting a signet ring appearance under an optical microscope (4). Although the median age at CRC diagnosis is 63-69 years (5), colorectal SRCC is associated with a younger on-set (6). Due to poor cohesiveness, SRCC tends to develop metastases (7). Distant metastases from colorectal SRCC are most frequently found in the liver, followed by the distant lymph node, bone, lung, and brain (8).

Most breast metastases originate from the contralateral breast cancer (9). Breast metastases from extramammary malignancies are exactly uncommon, with incidence rates ranging between 0.2% and 2.7% in previous studies (10, 11). Except CRC, hematological malignancies as well as several primary solid tumors (including melanoma, rhabdomyosarcoma, and lung cancer) usually disseminate to the breast (12). Similarly, accounting for only 4% of gynecological malignancies, primary vulvar cancer is uncommon and mainly affects postmenopausal women (13). Vulvar metastasis is even rarer, representing only 5-8% of all vulvar cancers (14, 15).

In accordance with principles of the CAse REport (CARE) guidelines (16), we present a case report of a young female patient with breast and vulvar metastases from resected rectal SRCC. This case report aims to enhance the clinicians’ recognition and awareness of the invasiveness and occult metastasis of colorectal SRCC.





Case presentation

In February 2018, a 26-year-old female patient presented to our hospital with progressively worsening anal pain, constipation, and hematochezia for approximately two years. She had given birth right two and a half years previously. She had no prior medical history and family history of gastrointestinal malignancies. On admission, her vital signs were stable. Digital rectal examination revealed an ulcerated 5-cm indurated lesion located at the nine o’clock position and 2 cm from the anal verge, with bleeding upon palpation. The blood tests showed elevated carcinoembryonic antigen (CEA) (10.51 ng/ml; reference range, < 3.4 ng/ml) and carbohydrate antigen 19-9 (CA19-9) (40.49 U/ml; reference range, < 22 U/ml). The diagnosis of poorly differentiated adenocarcinoma was established by flexible sigmoidoscopy with biopsies and histological examination. Computed tomography (CT) of the chest and abdomen and magnetic resonance imaging (MRI) of the pelvic confirmed the tumor stage of cT3N1M0 (Figure 1A). Radiologic examinations did not detect metastasis to the liver, bone, lung, or breast.




Figure 1 | Rectal signet ring cell carcinoma. Computed tomography images at the initial diagnosis (A) and after the implementation of neoadjuvant therapy (B). Hematoxylin & eosin staining imparting a signet ring appearance (C, magnification power: 20×; D, magnification power: 40×). Immunohistochemical staining revealing (E) CK20 (+), and (F) CDX-2 (+) (magnification power: 20×).



Following consultancy with the multidisciplinary team, the patient underwent prophylactic transverse colostomy to avoid upcoming obstruction and then received 6 cycles of modified FOLFOX-6 neoadjuvant chemotherapy. The scheduled long-course radiotherapy (50Gy/25f) was ceased after the first time due to severe anal incontinence and myelosuppression. Laparoscopic abdominoperineal resection (R0) with a permanent colostomy was performed for her 6 weeks after the termination of neoadjuvant therapy (Figure 1B). Guided by the fast-track surgery pathway, the patient’s recovery was uneventful, with discharge on postoperative day 5. The final diagnosis of rectal SRCC (ypT3N1bM0, Tumor Regression Grade 2) was determined via postoperative pathologic findings (Figures 1C–F). Two out of eighteen mesorectal lymph nodes were identified with tumor involvement. Meanwhile, the proficient mismatch repair (MMR) was detected. The postoperative chemotherapy was consistent with the neoadjuvant regimen and initiated 4 weeks after surgery.

After the second cycle of adjuvant modified FOLFOX-6, a painless, firm mass was palpable in the right breast and the area of vulva, respectively. The follow-up CT examination found the right breast mass (Figure 2A). Ultrasound-guided core needle biopsies were performed for her. Hematoxylin & eosin and immunohistochemical (IHC) staining indicated the metastases to the breast (positive: CK20, CDX-2, E-cadherin; negative: CK7, PR, ER, Her-2, GATA3, GCDFP15) (Figures 2B–E) and vulva (positive: CDX-2, PCK, CEA, Alcian Blue) (Figures 2F–I) from rectal SRCC. In addition, genetic testing demonstrated RAS/BRAF wild-type and microsatellite instability-low (MSI-L).




Figure 2 | Right breast and vulvar metastases from rectal signet ring cell carcinoma. (A) Computed tomography image showing the right breast metastasis. Hematoxylin & eosin staining demonstrating morphological characteristics of (B) the right breast and (F) vulvar metastases similar with the primary rectal carcinoma (magnification power: 20×). Immunohistochemical staining: (C) CK20 (+) (magnification power: 20×), (D) CDX-2 (+) (magnification power: 20×), and (E) GATA3 (-) (magnification power: 100×) of the right breast metastasis tissue; (G) CK20 (+) (magnification power: 40×), (H) CDX-2 (+) (magnification power: 20×), and (I) Alcian Blue (+) (magnification power: 20×) of the vulvar metastasis tissue.



In December 2018, metastases to bilateral lung have been developed and the evaluation of efficacy was identified as progressive disease. Then the chemotherapy regimen was changed to irinotecan (290mg, day1, q3w) plus tegafur (50mg bid, day1-14, q3w). However, multiple metastases throughout the body (including the left breast) were found 3 months later. Tegafur (50mg, bid, day1-14, q3w) plus raltitrexed (4mg, day1, q3w)-based chemotherapy in combination with bevacizumab (400mg, day1, q3w) as the third-line treatment did not provide favorable efficacy. Unfortunately, the patient passed away 15 months after initial diagnosis due to rapidly progressive disease. The results of serum tumor markers (CEA and CA19-9) are listed in Table 1. Though limited sensitivity, the reduction of tumor markers at the early phase represented favorable response to neoadjuvant therapy, while the elevation of tumor markers at the late phase indicated rapidly progressive disease. The timeline with clinical data from the episode of care is shown in Figure 3.


Table 1 | Serum tumor markers (CEA and CA19-9) of the patient during the episode of care.






Figure 3 | Timeline with clinical data from the episode of care. SRCC, signet ring cell carcinoma; TRG2, tumor regression grade 2; pMMR, proficient mismatch repair; IHC, immunohistochemical; MSI-L, microsatellite instability-low; CT, computed tomography.







Discussion

Compared to the liver or lung metastases, rectal cancer breast metastasis (RCBM), let alone vulvar metastasis, is rather uncommon in existing literature (17–19). Except 2 male patients, RCBM mainly involved the female in previous reports (20, 21). The rareness of this entity might be ascribed to its hormone status and the relatively poor blood supply of a large amount of fibrous tissue, especially in Eastern female (22, 23). Besides hematogenous spread, lymphatic dissemination of cancer cells to thoracic duct might play a critical role in RCBM (24). RCBM presents at a younger age of 47.7 years (17) than primary rectal cancer (63 years) (5). The mean interval between the initial diagnosis of rectal cancer and the occurrence of breast metastasis was reported to be 28.4 months (range, 5 months to 18 years) (17). Williams et al. (25) suggested that breast metastasis usually served as a part of systemic metastases and was associated with poor expected survival, with a median survival of 10 months post diagnosis. Therefore, a thorough examination to evaluate metastases to other sites is required.

The most essential evidence to help establish the diagnosis of RCBM are the past medical history and morphological assessment of hematoxylin and eosin-stained sections in comparison to the primary tumor (10). Furthermore, IHC using specific primary antibodies remains the golden standard for the diagnosis of RCBM. The combination of cytokeratin 20 (CK20) and cytokeratin 7 (CK7) is of great benefit to the categorization of carcinomas and discrimination of primary adenocarcinomas from metastatic ones (26, 27). Meanwhile, caudal type homeobox 2 (CDX-2) is only expressed by intestine cells in adults and can be also employed to determine the colorectal adenocarcinoma (28). Conversely, GATA binding protein 3 (GATA3) is highly expressed in well-differentiated primary breast cancer (29). When conducting IHC assay, panels of antibodies, rather than any individuals, should be relied on (10).

There is a high incidence of MSI in CRC and about 15% of sporadic CRCs progress via an MSI-dependent pathway (30). The testing of MMR/MSI status has been recommended by current guidelines for Lynch syndrome screening in all newly diagnosed CRC and for treatment selection (including chemotherapy and immunotherapy) in metastatic CRC (31, 32). The methods of MMR/MSI detection mainly include IHC, polymerase chain reaction-capillary electrophoresis fragment analysis (PCR-CE), and next-generation sequencing (NGS) panel (33). The CRC patients with dMMR/MSI-high (MSI-H) cannot benefit from fluorouracil-based chemotherapy (34). However, immune checkpoint inhibitor (ICI) therapy, such as programmed cell death protein-1 (PD-1) and programmed cell death ligand-1 (PD-L1) inhibitors, has reversed the treatment landscape and improved survival of these patients in recent studies (35–37). Notably, increasing combination approaches are underway to transform MSS CRC (which accounting for 90-95% of CRC) from the immune desert into immunologically ‘hot’ cancer (38, 39).

Compare to common subtypes of CRC, such as adenocarcinoma and mucinous adenocarcinoma, SRCC is associated with younger on-set (6), aggressive behaviors (7), and a worse overall and disease-free survival (40). Limited whole-exome sequencing and gene panel sequencing profiles demonstrate that general driver mutations associated with CRC (e.g. APC, KRAS, and PIK3CA) are not frequent in SRCC (41, 42). Mutations and signaling pathways predominant in the tumorigenesis of SRCC remains unveiled. Through a Surveillance, Epidemiology, and End Results (SEER) database-based study, Wu et al. concluded that only cancer-specific resection improved the cancer-specific survival in primary colorectal SRCC (8). However, whether surgical removal of breast metastases in patients with limited metastatic disease may confer a survival benefit remains controversial, particularly under the condition of SRCC (25). Prior to metastasectomy, a thorough assessment and systemic treatment should be taken into consideration.

In conclusion, the current case showed that rectal SRCC is associated with younger on-set, aggressive behaviors, and worse survival outcomes. Due to poor cohesiveness, SRCC tends to develop metastases. A patient’s medical history and immunohistochemical staining (such as CK20, CK7, and CDX-2) can aid in identifying the tumor origin of breast and vulvar metastases. Mutations and signaling pathways predominant in the tumorigenesis of SRCC remains unveiled. There is poor effect of conventional chemotherapies, targeted and immunotherapies for colorectal adenocarcinoma on SRCC, so novel therapies are needed to treat this patient population.
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Objective

To evaluate the short-term outcomes of laparoscopic distal gastrectomy and robotic distal gastrectomy performed during the same period.





Methods

This study enrolled 46 cases of laparoscopic distal gastrectomy and 67 cases of robotic distal gastrectomy that were performed by a single surgeon between April 2020 to October 2021. Baseline characteristics and short-term outcomes of these two groups were then compared. Moreover, the robotic distal gastrectomy group was further divided into two subgroups according to the learning curve. Finally, the baseline characteristics and short-term outcomes of both subgroups were compared with the laparoscopic group, respectively.





Results

The baseline characteristics and short-term outcomes of the LDG group and RDG group were comparable. In contrast, the operation time in the laparoscopic group was significantly shorter than that in the early experience robotic group (191.3 ± 37.6 VS 225.1 ± 49, P=0.001). However, the operation time (191.3 ± 37.6 VS 185.3 ± 25.3, P=0.434) was comparable between the laparoscopic group and the late experience robotic group. Likewise, the bleeding volume was comparable between the laparoscopic and early experience robotic groups. However, bleeding volume was significantly lower in the late experience robotic group compared to that in the laparoscopic group (37.5 ± 18.8 VS 49.2 ± 29.0, P=0.049).





Conclusions

With surgeons stepping into the stable stage of the robotic learning curve, RDG showed a comparable operation time and lower volume of blood loss compared with LDG. Collectively, our study supports the application of robotic distal gastrectomy in patients diagnosed with gastric cancer.
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Introduction

Laparoscopy has been widely used in various surgical fields over the past 3 decades (1–4), including laparoscopic gastrectomy, which has been performed in numerous centers (5, 6). Nevertheless, laparoscopy presents a few shortcomings, such as a 2D field of view and limited operating range. Although the advent of 3D laparoscopy has provided a three-dimensional field of vision, it still does not address the issue of a limited range of operations. Meanwhile, the robotic system is a technologically advanced tool in laparoscopy, offering high-definition 3D vision, easier instrument movement, tremor filtration, and superior ergonomics (7). With its popularity, robotic gastrectomy has garnered increasing attention (8, 9). Indeed, robotic gastrectomy exhibits more benefits than laparoscopic gastrectomy, including faster recovery, milder inflammatory responses, and improved lymphadenectomy (10, 11). Based on the findings of previous studies (12–14), any new operation or surgical technology has a peculiar learning curve. For the majority of surgeons, it may take a long time to accumulate sufficient experience in robotic distal gastrectomy and reach the stable phase of the learning curve. Therefore, comparing laparoscopic and robotic surgical data without taking into account the influence of the learning curve does not seem sufficiently rigorous. Our surgical team began performing robotic radical gastric cancer surgery in April 2020. To better compare the data of laparoscopic and robotic distal gastrectomy, patients who underwent laparoscopic and robotic gastric cancer during the same period (from April 2020 to October 2021) were selected for inclusion in this study. Notably, laparoscopic gastrectomy had already been performed for more than a decade before this period. Owing to the limited number of robotic surgical cases, robotic distal gastrectomy cases were further divided into an early experience group and a late experience group according to the learning curve, which was also reported in our previous study (15). Lastly, these two subgroups were individually compared with the laparoscopic group in order to reach more credible conclusions.





Methods




Patients

Our surgical team performed the first robotic radical gastric cancer surgery in April 2020. Prior to April 2020, all patients diagnosed with gastric cancer underwent laparoscopic intervention. After October 2020, patients diagnosed with gastric cancer principally underwent treatment with the robotic system (as illustrated in Figure 1). Thus, patients diagnosed with gastric cancer (AJCC I-III Stage) from April 2020 to October 2021 were ultimately included in the analysis. Considering that Billroth II and Braun anastomoses were the primary surgical anastomotic methods in our center, patients with other surgical anastomotic methods were excluded. A total of 46 cases of laparoscopic distal gastrectomy and 67 cases of robotic distal gastrectomy were performed by our surgical team. All these patients underwent radical surgical resection.




Figure 1 | Timeline of laparoscopic, robotic distal, and total gastrectomy performed by the surgical team.







Surgeon

All surgical procedures were performed by Professor Wang, who is very familiar with distal gastrectomy with more than 20 years of experience. He has conducted over 1000 cases of laparoscopic distal gastrectomy and initiated robotic distal gastrectomy in April 2020.





Data collection

Baseline characteristics, including age, gender, BMI, preoperative comorbidities, and preoperative levels of hemoglobin and albumin, were collected. Additionally, data on surgical indicators, including operation time, bleeding volume, postoperative hospital stay, number of lymph node dissections, and major complications, were also gathered.





Major complications

Major complications, including bleeding, obstruction, and anastomotic leakage, were compared in this study. Bleeding included abdominal bleeding and anastomotic bleeding. Obstruction included intestinal obstruction and anastomotic obstruction. Anastomotic leakage includes duodenal stump fistula and anastomotic fistula. All these complications were indexed as grade 3 or higher (≥3) according to the Extended Clavien-Dindo Classification of Surgical Complications (16).





Operative technique

STORZ or Olympus laparoscopies were used for laparoscopic distal gastrectomy. The da Vinci Surgical System was used for robotic distal gastrectomy. Either D1 or D2 lymph node dissection was performed in accordance with the Japanese gastric center treatment guidelines. Either Billroth II and Braun reconstruction was carried out in patients of both groups.





Statistical analysis

Statistical analyses were performed with the SPSS 26.0 (IBM, Armonk, NY) statistical software. Continuous data were presented as mean± standard deviation, whereas categorical data were expressed as frequencies and percentages. The correlation between CUSUM-OT and cases was assessed with linear regression and the coefficient of determination (R2).






Result




Baseline characteristics

Professor Wang performed a total of 46 cases of laparoscopic distal gastrectomy and 67 cases of robotic distal gastrectomy from April 2020 to October 2021. The baseline characteristics between the two groups were comparable, as listed in Table 1.


Table 1 | Patient demographics and medical history of robotic and laparoscopic distal gastrectomy groups.







Surgical outcomes

The short-term outcomes of the two groups were further analyzed, as presented in Table 2. There was no significant difference in operative time (191.3± 37.6 vs. 206.1± 44, p=0.065) or surgical blood loss (49.2± 29.0 vs. 48.5± 38.6, p=0.921) between the laparoscopic and robotic groups. Similarly, there was no significant difference in the number of lymph node dissections (34.8± 10.9 vs. 31.4± 8.2, p= 0.057). Furthermore, none of the interventions from either group required conversion to open surgery (0 vs. 0, p=1). Thereafter, major complications, including bleeding, obstruction, and leakage, were analyzed. There were no cases of bleeding in these two groups (0 vs. 0, p=1). Moreover, the rate of obstructions and anastomotic leakage, as well as postoperative hospital stay, were comparable between the two groups.


Table 2 | Comparison of short-term outcome between robotic and laparoscopic distal gastrectomy groups.







Robotic subgroup analysis

Based on our previous research, there is a learning curve in robotic distal gastric surgery. Professor Wang conducted the first robotic surgery in April 2020. According to the learning curve, there is an improvement phase and a stable phase. Differences can be identified in various indicators, such as operative time and blood loss, during each of these phases. Our previous studies have determined that Professor Wang entered the stable phase of the learning curve after performing 35 cases of robotic surgery. At the same time, laparoscopic gastric cancer resection has been performed since 2010 and has been carried out for nearly a decade until April 2020, with a total of over 500 laparoscopic cases conducted. As a result, we postulate that our surgical team already entered the stable phase of the learning curve for laparoscopic distal gastric cancer resection. Therefore, to enable a better comparison of data in the laparoscopic group, the robotic group was divided into the early experience group (1st-35th cases) and the late experience group (36th-67th cases). Baseline characteristics, including age, gender, BMI, AJCC stage, preoperative comorbidities, as well as preoperative hemoglobin and albumin levels, were comparable between the early experience robotic and laparoscopic groups (as portrayed in Table 3).


Table 3 | Patient demographics and medical history of robotic distal gastrectomy (early experience subgroup) and laparoscopic distal gastrectomy group.



Further analysis of the short-term outcomes between the early experience robotic group and the laparoscopic group uncovered that the operation time of the laparoscopic group was significantly shorter than that of the early experience robotic group (191.3± 37.6 vs. 225.1± 49, p= 0.001). Contrastingly, blood loss volume (49.2± 29.0 vs. 58.5± 48.4, p= 0.281) and the number of lymph node dissections (34.8± 10.9 vs. 31.6± 8.2, p= 0.154) were similar. Other indicators, such as the rate of conversion to open surgery, postoperative hospital stay, and major complications, were comparable between the two groups (as shown in Table 4).


Table 4 | Comparison of short-term outcome between robotic distal gastrectomy (early experience subgroup) and laparoscopic distal gastrectomy group.



Besides, there was no significant difference in baseline characteristics between the late-experience robotic and laparoscopic groups (as displayed in Table 5). On the one hand, subgroup analysis of surgical indicators in the late-experience robotic and laparoscopic groups revealed that bleeding volume was higher in the laparoscopic group compared with that in the late-experience robotic group (49.2± 29.0 vs. 37.5± 18.8, p= 0.049). On the other hand, the operation time (191.3± 37.6 vs. 185.3± 25.3, p= 0.434) and the number of lymphatic node dissections (34.8± 10.9 vs. 31.6± 8.2, p= 0.154) were comparable in the laparoscopic group and late experience robotic groups. Additionally, there was no significant difference in the rate of conversion to open surgery, postoperative hospital stay, or major complications between the two groups (as outlined in Table 6).


Table 5 | Patient demographics and medical history of robotic distal gastrectomy (late experience subgroup) and laparoscopic distal gastrectomy group.




Table 6 | Comparison of short-term outcome between robotic distal gastrectomy (late experience subgroup) and laparoscopic distal gastrectomy group.








Discussion

With advancements in laparoscopic technology over the past 3 decades, an increasing number of surgical procedures have been accomplished through laparoscopic surgery. Indeed, laparoscopic gastrectomy has become a routine procedure (17, 18). Compared to open gastrectomy, laparoscopic gastrectomy is less invasive, has a shorter recovery period, and has a comparable prognosis to open surgery (19). Over the past decade, robotic gastrectomy has seen a progressive increase in development and acceptance. Earlier studies have asserted that robotic gastrectomy outperforms laparoscopy in minimizing the inflammatory response and facilitating lymph node dissection (11, 20). However, robotic gastrectomy also has some drawbacks, such as a higher cost (21), but prior studies have demonstrated that the remaining hospital cost of robotic gastrectomy after deducting the cost of the surgical modality is lower than that of laparoscopic gastrectomy (11). The present study was conducted to compare cases of laparoscopic gastrectomy and robotic gastrectomy, which were carried out by the same surgical team during the same period. Given that the first robotic gastrectomy was performed in April 2020 in our center, all laparoscopic gastrectomy cases were also collected from that month onwards.

Previous retrospective studies have compared laparoscopic and robotic gastrectomy cases from different periods, but the perception of surgery and the expertise of surgeons may have varied over time. Therefore, to improve the accuracy of the results, data from laparoscopic and robotic gastrectomies performed during the same period were selected to reach more credible conclusions.

46 cases of laparoscopic distal gastrectomy and 67 cases of robotic distal gastrectomy were performed by Professor Wang from April 2020 to October 2021 in our center. These patients were all diagnosed with gastric cancer and underwent radical surgical resection. The findings exposed that there were no significant differences in baseline characteristics and underlying diseases between the two groups of patients. Similarly, the results demonstrated no significant differences in operation time, postoperative blood loss, number of lymph node dissections, and rate of postoperative complications.

Laparoscopic gastrectomy has been performed at our center for over a decade. However, robotic gastrectomy was initiated in April 2020 and is associated with a learning curve. Our previous study (15) concluded that Professor Wang’s skills in robotic gastrectomy attained a stable phase after executing 35 cases. Hence, we inferred that surgical outcomes in the two robotic subgroups - namely, the promotion phase and the stable phase of the learning curve - would differ. The robotic distal gastrectomy subgroups were denoted as the ‘early experience robotic group’ (1st-35th cases) and the ‘late experience robotic group’ (36th-67th cases).

Our findings indicated that in the early experience robotic group, the operation time was significantly longer than that of laparoscopic distal gastrectomy. However, the operation time in the late experience robotic group was comparable to that of the laparoscopic group over time. Ergo, we hypothesized that once the stable phase of the learning curve in robotic distal gastrectomy was reached, the operation time would become equivalent to that of laparoscopic distal gastrectomy.

Another crucial parameter for evaluating surgical quality is the volume of blood loss (22, 23). On the one hand, there was no significant difference in terms of blood loss volume between the early experience robotic and laparoscopic groups. On the other hand, blood loss volume was significantly lower in the late experience robotic group compared with that of the laparoscopic group. This observation insinuated that blood loss volume is lower when robotic distal gastrectomy is efficiently performed compared with laparoscopic distal gastrectomy. We postulate that the 3D field of view, superior magnification effect, and wide operating range of the robotic system can better display and manipulate the structure of lymph nodes and vessels, thereby limiting the risk of bleeding during the operation.

The number of lymph node dissections is another significant parameter for evaluating (24, 25) radical resection in gastric cancer. Prior studies have corroborated that it is simpler to remove lymph nodes in robotic gastrectomy than in laparoscopic gastrectomy (26, 27). However, there was no significant difference in the number of lymph node dissections between the laparoscopic group and the robotic group in our study. Besides, the laparoscopic group was also compared with the early-experience robotic and late-experience robotic groups, respectively, and no disparity was noted in the number of lymphatic dissections. Moreover, the AJCC stages of patients in each group were also compared to avoid the impact of stage differences on the number of lymph node dissections, and the results revealed no significant difference in AJCC staging between the groups. In short, the findings of this study implied that robotic technology does not increase the number of lymph node dissections in distal gastrectomy.

Bleeding, obstruction, and anastomotic leakage are common, serious complications in gastrectomy surgery (28, 29) that can be relatively life-threatening to the patient and can significantly prolong the patient’s hospital stay. These three complications were compared, and no significant difference was found between the early experience robotic and laparoscopic groups, nor between the late experience robotic group and the laparoscopic group.

Our study has some limitations that cannot be overlooked. To begin, this was a retrospective study rather than a prospective randomized controlled trial and thus may have been subjected to potential selection bias inherent in retrospective studies. Secondly, the sample size was not sufficiently large to draw definitive conclusions, and further studies are warranted to validate our results. Thirdly, all surgical interventions were performed by the same surgeon in this study, and there can be significant individual differences in the experience and habits of the operating surgeon. Finally, long-term follow-up data could not be collected as the surgical cases were all recently performed.





Conclusion

In summary, this study compared the baseline characteristics and surgical outcomes of laparoscopic and robotic distal gastrectomy conducted during the same period. Our research findings established that the operative time of robotic distal gastrectomy was similar to that of laparoscopic surgery once the surgeon reached the stable stage of the robotic learning curve. Additionally, robotic distal gastrectomy possesses advantages such as minimal postoperative blood loss. However, further long-term follow-up data on survival and recurrence are necessitated in future studies in order to reach definitive conclusions.
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Background

The ongoing coronavirus disease 2019 (COVID-19) pandemic has placed unprecedented pressure on the healthcare systems. This study evaluated the safety of colorectal cancer (CRC) surgery during the COVID-19 pandemic.





Methods

A systematic review and meta-analysis were performed according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (PROSPERO ID: CRD 42022327968). Relevant articles were systematically searched in the PubMed, Embase, Web of Science, and Cochrane databases. The postoperative complications, anastomotic leakage, postoperative mortality, 30-day readmission, tumor stage, total hospitalization, postoperative hospitalization, preoperative waiting, operation time, and hospitalization in the intensive care unit (ICU) were compared between the pre-pandemic and during the COVID-19 pandemic periods.





Results

Among the identified 561 articles, 12 met the inclusion criteria. The data indicated that preoperative waiting time related to CRC surgery was higher during the COVID-19 pandemic (MD, 0.99; 95%CI, 0.71–1.28; p < 0.00001). A similar trend was observed for the total operative time (MD, 25.07; 95%CI, 11.14–39.00; p =0.0004), and on T4 tumor stage during the pandemic (OR, 1.77; 95%CI, 1.22–2.59; p=0.003). However, there was no difference in the postoperative complications, postoperative 90-day mortality, anastomotic leakage, and 30-day readmission times between pre-COVID-19 pandemic and during the COVID-19 pandemic periods. Furthermore, there was no difference in the total hospitalization time, postoperative hospitalization time, and hospitalization time in ICU related to CRC surgery before and during the COVID-19 pandemic.





Conclusion

The COVID-19 pandemic did not affect the safety of CRC surgery. The operation of CRC during the COVID-19 pandemic did not increase postoperative complications, postoperative 90-day mortality, anastomotic leakage, 30-day readmission, the total hospitalization time, postoperative hospitalization time, and postoperative ICU hospitalization time. However, the operation of CRC during COVID-19 pandemic increased T4 of tumor stage during the COVID-19 pandemic. Additionally, the preoperative waiting and operation times were longer during the COVID-19 pandemic. This provides a reference for making CRC surgical strategy in the future.





Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier  CRD42022327968.
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1 Introduction

Colorectal cancer (CRC) is the fourth most prevalent cancer globally and the second leading cause of cancer-related deaths, accounting for 6.1% of the world’s morbidity and 9.2% of cancer-related deaths (1). The incidence of CRC in developing countries is rising (2). Factors such as lifestyle changes, including dietary change, lesser engagement in physical activity, and an increase in sedentary behavior, have increased CRC incidence. It is projected that by 2035, there will be 2.5 million new CRC cases yearly (3). CRC is profoundly an asymptomatic disease. Thus, the cancer is usually diagnosed in the advanced stage (4). Colonoscopy is the first choice for colon cancer diagnosis. Histology remains as the standard method for the pathological staging of CRC, which informs the subsequent treatment approach (4). Surgery, neoadjuvant radiotherapy, and adjuvant chemotherapy are the common methods for CRC treatment (5). Surgery is the standard CRC treatment modality. However, the ongoing coronavirus disease 2019 (COVID-19) pandemic has drastically challenged the safety of CRC surgery.

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the causative pathogen for COVID-19, first appeared in Wuhan, China, in December 2019. After the rapid spread of the virus, COVID-19 was declared a pandemic by the World Health Organization in March 2020 (6). The morbidity and mortality rates from the COVID-19 epidemic were very high. Given the high number of individuals affected by the virus, the health systems were compromised. The COVID-19 pandemic has created a public health crisis. As of 24 July 2022, there were more than 567 million confirmed cases and more than 6.3 million deaths from the COVID-19 pandemic worldwide. The COVID-19 pandemic has transcendently affected many healthcare systems worldwide. The pandemic has also delayed CRC surgery. Particularly, during the COVID-19 pandemic, an average of one in four (23.8% [268 of 1,128]) CRC patients died within 30 days, and approximately half (51.2% [577]) of them developed major pulmonary complications (7). Nevertheless, a recent review suggested that during the COVID-19 epidemic, the delay of elective surgery for CRC patients should not exceed 4 weeks because delayed surgery treatment is linked to poor prognosis (8).

However, there is no consensus concerning the safety of CRC surgery during the COVID-19 pandemic. Several studies have demonstrated that the pandemic is ineffective during CRC surgical procedures (9–12). However, a related study showed that mortality rates related to CRC elective surgery slightly increased during the COVID-19 pandemic (from 0.9% to 1.2%, p = 0.06). The mortality rates due to emergency surgery also significantly increased (from 5.6% to 8.9%, p = 0.003) (13). COVIDSurg Collaborative report revealed that mortality rates were lower in CRC patients who underwent elective surgery without an anastomotic leak or SARS-CoV-2 infection (14/1601, 0.9%) than in elective colorectal cancer surgery patients with both anastomotic leakage and SARS-CoV-2 (5/13, 38.5%) (14). In addition, a separate study demonstrated that the rate of postoperative complications in patients undergoing CRC surgery was higher in the COVID-19 pandemic group (15). Therefore, assessing the safety of colorectal cancer surgery during the COVID-19 pandemic is necessary. There are no meta-analyses reports so far on the safety of CRC surgery during the COVID-19 pandemic. Therefore, a meta-analysis of cohort studies was performed to evaluate the safety of CRC surgery during the COVID-19 pandemic. The purpose of this study is to compare the safety of colorectal cancer surgery before the COVID-19 pandemic and during the COVID-19 pandemic.




2 Materials and methods



2.1 Search strategy

This systematic review and meta-analysis were performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 (16) and Assessing the Methodological Quality of Systematic Reviews (AMSTAR) guidelines, and the data were entered into PROSPERO under the registration number CRD42022327968. Relevant articles were systematically searched in PubMed, Embase, The Cochrane Library, and the Web of Science databases for relevant studies published between December 2019 and May 2022. The three sets of search terms used included “Colorectal cancer,” “COVID-19 pandemic,” and “Surgery.” The latest or most complete copy was used for articles updated multiple times. The detailed search strategies are shown in Supplementary Appendix A.




2.2 Study selection

The selection of relevant studies was performed independently by two authors. The obtained articles were imported into EndNoteX9 for sorting. After removing duplicates, the title and abstract of the remaining articles were evaluated. Irrelevant literature were then removed, and afterward, the full text of the remaining studies were evaluated. Disagreements between the two authors were arbitrated by a third author. The research selection process is shown in Figure 1.




Figure 1 | Flow diagram of the search method and selection process.






2.3 Inclusion and exclusion criteria

Studies that have met the following criteria were included: (1) cohort studies, (2) the study population comprised CRC patients, (3) compared CRC surgery safety before and during the COVID-19 pandemic, (4) on any CRC surgical type (minimally invasive or open surgery), and (5) the primary outcome indicators assessed included incidence of postoperative complications and/or postoperative anastomotic leakage, postoperative 90-day mortality, total hospitalization time, postoperative hospitalization time, preoperative waiting time, operation time, hospitalization time in ICU, and 30-day readmission time, and tumor stage. Studies were included if at least one of the perioperative outcomes was reported.

The following studies were excluded: (1) on CRC surgery during the COVID-19 pandemic but excluded COVID-19 patients; (2) duplicates; (3) meta-analyses, reviews, case reports, editorials, and letters; (4) with unsuitable data; (5) with Newcastle–Ottawa Scale (NOS) scores lower than 5 points; and (6) published in other languages other than English.




2.4 Data extraction

Two reviewers (FX and QX) independently extracted data from the included studies and inputted the extracted data into Excel sheets. Any differences are resolved through discussion until a consensus was reached. Further controversy was arbitrated by the corresponding author (PF). The following information was extracted: (1) detailed features included in the studies, namely, the first author’s name, year of publication, country, research design, research scale, age, and gender; (2) main results, namely, postoperative complications, postoperative anastomotic leakage, and postoperative mortality; and (3) secondary outcomes, namely, total hospital stay, postoperative stay, preoperative waiting time, operation time, hospitalization time in ICU and 30-day readmission, and tumor stage.




2.5 Quality assessment

Two authors (RW and JW) independently evaluated the quality of each included article on the basis of The Newcastle–Ottawa Scale (NOS) (17). Any disagreements were resolved through discussion. The quality of the articles included is evaluated from the following three evaluation categories: selection, comparability, and exposure/results (18). This scale has three parameters and eight items, with a total score of 9 points. A scores of ≤3 is usually considered as low quality, score of 4 or 5 is considered as medium quality, and score of ≥6 is usually considered as high quality (19).




2.6 Statistical analysis

We used the Review Manager software (version 5.4) for meta-analysis. Sensitivity analysis, funnel plot, and Egger’s test were performed with Stata software (version 16.0). If the included article reported outcomes in medians and interquartile ranges (IQR), the method described by Wan et al. was used to calculate the mean and standard deviation (SD) (20, 21). If the included article reported outcomes in medians, maximum, and minimum, the method described by Hozo et al. was used to calculate the mean and SD (22). The results were presented as odds ratio (OR) with 95% confidence intervals (CIs) for dichotomous data. Mean difference (MD) with 95% confidence intervals (CIs) were used for continuous data. A random-effects model was used in all meta-analyses (23, 24). p<0.05 was considered statistically significant. We assessed the heterogeneity by using the I2 test developed by Higgins (25). By omitting a single study and calculating the summary data of the remaining studies, sensitivity analysis is conducted to assess the impact of each included study on the summary data. Evidence of publication bias was evaluated by applying Egger test to funnel plots, in which ≥10 studies were available (26).





