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Background

Preoperative chemotherapy (PCT) has been considered an important treatment for advanced gastric cancer (AGC). The tumor regression grade (TRG) system is an effective tool for the assessment of patient responses to PCT. Pathological complete response (TRG = 0) of the primary tumor is an excellent predictor of better prognosis. However, which patients could achieve pathological complete response (TRG = 0) after chemotherapy is still unknown. The study aimed to find predictors of TRG = 0 in AGC.



Methods

A total of 304 patients with advanced gastric cancer from July 2009 to November 2018 were enrolled retrospectively. All patients were randomly assigned (2:1) to training and internal validation groups. In addition, 124 AGC patients receiving PCT from December 2018 to June 2020 were included prospectively in the external validation cohort. A prediction model for TRG = 0 was established based on four predictors in the training group and was validated in the internal and external validation groups.



Results

Through univariate and multivariate analyses, we found that CA199, CA724, tumor differentiation and short axis of the largest regional lymph node (LNmax) were independent predictors of TRG = 0. Based on the four predictors, we established a prediction model for TRG = 0. The AUC values of the prediction model in the training, internal and external validation groups were 0.84, 0.73 and 0.82, respectively.



Conclusions

We found that CA199, CA724, tumor differentiation and LNmax were associated with pathological response in advanced gastric cancer. The prediction model could provide guidance for clinical work.
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Introduction

Gastric cancer (GC) causes enormous health and economic burdens worldwide. GC is the fifth most common cancer and the third leading cause of cancer-related deaths worldwide (1, 2). In China, GC is the second most common cancer and the second leading cause of cancer death (3). Despite the declining incidence of GC, patients still have poor prognosis. Gastric cancer is often either asymptomatic or may cause only nonspecific symptoms in its early stage. When patients experience symptoms, the cancer has often already reached an advanced stage with regional lymph node metastasis or distant metastasis. Surgery and chemotherapy are the main methods for the treatment of advanced gastric cancer (AGC). However, the prognosis of patients with AGC is still poor (4–6). Currently, preoperative chemotherapy (PCT) is considered a standard therapy for AGC (7–10). PCT has potential benefits, such as downstaging the tumor to increase the chance of curative resection while eliminating potential micrometastases to prevent or reduce tumor recurrence and metastasis and improving tumor-associated symptoms (11, 12). However, not all patients benefit from PCT. Patients respond to PCT differently. During preoperative chemotherapy, some patients do not respond, some have adverse events, and some progress and even lose the opportunity for radical surgery. The tumor regression grade (TRG) system is an effective histopathological evaluation method for assessing patient response to PCT. Based on the TRG system, some studies found that patients with a major pathologic response will have better overall survival than those with no response or minor pathologic changes after PCT in AGC (13–15). There are several TRG systems for the assessment of the tumor pathological response to PCT, including the Mandard, Ninomiya, Becker and Ryan classification systems (16–19). Different people have different TRG grades, and patients with pathological complete response postchemotherapy have a longer survival and better prognosis.

However, in East Asia, an area with a high incidence of gastric cancer, PCT has not become a routine treatment for AGC. Therefore, it is vital to select patients who would most likely benefit from PCT and find the most suitable patients to receive PCT. Thus, the purpose of this study is to explore predictors for pathological complete response and establish a prediction model for pathological complete response in AGC. Based on the prediction model, patients who would most likely benefit from PCT can be identified, and physicians can be more confident in recommending PCT to these patients. For this purpose, we conducted this retrospective-prospective study to explore potential predictors for pathological complete response in AGC and developed a prediction model to guide clinical application.



Materials and Methods


Patient Selection and Study Design

This study was divided into two parts. In the first part, we used retrospective data to construct the prediction model and carried out internal validation. In the second part, after the prediction model was established, we collected data prospectively and then conducted an external validation of the prediction model.

Gastric cancer patient data from Shanghai Ruijin Hospital were retrospectively collected from July 2009 to November 2018. All gastric cancer patients were confirmed by endoscopic biopsy. The inclusion criteria were as follows: 1. patients were pathologically confirmed as having gastric adenocarcinoma; 2. patients had successfully undergone PCT before surgery; 3. gastrectomy was performed after PCT; 4. TRG can be assessed; and 5. pretreatment clinicopathological data can be collected. Samples were excluded if the patient did not meet the inclusion criteria. Patients in the retrospective cohort were randomly assigned (2:1) to a training group and an internal validation group. We developed a prediction model for TRG = 0 in the training group and then verified it in the internal validation group.

After the prediction model was established, we prospectively collected and recorded data from AGC patients from December 2018 to June 2020. The inclusion and exclusion criteria were the same as the criteria in the retrospective cohort mentioned above. The prediction model was verified in this prospective external validation group.



