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Background

Gastric cancer with only peritoneal lavage cytology (GC-CY1) is a special type of gastric cancer, which is defined as stage IV. The pre-treatment systemic immune-inflammation index (SII) and prognostic nutritional index (PNI) are representative blood indexes of systemic inflammatory response and nutritional status. However, the clinical significance of combined detection of these two indexes is still unclear. This study aims to evaluate the clinical value of the new score system by combining SII and PNI (SII-PNI score) as a predictor of efficacy and prognosis after neoadjuvant intraperitoneal and systemic (NIPS) paclitaxel combined with Apatinib conversion therapy for GC-CY1 patients.



Methods

We registered a prospective clinical study involving 36 GC-CY1 patients from April 2018 to August 2019 (NCT03718624). All patients underwent re-laparoscopic exploration after treatment. According to free cancer cells (FCCs) status, these patients were divided into FCCs group and non-FCCs group. The SII-PNI score ranged from 0 to 2 as follows: score of 2, high SII (≥512.1) and low PNI (≤52.9); score of 1, either high SII or low PNI; score of 0, no high SII nor low PNI.



Results

All patients underwent re-laparoscopic exploration after 3 cycles of NIPS paclitaxel and Apatinib conversion therapy. Among them, 28 cases (77.78%) were in non-FCCs group, and 8 cases (22.22%) were in FCCs group. The SII-PNI score of non-FCCs patients was significantly lower than that of FCCs patients (p=0.041). The prognosis of patients with high SII-PNI score was significantly worse than that of patients with low SII-PNI score (p<0.001). Multivariate analysis showed that SII-PNI score was an independent prognostic factor for predicting overall survival and progression-free survival (p=0.001, 0.002).



Conclusion

Pretreatment SII-PNI score is an important predictor for the efficacy of GC-CY1 patients after NIPS paclitaxel combined with Apatinib conversion therapy, which can help to identify high-risk groups and predict prognosis.
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Introduction

Gastric cancer ranks fifth in morbidity and fourth in mortality worldwide (1). Distant metastasis of gastric cancer mainly occurs through blood, lymphatic and direct invasion of adjacent organs (2). However, the most common type of recurrence after treatment in advanced gastric cancer patients is peritoneal metastasis (3, 4). Gastric cancer patients with only positive peritoneal lavage cytology (GC-CY1) is defined as the presence of free cancer cells in the abdominal cavity without peritoneal implantation or distant metastasis (5). In recent years, GC-CY1 is defined as stage IV in the 15th edition of the Japanese Classification of Gastric Cancer (6). Moreover, the eighth edition of the International Union Against Cancer (AJCC) TNM staging system considers GC-CY1 as an independent diagnostic criterion for distant metastasis(M1) (7).

Currently, the prognosis of GC-CY1 patients is poor, and there is no universal consensus on the most suitable treatment for these patients (5, 8). Systemic chemotherapy has been widely accepted as the standard treatment for patients with stage IV and has been proved to improve the prognosis (9). However, due to the existence of peritoneal-plasma barrier, chemotherapeutic drugs cannot directly act on the abdominal cavity (10). Therefore, systemic chemotherapy alone is less effective in treating GC-CY1 patients. The results of PHOENIX-GC study carried out by Ishigami H eal scholars provided a new treatment idea for GC-CY1 patients (11). The combination of systemic chemotherapy and intraperitoneal chemotherapy is considered to be a promising conversion therapy. Meanwhile, Apatinib is an orally active Tyrosine Kinase Inhibitor (TKI), which can effectively inhibit the formation of tumor blood vessels, thus playing an anti-tumor effective and well tolerated for various malignant tumors (12–15). Our previous study found that neoadjuvant intraperitoneal and systemic (NIPS) paclitaxel combined with Apatinib has achieved good results in the conversion treatment of GC-CY1 patients, and the R0 resection rate is 77.78% (16). Unfortunately, some patients are still unable to benefit from NIPS paclitaxel combined with Apatinib because of the heterogeneity of gastric cancer or tumor insensitivity to its uniformity (17). However, there is still a lack of reliable indicators to predict efficacy and prognosis of patients before conversion treatment, which might help to optimize the treatment strategies.

Growing evidence show that the occurrence and development of gastric cancer are closely related to the systemic inflammatory response (17, 18). Systemic immune-inflammatory index (SII) is a new inflammatory indicator based on the counts of peripheral blood neutrophils, lymphocytes, and platelets, which can comprehensively reflect the inflammatory response of the body (19). Many studies have confirmed that SII is closely related to the prognosis of various malignant tumors (20, 21). Meanwhile, a study have showed that nutritional status during treatment was also a key factor affecting chemotherapy response (22). As a simple and feasible nutritional detection index, prognostic nutritional index (PNI) is confirmed to be related to the prognosis of various malignant tumors, and is widely used to evaluate the occurrence of perioperative complications and predict the prognosis (23). Previous studies generally used inflammatory markers such as neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) to evaluate the prognosis of patients with gastric cancer (24, 25). However, there are few studies on the efficacy and prognosis of NIPS paclitaxel combined with Apatinib in GC-CY1 patients using SII combined with PNI.

In this study, we evaluated the predictive effect of pre-treatment SII-PNI score on efficacy and prognosis in GC-CY1 patients after NIPS paclitaxel combined with Apatinib conversion treatment to determine the optimal parameters for predicting survival and clinical response to this combined regimen.



Materials and Methods


Study Design and Participants

This is a prospective clinical study of NIPS paclitaxel combined with Apatinib for GC-CY1 patients in the Fourth Hospital of Hebei Medical University from April 2018 to August 2019. This trial was registered at Clinical Trials. gov: NCT03718624, and approved by the Ethics Committee of the Fourth Hospital of Hebei Medical University (approval number: 2018088). All patients and/or the legal guardians/surrogates/power of attorneys were informed about the potential adverse effects and signed informed consents.

