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Background

Signet ring cell containing gastric cancer (SRCGC) is a rare subtype of gastric cancer, and its adjuvant therapy is based on general gastric cancer. However, the effectiveness of radiotherapy for those SRCGC patients remains unknown.



Purpose

The purpose of the study was to analyze whether the addition of radiotherapy to adjuvant chemotherapy (CT) can benefit survival in resected SRCGC patients.



Methods

Patients with SRCGC, who underwent D2 gastrectomy followed by adjuvant chemotherapy or chemoradiotherapy (CRT), were retrospectively collected. According to the proportion of signet ring cells, patients were histologically classified as pure SRCGC (pSRCGC) containing 100% of signet ring cells, mixed SRCGC (mSRCGC) containing >50% of signet ring cells, and contaminated SRCGC (cSRCGC) containing <50% of signet ring cells. Among the 272 patients, 156 were treated by CT alone and 116 by CRT. The primary endpoint was 3-year overall survival rate (3-year OS rate).



Results

With a median follow-up of 80.5 months, the 3-year OS rate was significantly higher in the CT group (70.5% vs. 58.6%, HR = 0.633, P = 0.017) compared with CRT group. Three independent characteristics were predictive of a poor overall survival: CRT treatment (P = 0.019), tumor size ≥5 cm (P < 0.001), and the presence of vessel invasion (P = 0.009). Subgroup analyses showed CRT significantly impaired prognosis in SRCGC patients in the cSRCGC subset, as well as lesions located in lower-middle sites, subtotal gastrectomy, male, <60 year, and no vessel invasion. Peritoneal was the most common recurrence site in SRCGC patients. The adverse events leukopenia and neutropenia were more common in the CRT group (P = 0.007).



Conclusions

Adjuvant chemoradiotherapy was associated with poor survival compared with adjuvant chemotherapy in SRCGC patients with D2 gastrectomy.
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Introduction

Gastric cancer (GC) is the fifth most common cancer and the third leading cause of cancer-related death worldwide, with an estimated 783,000 deaths in GLOBOCAN 2018 (1). GC is a heterogeneous disease with various histological classifications. According to the World Health Organization (WHO) classification, specimen composed of more than 50% signet ring cells is histologically defined as signet ring cell carcinoma (2). Almost all signet ring cell containing gastric cancers (SRCGCs) were diffuse type by the Lauren classification (3). The incidence of SRCGC increased 10-fold between the 1970s and 2000s, mainly in Western countries (4), varying from 15.1% to 34.9% of gastric cancer in recent researches (5–7). Moreover, SRCGC has attracted more attention in recent years (8). Patients with SRCGC tend to be the younger and female, and the tumor is usually in the middle-third part of stomach (7, 9–11). Furthermore, SRCGC is associated with more advanced diseases, a higher histological grade (9, 11), and worse survival outcome than non-SRCGC, due to a higher rate of peritoneal carcinomatosis and lymph node invasion, and a lower rate of curative resection and chemoresistance (11–14).

Perioperative chemotherapy became a standard treatment for local advanced resectable gastric cancer in Western countries (15, 16). In a retrospective study of 924 resected SRCGC patients, perioperative chemotherapy was associated with a significantly impaired prognosis (6). As for adjuvant therapy for gastric cancer patients, the ARTIST and the ACTS-GC trials proved that adjuvant chemotherapy was a standard of management for D2-resected GC patients (17–19). The Intergroup 0116 (INT-0116) trial demonstrated a strong and persistent benefit from adjuvant chemoradiotherapy for D1-resected GC (20). However, the ARTIST trial noted that the addition of radiotherapy to standard chemotherapy did not signiﬁcantly reduce the rate of recurrence in D2-resected GC patients (21). Thus the effect of radiotherapy is still controversial in certain GC patients. As a subset of GC, SRCGC was found to have chemoresistance (10, 12, 13) and might not benefit from preoperative chemotherapy (6, 7). However, data of adjuvant therapy for SRCGC were rare and there were no prospective studies of adjuvant treatment on resected SRCGC only. It was supposed that primary resection should be proposed for patients with SRCGC and followed by adjuvant chemotherapy (CT) or chemoradiotherapy (CRT). But the optimal adjuvant treatment strategy for resected SRCs is still pending.