Assessment System for Tumor Regression Grade

This study applied the Ryan classification system, which is the most widely used and applied by the College of American Pathologists (CAP) and the Chinese Society of Clinical Oncology (CSCO), to assess the pathological response of tumors to PCT (10, 20). In the Ryan classification system, TRG is a semiquantitative parameter describing a relative proportion of residual tumor and stromal fibrosis. TRG of the primary tumor is divided into four categories: grade 0 (complete response: no viable cancer cells), grade 1 (moderate response: single cells or small groups of cancer cells), grade 2 (minimal response: residual cancer outgrown by fibrosis) and grade 3 (poor response: minimal or no tumor cells killed; extensive residual cancer). All histological slides were reexamined by the same pathologist to confirm the TRG grade.



Data Collection and Statistical Analysis

Pretreatment clinicopathological factors with potential prediction value were collected, including sex, age, body mass index (BMI), hemoglobin, leukocyte, neutrophil, lymphocyte, thrombocyte, prealbumin, total protein, albumin, CA125, CA199, CA724, CEA, AFP, tumor location, tumor differentiation, signet ring cell carcinoma component, Bormann type, chemotherapy regimen and short axis diameter of the largest regional lymph node (LNmax). Tumor location was classified into proximal, middle, distal 1/3 and whole stomach. LNmax was measured using multi-detector-row computed tomography (MDCT). The survival time after gastrectomy for every patient was also recorded by follow-up. The last follow-up time was 30, November 2019.

Univariate analysis was used to investigate whether any clinicopathological factors were correlated with TRG = 0. A nonparametric Mann-Whitney rank test or t test was used for the analysis of quantitative data. The chi-square test was used to compare categorical data. For the potential predictors, which were originally continuous variables, we performed receiver operating characteristic (ROC) curve analysis using the observed outcomes (TRG = 0 vs TRG≠0) and identified an optimal cut-off value that maximized the area under the curve (AUC) of the ROC curve. Through multivariate stepwise logistic regression analysis, we further investigated independent predictors for TRG = 0. Based on the odds ratio (OR) of independent predictors, a prediction model for TRG = 0 was established. Thereafter, the prediction model was verified in the internal and external validation groups.

All statistical tests were two-tailed, and the differences were considered statistically significant at p values <0.05. Data analysis was conducted using SPSS software version 25 (IBM Statistical Product and Service Solutions, Armonk, USA). The ROC and K-M survival curves were constructed by GraphPad Prism Version 5 (GraphPad Software, USA).




Results


Survival Analysis of Different TRG Groups

Previous studies showed that complete response (TRG = 0) after PCT was a predictor of good prognosis (13–15). To confirm the prognostic value of TRG, we conducted survival analysis of different TRG groups in the retrospective cohort. The last follow-up date for patients in the retrospective cohort was 30, November 2019, and the median follow-up time was 36.73 months (range 0.50 - 110 months). Of the 304 patients in the retrospective cohort, 90 patients (29.61%) had died of GC by the last follow-up day. A total of 26 (8.55%) patients were lost during the follow-up period.

Through the Kaplan-Meier (K-M) survival curve, we found that patients with TRG = 0 had significantly better survival than the others (P = 0.0011, Figure 1A). The estimated median survival of patients with TRG = 0, 1, 2, and 3 were undefined, 54.60, 24.40 and 14.64 months, respectively. The estimated 3-year survival rate of patients with TRG = 0 was significantly higher than that of patients with TRG≠0 (85.51% vs 54.13%, P=0.0077, Figure 1B).




Figure 1 | Survival analysis of patients in different TRG group in the retrospective cohort. (A) Survival analysis of patients between 0, 1, 2 and 3 grade TRG group. (B) Survival analysis of patients between TRG = 0 and TRG ≠0 group. (C) Survival analysis of patients between low-risk and high-risk TRG group.



For 156 patients who were followed up for more than 3 years in the retrospective cohort, we also the plotted the K-M survival curve. The patients with TRG = 0 also had better survival than the others (P = 0.0431, Figure 2A). The median survival of patients with TRG = 0, 1, 2, and 3 were undefined, 54.30, 35.70 and 14.65 months, respectively. The 3-year survival rate of patients with TRG = 0 was also significantly higher than that of patients with TRG≠0 (80% vs 56.70%, P=0.0329, Figure 2B). Therefore, TRG = 0 was the focus of our attention, and we developed a prediction model for it.




Figure 2 | Survival analysis of patients followed up for 3 years in different TRG group in the retrospective cohort. (A) Survival analysis of patients between 0, 1, 2 and 3 grade TRG group. (B) Survival analysis of patients between TRG = 0 and TRG ≠0 group.