The following inclusion criteria were applied: (I) gastric adenocarcinoma confirmed by histopathology and free cancer cells (FCCs) positivity confirmed by exfoliated cells in the abdominal cavity; (II) preoperative computed tomography (CT) imaging showed no distant organ metastasis and no distant lymph node metastasis above the third station; (III) patients aged ≤75 years; (IV) the Eastern Cooperative Oncology Group (ECOG) activity status score was ≤2 points; (V) patients had good bone marrow function(before treatment in patients with peripheral blood examination if there is no bone marrow suppression, or bone biopsy exclude blood system diseases show good bone marrow function), liver function(the peripheral blood test showed that ALT, AST ≤ 2.5*ULN and TBIL< 1.5*ULN), heart function(no atrial fibrillation, angina pectoris, cardiac insufficiency, ejection fraction less than 50% and poor hypertension control), and kidney function(the peripheral blood test showed that serum creatinine ≤ 1.5*ULN before treatment), and were able to tolerate chemotherapy; (VI) there were no other serious immunosuppressive diseases or simultaneous malignant tumors; (VII) and pathological human epidermal growth factor receptor 2 (HER2) tests were negative prior to the operation. Patients were excluded if they presented with the following: (I) difficulty taking oral medications (such as dysphagia, chronic diarrhea, and gastrointestinal obstruction, etc.); (II) high blood pressure that could not be controlled by a single antihypertensive drug treatment; (III) 24 hour urine protein quantification >1.0 g; (IV) imaging results showing the tumor had invaded important blood vessels or the investigator judged that the tumor was highly likely to invade important blood vessels during treatment and cause fatal bleeding; (V) abnormal blood coagulation; and (VI) other comorbidities that may seriously endanger the safety of the patient or affect the completion of the study as determined by the investigator.



Chemotherapy Regimen

The treatment regimens of all patients in this study were consistent with our previous study (16). Treatment commenced on the day after the laparoscopic exploration, and each cycle of treatment lasted for 3 weeks. On the 1st and 8th day of the treatment cycle, paclitaxel was infused via an intraperitoneal (IP) chemotherapy pump (IP route 20 mg/m2, dissolved in 1,000 mL of normal saline, infusion for more than 1 hour) and intravenously (IV) (IV route 50 mg/m2, dissolved in 500 mL of saline, infusion for more than 1 hour). Dexamethasone and cimetidine were administered before paclitaxel treatment. Oral S-1 (a contemporary oral fluoropyrimidine) 80 mg/(m2·d) was given 30 minutes after breakfast and 30 minutes after dinner for 14 consecutive days. At the same time, Apatinib 500 mg/d was administered orally for 21 consecutive days. The dose of S-1 was determined according to the body surface area (BSA) as follows: for BSA <1.25 m2, 80 mg/(m2·d) S-1 was administered; for BSA 1.25-1.50 m2, 100 mg/(m2·d) S-1 was administered; and for BSA >1.50 m2, 120 mg/(m2·d) S-1 was given. After one month of rest, radical D2 operation was arranged, and then another six cycles of NIPS paclitaxel combined with Apatinib conversion treatment were repeated 1 month postoperatively.



Assessments

Four weeks after the completion of three cycles of NIPS paclitaxel combined with Apatinib conversion therapy, the objective efficiency and resectability of the tumor were evaluated by computed tomography(CT). Tumor response was assessed based on the rules established by the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 (3), which was divided into complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD).

And laparoscopic exploration was performed again. If free cancer cells (FCCs) negative confirmed by exfoliated cells in the abdominal cavity and are defined as non-FCCs, then standard D2 lymph node dissection is performed. However, if FCCs were still detected in the abdominal cavity, then the original chemotherapy regimen would be continued. And in this study, all patients were divided into FCCs group and non-FCCs group according to FCCs status after NIPS paclitaxel combined with Apatinib conversion treatment by re-laparoscopy and peritoneal cytology.



Definitions and Follow-up

The peripheral venous blood was collected in fasting state within one week before chemotherapy in all patients. The counts of peripheral neutrophils, lymphocytes, and platelets were measured and analyzed by an automatic blood analyzer (Beckman Coulter LH750), and the levels of peripheral albumin were measured and analyzed by an automatic blood analyzer (Beckman Coulter AU5800). The definitions of PNI and SII were shown as follows: PNI= albumin (g/L) + 5×total lymphocyte counts(109/L) (26); SII= platelet × neutrophil/lymphocyte counts (27).

All patients were recommended to have a follow-up visit every 3 months in the first 2 years, and every 6 months after 2 years. Follow-up methods mainly include telephone encounter, outpatient visits, and hospitalization. The hospital examination items included CT of chest, abdomen, and pelvis, as well as esophagogastroduodenoscopy (EGD) and tumor markers. In this study, the deadline for follow-up was September, 1st, 2021. Overall survival (OS) was defined as the time interval from treatment to cancer-related death or final contact, and OS was the preferred destination. And progression-free survival (PFS) was measured from the time of treatment initiation to clinical or radiographic progression or death from any cause.



Statistical Analyses

SPSS version 21.0 and GraphPad Prism 5.01 were used for statistical analyses. The receiver operating characteristic curve (ROC) and the area under the ROC Curve (AUC) was used to evaluate the predictive ability of SII and PNI in distinguishing FCCs patients and non-FCCs patients, and the optimal cut-off values of SII and PNI with the highest Youden index were obtained. Survival analysis was performed using Kaplan-Meier method. Cox proportional hazards regression model was used for univariate and multivariate analysis. Relative risk was assessed using hazard ratio (HR) and 95% confidence interval (CI). Spearman correlation analysis was used to evaluate the relationship between PNI and SII. p< 0.05 indicated that the difference was statistically significant.