The purpose of this retrospective study was to confirm whether the addition of radiotherapy to adjuvant chemotherapy could benefit survival in patients with radically resected SRCGCs. We analyzed the overall survival for SRCGC patients in correlation with adjuvant CT and CRT. We also explored the characteristics related to poor prognosis and the pattern of recurrence in the SRCGC population. We hypothesized that SRC status may serve as a potential indicator for adjuvant treatment, therefore a tailored adjuvant treatment should be considered for patients with SRCGC.



Materials and Methods


Patient Collection

The medical records of patients were retrospectively collected in a central teaching hospital (West China Hospital, Sichuan University) between August 2007 and December 2014. This study was based on the Surgical Gastric Cancer Patient Registry of West China Hospital (id: WCH-SGCPR-2019-01) (22). The inclusion criteria were (1) histologically confirmed GC containing signet ring cell, regardless of the proportion of signet ring cells; (2) underwent D2 or D2+ gastrectomy with the intention of R0 resection; (3) received adjuvant systematic chemotherapy or chemoradiotherapy; 4) clinicopathological TNM stage of Ib–IIIc; and (5) no limitation on sex, age, and ethnicity. The exclusion criteria were (1) received neoadjuvant therapy; (2) R1–R2 resection; (3) double primary tumors; (4) distant metastasis; (5) recurrence; (6) received chemotherapy fewer than two cycles; and (7) other than adenocarcinoma.



Surgery

All the patients underwent operations at West China Hospital. Distal or total gastrectomy was performed based on the location of the tumor, and a standard D2 or D2+ lymphadenectomy was generally performed according to the Japanese Gastric Cancer Treatment Guidelines (23). There was no limitation on the pattern of digestive tract reconstruction, Billroth-2 gastrojejunostomy, as well as Roux-en-Y gastrojejunostomy or Billroth-1 gastroduodenostomy; Roux-en-Y esophagojejunostomy, as well as with jejunal pouch were also accepted.



Pathology

Tumor staging was assessed according to the American Joint Committee on Cancer/Union International Control Center TNM Staging Manual, 7th edition (24). According to WHO classification, signet ring cell gastric cancer is defined as a predominant component (>50% signet ring cells) of isolated carcinoma cells with intracellular mucin (2). However, in the present study, we analyzed those so-called “signet ring cell containing gastric cancer (SRCGC),” with the intention to investigate the influence of different signet ring cell proportion. We histologically divided the patients into three SRC statuses: pure SRCGC (pSRCGC), containing 100% of signet ring cells; mixed SRCGC (mSRCGC), containing >50% of signet ring cells; and contaminated SRCGC (cSRCGC), containing ≤50% of signet ring cells.



Adjuvant Chemotherapy

Criteria for patients receiving adjuvant therapy are based on the NCCN Guidelines, including stage IB with high-risk factors, stages II and stage III. Patients were administered adjuvant treatment postoperative 3–8 weeks. The following primary chemotherapy schemes were accepted in our study: (1) S-1mono-regimen [body-surface area (BSA) <1.25 m2, 80 mg daily; BSA ≥1.25 m2 but <1.5 m2, 100 mg daily; BSA≥1.5 m2, 120 mg daily, d1-28, every 6 weeks]; (2) mFOLFOX6 (oxaliplatin 85 mg/m2, d1; CF 400 mg/m2, 2h, d1; 5-fluorouracil 400 mg/m2, iv, d1, and 2400 mg/m2, civ 48 h, every 2 weeks); (3) SOX (S-1 40 mg/m2/day, d1-14; oxaliplatin 130 mg/m2, d1, every 3 weeks). A less common regimen DCF (docetaxel 75 mg/m2, d1, cisplatin 20 mg/m2, d1, CF 200mg/m2, d1, 5-Fu 400 mg/m2, iv, d1 and 600 mg/m2, civ 48h, every 3 weeks) was also included. Among them, 29 patients received a single regimen, 235 patients received a double-agent combination, and 8 patients received triple-drug chemotherapy.