Characteristics of the Study Population

A total of 304 gastric cancer patients were enrolled retrospectively, and 124 patients were enrolled prospectively. All patients’ clinical stages at diagnosis were cT4N+Mx, which indicated that these tumors have invaded the serosal layer of the stomach and have regional lymph node metastasis, with or without distant metastasis. In the retrospective cohort, the study population comprised 224 male and 80 female patients. The median age was 61 years (range: 21-80 years). There were 281 patients without distant metastasis, 4 patients with single liver metastasis and 19 patients with retroperitoneal lymph node metastasis. All patients had received an average of three cycles of PCT before gastrectomy. The main regimens of PCT were EOX (Epirubicin plus Oxaliplatin and Capecitabine) and taxane-containing chemotherapy. There were 30 patients assessed with TRG = 0, including 6 patients with positive lymph nodes, which means that the primary tumor completely disappeared, but positive lymph nodes remained. Clinicopathological factors were compared between the different TRG groups (Table 1). We found that CA199, CA724, tumor differentiation, pathological type of signet ring cell carcinoma and LNmax were significantly different (P<0.05) between the different TRG groups. To develop a prediction model for TRG = 0, the study population was randomly assigned into the training set (202 patients) and the internal validation set (102 patients).


Table 1 | Univariate analysis: Characteristics of the Whole Study Population.



In the prospective cohort, there were 85 male and 39 female patients. The median age was 63 years (range: 27-79 years). There were 113 patients without distant metastasis, 4 patients with single liver metastasis, 5 patients with retroperitoneal lymph node metastasis, 1 patient with single pulmonary metastasis and 1 patient with ovarian metastasis. The main regimens of PCT were SOX (S-1 plus Oxaliplatin) and FLOT (Fluorouracil plus Leucovorin, Oxaliplatin, and Docetaxel). Nine patients were assessed with TRG = 0, including 1 patient with positive lymph nodes.



Derivation of a Prediction Model for TRG = 0

In the training group, the five factors (CA199, CA724, tumor differentiation, pathological type of signet ring cell carcinoma and LNmax) were also significantly different (P<0.05) between the different TRG groups (Table 2). To perform multivariate logistic regression analysis with the five factors, we performed ROC analysis for originally continuous variables, including CA199, CA724 and LNmax. The optimal cut-off values for CA199, CA724 and LNmax were 10.90 U/ml, 3.19 U/ml and 1.535 cm, respectively. The sensitivity, specificity and AUC values of CA199 were 51.74%, 85% and 0.67 ± 0.05, respectively (95% CI: 0.57–0.77; P = 0.002). For CA724, the sensitivity, specificity and AUC values were 56.14%, 80% and 0.65 ± 0.05, respectively (95% CI: 0.55–0.76; P = 0.002). For LNmax, the sensitivity, specificity and AUC values were 62.28%, 78.95% and 0.66 ± 0.07, respectively (95% CI: 0.52–0.81; P = 0.001).


Table 2 | Univariate analysis: Characteristics in the Training Set.



In multivariate logistic regression analysis, we found that four factors were significantly different (Table 3). CA199 ≤10.90 U/ml, CA724 ≤3.19 U/ml, well differentiation and LNmax ≥1.535 cm were independent predictors for TRG=0 (P<0.05). A risk score was assigned to each predictor on the basis of the OR resulting from the logistic regression analysis. CA199 ≤10.90 U/mL, CA724 ≤3.19 U/mL, well differentiation and LNmax ≥1.535 cm were assigned 5, 4, 7, and 7 points, respectively (Table 4). The final scores ranged from 0 to 23 points. Based on the risk score, we established a prediction model for TRG = 0. According to the prediction model, we calculated the sum scores of the patients in the training group. The AUC of the prediction model was 0.84 (SD = 0.03; 95% CI: 0.77-0.91; P<0.0001) (Figure 3A). The optimal cut-off point for TRG in the prediction model was 13 points resulting from ROC curve analysis. The patients were divided into a low-risk (≤13 points) and a high-risk (>13 points) TRG group. TRG = 0 was discovered in 0% and 22.35% of the patients in the low-risk and high-risk TRG groups, respectively. The higher the score is, the more likely it indicates TRG = 0.


Table 3 | Multivariate analysis: variables correlated with TRG in the training set.




Table 4 | Risk Score of Prediction Model for TRG.






Figure 3 | ROC curve for prediction model in the training (A), internal (B) and external (C) validation group.





Validation of the Prediction Model for TRG = 0

To validate the prediction model for TRG = 0, we also performed ROC analysis in the internal and external validation groups. The AUC of the prediction model in the internal validation group was 0.73 (SD=0.09; 95% CI: 0.55-0.91; P=0.017) (Figure 3B). The sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and accuracy in the internal validation group were 60%, 77.11%, 94.12%, 24% and 75.27%, respectively. In the external validation group, the AUC of the prediction model was 0.82 (SD=0.05; 95% CI: 0.71-0.92; P=0.0016) (Figure 3C). The sensitivity, specificity, NPV, PPV, and accuracy in the external validation group were 55.56%, 82.61%, 95.96%, 20% and 80.65%, respectively.