Results


Patients’ Demographic Information and Tumor Characteristics

This study prospectively included 36 GC-CY1 patients according to the inclusion and exclusion criteria (Figure 1). The demographic information and tumor characteristics of the patients are summarized in Table 1. There were 25 males (69.44%) and 11 females (30.56%). The median age of the patient was 54 years old, ranging from 32 to 66. The tumor lesions was ≥5 cm in diameter (75.00%) in 27 cases, and less than 5 cm in 9 cases (25.00%). The median values of pre-treatment SII and PNI were 328.4 and 53.3, respectively, while the median values after three cycles of conversion treatment were 328.4 and 46.9, respectively. Meanwhile, before conversion therapy(r=-0.431, p=0.009; Figure 2A) and after 3 cycles of conversion therapy(r=-0.580, p=0.001; Figure 2B), there is a close negative correlation between the two systemic indicators of SII and PNI.




Figure 1 | Flow chart of patient enrollment and exclusion. (A) Laparoscopic exploration + peritoneal cytology; (B) Re-laparoscopic exploration + peritoneal cytology; NIPS, Neoadjuvant intraperitoneal and systemic.




Table 1 | Patient demographic information and tumor characteristics.






Figure 2 | Correlation analysis between SII and PNI. (A) Before conversion therapy; (B) After 3 cycles of conversion therapy.





Optimal Cut-Off Values of SII and PNI Before and After Conversion Treatment

36 GC-CY1 patients underwent laparoscopic exploration combined with peritoneal cytology after 3 cycles of NIPS paclitaxel and Apatinib conversion therapy. Among them, 28 cases (77.78%) were FCCs negative (non-FCCs), all negative patients underwent R0 resection. The remaining 8 patients (22.22%) were found to have free cancer cells (FCCs) in the abdominal cavity, and continued the original chemotherapy regimen of Apatinib conversion therapy. After 3 cycles of conversion therapy, 3 patients were evaluated by CT for local lesion progression, and 5 patients underwent laparoscopic exploration and peritoneal cytology again. Of the 5 patients, only 1 was negative, 2 were still positive and 2 had peritoneal metastasis.

The mean SII and PNI in the 28 patients with non-FCCs were 408.9 ± 179.1 and 54.8 ± 4.7, respectively. Meanwhile, the mean pre-treatment SII and PNI in the 8 patients with FCCs were 677.8 ± 277.6 and 48.5 ± 4.8, respectively. The pre-treatment SII in FCCs patients was significantly higher than that in non-FCCs patients (p=0.006) (Figure 3A), while the PNI in FCCs patients was lower than that in non-FCCs patients (p=0.002) (Figure 3B). Furthermore, we found that after three cycles of conversion therapy, the average levels of SII and PNI in 28 patients with no-FCCs were not significantly different from those in 8 patients with FCCs (374.5 vs. 498.3, p=0.299; 47.8 vs. 45.3, p=0.193) (Figures 3C, D).




Figure 3 | Relationship between tumor response and the SII(A/C)/PNI(B/D). (A, B) Before conversion therapy; (C, D) After 3 cycles of conversion therapy.



In order to determine the cut-off value of continuous variables, we constructed ROC curves and calculated AUC to evaluate the changes of SII and PNI before and after conversion therapy to distinguish FCCs and non-FCCs patients. The optimal cut-off value of SII before conversion therapy was 512.1 (AUC=0.817, 95%CI: 0.619-1.000, p=0.007), and the corresponding sensitivity was 0.875 and specificity was 0.821 (Figure 4A). The optimal cut-off value of PNI was 52.9 (AUC=0.884, 95%CI: 0.769-0.999, p=0.001), with the corresponding sensitivity of 0.679 and specificity of 0.863 (Figure 4B). However, after the three-cycle translational therapy, the optimal cut-off value of SII was 487.5 (AUC=0.524, 95%CI: 0.321-0.726, p=0.823), and the optimal cutoff value of PNI was 46.9 (AUC=0.578, 95%CI: 0.364-0.792, p=0.460), which failed to accurately distinguish FCCs and non-FCCCs patients (Figures 4C, D). According to the optimal cut-off values of SII and PNI before conversion therapy, all patients were divided into three group: score of 2 (n=10), high SII (≥512.1) and low PNI (≤52.9); score of 1(n=13), either high SII or low PNI; score of 0(n=13), no high SII nor low PNI.




Figure 4 | ROC curves for discriminating patients with FCCs and those with non-FCCs according to values of the SII (a/c) and PNI (b/d). (A, B) Before conversion therapy; (C, D) After 3 cycles of conversion therapy.





The Relationship Between SII-PNI Score and Curative Effect of Conversion Therapy

All patients received 3 cycles of NIPS paclitaxel combined with Apatinib conversion therapy and the whole abdominal enhanced CT scan was evaluated by RECIST 1.1. According to RECIST criteria, there were 5 cases of CR (13.89%), 24 cases of PR (66.67%), 5 cases of SD (13.89%), and 2 cases of PD (5.56%) (Figure 5). There was no difference in SII-PNI score between non-PD patients and PD patients (p=0.534) (Table 2). However, the SII-PNI score was significantly lower in patients with non-FCCs than in those with FCCs (p=0.041) (Table 3).




Figure 5 | A waterfall plot of ranked best tumor shrinkage.




Table 2 | Relationship between tumor response and the SII-PNI score.




Table 3 | Relationship between FCCs status and the SII-PNI score.