3 Results



3.1 Literature search

From these four electronic databases, we initially collected 561 research articles closely related to the above topics. After preliminary screening and review, 228 studies were excluded as duplicate records, and 294 studies were excluded from the title or abstract. Moreover, after carefully reading, reviewing, and confirming the full-text content, a total of 12 studies (10, 12, 13, 15, 27–34) were finally included to form this meta-analysis. A flow chart of article screening and selection processes is shown in Figure 1.




3.2 Characteristics of the studies included

The detailed characteristics of studies included in the meta-analysis are summarized in Table 1. Overall, 12 articles on 15,232 patients were included in this meta-analysis. Of the 15,232 patients, 4,025 underwent CRC surgery during the COVID-19 pandemic (26.4%), and 11,207 underwent CRC surgery before the COVID-19 pandemic (73.6%). Of the 12 studies included in this meta-analysis, two (28, 31) were performed in China, two (15, 27) in Turkey, two (13, 29) in the UK, two (32, 33) in Romania, and one each in Austria (30), Serbia (10), Italy (34), and Denmark (12). The perioperative outcomes of patients in the articles are summarized in Table 2.


Table 1 | The characteristics of each included study.




Table 2 | The outcomes of each included study.






3.4 Quality of the included studies

The quality of the 12 retrospective cohort studies was assessed based on NOS. Among them, one article (34) had five stars, one article (32) had six stars, five articles (15, 27, 30, 31, 33) had seven stars, three articles (10, 12, 28)had eight stars, and two studies (13, 29)had nine stars. Thus, all but one of the articles (34) were of high quality. Detailed quality assessment results are shown in Table 3.


Table 3 | Quality assessment of included studies.






3.5 Primary surgical outcomes



3.5.1 Postoperative complications

Seven studies (12, 15, 27–31) compared the postoperative complications between 1,940 patients who underwent surgery before the COVID-19,pandemic and 1,420 patients who underwent surgery during the COVID-19 pandemic. There was no significant difference in postoperative complications between the two groups (OR: 1.08; 95% CI: 0.74–1.64; p =0.72) (Figure 2A).




Figure 2 | Forest plot of primary surgical outcomes. (A) Forest plot of postoperative complications before and during the COVID-19 pandemic. (B) Forest plot of postoperative anastomotic leakage before and during the COVID-19 pandemic. (C) Forest plot of postoperative 90-day mortality before and during the COVID-19 pandemic.






3.5.2 Postoperative anastomotic leakage

Five studies (12, 15, 27, 29, 30) compared incidences of postoperative anastomotic leakage between 1,011 patients who underwent surgery before the COVID-19 pandemic and 643 patients who underwent surgery during the COVID-19 pandemic. There was no significant difference in the postoperative anastomotic leakage between the two groups (OR: 0.84; 95% CI: 0.45–1.58; p =0.58) (Figure 2B).




3.5.3 Postoperative 90-day mortality

Two studies (12, 33) compared postoperative mortality rates between 921 patients who underwent surgery before the COVID-19 pandemic and 538 patients who underwent surgery during the COVID-19 pandemic. There was no significant difference in the postoperative 90-day mortality between the two groups (OR, 1.31; 95%CI, 0.52–3.35; p =0.57) (Figure 2C).





3.6 Secondary surgical outcomes



3.6.1 Total hospitalization time

Five studies (15, 27, 30–32)compared the length of hospital stay between 1,117 patients who underwent surgery before the COVID-19 pandemic and 964 patients who underwent surgery during the COVID-19 pandemic. No significant difference in pooled data was found between the two groups (MD, 0.94; 95% CI, −0.52–2.39; p =0.94) (Figure 3A).




Figure 3 | Forest plot of secondary surgical outcomes. (A) Forest plot of total hospital stay before and during the COVID-19 pandemic. (B) Forest plot of postoperative stay before and during the COVID-19 pandemic. (C) Forest plot of preoperative waiting time before and during the COVID-19 pandemic. (D) Forest plot of total operative time before and during the COVID-19 pandemic. (E) Forest plot of postoperative intensive care unit (ICU) stay before and during the COVID-19 pandemic. (F) Forest plot of postoperative 30-day readmission before and during the COVID-19 pandemic. (G) Forest plot of tumor stage before and during the COVID-19 pandemic.






3.6.2 Postoperative hospitalization time

Four studies (10, 28, 29, 31) compared the length of the postoperative stay between 1,091 patients who underwent surgery before the COVID-19 pandemic with 848 patients who underwent surgery during the COVID-19 pandemic. There was no significant difference in the length of the postoperative stay between the two groups (MD, 0.10; 95%CI, −1.26–1.46; p =0.89) (Figure 3B).




3.6.3 Preoperative waiting time

Two studies (28, 31) compared the difference in preoperative waiting time between 929 patients who underwent surgery before the COVID-19 pandemic and 777 patients who underwent surgery during the COVID-19 pandemic. Preoperative waiting time was significantly longer during the COVID-19 pandemic period (MD, 0.99; 95%CI, 0.71–1.28; p < 0.00001) (Figure 3C).




3.6.4 Total operative time

Three studies (27, 28, 34) compared the total operative time between 260 patients who underwent surgery before the COVID-19 pandemic and 220 patients who underwent surgery during the COVID-19 pandemic. The total operative time was significantly longer during the COVID-19 pandemic (MD, 25.07; 95%CI, 11.14–39.00; p =0.0004) (Figure 3D).




3.6.5 Postoperative intensive care unit stay

Two studies (29, 32) compared the length of the postoperative ICU stay between 170 patients who underwent surgery before the COVID-19 pandemic and 164 patients who underwent surgery during the COVID-19 pandemic. No significant difference in the length of the postoperative ICU stay between the two groups was found (MD, −0.18; 95%CI, −1.46–1.82; p =0.83) (Figure 3E).




3.6.6 Postoperative 30-day readmission

Three studies (10, 13, 29) compared postoperative 30-day readmission between 8,936 patients who underwent surgery before the COVID-19 pandemic and 2,338 patients who underwent surgery during the COVID-19 pandemic. No significant difference in the postoperative 30-day readmission between the two groups was found (OR, 1.05; 95%CI, 0.90–1.22; p =0.55) (Figure 3F).




3.6.7 Tumor stage

Seven studies (10, 15, 27, 28, 30, 32, 34) compared tumor stages between 488 patients who underwent surgery before the COVID-19 pandemic and 674 patients who underwent surgery during the COVID-19 pandemic. The T4 cases were significantly higher during COVID-19 period (OR, 1.77; 95%CI, 1.22–2.59; p=0.003). There was no significant difference in the T1, T2, and T3 cases between the pre-COVID-19 and during the COVID-19 pandemic periods (Figure 3G).





3.7 Publication bias

The funnel plot of the postoperative complications revealed a slightly asymmetrical distribution (Figure 4). Nevertheless, Egger’s test indicated that there is no significant publication bias (p=0.549). Other surgical outcomes were not analyzed for publication bias because of insufficient data.




Figure 4 | Funnel plot of postoperative complications.






3.8 Sensitivity analysis

By removing the studies one by one, none of the studies changed the pooled data of the postoperative complications. The results of the sensitivity analysis are displayed in Supplementary Appendix B. Therefore, the results were relatively reliable and stable in meta-analysis.





4 Discussion

The study results showed that compared to the prior COVID-19 pandemic period, performing CRC surgery during the COVID-19 pandemic did not increase postoperative complications, anastomotic leakage, postoperative 90-day mortality, 30-day readmission, the total hospital stay, postoperative hospital stay, and postoperative ICU stay. However, CRC-related preoperative waiting and operation time were higher and longer, respectively, during the COVID-19 pandemic period. Besides, the operation of CRC during COVID-19 pandemic increased T4 of tumor stage during the COVID-19 pandemic. This provides a reference for us to formulate CRC surgical strategies in the future and enlightens us that in order to improve the long-term outcome of CRC, multiple stakeholders need to consider new strategies and invest appropriate resources to increase CRC cancer screening in line with the guidelines.

Postoperative mortality is one of the important indicators for the quality and safety of surgery and anesthesia. In their retrospective analysis in Turkey, Uyan et al. reported that the mortality rates in the pre-pandemic and the pandemic period were 5% and 8%, respectively, which were not significantly different (p = 0.209), despite higher mortality in the pandemic period than in the pre-pandemic period (15). Similarly, Kiss et al. reported that the mortality rates in the pre-pandemic and the pandemic cohorts were 7.5% and 11.3%, respectively, which were significantly different (32). In addition, in a national population-based study in England, Kuryba et al. showed that CRC emery surgery-related mortality increased markedly from 5.6% in the pre-pandemic period to 8.9% in the pandemic period (p = 0.003) (13). A recent study indicated that the 90-day postoperative mortality rate of colon cancer increased to 34.5% during the pandemic (33). However, results of the present meta-analysis demonstrated that the odds of postoperative 90-day mortality did not increase (p=0.21) during the pandemic from 4.0% in the pre-COVID-19 pandemic to 5.1% in the COVID-19 pandemic period. The data showed that CRC surgery was safe during the COVID-19 pandemic.

Further meta-analysis revealed that the preoperative waiting time was longer during the COVID-19 pandemic. Particularly, the preoperative waiting was 0.89 days longer during the pandemic than in the pre-pandemic period. An international, prospective cohort study of 20,006 adults (≥18 years) with 15 cancer types in 466 hospitals and 61 countries revealed that one in seven patients who were in regions with full lockdowns during the COVID-19 pandemic had significant preoperative delays (35). These findings highlight the adjustments for CRC diagnosis and treatment made during the COVID-19 pandemic. Xu et al. reported that preoperative waiting was significantly longer during the pandemic because a patient had to undergo thorough screening for coronavirus infection before admission (31). Preoperative delays could also be attributed to an increase in the neoadjuvant therapy utilization. A recent meta-analysis comparing the oncological outcomes between direct surgery and neoadjuvant therapy before surgery for T4 colon cancer revealed that pretreatment with neoadjuvant therapy improved margin-negative resection rates and increased the overall survival of the patients (36). A population-based study in England reported a 44% increase in neoadjuvant therapy uptake/prescription rate for rectal cancer during the pandemic era, and the long-course regimens were more preferred over short-course modalities (37).

Finally, we found that the operation time of CRC was longer during the COVID-19 period. Specifically, the operation time during the pandemic was 24.05 min longer than in the pre-pandemic period. The COVID-19 epidemic affected cancer screening. A recent systematic review and meta-analysis on the association between the COVID-19 pandemic and cancer screening showed that colorectal cancer screening reduced by 44.9% (95%CI, −53.8% to −36.1%) after May 2020 (was 23.4% lower between June and October [95% CI, −44.4% to −2.4%]) compared with before (38). Diagnosis and treatment delays allow the tumor to worsen (39, 40), complicating the corresponding surgery. Surgeries had to be rescheduled during the COVID-19 pandemic, prioritizing urgent procedures and non-deferrable oncological cases (41). The operation time is expected to increase because the cancer would be advanced, requiring complex surgery. During the COVID-19 pandemic, preliminary guidelines recommended against laparoscopic surgery to avoid putative risks of SARS-CoV2 transmission through aerosolization of the pneumoperitoneum. However, this recommendation was lifted as more knowledge on the coronavirus came to light (42). A decline in laparoscopic surgery and an increase in open surgery are one of the reasons for the longer operation time.

Postoperative complications, anastomotic leakage, 30-day readmission, the total hospital stay, postoperative hospital stay, and postoperative ICU stay time did not differ significantly between the pre-pandemic period and the pandemic period. On the one hand, the proportion of major complication during the pandemic was not significantly different from that of the control group from four studies (12, 29–31). Anastomotic leakage remains a frequent and severe complication after CRC surgery (43). Three studies showed that the incidence of anastomotic leakage was not significantly higher during the pandemic period (12, 27, 29). On the other hand, 30-day readmission, total hospital stay, postoperative hospital stay, and postoperative ICU stay time were affected by postoperative complications and anastomotic leakage. That explains why the 30-day readmission, total hospital stay, postoperative hospital stay, and postoperative ICU stay time were not significantly different between the pre-pandemic and during the pandemic period. This could be related to patient psychology, in which patients are apprehensive of a longer stay in the hospital for fear of coronavirus infection.

To our knowledge, this is the first meta-analysis on the safety of CRC surgery during the COVID-19 pandemic. This meta-analysis had some limitations. First, because most of the included studies were retrospective single-center cohort studies, selection and sampling biases cannot be ruled out. Second, we only studied tumor stage (T) of surgical pathology outcomes, but other pathological outcomes, such as nodal stages, and lymph node yield, were not. Third, only two to three studies provided data on preoperative waiting time, postoperative ICU stay, operation time, postoperative 90-day mortality, and 30-day readmission rate. Further studies on these aspects are needed to provide more solid evidence. In addition, the heterogeneity of the hospital stay, postoperative stay, and ICU stay was high. This may be related to the small number of articles included in the analysis. Lastly, only 12 articles on 15,232 patients were included in this meta-analysis. Thus, findings should be interpreted with caution.




5 Conclusions

The operation for CRC during the COVID-19 pandemic was safe. Performing CRC surgery during the COVID-19 pandemic did not increase the rate of postoperative complications, anastomotic leakage, postoperative 90-day mortality, 30-day readmission, total hospital stay, postoperative hospital stay, and postoperative ICU stay. However, the preoperative waiting and operation time was longer. In addition, there are more patients in T4 tumor stage during the COVID-19 pandemic. This provides a reference for making CRC surgical strategy in the future.
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Aim: To evaluate the efficacy and safety of simple TaTNE in the treatment of low rectal cancer compared with laparoscopic transabdominal TME.



Methods: We collected patients with low rectal cancer admitted to our hospital between January 2019 and November 2021 who received simple TaTME or laparoscopic transabdominal TME. The main outcome was the integrity of the TME specimen. Secondary outcomes were the number of lymph nodes dissected, intraoperative blood loss, operative time, surgical conversion rate, Specimen resection length, circumferential margin (CRM), and distal resection margin (DRM), complication rate. In addition, the Wexner score and LARS score of fecal incontinence were performed in postoperative follow-up.



Results: Pathological tissues were successfully resected in all patients. all circumferential margins of the specimen were negative. Specimen resection length was not statistically significant (9.94 ± 2.85 vs. 8.90 ± 2.49, P > 0.05). The incidence of postoperative complications in group A (n = 0) was significantly lower than that in group B (n = 3) (P > 0.05). There was no significant difference in operation time between group A and group B (296 ± 60.36 vs. 305 ± 58.28, P > 0.05). Among the patients with follow-up time less than 1 year, there was no significant difference in Wexner score and LARS score between group A and group B (P > 0.05). However, in patients who were followed up for more than 1 year, the Wexner score in group A (9.25 ± 2.73) was significantly lower than that in group B (17.36 ± 10.95) and was statistically significant (P < 0.05).



Conclusion: For radical resection of low rectal cancer, Simple TaTME resection may be as safe and effective as laparoscopic transabdominal TME, and the long-term prognosis may be better.
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Highlights


	•Simple TaTME was innovated by our team.

	•Simple TaTME may also be safe and effective compared to laparoscopic transabdominal TME.

	•From the analysis of follow-up results, the recovery of anal function after TaTME alone may be better.





Introduction

Rectal cancer, one of the most common malignant tumors of the gastrointestinal tract, has risen substantially incidence and mortality year by year. At present, the incidence of colorectal cancer is the third highest in the world (1). Although the multidisciplinary treatment of rectal cancer is the standard of care in clinical practice, surgery remains the primary curative modality (2). More importantly, the total mesorectal excision (TME) has become the gold standard for surgical treatment of rectal cancer (3). And with the recent progression of minimally invasive techniques for colorectal cancer, laparoscopic transabdominal TME has become one of the main surgical methods for the treatment of rectal cancer (4). Previous studies have established that laparoscopic treatment of rectal cancer has more advantages than laparotomy in terms of short-term efficacy and long-term efficacy (5). But it has significant shortcomings in the treatment of ultra-low rectal cancer patients with obesity, pelvic stenosis, and male prostatic hypertrophy (6). Transanal total mesorectal excision (TaTME) includes features of the TME principle and the natural orifice specimen extraction (NOSES) concept, providing a new evidence-based treatment option (7, 8). In 2010, transanal TME (TaTME) surgery in the field of rectal surgery was first reported by Sylla et al. in the United States (9). Although it raises controversy in clinical application, some scholars believe that this procedure is a relatively safe and effective supplementary procedure, especially for patients with low rectal cancer (10, 11). On the basis of TaTME, our team innovatively proposed a simple surgical approach for TaTME, using conventional multiport laparoscopy instead of single-port laparoscopy, and transanal resection of cancer tissue under direct vision, making the operation simpler and easier. Eight patients who underwent simple TaTME in the early stage were followed up, and it was found that the patients recovered quickly after operation, the quality of the specimen was high, and the postoperative anal function was good. In addition, surgery has a negative impact on the patient's overall health. Reasonable preparation before operation will affect the postoperative recovery of patients. Some studies have found that mechanical bowel preparation combined with oral antibiotic bowel preparation can reduce the incidence of postoperative infection, but does not affect the mortality (12). And some preoperative rehabilitation interventions also have certain effects, such as preoperative exercise training, nutritional support, psychological mediation, which can enhance patients' adaptability and improve patients' postoperative quality of life (13). Therefore, this study will include patients who received the same preoperative preparation. Our study will collect patients with low rectal cancer who underwent simple TaTME surgery or laparoscopic transabdominal TME surgery from January 2019 to November 2021 in our hospital for a retrospective case-control study. This study will compare the therapeutic effects of the two surgical methods to provide a reliable basis for the study of surgical treatment of low rectal cancer.



Materials and methods


Patient selection

Patients with low rectal cancer treated at hospital from January 2019 to November 2021 were retrospectively analyzed. These patients underwent colonoscopy, pelvic magnetic resonance imaging (MRI) and/or endorectal ultrasonography, thoracoabdominal computed tomography (CT) scans, and histopathological examination preoperatively. They were all diagnosed with low rectal cancer (tumor no more than 5 cm from anal verge). Patients included in this study were divided into group A and group B according to the surgical methods received, in which patients who underwent simple TaTME surgery were in group A and patients who underwent laparoscopic transabdominal TME surgery were in group B.

The inclusion criteria were as follows: (1) Patients with histologically confirmed moderately and poorly differentiated rectal adenocarcinoma; (2) The tumor margin was no more than 5 cm from the anal verge; (3) Patients without distant metastasis after preoperative evaluation; The exclusion criteria were as follows: (1) Patients with recurrent or tumor invading the external anal sphincter; (2) Patients with colorectal cancer with vital organ dysfunction; (3) Patients with acute intestinal obstruction or perforation. All cases in this study were approved by the institutional review board of our hospital medical center.



Preoperative adjuvant therapy

Patients were staged before surgery by pelvic magnetic resonance imaging (MRI) and/or intrarectal ultrasound, chest and abdominal computed tomography (CT), and histopathology. Patients who met the criteria of “Chinese Clinical Guidelines for Colorectal Cancer” received neoadjuvant chemoradiotherapy. Patients receiving neoadjuvant chemoradiotherapy undergo surgery 8–12 weeks after completion of adjuvant therapy.



Surgical procedures

All operations were performed by our senior colorectal surgery team, and the operators underwent regular endoscopic training and learning curve. Routine mechanical bowel preparation was performed actively before surgery. After successful anesthesia, the patient was placed in the modified lithotomy decubitus position and routinely disinfected and draped.



Simple TaTME procedure

First step transanal procedure. After perianal disinfection, the rectum was fully exposed with a colonic retractor, and an electroknife incision was made in the lumen 1–2 cm below the tumor under direct vision. Secondly, it was closed with pouch suture, and then the whole layer circumferential cleaning was performed. The transanal anatomical separation of the rectum is then performed under direct vision, rather than using a gloved single-hole platform and constructing an inflatable pelvis. We'll start by dissecting the back side. Then we cut the anterior side, cut the anterior longitudinal muscle, and then separate it forward and down. Lateral stripping is performed after anterior and posterior separation. The anatomy extends beyond the upper margin of the tumor or above the anorectal ring.

Second step transabdominal procedure. In order to simplify the surgical process, we used traditional multiport laparoscopy instead of single-port laparoscopy. A medial and lateral approach was used to separate the nodes using an ultrasound knife and absorbable clamp, while regional lymph nodes were dissected. We then dissected the upper part of the rectum until the tumor merged with the previous transanal surgical plane.

Finally, we removed specimens via the anus, performed an end-to-end coloanal anastomosis using a stapler, and created a prophylactic ileostomy to ensure better healing of the anastomosis (Supplementary Figure S1, Supplementary Videos S1, S2).



Laparoscopic transabdominal TME

First, laparoscopy was routinely placed, and the specimen was freed to more than 1–2 cm from the distal rectum and divided using a cutter. Then, a 5 cm oblique incision was made in the left lower quadrant and the bowel tube was divided to 10 cm above proximal tumor. Next, the mesentery was divided and the diseased intestinal segment was removed from the left lower quadrant incision. Finally, an end-to-end anastomosis was performed with a stapler and an artificial ileostomy was performed in the right lower quadrant.

All the above surgical operations strictly follow the basic principles of surgical operation and the principles of TME.



Assessment measures

Assessment of specimens: Postoperative pathological stage, circumferential resection margin analysis of specimens, number of dissected lymph nodes, and sample length; Intraoperative and postoperative related indicators: operation time, defecation time and whether to convert to laparotomy; Post-operative complications: Postoperative wound infection, anastomotic leakage, anastomotic stenosis; Postoperative follow-up indicators: Recurrence, follow-up time, low anterior resection syndrome (LARS) score and postoperative Wexner score. Postoperative Wexner score assesses postoperative anal function in patients, with higher scores indicating poor function.



Statistical analysis

Data analysis was performed using SPSS 25.0 software. Measurement data were presented as mean ± standard deviation. Independent sample t-test was used for comparisons between groups. Enumeration data were expressed as percentages and χ2 test was used. P < 0.05 was considered statistically significant.




Results


Clinical characteristics of patients

Given that the simple TaTME surgery proposed by our team was first performed in our hospital in 2019. In this study, we collected patients who received laparoscopic transabdominal TME surgery during the same period as the control. From 2019 to 2021, a total of 171 patients received surgical treatment for rectal cancer in our hospital, including 55 patients whose rectal cancer was less than 5 cm away from the anal margin. Four patients were excluded due to inadequate clinical data. Finally, a total of 51 patients were enrolled in the study, including 17 patients who underwent simple TaTME surgery and 34 patients who underwent laparoscopic transabdominal TME surgery.

The basic characteristics compared between the two groups included gender, age, body mass index (BMI), preoperative chemoradiotherapy, TNM stage of the tumor, underlying diseases, and history of abdominal surgery. There were no statistically differences in gender, age, preoperative chemoradiotherapy, and TNM stage of the tumor between the two groups. Compared with group A, patients with underlying diseases and history of abdominal surgery accounted for a higher proportion in group B. More importantly, the BMI value of group B was lower than that of group A, and the difference was statistically significant (P < 0.05). In addition, a total of 22 patients completed the protocol, 6 in group A and 16 in group B. Surgery was scheduled for weeks 8–12 after neoadjuvant radiotherapy (see Table 1).


TABLE 1 Clinical characteristics of patients with low rectal cancer n (%).
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Surgical results

In this study, we assessed the operative procedure time, the time of postoperative hospital stay, time to first defecation after surgery, and relevant measures for tumor resection assessment for both procedures. The operative time in group A (296 ± 60.36 min) was shorter than that in group B (305 ± 58.28 min; P = 0.615), But the difference was not significant. Similarly, the time of postoperative hospital stay and first postoperative defecation time were also not significantly different between group A and group B. In addition, there was no significant difference between the two groups in the distance from the lower edge of the tumor to the anal verge, the length of bowel resection, the differentiation of the tumor tissue, the circumferential resection margin, and lymph node dissection (see Table 2).


TABLE 2 Clinicopathological outcomes n (%).
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Postoperative complications of surgery

No postoperative complications occurred in group A, but 3 patients in group B had different complications. Among them, 1 patient had postoperative wound infection and 2 patients had anastomotic leakage. None of the 3 cases had a second operation and recovered with clinical care. The difference between the two groups was not statistically significant (see Table 3).


TABLE 3 Postoperative complications in patients with low rectal cancer n (%).
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Follow-up results

The follow-up results showed that 17 patients were followed up in group A, 1 relapsed and 1 died (due to underlying disease); 34 patients were followed up in group B, 4 relapsed (including 1 death) and 3 died (1 metastasis and 2 due to underlying disease). The recurrence rate was 5.88% in group A and 11.76% in group B. There was no significant difference between the recurrence rate of group A and the recurrence rate of group B (p > 0.05).

In addition, the postoperative follow-up of the two groups was analyzed according to whether the follow-up time exceeded 1 year. Among the cases with follow-up time less than 1 year, the average follow-up time was 8.91 ± 2.41 months in 5 cases of group A and 8.05 ± 2.25 months in 9 cases of group B. The Wexner score (19.00 ± 10.92) and LARS score (9.00 ± 2.16) in group A were lower than those in group B (30.38 ± 8.57) and LARS score (12.13 ± 4.02), but there was no significant difference between the two groups. Among the patients who were followed up for more than1 year, the mean follow-up time was 28.22 ± 5.67 months in group A and 27.67 ± 8.71 months in group B. The LARS score of group A (20.50 ± 11.09) was lower than that of group B (19.68 ± 10.76), and there was no significant difference in the LARS score between the two groups, but the Wexner score of group A (9.25 ± 2.73) was significantly lower than that of group B (17.36 ± 10.95), and the difference was statistically significant (P < 0.05) (see Tables 4–6).


TABLE 4 Postoperative follow-up results of patients with low rectal cancer n (%).

[image: Table 4]


TABLE 5 Postoperative follow-up results of patients with low rectal cancer n (%) (follow-up < 1years).
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TABLE 6 Postoperative follow-up results of patients with low rectal cancer n (%) (follow-up > 1years).
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Discussion

Classical laparoscopic transabdominal TME can remove both tumor tissue and mesentery, blood vessels, lymphoid tissue, and adipose tissue that match the tumor, greatly reducing the possibility of local recurrence (14). It has the advantages of clear surgical field, easy operation, rapid postoperative recovery, and few complications (4). However, how to remove low rectal cancer tissue with high quality in the narrow pelvic space faces challenges. The proposal of transanal total mesorectal excision fills the shortcomings in the clinical application of laparoscopic total mesorectal excision. Its unique “downward and upward” anatomical angle avoids the “chopstick effect” resulting from space narrowing during laparoscopic surgery, particularly benign prostatic hyperplasia, pelvic narrowing, visceral fat, and/or BMI > 30 kg/m2 (15). As a current research hotspot in the field of colorectal and anal surgery, the procedure has been applied in clinical practice in many countries and a number of randomized controlled studies have been carried out (16–18), but variability in reported findings still precludes firm conclusions. Some studies found that TaTME was a procedure that was not inferior to laparoscopic surgery. TaTME can also achieve clinical effect comparable to laparoscopic TME. More importantly, evidence suggests that TaTME is also safe and effective compared to laparoscopic TME (19, 20). However a Norwegian national study came to the opposite conclusion so that TaTME was halted nationwide (21). At the same time, with the clinical application, the optimal surgical platform and surgical methods of TaTME surgery are also continuously innovating. For example, ChangXu et al. used a modified TaTME method with simple customized instruments to achieve high-quality TME for the treatment of male low rectal cancer (22).

Based on these considerations, our retrospective study found that the two types of surgery were similar in sample quality, postoperative complications, operative time, and surgical bleeding, and postoperative follow-up showed that the recovery of anal function in group A was better than that in group B. Therefore, we believe that simple TaTME may achieve similar therapeutic effect as laparoscopic transabdominal TME in the treatment of low rectal cancer, but we need to collect more cases for further confirmation in the future.

The comparison of basic characteristics between the two groups showed that the two groups showed similar performance in terms of gender ratio, age distribution, preoperative adjuvant therapy, presence of underlying diseases (including diabetes, hypertension, etc.) and history of abdominal surgery. Remarkably, BMI mean were 23.54 ± 2.89 in group A and 21.40 ± 3.34 in group B, and the difference was statistically significant (P < 0.05). However, mean BMI values were within the normal range in both groups. Therefore, it is not clear that group A is superior to group B in the treatment of obese patients, although existing studies have shown the advantage of transanal mesenterectomy in the treatment of obese patients (21).

The resection margin, circumferential resection margin (CRM), and integrity of the mesorectum at the distal end of the tumor are the three core indicators for the quality assessment of total mesorectal excision specimens, while they are closely related to the patient's postoperative recovery status (23). Theoretically, Simple TaTME can obtain high-quality case specimens because of improved surgical operating space and surgical field, and the existing clinical findings do (24, 25). In this study, the resection margin and CRM were negative. From the analysis of postoperative pathological tissue, there were no significant differences between the two groups in the frequency of regional lymph node dissection, the length of specimen resection, and pathological stages. Thus, simple TaTME may obtain specimens of the same quality as laparoscopic transabdominal TME.

The incidence of postoperative complications is one of the important indicators reflecting the safety of surgery. Postoperative complications of low rectal cancer resection mainly include anastomotic leakage, anastomotic stricture, postoperative inflammatory intestinal obstruction, and incision infection. Among them, anastomotic leakage occurs most frequently. The mild cases will have fever, pelvic infection, anastomotic stricture and other complications. The severe cases will lead to permanent stoma or severe infection or even life-threatening. A large number of studies have now shown that transanal TME surgery does not lead to a higher complication rate (26). The procedure may be considered safe. And a mate analysis involving 899 patients show no difference in complication rates between the two procedures (27). The same holds true for our findings. Our results showed that no postoperative complications occur in group A, and 3 patients in group B has different complications, indicating that simple TaTME may be safe for patients with low rectal cancer. However, a multicenter study by the European Society of Coloproctology (ESCP) showed that the incidence of anastomotic stoma after transanal total mesorectal excision (12.9%) is higher than that after non-transanal laparoscopic total mesorectal excision (8.9%), especially for male patients (28). These controversies may be caused by the complexity of transanal TME surgical procedures and can be resolved by special training.

Patient recovery after surgery is an important part of surgical evaluation. From the follow-up results of this study, the recurrence rate was 5.56% in group A and 11.76% in group B. The recurrence rate was significantly lower in group A. In cases with a follow-up time of less than 1 year, the short-term postoperative recovery of anal function was comparable between the two procedures, and the same conclusion has been reached in previous studies (29). Conversely, anal function recovery was better in group A compared to group B in cases with follow-up longer than 1 year. Thus, both surgical methods will have different degrees of low anterior resection syndrome and anal incontinence after surgery, but with the extension of time, the recovery of anal function in group A is better than that in group B. However, in a single-center retrospective study comparing transanal and transabdominal total mesorectal excision for the occurrence of postoperative low anterior resection syndrome (LARS), the authors conclude that both procedures had similar recovery of bowel function in the long run (30). Even transanal total mesorectal excision has been shown to be associated with worse postoperative bowel dysfunction (31). Limited research evidence is not available to draw firm conclusions on this issue, and studies with larger sample sizes and longer follow-up times are needed.

In addition, the evaluation of surgical process is also an important indicator, mainly reflected in the operation time. Because of the advantages of bidirectional operation in TaTME surgery, the operation time should be significantly less than laparoscopic transabdominal TME surgery. However, there was no obvious difference in operation time between the two procedures (A time = 296 ± 60.36 min; B time = 305 ± 58.28 min) in our study. Due to objective conditions, surgeons use a single-team stepwise approach rather than a two-team simultaneous abdominal and anal approach in the simple TaTME procedure, which means that the operating platform needs to be replaced during surgery. thereby prolonging the operation time and resulting in comparable time between the two procedures. Reports have demonstrated that transanal TME performed by both teams significantly reduced operative time (32). A study of 34 patients who underwent transanal TME resulted in similar conclusions (33).

In this study, we also recognize some limitations: it was a retrospective study with a small number of included cases and a short follow-up period. Future studies on simple TaTME require larger prospective studies and longer postoperative follow-up.



Conclusion

The results of this study suggest that simple TME surgery may have similar tumor and functional outcomes as laparoscopic transabdominal TME surgery, and anal functional recovery may be better in the long run.
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Background

Hepatic hemangioma is among the most common benign liver lesions. However, giant pedunculated hepatic hemangiomas are exceptionally rare and associated with additional risks, such as torsion.





Case presentation

We present the case of a 63-year-old female patient who presented with abdominal distension and pain. Barium meal examination and gastroscopy revealed a large, smooth-surfaced submucosal bulge located at the fundus of the stomach. Subsequent MRI examination identified a mass measuring approximately 6.4 x 7 cm in the left upper abdomen. Surgical intervention was planned for mass removal. However, intraoperative exploration revealed the origin of the mass to be the liver, and subsequent histopathological examination confirmed it as a hemangioma.





Conclusion

We systematically summarized the characteristics of our case along with 31 previously reported cases. Giant pedunculated hepatic hemangiomas typically occur in the left lobe of the liver. Due to their atypical presentation, a combination of imaging methods such as ultrasound, CT, and/or MRI is essential for accurate diagnosis. Furthermore, surgical intervention is recommended due to the potential risks of bleeding, rupture, and torsion.
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1 Introduction

Hemangiomas are benign tumors that may occur anywhere in the abdomen, including solid organs, hollow viscera, ligaments, and abdominal wall, of which liver is the most common site (1). Hepatic hemangiomas are a prevalent type of benign liver lesion, second only to focal fat sparing and liver cysts in frequency (2, 3). The prevalence of hepatic hemangiomas detected through radiological imaging ranges from approximately 2.5% to 3.3% (3, 4). Typically, hepatic hemangiomas do not cause symptoms; however, when they reach a significant size, they may give rise to non-specific gastrointestinal manifestations (5). While imaging studies often aid in diagnosing hepatic hemangiomas, their presentation can occasionally deviate from the norm, leading to confusion with malignant lesions (6, 7). Although hepatic hemangiomas primarily occur within the liver, instances of giant pedunculated hemangiomas outside the liver capsule are exceedingly rare (8).

This report describes the case of a 63-year-old female patient who presented with a gastric submucosal tumor detected during gastroscopy. Subsequent MRI imaging revealed the presence of a large tumor located between the stomach and spleen within the abdominal cavity. Due to suspicion of a giant abdominal tumor, the patient underwent surgical intervention. However, during surgery, it was found that the tumor was a pedunculated tumor of the liver. The histopathological examination of the specimen revealed a hemangioma. This case has been documented in accordance with the CARE Guidelines (Supplementary Table S1).




2 Case description

A 63-year-old female patient was admitted to our hospital for examination and treatment on July 26, 2022. Six months prior to admission, she experienced upper and middle abdominal distension after eating, which was slightly relieved by anal venting. She reduced the amount of food consumed per meal and did not experience any further bloating. One month prior to admission, she developed vague right upper abdominal pain after consuming fatty foods, which was paroxysmal and tolerable and improved with a light diet. No other symptoms such as acidity, eructation, vomiting, or diarrhea were reported.