Adjuvant Chemoradiotherapy

For postoperative chemoradiotherapy, patients received one cycle of adjuvant FOLFOX, SOX, S-1 mono-regimen, or DCF before starting radiotherapy. The 3D-CRT or IMRT technique was selected by the physician according to the complexity of the target volume and the organs at risk (OAR). Patients received CT simulation using helical CT scan and were treated in a supine position. The criterion of clinical target volume (CTV) was the gastric bed, anastomoses and stumps, and the draining lymph nodes. The planning target volume (PTV) comprised a 1.0 cm margin around the CTV. A total irradiation dose of 50.4 Gy was administered in 28 fractions of 1.8 Gy, 5 days per week. Dose constraints of critical organs were as follows: spinal cord Dmax < 40 Gy; liver V30 < 30%; two-thirds of one kidney less than 18 Gy or 30% of each kidney volume of each kidney less than 25 Gy. During the process of radiotherapy, S-1 (40 mg/m2/day) was orally given twice daily from day 1 to 5 per week. Two or four weeks after the completion of radiotherapy, additional cycles of regimen were given.



Follow-Up and Outcome Measure

Follow-up lasted until June 30, 2018. The toxicity, survival status, follow-up duration, and loss were recorded. The primary endpoint was 3-year overall survival rate (3-year OS rate), referred to as the proportion of resected SRCGC patients who were alive 3 years after the primary surgery date. Treatment toxicity was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE, version 3.0) (25).



Ethics

The collection of medical information for the surgical gastric cancer patients was approved by the Biomedical Ethical Committee of West China Hospital, Sichuan University. The participants were not required to sign written informed consent in this retrospective study. However, the records were anonymized and de-identified before analyses. The study complied with the World Medical Association Declaration of Helsinki regarding the ethical conduct of research involving human subjects.



Statistics

Statistical analysis was performed using the Statistical Package for Social Science (SPSS), version 23.0. In the baseline comparisons, the ranked variables were compared by the Mann-Whitney U test, while continuous variables were compared by the Mann-Whitney U test or one-way ANOVA test, where applicable. Categorical variables were compared by Pearson’s chi-square test or Fisher’s exact test. The survival rates were calculated by the Kaplan-Meier method, median survival times (MST) were not reached, and the 3-year OS rate was expressed. Univariate survival analyses were performed by the log-rank test. Multivariable analysis of prognostic factors was conducted by the Cox proportional hazards model. Hazard ratios (HRs) with 95% confidence intervals (CIs) were estimated. Cox models in multivariate analyses were adjusted for clinicopathologic features, and surgical and adjuvant treatment, without selection procedure. P < 0.05 was considered to be statistically significant.




Results


Patient Characteristics

A total of 272 patients met the inclusion criteria between August 2007 and December 2014 (Figure 1). Data on gender, age, tumor location, gastrectomy, tumor size, vessel invasion, perineural invasion, tumor–lymph node–metastasis (TNM) classification, T category, N category, SRC status, and adjuvant therapy strategies were collected for analysis. Baseline characteristics were summarized in Table 1. Among the participants, 123 (45.2%), 99 (36.4%), and 50 (18.4%) were diagnosed as cSRCGC, mSRCGC, and pSRCGC, respectively. Patients were divided into the chemotherapy (CT) group or chemoradiotherapy (CRT) group according to their adjuvant treatment strategies. There were 156 patients in the CT group and 116 in the CRT group. Patients in CT group tend to have earlier N category than those in the CRT group, p = 0.001.