Relationship Between SII-PNI Score and Prognosis

All patients were followed up with the median follow-up period of 25.5 months (15.6-38.4months). The 2-year OS was 69.44% and the median overall survival (mOS) was 19.9 months (95%CI: 6.9-31.7 months). The 2-year progression-free survival (PFS) was 58.33%, and the median PFS (mPFS) was 17.2 months (95%CI: 5.9-26.5 months). Subgroup analysis showed that the 2-year OS (82.14% vs 25.00%, p=0.000) and PFS (71.43% vs 12.50%, p=0.000) of non-FCCs group were better than those of FCCs group after re-laparoscopic exploration (Figures 6A, B). Meanwhile, the 2-year OS of patients with SII-PNI score of 0, 1, and 2 were 92.31%, 69.23%, and 40.00%, respectively, and the difference between the three groups was significant (all p<0.001, Figure 6C). And, the 2-year PFS of the three groups was 84.62%, 53.85%, and 30.00%, respectively, and the difference was significant among the three groups (all p<0.001, Figure 6D). Multivariate analysis showed that SII-PNI score (p=0.001, p=0.002), tumor differentiation (p=0.031, p=0.029), and the FCCs status after NIPS paclitaxel combined with Apatinib conversion therapy (p=0.001, p=0.003) were all independent risk factors affecting 2-year OS and PFS of GC-CY1 patients (Tables 4).




Figure 6 | Kaplan-Meier survival curves in patients with GC-CY1. (A, B) 2-year overall survival, progression-free survival based on FCCs status; (C, D) 2-year overall survival, progression-free survival based on SII-PNI score.




Table 4 | Multivariate analysis of the clinicopathological characteristics for the prognosis of GC-CY1 patients.






Discussion

At present, it is believed that the positive peritoneal FCCs are the early stage of peritoneal colonization in gastric cancer, which is called GC-CY1 (3). These patients have poor prognosis and poor surgical treatment effect, and the median survival time is 12 months (28). There are differences in the treatment strategies for GC-CY1 patients worldwide. The fifth edition of the Guidelines for the Treatment of Japanese Gastric Cancer Association proposed that if GC-CY1 patients did not have other distant organ metastasis, they could receive surgical treatment at first and postoperative chemotherapy to further prolong survival (29). However, the National Comprehensive Cancer Network (NCCN) guidelines in the United States recommend that GC-CY1 patients should be treated according to the principle of advanced gastric cancer (30). Chemotherapy should be carried out first, and then exploration can be carried out again after chemotherapy. Patients with negative intraperitoneal FCCs may benefit from surgical treatment, while patients with persistent positive FCCs are recommended to continue chemotherapy (3). Meanwhile, our previous study has confirmed that NIPS paclitaxel combined with Apatinib was effective in the treatment of GC-CY1 patients and prolonged their survival time (16). Nevertheless, not all patients can benefit from it, with about 22% of the disease progression after treatment. For these patients, this combination treatment not only increases the relevant medical costs, but also may weaken the immune system and delay the best timing of surgery. Therefore, before NIPS paclitaxel combined with Apatinib is carried out for patients with GC-CY1, a simple indicator to accurately predict the therapeutic effect will be beneficial to the formulation and selection of individualized treatment regimens.

In recent years, an increasing number of studies have confirmed that inflammatory response is closely related to the occurrence and development of tumors (31, 32). As a systemic inflammatory response indicator, SII has been confirmed to be closely related to the prognosis of patients with gastric cancer by many studies, which can be used to predict the prognosis of patients (19, 33). On the other hand, numerous studies have shown that malnutrition not only affects the clinical decision-making of cancer treatment, but also increases the incidence of complications and mortality, and reduces the quality of life of patients (34, 35). As an indicator reflecting the nutritional status of patients, PNI is widely used to evaluate the occurrence of perioperative complications and predict the prognosis (36, 37). To the best of our knowledge, we were the first to combine the SII and PNI of GC-CY1 patients before receiving NIPS paclitaxel combined with Apatinib conversion therapy to establish the SII-PNI score as a new scoring system for predicting the efficacy and prognosis of patients.

Previous studies have shown that FCCs status is one of the most important factors to evaluate the effectiveness of GC-CY1 patients after conversion therapy (5). Unfortunately, the curative effect of treatment is difficult to predict by using clinical pathological information before conversion treatment. Therefore, we focus on pre-treatment SII and PNI to overcome the challenges associated with predicting therapeutic efficacy. Previous studies have shown that SII can be used to predict the pathological complete remission and prognosis of patients after neoadjuvant chemotherapy for breast cancer (38, 39). PNI is also widely used to evaluate the efficacy and prognosis of chemotherapy for advanced non-small cell lung cancer and colorectal cancer (40, 41). However, the application of systemic inflammatory response index combined with nutritional status index, namely the SII-PNI scoring system to predict the efficacy and prognosis of GC-CY1 patients receiving NIPS paclitaxel and Apatinib conversion therapy is rarely reported. This study analyzed the relationship between SII-PNI score and efficacy of NIPS paclitaxel combined with Apatinib in GC-CY1 patients after conversion therapy. The results of this study showed that the SII-PNI score before treatment was closely related to the efficacy of conversion therapy. The lower SII-PNI score before treatment, the more likely the FCCs positive will turn to negative, and the more likely the NIPS paclitaxel combined with Apatinib conversion treatment will be successful. This suggests that the SII-PNI score may be a promising candidate for predicating the efficacy response of GC-CY1 patients after receiving NIPS paclitaxel combined with Apatinib conversion therapy.