Upon initial physical examination, pain was present in the left upper abdomen upon pressure, without rebound pain. The rest of the examination was unremarkable. Further investigation through barium meal examination, endoscopy, and abdominal MRI was arranged. Barium meal examination revealed a locally depressed fundus of the stomach with a smooth mucosal surface (Supplementary Figure S1), while endoscopy showed a large submucosal bulge with a smooth surface at the fundus of the stomach (Figure 1), suspected to be gastric submucosal tumor. MRI detected a 6.4 x 7 cm mass in the left upper abdomen with low signal on T1-weighted images and high signal on T2-weighted images, with partial intensification in the arterial phase and progressive intensification in the venous phase (Figure 2).




Figure 1 | Endoscopy.






Figure 2 | Magnetic resonance imaging (MRI). (A, E) T1-weighted image (T1WI); (B, F) T2-weighted image (T2WI); (C) Enhanced arterial phase; (D) Enhanced portal phase.



Laparoscopic surgery was initially planned; however, intraoperatively, it was discovered that the mass was connected to the liver by pedunculi. The mass exhibited dimensions of 9 * 8 cm and had a soft consistency with angulated surface vessels closely associated with the lesser curvature of the stomach (Figure 3). The mass was removed en bloc with 2 cm margins. The final pathology report indicated a hemangioma (Figure 4). The patient timeline of diagnostic testing and Therapeutic intervention are shown in Supplementary Figure S2. A follow-up telephone call conducted three months post-operation revealed that the patient had experienced resolution of symptoms and reported no additional discomfort.




Figure 3 | Intraoperative photograph.






Figure 4 | Post-operative histopathological slides of the mass with hematoxylin and eosin staining.






3 Patient perspective

Prior to my admission to West China Hospital of Sichuan University, I was plagued by symptoms that restricted my dietary intake, significantly diminishing my quality of life. I was apprehensive about the prospect of undergoing a partial gastrectomy, as it could potentially impact my future dietary habits. However, I was pleased to discover that my fears were unfounded, as my symptoms showed a marked improvement after being treated at West China Hospital of Sichuan University. This resulted in a significant enhancement of my overall quality of life.




4 Discussion

Hemangioma is a benign tumor that is commonly asymptomatic when its size is less than 5 cm. Larger hemangioma may present symptoms such as abdominal pain, discomfort, and a sensation of fullness in the abdomen (9). Imaging studies, such as ultrasound, CT scans, and MRI, can aid in the diagnosis of hemangioma (10). MRI scans typically depict hemangioma as well-defined, smooth, homogenous lesions that are hypointense on T1-weighted images and hyperintense on T2-weighted images (5). Fine-needle aspiration biopsy(FNAB) is a common diagnostic tool for tumors, however, this method carries a risk of hemorrhage due to the vascular-rich nature of hemangioma (11). A study conducted by Heilo et al. found that ultrasound-guided FNAB had a false-negative rate of 15-16 out of 51 patients with suspected hepatic hemangioma (12). Several studies have suggested that the low diagnostic rate and the risk of bleeding associated with FNAB make it an unsuitable method for diagnosing hepatic hemangioma (10, 13). It is important to note that hepatic hemangioma can sometimes be mistaken for other liver diseases, such as hepatocellular adenoma, focal nodular hyperplasia, or hepatocellular carcinoma. However, cases where hepatic hemangioma mimics GIST are extremely rare.

For cases of gastric fundic masses of unknown origin, adequate investigations are required to assist in the diagnosis. Besides routine CT, MRI and endoscopy, it is necessary to perform ultrasonography (14) and ultrasound endoscopy (15) to clarify the nature of the mass and its relationship to the surrounding organs. FNAB is a valuable diagnostic tool for various types of tumors, particularly for biopsying superficial or palpable lesions in organs such as the thyroid, breast, lymph nodes, and others (16–22). While FNAB is considered a safe and effective method, it has a potential risk for bleeding and false negative results. Therefore, it may not be appropriate for all patients, particularly in cases of hepatic hemangioma (11, 23). To enhance the safety of FNAB, ultrasound guidance is recommended (24).

While hepatic hemangiomas generally exhibit a slow growth rate (25), the presence of large hepatic hemangiomas increases the risk of bleeding and rupture (4). Hemangiomas exceeding 4 cm in diameter are categorized as giant hemangiomas (26). Moreover, in the case of large, pedunculated hepatic hemangiomas, there is a potential risk of torsion, which can result in acute abdominal pain and pose a life-threatening situation (27). To date, only a limited number of cases involving giant pedunculated hepatic hemangiomas have been reported.

A systematic search was conducted in the PubMed and Embase databases to identify relevant studies. After removing duplicates, a total of 37 studies were retrieved. The search strategy employed was (((hepatic) OR (liver)) AND (hemangioma)) AND (pedunculated). Through careful evaluation of full-text articles and exclusion of studies with irrelevant topics, tumors smaller than 4 cm, and those lacking full-text availability, 19 studies remained. Furthermore, 9 additional studies were retrieved from the references of the included studies. In total, 28 studies (8, 27–52) encompassing 31 cases of giant pedunculated hepatic hemangioma were identified. A summary of the characteristics of these previous cases, as well as our own case, is provided in Table 1. The incidence of giant pedunculated hepatic hemangioma was found to be higher in females (n=22) compared to males (n=10). The median age at diagnosis was 65 years, with a range of 26 to 71 years. The left lobe of the liver was the most common location for these tumors. Out of the cases, 11 (34.4%) were asymptomatic, and 5 cases were initially suspected to be gastrointestinal interstitial tumors prior to surgery (27, 29, 41, 43, 44). Surgical resection was the predominant treatment approach in almost all cases.


Table 1 | Cases of giant pedunculated hepatic hemangiomas in the literature.



In this report, we present a case of a 63-year-old female patient who was diagnosed with a large hemangioma located interposed the spleen and the stomach. The hemangioma measured 9 * 8 cm in size and was initially mistaken as a GIST based on endoscopy showed that the tumor was a spherical submucosal bulge from the fundus of the stomach (53). Although FNAB is typically a safe procedure (54, 55), it was not performed in this case due to the potential risk of hemorrhage. Given the significant size of the mass, the presence of symptoms and the risk of torsion, surgical resection was performed. During the procedure, it was revealed that the tumor originated from the liver. Pathological analysis postoperatively confirmed the diagnosis of a hemangioma.




5 Conclusion

Giant pedunculated hepatic hemangioma is a rare benign tumor primarily originated from the left lobe of the liver. The symptoms associated with this condition are typically non-specific or even asymptomatic, leading to potential confusion with various other upper abdominal masses. Accurate diagnosis of this atypical hemangioma requires a comprehensive approach utilizing multiple imaging techniques, including ultrasound, CT, and/or MRI. Considering the risks of bleeding, rupture, and torsion, surgical intervention is the recommended treatment modality for large pedunculated hepatic hemangiomas.
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Background

Stoma outlet obstruction (SOO) is a common complication of diverting ileostomy and usually detected at the advanced stage when the intestine is obviously obstructed. The objective of this study is to explore the efficacy of transatmospheric ileal stoma manometry (TISM) in early detection of SOO before the manifestation of intestinal obstruction.





Methods

A single-center prospective study was performed in patients scheduled to undergo reversal ileostomy and laparoscopic anterior rectal resection and diverting ileostomy in Second Affiliated Hospital of Zhejiang University School of Medicine from 1st July 2022 to 31st December 2022. The stoma pressure was measured by TISM at different time points.





Results

The mean stoma pressure of the 30 patients before reversal ileostomy was 5.21 cmH2O which was considered as normal standard of stoma pressure, and ranged from 1.2 to 8.56 cmH2O. After excluding two patients with anastomotic leakage, a total of 38 patients who were subjected to laparoscopic anterior rectal resection and diverting ileostomy were further included in this study. The incidence of anastomotic leakage was 5% and that of SOO was 12.5%. The mean postoperative obstruction time was 5.2 (3-7) days and the mean time from elevated stoma pressure to diagnosed as SOO was 2.8 (2-4) days in the five patients who developed SOO. The pressure measured at the third stoma manometry time point (second day after return of gut function) (10.23 vs. 6.04 cmH2O, p<0.001) and the postoperative hospital stay (10 vs. 8.49 days, p=0.028) showed significantly difference between the SOO and non-SOO groups. The pressures measured at the first time point (before return of gut function) (4 vs. 4.49 cmH2O, p=0.585), the second time point (the day of return of gut function) (6.8 vs. 5.62 cmH2O, p=0.123), and the fourth time point (discharge day) (5.88 vs. 5.9 cmH2O, p=0.933) showed no significant difference in both groups.





Conclusion

TISM can be utilized for early detection of SOO and can be incorporated as a novel diagnostic method together with abdominal CT scan to realize the goal of ERAS.





Keywords: stoma outlet obstruction, manometry, ileostomy, rectal cancer, eras





Introduction

The incidence of the overall anastomotic leakage after low anterior resection for rectal cancer is 10-20% (1–3). Transanal drainage tube may be ineffective at times against anastomotic leakage and diverting ileostomy is recommended for low anterior resection of rectal cancer to prevent postoperative anastomotic leakage (4–6). However, stoma outlet obstruction (SOO) is a common complication of diverting ileostomy with an incidence rate from 5.6% to 18.4%, and usually develops within 2 weeks after operation (7–9). Furthermore, SOO is usually diagnosed when patients present typical symptoms of obstruction, such as abdominal pain and distention, nausea and vomiting, and can be relieved by expectant treatment such as insertion of an anal catheter to the proximal small intestine and fecal fluid will be immediately drawn out to relieve obstruction (10). SOO can cause a huge economic burden for patients due to the increased treatment costs and longer hospital stays, thus early detection of SOO can be necessary. Although daily postoperative abdominal CT scan can reliably detect obstruction at early stage, it is not a feasible option due to tedious process and large doses of radiation. Moreover, proximal small bowel manometry has been previously used as an effective method to diagnose small bowel obstruction, and there have been studies of aberrant ileal manometry findings in irritable bowel syndrome and chronic idiopathic constipation (11–13). In this study, we aimed to explore the feasibility of using ileal stoma manometry for early detection of stoma obstruction after ileostomy.





Patients and methods




Patients

Cohort 1: 30 patients scheduled to undergo reversal ileostomy after low anterior resection for rectal cancer were recruited from July 1st 2022 to December 31st 2022. The first radical surgery was either laparoscopic or robotic. The exclusion criteria were as follows (1): incomplete obstruction of the stoma which can be confirmed via enhanced abdominal CT scan with no sign of complete intestinal obstruction (2), preoperative albumin below 30 g/l, and (3) local stoma or systemic infection.

Cohort 2: 40 patients with rectal cancer who underwent laparoscopic anterior rectal resection and diverting ileostomy from July 1st 2022 to 31st December 2022 were also enrolled. The exclusion criteria were as follows (1): open surgery or conversion to open surgery (2), non-neoplastic diseases (3), postoperative anastomotic leakage, massive bleeding, or death.





Settings and groups

The single-center prospective study was performed at Second Affiliated Hospital of Zhejiang University School of Medicine. The ileal stoma pressure was measured by TISM and the main outcome measure was the stoma pressure at different time measurement points. Patients were divided into the SOO and non-SOO groups as appropriate.





Diagnostic criteria of outlet obstruction

(1) Typical clinical symptoms, such as abdominal pain, nausea and vomiting, abdominal distension (2), abdominal CT scan showing small bowel obstruction at the stoma.





Methods of TISM

The manometry device consists of a fixed frame, a sliding scale (accuracy 0.02 mm), and an infusion tube (diameter 2 mm, length 80 cm) to measure the pressure of the proximal intestines at the stoma relative to the standard atmospheric pressure (Figure 1).




Figure 1 | This is the device which is modified for TISM. (A) fixed frame. (B) sliding scale. (C) infusion tube.



The patient was placed in supine position without any pillow, and the stoma bag was removed to expose and then clean the stoma. The frame was fixed on the right side of the patient, and the height of the skin at the lower edge of the stoma was measured. The thickness of the abdominal wall was estimated according to the preoperative abdominal CT, and the infusion tube was gently inserted 4-8 cm into the small intestine at the proximal end of the stoma. After injecting 1.5 ml saline into the intestinal cavity, the water column was seen to slide down to a fixed position. The difference between the height of the water column and the height of the skin at the lower edge of the stoma was calculated as the pressure of the intestinal cavity at the particular time point.





Time points of measuring stoma pressure

Stoma manometry was performed once or twice preoperatively, and at the following time points after the operation (1): before return of gut function (2), on the day of return of gut function (3), second day after return of gut function, and (4) the day of discharge. When the stoma pressure was greater than 8.56 cmH2O, it was measured 2-4 times more, including before and after the treatment for SOO. The pressure was measured three times at each time point to achieve the average value. However, in our actual operation, the second and third measurements yielded lower values compared to the first. Considering the possible effect of the stoma on manometry reading, the first measurement was used for the analysis.





Statistical analysis

The data were expressed as mean ± standard deviation (SD). For univariate analysis, Student’s t test and Mann-Whitney U test was used to compare the two groups. The optimal cutoff values to predict SOO were calculated with the maximum sum of sensitivity and specificity using the Youden index. P value<0.05 was considered statistically significant. All statistical analyses were performed using SPSS 26.0 (IBM Corporation, Armonk, NY, USA).






Results




Clinical characteristics of the patients

30 patients scheduled to undergo reversal ileostomy after low anterior resection for rectal cancer were selected. The mean age of the patients at diagnosis was 64.53 (39–89) years and the mean time to stoma closure was 118.4 (55–338) days after initial-operation. In addition, all stomas were located in the right lower abdomen. In order to exclude the influence of other relevant factors, we first measured the pressure range in the small intestine proximal to the stoma. As shown in Table 1, the mean stoma pressure of the patients before reversal ileostomy was 5.21 cmH2O ranged from 1.2-8.56 cmH2O. This value will be used as the reference for our subsequent study. The average time spent on pressure measurement was 296.2 (195–506) s. Other pre-operative clinical characteristics of the included patients were also summarized in Table 1.


Table 1 | Clinical characteristics of the patients before reversal ileostomy.



After excluding two patients with anastomotic leakage, 38 patients who were subjected to laparoscopic anterior rectal resection and diverting ileostomy were included in the subsequent analysis. The incidence of anastomotic leakage was 5% and that of SOO was 12.5%. The mean postoperative obstruction time was 5.2 (3–7) days and the mean time from elevated stoma pressure to diagnosis of SOO was 2.8 (2–4) days in the five SOO patients. The mean age of the 38 patients was 67.89 (48–90) years and the mean BMI was 23.08 (17.92-28.33) kg/m2. All stomas were located in the right lower abdomen. The mean time to deflation was 1.32 (1–2) days, and the mean postoperative hospital stay was 8.68 (5–23) days, with no unplanned secondary surgeries. Clinical and surgical characteristics of the two groups of patients are shown in Table 2.


Table 2 | Clinical and surgical characteristics of SOO and non-SOO groups.







Univariate analysis of stoma pressure

The patients with SOO had significantly higher stoma pressure on the second day after return of gut function compared to non-SOO group (10.23 vs. 6.04 cmH2O, p<0.001). In contrast, the stoma pressure before return of gut function (4 vs. 4.49 cmH2O, p=0.585), the day of return of gut function (6.8 vs. 5.62 cmH2O, p=0.123), and the day of discharge (5.88 vs. 5.90 cmH2O, p=0.933) did not show significant difference between the two groups (Figure 2, Table 3).




Figure 2 | These are the figures that univariate analysis between the SOO group and non-SOO group at different stoma pressure measurement time points and the variations in stoma pressure in the five SOO patients.




Table 3 | Univariate analysis for stoma pressure of SOO group and non-SOO group.



The patients in the SOO group did not develop obstruction before and on the day of return of gut function. On the second day after return of gut function, some patients gradually began to develop stoma obstruction, although none exhibited any symptoms of intestinal obstruction. The manometry readings were taken daily until the patients showed symptoms of obstruction, and abdominal CT scan indicated that the obstruction site was in the stoma. Since the stoma pressure had peaked at this point, the patients were treated by inserting an anal tube. Then the anal tube was removed once the patient’s obstructive symptoms were relieved, and the pressure was measured daily until the patient was discharged. The optimal cutoff pressure value to predict SOO was 8.53cmH2O. The variations in stoma pressure in the five SOO patients were presented in Figure 2.





Univariate analysis of other clinical factors

Patients with SOO had significantly longer mean hospital stay compared to those without SOO (10 vs. 8.49 days, p=0.028). However, gender (p=0.837), operation time (205.8 vs. 225.79 min, p=0.475), intraoperative blood loss rate (7.78 vs. 8.37%, p=0.645), time to return of gut function (1.4 vs. 1.3 days, p=0.738) and highest postoperative WBC (9.36 vs. 10.69 10E9/L, p=0.331) were not significantly different between the two groups (Table 4).


Table 4 | Univariate analysis of variables between SOO group and non-SOO group.








Discussion

Although the exact pathological reason causing SOO remains indistinct, previous studies have showed that contraction of the rectus abdominis muscle and infection might be the potential reasons (9, 14, 15). Recently, a retrospective study (unpublished study) conducted by our team included 306 patients who underwent laparoscopic anterior rectal resection and diverting ileostomy from Aug 2019 to Aug 2022 and 28 of them developed SOO. Patients were divided into the SOO and non-SOO groups. We found that no significantly differences were exhibited in the maximum abdominal wall thickness of stoma, the width of the abdominal wall defect and small bowel torsion by abdominal CT scan between the two groups. Moreover, our unpublished study also indicated that rectus abdominis muscle contraction may not play a significant role in the development of SOO which was opposite to the previous study. However, our study found that stoma edema is exactly a direct cause of stoma obstruction which may be caused by too much bowel and mesentery is dragged out during ileostomy and subsequent infection.

In patients without SOO, when the proximal intestinal canal accumulates fecal water and the intestinal lumen pressure reaches a critical value, the stoma opens and the fecal water flows into the stoma bag and then intestinal lumen pressure decreases, and the process is repeated. In contrast, in patients with SOO, due to stoma edema or small stoma opening, fecal water cannot be discharged, and the pressure in the proximal intestinal canal continues to rise, then the obstruction gradually spreads to the proximal small intestine, and patients gradually develop symptoms of intestinal obstruction such as abdominal distension and vomiting (Figure 3). In our present study, the patients with SOO had significantly higher stoma pressure on the second day after return of gut function compared to those without SOO. Because the five patients already had SOO on the second day after return of gut function. The fecal water gradually accumulated in the proximal small intestine at the stoma and could not be discharged, the intestinal lumen pressure increased, and the intestinal lumen gradually expanded, at which time the measured pressure was significantly greater than the upper limit in cohort 1 (8.56 cmH2O). Then the obstruction gradually progressed to the proximal small intestine, and finally symptoms of intestinal obstruction such as abdominal distention and vomiting appeared after 2-4 days. In patients without SOO, the intestinal lumen was expanded to a certain extent and fecal water discharged through the stoma into the stoma bag, so that the intestinal lumen pressure was always maintained at a normal range (1.2-8.56 cmH2O).




Figure 3 | Diagram of the different stages of outlet obstruction.



Based on our findings, we recommended intestinal pressure measurement at the stoma more than 8.53 cmH2O, and dilatation of the proximal small intestine at the stoma in abdominal CT scan or ultrasound as the novel diagnostic criteria for SOO. If SOO is detected at an early stage, typical symptoms of intestinal obstruction such as nausea and vomiting may not be considered as necessary factors for diagnosis.

Effective early intervention following detection of elevated stoma pressure may halt further obstruction and accelerate patient recovery before the symptoms of intestinal obstruction. Patients with obstruction usually develop edema and inflammation in the stoma intestine, which can be relieved by corticosteroids and the use of an anal tube (16). Studies show that moderate doses of corticosteroids during major surgery in short courses can reduce postoperative infection without any significant risk of anastomotic leakage or bleeding, although this has not been validated in a large randomized controlled trial study (17). A defunctioning stoma did not affect the anastomotic leakage risk, it significantly reduced its severity (6, 18) .Therefore, the use of corticosteroids still has to take into account the risk of anastomotic leakage and needs to be used with caution.

Traditional manometry requires placing a catheter into the target site, inserting a ventilation tube, and then filling and deflating the catheter, which may cause discomfort to the patient and prolong the time to measure (19). The technical difficulties, prolonged duration and high costs of stoma manometry limit its clinical application. Daily review of abdominal CT scan is able to detect stoma dilatation before the patient develops symptoms of obstruction, enabling timely diagnosis of stoma obstruction in the early stages of obstruction. However, this can lead to a waste of medical resources and increase the cost of patient care. Compared to the above two methods of examinations, TISM has the advantages of portability (bedside pressure measurement), short manometry time (average time spent on pressure measurement was 296.2 (195–506) s), high accuracy, low cost and low stimulation to the stoma. The most common technical issue with manometry is that the end of the infusion tube fails to enter the intestinal cavity through the rectus abdominis muscle since it is coiled at the abdominal wall of the intestinal cavity. Therefore, we inserted the infusion tube and then probed the intestinal cavity with the little finger, and nudged the infusion tube into the cavity if it was coiled. In fact, almost 30% of the patients needed finger-assisted insertion of the infusion tube into the intestinal cavity. Therefore, we subsequently used a guidewire to assist tube insertion in order to avoid this situation. The pressure measurement catheter is a hollow tube, when the stoma is measured, there will inevitably be some gas or liquid escape, which is why the pressure measured in the second and third measurement is lower than the first one, even the reduction is small, but the first measurement is still relatively accurate. In the current study, the rate of SOO was 12.5%, between 5.6% and 18.4% as previously studies reported, with no clear evidence that TISM artificially increases the probability of obstruction.

We propose to include TISM as a supplement to enhanced recovery after surgery (ERAS) in clinical practice. Also, TISM can be used as an effective part of multimodal prehabilitation to improve functional capacity and reduce postoperative complication rates of patients who receive stroma reduction surgery. A recent meta-analysis included three randomised controlled trials indicated the potential advantages of multimodal prehabilitation in clinical application of colorectal surgery (20). In this study, the mean time from elevated stoma pressure to diagnosis of SOO was 2.8 (2–4) days. When patients were diagnosed with SOO, it took 3-5 days for the symptoms of intestinal obstruction to disappear after active treatment. Once SOO occurred, it delayed the recovery of patients and prolonged their hospital stay, thus violating the goal of ERAS. In clinical practice, for patients with rectal cancer who undergo laparoscopic anterior rectal resection and diverting ileostomy, daily stoma manometry can be conducted at the bedside postoperatively. When the measured pressure is greater than 8.53 cmH2O and the following abdominal CT indicates dilatation of the intestinal lumen at the stoma, the patient can be diagnosed with early SOO without presenting typical signs of intestinal obstruction. Then we should take early intervention measures such as insert an anal tube for treatment, therefore avoiding unnecessary fasting and parenteral nutrition which central venus catheterization may be needed, and remove the anal tube after 3-5 days. In the present study, for example, one patient with elevated stoma pressure and dilatation of the stoma lumen suggested by abdominal CT, we timely treated the patient with early insertion of an anal tube without fasting or parenteral nutrition, and the abdominal CT review before discharge did not show intestinal obstruction, and the patient discharged 7 days after surgery without any trouble. The length of hospital stay was significantly shorter compared to other 5 patients who were treated only after presenting the symptoms of small bowel obstruction.

For the time to come, we will conduct a large cohort and multicenter prospective study to measure the pressure using TISM in patients with rectal cancer who underwent laparoscopic anterior rectal resection and diverting ileostomy. When we find that the stoma pressure relatively elevates and the examination (CT or ultrasound) suggests stoma dilatation, we immediately give symptomatic treatment such as inserting an anal tube, decongesting, avoiding fasting and parenteral nutrition, and removing the anal tube after the edema at the stoma has subsided. Based on the results of this study, our subsequent study will investigate whether early interventional treatment can reduce the rate of stoma outlet obstruction, accelerate patient early recovery, and reduce patient hospitalization time and costs.

This study still has some limitations. The stoma of patients undergoing open surgery for manometry has not been included in this study. However, based on the limited comparison of stoma pressure after open (8 patients) and laparoscopic surgery (our unpublished study), we do not believe there is a significant difference between the two groups. Meanwhile, the stoma of the colon has not been pressure measured in our present study. Future multicenter randomized clinical trials of large sample size may be needed to achieve a more precise and universal conclusion.





Conclusions

TISM can be used as a supplementary method for the early detection of SOO and allow timely treatment of the patients before they develop symptoms of obstruction.
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Background

To date, several studies have compared the surgical and oncological outcomes of local excision (LE) and radical excision (RE) for rectal gastrointestinal stromal tumors (GISTs), but some have limited numbers of small series. This protocol outlines the planned scope and methods for a systematic review and meta-analysis that will compare the surgical and oncological outcomes of LE and RE in patients with rectal GISTs.





Methods

This protocol is presented in accordance with the PRISMA-P guideline. PubMed, Embase, Web of Science, Cochrane Library and Wanfang database will be systematically searched. Furthermore, reference lists of all included articles will be screened manually to add other eligible studies. We will include randomized controlled trials (RCTs) and non-randomized studies (NRS) in this study. The primary outcomes evaluated will be R0 resection rate and disease-free survival, while the secondary outcomes will contain overall survival, length of stay, tumor rupture rate and complications. Two reviewers will independently screen and select studies, extract data from the included studies, and assess the risk of bias of the included studies. Preplanned subgroup analyses and sensitivity analyses are detailed within this protocol. The strength of the body of evidence will be assessed using GRADE





Discussion

This review and meta-analysis will provide a comprehensive evaluation of the current evidence concerning the application of LE and RE in patients with rectal GISTs. The findings from this review will serve as a foundation for future research and emphasize the implications for clinical practice.





Systematic review registration

PROSPERO (CRD42017078338), https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=387409, PROSPERO CRD42017078338.





Keywords: gastrointestinal stromal tumors, GIST, rectal, local excision, radical excision





Introduction

Gastrointestinal stromal tumors (GISTs) arise from the Cajal stromal cells of the gastrointestinal tract (GI) and are the most common type of mesenchymal stromal tumors in the digestive tract (1). GISTs can occur anywhere from the esophagus to the anus but are predominantly found in the stomach (60-70%), followed by the small bowel (20-30%), and approximately 5% in the rectum (2). Although rectal GISTs are less frequent, their malignancy risk is higher than at other sites, making the rectum a worse prognostic factor for GISTs (3).

Surgical resection is the only curative treatment for primary localized GISTs (4, 5). As GISTs seldom have lymph node metastasis, complete resection with negative margins is sufficient, and routine lymphadenectomy is not necessary (6). However, the optimal surgical modality for rectal GISTs remains controversial due to the critical anatomical area, anus preservation, and postoperative urogenital nerve function (7).

Two types of surgical methods are used for rectal GIST resection: local excision (LE) and radical excision (RE). LE has the advantages of less trauma and quicker recovery but poses a higher risk of incomplete resection and disrupting the tumor capsule, potentially increasing the probability of local recurrence (8). RE can achieve complete resection with clear margins but often results in significant early and/or long-term morbidity and a worse quality of life (9). The standard treatment for rectal GISTs has not been developed, and the choice between local and radical excision for localized rectal GISTs is largely influenced by clinician preference and experience (10).

To date, several studies have compared the surgical and oncological outcomes of LE and RE for rectal GISTs (11–14), but some have limited numbers of small series. This study aims to systematically review available literature to compare the impact of LE and RE in localized rectal GIST patients on R0 resection, operation duration, length of stay, recurrence, and survival.





Methods




Protocol and registration

This present protocol has been registered at PROSPERO (ID: CRD42017078338). The protocol follows the reporting guidance provided in the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) statement (see PRISMA-P checklist in Additional file 1 (15)) and will be conducted according to the PRISMA 2020 statement and the standard methodology recommended by the Cochrane Collaboration (16–18).





Inclusion criteria

The inclusion criteria follow the PICOS (population, intervention, comparators, outcomes, and study design) framework (19). All studies meeting the inclusion criteria will be included without restrictions on language and publication year.

• Population: Patients with primary rectal GISTs who underwent surgical resection and had GISTs confirmed by pathological results (Immunohistochemical assay for SDHB, CD117, DOG1, and CD34 and molecular genetic testing for KIT and PDGFRA mutations, as well as other potential drivers (e.g., BRAF, NF1, NTRK, and FGFR fusions) will be included without restrictions on country, race, ethnic origin, age, sex, or occupation (20).

• Intervention: Local excision includes transanal excision, transanal minimally invasive surgery, transanal endoscopic microsurgery, trans-sacral resection, and transperineal resection.

• Comparators: Radical excision includes abdominal-perineal resection, low anterior resection, and Hartmann operation.

• Outcomes and measurement:

Primary outcome: 1.R0 resection rate; 2. disease-free survival.

Secondary outcome: 1.overall survival; 2. length of stay; 3. tumor rupture rate; 4. complications.

• Study designs: The study will also include non-randomized studies (NRS) (case–control studies, and cohort studies) and randomized controlled trials (RCTs). The included studies must report at least one of the prescriptive outcomes in rectal GIST patients who undergo any form of surgery.





Exclusion criteria

	– The presence of metastatic, recurrent or other secondary rectal GISTs.

	– Duplicate texts and articles.

	– Articles with incomplete clinical data after a reasonable attempt at contacting corresponding authors.

	– Any letters, conference abstracts, editorials, case reports, reviews or nonclinical studies without available data will be excluded.

	– Full-text articles cannot be obtained after exhaustive searches.







Information sources and search strategy

A systematic literature search will be performed in PubMed, Embase, Cochrane Central Registry of Controlled Trials to identify all relevant studies from their inception to Sep 10th, 2023. The details of PubMed database search strategy are presented in Additional File 2. Reference lists of all included articles will be screened manually to add additional studies if they meet the eligibility criteria and full text will be retrieved.





Study selection and data extraction

All study records obtained by literature search will be imported in EndNote software. After removing duplicates, two reviewers (L.W and L.C) will conduct articles selection independently based on the eligibility criteria outlined above. First of all, titles and abstracts will be screened for relevance. Next, the two independent reviewers (L.W and L.C) will reassess all potentially relevant full-text articles. The articles screening process will be summarized in a PRISMA flow diagram (21).

Two reviewers (L.W and L.C) will independently complete data extraction for the included studies using a standardized data extraction form. The collected data will include baseline, disease and perioperative characteristics of patients, as well as data relevant to our primary and secondary outcomes. A third reviewer (Z.B) will make the final decision if any conflicts occur in the process of study selection and data extraction which couldn’t be resolved by the two reviewers.





Dealing with missing data

When some required data is missing, we will contact the corresponding author of the article via email. If no response is received in 14 days after the initial contact, we will no longer communicate with the study researcher, and the selected studies will be excluded from the present systematic review and meta-analysis.





Risk of bias assessment

Two independent reviewers (L.W and L.C) will also assess methodological quality/risk of bias of the included studies at the individual study level, and disagreements will be resolved through discussion or by a third reviewer (Z.B) (22). NRS will be assessed using Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) tool (23), while RCTs will be assessed risk of bias with the RoB 2 (24).





Data synthesis

Two reviewers (L.W and L.C) will independently extract data from the included studies, including publication year, primary author name, journal of publication, study type, number of patients, tumor size, type of surgery, surgical approach, margin status, length of stay, and survival. Additional data, such as tumor rupture rate, will also be recorded. Conflicts will be resolved through discussion or by involving a third reviewer (Z.B). If sufficient data is available for a quantitative synthesis, a meta-analysis will be conducted using STATA version 15.0 statistical software (STATA, College Station, TX). Binary data will be reported as odds ratios (OR) with 95% confidence intervals (95% CI) estimated using the Mantel-Haenszel method. For continuous data, mean differences and 95% CI will be estimated using inverse variance weighting. Outcome measures (mean + standard deviation and median + interquartile range) will be recorded. Results with a P-value less than 0.05 will be considered statistically significant.

Heterogeneity will be assessed using the chi-square-based Q test, and the I2 test will quantify the potential impact of heterogeneity on the meta-analysis. For chi-square values with P-value < 0.1, heterogeneity across the included studies will be considered statistically significant. An I² value of 0% to 40% represents “not important”; 30% to 60% represents “moderate heterogeneity”; 50% to 90% represents “substantial heterogeneity” (25). If the I2>50% and P ≤ 0.1, the random effects model will be used for meta-analysis. Any high heterogeneity will be explored through subgroup analysis or sensitivity analysis. Additionally, the study design and characteristics in the included studies will be analyzed.





A priori subgroup analyses

If multiple studies reported homogenous outcomes in the following subgroups, planned subgroup analysis of the primary outcomes include the following:

	Administration of neoadjuvant Tyrosine Kinase Inhibitors (TKIs) Prior to surgery: We will compare cases where TKIs were utilized before surgery to those where they were not. The application of neoadjuvant TKIs can effectively decrease tumor volume, subsequently downstage the clinical condition, and therefore limit the need for extensive surgical intervention, thus preventing unnecessary organ resection.

	Use of adjuvant TKIs post-operation: The analysis will contrast outcomes from instances where TKIs were employed following the surgical procedure to those where they were not. The application of adjuvant therapy has demonstrated a substantial improvement in recurrence-free survival duration, indicating its suitability for patients with an intermediate to high risk of recurrence.

	Propensity score analyses in non-randomized studies (NRS): The comparison will be between scenarios where propensity score analyses were undertaken versus where they were not. The implementation of propensity score analyses potentially leads to a relative balance in baseline characteristics, mitigating inherent biases.







Sensitivity analysis

To exclude the situation that the results of the meta-analysis are substantially influenced by the presence of any individual study, we will conduct a sensitivity analysis by removing studies with a high risk of bias.





Meta-biases and quality of evidence

When over ten studies are available, funnel plot will be used to examine publication bias (25). We will use the GRADE approach to assess the quality of findings systematically, which is considered an effective method to provide detailed information on assessments (26, 27). The quality of findings will be classified as high, moderate, low, and very low according to four dimensions: risk of bias, inconsistency, indirectness, and imprecision. High-quality findings will indicate a high grade of confidence in efficacy and quality of intervention. The GRADE assessments will be presented in a summary table.