Prognostic Value of the Prediction Model

To evaluate whether the prediction model is useful for predicting prognosis, we plotted Kaplan-Meier (K-M) survival curves for the low-risk and high-risk TRG groups in the retrospective cohort. We found that patients in the high-risk TRG group had better survival than patients in the low-risk TRG group (P<0.05, Figure 1C). The estimated median survival times of patients in the high- and low-risk TRG groups were undefined and 37.50 months; the estimated 3-year survival rates were 76.75% and 53.45%, respectively. Therefore, this prediction model was also effective for prognosis.




Discussion

Currently, PCT is considered a standard therapy for AGC. However, the risk of tumor progression is still worrisome. Despite enduring the side effects of PCT, patients may still experience tumor progression and lose the chance of radical surgery (21). The TRG system is an effective assessment method for pathological response and has been widely applied in clinical work. In the current study, we applied the Ryan classification system to assess tumor response after PCT. AGC patients have different responses to PCT. Complete response (TRG = 0) was considered the best response and a predictor of better prognosis. To explore which patients will benefit most from PCT, we conducted this current study. We found that four pretreatment factors were independent predictors for TRG=0 in AGC and established a prediction model for it. The four predictors were CA199 ≤10.90 U/mL, CA724 ≤3.19 U/mL, LNmax ≥1.535 cm, and well differentiation of the tumor. The four indicators used in this model are easy to obtain, which extends the model’s range of applications.

Tumor markers (CA125, CA199, CA724, CEA and AFP) are widely used for the early diagnosis and prognostic evaluation of gastric cancer (22–24). However, the clinical value of tumor markers for predicting the response to PCT is still unclear (25, 26). A previous study showed that high preoperative CA724 and CA199 levels were associated with a higher risk of death, and a decrease (>70%) in CA724 may predict the pathological response to PCT (26). In our study, we found that CA199 ≤10.90 U/mL and CA724 ≤3.19 U/mL were associated with TRG = 0 in GC patients after PCT. In other words, lower CA199 and CA724 levels are associated with a better response to PCT.

Patients with well-differentiated GC are regarded to have better survival than those with poorly differentiated GC (27, 28). In addition, a previous study showed that well differentiation is a vital predictor of pathologic response (29). In this study, we also found that well differentiation is an independent predictor of TRG = 0. This is consistent with previous studies.

In the current study, LNmax was significantly associated with TRG = 0. To our knowledge, this is the first report showing the value of LNmax for predicting TRG = 0 after PCT in gastric cancer. We speculate that patients with large regional lymph nodes have strong immunity against infection and tumor cell invasion. Patients with large regional lymph nodes have the chance to respond sooner to the tumor, with a stronger response. With stronger immunity, the effect of PCT is increasingly obvious. These patients will have a better pathological response and prognosis. However, further investigations are needed to identify the underlying physiological mechanism.

We established a prediction model for TRG = 0 after PCT in advanced gastric cancer with four independent predictors. The prediction model showed that patients with higher scores were more likely to obtain a better pathological response and prognosis. We found that the optimal cut-off value of the prediction model was 13 points. If patients received more than 13 points, we recommend that these patients receive PCT instead of direct surgery. On the other hand, if patients received very low points, we should be careful in choosing PCT for these patients.

This study had some limitations. This was a single-center clinical study, and the sample size was not very large. Patients in this study were enrolled over a large time span (2009-2018) and had different chemotherapy regimens. Besides, the model was based on common clinicopathological factors. Currently, the Cancer Genome Atlas (TCGA) Research Network conducted a comprehensive molecular characterization of GC, which proposed a molecular classification dividing GC into four subtypes: tumors positive for Epstein-Barr virus (EBV), microsatellite instability (MSI) tumors, genomically stable (GS) tumors and tumors with chromosomal instability (CIN) (30). Many studies had been carried out on the basis of TCGA classification. Several studies showed that patients with MSI-low GC could benefit from chemotherapy plus surgery, however those with MSI-high GC did not (31–33). Besides, several studies showed EBV positivity in GC patients was associated with better prognosis (34, 35).To improve this prediction model, we could integrate genetic factors according to the TCGA classification in future studies. Further investigation is needed to identify other predictors and optimize the prediction model for TRG = 0.

Despite the limitation of this study, we found that CA199, CA724, tumor differentiation and LNmax were associated with pathological response in AGC patients. We established a prediction model for TRG = 0 in AGC patients that could provide guidance for clinical work.



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 the Human Ethics Committee of Shanghai Jiao Tong University School of Medicine Ruijin Hospital. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

WX conceived and designed the study, analyzed the data and wrote the paper. QM reexamined the tumor regression grade of all patients. LW, CH, SL, ZN, ZH, ZLZ, ZY and YZ collected the pretreatment clinicopathological factors of all patients. RF, CY, CL, XY and MC followed up the patient’s survival status. WL revised the paper. MY and ZGZ gave professional guidance. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by National Natural Science Foundation of China NO. 81772518 and clinical research project of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine (DLY201602 and 2018CR003).