We also evaluated the relationship between SII-PNI score and prognosis. The 2-year OS of patients with SII-PNI score of 0, 1, and 2 were 92.31%, 69.23%, and 40.00%, respectively, and the difference between the three groups was significant. Meanwhile, similar results were also obtained in patients with PFS. Furthermore, this study analyzed the risk factors that may affect the survival of GC-CY1 patients receiving NIPS paclitaxel combined with Apatinib conversion treatment, and found that the SII-PNI score was an independent risk factor affecting the 2-year OS and PFS of patients. The possible mechanism of SII-PNI predicting prognosis are as the followings: The higher SII-PNI score indicates a relative increase of neutrophil and/or platelet counts. Neutrophils release active nitrogen, reactive oxygen species, and elastase, activate the P13K-AKT signaling pathway, and promote the proliferation of tumor cells (36, 42). In addition, platelets may play a certain role in the growth, proliferation, and metastasis of tumors, mainly by secreting related tumor growth factors to promote tumor growth. Platelets are also involved in the escape of tumor cells from the host immune system (43). The increase in SII-PNI score also indicates that lymphocytes are relatively reduced, leading to a reduced immune regulation function and promoting the progression of tumor deterioration (44). The decrease of serum albumin level in the body reflects the decrease of nutritional status of patients (45). The worse the nutritional status is, the lower the immunity of the body will be, which will lead to the progress of disease.

It is noteworthy that a few limitations of current research also exist. First, this prospective study was conducted in a single center with a small sample size (n=36), which is the main limitation. Second, this study only selected NIPS paclitaxel combined with Apatinib for analysis. Therefore, larger, multi-center prospective studies investigating different treatment regimens are urgently needed to confirm our findings.



Conclusions

In conclusion, our study suggests that the SII-PNI score is a promising predictor of the efficacy and survival outcomes of GC-CY1 patients after NIPS paclitaxel combined with Apatinib conversion therapy. These findings may be beneficial to the formulation of therapeutic strategies and clinical risk stratification to avoid unnecessary toxicity/adverse effects in patients who are unlikely to benefit from treatment.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committee of the Fourth Hospital of Hebei Medical University (approval number: 2018088). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Contributions: (I) Conception and design: QZ. (II) Administrative support: QZ. (III) Provision of study materials or patients: P’aD, PY, YT, HG, and YaL. (IV) Collection and assembly of data: P’aD, PY, YT, and HG. (V) Data analysis and interpretation: P’aD and CS. (VI) Manuscript writing: All authors. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Cultivating Outstanding Talents Project of Hebei Provincial Government Fund (No.2019012); Hebei public health committee county-level public hospitals suitable health technology promotion and storage project (No.2019024); Hebei Medical University Education and Teaching Research Project (No.2020CGPY-12, No.2020CHYB-23); Hebei University Science and Technology Research Project (No.ZD2019139).



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

2. Hioki, M, Gotohda, N, Konishi, M, Nakagohri, T, Takahashi, S, Kinoshita, T, et al. Predictive Factors Improving Survival After Gastrectomy in Gastric Cancer Patients With Peritoneal Carcinomatosis. World J Surg (2010) 34:555–62. doi: 10.1007/s00268-010-0396-5

3. Yepuri, N, Bahary, N, Jain, A, and Dhir, M. Review and Update on the Role of Peritoneal Cytology in the Treatment of Gastric Cancer. J Surg Res (2019) 235:607–14. doi: 10.1016/j.jss.2018.10.049

4. Takebayashi, K, Murata, S, Yamamoto, H, Ishida, M, Yamaguchi, T, Kojima, M, et al. Surgery-Induced Peritoneal Cancer Cells in Patients Who Have Undergone Curative Gastrectomy for Gastric Cancer. Ann Surg Oncol (2014) 21(6):1991–7. doi: 10.1245/s10434-014-3525-9

5. Cabalag, CS, Chan, ST, Kaneko, Y, and Duong, CP. A Systematic Review and Meta-Analysis of Gastric Cancer Treatment in Patients With Positive Peritoneal Cytology. Gastric Cancer (2015) 18(1):11–22. doi: 10.1007/s10120-014-0388-5

6. Japanese Gastric Cancer Association. Japanese Classification of Gastric Carcinoma-2nd English Edition. Gastric Cancer (1998) 1(1):10–24. doi: 10.1007/s101209800016

7. Amin, MB, Edge, SB, Greene, F, Byrd, DR, Brookland, RK, Washington, MK, et al. AJCC Cancer Staging Manual. 8th. New York: Springer (2017).

8. Li, Z, Li, Z, Zhang, L, Liu, Q, Wang, Z, Zhang, Z, et al. Staging Laparoscopy for Locally Advanced Gastric Cancer in Chinese Patients: A Multicenter Prospective Registry Study. BMC Cancer (2018) 18(1):63. doi: 10.1186/s12885-017-3791-6

9. Yamaguchi, T, Takashima, A, Nagashima, KK, Terashima, M, Aizawa, M, Ohashi, M, et al. Impact of Preoperative Chemotherapy as Initial Treatment for Advanced Gastric Cancer With Peritoneal Metastasis Limited to Positive Peritoneal Lavage Cytology (CY1) or Localized Peritoneal Metastasis (P1a): A Multi-Institutional Retrospective Study. Gastric Cancer (2021) 24(3):701–9. doi: 10.1007/s10120-020-01137-6

10. Kitayama, J, Ishigami, H, Yamaguchi, H, Sakuma, Y, Horie, H, Hosoya, Y, et al. Treatment of Patients With Peritoneal Metastases From Gastric Cancer. Ann Gastroenterol Surg (2018) 2(2):116–23. doi: 10.1002/ags3.12060

11. Ishigami, H, Fujiwara, Y, Fukushima, R, Nashimoto, A, Yabusaki, H, Imano, M, et al. Phase III Trial Comparing Intraperitoneal and Intravenous Paclitaxel Plus S-1 Versus Cisplatin Plus S-1 in Patients With Gastric Cancer With Peritoneal Metastasis: PHOENIX-GC Trial. J Clin Oncol (2018) 36(19):1922–9. doi: 10.1200/JCO.2018.77.8613