Discussion

Over the past decade, numerous studies have been published on the topic of local excision versus radical excision for rectal GISTs. However, the optimal choice between these surgical approaches remains a subject of debate. This review and meta-analysis aims to provide a comprehensive evaluation of the current evidence concerning the application of local excision and radical excision in patients with rectal GISTs. The findings from this review will serve as a foundation for future research and emphasize the implications for clinical practice.
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Response to NCRT, n (%)
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Model C2 test
pre-Radiomics 0.93 + 0.06 092 +0.06 0.90 + 0.07 0.79
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*mAUC' means the mean AUC based on 5-fold cross-validation.
**mAUC” means the mean AUC based on 10-fold cross-validation.
***mAUC? means the mean AUC based on the leave-one-out method.
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Enrolled Patients

(From October 2017 to August 2022 in The First Affiliated Hospital of Hebei North
University and The Fourth Hospital of Hebei Medical University)

Patients enrolled in this retrospective study N=84

1.With pathology proven primary rectal adenocarcinoma

2.With LARC

3.With receiving nCRT and TME

4.With preoperative MRI data

N=105 patients

1.With other history of malignancy (N=6)

2.Without completing the standard nCRT(N=38)

3.With no available pathological record(N=4)

4.Without MRI scans record(N=3)

Pre-radiomics of MRI for Delta-Radiomics of MRI for
pretreatment prediction in pretreatment prediction in
LARC N=84 LARCN=77
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Selection Comparability =~ Exposure Scores
Adequate  Representat- = Selection Definition Control for Ascertain-  Same
definition  iveness of of controls  of controls  Important ment of method
of cases the cases factor exposure of
ascertain-
ment for
cases
and
controls
Hyun-2012 | * * * * *Kk * * - 8
Lee-2015 * * * * * * * - 7
Liu-2018 * * * * **k * * - 8
Li-2018 * * * * * * * - 7
Park-2015  * * * * *k * * = 8
Choi-2021 % * * * *k * * - 8

"% and " " mean 1 and 2 points respectively.
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Author- Country Period

year

Hyun-2012 Korea 13 29 Retrospective | 2009- 542+127 | 60.3+123 | NA NA >25 >25 8

(24) 2010

Lee-2015 (26)  Korea 31 89 Retrospective  2003- 58.1%114 | 62.0£102 | 26/5 56/33 269+1.8 | 268:19 7
2010

Liu-2018 (27)  China 16 29 Retrospective  2017- 64 (53- 63 (55- 15/1 23/6 >30 >30 8
2017 67) 68)

Li-2018 (23) China 40 44 PSM 2013- 53.4+11.2 53.6+10.8 28/12 30/14 >25 >25 4
2017

Park-2015 (25) | Korea 43 268 Retrospective | 2009- 5774110 | 62.3+102 | 32/11 188/80 269430 | 256%27 8
2011

Choi-2021 Korea 54 62 Retrospective | 2010- 5054125 | 63.0+14.5 | 40/14 45/17 26528 | 266%25 8

(28) 2018

RG, robotic gastrectomy; LG, laparoscopic gastrectomy; M/F, male/female ratio; PSM, propensity score matching; RCT, randomized controlled trial; NOS, Newcastle-Ottawa Scale; NA, not available.
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RG LG Mean Difference Mean Difference
_Study or Subgroup Mean _ SD Total Mean SD Total Weight Mﬂmﬂ%ﬂiﬁl—%‘%ﬂ—

Lee-2015 65 38 31 65 3.2 89 84% 0.00[-1.49, 1.49] 2015
Park-2015 76 25 268 77 42 43 11.3% -0.10[-1.39,1.19] 2015 1
Li-2018 6.5 1.5 40 75 51 44 7.6% -1.00[-2.58,0.58] 2018 T
Liu-2018 11 0.875 16 12 075 29 727% -1.00[-1.51,-0.49] 2018 |
Total (95% CI) 355 205 100.0% -0.81 [-1.25, -0.38] ¢

o = - S0 b 4 4 i
Heterogeneity: Chi = 2.88, df = 3 (P = 0.41); I = 0% 10 5 0 5 10

Test for overall effect: Z = 3.68 (P = 0.0002)
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RG LG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% Cl
Li-2018 35 15 40 38 14 44 194% -0.30[-0.92,0.32] 2018 ==
Liu-2018 35 05 16 4 05 29 80.6% -0.50[-0.81,-0.19] 2018 |
Total (95% CI) 56 73 100.0% -0.46 [-0.74, -0.19] *
Heterogeneity: Chi? = 0.32, df = 1 (P = 0.57); I = 0% A . 3

Test for overall effect: Z = 3.30 (P = 0.0010)
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RG LG Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI Year IV, Fixed, 95% CI
Li-2018 27 07 40 29 11 44 132% -0.20[-0.59,0.19] 2018
Liu-2018 2025 16 25 025 29 86.8% -0.50[-0.65,-0.35] 2018
Total (95% CI) 56 73 100.0% -0.46 [0.60, -0.32] ¢
Heterogeneity: Chiz = 1.96, df = 1 (P = 0.16); I2 = 49% ;1 2 2

Test for overall effect: Z = 6.35 (P < 0.00001) RG LG
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RG LG 0Odds Ratio Odds Ratio

_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed.95%ClYear  M-H.Fixed.95%Cl

Park-2015 2 43 22 268 262%  0.55[0.12,2.41] 2015 - "1
Lee-2015 703 16 89 289%  1.33[0.49,3.62] 2015 -
Li-2018 5 40 5 44 188%  1.11[0.30,4.18] 2018 ——
Choi-2021 2 43 22 268 262%  0.55[0.12,2.41] 2021 —
Total (95% Cl) 157 669 100.0%  0.88 [0.47, 1.63] -
Total events 16 65
2 = 12 = 0% t + + {
Heterogeneity: Chi? = 1.58, df = 3 (P = 0.66); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 0.41 (P = 0.68) RG LG
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RG LG Mean Difference

dy or Subgrou Mean D Total Mean D Total Weight IV, Random, 95% CI Year

Hyun-2012 234 7 13 322 125 29 171% -8.80[-14.73,-2.87]
Park-2015 33 112 268 312 112 43 20.6% 1.80 [-1.81, 5.41]
Lee-2015 369 11.1 31 371 137 89 18.8% -0.20 [-5.03, 4.63]
Li-2018 305 112 40 304 104 44 19.1% 0.10 [-4.54, 4.74]
Liu-2018 376 13.1 16 316 163 29 13.1%  6.00[-2.74, 14.74]
Choi-2021 545 31 54 38 233 62 114%  16.50 [6.40, 26.60]
Total (95% ClI) 422 296 100.0% 1.50 [-3.25, 6.26]

Heterogeneity: Tau? = 25.26; Chi2 = 21.21, df = 5 (P = 0.0007); I? = 76%
Test for overall effect: Z = 0.62 (P = 0.54)
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Clinicopathological

o Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
characteristics
HR (95% Cl) P HR (95% Cl) P HR (95% CI) P HR (95% Cl) P
Gender
Male 1 - 1 s
Female 0.661 (0.310-1.407) 0283 0.745 (0.364-1.528) 0422

Age (years)

<=65 1 - 1 -
>65 1.464 (0.817-2.621) 0.200 1.284 (0.721-2.286) 0396
CEA (ng/ml)
<5 1 1 1 1
>=5 3.162 (1.728-5788)  <0.001 218 (1 665 <0.001 2794 (1.538-5.077) 0.001 2646 (1.220- 0.002
B . E - ; 6.066) ) . : : : 4.933) h
CA19-9 (u/ml)
<37 1 1 1 1
3.051 (1.544- 2703 (1.371-
>=37 4.025 (2.146-7.550) <0001 0.001 3561 (1.908-6.644) <0.001 0.004
6.029) 5331)

Macroscopic type

12 1 1 1 1
1.168 (0.471- 1.137 (0.473-
3-4 2,298 (1.078-4.900) 0031 0738 2.143 (1.044-4.400) 0038 0774
2.894) 2.731)

Tumor size (cm)

<5 1 1 1 1
1.125 (0.606- 1.249 (0.678-
>=5 1.875 (1.078-3.260) 0026 0710 1.929 (1.121-3.320) 0018 0475
2.087) 2300)

Differential grade

well 1 = 1 -
Poorly 1111 (0.608-2.032) 0.731 1.256 (0.690-2.287) 0455
cT stage
cT1-2 1 1 1 1
G 5.217 (1.267- s 1.086 (0.211- 655 3.519 (1.096- Giish 0.894 (0.219- 496
21.478) 5.582) 11.292) 3.643)
cN stage
<NO 1 - 1 -
N+ 1.452 (0.837-2.520) 0.185 1.423 (0.829-2.445) 0.201
pT stage
Tl 1 1 1 1
T2-4 2.352 (1.604-3.448) <0.001 1‘8226_9(516;30' 0.014 2.056 (1.432-2.952) <0.001 1'5?5(3;?06' 0.047
pN stage
NO 1 1 1 [ 1
| N1-3 1.339 (1.051-1.705) 0.018 1186 (0.851- 0.260 1.334 (1.052-1.690) 0.017 1.196 (0.893- 0.230
1.596) 1.601)
pTNM stage
1 1 1 1 1
1111 2.587 (1.651-4.053) <0.001 1261 (0ot 0.500 2314 (1.519-3.524) <0.001 12020627 0.576
2.476) 2313)

08, overall survival; RES, relapse free survival; sSPAN, small para-aortic lymph node; HR, hazard ratios CI, confidence interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen
19-9; T, clinical T; cN, clinical N; pT, pathological T; pN, pathological N pTNM, pathological tumor-node-metastasis.
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PAN (N=98) (%)

Male, n (%) 79 (80.6) 398 (69.9) XP=4.668 0031
Age (year, mean + SD) 57.9 £123 59.0 + 10.8 t=0.821 0413
NAC, n (%) 15 (15.3) 35 (62) X*=10.105 0.001
CEA elevated, n (%) 19 (19.4) 98 (17.2) X*=0271 0.603
CA19-9 elevated, n (%) 15 (15.3) 68 (12.0) X=0.864 0353
Tumor location, n (%) X*=0.580 0.446
Upper 26 (26.5) 154 (27.1)
Middle 30 (30.6) 176 (30.9)
Low 27 (27.6) 178 (31.3)
Total 15 (15.3) 61 (10.7)
Macroscopic type, n (%) X*=7.026 0.008
142 25 (255) 225 (39.5)
3+4 73 (745) 344 (60.5)
Tumor size (cm, mean + SD) 447 £2.59 424 245 1=0.847 0397
Differential grade, n (%) X*=0.799 0.371
Well 29 (29.6) 144 (25.3)
Poorly 69 (70.4) 425 (74.7)
T stage, n (%) X?=6.081 0.014
cT1+2 13 (13.3) 140 (24.6)
cT3+4 85 (86.7) 429 (75.4)
N stage, n (%) X?=18.257 <0.001
NO 49 (50) 408 (71.7)
N+ 49 (50) 161 (28.3)
pT stage, n (%) X*=2918 0.404
Tl 10 (10.2) 93 (16.3)
T2 18 (18.4) 92 (16.2)
T3 45 (45.9) 231 (40.6)
T4 25 (25.5) 153 (26.9)
PN stage, n (%) | [ X*=16.447 0.001
NO 39 (39.8) 309 (54.3)
N1 26 (26.5) 115 (20.2)
N2 17 (17.3) 110 (19.3)
N3 16 (16.3) 35(6.2)
PTNM stage, n (%) X*=2.306 0.316
1 19 (194) ' 141 (24.8)
I 31 (31.6) 191 (33.6)
m 48 (49.0) 237 (41.7)
Harvested LNs (mean + SD) 323+132 ‘ 30.5 +16.2 t=1.203 0.231
Metastatic LNs (mean + SD) 6.0+83 39+59 t=2.415 0.017

SPAN, small para-aortic lymph node; nPAN, non para-aortic lymph node; NAC, neoadjuvant chemotherapy; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; LN, lymph
node.
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Fact B SE Wald df Exp(B) 95% Cl

Gender 0426 0278 2352 1 1532 ‘ 0.888-2.641 0.125
Macroscopic type -0.364 0.267 1.863 1 0.695 ‘ 0412-1.172 0.172
cT stage -0.275 0343 0.643 1 0.760 ‘ 0.388-1.487 0.423
N stage -0.747 0230 | 10543 1 0.474 ‘ 0.302-0.744 0.001
PN stage [ -0.194 0.109 3.160 1 0.824 ‘ 0.665-1.020 0.075

SPAN, small para-aortic lymph node; SE, standard error; Cl, confidence interval.
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Clinicopathological

; Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
characteristics
HR (95% Cl) P HR (95% Cl) 2 HR (95% Cl) 7 HR (95% Cl) 2
Gender
Male 1 1
0780 (0.592- 0.779 (0.595-
Female 0.078 - 0071
1.029) 1.021)
Age (years)
<=65 1 1 1 1
1.637 (1.273- 1.621 (1.250- 1.518 (1.185- 1.489 (1.154-
>65 <0.001 <0.001 0.001 0.002
2.106) 2.103) 1.944) 1.922)
CEA (ng/ml)
<5 1 1 1
1.384 (1.027- 0.951 (0.694- 1.300 (0.966-
>=5 0.033 0755 0.083 -
1.866) 1.303) 1.750)
CA19-9 (u/ml)
<37 1 1 1 1
2270 (1.672- 1.484 (1.082- 2.037 (1.499- 1.319 (0.961-
>=37 <0.001 0.014 <0.001 0.087
3.082) 2.035) 2.767) 1.811)
Macroscopic type
1-2 1 1 1 1
2077 (1.579- 1.031 (0.742- 1.977 (1.517- 1.027 (0.746-
34 0.001 0.857 0.001 0.872
2733) < 1433) 2577) e 1413)
Tumor size (cm)
<5 1 1 1 1
2201 (1.731- 1.365 (1.027- 2.121 (1.676- 1.349 (1.021-
= X .032 .001 X
>=5 2799) <0.001 1815) 0.03 2.684) <0.00 L783) 0.035
Differential grade
well 1 1 1 1
1555 (1.153- 1.150 (0.830- 1.490 (1.116- 1.098 (0.800-
Poorl .004 401 X 564
oorty 2.096) 000 1593) 040 1.990) 0007 1.507) 036
PAN status
SPAN 1 1 1 1
P 0.662 (0.488- s 0.706 (0.514- diis 0.667 (0.495- 0.6 0.728 (0.533- i
0.899) 0.970) 0.900) 0.994)
cT stage
cT1-2 1 1 1 1
g 3313 (2.225- i 0.943 (0.599- 75 2.891 (2.000- S 0.897 (0.588- 503
4.933) 1.483) 4.179) 1.368)
cN stage
cNO 1 1 1 1
1.616 (1.263- 1.184 (0.916- 1.546 (1.214- 1.149 (0.893-
N+ <0.001 0.197 <0.001 0.280
2.066) 1.531) 1.969) 1.478)
pT stage
T1 1 1 1 1
2.198 (1.888- 1.658 (1313 2109 (1.823- 1,593 (1.272-
T2-4 0.001 0.001 0.001 0.001
2557) < 2.004) < 2.441) < 1.996) <
pN stage
No 1 1 1 1
1.489 (1.328- 1.110 (0.961- 1475 (1.318- 1.107 (0.961-
NI- .001 .1 001 .1
3 1.670) <000 1.282) 0155 1.651) <000 1.275) 0158
pPTNM stage
1 1 1 1 1
2746 (2.269- g 089- ¥ .184- : 115
s 6 (2.269 <5 1.499 (1.089 0% 2621 (2.184 B 1519 (1115 s
3323) 2.062) 3.146) 2.070)

08, overall survival; RES, relapse free survival; HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; PAN, para-aortic lymph node;
nPAN, non para-aortic lymph node; cT, clinical T; cN, clinical N; pT, pathological T; pN, pathological N; pTNM, pathological tumor-node-metastasis.
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LGV

'RGA branch : LGV branch 3LGA branch Aberrant left
distance (mm) dir:tl(r)ms distance (mm) distance (mm) hepatic artery
1 GCT GDA | GDA 47 PV(p) 285 32 Absent
2 GCT GDA | PHA 53 SV(a) 234 104 Absent
3 SMV RGEA | PHA 48 PV(p) 17.5 115 Absent
4 GCT GDA I PHA 69 PV(p) 20.2 137 Accessory
5 SMV RGEA | GDA 68 Left portal 36 Absent
vein
6 GCT RGEA | GDA 38 PV(p) 157 64 Absent
7 SMV RGEA | LHA 25 SV(a) 168 5.1 Absent
8 GCT RGEA | PHA 27 PV(p) 23.0 5.1 Absent
9 GCT GDA | PHA 9.1 PV(p) 111 76 Absent
10 SMV RGEA | *Trifurcation = - PV(p) 215 34 Absent
11 GCT GDA | PHA 141 SV(a) 30.0 76 Absent
12 GCT RGEA | PHA 86 PV(p) 194 36 Replaced
13 GCT GDA | PHA 7.1 PV(p) 25.0 9.0 Absent
14 GCT RGEA PHA 4.5 SV(a) 19.3 *Trifurcation Absent
15 GCT GDA LHA 9.0 PV(p) 21.1 *Trifurcation Absent
16 SMV RGEA | PHA 25 PV(p) 222 4.1 Accessory
17 GCT GDA I PHA 93 PV(p) 24.0 6.1 Absent
18 GCT RGEA | PHA 64 PV(p) 193 36 Absent
19 GCT GDA | PHA 10.6 SV(a) 17.8 70 Absent
20 GCT GDA | LHA 129 SV(a) 222 9.0 Absent
21 SMV RGEA | PHA 52 SV(a) 20.0 35 Absent
22 GCT GDA » PHA 6.1 PV(p) 23.0 56 Absent
23 SMV RGEA | PHA 7.8 SV(a) 29.4 *Trifurcation Absent
24 GCT RGEA | GDA 32 PV(p) 19.9 54 Accessory
25 GCT GDA | GDA 48 SV(a) 18.7 *Trifurcation Absent
26 GCT RGEA | LHA 6.9 SV(a) 33.0 122 Replaced
27 GCT RGEA | *Trifurcation = — SV(a) 354 *Trifurcation Absent
28 GCT GDA | GDA 40 PV(a) 16.8 56 Absent
29 SMV GDA | PHA 50 SV(a) 25.1 16 Absent
30 GCT RGEA | PHA 114 PV(p) 252 57 Absent

RGEV, right gastroepiploic vein; GCT, gastrocolic trunk; SMV, superior mesenteric vein; IPA, infrapyloric artery; GDA, gastroduodenal artery; RGA, right gastric artery; PHA, proper hepatic
artery; LHA, left hepatic artery; LGV, left gastric vein; PV, portal vein; SV, splenic vein; LGA, left gastric artery.

! RGA branch distance is measured from the RGA root to the point the common hepatic artery divides into the GDA and the PHA.

LGV branch distance is measured from the LGV drainage point to the point the common hepatic artery divides into the GDA and the PHA.

*LGA branch distance is measured from the LGA root to the point the celiac trunk divides into the common hepatic artery and the splenic artery.

*Three or more vessels are branched at the same point.

A or P in parentheses indicates the positional relationship with the common hepatic artery and the LGV drainage point;

anterior; p, posterior.
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Matched groups

No. (%)
Characteristics RUS applied (N = 30) Non-RUS applied (N = 30) P value
*Age, mean (SD), years 53.6 (10.8) 54.0 (10.8) 0.896
*Sex >0.999
Male 13 (43.3) 12 (40.0)
Female 17 (56.7) 18 (60.0)
*BMI, mean (SD), kg/m2 [ 232 (2.8) 231 (3.2) 0.892
ASA score ‘ >0.999
12 24 (80.0) 23(76.7)
34 6(20.0) 7(23.3)
Previous abdominal surgery 0.144
Yes 11 (36.7) 5(16.7)
No [ 19 (63.3) 25 (83.3)
Clinical T stage 0765
cT1 20 (66.7) 21 (70.0)
T2 6 (20.0) 3 (10.0)
T3 3(10.0) 4(13.3)
cT4a 1(3.3) 2(6.7)
Clinical N stage 0.506
N0 27 (90.0) 25 (83.3)
cN1 1(33) 4(13.3)
N2 2(6.7) 1(33)
*Extent of lymph node dissection ‘ 0.784
<D2 21 (70.0) 19 (63.3) ‘
D2 9 (30.0) 11 (36.7)
*Reconstruction 0.842
Billroth T 24 (80.0) 24 (80.0)
Billroth IT 3(13.3) 4 (10.0)
Roux-en-Y gastrojejunostomy 3(6.7) 2(10.0)
Anesthesia time, 2186 (34.7) 230.3 (50.3) 0.299

mean (SD), min

Operation time, 177.1 (34.9) 1939 (50.3) 0.137
Mean (SD), min

Robot console time, 129.3 (34.4) 147.4 (48.3) 0.101
Mean (SD), min

Estimated blood loss, 46.5 (37.7) 44.0 (43.1) 0.809
Mean (SD), ml
Tumor size, Mean (SD), mm 29.4 (18.9) 292 (187) 0.958
Pathologic T stage 0.849
pT1 22 (73.4) 20 (66.7)
pT2 3 (10.0) 3 (10.0)
pT3 4(133) 4(133)
pT4a 1(3.3) 3 (10.0)
Pathologic N stage 0.814
pNO 22 (73.3) 20 (66.7)
PN1 4(13.3) 5(16.7)
pN2 2(6.7) 4(133)
PN3 2(67) 1(3.3)
Ajcc 8™ 0718
Stage I 23 (76.7) 20 (66.6)
Stage 11 4(13.3) 5(16.7)
Stage 111 3 (10.0) 5(16.7)

SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiology; T stage, Tumor stage; N stage, Lymph Nodes stage; AJCC, American Joint Committee on Cancer.
*Matched variable: Age, Sex, BMI, Extent of lymph node dissection, Reconstruction.
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Study Site Intervention p- Age p- BMI p- ASAscore  p- Tumor P T stage p- N stage - TNM P
value (years) value value (/mmy value size (cm) value = (T1/T2/ (NO/N+) value stage (I/ value
T3/T4) HAI/V)
CLASS-01 | China LDG 519 (380/139) | 0019 | 565=104 | 0306 | 227+32 | 0940 - 40220 | 0580 - - - — | su7z2ier | 0sas
multicenter 11
oDG 520 (346/174) 558111 27:32 40421 = = 1521138/
218
KLASS-02 | Korea LDG 492 (351/141) | 0574 | 598110 | 0620 | 235+29 | 0203 | 23922825 | 0933 | 46%25 [ 0779 | 1377104/ | 0731 | 223269 | 0999 | 178/148/ | 0310
‘multicenter 132/119 166/0
oDG 482 (335/147) 594115 27+33 235/225/22 46423 1257113/ 2197263 1651167/
135/109 150/0
Wang China LDG 222 (144/78) | 0338 | 59.4+124 | 0291 | 231231 | 0243 | 96/12412 | 0209 | 36+18 | 0106 | 58/45/65/5¢ | 0.656 | 100122 | 0662 | 75/63/80/4 | 0982
etal ‘multicenter
(019 oDG 220 (133/87) 606102 25+33 83/131/6 39+22 52/35/71/62 93/127 68/63/83/6
Patk et al. | Korea LDG 100 (69/31) | 0846 | 58689 | 0648 | 237230 | 0419 - - - - - - — [ Le220m8n | 0553
(2018) multicenter
onG 96 (65/31) 60.1+82 233+31 - - - - 36/3312314
Lietal | China LDG 47.(33014) | 0740 | 590+32 | 0440 | 235:10 | 0.670 — 25+04 | 0500 | 8901759 097 24123 007 | 13181200 | 064
(2019) single-center
onG 48 (33/15) 610+22 26+09 25405 10/7119/9 32116 16/19/10/0

Bl b s il L dnemmssnnie distal mashiestonne PILE. anen kb aashesioims: S AEL serviier ot patenie heitiemmis
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Outcomes Anticipated absolute effects® (95% Cl) Relative effect No. of Certainty of

— S (95% CI) participants evidence
Risk with ODG Risk with LDG G (GRADE)
Intraoperative 33 per 1000 43 per 1,000 (26-71) OR 129 (0.78-2.14) 1677 3RCTs) | @8O0
complications LOWP<
Overal pastoperative | 209 per 1000 148 per 1000 (98-226) ORO071 (047-108) | 2746 (SRCTs) | @600
complications Lowed
Severe postoperative | 61 per 1,000 51 per 1,000 (37-71) OR 033 (060-1.16) 2746 (5RCTs) | @880
complications MODERATE"
‘Harvested lymph nodes | The mean harvested lymph | The mean harvested lymph nodes in the - 2746 (5RCTs) | @080
nodes were 3971 LDG group were 1.25 lower (2.35 lower to 'MODERATE®
0.14 higher)
RO resection 985 per 1000 1,891 per 1,000 (207-17,119) OR 1.92 (021-17.38) 1209 3RCTs) | @800
Low"<
D2 lymphadenectomy | 986 per 1,000 1,942 per 1,000 (887-4,240) OR 1.97 (090-4.30) 2746 (5RCTs) | @880
'MODERATE™
Operative time The mean operative time | The mean operative time in the LDG group - 2746 5RCTs) | 8800
was 181.74 min ‘was 49.24 min higher (3263 lower to 65,84 Low™
higher)
Estimated blood loss | The mean estimated blood | The mean estimated blood loss in the LDG - 2455 (3 RCTs)
loss was 159.82 mL. group was 33.64 mL lower (62.24 lower to VERY LOW*
5.03 higher)
Postoperative length of | The mean postoperative The mean postoperative length of hospital - 2746 (5RCTs) | @080
hospital stay length of hospital stay was | stay in the LDG group was 0.66 days lower MODERATE"
1022 days (108 lower to 0.23 higher)
Time to first flatus The mean time to first flatus | The mean time to first flatus in the LDG - 1550 (4 RCTs) | @860
was 354 days group was 0.17 days lower (0.27 lower to MODERATE"
0.07 higher)

Cl. confidence interval; LDG, aparoscopi distal gastrectomy; ODG, open distal gastrectomy; RCTS, randomized controlled trals; OR, 0dds ratio.
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%
Ci.

“The majoriy of studies did not blind partcipants, heakthcare providers, and outcome assessors

“Low number of RCTs [n = 3

“Strong evidence for statisical heterogeneity.

“Wide confidence intervals.
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Study or Subgrou;
CLASS-01 {Hu 2018
L2018

47 (] 48 24% 5§.33[025 114.03) 2018
Wang 2019 1 2 20 103%  049[004,548 2019
KLASS-02 (Hyung 2020) § 4 15 482 770%  051[022123] 2020
Total (9% CI) 1280 1270 100.0%  0.73[0.37,1.49
Total events 14 19

g 07, df =3P = 040) oo
Test for overall effect Z=0.90(P= 037)

Study or Subgrou Events Total Events Totdl Weight MH Fixed, 9% Cl Year

CLASS 01 (Hu 2016) 520 608%  1.00[0.35 288] 2016

L2018 48 129%  033(0.01,839) 2018

Wang 2019 2w 3 20 263%  066[0.11,397) 2018
788 788 100.0%  0.82[0.35, 1.96]

Total (98 CI)
Total svents
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— = e
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100
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Ted for overall effect Z= 0.44 (P = 0.66) FavoursLDG Favours 0DG

C Odds Ratio

Study or Subgroup Events Totd Events Totd Weight MH leed 95“»CIYeav EH, Fixed, 98% CI
CLASS-01 (Hu 2016) 2 503[0.24,105.01] 2016
2018 0 47 1 48 28% 033001839 2008 — [

Wang 2019 0 22 120 233% 033001813 000 — ¥
KLASS-02 (Hyung 2020) 9 492 3 48 462%  298[080,1106 2020 T

Tntal 1957., oy 1280 1270 100.0% 191074 496] -

wcn? i, d= 3(P 0.38), = -1% : y g !
001 01 10 100

Tea fnnweval\ effect: 2= 1.34 (P=0.18) FavousLDG Favours 0DG

D LDG 0DG 0dds Ratio OddsRatio

Study or Subgroup __ Events Total Events Total Weight Kl-H.Fixed. 95 CI Year M-H, Fixed, 95% CI

CLASS-01 (Hu 2016) 5 519 6 520 320% 083[025275 2016 —

L2018 2 48 153%  067[011,4.18] 2019 = &

Wang 2019 6 222 10 220 527%  058(0.21,1.63) 2018 —

Tnlal (95’u [o]] 788 788 1000%  0.68[0.33 1.38] >

13 19
e 0o o1 10 100

Teg fnrweval\ effect Z 1(]7(P OZE) FarowsLDG FavoursODG

E 0ddsRatio

Study or Subgroup Evems Totd Events Total Welgln L8 H F|xed 95’» Cl Year M-H, Fixed, 95% CI

CLASS-01 (Hu 2016) 29 519 25 ﬁZU 17(068,2.03) 2016 .

i2018 2 049[009,231] 2019 - 1
Wang 2019 10 222 ﬂ 220 154% 1.25(048,3.23) 2018 N

KLASS-02 (Hyung 2020) 1242 15 482 207%  0.78(0.36,1.68) 2020 —
Total (95 Cl) 1280 1270 100.0%  1.02[0.69, 1.50] L 2
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Study details

General information

Trial registration number

First author

Year of publication

Country or region

Single centered or multicentered
Study time-frame/duration

Study eligibility

Study design
Participants
Interventions
Controls

Outcome measures

Confounding variables

Include or exclude: Include [] Exclude

Reason(s) for exclusion

Characteristics of included studies

Sample size

Lap-TAPB group (dosage and regimen of local anesthetic)
US-guided TAPB group (dosage and regimen of local anesthetic)
Perioperative analgesia protocol (besides TAPB)

Data source

Age (mean or median) (years)

Gender distribution (male-female ratio)

Follow-up period (mean and range) (months)

Subgroups

Key conclusion(s)

Primary outcomes

Opioid consumption at 24 hours postoperatively

Pain scores at 24 hours postoperatively

Secondary outcomes

TAPB-related adverse event

Overall postoperative 30-day complication (= Clavien Dindo grade IT)
Postoperative 30-day ileus (POI)

Postoperative 30-day surgical site infection (SSI)
Postoperative 7-day nausea and vomiting (PONV)

Length of postoperative hospital stay (LOS)

TAPB, transversus abdominis plane block; US, ultrasound.
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Sea

Sea erms

#1 (colon*) OR (colonic) OR (right-colon) OR (left-colon) OR (col*) OR (colorectal) OR (colectomy) OR (mesocol*) OR (mesocolonic) OR (hemicol*) OR
(hemicolectomy) OR (CME)

#2 (sigmoid*) OR (sigmoid colon) OR (rectosigmoid) OR (proctosigmoid)

#3 (rect*) OR (rectum) OR (rectal) OR (proct*) OR (proctectomy) OR (mesorect*) OR (mesorectum) OR (TME)

#4 ' (anal) OR (anus) OR (transanal) OR (trans-anal)

#5 (diverticul*) OR (diverticular) OR (diverticulitis) OR (diverticulosis) OR (diverticulitides)

#6 (volvulus) OR (intestinal volvulus) OR (colonic volvulus) OR (torsion)

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 (transversus abdominis plane block) OR (transversus abdominis plane) OR (TAPB) OR (TAP) OR (tapb) OR (tap)

#9 (laparoscop*) OR (laparoscopic) OR (hand-assisted laparoscopy) OR (peritoneoscopy) OR (peritoneoscopic)

#10 (robot*) OR (robotic) OR (robot-assisted)

#11 (minimally invasive) OR (MIS) OR (TAMIS) OR (natural orifice specimen extraction) OR (NOSE) OR (NOSES)

#12 #9 OR #10 OR #11

#13 #7 AND #8 AND #12

This search strategy will be modified as required for other electronic databases.
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previous Identification of new studies via databases and registers

Studies included in
previous version of
review (n=)

Reports of studies
included in previous
version of reviews

(n=)

Records identified from:
CENTRAL (n=);
PubMed (n=);

Embase (n=);

ICTRP (n=);
ClinicalTrials.gov (n=)

|

Records screened (n=)

l

Records sought for retrieval

(n=)
l

Records assessed for eligibility
—

(n=)

New studies inclued in review

(n=)
Reports of new inclued studies

(n=)

Total studies inclued in review
(n=)

L, Reports of total inclued studies

(n=)

Records removed before
screening:

Duplicated records removed
(n=)

Records marked as ineligible
by automation tools (n=)
Records removed for other
reasons (n=)

Records excluded (n=)

— Records not retrieved (n=)

Records excluded :

1. Not controlled studies (only
laparoscopic or US-guided
TAPB) (n=)

2. Absence of outcomes of
interest (n=)

3, Insufficient data to be
extracted and synthesized (n=)
4. Written in non-English
languages (n=)

5. For other reasons (n=)

previous Identification of new studies via other methods

Records identified from:
Websites (n=);
Organisations (n=);
Citation searching (n=);
etc:

Records sought for retrieval

(n=)
l

Records assessed for eligibility

(n=)

— Records not retrieved (n=)

Records excluded :

1. Not controlled studies (only
laparoscopic or US-guided
TAPB) (n=)

2. Absence of outcomes of
interest (n=)

3, Insufficient data to be
extracted and synthesized (n=)
4. Written in non-English
languages (n=)

5. For other reasons (n=)
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Operative time
(mean + SD*)

Blood loss (median [range])

Extraction site, transanal/transabdominal
Ligation level of IMAS, high/low ligation
Anastomosis level from the anal verge
Prophylactic stoma

Anastomotic perfusion score, 1/2/3/4/5

Change in surgical plan

Colonic vascular perfusion assessment

ICG group
n=143

178 + 36 min®

200 (50-450) ml
129 (90.2%)/14 (9.8%)
139 (97.2%)/4 (2.8%)

23+12cm

122 (85.3%)

0 (0%)/2 (1.4%)/16 (11.2%)/27 (18.9%)/98 (68.5%)

18 (12.5%)

Non-ICG group
n=143

171 + 34 min

200 (50-450) ml
125 (87.4%)/18 (12.6%)
134 (93.7%)/9 (6.3%)
26+ Llcm
124 (86.7%)
0 (0%)/2 (14%)/5 (3.5%)/33 (23.1%)/103 (72.0%)

7 (4.9%)

0.451

0.911

0.453

0.156

0.080

0.733

0.180

0.023

ICG, indocyanine green.
“SD, standard deviation.

°min, minutes.

“IMA, inferior mesenteric artery.
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Age (median [range])
Sex, M/F

BMI (median [range])
ALB (median [range])
ASA, 1/11/111
Comorbidities
Diabetes
Hypertension
Cardiovascular disease
Smoking history
Cirrhosis

Steroid use

Tumor diameter
(median [range])

Distance from the anal verge (median [range])
TNM stage, I/II/ITI/IV

Neoadjuvant CRT®

Colonic vascular perfusion

ICG group
n =143

69 (41-90) y*

73 (51.0%)/70 (49.0%)
23.9 (17.0-30.8) kg/m*
41.1 (29.3-53.7) g/L
8 (5.6%)/128 (89.5%)/7 (4.9%)
23 (16.1%)

10 (7.0%)

13 (9.1%)

6 (4.2%)

13 (9.1%)

3 (2.1%)

1 (7.0%)
43 (1-9) cm

3.8 (1.6-8.4) cm

assessment

Non-ICG group
n=143

67 (40-88) y
71 (49.7%)/72 (50.3%)
243 (17.4-30.8) kg/m?
42.1 (29.1-549) g/L
9 (6.3%)/126 (88.1%)/8 (5.6%)

28 (19.6%)

15 (10.5%)

11 (7.7%)

10 (7.0%)

18 (12.6%)

5(2.1%)

1(7.0%)
40 (1-9) cm

3.9 (2.0-8.3) cm

41 (28.7%)/34 (23.8%)/68 (47.6%)/0 (0%) 38 (26.6%)/28 (19.6%)/71 (49.7%)/2 (1.4%)

80 (55.9%)

75 (52.4%)

ICG, indocyanine green; BMI, body mass index; ALB, albumin; ASA, American Society of Anesthesiologists.