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, R, Torre, L, 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. Smyth, E, Nilsson, M, Grabsch, H, van Grieken, N, and Lordick, F. Gastric cancer. Lancet (London England) (2020) 396(10251):635–48. doi: 10.1016/S0140-6736(20)31288-5

3. Chen, W, Zheng, R, Baade, P, Zhang, S, Zeng, H, Bray, F, et al. Cancer statistics in China, 2015. CA: Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

4. Katai, H, Ishikawa, T, Akazawa, K, Isobe, Y, Miyashiro, I, Oda, I, et al. Five-year survival analysis of surgically resected gastric cancer cases in Japan: a retrospective analysis of more than 100,000 patients from the nationwide registry of the Japanese Gastric Cancer Association (2001-2007). Gastric Cancer Off J Int Gastric Cancer Assoc Jpn Gastric Cancer Assoc (2018) 21(1):144–54. doi: 10.1007/s10120-017-0716-7

5. van der Werf, LR, Wijnhoven, BPL, Fransen, LFC, van Sandick, JW, Nieuwenhuijzen, GAP, Busweiler, LAD, et al. A National Cohort Study Evaluating the Association Between Short-term Outcomes and Long-term Survival After Esophageal and Gastric Cancer Surgery. Ann Surg (2019) 270(5):868–76. doi: 10.1097/SLA.0000000000003520

6. Yamaguchi, K, Yoshida, K, Tanahashi, T, Takahashi, T, Matsuhashi, N, Tanaka, Y, et al. The long-term survival of stage IV gastric cancer patients with conversion therapy. Gastric Cancer (2018) 21(2):315–23. doi: 10.1007/s10120-017-0738-1

7. Wang, X, Zeng, Z, Ye, X, Sun, J, Zhang, Z, and Kang, W. Interpretation of the development of neoadjuvant therapy for gastric cancer based on the vicissitudes of the NCCN guidelines. World J Gastrointestinal Oncol (2020) 12(1):37–53. doi: 10.4251/wjgo.v12.i1.37

8. Smyth, E, Verheij, M, Allum, W, Cunningham, D, Cervantes, A, and Arnold, D. Gastric cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol Off J Eur Soc Med Oncol (2016) 27:v38–49. doi: 10.1093/annonc/mdw350

9. Japanese Gastric Cancer, A. Japanese gastric cancer treatment guidelines 2014 (ver. 4). Gastric Cancer (2017) 20(1):1–19. doi: 10.1007/s10120-016-0622-4

10. Wang, FH, Shen, L, Li, J, Zhou, ZW, Liang, H, Zhang, XT, et al. The Chinese Society of Clinical Oncology (CSCO): clinical guidelines for the diagnosis and treatment of gastric cancer. Cancer Commun (Lond) (2019) 39(1):10. doi: 10.1186/s40880-019-0349-9

11. Cunningham, D, Allum, W, Stenning, S, Thompson, J, Van de Velde, C, Nicolson, M, et al. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. New Engl J Med (2006) 355(1):11–20. doi: 10.1056/NEJMoa055531

12. Xu, A, Huang, L, Liu, W, Gao, S, Han, W, and Wei, Z. Neoadjuvant chemotherapy followed by surgery versus surgery alone for gastric carcinoma: systematic review and meta-analysis of randomized controlled trials. PloS One (2014) 9(1):e86941. doi: 10.1371/journal.pone.0086941

13. Neves Filho, E, de Sant’Ana, R, Nunes, L, Pires, A, and da Cunha, M. Histopathological regression of gastric adenocarcinoma after neoadjuvant therapy: a critical review. APMIS Acta Pathol Microbiol Immunol Scand (2017) 125(2):79–84. doi: 10.1111/apm.12642

14. Tomasello, G, Petrelli, F, Ghidini, M, Pezzica, E, Passalacqua, R, Steccanella, F, et al. Tumor regression grade and survival after neoadjuvant treatment in gastro-esophageal cancer: A meta-analysis of 17 published studies. Eur J Surg Oncol J Eur Soc Surg Oncol Br Assoc Surg Oncol (2017) 43(9):1607–16. doi: 10.1016/j.ejso.2017.03.001

15. Derieux, S, Svrcek, M, Manela, S, Lagorce-Pages, C, Berger, A, Andre, T, et al. Evaluation of the prognostic impact of pathologic response to preoperative chemotherapy using Mandard’s Tumor Regression Grade (TRG) in gastric adenocarcinoma. Dig Liver Dis Off J Ital Soc Gastroenterol Ital Assoc Study Liver (2020) 52(1):107–14. doi: 10.1016/j.dld.2019.07.010

16. Mandard, A, Dalibard, F, Mandard, J, Marnay, J, Henry-Amar, M, Petiot, J, et al. Pathologic assessment of tumor regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations. Cancer (1994) 73(11):2680–6. doi: 10.1002/1097-0142(19940601)73:11<2680::AID-CNCR2820731105>3.0.CO;2-C