12. Li, J, Qin, S, Xu, J, Xiong, J, Wu, C, Bai, Y, et al. Randomized, Double-Blind, Placebo-Controlled Phase III Trial of Apatinib in Patients With Chemotherapy-Refractory Advanced or Metastatic Adenocarcinoma of the Stomach or Gastroesophageal Junction. J Clin Oncol (2016) 34(13):1448–54. doi: 10.1200/JCO.2015.63.5995

13. Hu, X, Cao, J, Hu, W, Wu, C, Pan, Y, Cai, L, et al. Multicenter Phase II Study of Apatinib in Non-Triple-Negative Metastatic Breast Cancer. BMC Cancer (2014) 14:820. doi: 10.1186/1471-2407-14-820

14. Liang, L, Wang, L, Zhu, P, Xia, Y, Qiao, Y, Wu, J, et al. A Pilot Study of Apatinib as Third-Line Treatment in Patients With Heavily Treated Metastatic Colorectal Cancer. Clin Colorectal Cancer (2018) 17(3):e443–9. doi: 10.1016/j.clcc.2018.02.011

15. Wang, L, Liang, L, Yang, T, Qiao, Y, Xia, Y, Liu, L, et al. A Pilot Clinical Study of Apatinib Plus Irinotecan in Patients With Recurrent High-Grade Glioma: Clinical Trial/Experimental Study. Medicine (2017) 96(49):e9053. doi: 10.1097/MD.0000000000009053

16. Ding, P, Yang, P, Tian, Y, Guo, H, Liu, Y, Zhang, Z, et al. Neoadjuvant Intraperitoneal and Systemic Paclitaxel Combined With Apatinib and S-1 Chemotherapy for Conversion Therapy in Gastric Cancer Patients With Positive Exfoliative Cytology: A Prospective Study. J Gastrointest Oncol (2021) 12(4):1416–27. doi: 10.21037/jgo-21-375

17. Diakos, CI, Charles, KA, McMillan, DC, and Clarke, SJ. Cancer-Related Inflammation and Treatment Effectiveness. Lancet Oncol (2014) 15(11):e493–503. doi: 10.1016/S1470-2045(14)70263-3

18. Roxburgh, CS, and McMillan, DC. Cancer and Systemic Inflammation: Treat the Tumour and Treat the Host. Br J Cancer (2014) 110(6):1409–12. doi: 10.1038/bjc.2014.90

19. Wang, Q, and Zhu, D. The Prognostic Value of Systemic Immune-Inflammation Index (SII) in Patients After Radical Operation for Carcinoma of Stomach in Gastric Cancer. J Gastrointest Oncol (2019) 10(5):965–78. doi: 10.21037/jgo.2019.05.03

20. Trifan, G, and Testai, FD. Systemic Immune-Inflammation (SII) Index Predicts Poor Outcome After Spontaneous Supratentorial Intracerebral Hemorrhage. J Stroke Cerebrovasc Dis (2020) 29(9):105057. doi: 10.1016/j.jstrokecerebrovasdis.2020.105057

21. Chen, JH, Zhai, ET, Yuan, YJ, Wu, KM, Xu, JB, Peng, JJ, et al. Systemic Immune-Inflammation Index for Predicting Prognosis of Colorectal Cancer. World J Gastroenterol (2017) 23(34):6261–72. doi: 10.3748/wjg.v23.i34.6261

22. Alwarawrah, Y, Kiernan, K, and MacIver, NJ. Changes in Nutritional Status Impact Immune Cell Metabolism and Function. Front Immunol (2018) 9:1055. doi: 10.3389/fimmu.2018.01055

23. Xu, S, Cao, S, Geng, J, Wang, C, Meng, Q, and Yu, Y. Eal High Prognostic Nutritional Index (PNI) as a Positive Prognostic Indicator for Non-Small Cell Lung Cancer Patients With Bone Metastasis. Clin Respir J (2021) 15(2):225–31. doi: 10.1111/crj.13288

24. Wang, H, Ding, Y, Li, N, Wu, L, Gao, Y, and Xiao, C. Prognostic Value of Neutrophil-Lymphocyte Ratio, Platelet-Lymphocyte Ratio, and Combined Neutrophil-Lymphocyte Ratio and Platelet-Lymphocyte Ratio in Stage IV Advanced Gastric Cancer. Front Oncol (2020) 10:841. doi: 10.3389/fonc.2020.00841

25. Hirahara, T, Arigami, T, Yanagita, S, Matsushita, D, Uchikado, Y, Kita, Y, et al. Combined Neutrophil-Lymphocyte Ratio and Platelet-Lymphocyte Ratio Predicts Chemotherapy Response and Prognosis in Patients With Advanced Gastric Cancer. BMC Cancer (2019) 19(1):672. doi: 10.1186/s12885-019-5903-y

26. Takechi, H, Fujikuni, N, Tanabe, K, Hattori, M, Amano, H, Noriyuki, T, et al. Using the Preoperative Prognostic Nutritional Index as a Predictive Factor for Non-Cancer-Related Death in Post-Curative Resection Gastric Cancer Patients: A Retrospective Cohort Study. BMC Gastroenterol (2020) 20(1):256. doi: 10.1186/s12876-020-01402-z

27. Hu, B, Yang, XR, Xu, Y, Sun, YF, Sun, C, Guo, W, et al. Systemic Immune-Inflammation Index Predicts Prognosis of Patients After Curative Resection for Hepatocellular Carcinoma. Clin Cancer Res (2014) 20(23):6212–22. doi: 10.1158/1078-0432.CCR-14-0442