%y, years.
PCRT, chemoradiotherapy.

0.106

0.812

0.147

0.219

1.000

0.440

0.297

0.670

0.303

0.342

0.722

1.000

0.257

0.085

0.500

0.553
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343 CRC patients underwent
curative resection between
2013-2018

Stage IILIV
(326 patient)

Emergency surgery
(5 patient)

Missing data
(3 patient)

101 CRC patients at stage 11l

MLN diameter < 1.05¢cm MLN diameter = 1.05cm
55 patient) (46 patient)
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Colonic vascular perfusion assessment

ICG group Non-ICG group
n =143 n =227
Age (median [range]) 69 (41-90) y* 64 (22-87) y <0.001
Sex, M/F 73 (51.0%)/70 (49.0%) 119 (52.4%)/108 (47.6%) 0.798
BMI (median [range]) 23.9 (17.0-30.8) kg/m® 24.6 (17.4-30.9) kg/m® 0.098
ALB (median [range]) 41.1 (29.3-53.7) g/L 42.4 (29.1-54.9) g/L 0.078
ASA, I/II/IIT 8 (5.6%)/128 (89.5%)/7 (4.9%) 17 (7.5%)/194 (85.5%)/16 (7.0%) 0.950
Comorbidities 23 (16.1%) 36 (15.9%) 0.222
Diabetes 10 (7.0%) 18 (7.9%) 0.741
Hypertension 13 (9.1%) 20 (8.8%) 0.928
Cardiovascular disease 6 (4.2%) 11 (4.8%) 0.773
Smoking history 13 (9.1%) 23 (10.1%) 0.743
Cirrhosis 3 (2.1%) 9 (4.0%) 0.325
Steroid use 1 (7.0%) 2 (7.9%) 0.852
?m“:d‘:;nd;:’;::]r) 43 (1-9) cm 39 (1-9) cm 0.066
Distance from the anal verge (median [range]) 3.8 (1.6-8.4) cm 4.1 (2.2-9.1) cm 0.034
TNM stage, VI/II/IV 41 (28.7%)/34 (23.8%)/68 (47.6%)/0 (0%) 50 (22.0%)/66 (29.1%)/108 (47.6%)/3 (1.3%) 0.375
Neoadjuvant CRT® 80 (55.9%) 108 (47.6%) 0.118

ICG, indocyanine green; BMI, body mass index; ALB, albumin; ASA, American Society of Anesthesiologists.

2y, years.
PCRT, chemoradiotherapy.
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Author

Hong Ke Cai

Country

Sample
size

CNS  Non-
CNS

Others

Outcomes

‘There were no statistically significant were observed among the tree groups in age, gender,
tumor location, tumor diameter, T-stage, degree of differentiation, postoperative
complications and peritoneal drainage retention time. The mean number of detected lymph
nodes per patient was significantly higher in CNS group than in Non CNS group.

Qingxuan
Wang

“The time for detecting the tumor, operation time, and blood loss during the operation were
lower in the CNS group than in the Non-CNS group. Average numbers of dissected lymph
nodes in the CNS group exceeded those in the Non-CNS group, and the rate of dissected
Iymph nodes 12 was higher in the CNS group than in the Non-CNS group.

Xing Mao
Zhang

‘The mean number of lymph nodes removed in CNS group was higher than that in Non-
CNS group. And the mean number of lymph nodes smaller than 5 mm in diameter in CNS
group was more than Non-CNS group.

Li-yn Wang

“The number of positive lymph nodes was higher and the prevalence of blood loss was lower
in the CNS group than in the control group. There were no significant differences in the
operative time, number of lymph nodes detected, or the prevalence of postoperative
complications, survival, metastasis, or recurrence between the two groups at 3 years.

Jie Sun

‘There were no statistically significant differences in the metastasis rate and lymph node
‘metastasis rate between the two groups. The total number of lymph nodes and the number
of lymph nodes with micrometastases (<2 mm) in the observation group were larger than
those in the control group; the ratio of fewer than 12 lymph nodes in the observation group
was lower than that in the control group.

China

‘The average number of lymph nodes harvested from each patients was markedly more in
the CNS group than in the Non-CNS group, and the average number of lymph nodes less
than 5 mm in greatest dimension was significantly more in the CNS group than in the Non-
CNS group.

Lelin Pan

China

‘The number of total harvested LNs and the number of positive patients in the CNS group
increased significantly compared with the Non-CNS group.

Renjie Wang

China

‘Al the patients characteristics between two groups did not achieve statistical significance.
Patients in CNS group were more likely to be associated with more lymph nodes retrieved
totally compared with Non-CNS group. The number of lymph nodes retrieved in CNS
group were more likely to be 12 than that in the Non-CNS group.

‘The mean number of lymph nodes harvested from patients in CNS group was higher than
that in Non-CNS group. And the mean number of positive lymph nodes got from patients
in NS group was also higher than Non-CNS group.
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Univariate Multivariate Univariate Multivariate
Parameters analysis P analysis P analysis P analysis
Hazardratio  Val"®  Hazardratio YU  Hazard ratio  Y3U€  Hazard ratio
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Sex (Male vs. Female) 0.900(0.590-1374) | 0.627 0.886(0.581-1352) | 0575
Age (<60 vs. 260) 1982(1326-2.963) | 0.001 | 1603(1.032-2490)  0.036 | 2005(1.341-2997) = 0001 | 1613(1.035-2.515) | 0035

>
E:"gth"fsmy(dé‘s‘ivs"16‘5 0.849(0579-0244) | 0.401 0.867(0.592-1271) | 0.464

BMI (22.84 kg/m® vs. 222.84 k;
( b/t v ¢/ 0.672(0.458-0.988) | 0.043  0.865(0.573-1306) = 0.490  0.687(0.468-1.009) | 0056 | 0925(0.613-1.396) | 0.710

m?)

Stomachache (No vs. Yes) 1.353(0.869-2.107) 0.181 1.371(0.881-2.135) 0.163

Melaena (No vs. Yes) 1.507(0.991-2.290) 0.055 1.525(1.004-2.318) 0.048 1.967(1.260-3.070) 0.003
Fatigue (No vs. Yes) 1.395(0.950-2.049) 0.090 1.425(0.970-2.093) 0.071

Sour regurgitation (No vs. Yes) 0.220(0.814-1.830) 0.335 1.195(0.797-1.792) 0.388

Tumor size (<50 mm vs. 250

3.296(2.167-5.014) <0.001 1.393(0.869-2.234) 0.169 3.311(2.177-5.037) <0.001 1.491(0.938-2.370) 0.091
mm + unkonwn)

PTNM (0/Tis + 1 + IT vs. IIT + 6.807(4.492-

V) 10.314) <0.001 4.662(2.923-7.436) <0.001 6.278(4.151-9.496) <0.001 4.466(2.805-7.109) <0.001

Radical resection (RO vs. Non-
cal resection (RO vs. Non 2014(1505-2694) <0001 | 1551(1132-2125) = 0006 = 2.065(1543-2763) = <0001 | 1699(1.241-2325)  0.001

RO)
Operation, fime;(<175/minvs. 1.018(0.696-1491) | 0.926 1.026(0.701-1.503) | 0.894
>175 min)
Bleeding volume (<100 ml vs.

1629(0.969-2.737) | 0.065 1.657(0.986-2.785) | 0.056
>100 ml)
ALT (<18 U/L vs. 218 U/L) 0.900(0.615-1317) | 0588 0.884(0.604-1294) | 0526
AST (<20 U/L vs. 20 U/L) 0.895(0.611-1311) | 0569 0.891(0608-1.307) | 0556
¥ GT (<17 U/L vs. 217 U/L) 0.943(0.644-1380) | 0762 0.981(0670-1.436) | 0921
LDH (<1595 UL vs. 2195 U | 1 1010750.1611) | 0622 1113(0.760-1.630) | 0.582

L)

TBIL (<10.77 pumol/L vs. 210.77
0.632(0.430-0.931) 0.020 0.810(0.533-1.231) 0.324 0.622(0.422-0.915) 0.016 0.709(0.464-1.083) 0.111

tmol/L)
TP (<68 g/L vs. 268 g/L) 0.833(0.569-1220) 0349 0845(0577-1.238) | 0.388
ALB (<41 g/L vs. 241 g/L) 0724(0.494-1.060) 0,097 0.716(0.489-1.050) | 0.087
GLOB (<269 g/L vs. 2269 g/l) | 0899(0.614-1317) 0586 0917(0.626-1.344) | 0.658
A/G (<15 vs. 21.5) 0.780(0.529-1.150) 0210 0767(0520-1.132) | 0.182
Urea (<5.65 Lvs. 25.65

rea (<5.65 mmal/L vs 0.970(0.663-1.420) 0877 0.882(0.678-1.452) | 0.967
mmol/L)

5

CREA, (<82 pmolll. ¥s:2.82 1.149(0.783-1.686) | 0.478 1.154(0.786-1.693) | 0.465
mol/L)

A (<300 pmol/L vs. 2300
UA (<300 pmol/L vs. 230 0923(0.631-1351) | 0679 0.926(0633-1.355) | 0.693
Wmol/L)
ALP (<73 U/L vs. 273 U/L) 1090(0.744-1595) 0660 1.124(0768-1.646) | 0547
MoNo (<0.47 10°/L vs. 2047

oNo (< v 0.994(0.679-1455) 0973 1029(0.703-1.507) | 0.883

10°/L)
Eosi (<0.13 10%/L vs. 20.13 10%L)  0.657(0.447-0.965) 0032  0.886(0.588-1334) = 0561  0.653(0.444-0.960) | 0.030 | 0.872(0.578-1315) 0512

Baso (<0.02 10%/L vs. 20.02 10°/

1 0.958(0.612-1.500) 0.851 0.921(0.588-1.442) 0.718

RBC (<4.47 10'%/L vs. 24.47
0.655(0.445-0.963) 0.032 1.044(0.670-1.627) 0.848 0.653(0.443-0.961) 0.031 1.088(0.703-1.685) 0.705

10"%/L)

P (<247 10°/L vs. 2247 10°/L) 1012(0752-1613) 0619 1110(0.758-1.625) | 0.593
CEA (<198 ng/mL vs. >1.98 ng/

5 (<1.98 ng/mL vs "8 1419(0.966-2083) | 0.075 1467(0.999-2.154) | 0.051
CAL99 (<10.13 UlmL vs. 210.03 |} 30000033 2 009) | 0,108 1.373(0935-2.015) | 0.106

U/mL)

CA724 (<2.11 U/mL vs. 22.11 U/

L) 2.169(1.454-3.234) <0.001 1.656(1.044-2.590) 0.027 2.123(1.423-3.165) <0.001 1.749(1.117-2.737) 0.015

CA125II (<10.22 U/mL vs.

1.796(1.217-2.652) 0.003 1.262(0.827-1.925) 0.281 1.771(1.199-2.614) 0.004 1.261(0.823-1.934) 0.287
210.22 U/mL)

IgA (<2.25 g/L vs. 22.25 g/L) 0.796(0.543-1.166) 0242 0.804(0.549-1.178) 0.263

1gG (<10.15 g/L vs. 210.15 g/L) 0.648(0.439-0.954) 0.028 1.104(0.722-1.687) 0.648 0.660(0.488-0.973) 0.036 1.150(0.749-1.765) 0523

TR (<217 g/L vs. 2.17 g/L) 0.847(0578-1240) 0393 0.869(0.594-1.273) | 0.472
KAP (<83 g/L vs. 28.3 g/L) 0.892(0.609-1307) 0599 0.918(0.627-1.344) | 0.659
LAM (<475 g/L vs. 2475 g/L) 0955(0.652-1398) 013 0.959(0.655-1.404) | 0.831
K/L (<178 vs. 1.78) 0.863(0.590-1264) 0450 0.904(0617-1.323) | 0.602
CD3 + (<69.5% vs. 269.5%) 1328(0.904-1950)  0.148 1342(0914-1972) | 0133
D3 +/CDA4 + (<41.15% vs.
ED3HEDA (< o 0.908(0.620-1329) 0,620 0.916(0.625-1.340) | 0.650
>41.15%)
CD3 +/CD8 + (<22.3% vs.
srmy 1234(0841-1810) 0283 1232(0.840-1.808) | 0.285
CD4 +/CD8 + (<1.87 vs. 21.87) | 0906(0.619-1328) = 0612 0.904(0617-1.323) | 0.602
CD3 4 /CDALCDSF (030 vs: 1.008(0.68-1476) | 0966 1.039(0.710-1.521) | 0.844
203%)
CD19 + (<10.7% vs. 10.7%) 0781(0533-1.145)  0.206 0.766(0.523-1.123) | 0.172
CD3 -/CD16 + CD56 + (<14.85%
0.715(0.487-1. y 0.722(0.491-1. Y

e STA) 715(0487-1050) 0087 722(0491-1.060) | 0.097
CD3 +/CD16 + CD56 + (1.8%

& & & 1278(0.871-1876) | 0209 13140.896-1928) | 0.162
vs. 21.8%)
PNI-IgM Score 1 Ref Ref Ref Ref
PNI-IgM Score 2 0.648(0.418-1.006) 0053 | 1003(0.624-1.610) 0991  0.631(0.407-0.978) = 0.040 | 0904(0.564-1450) = 0675

PNI-IgM Score 3 0.337(0.194-0.585) <0.001 0.722(0.391-1.333) 0.298 0.327(0.188-0.568) <0.001 0.701(0.379-1.297) 0.258
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Before PSM After PSM

CNS (2078) Non-CNS P value CNS (2045) Non-CNS (2045) = P value
(4808)
Operative i
Intraoperative blood loss, ml [ osixisie | sz [ oo [ es7=isle | 951512 [ 0004
Operation time, min | 2262+853 | 2349+827 | <001 { 2260846 | 230.9+853 | 0065
Post-operative hospital stay, day 106469 12591 <001* 10769 11790 <0.01*
Metastatic lymph nodes 13436 15229 0013 13236 13228 0885
Total retrieved lymph nodes 17.1+80 13.0£72 <0.01* 172£80 138277 <0.01*
‘Anastomotic fistula 51 (2.5%) 115 24%) 0877 51(25%) 42 (21%) 0345
Lymphatic fistula 15 (0.7%) 14(0.3%) 0011 15 (0.7%) 7 (03%) 0087
Post-operative major complications 47 (23%) 129 (2.7%) 0309 46 (22%) 45 (22%) 0916
Post-operative overall complications 406 (19.5%) 1,144 (23.8%) <0017 401 (19.6%) 448 (21.9%) 0070

Variables are expressed as the mean + SD, n (%)
*p_value <0 05





OPS/images/fonc.2023.1113428/table1.jpg
PNI-IgM Score 1

PNI-IlgM Score 2

PNI-IgM Score 3

() 160 113
Sex male 46 (68.7) 113 (70.6) 76 (67.3) 0.835
female 21 (313) 47 (29.4) 37 (32.7)
Age median (interquartile range) 62.00 (53.00-68.00) 61.00 (54.00-67.00) 56.00 (48.00-62.00) <0.001
Length of stay (d) median (interquartile range) 15.00 (14.00-19.00) 17.00 (15.00-20.00) 17.00 (14.00-20.00) 0.052
BMI Mean + standard deviation 21.94 + 3.68 22.54 +3.10 23.38 £3.17 0.012
ABO blood type A 30 (44.8) 51 (31.9) 47 (41.6) 0.146
B 9 (28.4) 47 (29.4) 28 (24.8)
o 6(23.9) 45 (28.1) 23 (20.4)
AB 2(3.0) 17 (10.6) 15 (13.3)
Stomachache no 8 (269) 53 (33.1) 28 (24.8) 0.295
yes 49 (73.1) 107 (66.9) 85 (75.2)
Melaena no 48 (71.6) 116 (72.5) 99 (77.4) 0.006
yes 19 (28.4) 44 (27.5) 14 (12.4)
Weight loss no 29 (43.3) 67 (41.9) 67 (59.3) 0.012
yes 8 (56.7) 93 (58.1) 46 (40.7)
Fatigue no 28 (41.8) 98 (61.3) 87 (77.0) <0.001
yes 9 (58.2) 62 (38.8) 26 (23.0)
Sour regurgitation no 51 (76.1) 104 (65.0) 82 (72.6) 0.181
yes 16 (23.9) 56 (35.0) 31 (274)
pTNM Tis/0 2(3.0) 6(3.8) 9 (8.0) <0.001
1 5 (22.4) 45 (28.1) 59 (52.2)
s 18 (26.9) 49 (30.6) 18 (15.9)
isd 26 (38.8) 55 (34.4) 23 (20.4)
v 6(9.0) 5(3.1) 4(3.5)
Radical resection RO 62 (92.5) 152 (95.0) 107 (94.7) 0.753
non-RO 5(7.5) 8 (5.0) 6(53)
Type of surgery distal gastrectomy 57 (85.1) 137 (85.6) 92 (81.4) 0.797
proximal gastrectomy 1(15) 4(25) 4(3.5)
total gastrectomy 4 (6.0) 11 (6.9) 9 (8.0)
exploratory laparotomy 2(3.0) 2(13) 1(09)
gastroenterostomy 2(3.0) 2(13) 1(0.9)
unknown 1(1.5) 4(25) 6 (5.3)
Operation time(min) median (interquartile range) 175.00 (150.00-200.00) 175.00 (150.00-210.00) 170.00 (145.00-198.00) 0.519
Bleeding volume(mL) median (interquartile range) 100.00 (100.00-200.00) 100.00 (100.00-200.00) 100.00 (50.00-175.00) 0.012
Tumor site upper 1/3 3 (4.5) 4(25) 5 (4.4) 0.247
middle 1/3 5(7.5) 21 (13.1) 18 (15.9)
low 1/3 47 (70.1) 118 (73.8) 82 (72.3)
whole 12 (17.9) 17 (10.6) 8(7.1)
Tumor size <50 mm 7 (40.3) 73 (45.6) 73 (64.6) 0.003
250 mm 36 (53.7) 83 (51.9) 35 (31.0)
unknown 4 (6.0) 4(2.5) 5 (4.4)
Differentiation poorly differentiated 20 (29.9) 59 (36.9) 48 (42.5) 0.245
moderately differentiated 9 (58.2) 83 (51.9) 45 (39.8)
well differentiated 4 (6.0) 11 (6.9) 13 (11.5)
unknown 4 (6.0) 7 (4.4) 7(6.2)
Lauren type intestinal 34 (50.7) 73 (45.6) 54 (47.8) 0.877
diffuse 9 (13.4) 30 (18.8) 21 (18.6)
mixed 21 (31.3) 51 (31.9) 31 (27.4)
unknown 3 (4.5) 6(3.8) 7 (6.2)
ALT (U/L) median (interquartile range) 16.00 (12.40-20.00) 18.00 (13.13-25.00) 20.00 (14.00-25.85) 0017
AST (U/L) median (interquartile range) 19.00 (15.00-23.00) 2000 (17.00-25.75) 21.00 (17.00-26.00) 0.120
¥ GT (U/L) median (interquartile range) 13.00 (10.00-24.00) 16.00 (11.00-24.00) 21.00 (14.00-32.00) <0.001
LDH (U/L) median (interquartile range) 158.00 (140.00-175.00) 159.00 (141.25-180.00) 163.00 (147.00-183.00) 0.716
TBIL (umol/L) median (interquartile range) 9.32 (6.60-13.38) 11.23 (8.55-15.36) 12.20 (9.39-15.71) 0.001
TP (g/L) median (interquartile range) 61.10 (58.00-64.00) 67.50 (64.00-70.90) 71.50 (68.00-74.50) <0.001
ALB (g/L) median (interquartile range) 36.90 (34.60-38.00) 41.00 (39.00-43.00) 43.00 (41.00-45.00) <0.001
GLOB (g/L) median (interquartile range) 24.30 (22.00-27.00) 26.00 (24.00-28.00) 28.00 (26.00-31.00) <0.001
Urea (mmol/L) median (interquartile range) 5.70 (4.80-7.20) 5.70 (4.60-6.90) 5.50 (4.60-6.70) 0.805
CREA (umol/L) median (interquartile range) 78.00 (65.00-91.00) 82.50 (74.00-92.00) 83.00 (76.00-92.00) 0.092
UA (umol/L) median (interquartile range) 271.00 (226.00-323.00) 300.00 (241.25-354.75) 310.00 (264.50-364.00) 0.002
ALP (U/L) median (interquartile range) 66.00 (58.00-84.00) 72.50 (61.00-85.00) 77.00 (63.00-93.50) 0.027
WBC (10°/L) median (interquartile range) 5.63 (4.71-6.69) 6.48 (5.31-8.03) 6.67 (549-7.62) <0.001
Mono (10°/L) median (interquartile range) 0.44 (0.31-0.53) 0.47 (0.36-0.67) 0.48 (0.39-0.58) 0.081
Eosi (10°/L) median (interquartile range) 0.11 (0.07-0.19) 0.13 (0.06-0.22) 0.14 (0.07-0.22) 0431
Baso (10°/L) median (interquartile range) 0.02 (0.02-0.04) 0.02 (0.02-0.04) 0.03 (0.02-0.04) 0.632
RBC (10'%/L) Mean + standard deviation 4.10 = 0.60 4.42 + 0.60 4.68 = 0.46 <0.001
P (107/L) median (interquartile range) 248.00 (192.00-323.00) 247.50 (202.50-297.00) 235.00 (203.50-179.50) 0611
CEA (10°/L) median (interquartile range) 1.87 (1.05-4.47) 2.00 (1.34-3.57) 1.94 (1.16-2.78) 0.644
CA199 (U/mL) median (interquartile range) 11.45 (6.03-11.45) 10.21 (6.04-16.72) 9.81 (6.31-16.01) 0292
CA724 (U/mL) median (interquartile range) 3.01 (1.35-9.80) 1.90 (1.18-4.66) 2.13 (1.01-5.33) 0.260
CA12511 (U/mL) median (interquartile range) 10.62 (6.94-17.34) 10.12 (7.42-13.74) 10.26 (7.75-14.15) 0.547
IgA (g/L) median (interquartile range) 2.08 (1.50-2.79) 2.11 (1.54-2.79) 2.61 (1.88-3.10) <0.001
1gG (g/L) median (interquartile range) 9.19 (7.76-11.10) 9.95 (8.51-11.76) 11.50 (9.73-12.85) <0.001
TRF (g/L) median (interquartile range) 2.19 (1.92-2.57) 2.10 (1.82-2.50) 222 (2.02-2.62) 0.111
KAP (g/L) median (interquartile range) 7.19 (5.83-8.36) 8.18 (6.99-9.44) 9.40 (7.97-11.10) <0.001
LAM (g/L) median (interquartile range) 4.34 (3.40-5.39) 4.69 (4.02-5.47) 522 (4.48-6.07) <0.001
K/L median (interquartile range) 1.75 (1.47-1.94) 1.77 (1.54-1.97) 1.81 (1.57-2.06) 0.298
CD3 + (%) median (interquartile range) 72.20 (64.70-76.70) 69.40 (62.13-74.98) 69.40 (65.25-79.20) 0.423
CD3 +/CD4 + (%) median (interquartile range) 41.90 (39.40-48.10) 40.60 (34.93-46.70) 41.00 (34.85-45.85) 0.141
CD3 +/CD8 + (%) median (interquartile range) 21.70 (16.40-29.20) 21.90 (16.80-28.35) 23.30 (17.85-28.35) 0.658
CD4 +/CD8 + median (interquartile range) 1.92 (1.34-2.79) 191 (1.33-2.52) 1.77 (1.31-2.29) 0.577
CD3 +/CD4 + CD8 + (%) median (interquartile range) 0.20 (0.10-0.40) 0.30 (0.10-0.50) 0.30 (0.20-0.70) 0.004
CD19 + (%) median (interquartile range) 10.60 (7.90-14.00) 10.20 (8.00-13.88) 11.20 (8.45-14.90) 0.253
CD3 -/CD16 + CD56 + (%) median (interquartile range) 13.40 (9.30-21.00) 15.70 (10.08-22.63) 14.90 (9.20-20.45) 0.473
CD3+/CD16+ CD56 + (%) median (interquartile range) 2.10 (1.10-3.90) 1.65 (0.90-3.00) 1.80 (1.05-4.25) 0.330
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Characteristics Before PSM After PSM

CNS (2078) Non-CNS (4808) P value CNS (2045) Non-CNS (2045) P value

Age, year 625+119 627127 . 626119 625+124
Sex 0.607 0874
Male 1,230 (59.2%) 2,814 (58.5%) 1,201 (58.7%) 1,206 (59.0%)
Female 848 (40.8%) 1994 (41.5%) 844 (41.3%) 839 (41.0%)
BMI, kg/m® 228+32 22432 <0.01% 22832 227£32 0428
Smoking 667 (32.1%) 1422 (29.6%) 0037 776 (37.9%) 802 (39.2%) 0404
Drinking 55 (26%) 33 (0.7%) 0898 641 (31.3%) 638 (312%) 0919
Hypertension 524 (25.2%) L161 (24.1%) 0343 511 (25.0%) 515 (25.2%) 0.885
T2DM 235 (11.3%) 511 (10.6%) 0.404 231 (11.3%) 225 (11.0%) 0766
CHD 84 (4.0%) 183 (3.8%) 0641 83 (4.0%) 89 (4.3%) 0.640
Surgical history 506 (24.4%) 1,211 (252%) 0.461 498 (24.4%) 477 (23.3%) 0.441
Open surgery 145 (7.0%) 1,050 (21.8%) <0.01% 145 (7.1%) 144 (7.0%) 0951
Tumor location <001* 0706
Colon 1,149 (55.3%) 2,090 (43.5%) 1,116 (54.6%) 1,128 (55.2%)
Rectum 929 (44.7%) 2,718 (56.5%) 0668 929 (45.4%) 917 (448%) 0.668
Tumor size 0613 0570
<5cm 1,174 (56.5%) 2,748 (57.2%) 1,157 (56.6%) 1,175 (57.5%)
> 5cm 904 (43.5%) 2,060 (42.8%) 888 (43.4%) 870 (42.5%)
TNM stage <0.01% 0,671
I 419 (202%) 819 (17.0%) 398 (19.5%) 370 (18.1%)
I 880 (42.3%) 1905 (39.6%) 868 (42.4%) 881 (43.1%)
m 702 (33.8%) 1,844 (38.4%) 702 (34.3%) 709 (34.7%)
v 77 (37%) 240 (5.0%) 77 (38%) 85 (4.2%)

Variables are expressed as the mean + SD, n (%)
*p_value <0 05
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Characteristics
Age (mean +SD), year

No. 6886
627+124

Sex

Male

4,044 (58.7%)

Female

2,842 (413%)

BMI (mean * SD), kg/m’

Smoking

2,574 (374%)

Drinking

2,089 (303%)

Hypertension

1,685 (24.5%)

T2DM

746 (10.8%)

CHD

267 (3.9%)

Surgical history

1,717 (24.9%)

Open surgery

1,195 (17.4%)

Tumor location

Colon

3,239 (47.0%)

Rectum

3,647 (53.0%)

TNM stage

1

1,238 (18.0%)

[

2,785 (404%)

111

2,546 (37.0%)

v

317 (4.6%)

Tumor size

<5cm

3,922 (57.0%)

> 5cm

2,964 (43.0%)

CNS

2,078 (30.2%)

Operation time, min

2322+ 836

Intraoperative blood loss.

118.7 186.7

Metastatic lymph nodes

1523

“Total retrieved lymph nodes

143277

Post-operative hospital stay, day

113

Post-operative major complications

176 (6.1%)

Post-operative overall complications

1,550 (22.5%)

Variables are expressed as the mean + SD, n (%)

*p_value <0 05
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cteristics/Findings N =101

Age (year), Mean + SD 59.82+13.28
Sex, N (%) Male 60 (59.41)
Female 41 (40.59)
BMI (kg/m?), Mean + SD 28.41+2.51
[ Localization of tumor, N (%) Cecum 13 (12.87)
Ascending colon 16 (15.84)
Ascending colon+Sigmoid colon 1(0.99)
Transvers colon 3(297)
Descending colon 7 (6.93)
Sigmoid colon » 27 (26.7)
Rectum 34 (33.66)
Neoadjuvant therapy, N (%) 30 (29.70)
CClI score, N (%) 0 16 (15.84)
1 20 (19.80)
2 30 (29.70)
3 » 26 (25.74)
4 7 (6.93)
5 2 (1.98)
ASA score 1 23 (22.8)
2 50 (49.6)
3 28 (27.7)

SD, Standard deviation; BMI, Body mass index; CCI, Charlson Comorbidity Index; ASA, The American Society of Anesthesiologists.
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variables

Age (years)

<60

260

PTNM stage
0/Tis+ |+ Il
n+ Iv

Radical resection
RO

non-RO

CAT724

<2.11 U/m

22.11 U/m
Melaena

no

yes

PNI-IgM score 1

Deaths/Patients

12/25
20/42

8/35
24/32

27162
5/5

10/28
22/39

23/48
9/19

PNI-IgM score 3

Deaths/Patients

12/75
9/38

6/86
15/27

19/107
2/6

3/55
18/58

16/99
514

Adjusted HR (95% CI)

0.555(0.360-0.855)
0.982(0.772-1.223)

0.628(0.352-1.120)
0.923(0.764-1.115)

0.783(0.556-1.102)
1.065(0.564-2.009)

0.412(0.209-0.813)
0.960(0.793-1.161)

0.778(0.536-1.130)
0.856(0.595-1.230)

Adjusted P

0.008
0.871

0.115
0.405

0.161
0.847

0.011
0.673

0.187
0.400

P for interaction

0.301

0.167

0.210

0.090

0.172
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Enrolled patients with gastric cancer
who received surgery from January
2016 to December 2017 (n=2733)

Exclude those lack of lymphatic
subsets or specific proteins (n=2343)
Exclude gastric cancer combined with
other primary malignant tumors (n=5)
Exclude those lack of regular review
(n=45)

Study population (n=340)

PNI-IgM score 1 PNI-IgM score 2| | PNI-IgM score 3
=67) (n=160) (n=113)
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Variable Hazard ratio 95% Cl

Univariate analysis

Age (265/<65) 1430 0.840-2.434 0.188
Sex (male/female) 1128 0.659-1.932 0.661
ECOG (2/0 or 1) 1.430 0.840-2.434 0.188
BMI (<18.5/218.5) L1111 0.443-2.790 0.822
PNI (<45/245) 0.849 0.457-1.578 0.605
NLR (<2.5/22.5) 0.922 0.524-1.622 0.778
Subsequent gastrectomy (yes/no) 53.805 9.311-310.926 <0.001

Treatment selection
LDTNR Ref Ref Ref
Non-LDTNR 5.198 2.845-9.496 <0.001

Multivariate analysis

‘ Age (265/<65) 1.140 0.655-1.985 0.642
‘ ECOG (2/0 or 1) 0.721 0.408-1.274 0.260
‘ Subsequent resection (yes/no) 51.296 6.399-411.205 <0.001

Treatment selection

LDTNR Ref Ref Ref

ECOG, Eastern cooperative oncology group; BMI, Body mass index; LDTNR, Laparoscopic digestive tract nutrition reconstruction; PNI, Prognosis Nutrition Index; NLR, Neutrophil-
Lymphocyte ratio; BMI, Body mass index.
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Conversion surgery(n=16)
Radical surgery
Laparoscopic total gastrectomy 7 (43.8%)
Laparoscopic distal gastrectomy 9 (56.2%)

Resection margin

RO 13 (81.2%)

R1 3 (18.8%)
pT

0 2 (12.5%)

3 5 (31.3%)

| 4a 9 (56.2%)

pN

0 11 (68.7%)

1 5 (31.3%)
pM

0 0(0)
Complication

Grade 111

Leakage 1 (6.3%)
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LDTNR (n=37)

Median chemotherapy cycles 6 (2~10) <0.001
Chemotherapy response <0.001
CR 2 (5.4%) 0 (0)
PR 17 (45.9%) 0(0)
SD 8(21.6%) 23 (69.7%)
PD | 10 (27.0%) 10 (30.3%)
ORR 19 (51.4%) 0(0)
DCR ‘ 27 (73.0%) 23 (69.7%)
Subsequent gastrectomy 16 (43.2%) 0(0) <0.001

CR, complete response; PR, partial response; SD stable disease; PD, progression disease; ORR overall response rate; DCR, disease control rate
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Spitzer

Total points
Activity
Daily Living
Health
Support

Outlook

Before operation

5.84+1.24

0.78+0.62

1.190.39

1.00£0.33

1.49+0.50

1.3540.48

7 days after operation

7.51£1.20

1.43+0.50

1.570.50

1.30£0.46

1.59+0.49

1.62+0.48

1 month after operation

8.70+0.87

1.73+0.44

1.84+0.37

1.73£0.44

1.62+0.48

1.78+0.41

QOL, Quality of life.
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NRS2002

Nutritional Nutritional

risk normal
4 33 29 28 21.64
Bef ti 35 (94.6% 2 (5.4% 0 8(21.6% 9(24.3%
FIREISERSHOR (346%) ‘ (24%) qosw) | 02%) | S| paey | gszwy T
¥ 4 days after 18 19 18 19 16 21 21.39
26 (70.3%, 11 (29.
operation @03%) ‘ (20.7%) 9 (86%) | (514%) | (48.6%) | (514%) | (432%)  (568%) | 231
1 month after 15 22 26 11 10 27 21.21
7(18.9% 30 (81.1% 0
operation (18.9%) ‘ (BL1%) (05%) | (59.5%) (703%) | (Q97%) | (70%) | (730%) | %243
X2/ 41120 45878 17.656 18175 0839
P 0.000 0.000 0.000 0.000 0.657

NRS2002, Nutrition Risk Screening; PG-SGA, Patient-Generated Subjective Global Assessment; NLR, Neutrophil-Lymphocyte ratio; PNI, Prognosis Nutrition Index; BMI, Body mass index.
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DTNR (n=33)