17. Ninomiya, Y, Yanagisawa, A, Kato, Y, Kitagawa, T, Ishihara, S, and Nakajima, T. Histological indications of a favorable prognosis with far-advanced gastric carcinomas after preoperative chemotherapy. J Cancer Res Clin Oncol (1999) 125(12):699–706. doi: 10.1007/s004320050337

18. Becker, K, Mueller, J, Schulmacher, C, Ott, K, Fink, U, Busch, R, et al. Histomorphology and grading of regression in gastric carcinoma treated with neoadjuvant chemotherapy. Cancer (2003) 98(7):1521–30. doi: 10.1002/cncr.11660

19. Ryan, R, Gibbons, D, Hyland, J, Treanor, D, White, A, Mulcahy, H, et al. Pathological response following long-course neoadjuvant chemoradiotherapy for locally advanced rectal cancer. Histopathology (2005) 47(2):141–6. doi: 10.1111/j.1365-2559.2005.02176.x

20. Chanjuan Shi, M, Berlin, J, Branton, PA, Fitzgibbons, PL, Frankel, WL, Hofstetter, WL, et al. Protocol for the Examination of Specimens From Patients With Carcinoma of the Stomach. College of American Pathologists (2020).

21. Zhou, J, Shen, J, Seifer, B, Jiang, S, Wang, J, Xiong, H, et al. Approaches and genetic determinants in predicting response to neoadjuvant chemotherapy in locally advanced gastric cancer. Oncotarget (2017) 8(18):30477–94. doi: 10.18632/oncotarget.12955

22. Feng, F, Tian, Y, Xu, G, Liu, Z, Liu, S, Zheng, G, et al. Diagnostic and prognostic value of CEA, CA19–9, AFP and CA125 for early gastric cancer. BMC Cancer (2017) 17(1):737. doi: 10.1186/s12885-017-3738-y

23. Chen, XZ, Zhang, WK, Yang, K, Wang, LL, Liu, J, Wang, L, et al. Correlation between serum CA724 and gastric cancer: multiple analyses based on Chinese population. Mol Biol Rep (2012) 39(9):9031–9. doi: 10.1007/s11033-012-1774-x

24. Yang, AP, Liu, J, Lei, HY, Zhang, QW, Zhao, L, and Yang, GH. CA72-4 combined with CEA, CA125 and CAl9-9 improves the sensitivity for the early diagnosis of gastric cancer. Clin Chim Acta (2014) 437:183–6. doi: 10.1016/j.cca.2014.07.034

25. Yamao, T, Kai, S, Kazami, A, Koizumi, K, Handa, T, Takemoto, N, et al. CA19-9 and CA125 in monitoring of response to systemic chemotherapy in patients with advanced gastric cancer. Jpn J Clin Oncol (1999) 29(11):550–5. doi: 10.1093/jjco/29.11.550

26. Sun, Z, and Zhang, N. Clinical evaluation of CEA, CA19-9, CA72-4 and CA125 in gastric cancer patients with neoadjuvant chemotherapy. World J Surg Oncol (2014) 12:397. doi: 10.1186/1477-7819-12-397

27. Lazar, D, Taban, S, Sporea, I, Dema, A, Cornianu, M, Lazar, E, et al. Gastric cancer: correlation between clinicopathological factors and survival of patients (III). Rom J Morphol Embryol  Rev Rom Morphol Embryol (2009) 50(3):369–79.

28. Kim, S, Min, B, Ahn, J, Jung, S, An, J, Choi, M, et al. Nomogram to predict lymph node metastasis in patients with early gastric cancer: a useful clinical tool to reduce gastrectomy after endoscopic resection. Endoscopy (2020) 52(6):435–43. doi: 10.1055/a-1117-3059

29. Wang, L, Teng, R, Jiang, Z, Hu, W, Dong, M, Yuan, X, et al. Clinicopathologic variables predicting tumor response to neoadjuvant chemotherapy in patients with locally advanced gastric cancer. J Surg Oncol (2012) 105(3):293–6. doi: 10.1002/jso.22085

30. Cancer Genome Atlas Research N. Comprehensive molecular characterization of gastric adenocarcinoma. Nature (2014) 513(7517):202–9. doi: 10.1038/nature13480

31. Pietrantonio, F, Miceli, R, Raimondi, A, Kim, Y, Kang, W, Langley, R, et al. Individual Patient Data Meta-Analysis of the Value of Microsatellite Instability As a Biomarker in Gastric Cancer. J Clin Oncol Off J Am Soc Clin Oncol (2019) 37(35):3392–400. doi: 10.1200/JCO.19.01124

32. Kohlruss, M, Grosser, B, Krenauer, M, Slotta-Huspenina, J, Jesinghaus, M, Blank, S, et al. Prognostic implication of molecular subtypes and response to neoadjuvant chemotherapy in 760 gastric carcinomas: role of Epstein-Barr virus infection and high- and low-microsatellite instability. J Pathol Clin Res (2019) 5(4):227–39. doi: 10.1002/cjp2.137