28. Oh, CA, Bae, JM, Oh, SJ, Choi, MG, Noh, JH, Sohn, TS, et al. Long-Term Results and Prognostic Factors of Gastric Cancer Patients With Only Positive Peritoneal Lavage Cytology. J Surg Oncol (2012) 105(4):393–9. doi: 10.1002/jso.22091

29. Japanese Gastric Cancer Association. Japanese Gastric Cancer Treatment Guidelines 2018 (5th Edition). Gastric Cancer (2021) 24(1):1–21. doi: 10.1007/s10120-020-01042-y

30. Ajani, JA, D'Amico, TA, Almhanna, K, Bentrem, DJ, Chao, J, Das, P, et al. Gastric Cancer, Version 3.2016, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw (2016) 14(10):1286–312. doi: 10.6004/jnccn.2016.0137

31. Mantovani, A, Allavena, P, Sica, A, and Balkwill, F. Cancer-Related Inflammation. Nature (2008) 454(7203):436–44. doi: 10.1038/nature07205

32. Elinav, E, Nowarski, R, Thaiss, CA, Hu, B, Jin, C, and Flavell, RA. Inflammation-Induced Cancer: Crosstalk Between Tumours, Immune Cells and Microorganisms. Nat Rev Cancer (2013) 13(11):759–71. doi: 10.1038/nrc3611

33. Wang, K, Diao, F, Ye, Z, Zhang, X, Zhai, E, Ren, H, et al. Prognostic Value of Systemic Immune-Inflammation Index in Patients With Gastric Cancer. Chin J Cancer (2017) 36(1):75. doi: 10.1186/s40880-017-0243-2

34. Oh, SE, Choi, MG, Seo, JM, An, JY, Lee, JH, Sohn, TS, et al. Prognostic Significance of Perioperative Nutritional Parameters in Patients With Gastric Cancer. Clin Nutr (2019) 38(2):870–6. doi: 10.1016/j.clnu.2018.02.015

35. Sun, KY, Xu, JB, Chen, SL, Yuan, YJ, Wu, H, Peng, JJ, et al. Novel Immunological and Nutritional-Based Prognostic Index for Gastric Cancer. World J Gastroenterol (2015) 21(19):5961–71. doi: 10.3748/wjg.v21.i19.5961

36. Migita, K, Matsumoto, S, Wakatsuki, K, Kunishige, T, Nakade, H, Miyao, S, et al. Effect of Oral Nutritional Supplementation on the Prognostic Nutritional Index in Gastric Cancer Patients. Nutr Cancer (2020) 30:1–8. doi: 10.1080/01635581.2020.1826990

37. Gu, L, Wang, M, Cui, X, Mo, J, Yuan, L, Mao, F, et al. Clinical Significance of Peripheral Blood-Derived Inflammation Markers in Advanced Gastric Cancer After Radical Resection. BMC Surg (2020) 20(1):219. doi: 10.1186/s12893-020-00884-8

38. Hua, X, Long, ZQ, Zhang, YL, Wen, W, Guo, L, Xia, W, et al. Prognostic Value of Preoperative Systemic Immune-Inflammation Index in Breast Cancer: A Propensity Score-Matching Study. Front Oncol (2020) 10:580. doi: 10.3389/fonc.2020.00580

39. Zhang, Y, Sun, Y, and Zhang, Q. Prognostic Value of the Systemic Immune-Inflammation Index in Patients With Breast Cancer: A Meta-Analysis. Cancer Cell Int (2020) 20:224. doi: 10.1186/s12935-020-01308-6

40. Xu, S, Cao, S, Geng, J, Wang, C, Meng, Q, and Yu, Y. High Prognostic Nutritional Index (PNI) as a Positive Prognostic Indicator for Non-Small Cell Lung Cancer Patients With Bone Metastasis. Clin Respir J (2021) 15(2):225–31. doi: 10.1111/crj.13288

41. Cao, Y, Deng, S, Yan, L, Gu, J, Li, J, Wu, K, et al. Perineural Invasion Is Associated With Poor Prognosis of Colorectal Cancer: A Retrospective Cohort Study. Int J Colorectal Dis (2020) 35(6):1067–75. doi: 10.1007/s00384-020-03566-2

42. Antonio, N, Bønnelykke-Behrndtz, ML, Ward, LC, Collin, J, Christensen, IJ, Steiniche, T, et al. The Wound Inflammatory Response Exacerbates Growth of Pre-Neoplastic Cells and Progression to Cancer. EMBO J (2015) 34(17):2219–36. doi: 10.15252/embj.201490147

43. Tanaka, Y, Ito, S, and Isobe, K. Vancomycin-Sensitive Bacteria Trigger Development of Colitis-Associated Colon Cancer by Attracting Neutrophils. Sci Rep (2016) 6:23920. doi: 10.1038/srep23920

44. Houghton, AM, Rzymkiewicz, DM, Ji, H, Gregory, AD, Egea, EE, Metz, HE, et al. Neutrophil Elastase-Mediated Degradation of IRS-1 Accelerates Lung Tumor Growth. Nat Med (2010) 16(2):219–23. doi: 10.1038/nm.2084

45. Kitayama, J, Yasuda, K, Kawai, K, Sunami, E, and Nagawa, H. Circulating Lymphocyte Number has a Positive Association With Tumor Response in Neoadjuvant Chemoradiotherapy for Advanced Rectal Cancer. Radiat Oncol (2010) 5:47. doi: 10.1186/1748-717X-5-47




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.


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 © 2022 Ding, Yang, Sun, Tian, Guo, Liu, Li and Zhao. 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.