Sex 0.729
Male 25 (67.6%) 21 (63.6%)
Female 12 (32.4%) 12 (36.4%)
Age 62.95+12.09 58.9+9.49 0.127
Cancer types 0.766
Gastric cardia cancer 5(13.5%) 3(9.1%)
Gastric pyloric cancer 24 (64.9%) 21 (63.6%)
Diffuse type 8 (21.6%) 9 (27.3%)
ECOG 0.069
0 0(0) 2(6.1%)
1 21 (56.8%) 11 (33.3%)
2 16 (43.2%) 20 (60.6%)
GOOSs <0.001
0 12 (32.4%) 0(0)
1 25 (67.6%) 0(0)
2 0(0) 33 (100%)
T 0.690
T3 5(13.5%) 2(6.1%)
T4a 29 (78.4%) 27 (81.8%)
T4b 3 (8.1%) 4 (12.1%)
N o
0 0 (0) 0(0)
+ 37 (100%) 33 (100%)

Non-curable factor

Transverse colon invasion 1 (2.7%) 1 (3.0%) 0.935
Pancreas invasion 2 (54%) 3(9.1%) 0.550
Liver metastasis 7 (18.9%) 8 (24.2%) 0.588
Peritoneum metastasis 18 (48.6%) 17 (51.5%) 0.811
No.16 lymph node metastasis 9 (24.3%) 4 (12.1%) 0.190
Borrman 0.747
1 1(2.7%) 1(3.0%)
11 2 (5.4%) 4 (12.1%)
1 26 (70.3%) 20 (60.6%)
Y 8 (21.6%) 8 (24.2%)
LDTNR -
LGT 5(13.5%) -
LG 24 (64.9%) -
T 8 (21.6%) = ‘
PNI 0.778 ‘
[ <45 28 (75.7%) 24 (72.7%) ‘
>45 9 (24.3%) 9 (27.3%)
NLR 0.574
<25 8 (21.6%) 10 (30.3%)
225 29 (78.4%) 23 (69.7%)
BMI 21.64£2.44 22.11£1.75 0.099

ECOG, Eastern cooperative oncology group; GOOSS, gastric outlet obstruction; LDTNR, Laparoscopic digestive tract nutrition reconstruction, LGT, Laparoscopic gastrostomy; LGJ,
Laparoscopic gastrojejunostomy; LJT, Laparoscopic jejunostomy; PNI, Prognosis Nutrition Index; NLR, Neutrophil-Lymphocyte ratio; BMI, Body mass index.
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Patients diagnosed with stage I-III CRC
receiving radical excesion without neoajuvant
therapy between 2014-2018 (N = 835)

Exclusion:
Other tumor diseases (N = 14)
Mutiple primary tumor (N = 13)
Familial hereditary CRC (N = 2)
Medication of lipid-lowering drugs (N = 94)
Acute inflammatory or severe disease (N = 28)

Follow-up < 3 months (N = 1)
Information absence (N = 160)

Eligible patients with stage I-III CRC constitute
the overall cohort (N = 523)

Training cohort Validation cohort

(N = 418) (N = 105)
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Late experi-

ence(n=32)
Operation time, min, mean+ 191.3
SD 185.3+25.3 +37.6 0.434
Blood loss, ml, mean+ SD 37.5+18.8 49.2+29.0 0.049

Lymph node count, n, mean
+SD 311483 34.8+10.9 0.103

Open conversion, n (%) 0 0 1

Laparoscopy conversion, n

(%) 1(3.1%) / /
Postoperative hospital stay,

day, mean+ SD 12.1£7.8 11.4£114 0.767
Complication-bleeding, n (%) 0 0 3
Complication-leakage, n (%) 1(3.1%) 1(2.2%) 0.797

Complication-obstruction, n
(%) 2 (6.3%) 2 (4.3%) 0.712

Bold values means P < 0.05.
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Late experience

Parameter (n=32)
Age, years, mean+ SD 68+10.6 64.2+11.7 0.147
Sex, female, n (%) 8 (25.0%) 21(45.7%) 0.065
Preoperative HB, g/dL,
meant SD 12.3+2.8 12.1£2.5 0.726
Preoperative ALB, g/L,
mean+ SD 38.7+3.9 38.6+5.6 0.878
Mean BMILkg/m2, mean+
SD 23.145.7 22.1£3.0 0331
Diabetes, (%) 2(6.3%) 3 (6.5%) 0.962
Hypertension, (%) 9 (28.1%) 9 (19.6%) 0.384
Heart disease, (%) 2(6.3%) 2 (4.3%) 0.712
Stage (AJCC 8th) 0.73
1, (%) 13 (40.6%) 21 (45.7%)
11, (%) 5 (15.6%) 6 (13%)
111, (%) 14 (43.8%) 19 (41.3%)

Bold values means P < 0.05.
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Early experi-

ence(n=35)

LDG

Operation time, min, mean+ 191.3

SD 225.1+49 +37.6 0.001
Blood loss, ml, mean+ SD 58.5+48.4 49.2+29.0 0.281
Lymph node count, n, mean

+SD 31.6+8.2 34.8+10.9 0.154
Open conversion, n (%) 0 0 1
Laparoscopy conversion, n

(%) 1(2.9%) / /
Postoperative hospital stay,

day, mean+ SD 9.8+3.3 11.4+11.4 0.421
Complication-bleeding, n

(%) 0 0 1
Complication-leakage, n (%) 1(2.9%) 1(2.2%) 0.847
Complication-obstruction, n

(%) 1 (2.9%) 2 (4.3%) 0.729

Bold values means P < 0.05.
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Parameter

“Time of performing auxiliary incision (mean
5D, min)

Al

group

14.14 %
3.04

iol
group
1977

273

Length of the incision (mean = SD, cm)

612 +0.68

729+0.81

Incisional infection, no.

2

4

Incisional hematoma, no.

0

2

Fat liquefaction, no,

2

2

Tncisional pain in day 3 (VAS 1-10)

250+
0974

288+
0.963

Healing time (mean + SD, day)

718179

769221

*Continuiity correction.
bEicher's exact test
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Early experience

Parameter (n=35)
Age, years, meant SD 63.8+11.5 64.2+11.7 0.871
Sex, female, n (%) 16(45.7%) 21(45.7%) 0.996
Preoperative HB, g/dL,
meant SD 12.5+2.5 12.1£2.5 0.45
Preoperative ALB, g/L,
mean SD 38.3+8.1 38.6+5.6 0.829
Mean BMLkg/m2, mean+
SD 22.8+2.8 22.1+3.0 0.281
Diabetes, (%) 3 (8.6%) 3 (6.5%) 0.731
| Hypertension, (%) I 8 (22.9%) 9 (19.6%) 0.723
Heart disease, (%) 1(2.9%) 2 (4.3%) 0.729
Stage (AJCC 8th) 0.838
1, (%) 15 (42.9%) 21 (45.7%)
11, (%) 8 (22.9%) 6 (13%)
11, (%) 12 (34.2%) 19 (41.3%)
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Parameter Al group  iOl group | p value
Operative time (mean + SD, min) | 20328 52.49 | 20694 =3456 | 0677

Blood loss (mean 5D, ml) 48103186 | 5492+3121 | 0277
‘Time to first passage of flatus 296138 3022217 0870
(mean = SD, day)

‘Time to first passage of stool 440178 4372284 0942

(mean = SD, day)

Duration of hospitalization 8842291 9232477 0.620

(mean = SD, day)

Postoperative complications, no. 8 7 0717
Anastomotic leakage 1 1 1.000°
Blood in stool 1 0 0.490°
Bowel obstruction 2 3 1.000°
Abdominal infection 2 1 0972
Chyle fistula 1 2 1.000°
Urinary retention i 0 0.490°

SD, standard deviation; No,, number.
*Continuity correction.
bEicher's exact test
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LDG

(N=46)

P-value

Operation time, min, mean+ SD
Blood loss, ml, mean+ SD
Lymph node count, n, mean+ SD
Open conversion, n (%)
Laparoscopy conversion, n (%)

Postoperative hospital stay, day,
meant SD

Complication-bleeding, n (%)
Complication-leakage, n (%)

Complication-obstruction, n (%)

206.1+44
48.5+38.6
31.4+8.2
0

2 (3.0%)

109+6.0
0
2 (3.0%)

3 (4.5%)

191.3+37.6

49.2429.0

34.810.9
0

/

114+ 114
0
1(22%)

2 (4.3%)

0.065

0.921

0.057

0.757

0.794

0.974
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Characteristic

Number

Al group

50

io

Sex (male/female)

26124

‘Age (mean = SD, year)

6392+
11.65

64.29£9.98

BMI (mean + SD, Kg/m?)

23.96+3.86

2385 =2.99

“Tumor height above anal verge (mean =
SD, em)

1072+
6.125

1073
6277

Tumor stage

AJCC 1 stage

AJCC I stage

18

AJCC III stage

26

2

ASA dlass, no. (%)

2 (40%) 4 (7.7%)
23 (46.0%) | 21 (404%)
[ 22 (44.0%) | 25 (48.1%)
v 3(60%) | 2(38%)
Prior abdominal surgery, no. (%) 0723
Yes 9.(18.0%) | 8 (154%)
No 41 (82.0%) | 44 (84.6%)
S, 1 AJCC, Joint C Cancer: No., number;

BMI, body mass index; ASA Class, American Society of Anesthesiologists

Classification
R S T
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Parameter

Age, years, mean+ SD 65.7£11.2 64.2+11.7 0.467
Sex, female, n (%) 24(35.8%) 21 (45.7%) 0.298

Preoperative HB, g/dL, mean+
SD 12.442.6 12.1£2.5 0.512

Preoperative ALB, g/L, mean+

SD 38.5+6.4 38.6%5.6 0.941
Mean BMLkg/m2, mean+ SD 22.9+4.4 22.1+3.0 0.267
Diabetes, n (%) 5 (7.5%) 3 (6.5%) 0.85
Hypertension, n (%) 17 (25.4%) 9 (19.6%) 0.476
Heart disease, n (%) 3 (4.5%) 2 (4.3%) 0.974
Stage(AJCC 8th Edition) 0.938

L (%) 28 (41.8%) 21 (45.7%)

11, (%) 13 (19.4%) 6 (13%)

111, (%) 26 (38.8%) 19 (41.3%)
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Mainly doing
robotic gastrectomy
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robotic gastrectomy

Laparoscopic stage Laparoscopic and robotic stage Mainly robotic stage
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120 20
100
30 60
60 40
40
0
Distal Total 0 Distal Total
Lap (n) Rob (n) Lap(n) Rob (n)
Distal 46 67 Distal 8 39
Total 33 22

Total 2 30
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R: Robot Port
Assistant Port
Camera Port
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Center line direction
N of robotic arm

R: Robot Port
A: Assistant Port
C: Camera Port
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CEA (ng/ml) CA19-9 (U/ml)

(Ref. < 3.4) (Ref. < 22)
Feb 2018 1051 40.49
Mar 2018 2097 74.90
Apr 2018 10.89 77.64
Jun 2018 3.04 53.66
Jul 2018 255 63.21
Aug 2018 203 77.25
Sep 2018 1.55 46.88
Nov 2018 113 40.54
Dec 2018 212 47.17
Jan 2019 3.65 64.59
Feb 2019 1515 1989
Mar 2019 46.15 3123

CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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Prophylactic transverse colostomy
to avoid upcoming obstruction

Modified FOLFOX6 chemotherapy
consistent with preoperative regimen

Laparoscopic abdominoperineal resection;

Poorly differentiated rectal

adenocavrcinoma (cT3NO-1M0) 6 cycles of modified FOLFOX-6;

long-course radiotherapy (50Gy/25f)
was ceased after the first time

Progressively worsening anal pain,
due to patient intolerance

constipation, and hematochezia

4

Feb 2018 1w later 2w later
Admission Diagnosis Colostomy

Mar 2018
Neoadjuvant therapy

Regimen adjustment
Dec 2018

CT scan
Mar 2019

Regimen adjustment again

May 2019 Mar 2019

The patient passed away
due to rapidly progressive disease

Multiple systemic metastases
Raltitrexed (4mg, day1) & Irinotecan (290mg, day1) &
tegafur (50mg bid, day1-14) &
bevacizumab (400mg, day1), g3w

Metastasis to the lung

tegafur (50mg bid, day1-14), q3w

rectal SRCC (yTaN1sMo; TRG2; pMMR)

A painless, firm, palpable mass
in the right breast and the area of vulva,

respectively
Aug 2018 Sep 2018 Oct 2018
Surgery Adjuvant therapy Masses
CT scan Genetictesting  Biopsy and IHC staining
Dec 2018 Nov 2018 Nov 2018

v

Metastasis to the breast

(positive: CK20, CDX-2, E-cadherin;

negative: CK7, PR, ER, Her-2, GATA3, GCDFP15)
and vulva (positive: CDX-2, PCK, CEA, Alcian Blue)
from rectal SRCC

MSI-L and RAS/BRAF
wild-type
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Parameter MLN < 1.05cm MLN >1.05cm P value

(N = 55) (N = 46)

Epidural Anesthesia, N (%) 58 (57.43) 32(58.2) 26 (56.5) 0.867"
Operation Duration (minute) 215443542 217432.36 213.48+39.06 0.410°
Mean + SD
Intraoperative ES, N (%) 19 (18.81) 5(9.1) 14 (30.4) 0.006°
Postoperative ES, N (%) 0 56 (55.45) 34 (61.8) 22 (47.8) 0.576*

1 16 (15.84) 8 (14.5) 8(17.4)

2 26 (25.74) ‘ 12 (21.8) 14 (30.4)

3 2(1.98) 1(1.8) 1(22)

4 1(0.99) 0(0) 1(22)
Hospitalization Duration (day) 8 [6-49] 8 [6-16] 9 [6-48] 0.0294¢

Median [Range]

Clavien-Dindo grade 0 34 (33.66) 20 (36.4) 14 (30.4) 0.455°
1 19 (18.81) 11(20) 8(17.4)
2 43 (42.57) 20 (36.4) 23 (50)
3 5 (4.95) 4(7.3) 1(22)
Mortality, N (%) Alive 69 (68.32) 51(92.7) 18 (39.1) 0.001°
Deceased 32 (31.68) 4(7.3) 28 (60.9)

*Chi-Square test; *Student's t-test; “Fisher-Freeman-Halton test; “Mann-Whitney U test; MLN, Metastatic lymph node; ES, Erythrocyte suspension; OS, Overall survival.
P<0.05 statistically significant.
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Parameter MLN < 1.05 cm

(N =55)
CEA (ug/L) 43 [1.1-81.6 4.5 [1.4-81.6] 425 [1.1-58.7] 0203
CA 19-9 (KU/L) 13.1 [2.3-86.6] 12.3 [2.9-86.6] 143 [23-85.9] 0943
WBC (10°/L) 7.1 [29-174 6.7 [3.2-13.7) 7.15 [29-17.4] 0881
Neutrophil (10°/L) 42 [14-135 4.1[1.7-938] 46 [14-13.5) 0.761
Lymphocyte (10%/L) 1.6 [0.5-4.3] 1.7 (0.7-4.3] 15 [0.5-3.4] 0.014
Monocyte (10%/L) 05[0.1-1.7] 05 [0.1-1] 05[03-1.7] 0.609
Platelet (10°/L) 270 [148-602 268 [148-538] 270 [148-602] 0738
CRP (mg/L) 4.1 [1.9-69.4 44 [1.9-56] 4[3-69.4] 0948
Albumin (g/L) 4[29-53] 4.1[29-5.1] 395 [2.9-5.3] 0762
Hemoglobin (g/L) 119 [8,77-15,3] 123[9,57-15,3] 11,52 [8,77-15,3] 0.012
HCT (%) 36.4 [263-47.8] 36.8 (28.7-46] 34.65 [26.3-47.8] 0.025
MCV (fL) 79.3 [62.4-92.2] 77.75 [62.4-89.6] 793 [67.6-92.2] 0.049

Mann-Whitney U test; CEA, Carcinoembryonic antigen; WBC, White blood cell; CRP, C-reactive protein; HCT, Hematocrit; MCV, Mean corpuscular volume; MLN, Metastatic lymph node.
P<0.05 statistically significant.
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Characteristics/Findings MLN < 1.05 cm MLN = 1.05 cm P value

(N = 55) (N = 46)
Age (year), Mean = SD 59.47 +12.43 60.24 + 14.37 0.566"
Sex, N (%) Male 36 (65.5) 24 (52.2) 0.176
Female 19 (35.5) 22 (47.8)
BMI (kg/m?), Mean + SD 28.48 £2.73 28.33 £2.25 0.995"
Localization of tumor, N (%) Cecum 8 (14.5) 5(10.9) 0.432°
Ascending colon 9 (16.4) 7 (15.2)
Ascending colon +sigmoid colon 1(1.8) 0(0)
Transvers colon 1(18) 2 (44)
Descending colon 2(3.6) 5(10.9)
Sigmoid colon 18 (32.7) 9 (19.6)
Rectum 16 (29.1) 18 (39.1)
Neoadjuvant therapy, N (%) V 16 (29.1) 14 (30.4) 0.883"
CClI score, N (%) 0 8(14.5) 8(17.4) 0713°
1 11 (20) 9 (19.6)
2 17 (30.9) 13 (28.3)
3 16 (29.1) 10 (21.7)
4 3(5.5) 4(87)
5 0(0) 2 (4.4)
ASA score, N (%) 1 12 (21.8) 11 (23.9) 0.611°
2 30 (54.6) 20 (43.5)
3 13 (23.6) 15 (32.6)

“Student's t-test; "Chi-Square test; MLN, Metastatic lymph node; SD, Standard deviation; BMI, Body mass index; CCI, Charlson Comorbidity Index; ASA, The American Society of
Anesthesiologists.
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HR 95%Cl P v

Age

Young (20-44) 1

Middle (45-59) 1.035 1.048-1.011 <0.05

Old (= 60) 2.152 2.026-2.198 <0.05
Sex

Males 1

Females 0.956 0.642-1.422 0.823
BMI

<185 1

18.5-23.9 1.590 1.056-2.393 <0.05

224 1.970 1.679-2.458 <0.05
Smoking

No 1

Yes 1.272 0.669-2.416 0.463
Drinking

No 1

Yes 0.555 0.286-1.075 0.081
Chronic disease

No 1

Yes 1.185 0.576-2.439 0.645
Pathological Type

Squamous 1

carcinoma

Adenocarcinoma 71.346 7.923-642.466 <0.05

Signet-ring cell 16.699 2.016-138.308 <0.05
TNM stages

I 1

il 7.874 3.245-8.019 <0.05

il 8.232 4.098-8.638 <0.05
Differentiation Grade

Low 1

Intermediate 0.838 0.567-1.240 <0.05

High 0.645 0.415-1.003 <0.05
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Parameter Category Mean estimate ( (95% Cl)

MLN size (cm) ‘ MLN<1.05 75,297(68,039;80,596) ‘ <0,001
‘ MLN=1.05 52,570(44,254;60,686) ‘
‘ Overall survival 60,627(55,363;65,892) ‘

*Log Rank (Mantel-Cox); MLN, Metastatic lymph node.
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Characteristic No chemotherapy Received chemotherapy P value

(n=392) (n=861)
Age, n (%) 0.31
Young (20-44) 79 (20.2) 203 (23.6)
Middle (45-59) 165 (42.1) 379 (44.2)
0ld (260) 148 (37.7) 279 (322)
Sex, n (%) 0.82
Males 311 (79.3) 638 (74.1)
Females 81 (20.7) 223 (25.9)
BMI, n (%) 1 0.47
<185 69 (17.6) 153 (17.8)
18.5-23.9 278 (70.9) 567 (65.9)
224 45 (11.5) 141 (16.3)
Smoking, n (%) 0.52
No 155 (39.5) 356 (41.3)
Yes 237 (60.5) 505 (58.7)
Drinking, n (%) 0.59
No 185 (47.2) 403 (46.8)
Yes 207 (52.8) 458 (53.2)
Chronic disease, n (%) 0.43
No 135 (34.4) 323 (37.5)
Yes (hypertension or diabetes) | 257 (65.6) 538 (62.5)
Pathological Type, n (%) 0.26
Adenocarcinoma 240 (61.2) 679 (78.9)
Squamous Carcinoma 138 (35.2) 161 (18.7)
Signet-ring cell Carcinoma 14 (3.6) 21 (24)
TNM stages, n (%) 0.89
1 43 (11.0) 61 (7.1)
i 148 (37.8) 312 (36.2)
il 201 (51.2) 488 (56.7)
| Differentiation Grade, n (%) 0.73
Low 196 (50) 308 (35.8)
Intermediate 103 (26.3) 294 (34.1)
High 93 (23.7) 259 (30.1)

The patients’ characteristics in group 1 and 2 are listed. No significant difference was found between the two groups (P > 0.05). The background data for all patients were relatively similar.
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meter of maximum

Cut-off > 1.05 cm

AUC [LCI-UCT] 0.841 [0.765-0.917]
Sensitivity [LCI-UCI] 87.5 [71.0-96.5)
Specificity [LCI-UCI] 7391 [619 - 83.7]
PPV 60.9

NPV 927

p value <0.001

MLN, Metastatic lymph node.
LCI, 95% Lower Confidence Interval.
UCI, 95% Upper Confidence Interval.
P<0.05 statistically significant.
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Parameter
Tumor size
Sex

Age

LVI

PNI

MLN size

N stage

HGB

BMI

LVI, Lymphovascular invasion; PN, Perineural invasion; MLN, Metastatic lymph node; HGB, Hemoglobin; BMI, Body mass index.

P<0.05 statistically significant.

Exp(B) (95,0% CI)

,977(,840;1,221)
1,323(,562;3,400)
1,009(,563;1,039)
1,681(1,393;2,702)
1,588(,268;3,600)
2,428(1,139;3,556)
2,292(,838;5,533)
,882(,368;1,159)

,877(,147;1,047)

,840

1562

1563

019

,021
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Colonic vascular perfusion assessment

ICG group Non-ICG group
n =143 n=143
Postoperative hospital stay (median [range]) 10 (7-18) d° 10 (8-19) d 0.243
AL 5(3.5%) 23 (16.1%) <0.001
Grade A 4 (2.8%) 12 (8.4%) 0.040
Grade B 1(0.7%) 10 (7.0%) 0.006
Grade C 0 (0.0%) I 1(0.7%) 1.000
Abdominal/pelvic abscess 1(0.7%) 3(2.1%) 0.622
Tleus 2 (1.4%) 2 (1.4%) 1.000
Bleeding 1(0.7%) 1(0.7%) 1.000
Acute urinary retention 1(0.7%) 2 (1.4%) 1.000
‘Wound infection 2 (1.4%) 3(2.1%) 1.000
Hospital readmission 1 (0.7%) 11 (7.7%) 0.003
Surgical reintervention 0 (0%) 1 (0.7%) 1.000
Other complications” 3(2.1%) 4(2.8%) 1.000

ICG, indocyanine green; AL, anastomotic leakage.
*d, days.
PAccording to Clavien-Dindo Class score >grade I1.
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Variables Numbers

Presurgery CEA (ng/ml), n (%)

b 190

>5 67
TRG, n (%)

0 45

142 197

3 15
ypT stage, n (%)

TO 45

T1-2 92

T3-4 120
ypN stage, n (%)

NO 184

N1 55

N2 18

Tumor deposit, n (%)
Negative 235

Positive 22

CEA, carcinoembryonic antigen; TRG, tumor regression grade; HR, hazard ratio; CI, confidence interval.

Univariate

Recurrence n (%)

36 (18.9)
24 (358)

5(1L.1)
49 (24.9)
6 (40.0)

5 (11.1)
16 (17.4)
39 (32.5)

32 (17.4)
20 (36.4)
8 (44.4)

50 (21.3)
10 (45.5)

P value

0.005

0.042

0.004

0.001

0.010

HR

2133

2.399
3.737

Multivariate

95% CI

1.126-4.042

1.210-4.755
1.349-10.351

P value

0.020

0.005

0.012
0.011
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Patients enrolled in OBELICS trial
(n=230)

Patients undergoing surgery on

Patients not undergoing surgery metastasis

(n=149)

Patients with only liver metastasis Patients with more than one site of metastasis, OR
(n=56) with other site of met, or not specified (n= 25)

Pathological classification of Pathological classification of
metastasis resection R1 or more metastasis resection RO
(n=14) (n=42)

Patients blood samples at two time point (basal and
at resectability) balanced between the two arms
(n=30)
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Jian-Hui Chen et al.
@n

Year | Country

China

Age (median and
range)

Sample
(male/female)
808/575

Survival
analysis

HR (95%
c)

Treatment

Resection

No. of different level

PLR <210 (low) and PLR >
210 (high)

Stage

Summary results

Positive(OS)

Ross D Dolan et al.
(23)

Britian

65/65-74/75:248/270/283

430/371

Resection

PLR< 150 and PLR >150

Negative(CSS);
Negative(OS)

Zhigui Li et al. (45)

China

62 (19-94)

176/136

Resection

PLR <260 and PLR >260

Positive(OS);
Negative(PFS)

Mao-Song Lin et al.
(12)

China

61.38 + 1135 years (range,
33 to 82 years)

78/60

colonoectomy

PLR <248 and PLR >248

Positive(OS)

Chong Lu et al. (13)

China

<60/260:817/1028

1044/801

surgery

PLR< 130 and PLR >130

Positive(OS);
Positive(CSS)
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Lymphovascular invasion (yes vs no) 0.479 1.643 0.771
Perineural invasion (yes vs no) 0.020 1.038 0.985
Tumor deposit (yes vs no) -1.587 1.075 1.141

Multivariate analysis

Age -0.102 0.031 0.001
TRG (3 vs 2, 1 vs 0) 1512 0.636 0.018
YPN stage(N2 vs N1 vs NO) 1.227 0.491 0.013

BMI, body mass index; nCRT, neoadjuvant chemoradiotherapy; TRG, tumor regression grade; TME, total mesorectal excision; CRM, circumferential resection margin.
Variables with P values in bold are included in the multivariate analysis.
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Variables All (n=257) Before matching After matching

LNY > 12 LNY <12 P value LNY > 12 LNY < 12 P value

(n=98) (n=159) (n=87) (n=87)
Sex, n (%) 0.196 0.634
Male 163 (63.4) 67 (68.4) 96 (60.4) 58 (66.7) 55 (63.2)
Female 94 (36.6) 31 (31.6) 63 (39.6) 29 (33.3) 32 (36.8)
Age, median (IQR), years 59 (52- 65) 55 (50- 63) 60 (54- 65) 0.001 56 (50-63) 57 (52-63) 0.575
ASA, n (%) 0.410 1.000
I 56 (21.8) 24 (24.5) 32 (20.1) 21 (24.1) 21 (24.1)
II-1TT 201 (78.2) 74 (75.5) 127 (79.9) 66 (75.9) 66 (75.9)
BMI (kg/m2), n (%) 0.488 0.360
<25 146 (56.8) 53 (54.1) 93 (58.5) 45 (51.7) 51 (58.6)
225 111 (43.2) 45 (45.9) 66 (41.5) 42 (48.3) 36 (41.4)
Distance from anus, median (IQR), cm 5(3-7) 5(3-7) 5(3-7) 0.487 5(3-7)) 5(3-6) 0.401
Tumor differentiation, n (%) 0.250 0.362
Well + moderate 223 (86.8) 82 (83.7) 141 (88.7) 74 (85.1) 78 (89.7)
Poor 34 (13.2) 16 (16.3) 18 (11.3) 13 (14.9) 9 (10.3)
Clinical T stage, n (%) 1.000 1.000
T2 6(2.3) 2 (2.0) 4(25) 2(23) 1(1.1)
T3-4 251 (97.7) 96 (98.0) 155 (97.5) 85 (97.7) 86 (98.9)
Clinical N stage, n (%) 0.060 0.162
NO 21 (82) 4 (4.1) 17 (10.7) 4 (4.6) 10 (11.5)
N+ 236 (91.8) 94 (95.9) 142 (89.3) 83 (95.4) 77 (88.5)
Presurgery CEA (ng/ml), n (%) 0.456 0.163
<b 190 (73.9) 75 (76.5) 115 (72.3) 69 (79.3) 61 (70.1)
>5 67 (26.1) 23 (23.5) 44 (27.7) 18 (20.7) 26 (29.9)
Presurgery CA19-9 (U/ml), n (%) 0.664 0.515
<37 239 (93.0) 92 (93.9) 147 (92.5) 83 (95.4) 81 (93.1)
>37 18 (7.0) 6 (6.1) 12 (7.5) 4 (4.6) 6 (6.9)
Preoperative radiotherapy, n (%) 0.115 0.350
Long-term 239 (93.0) 88 (89.8) 151 (95.0) 80 (92.0) 83 (95.4)
Short-term 18 (7.0) 10 (10.2) 8 (5.0) 7 (8.0) 4 (4.6)
nCRT regimens, n (%) 0.490 0.708
Capecitabine 210 (81.7) 78 (79.6) 132 (83.0) 68 (78.2) 70 (80.5)
Oxaliplatin-containing 47 (18.3) 20 (20.4) 27 (17.0) 19 (21.8) 17 (19.5)
Adjuvant chemotherapy, n (%) 0.858 0.320
No 77 (30.0) 30 (30.6) 47 (29.6) 29 (33.3) 23 (264)
Yes 180 (70.0) 68 (69.4) 112 (70.4) 58 (66.7) 64 (73.6)

LNY, lymph node yield; ASA, American Society of Anesthesiologists; BMI, body mass index; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; nCRT, neoadjuvant
chemoradiotherapy.
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Variables

TME quality, n (%)
Complete
Nearly complete
Incomplete
No. of LNY, median (IQR)
Positive CRMs, n (%)
ypT stage, n (%)
TO
T1-2
T3-4
ypN stage, n (%)
NO
N1
N2
ypTNM stage, n (%)
0/PCR
1
I
i
TRG, n (%)

1+2
3
Lymphovascular invasion, n (%)
Negative
Positive
Perineural invasion, n (%)
Negative
Positive
Tumor deposit, n (%)
Negative

Positive

All (n=257)

220 (85.6)
30 (11.7)
7(27)
10 (7-13)
14 (54)

45 (17.5)
92 (35.8)
120 46.7)

184 (71.6)
55 (21.4)
18 (7.0)

39 (15.2)
78 (30.4)
68 (26.5)
72 (28.0)

45 (17.5)
197 (76.7)
15 (5.8)

248 (96.5)
9 (3.5)

233 (90.7)
24 (9.3)

235 (91.4)
22 (8.6)

INY > 12
(n=98)

82 (83.7)
14 (143)
2(2.0)
14 (13-16)
8(8.2)

12 (12.2)
40 (40.8)
46 (46.9)

67 (68.4)
21 (21.4)
10 (10.2)

10 (10.2)
34 (34.7)
23 (23.5)
31 (31.6)

12 (122)
77 (78.6)
9(9.2)

94 (95.9)
4(4.1)

91 (929)
7(7.1)

92 (93.9)
6 (6.1)

Before matching

INY < 12
(n=159)

138 (86.8)
16 (10.1)
5(3.1)
7 (6-10)
6(3.8)

33 (20.8)
52 (32.7)
74 (46.5)

117 (73.6)
34 (214)
8 (5.0)

29 (18.2)
44 (27.7)
45 (283)
41 (25.8)

33 (20.8)
120 (75.5)
6(3.8)

154 (96.9)
5(3.1)

142 (89.3)
17 (10.7)

143 (89.9)
16 (10.1)

P value

0.533

<0.001
0.132
0.163

0.280

0.184

0.060

0.735

0.342

0.273

LNY 2 12
(n=87)

73 (83.9)
12 (13.8)
2(2.3)

14 (13-16)
7 (8.0)

10 (11.5)
37 (42.5)
40 (46.0)

63 (72.4)
18 (20.7)
6(6.9)

10 (11.5)
32 (36.8)
21 (24.1)
24 (27.6)

10 (11.5)
74 (85.1)
3(34)

85 (97.7)
2(23)

81 (93.1)
6(6.9)

83 (95.4)
4 (4.6)

After matching

LNY <12
(n=87)

73 (83.9)
10 (11.5)
4 (4.6)
7 (6-9)
4 (4.6)

14 (16.1)
35 (40.2)
38 (43.7)

59 (67.8)
23 (26.4)
5(5.7)

10 (11.5)
29 (33.3)
20 (23.0)
28 (32.2)

14 (16.1)
70 (80.5)
3(34)

86 (98.9)
1(L)

80 (92.0)
7 (8.0)

79 (90.8)
8(9.2)

LNY, lymph node yield; TME, total mesorectal excision; CRM, circumferential resection margin; PCR, pathologic complete response; TRG, tumor regression grade.