33. Hashimoto, T, Kurokawa, Y, Takahashi, T, Miyazaki, Y, Tanaka, K, Makino, T, et al. Predictive value of MLH1 and PD-L1 expression for prognosis and response to preoperative chemotherapy in gastric cancer. Gastric Cancer (2019) 22(4):785–92. doi: 10.1007/s10120-018-00918-4

34. Camargo, MC, Kim, WH, Chiaravalli, AM, Kim, KM, Corvalan, AH, Matsuo, K, et al. Improved survival of gastric cancer with tumour Epstein-Barr virus positivity: an international pooled analysis. Gut (2014) 63(2):236–43. doi: 10.1136/gutjnl-2013-304531

35. Hewitt, LC, Inam, IZ, Saito, Y, Yoshikawa, T, Quaas, A, Hoelscher, A, et al. Epstein-Barr virus and mismatch repair deficiency status differ between oesophageal and gastric cancer: A large multi-centre study. Eur J Cancer (2018) 94:104–14. doi: 10.1016/j.ejca.2018.02.014



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.

Copyright © 2021 Xu, Ma, Wang, He, Lu, Ni, Hua, Zhu, Yang, Zheng, Feng, Yan, Li, Yao, Chen, Liu, Yan and Zhu. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Prediction Model of Tumor Regression Grade for Advanced Gastric Cancer After Preoperative Chemotherapy

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patient Selection and Study Design

          



          		

            Assessment System for Tumor Regression Grade

          



          		

            Data Collection and Statistical Analysis

          



        



        



        		

          Results

        

          		

            Survival Analysis of Different TRG Groups

          



          		

            Characteristics of the Study Population

          



          		

            Derivation of a Prediction Model for TRG = 0

          



          		

            Validation of the Prediction Model for TRG = 0

          



          		

            Prognostic Value of the Prediction Model

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Characteritics.

Sox (%))

Mo

fomalo
Age )

Medan (nge)
BMI (kg/m?)

Wedan (ange)
Hemoglobin(g/L)

Wadan (ange)
Leukoeyte(10°9/L)

Medanjange)
Neutrophil(10°9/L)

Madan (ango)
Lymphocyte(10%9/L)

Mecan (1ange)
Thrombocyto
(10+on)

Madan (ange)
Proalbumin (9/L)

Medan (ange)
Total Protein(a/t)

Medan (range)
Albumin (g/L)

Wedan (ange)
CAt25(U/mL)

Wadan (ange)
CAt99(U/mL)

Medan (range)
CAT24(U/mL)

Madan (ange)
CEAfg/mL)

Medan (range)
AFP(ng/mL)

Madan (ange)
Location (n[%)

Cada

Booy

Aotrum

Who stomach
Difterentiation (n[%)

Wt

poor
Signet ring cell([%)

Yes

N
Bormann (n[%)
'
"
"
v
Regimens (n[%))
X
NonEOX
Tatane
Non Tarano

LNmax (em)
Wedan (ange)

“Total (N = 202)
147 277)
550729
s12180)

2228157031.74)
T1962-166)

5832401648
360(1.14831)

143080271

2036.875)
197.579:354)
saae70)
362046)
13.30380-185.70)
10.15080-7424.00)
3.41006239.40)
284050-4996.88)
2690901078352
620069)
6431.69)
7003465
62on

5426.79)
1487320

3517.39)
1676267

62on)
3(1.49)

17H(E.14)
199.40)

1587822
a4p1.78)
2311.39)
1796861)

1340495605

TRG=0(n=20)
1470.00)
6@000)
614079)

2770195331.74)

1135065-154)
6208.1011.20)
396(1.59827)

147080271

24703.531)
207(151-239)
6as1.72)
arer43)
1385390-1607)
580(1.40-100.70)
1.900.0661.23)
2900797267)
222(1.083103.14)
%500
63000
52500,

00

136500
70500

00
20100)

201000,
1600
167500
201000,

168000
42000,
201000
189000,

207049500)

2 test (compaves tho couns of catogoral 0spons batwoen 2o moro dependent roups).

o ey vk it & dovcaibiessis alkiodshes 65 the 2 Samalh 2 st cisiivas T wiasaa 7 b hiksiaachion oo

TRG 20 (n=182)
1237308
492692
612180,

2200015703130

120.80(44-165)
580240.16.48)
357(1.14831)

143069.2:65)

20188875
194.579:354)
64879
3620-48)
132088018570
1205080742400
378020:23940)

278050-4996.88)

279090-1078352)

5320.12)

s831.87)

6535.71)
600

a122.59)
14107.47)

35(19.29)
1476077

220
2(1.10)
16987.98)
1793

1427802
021.98)
21(11.54
161(83.46)

1200505.08)

0000

00

oz

osr

osr





OEBPS/Images/fonc-11-607640-g002.jpg
A 8
Survival Curve for Patients Followed Up for 3 years Survival Curve or Patients Followsd Up or 3y

r g ™ -~ o0
. Zhest 5w - w0
H =
H iy
H »