OEBPS/Images/fonc-11-791912-g002.jpg
0431, p-0.009

304
o 00 1000 1800 ° 00 1000 1800
- ™





OEBPS/Images/fonc-11-791912-g004.jpg
IS

A0, 59408 00194100, 007

=
e
H
H
Avco s smeromans pow ,/::m ot 02010 51 o 0

e





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Predictive Effect of Systemic Immune-Inflammation Index Combined With Prognostic Nutrition Index Score on Efficacy and Prognosis of Neoadjuvant Intraperitoneal and Systemic Paclitaxel Combined With Apatinib Conversion Therapy in Gastric Cancer Patients With Positive Peritoneal Lavage Cytology: A Prospective Study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Design and Participants

          



          		

            Chemotherapy Regimen

          



          		

            Assessments

          



          		

            Definitions and Follow-up

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            Patients’ Demographic Information and Tumor Characteristics

          



          		

            Optimal Cut-Off Values of SII and PNI Before and After Conversion Treatment

          



          		

            The Relationship Between SII-PNI Score and Curative Effect of Conversion Therapy

          



          		

            Relationship Between SII-PNI Score and Prognosis

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Tumor response SII-PNI score(%) p value

0 (n=13) 1 (n=13) 2 (n=10)

Non-PD (n=34) 13 (100) 12(92.31) 9 (90.00) 0.534
PD (n=2) 0(0) 1(7.69) 1(10.00)






OEBPS/Images/table4.jpg
Independent factor

Sex
Female
Male
Age (years)
<50
>50
FCCs status
Non-FCCs
FCCs
SII-PNI score
0
1
2
Tumor size (cm)
<6.0
>5.0
Differentiation
Poor
Well

2-year OS Multivariate analysis

2-year PFS Multivariate analysis

Hazard ratio 95% ClI
1.000 reference
1.066 0.521-1.412
1.000 reference
1.268 0.897-1.879
1.000 reference
5.578 3.426-10.142
1.000 reference
1.748 1.541-3.632
3.576 2.578-6.895
1.000 reference
1.920 1.256-3.492
1.000 reference
2,571 1.287-3.379

p value

0.315

0.083

0.001

0.001

0.052

0.031

Hazard ratio 95% CI
1.000 reference
1.243 0.721-1.772
1.000 reference
1.163 0.790-1.553
1.000 reference
5.114 3.234-9.981
1.000 reference
1.927 1.077-2.774
3.162 1.569-5.072
1.000 reference
1.759 1.352-3.162
1.000 reference
2.496 1.772-4.218

p value

0.143

0.251

0.003

0.002

0.061

0.029

Sll, Systemic immune-inflammatory index; PNI, Prognostic nutritional index; FCCs, Free cancer cells.





OEBPS/Images/table3.jpg
FCCs status SII-PNI score(%) p value
0 (n=13) 1 (n=13) 2 (n=10)

Non-FCCs (n=28) 12 (92.31) 11 (84.62) 5 (50.00) 0.041
FCCs (n=8) 1(7.69) 2 (15.38) 5 (50.00)





OEBPS/Images/fonc-11-791912-g005.jpg
e st o e





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-791912-g003.jpg
» p=0.002
1500 — 704 —
. 60-|
1000
Z 50 el xi.
500 =
404 H
o 30 T T
noFCCs  FCCs
o =0193
1500 60 —
55| .
1000 .
_ 5o
z
454
500
. 40
o T 35 T T
Fces noFCCs  FCCs






OEBPS/Images/fonc-11-791912-g001.jpg
392 paicts withlocaly advanced gasic meet

+ Peraneal metstass(-31)
Pasitonel ytology negaive nd o
peritonesl metasasi(o-250)

+ Surgealesecon wilh consomiant
discase(-5)
Other shemotherspy repimenso=t)
+ Puicus reedr2)

Paitoncl eytology posive(a-36)

-eyele NIPS sombined with Apaiib sonversion
herapy

B ———————+l. Pertoncal ytlogy posiveln=t)

Paitonea sytology negative(n-26)

Radial resetion ofgastic cancer






OEBPS/Images/fonc-11-791912-g006.jpg
o e
i
;
o
H
H
i






OEBPS/Images/table1.jpg
Characteristics Case (%) Mean (SD) Range
Sex
Male 25 (69.44)
Female 11 (30.56)
Age (years) 54 (10.4) 32-66
ECOG performance status
0 30 (83.33)
1 6 (16.67)
Tumor size (cm) 7.8(3.2) 3.4-10.6
<5.0 9 (25.00)
>5.0 27 (75.00)
ifferentiation
Poor 30 (83.33)
Moderately or well 6 (16.67)
Lesion site
Cardia 13 (36.11)
Stomach 4(11.11)
Gastric antrum 14 (38.89)
Whole stomach 5(13.89)
Pathological T stage
T3 6 (16.67)
T4 30 (83.33)
Pre-treatment SlI 553.6 (372.5) 77.5-1311.2
Pre-treatment PNI 54.3 (6.3) 41.0-68.5
Posttreatment Sl 402.0 (247.5) 72.6-1048.0
Posttreatment PNI 47.3 (4.8) 38.0-58.2

ECOG, Eastern Cooperative Oncology Group; SlI, Systemic immune-inflammatory index; PNI, prognostic nutritional index.





OEBPS/Images/fonc.2021.791912_cover.jpg
,frontiers
in Oncology

Predictive Effect of Systemic
Immune-Inflammation Index
Combined With Prognostic Nutrition
Index Score on Efficacy and
Prognosis of Neoadjuvant
Intraperitoneal and Systemic
Paclitaxel Combined With Apatinib
Conversion Therapy in Gastric
Cancer Patients With Positive
Peritoneal Lavage Cytology:

A Prospective Study