P value

0.650

<0.001
0.350
0.679

0.660

0923

0.677

1.000

0.773

0.231
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Data are presented as n (%). Group A, A modified approach with simplified transanal
total mesorectal excision; Group B, A classical approach with transabdorninal
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Variable

Total operating time*

Group A,
17
2966036

Group B,
n=34
305+58.28

Blood loss®

217.65 + 157.06

160.88 = 94.21

Hospital stays after operation®

941334

9.68 = 445

0813

Distance of tumors from distal
margin®

403086

432075

Tumor diameter®

407 =156

312129

Length of specimen®

9.94+285

890+ 249

Tumor differentiation

Poorly di | 1Gss) | 268 |
Moderately differentiated [ 160u12) | 320412 |

Cil ial resection margin

Positive 0(0) 0(0)

Negative 17 (100) 34 (100)

Lymph nodes harvested 13352772 | 14.09+7.69 075
Bowel movement (days) 3762211 | 350=291 0713

Values are mean + SD. Group A: A modified approach with simplified transanal
total mesorectal excision; Group B: A classical approach with transabdominal

resection of low rectal cancer.
*P <005





OPS/images/fonc.2023.1100820/table7.jpg
Variables P-value

Sex
female 188 (41.41) 25 (36.23) 0.494 37 (38.54) 176 (41.22) 0713
male 266 (58.59) 44 (63.77) 59 (61.46) 251 (58.78)

Age
<60 213 (46.92) 38 (55.07) 0257 27 (28.12) 224 (52.46) <0.001
260 241 (53.08) 31 (44.93) 69 (71.88) 203 (47.54)

BMI
<185 51 (11.23) 2 (2.90) 0.009 15 (15.62) 38 (8.90) 0.067
18.5-23.9 295 (64.98) 39 (56.52) 64 (66.67) 270 (63.23)
24-27.9 89 (19.60) 22 (31.88) 15 (15.62) 96 (22.48)
228 19 (4.19) 6 (8.70) 2 (2.08) 23 (5.39)

pT stage
T1 9 (1.98) 1(145) 0723 1(1.04) 9 (2.11) 0252
T2 111 (24.45) 13 (18.84) 16 (16.67) 108 (25.29)
T3 130 (28.63) 20 (28.99) 32 (33.33) 118 (27.63)
T4 204 (44.93) 35 (50.72) 47 (48.96) 192 (44.96)

pN stage
NO 258 (56.83) 42 (60.87) 0.100 65 (67.71) 235 (55.04) 0.033
N1 141 (31.06) 14 (20.29) 25 (26.04) 130 (30.44)
N2 55 (12.11) 13 (18.84) 6(6.25) 62 (14.52)

Differentiation degree

High/moderate-high 49 (10.79) 7 (10.14) 0985 11 (11.46) 45 (10.54) 0495
Moderate 341 (75.11) 52 (75.36) 68 (70.83) 325 (76.11)
Low/low-moderate 64 (14.10) 10 (14.49) 17 (17.71) 57 (13.35)

Histological subtype
Non-mucinous 371 (81.72) 59 (85.51) 0.550 78 (81.25) 352 (82.44) 0.899
Mucinous 83 (18.28) 10 (14.49) 18 (18.75) 75 (17.56)

Perineural invasion
Negative 238 (52.42) 41 (59.42) 0339 47 (48.96) 232 (54.33) 0.401
Positive 216 (47.58) 28 (40.58) 49 (51.04) 195 (45.67)

Lymphvascular invasion

Negative 324 (71.37) 49 (71.01) 1.000 67 (69.79) 306 (71.66) 0.809
Positive 130 (28.63) 20 (28.99) 29 (30.21) 121 (28.34)

Location
Right-side colon 116 (25.55) 6 (8.70) 0.005 38 (39.58) 84 (19.67) <0.001
Left-side colon 119 (26.21) 26 (37.68) 28 (29.17) 117 (27.40)
Retum 219 (48.24) 37 (53.62) 30 (31.25) 226 (52.93)

Tumor size
<5cm 246 (54.19) 37 (53.62) 1.000 26 (27.08) 257 (60.19) <0.001
> 5cm 208 (45.81) 32 (46.38) 70 (72.92) 170 (39.81)

Gross appearance

Protruded type 198 (43.61) 24 (34.78) 0.211 49 (51.04) 173 (40.52) 0.077
Infiltrating/ulcerative 256 (56.39) 45 (65.22) 47 (48.96) 254 (59.48)
type

P-value in bold font means statistically significant.
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Variable Group A, P value
n=17 (P<0.05)
11 (64.71) 19 (55.88)
6 (35.29) 15 (44.12)
628821037 | 63741107
BMI 23544289 | 21402334
Neoadjuvant radiotherapy 6(3529) 16 (47.06)
Adjuvant 0(0) 0(0)
Adjuvant chemotherapy 8 (47.06) 9 (2647)
TNM stage
Stage 1 4(23.53) 5(1471)
Stage I 7 (41.18) 14 (41.18)
Stage 11 6 (35.29) 15 (44.12)
Underlying disease
Hypertension 0(0) 9 (26.47)
Diabetes 1(5.88) 4(11.76)
Previous abdominal operation 00 6(17.65)

BMI, Body mass index; TNM, Tumor node metastasis.
*Values are mean + SD. Group A, A modified approach with simplified transanal
total mesorectal excision; Group B, A classical approach with transabdominal

resection of low rectal cancer.
*P <005
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C-index

Prognostic models

unadjusted adjusted?
oS
Model A 1006.232 0.761 0.741 - - -
Model B 1012.556 0.746 0.728 0.004 0.027 0.022
Model C 1013.467 0.750 0731 0.002 0.021 0.018
Model D 1020.590 0.733 0.716 < 0.001 0.050 0.004
TNM stage model 1039.352 0.661 0.660 < 0.001 0.116 < 0.001
GES)
Model E 882210 0.786 0.763 < = 5
Model F 890.254 0.770 0.748 0.002 0.035 0.022
Model G 892.247 0.768 0.746 < 0.001 0.026 0.004
Model H 901.469 0.750 0.731 < 0.001 0.063 < 0.001
TNM stage model 922.730 0.670 0.669 < 0.001 0.153 < 0.001

Model A = pT stage + pN stage + Histological type + Perineural invasion + THR + PNI; Model B = pT stage + pN stage + Histological type + Perineural invasion + THR; Model C = pT stage + pN.
stage + Histological type + Perineural invasion + PNI; Model D = pT stage + pN stage + Histological type + Perineural invasion; Model E = p'T stage + pN stage + Histological type + Perineural
invasion + Gross appearance + THR + PNI; Model F = pT stage + pN stage + Histological type + Perineural invasion + Gross appearance + THR; Model G = pT stage + pN stage + Histological
type + Perineural invasion + Gross appearance + PNI; Model H = pT stage + pN stage + Histological type + Perineural invasion + Gross appearance.

“C-index adjusted by boot-strap resampling strategy (1000 resamples).

*P_value of the likelihood-ratio test used to compare the C-index between model A, model E and other models in predicting OS and CCS, respectively.

€IDI analysis used to evaluate the improvement of model A and model E compared to other models in predicting OS and CCS, respectively.

4p-value of the IDI analysis. P-value in bold font means statistically significant.
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Multivariate analysis

Variables
HR (95% Cl)

0s
pT stage (Ref: T1/T2) 0.004
T3 3.05 (1.24-7.49) 0.015
T4 425 (1.77-10.19) 0.001
PN stage (Ref: NO) <0.001
N1 1.84 (1.16-2.90) 0.009
N2 3.97 (2.43-6.50) ' < 0.001
Histological subtype (Ref: Non-mucinous) 1.65 (1.10-2.48) 0.016
Perineural invasion (Ref: Negative) 1.64 (1.08-2.51) 0.021
THR (Ref: < 1.93) 0.40 (0.19-0.83) 0.013
PNI (Ref: < 42.55) 0.56 (0.36-0.87) 0.011
ccs
pT stage (Ref: T1/T2) 0.049
T3 2.58 (0.96-6.91) 0.060
T4 3.26 (1.24-8.57) 0.016
PN stage (Ref: NO) < 0.001
N1 2.12 (1.30-3.45) 0.002
N2 4.19 (2.47-7.11) » <0.001
Histological subtype (Ref: Non-mucinous) 1.62 (1.04-2.52) 0.032
Perineural invasion (Ref: Negative) 1.86 (1.18-2.93) 0.008
Gross appearance (Ref: Protruded type) 1.90 (1.18-3.05) 0.008
THR (Ref: < 1.93) 0.32 (0.14-0.74) 0.007
PNI (Ref: < 42.55) 0.50 (0.31-0.81) ' 0.005

P-value in bold font means statistically significant.
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\EUELE

HR (95% CI)

Tumor markers
CEA (Ref: < 5) 1.73 (1.19-2.50) 0.004 1.85 (1.26-2.72) 0.002
CA19-9 (Ref: < 37) 1.71 (1.07-2.75) 0.026 1.72 (1.04-2.82) 0.034

Serum lipid indexes

TC (Ref: < 5.61) 052 (0.30-0.92) 0,023 059 (0.34-1.03) 0.065
TG (Ref: < 1.63) 067 (0.40-1.11) 0.116 0.61 (0.35-1.05) 0.073
HDL-C (Ref: < 1.47) 057 (0.31-1.04) 0.065 058 (0.31-1.08) 0.086
LDL-C (Ref: < 3.98) 061 (0.34-1.09) 0.095 0.63 (0.34-1.14) 0128
Al (Ref: < 4.49) 072 (0.39-1.34) 0300 0.81 (0.43-151) 0501
THR (Ref: < 1.93) 046 (0.22-0.94) 0.034 0.38 (0.17-0.86) 0.020
LHR (Ref: < 2.96) 071 (0.48-1.06) 0.090 0.66 (0.44-1.01) 0.056
ApoAL (Ref: < 1.19) 067 (0.45-0.98) 0.041 0.66 (0.44-0.99) 0.044
ApoB (Ref: < 0.91) 071 (0.49-1.03) 0.068 0.75 (0.51-1.11) 0153
ApoA1/ApoB (Ref: < 0.89) 129 (0.71-2.35) 0404 1.15 (0.63-2.10) 0.644
Lpa (Ref: < 586.00) 1.69 (1.06-2.69) 0.027 1.81 (1.12-2.92) 0.015

Inflammatory indexes

CAR (Ref: < 0.26) 1.24 (0.78-1.95) 0.363 1.18 (0.72-1.92) 0.509
mGPS (Score 2 vs 1 vs 0) 1.06 (0.79-1.42) 0.712 1.00 (0.73-1.38) 0.982
LMR (Ref: < 4.70) 0.74 (0.50-1.10) 0.135 0.78 (0.52-1.19) 0.249
SII (Ref: < 317.37) 1.42 (0.80-2.52) 0.238 1.53 (0.82-2.85) 0.184
NLR (Ref: < 1.95) 1.30 (0.89-1.90) 0.168 1.19 (0.81-1.77) 0377
PLR (Ref: < 190.59) 0.72 (0.47-1.09) 0.122 0.75 (0.48-1.16) 0.192
NWR (Ref: < 0.64) 1.22 (0.84-1.78) 0.291 1.10 (0.74-1.64) 0.650
PNI (Ref: < 42.55) 0.66 (0.43-1.02) 0.060 0.67 (0.43-1.07) 0.091

P-value in bold font means less than 0.10.
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Univariate analysis Multivariate analysis

Variables
HR (95% Cl) P-value HR (95% Cl) P-value
Sex (Ref: female) 1.38 (0.92-2.08) 0.117
Age (Ref: < 60 years) 0.90 (0.61-1.32) 0.584
BMI (Ref: 18.5-23.9 kg/m?) 0.157
<185 1.86 (1.07-3.23) » 0.027
24-279 1.03 (0.62-1.68) 0.922
228 1.31 (0.57-3.04) 0.523
pT stage (Ref: T1/T2) <0.001 0.040
T3 5.09 (1.95-13.25) 0.001 2.81 (1.05-7.48) 0.039
T4 9.33 (3.77-23.08) < 0.001 3.44 (1.31-9.02) 0.012
PN stage (Ref: NO) <0.001 < 0.001
N1 2.75 (1.71-4.41) < 0.001 1.96 (1.22-3.17) 0.006
N2 6.39 (3.93-10.41) < 0.001 3.36 (2.01-5.62) < 0.001
Differentiation degree (Ref: High/moderate-high) 0.007
Moderate 1.56 (0.72-3.39) 0.260
Low/low-moderate 2.97 (1.28-6.89) 0.011
Histological subtype (Ref: Non-mucinous) 1.90 (1.23-2.93) 0.004 1.68 (1.08-2.61) 0.021
Perineural invasion (Ref: Negative) 3.28 (2.14-5.04) <0.001 1.99 (1.26-3.14) 0.003
Lymphvascular invasion (Ref: Negative) 254 (1.73-3.73) <0.001
Location (Ref: Rectum) » 0.535
Right-side colon 0.84 (0.51-1.36) 0.466
Left-side colon 0.78 (0.49-1.25) 0.304
Tumor size (Ref: < 5cm) 1.13 (0.77-1.66) 0.539
Gross appearance (Ref: Protruded type) 2.60 (1.66-4.08) <0.001 1.75 (1.09-2.80) 0.020
Intestinal obstruction/perforation (Ref: No) 0.48 (0-17.25) 0312
Harvested lymph nodes (Ref: < 12 LNs) 0.99 (0.64-1.51) 0.947
Operation type (Ref: Open surgery) 0.81 (0.50-1.29) 0.370

P-value in bold font means statistically significant.
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Univariate analysis Multivariate analysis

Variables
HR (95% Cl) P-value HR (95% Cl) P-value
Sex (Ref: female) 1.37 (0.93-2.01) 0.112
Age (Ref: < 60 years) 1.05 (0.73-1.52) 0.780
BMI (Ref: 18.5-23.9 kg/m?) 0.107
<185 1.82 (1.08-3.05) 0.024
24.0-27.9 0.89 (0.55-1.45) 0.645
228 1.14 (0.5-2.63) 0.752
pT stage (Ref: T1/T2) <0.001 0.004
T3 4.57 (1.89-11.04) 0.001 3.20 (1.31-7.84) 0.011
T4 8.64 (3.77-19.80) < 0.001 4.32(1.80-10.35) 0.001
PN stage (Ref: NO) <0.001 < 0.001
N1 236 (1.52-3.67) < 0.001 1.72 (1.10-2.70) 0.018
N2 5.54 (3.51-8.74) < 0.001 3.22 (2.00-5.18) < 0.001
Differentiation degree (Ref: High/moderate-high) 0.044
Moderate 1.21 (0.63-2.34) 0.568
Low/low-moderate 2.07 (0.99-4.33) 0.053
Histological subtype (Ref: Non-mucinous) 2.08 (1.39-3.11) <0.001 1.72 (1.14-2.58) 0.010
Perineural invasion (Ref: Negative) 290 (1.95-4.32) <0.001 1.74 (1.14-2.65) 0.011
Lymphovascular invasion (Ref: Negative) 243 (1.69-3.51) <0.001
Location (Ref: Rectum) 0.500
Right-side colon 0.79 (0.49-1.26) 0.318
Left-side colon 0.82 (0.53-1.27) 0.373
Tumor size (Ref: < 5cm) 1.16 (0.80-1.67) 0439
Gross appearance (Ref: Protruded type) 2.13 (1.42-321) <0.001
Intestinal obstruction/perforation (Ref: No) 0.39 (0.06-2.82) 0.353
Harvested lymph nodes (Ref: < 12 LNs) 0.99 (0.66-1.49) 0.960
Operation type (Ref: Open surgery) 0.86 (0.55-1.37) 0530

P-value in bold font means statistically significant.
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Overall cohort Training cohort Validation cohort

Characteristics Categories (N = 523) (N = 418) (N = 105) P-value
Sex Female 213 (40.7) 172 (41.1) 41 (39.0) 0.779
Male 310 (59.3) 246 (58.9) 64 (61.0)
Age (years) <60 251 (48.0) 199 (47.6) 52 (49.5) 0.809
=60 272 (52.0) 219 (52.4) 53 (50.5)
BMI (kg/m?) <185 53 (10.1) 42 (10.0) 11 (10.5) 0.467
18.5-23.9 334 (63.9) 268 (64.1) 66 (62.9)
24-27.9 111 (21.2) 91 (21.8) 20 (19.0)
>28 25 (4.8) 17 (4.1) 8(7.6)
TNM stage I 109 (20.8) 91 (21.8) 18 (17.1) 0.418
1T 189 (36.1) 146 (34.9) 43 (41.0)
1 225 (43.0) 181 (43.3) 44 (41.9)
pT stage T1/T2 134 (25.6) 113 (27.0) 21 (20.0) 0.126
T3 150 (28.7) 123 (29.4) 27 (25.7)
T4 239 (45.7) 182 (43.5) 57 (54.3)
PN stage NO 300 (57.4) 238 (56.9) 62 (59.0) 0.880
N1 155 (29.6) 126 (30.1) 29 (27.6)
N2 68 (13.0) 54 (12.9) 14 (13.3)
Differentiation degree High/moderate-high 56 (10.7) 45 (10.8) 11 (10.5) 0.270
Moderate 393 (75.1) 319 (76.3) 74 (70.5)
Low/low-moderate 74 (14.1) 54 (12.9) 20 (19.0)
Histological subtype Non-mucinous 430 (82.2) 349 (83.5) 81 (77.1) 0.168
Mucinous 93 (17.8) 69 (16.5) 24 (229)
Perineural invasion Negative 279 (53.3) 222 (53.1) 57 (54.3) 0.915
Positive 244 (46.7) 196 (46.9) 48 (45.7)
Lymphovascular invasion Negative 373 (71.3) 299 (71.5) 74 (70.5) 0.926
Positive 150 (28.7) 119 (28.5) 31 (29.5)
Tumor location Right-side colon 122 (23.3) 90 (21.5) 32 (30.5) 0.099
Left-side colon 145 (27.7) 115 (27.5) 30 (28.6)
Rectum 256 (48.9) 213 (51.0) 43 (41.0)
Tumor size (cm) < 5¢cm 283 (54.1) 232 (55.5) 51 (48.6) 0.244
> 5cm 240 (45.9) 186 (44.5) 54 (51.4)
Gross appearance Protruded 222 (42.4) 185 (44.3) 37 (35.2) 0.118
Infiltrating/ulcerative 301 (57.6) 233 (55.7) 68 (64.8)
Intestinal obstruction or perforation No 512 (97.9) 411 (98.3) 101 (96.2) 0.326
Yes 11 (2.1) 7(L7) 4(3.8)
Harvested lymph nodes (no.) <12 139 (26.6) 111 (26.6) 28 (26.7) 1.000
212 384 (73.4) 307 (73.4) 77 (73.3)
Operation type Open surgery 90 (17.2) 77 (18.4) 13 (124) 0.186
Laparoscopic surgery 433 (82.8) 341 (81.6) 92 (87.6)
CEA (ng/mL) <5 354 (67.7) 289 (69.1) 65 (61.9) 0.194
>5 169 (32.3) 129 (30.9) 40 (38.1)
CA19-9 (U/mL) <37 458 (87.6) 368 (88.0) 90 (85.7) 0.631
237 65 (12.4) 50 (12.0) 15 (14.3)
TC (mmol/L) <5.61 417 (79.7) 330 (78.9) 87 (82.9) 0450
>561 106 (20.3) 88 (21.1) 18 (17.1)
TG (mmol/L) <1.63 415 (79.3) 328 (78.5) 87 (82.9) 0.391
> 1.63 108 (20.7) 90 (21.5) 18 (17.1)
HDL-C (mmol/L) <147 439 (83.9) 351 (84.0) 88 (83.8) 1.000
> 147 84 (16.1) 67 (16.0) 17 (16.2)
LDL-C (mmol/L) <398 437 (83.6) 349 (83.5) 88 (83.8) 1.000
>398 86 (16.4) 69 (16.5) 17 (16.2)
Al <4.49 455 (87.0) 362 (86.6) 93 (88.6) 0.708
2449 68 (13.0) 56 (13.4) 12 (11.4)
THR <1.93 454 (86.8) 362 (86.6) 92 (87.6) 0.909
>193 69 (13.2) 56 (13.4) 13 (12.4)
LHR <2.96 320 (61.2) 258 (61.7) 62 (59.0) 0.696
=296 203 (38.8) 160 (38.3) 43 (41.0)
ApoAl (g/L) <L19 309 (59.1) 250 (59.8) 59 (56.2) 0.573
> 119 214 (40.9) 168 (40.2) 46 (43.8)
ApoB (g/L) <091 264 (50.5) 211 (50.5) 53 (50.5) 1.000
2091 259 (49.5) 207 (49.5) 52 (49.5)
ApoAl/ApoB <0.89 69 (13.2) 54 (12.9) 15 (14.3) 0.835
2089 454 (86.8) 364 (87.1) 90 (85.7)
I Lpa (mg/L) < 586.00 452 (86.4) 363 (86.8) 89 (84.8) [ 0.691
> 586.00 71 (13.6) 55 (13.2) 16 (15.2)
CAR <0.26 429 (82.0) 341 (81.6) 88 (83.8) 0.697
2026 94 (18.0) 77 (18.4) 17 (16.2)
mGPS (Score) 0 435 (83.2) 346 (82.8) 89 (84.8) 0474
1 39 (7.5) 34 (8.1) 5(4.8)
2 49 (9.4) 38 (9.1) 11 (10.5)
il <317.37 80 (153) 64 (153) 16 (15.2) 1.000
> 317.37 443 (84.7) 354 (84.7) 89 (84.8)
LMR <4.70 333 (63.7) 259 (62.0) 74 (70.5) 0.131
| >470 190 (36.3) 159 (38.0) 31 (29.5)
b |
NLR <1.95 230 (44.0) 181 (43.3) 49 (46.7) 0.609
|
>1.95 293 (56.0) 237 (56.7) 56 (53.3)
b
PLR < 190.59 361 (69.0) 296 (70.8) 65 (61.9) 0.100
> 190.59 162 (31.0) 122 (29.2) 40 (38.1)
NWR <0.64 341 (65.2) 275 (65.8) 66 (62.9) 0.653
> 0.64 182 (34.8) 143 (34.2) 39 (37.1)
PNI <4255 96 (18.4) 76 (18.2) 20 (19.0) 0.949

> 42,55 427 (81.6) 342 (81.8) 85 (81.0)
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Univariate survival analysis of disease-free survival

n HR 95% Cl

Operation 1.094 0.414-2.889 0.856

NOSES 16

TISES 92
Age 136 ‘ 0.999 0.967-1.033 0.967
Tumor size 136 1.030 0.777-1.365 0.837
T-stage ‘ 136 1715 0.943-3.118 0.077
Lymphatic or vascular invasion 5729 2.287-14.350 <0.001

- 92

+ 16
Perineural invasion 2.906 1.173-7.201 0.021

. 82

+ 56
N-stage 136 4110 2.281-7.405 <0.001

ultivariate survival analysis of disease-free survival
n HR 95% Cl

T-stage 136 1.616 0.780-3.348 0.196
Lymphatic or vascular invasion 136 2966 1.110-7.929 0.030
Perineural invasion I 136 0.520 0.166-1.634 0.263
N-stage ‘ 136 3951 1.816-8.594 0.001

HR, hazard ratio; 95% CI, 95% confidence interval.
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Univariate survival analysis of overall survival

n HR 95% Cl
Operation 1181 0.399-3.496 0.764
NOSES 46
TISES 92
Age 136 0.995 0.960-1.032 0.791
Tumor size 136 1.043 0.760-1.430 0.796
T-stage 136 2319 1.010-5.326 0.047
Lymphatic or vascular invasion 5307 1.928-14.604 0.001
- 92
+ 46
Perineural invasion 2.620 0.968-7.088 0.058
= 82
3 56
N-stage 136 5.008 2.453-10.224 <0.001

Multivariate survival an

alysis of overall survival

n HR 95% CI
T-stage 136 2.335 0.861-6.331 0.096
Lymphatic or vascular invasion 136 2724 0.918-8.085 0.071
Perineural invasion 136 0.347 0.102-1.177 0.089
N-stage 136 5.848 2.287-14.950 <0.001

HR, hazard ratio; 95% CI, 95% confidence interval.
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After PSM

NOSES(n=46) TISES(
Number of lymph nodes harvested, mean (SD) 22.82(13.69) 22.34(7.44) | 0.784
N-stage, n (%) 0.820
0 28(60.9) 51(55.4)
1 11(23.9) 26(28.3)
2 7(15.2) 15(16.3)
Perineural invasion, n (%) | 0.806
+ 18(39.1) 38(41.3)
" 28(60.9) 54(58.7)
Lymphatic or vascular invasion, n (%) 0.798
+ 16(34.8) 30(32.6)
% 30(65.2) 62(67.4)
‘ Histological differentiation, n (%) 0.843
‘ well 2(4.3) 6(6.5)
Moderate 36(78.3) 72(78.3)
Poor 8(17.4) 14(15.2)
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Variable 626 cases with 626 lesions

Age (years)

» |

Sex
Male | 429 (68.5%)
Female | 197 (31.5%)

Tumor location

Upper third 48 (7.7%)

Middle third 156 (24.9%)

Lower third 422 (67.4%)
Tumor size

<2cm I

>2em | 311 (49.7%)

Macroscopic type

0-1 (Protruded) 47(7.5%)
0-la (Elevated) 57 (9.1%)
0-1Ib (Flat) 67(10.7%)
0-Ilc (depressed) 308 (49-2%)
O-1II (excavated) 147(23.5%)
Ulcer
Absence | 307 (49.0%)
Presence | 319 (51.0%)

Invasion depth

M 302 (48.2%)

sM1 109 (17.4%)

sM2 215 (34.3%)
w

Absence I 546 (87.2%)

Presence I 80 (12.8%)
Perineural invasion

Absence I 595 (95.0%)

Presence | 31 (5.0%)

Histological type

PD 312 (49.8%)

Mixed type 192 (30.7%)

PU 122 (19.5%)
LNM

Negative | 555 (88.7%)

Positive | 71 (11.3%)
scope of LND

D1 57 (9.1%)

D1+ 131 (20.9%)

D2 438 (70.0%)

Number of LND

<0 I 399 (63.7%)

>22 | 227 (36.3%)

LKD. bl node dissection.
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Variable M1 n (%) M2 n (%) M3 n (%) M5 n (%) PU n (%)

Age (years) 0099
<60 85 (27.2%) 8 (30.8%) 9 (26.5%) 11 (367%) 15 (36.6%) 23 (37.7%) 51 (41.8%)
260 227 (72.8%) 18 (692%) 25 (73.5%) 19 (633%) 26 (63.4%) 38 (62.3%) 71 (58.2%)

Sex 0151
Male 229 (73.4%) 17 (654%) 22 (64.7%) 21 (70.0%) 26 (63.4%) 42 (68.9%) 72 (59.0%)
Female 83 (26.6%) 9 (34.6%) 12 (35.3%) 9 (30.0%) 15 (36.6%) 19 (311%) 50 (41.0%)

Tumor location 0201
Upper third 26 (8.3%) 5 (19.2%) 2 (5.9%) 3 (10.0%) 3 (7.3%) 0 (0.0%) 9 (7.4%)
Middle third 74 (23.7%) 5 (192%) 8 (23.5%) 5 (16.7%) 13 (31.7%) 15 (24.6%) 36 (29.5%)
Lower third 212 (67.9%) 16 (615%) 24 (70.6%) 22 (73.3%) 25 (61.0%) 46 (75.4%) 77 (63.1%)

Tumor size 0037
<2cm 175 (56.1%) 12 (462%) 17 (50.0%) 15 (50.0%) 12 (293%) 26 (42.6%) 58 (47.5%)
>2cm 137 (43.9%) 14 (538%) 17 (50.0%) 15 (50.0%) 29 (70.7%) 35 (57.4%) 64 (52.5%)

Macroscopic type 0151
0-1 (Protruded) 30 (9.6%) 4 (15.4%) 2 (5.9%) 2 (6.7%) 3 (73%) 2 (3.3%) 4(33%)
0-1la (Elevated) 35 (11.2%) 2(7.7%) 3 (8.8%) 4 (13.3%) 4(98%) 3 (4.9%) 6 (49%)
0-IIb (Flat) 34(10.9%) 27.7%) 6(17.6%) 0(0.0%) 5(12.2%) 3(4.9%) 17(13.9%)
0-Tc (depressed) 148 (47.4%) 14 (53.8%) 17 (50.0%) 17 (56.7%) 20 (48.8%) 33 (54.1%) 59 (48.4%)
O-1II (excavated) 65 (208%) 4 (154%) 6 (17.6%) 7 (23.3%) 9 (22.0%) 20 (32.8%) 36 (29.5%)

Ulcer 0385
Absence 168 (53.8%) 13 (50.0%) 15 (44.1%) 14 (467%) 17 (415%) 26 (42.6%) 54 (44.3%)
Presence 144 (46.2%) 13 (50.0%) 19 (55.9%) 16 (533%) 24 (58.5%) 35 (57.4%) 68 (55.7%)

Invasion depth
M 175 (56.1%) 9 (34.6%) 18 (52.9%) 17 (56.7%) 13 (31.7%) 20 (32.8%) 50 (41%)
sM1 55 (17.6%) 6 (23.1%) 3 (8.8%) 6 (20.0%) 10 (244%) 6 (98%) 23 (18.9%)
sM2 82 (26.3%) 11 (423%) 13 (38.2%) 7 (23.3%) 18 (43.9%) 35 (57.4%) 49 (40.2%)

LVI 0001
Absence 287 (92.0%) 23 (88.5%) 30 (88.2%) 28 (93.3%) 29 (70.7%) 48 (78.7%) 101 (82.8%)
Presence 25 (8.0%) 3 (115%) 4 (11.8%) 2 (6.7%) 12 (293%) 13 (21.3%) 21 (17.2%)

Perineural invasion 0012
Absence 305 (97.8%) 26 (100.0%) 32 (94.1%) 28 (93.3%) 38 (92.7%) 56 (91.8%) 110 (90.2%)
Presence 7 (22%) 0(0.0%) 2 (5.9%) 2 (6.7%) 3 (73%) 5 (8.2%) 2 (98%)

LNM <0.001
Negative 293 (93.9%) 24 (92.3%) 31 (91.2%) 26 (86.7%) 1(51.2%) 49 (80.3%) 111 (91.0%)
Positive 19 (6.1%) 2(7.7%) 3 (8.8%) 4 (13.3%) 20 (48.8%) 12 (19.7%) 1(9.0%)

scope of LND 0881
D1 28 (9.0%) 3 (115%) 3 (8.8%) 2 (6.7%) 4(98%) 8 (13.1%) 9 (7.4%)
D1+ 59 (18.9%) 5 (192%) 9 (26.5%) 7 (23.3%) 13 (31.7%) 12 (19.7%) 26 (21.3%)
D2 225 (72.1%) 18 (69.2%) 22 (64.7%) 21 (70.0%) 24 (58.5%) 41 (67.2%) 87 (71.3%)
Number of LND 21.92 %999 19.27 +5.96 21.82+896 2387 £11.09 24391073 2170746 2324+954 0279

LRD. bk node: dizsection.
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Variable Total n (%) LNM negative n (%) LNM positive n (%) Univariate OR (95% CI)

Age (years) 0573
<60 202 (323%) 177 (319%) 25 (35.2%) 1
>60 424 (67.7%) 378 (68.1%) 46 (64.8%) 0.862 (0.531,1.447)

Sex 0.073
Male 429 (685%) 387 (69.7%) 42 (59.2%) 1
Female 197 (31.5%) 168 (30.3%) 29 (40.8%) 1591 (0.958,2.640)

Tumor location 0693
Upper third 48 (7.7%) 43 (77%) 5 (7.0%) 1
Middle third 156 (24.9%) 141 (25.4%) 15 (21.1%) 0.915 (0.314,2.662)
Lower third 422 (67.4%) 371 (66.8%) 51 (71.8%) 1182 (0.4483.122)

Tumor size <0.001
<2em 315 (50.3%) 299 (53.9%) 16 (22.5%) 1
>2cm 311 (49.7%) 256 (46.1%) 55 (77.5%) 4.015 (2.245,7.179)

Macroscopic type 0758
01 (Protruded) 47(7.5%) 42(7.6%) 5(7.0%) 1
01l (Elevated) 57(9.1%) 50(9.0%) 7(9.9%) 1.176(0.348,3.978)
0-IIb (Flay 67(10.7%) 60(10.8%) 7(9.9%) 0.980(0.291,3.298)
0-Tlc (depressed) 308(49.2%) 277(49.9%) 31(43.7%) 0.940(0.346,2.552)
0111 (excavated) 147(235%) 126(22.7%) 21(29.6%) 1.400(0.497,3.945)

Uleer 0007
Absence 307 (49.0%) 283 (51.0%) 24 (33.8%) 1
Presence 319 (51.0%) 272 (49.0%) 47 (66.2%) 2.038 (1.212,3.424)

Invasion depth <0.001
M 302 (48.2%) 18 (52.9%) 11 (15.5%) 1
SM1 109 (17.4%) 3 (8.8%) 11 (15.5%) 2.969 (1.248,7.063)
sM2 215 (343%) 13 (38.2%) 49 (49.0%) 7.809 (3952,15431)

LVI <0.001
Absence 287 (92.0%) 23 (88.5%) 30 (88.2%) 1
Presence 25 (8.0%) 3 (11.5%) 4(11.8%) 18.082 (10201,32.052)

Perineural invasion 0013
Absence 305 (97.8%) 26 (100.0%) 32 (94.1%) 1
Presence 7 (22%) 0.(0.0%) 2 (5.9%) 2937 (1.261,6843)

PUC level <0.001
PD 312 (49.8%) 293 (52.8%) 19 (26.8%) 1
M1 26 (4.2%) 24 (43%) 2 (2.8%) 1285 (0.282,5.848)
M2 34 (54%) 31 (56%) 3 (42%) 1492 (0.418,5.328)
M3 30 (4.8%) 26 (4.7%) 4 (5.6%) 2372 (0.751,7.496)
M4 41 (65%) 21 (38%) 20 (28.2%) 14687 (6.812,31.666)
Ms 61 (9.7%) 49 (88%) 12 (16.9%) 3777 (1.725,8.267)
PU 122 (19.5%) 111 (20.0%) 11 (15.5%) 1.528 (0.705,3.314)

Scope of LND 0799
DL 57 (9.1%) 51 (92%) 6 (85%) 1
D1+ 131 (20.9%) 114 (20.5%) 17 (23.9%) 1.268 (0.472,3.403)
D2 438 (70.0%) 390 (70.3%) 48 (67.6%) 1528 (0.426,2.567)

Number of LND 0394
<22 399 (63.7%) 357 (64.3%) 42 (59.2%) 1
>22 227 (36.3%) 198 (35.7%) 29 (40.8%) 1245 (0.752,2.061)

T
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Univariate analysis Multivariate analysis

Variables
HR (95%Cl) P value HR (95%Cl) P value

Gender (Female/male) 0.99 (0.56-1.76) 0.986

Age (2/< 60 years) 1.14 (0.65-2.01) 0.652

BMI (/< 23.2 kg/m?) 0.81 (0.47-1.39) 0.436

T2DM (Yes/No) 1.83 (1.06-3.14) 0.029 1.64 (1.01-2.65) 0.046
Hypertension (Yes/No) 1.51 (0.88-2.58) 0.135

Cardiovascular diseases (Yes/No) 1.35 (0.33-5.55) 0.675

Cerebrovascular disease (Yes/No) 2.30 (0.99-5.32) 0.053

ASA score (3/1&2) 1.12 (0.62-1.99) 0712

Tumor location (Colon/Rectum) 1.19 (0.70-2.04) 0.519

Operation approach (Laparoscopy/open) 142 (0.83-2.43) 0.198

‘Tumor diameter (2/< 4.3cm) 1.02 (0.59-1.75) 0.943

Operative time (>/<179min) 1.33 (0.78-2.27) 0297

TNM stage (IIT stage/I&II stage) 1.77 (1.03-3.03) 0.038 1.78 (1.12-2.82) 0.015
No. of retrieved lymph nodes (>/<12) 1.39 (0.69-2.82) 0359

Total complication (Yes/No) 1.96 (1.07-3.61) 0.030 1.40 (0.75-2.63) 0.295
Major complication (Yes/No) 3.51 (0.92-13.47) 0.067

Anastomotic leakage (Yes/No) 2.42 (1.00-5.87) 0.050 1.58 (0.69-3.63) 0.283
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Univariate analysis Multivairate analysis

Variables
HR (95%Cl) HR (95%Cl) P value

Gender (Female/male) 1.09 (0.61-1.96) 0.765

Age (2/< 60 years) 1.25 (0.69-2.25) 0.462

BMI (2/< 23.2 kg/m?) 0.71 (0.40-1.25) 0.230

T2DM (Yes/No) 1.89 (1.08-331) 0.026 1.65 (1.00-2.73) 0.050
Hypertension (Yes/No) 1.08 (0.62-1.88) 0.777

Cardiovascular diseases (Yes/No) 1.52 (0.37-6.26) 0.560

Cerebrovascular disease (Yes/No) 179 (0.75-4.27) 0.187

ASA score (3/1&2) 132 (0.73-2.37) 0357

Tumor location (Colon/Rectum) 1.08 (0.62-1.88) 0778

Operation approach (Laparoscopy/open) 1.43 (0.82-2.47) 0207

Tumor diameter (2/< 4.3cm) 0.90 (0.52-1.58) 0.723

Operative time (>/<179min) 1.54 (0.89-2.68) 0.123

TNM stage (11 stage/I&II stage) 149 (0.86-2.59) 0.156

No. of retrieved lymph nodes (2/<12) 1.60 (0.75-3.38) 0222

Total complication (Yes/No) 1.25 (0.66-2.38) 0.500

Major complication (Yes/No) 3.97 (1.03-15.23) 0.045 2.40 (0.94-6.11) 0.067

Anastomotic leakage (Yes/No) 1.81 (0.72-4.52) 0.204
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After PSM

NOSES(n=46) TISES(n=92)
Postoperative CRP, mean (SD) 0.027
Day one 85.96(25.06) 95.62(25.49)
Day three 60.72(18.45) 66.24(16.89)
Day five 30.41(10.42) 36.36(11.71)
Postoperative WBC, mean (SD) 0.026
Day one 10.61(2.26) 11.19(2.22)
Day three 8.60(1.78) 9.25(1.75)
Day five 6.59(0.91) 7.18(1.14)
VAS score, mean (SD) <0.001
Day one 3.63(0.88) 4.70(1.10)
Day three 2.17(0.74) 2.75(0.87)
Day five 1.26(0.44) 1.38(0.57)

Using repeated measures statistical analysis to calculate the P-value. Day one, the first day after surgery; day three, the third day after surgery; day five, the fifth day after surgery.