P =00431 Logeank) . P=00szatog k)

T ‘Survial Time{months)





OEBPS/Images/table4.jpg
Predictors

CA199 (U/mL)
CA724 (U/mL)
Difforentiation
LNmax (cm)

>1090
5319
poor

<1535

Score

51090
319

wel
21,68





OEBPS/Images/table3.jpg
Variables. 8

CA199, </>10.90 U/mL. 1725

CAT24, </>3.19 U/mL. 1511
rentiation, welljpoor 2005

Signet Ring cell Carcinoma,  17.341

yesino

LNmax, 2/<1.635cm 2078

P

0023
0029
0002
0998

0002

oR

5615
4531
7.426

33985914

7945

8, beta coeficent; OR, 00 rato; 96% CI, 9% confidence intenval.

mdiadebis Bobil oussins ansbals

95% CI

1.272:24.782
1.167-17.589
214325725
0.000-0000

2.085:30279





OEBPS/Images/fonc.2021.607640_cover.jpg
’ frontiers
in Oncology

Prediction Model of Tumor
Regression Grade for
Advanced Gastric Cancer After
Preoperative Chemotherapy





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-607640-g003.jpg
Sensitivity%

Sonsitivity%

ROC curve for Risk Model

H

5.8 8

AUC=084+0.03
P< 00001

Sonsitivity’

ROC curve for Risk Model

AUC=073% 009
P=0017

SR e e e
100% - Specificityh

ROC curve for Risk Model

K





OEBPS/Images/table1.jpg
Characteritics.

Sox (%)

Mo

fomalo
Age )

Medan (nge)
BMI (kg/m?)

Wedan (ange)
Hemoglobin(g/L)

Wadan (ange)
Leukoeyte(10°9/L)

Medanjange)
Neutrophil(10°9/L)

Madan (ango)
Lymphocyte(10%9/L)

Mecan (1ange)
Thrombocyto
(10+on)

Madan (ange)
Proalbumin (9/L)

Medan (ange)
Total Protein(a/t)

Medan (range)
Albumin (g/L)

Wedan (ange)
CAt25(U/mL)

Wadan (ange)
CAt99(U/mL)

Medan (range)
CAT24(U/mL)

Madan (ange)
CEAfg/mL)

Medan (range)
AFP(ng/mL)

Madan (ange)
Location (n[%)

Cada

Booy

Aotrum

Who stomach
Difterentiation (n[%)

Wt

poor
Signet ring cell([%)

Yes

N
Bormann (n[%)
'
"
"
v
Regimens (n[%))
X
NonEOX
Tatane
Non Tarano

LNmax (em)
Wedan (ange)

Total (N = 304)
224 1369)
80(2631)
6112180,
2265143633
12104-160)
580240-19.70)
ss70.14-17.22)

1470597.51)

2a0E2.924)
20379.354)
6414680
352048)
1285(380361.30)
970080742400
367(006:30000)
273050-1996.88)
269065-16965.00)
87862
960158
11987.17)
8269

87862
2170138,

571875
278125

%2%)
120398)
2578454
26859

207798
670204
341118
21088.82)

127(0.49-5.08)

TRG=0(n=30)
240000
6@000)
616175
2720195351.74)
1155062-162)
6303101120
a9701.59.821

151080271

248(95.924)
20701452800
635161-72)
7500744
11.70890-1607)
651.40-100.70)
1.68006:61.29)
2920798215
2691.083103.14)
1003333
1003333
1003333
)

196339
13867

1839
209667

2667)
31000

2a7667)
2667)

258339
51667
2667)
209039

184049500

2 et (compaves tho couns f catogoral 0spons batwoen 2o moro dependent roups).

o ey vk it & dovcaibiessis alkiodshes 65 the 2 Samalh 2 st cisiivas T wiasaa 7 b hiksiaachion oo

TRG 20 (0= 274)
20072.99)
74 27.01)
61i21-80)

254143639
121044-168)

580240-19.73)

38501.14-17.22)

1440597.51)

2182875
20679.354)
644680,
352048)
19(6.80361.30)
1025080-7424.00)
4.18020300.00)
271050-1996.88)
270065-16965.08)
728.10)
50139
10337.59)
8292

8482
20675.18)

550044)
21879.56)

259
%028
2048540)
24876)

2120737
620269
3201168
228832)

118050509

041

051§
058§
085
0.8
05%
0285
030§

092
0875
065
080§
0028

068§
028
oz

0000

00z

oar

L

oar





OEBPS/Images/fonc-11-607640-g001.jpg
A Survival Curve for All People B8 Survival Curve for All People

- — — o
.- e
T 1
IR g
:
P =0.0011 (Log-rank) P =0.0077(Log-rank)
p of
(N T N T
ST Suwar o)
¢ Sunval Guvefor Al People

— gk TRG
- LowRisk TRG

0047 (Logank)

] E) o To
Survival Thne(monthe}