OPS/images/fonc.2023.1168961/table2.jpg
Operation time (mean + SD), min
Intraoperative blood loss (mean + SD), ml
Time to first flatus (mean + SD), h
Time to first liquid diet (mean + SD), h
Postoperative hospital stay (mean + SD), d
Postoperative complications,n(%)

Anastomotic leakage

Wound infection

Tleus

Pulmonary infection

Abdominal infection

Anastomotic bleeding

Urinary infection

Gastroplegia

NOSES(n=46)
164.00(13.82)
71.20(22.34)
55.98(8.84)
64.89(7.70)
7.78(2.24)
5(10.87)

0(0)

0(0)
12.17)
1(2.17)
1(2.17)
12.17)
12.17)

0(0)

After PSM

TISES(n=92)

146.90(17.38)
80.76(26.15)
64.76(9.25)
72.93(8.50)
8.73(3.53)
13(14.13)
1(1.09)
4(4.35)
2(2.17)
2(2.17)
1(1.09)
1(1.09)
1(1.09)

1(1.09)

<0.001

0.036

<0.001

<0.001

0.1

0592
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Before PSM After PSM
NOSES(n=51) NOSES
(n=46)

Age, mean(SD),years 60.27(12.67) 60.99(12.60) 0.694 58.96(12.57) 60.33(13.86) 0.574
Tumor size, mean(SD),cm 4.21(1.06) 5.42(2.28) <0.001 4.12(1.09) 4.25(1.66) 0.635
BMI, mean(SD),kg/m* 24.05(3.35) 23.11(2.84) 0.024 24.00(3.48) 23.27(3.45) 0.223
T-stage, n (%) <0.001 0.409

1 5(9.8) 36(4.5) 5(10.9) 11(12.0)

2 5(9.8) 36(4.5) 4(8.7) 5(5.4)

3 26(51) 212(26.6) 22(47.8) 34(37.0)

4 15(29.4) 512(64.3) 15(32.6) 42(45.7)
TNM stage, n(%) 0.077 0.550

& 8(15.7) ‘ 64(8.0) 8(17.4) 14(15.2)

bi 21(41.2) 430(54.0) 20(43.5) 33(35.9)

it 22(43.1) 302(37.9) 18(39.1) 45(48.9)
ASA, n(%) 0.223 0.889

v 12(23.5) 136(17.1) 11(23.9) 23(25.0)

it} 39(76.5) 670(82.9) 35(76.1) 69(75.0)
CRP, mean(SD),mg/l 4.70(3.24) 4.35(2.67) 0.329 4.60(3.20) 4.89(2.67) 0.574
WBC, mean(SD),/l 5.38(1.22) 5.41(1.24) 0.823 5.41(1.25) 5.63(1.33) 0.356
CEA, n(%) 0.598 0.535

<6.5 29(56.9) 483(60.7) 27(58.7) 59(64.1)

>6.5 22(43.1) 313(39.3) 19(41.3) 33(35.9)

BMI, body mass index; CRP, C-reactive protein; WBC, white blood cell; ASA, American Society of Anesthesiologists.
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cteristics
Age (years)
BMI (kg/m?)
Gender (male/female)
Preoperative chemoradiotherapy (yes/no)
Operation time (min)
Blood loss rate (%)
Surgical approach (robotic/laparoscopy)
Time of postoperative return of gut function (day)
Meal times (day)
Postoperative hospital stay duration (days)
Preoperative WBC (10E°/L)
Highest postoperative WBC (10E°/L)
Highest postoperative CRP (mg/l)
Preoperative Alb (g/l)
Minimum postoperative Alb (g/1)

Alb descending rate (%)

4/1

0/5

205.80

0/5

1.40

3.00

10.00

5.58

67.00

37.92

3330

12.17

on-SOO group
68.70
23.01
25/8
4/29
225.79
837
8/25
1.30
3.00
8.49
7.12
10.69
79.70
39.26
31.88

18.31

0.271

0.501

0.837

0417

0.475

0.645

0.221

0.738

0.675

0.028

0.252

0.331

0.557

0.31

0235

0.084
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Time points of stoma pressure measuremen e of SOO group 00 group p-valu

Time point 1 (before return of gut function) pressure (cmH,0) 4.00 (3.1-4.58) 4.49 (2.04-7.32) 0.585
Time point 2 (the day of return of gut function) pressure (cmH,0) 6.8 (4.24-8.92) 5.62 (3.12-8.36) 0.123
Time point 3 2™ day after return of gut function) pressure (cmH,0) 10.23 (8.82-11.24) 6.04 (3.2-8.24) 0.000
Time point 4 (discharge day) pressure (cmH,0) 5.88 (4.56-7.32) 5.90 (3.42-8.78) 0.933
Maximum stoma pressure during hospitalization (cmH,0) 13.34 (11.82-15.42) 7.04 (4.86-8.78) 0.000

‘The bold values mean that p values were less than 0.05 and were statistically significant.
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cteristics Range

Age (years) 67.89 (48-90)

Gender (male/female) 29/9

Body mass index (kg/mz) 23.08 (17.92-28.33)

Diabetes (yes/no)

7/31

Hypertension (yes/no) 15/23

ASA (grade 1-2/3-4) 36/2
Preoperative chemoradiotherapy (yes/no) 4/34

Operative time (min) 223.16 (149-365)

Blood loss rate (%) 8.29 [(-11.61)-22.14]

Anastomosis (double stapling technique/hand-sewn)

38/0
Surgical approach (robot/laparoscopy) 8/30
Stoma outlet obstruction (yes/no) 5/33
Time of return of gut function (day) 132 (1-2)
Stomal site (right lower/others) 38/0
Meal times (day) 3 (2-7)
Postoperative hospital stay duration (day) 8.68 (5-23)
Stage (I/II/III/IV) 16/15/7/0

Incidence of reoperation 0
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cteristics Range

Age (years) 64.53 (39-89)
Gender (male/female) 18/12
Stomal site (right lower/others) 30/0
Stoma closure time (day) 118.40 (55-338)
Stoma pressure value before reversal ileostomy (cmH,0) 5.21 (1.2-8.56)
Approach of radical surgery (laparoscopy or robot/open) 30/0
Preoperative WBC (10E°/L) 558 (4.1-11.5)
Preoperative ALB (g/l) 37.92 (31.9-45.8)

Time spent on pressure measurement (seconds) 296.2 (195-506)
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Gender n (%)

Control

SRA
preservation
group (n=284)

Male

76 (61.8)

56 (66.7)

Female

47 (382)

28 (33.3)

Mean age (=5, years)

65.85 = 11.87

64.64 = 11.67

BMI (=8, Kg/m®)

2151 +1.61

21355137

Tumor stage n (%)

1, 11 (%)

73 (59.3)

52 (61.9)

TII (%)

50 (40.7)

32 (38.)

Tumor

Poor (%)

9(7.3)

11 (13.1)

Moderate, well (%)

114 (92.7)

73 (86.9)

Postoperative adjuvant
chemotherapy 7 (%)

55 (44.7)

41 (488)
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Variable

Tumor size

>2cm

3.157 (1.581,6.303)

Invasion depth

SM2

2.869 (1.262,6.523)

LVI

Presence

12,648 (6.246,25.611)

PUC level

M4

12.205 (4.791,31.088)
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Group G1 (0% < G2 (25% <
PUC < 25%) PUC < 50%)

LNM (%) LNM (%)
Ab 10f172 0of 11 (0%) 10f 23 (43%)
(0.6%)
Non-ab 18 of 140 3 of 23 (13.0%) 4 of 16 (25.0%)
(129%)

Lesions that fit for absolute indications for ESD of differentiated EGC. Non-ab:
T I
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Group PU G3 (50% < G4 (75% <
PUC < 75%) PUC < 100%)

LNM (%) LNM (%) LNM (%)
Ab 0 0f 20 (0%) 0 of 3 (0%) 0 of 6 (0%)
Non-ab 11 of 102 11 of 61 (18.0%) 22.0f 49 (449%) | <0.001
(10.8%)

Lesions that fit for absolute indications for ESD of undifferentiated EGC. Non-ab:
B L e 80





OPS/images/fonc.2023.1158804/fonc-13-1158804-g001.jpg
| ‘ Identification |

Screening

-
i}
°
=
S
=

Records identified through
database searching
(n=741)

Additional records identified
through other sources

Records after duplicates removed

(n=671)

v

Records screened
(n =40)

v

Full-text articles assessed

for eligibility
(n=40)

L 2

qualitative synthesis

Studies included in

(n=6)

v

quantitative synthesis

Studies included in

(meta-analysis)
(n=6)

Records excluded (n =631)
Not related to the objective

Full-text articles excluded, with
reasons
(n=34)
Not related to obesity=26
Non-comparative studies=6
Clinical trial protocol=2






OPS/images/fonc.2023.1158804/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1190327/table3.jpg
Training cohort Validation cohort

P value P value
Value 95%Cl Value 95%Cl
NRI
3-year CSS 048 0.40-0.65 042 0.34-0.54
6-year CSS 045 0.36-0.66 037 0.26-064
9-year CSS 052 037-0.71 037 0.20-0.69
IDI
3-year CSS 0.09 0.06-0.13 <0.001 007 0.05-0.11 <0.001
6-year CS$ 0.10 0.07-0.14 <0.001 0.08 0.06-0.13 I <0.001

9-year CSS 0.11 0.07-0.15 <0.001 0.08 0.07-0.14 <0.001
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Variable Univariate Multivariate
HR 95%Cl HR 95%Cl
Age
17-30 Reference Reference
30-40 0.67 0.40-1.10 0.11 0.78 0.47-1.30 035
40-50 0.55 0.34-0.88 <0.01 0.71 0.44-1.14 0.16
Race
Black Reference Reference
‘White 0.63 0.45-0.90 <0.01 0.67 0.74-1.42 0.13
Other 0.95 0.63-1.43 0.82 1 0.66-1.51 0.87
Sex
B Reference Reference
M 1.53 1.23-1.90 <0.01 145 1.16-1.82 <0.01
Pathology
Adenocarcinoma Reference Reference
Mucinous and signet ring cell carcinoma 2.09 1.47-2.99 <0.01 149 1.03-2.15 <0.01
Others 2.05 1.36-3.09 <0.01 147 0.96-2.25 0.07
Grade
1 Reference Reference
1T 1.81 0.99-3.32 0.07 1.69 0.92-3.12 0.08
it 4.12 2.19-7.72 <0.01 2.66 1.40-5.05 <0.01
v 3.51 1.52-8.01 <0.01 2.62 1.12-6.12 <0.01
Stages T*
T1 Reference Reference
T2 4.51 2.14-6.38 <0.01 537 0.69-3.12 0.10
T3 2.65 1.94-3.71 <0.01 3.14 1.57-4.65 <0.01
T4 5.76 3.61-6.82 <0.01 6.77 4.83-8.15 <0.01
Stages N?
No Reference Reference
N1 1.53 1.15-2.09 <0.01 1 0.68-1.47 0.98
N2 2.97 221-3.99 <0.01 1.01 0.65-1.59 0.93
Tumor size
0-5 Reference Reference
5-10 127 1.02-1.57 <0.01 1.08 0.87-1.36 045
>10 22 1.43-3.38 <0.01 0.98 0.60-1.58 0.94
Number
1 Reference Reference
>1 1.33 0.91-1.95 0.13 144 0.95-2.13 0.06
LNR
0 Reference Reference
0-0.20 1.53 1.17-1.99 <0.01 175 1.22-2.50 <0.01
0.2-0.4 3.19 2.38-4.28 <0.01 328 2.18-4.91 <0.01
>0.4 4.31 3.18-5.84 <0.01 357 2.32-548 <0.01
CEA
Positive Reference Reference
Negative 0.52 0.42-0.64 <0.01 0.65 0.52-0.81 <0.01
Radiation
No Reference Reference
Yes 0.59 0.45-0.78 <0.01 0.56 0.41-0.77 <0.01
Chemotherapy
Yes Reference Reference
No 0.67 0.44-1.02 0.06 132 0.83-2.10 0.23

AJCC (TNM) Stages: The eighth edition AJCC (TNM) staging system.
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Whole population

Training cohort

Validation cohort

Variable P value
n % n % n %
2440 1708 732
Age
17-30 90 3.69% 59 3.45% 31 4.23% 035
30-40 565 23.16% 386 22.60% 179 24.45%
40-50 1785 73.16% 1263 73.95% 522 71.31%
Race
Black 192 7.87% 132 7.73% 60 8.20% 0.89
White 1910 78.28% 1341 78.51% 569 77.73%
Other 338 13.85% 235 13.76% 103 14.07%
Sex
| F 1069 43.81% 737 43.15% 332 4536% 032
M 1371 56.19% 971 56.85% 400 54.64%
Pathology
Adenocarcinoma 2216 90.82% 1546 90.52% 670 91.53% 0.76
Mucinous and signet ring cell carcinoma 127 5.20% 91 5.33% 36 4.92%
Others 97 3.98% 71 4.16% 26 3.55%
Grade
1 159 6.52% 107 6.26% 52 7.10% 0.83
iy 1896 77.70% 1329 77.81% 567 77.46%
g 336 13.77% 236 13.82% 100 13.66%
v 49 2.01% 36 2.11% 13 1.78%
Stages T*
Tl 62 2.54% 43 2.52% 19 2.60% 0.90
T2 187 7.66% 135 7.90% 52 7.10%
T3 1907 78.16% 1334 78.10% 573 78.28%
T4 284 11.64% 196 11.48% 88 12.02%
Stages N*
NO 745 30.53% 519 30.39% 226 30.87% 073
N1 1174 48.11% 817 47.83% 357 48.77%
N2 521 21.35% 372 21.78% 149 20.36%
Tumor size
0-5 1180 48.36% 838 49.06% 342 46.72% 054
5-10 1159 47.50% 799 46.78% 360 49.18%
>10 101 4.14% 71 4.16% 30 4.10%
Number
1 2297 94.14% 1606 94.03% 691 94.40% 072
>1 143 5.86% 102 5.97% 41 5.60%
LNR
0 1231 50.45% 857 50.18% 374 51.09% 058
0-02 733 30.04% 509 29.80% 224 30.60%
0.2-04 266 10.90% 196 11.48% 70 9.56%
>0.4 210 8.61% 146 8.55% 64 8.74%
CEA
Positive 955 39.14% 664 38.88% 291 39.75% 0.68
Negative 1485 60.86% 1044 61.12% 441 60.25%
Radiation
Yes 1805 73.98% 1271 74.41% 534 72.95% 045
No 635 26.02% 437 25.59% 198 27.05%
Chemotherapy
Yes 2199 90.12% 1543 90.34% 656 89.62% 0.58
No 241 9.88% 165 9.66% 76 10.38%

AJCC (TNM) Stages: The eighth edition AJCC (TNM) staging system.
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Characteristics

Bacon (N = 28) Dixon (N =32)
Sex, male/female 17/11 1913 001 092
Age, years 61.50 + 8.85 59.84 % 11.13 063 011
BMI, kg/m? 2291+ 155 2221+ 164 -0.31 022
Distance from tumor to anal margin, cm 332046 3.86 £ 0.46 412 0.12
Stage 0.94 0.63
1 10 13
it 13 16

it 5 3
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RG LG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year v, 5% CI
Hyun-2012 1288 7.9 13 1344 237 29 23.4% -5.60 [-15.24, 4.04] 2012
Park-2015 190.7 127 268 160.4 141.1 43 15.6% 30.30 [-14.53, 75.13] 2015
Lee-2015 66.8 61.3 31 157.2 3384 89  9.8% -90.40[-163.94,-16.86] 2015 -
Li-2018 176 60.8 40 238.2 150.3 44  14.8% -62.20[-110.44,-13.96] 2018 —
Liu-2018 200 100 16 100 25 29 14.4% 100.00 [50.16, 149.84] 2018 — %
Choi-2021 723 54 54 70 50 62 21.9% 2.30[-16.74, 21.34] 2021
Total (95% CI) 422 296 100.0% 0.28 [-29.66, 30.22]
Heterogeneity: Tau? = 970.95; Chi? = 30.31, df = 5 (P < 0.0001); 1> = 84% 200 100 0 100 200

Test for overall effect: Z = 0.02 (P = 0.99)

RG LG
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RG LG
Study or Subgroup Mean _ SD Total Mean SD Total Weight

Mean Difference

IV, Random, 95% Cl Year

Mean Difference

Hyun-2012 229 503 13 228.2 48.8 29 148%
Park-2015 2633 398 268 1935 643 43 17.4%
Lee-2015 239.7 336 31 1872 599 89 17.9%
Li-2018 2613 553 40 233 447 44 17.1%
Liu-2018 250 11.25 16 245 15 29 19.1%
Choi-2021 1865 105 54 181 975 62 13.8%
Total (95% CI) 422 296 100.0%

Heterogeneity: Tau? = 865.92; Chi = 54.83, df = 5 (P < 0.00001); I>=91%
Test for overall effect: Z =2.17 (P = 0.03)
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Patients Good outcome - R Pour outcome -NR

(#30) (#12) (#18)
Gender
M 12(40%) 2 (16.7%) 10 (55.6%)
0.0332*
F 18 (60%) 10 (83.3%) 8 (44.4%)
Age median
59 (54.9-61.6) 55 (52.1-60.2 61 (54.5-64.8
(95% CI range) ( ) ( ) ( )
PFS median
(95% CI range) 10.43 (11.69-27.72) 47.39 (31.62-52.65) 3.015 (2.75-6.76)
RAS status
wild-type 11 (36.7%) 3 (25%) 8 (44.4%)
0.279
mutated 19 (63.3%) 9 (75%) 10 (55.6)
TRG
1-2 19 (63.3%) 10 (83.3%) 9 (50%)
0.0634
3-4 11 (36.7%) 2 (16.7%) 9 (50%)
ARM
esperimental 15 (50%) 5 (41.7%) 10 (55.6%)
- 0.456
standard 15 (50%) 7 (58.3%) 8 (44.4%)
CEA
>5UI/L 23 (70%) 10 (80%) 13 (72%)
i 0.480
<5UIL 7 (30%) 2 (20%) 5 (18%)
Primary tumor location
right colon 10 (33.3%) 5 (41.7%) 5 (27.8%)
0.429
left colon 20 (66.7%) 7 (58.3%) 13 (72.2%)

Significant p-value < 0.05 is indicated by symbol *.





OPS/images/fonc.2022.1110104/table2.jpg
Univariate

HR (95% Cl) P value

Multivariate

HR (95% Cl) P value

Patients characteristics
Gender

(M vs F)

RAS status

(mut vs wt)

TRG

(3-4 v5 1-2)

ARM

(standard vs experimental)
CEA

(>5 UI/L vs < 5 UI/L)
Primary tumor location
(left vs right)
Metabolites(nps)
3-hydroxybutyrate level
(2-0322 vs < -0.322)
histidine level

(<0.158 vs 20.158)
Lipids(nps)

Cholesterol

(20.0109 vs <0.0109)
Triglycerides
(2-0.000524 vs <-0.000524)
Phospholipids

(- 0.147 vs <- 0.147)
Cytokines(pg/mL)

IL-6

(25.45 vs <5.45)

SCGF-B

(280000 vs <80000)
CXCL10

(2189 vs <189)

CTACK

(<6.30 vs 26.30)

2.90 (0.94-8.91) p=0.028*

1.42 (0.49-4.41) p=0.54

2.80 (0.85-9.21) p=0.036*

237 (0.76-7.37) p=0.36

1.16 (0.30-4.53) p=0.83

1.01 (0.29-3.44) p=0.86

4.35 (1.58-11.97) p=0.011*

4.42 (1.58-12.39)p=0.03*

9.72 (3.47-27.20) p=0.005*

4.51 (1.59-12.81) p=0.003*

2.83 (1.01-7.90) p=0.042*

4.83 (1.68-13.83) p=0.002*

6.44 (1.83-22.63) p=0.034*

7.98(2.43-26.20) p=0.014*

6.26 (0.61-63.72) p=0.022*

1.21 (0.78-1.86)p=0.30

1.65 (1.04-2.61)p=0.09

8.34 (1.00-69.34) p=0.020*

1.95 (0.84-16.7) p=0.96

1.26 (0.27-3.54) p=0.67

1.5 (0.33-9.67) p=0.56

1.43 (0.061-33.65) p=0.79

111 (0.18-3.73) p=0.55

1.89 (0.41-19.25) p=0.59

1.05 (0.96-3.64) p=0.95

1.65 (0.79-2.54) p=0.11

HR, hazard ratio; CI, confidence interval; M, male; F, female; nps, normalized values of the proton signals. Significant p-values <0.05 are reported in bold.
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Patients with primary rectal cancer in SEER database between
2010 and 2019

(n=2164337)

T1-2 N+, T3-4 NO, T3-4 N+ rectal cancer
(n=62731)

Exclusion (n=60291)

-Race unknow (n=4371)

-Radiotherapy unknow (n=6829)
-Chemotherapy unknow (n=11372)
-Positive lymph nodes unknow(n=2261)
-Tumour size unknow (n=7315)

-Age > 50 (n=16214)

-Vital status unknow (n=11929)

Eligible patients on rectal cancer
(n=2440)

Training cohort Validation cohort
(n=1708) (n=732)
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® Radical surgery for ¢ | oft adnexectomy ® Partial rectal T e o Pelvic exenteration = - an¢ subcutaneous ®Free
radiofrequency necrotic tissue R g—
ablation debridement
flap graft

® Vcuum sealing drainage

rectal cancer ® Pelvic and abdominal resection

" o (including sacrum,
* Right ovariectomy adhesiolysis * Sigmoid colostomy

bladder, vagina, anus)

® Particle implantation

2015.10 2021.03 l 2021.07 l 2022.07 2022.09
Xelox Regorafenib Regorafenib
6 cycles
2017.08 2017.12 2019.01 2019.03 2019.06 2019.11 2020.03 2020.10
FOLFIRI  Capecitabine  Xelox Xelox FOLFIRI FOLFIRI
6 cycles Bevacizumab 4 cycles Bevacizumab Bevacizumab
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Variables Univariate analysis Multivariate analysis

OR (95%Cl) P value OR (95%Cl) P value
Gender (Female/male) 070 (0.37-1.32) 0267
Age (2/< 60 years) 1.34 (0.72-2.47) 0356
BMI (2/< 23.2 kg/m?) 058 (0.33-1.02) 0.056
T2DM (Yes/No) 216 (1.19-3.91) 0011 229 (1.21-436) 0011
Hypertension (Yes/No) 1.88 (1.07-3.32) 0029 1.60 (0.84-3.05) 0.154
Cardiovascular diseases (Yes/No) 081 (0.21-3.09) 0759
Cerebrovascular disease (Yes/No) 146 (0.65-3.28) 0363
ASA score (3/1&2) 1.84 (1.03-3.26) 0038 175 (0.91-3.35) 0.091
Tumor location (Colon/Rectum) 127 (072-2.22) 0.408
Operation approach (Laparoscopy/open) 1.08 (0.62-1.90) 0778
Tumor diameter (2/< 4.3cm) 141 (0.80-2.47) 0232
Operative time (>/<179min) 212 (1.19-3.18) 0011 2.57 (1.39-4.74) 0.003

TNM stage (111 stage/I&II stage) 0.77 (0.43-1.38) 0.378





OPS/images/fonc.2023.1169616/fonc-13-1169616-g001.jpg
~
ES
"
=
°






OPS/images/fonc.2023.1169616/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1138407/table2.jpg
Survival (months, range)/Mortality (%) 95% Cl or P value

PTR group Non-PTR group
Kanemitsu et al. (15) 259 (19.9-31.7) 264 (21.9-32.1) HR 1.11; 95% CI: 0.78-1.58
I van der Kruijssen et al. (16) 2% (1%-7%) 1 10% (5%-18%) P=0.048
Lam-Boer et al. (17) 162 (15.4-17.1) 121 (11.7-12.5) HR 0.44; 95% CI: 0.35-0.55 P<0.001*
Ahmed et al. (18) 18 (15.4-20.6) 4(26-5.4) HR 0.44; 95% CI: 0.35-0.56 P<0.001*
Doah et al. (19) 18 (range NA) 15 (range NA) HR 0.61; 95% CI: 0.40-0.94 P=0.152
Kawamura et al. (20) 239 (12.2-39.9) 123 (6.2-23.8) HR 0.51; 95% CI: 0.42-0.64 P<0.001*
Niitsu et al. (21) 23.9 (range NA) 134 (range NA) HR: 0.57° P=0.093
Urvay et al. (22) 29.6 (range NA) 14.3 (range NA) HR NA P<0.001*
van Rooijen et al. (23) 222 (range NA) 16.4 (range NA) HR: 0.63"
Xu et al. (24) 6 (range NA) 13 (range NA) HR NA P<0.0001*
Zhang et al. (25) 22 (range NA) 14 (range NA) HR: 0.57° P=0.009*

RCT, randomized controlled trial; PTR, Primary Tumor Resection; CI, confidence interval; NA, not available; * significantly difference; “Converted based on the HR of the control group.
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Median age (years) Male
Author and PTR/Non Median follow-up

years PTR ( PTR Non-PTR  Proportion ( i)

group group (%)

K itsu et al.
anemitsu et al 65 (59-

(15) Japan RCT 165 81°/84 " )" 65 (50-71) 90 (54.5) 22,0
2012-2019
van der Kruijssen
Denmark, 64 (59-
etal. (16) Nee‘:h“::l'm | RCT 19 97/99 7;) 65 (57-70) 112 (57) 2
2012-2019
Lam-Boer et al. )
a7) Netherkind | Ot |0 57 amezas | VRO LN (e0.75) 3493 (573) 176¢
study 75)
2008-2011
Ahmed et al. (18) Retrospective 68 (33-
Canad: 569 313/256 70 (30-95 335 (59 11 (226
2006-2010 Amacs study 95) (20:95) &9 @:20)
Doah et al. (19) Retrospective 69 (58-
K 146 98/48 66.5 (6275 78 (534 Not reported
2001-2018 orea study . 77) (62:73) 34) ot reporte
Kawamura et al. .
(20) Japan Retrospective 616 4141202 89 (60- 67 (60-74) 383 (62.2) 18 (8.4-29.7)
study 77)
2008-2015
Niitsu et al. (21 Re i 1.5 (54-
tenetal (21) Japan trospective 57 2/15 6L ( 63 (48-65) 15 (26.3) Not reported
2007-2013 study 70.5)
Urvay et al. (22) Retrospective 59 (22-
Turk 21 2 (27- 136 (63.2 24,6 (1.1-105.
it urkey Gy 5 139/76 o 62 (27-86) 36 (632) 6 (11-105.5)
van Rooijen et al. .
Retra ] Not
(23) Multicenter ospective 3,423 2,713/710 - Not reported 2146 (62.7) Not reported
study reported
Before 2017
Xu et al, (24 Retrospecti 73 (62-
et al. (24) America FOTOHYE | 31,310 6,888/11,741 ( 63 (55-73) ® 1835 (49.1) Not reported
2006-2012 study 82)
Zhang et al. (25) ) Retrospective NA, (50-
Chi 194 125/69 NA, (50-75 1319 (674 Not reported
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RCT, randomized controlled trial; PTR, Primary Tumor Resection; NA, not available; a, PTR + chemotherapy; b, chemotherapy alone; ¢, for the surgical group, the median follow-up was 17.6
months, but for the systemic treatment group, it was 13.9 months.
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Variables T2DM Non-T2DM P value

n=136 (%) n=136 (%)

Gender 1.000
' male 92 (73) | 92 (73)
female 44 (24) 44 (24)
Age (years) 64.9 + 11.1 632+ 117 0.226
BMI(kg/m2) 23.8+ 35 22.7+32 0.008
Hypertension | <0.001
Yes 77 (57) 39 (29)
No 59 (43) | 97 (71)
Cardiovascular diseases 0.303
Yes 10 (7) 6 (4)
No 126 (93) | 130 (96)
Cerebrovascular diseases 0.006
Yes 19 (14) 6 (4)
No 117 (86) 130 (96)
ASA score 0.110
1&2 90 (66) 102 (75)
3 46 (34) 34 (25)

Tumor location

Colon 64 (47) 56 (41)
Rectum 72 (53) 80 (59)
Operation approach 0.268
Open 61 (45) 52 (38)
Laparoscopy 75 (55) 84 (62)
Tumor diameter(cm) 43 +1.8 42+ 1.7 0.957
TNM stage 0.194
I 15 (11) 23 (17)
I 68 (50) 55 (40)

III 53 (39) 58(43)
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Variables Non-T2DM

n=136 (%)
Operative time 181.6 £ 61.1 176.9 + 56.0
Hospital stay(days) 207 + 102 ‘ 175+ 62
Surgical site infection » 29 (21) | 13 (10)
Anastomotic leakage 12 (9) 10 (7)
Major complications 9(7) 0(0)
Overall complications 41 (30) 19 (14)

Re-operation 8(6) 0(0)

0.515

0.002

0.007

0.656

0.003

0.001

0.007
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Group

Complications

Bacon (N = 28,%) Dixon (N = 32,%)
Hemorrhage 1(357) 3(9.38) 0.81 037
Ischemic necrosis 4(14.29) 0(0.00) 4.90 0.03
Anastomotic Leakage 0(0.00) 1(3.33) 0.89 035
Anal stenosis 1(3.57) 2(6.3) 0.23 0.64
DET score(1 week after the 1* operation) ‘ 1.67 + 0.54 431 +0.82 -14.40 0.04

VAS score (1 day after both operations)

The first operation 0.82 + 0.61 4.56 + 1.05 -16.60 0.00

The second operation 229 £0.54 4.66 £ 0.79 -13.44 0.03
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Anal function

Bacon (N =28) Dixon (N =32)

Wexner score

Preoperation 1.14 £ 0.36 1.06 + 0.50 0.70 0.59
1 month after operation 16.54 + 1.11 11.38 + 1.88 12.73 0.02
2 month after operation 1293 +2.28 9.00 + 1.52 7.94 0.01
3 months after operation 9.75 £2.32 7.38 + 145 4.82 0.01
6 months after operation 6.75 + 1.67 4.72 £ 137 5.17 0.16
12 months after operation 332+0.98 294 +0.88 1.60 0.42

Anorectal manometry,mmHg

Preoperation
Resting pressure 59.86 + 4.87 60.09 + 5.37 -0.18 0.32
Maximal squeeze pressure 126.89 + 7.09 128.28 + 6.14 -8.12 0.31

1 month after operation

Resting pressure 18.36 + 4.16 34.56 £2.99 -17.48 0.03
Maximal squeeze pressure 80.86 + 4.74 93.63 £ 7.42 -7.81 0.01
2 months after operation

Resting pressure 23.14 £4.98 39.47 £ 3.26 -15.18 0.02
Maximal squeeze pressure 86.90 +4.79 99.47 + 7.16 -7.87 0.01

3 months after operation

Resting pressure 29.05 +5.32 44.03 £ 3.18 -13.03 | 0.00
Maximal squeeze pressure 103.07 + 5.86 107.94 +7.22 2.84 0.10
6 months after operation

Resting pressure 42.43 £ 4.67 5247 £ 3.75 -9.35 0.27
Maximal squeeze pressure 117.93 + 6.36 120.25 + 5.58 -1.51 0.92

12 months after operation

Resting pressure 51.75 +4.38 56.00 + 4.70 -3.61 0.68

Maximal squeeze pressure 123.29 + 632 124.89 + 6.27 -0.98 0.93
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LARS score

Bacon (N =28) Dixon (N=32)
3 months after operation .08 0.02
No LARS 2 5
Minor LARS 10 19
Major LARS 16 7
6 months after operation 6.68 0.04
No LARS 3 13
Minor LARS 12 16
Major LARS 10 3
12 months after operation 0.61 0.74
No LARS 14 18
Minor LARS 12 13
Major LARS 2 1






OPS/images/fonc.2023.1128383/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1087642/table2.jpg
Group

Intraoperative and postoperative data

Bacon (N = 28) Dixon (N =32)
Length of abdominal incision,cm 438 £0.42 1631 + 145 -42.09 0.00
Interval between two operations,day 2479 + 381 50.94 + 6.24 -19.24 0.09

Length of hospital stay after operation,day

The first operation 10.96 + 1.50 1222 + 118 -3.61 0.04
The second operation 761 £ 1.37 1038 + 121 -8.31 0.63
Time required for operation of the two groups,min

The first operation time 22246 + 29.07 274.69 + 24.46 -7.56 0.03

The second operation time 63.50 + 10.77 112.38 + 26.63 -9.08 0.01

Intraoperative bleeding volume in the two groups,ml
The first bleeding volume 43.75 + 36.28 3563 + 34.02 0.90 0.63

The second bleeding volume 7.86 +4.13 20.63 £ 10.83 -5.87 0.00

Blood biochemical indexes before the second operation
Leukocyte count, *10”L 825+ 1.65 761 + 1.46 1.58 0.54
Neutrophil count, *10°”'L 481 + 1.67 4,67 + 1.40 0.36 0.30

Albumin concentration, g/L 40.11 £ 2.43 41.51 £ 2.84 -1.73 0.28