Figure 1 | Flow chart. SRCGC, Signet ring cell containing gastric cancer; CT, chemotherapy; CRT, chemoradiotherapy.




Table 1 | Patient characteristics (N = 272).





Recurrence

By the end of the follow-up date (June 30, 2018), 165 (60.7%) patients had recorded disease free survival (DFS), and 88 (53.3%) of them had local recurrence and metastases. To compare the pattern of recurrence more accurately in the different groups, we calculated the rates and sites of recurrence in those patients who had known DFS (Table 2). The frequencies of recurrence were comparable in the pSRCGC, mSRCGC, and cSRCGC groups (45.5% vs. 46.0% vs. 47.8%, p = 0.9671). In the whole cohort, the most common site of recurrence was peritoneal (22.4%), followed by lymph node (21.2%), liver (5.5%), and other sites (11.5%) (including remnant stomach, lung, gallbladder, ovary, and bone). Overall, there were no significant different sites of recurrence in the three groups (p = 0.0690). The median time to recurrence was 19.0 months, and no significant difference was found in time to recurrence in the three groups (21.8 months vs. 17.5 months vs. 19.0 months, p = 0.6724).


Table 2 | Pattern of recurrence (N = 165).





Toxicity

The hematologic toxicities were gathered and are shown in Table 3. The most frequent grade 3 or 4 adverse events were leukopenia (13.6%), anemia (11.8%), thrombocytopenia (9.6%), and neutropenia (9.6%). Grade 3/4 leukopenia (19.0% vs. 9.6%, P = 0.026), leukopenia with any grade (74.1% vs. 57.7%, P = 0.005), and total neutropenia (65.5% vs. 51.3%, P = 0.019) were more common in the CRT group than in the CT group.


Table 3 | Hematologic toxicity (NCI-CTCAE v3.0)* (N = 272).





Survival Outcomes

The median follow-up duration was 85.0 months (range 5.0–121.0 months), except for 8 patients with inadequate follow-up (3 in the CRT group and 5 in the CT group). A total of 108 (39.7%) of the 272 participants had died by the end of data accumulation on June 30, 2018. The 3-year OS was higher in the CT group than in the CRT group (70.5% vs. 58.6%, HR = 0.633, P = 0.017; Figure 2A).




Figure 2 | Overall survival curves for patients grouped according to (A) treatment, (B) tumor size, and (C) vessel invasion. CT, chemotherapy; CRT, chemoradiotherapy.



In univariate analyses, several factors were statistically associated with poor survival: advanced TNM stage (P < 0.001), advanced T category (P < 0.001), advanced N category (P < 0.001), tumor size ≥5 cm (P < 0.001), total gastrectomy (P = 0.007), vessel invasion (P = 0.013), and CRT treatment (P = 0.017).

Variables with P values of <0.05 in the univariate analysis were included in the multivariate analysis (Table 4). Three independent variables were predictive of a poor outcome: CRT treatment (P = 0.019), tumor size ≥5 cm (P < 0.001), and the presence of vessel invasion (P = 0.009) (Figures 2A–C).


Table 4 | Survival prediction by multivariate analysis of variables for patients with gastric SRC.





Subgroup Analysis

Subgroup analyses were performed to identify patients who may benefit from chemotherapy (Figure 3). Overall, the 3-year OS rate was higher in the CT group than that in the CRT group among all SRCGC patients. For the SRCGC subsets, a higher 3-year OS rate (72.5% vs. 61.1%, P = 0.018) in the CT group compared to the CRT group was found particularly in cSRCGC. Additionally, adjuvant chemoradiotherapy obviously weakened survival in SRCGC patients whose lesions were located in the middle-lower third of the stomach (58.3% vs. 70.1%, P = 0.026). Meanwhile, another four independent variables were predictive of a poor prognosis in the CRT group: subtotal gastrectomy (62.9% vs.76.0%, P = 0.015), male (56.3% vs. 66.7%, P = 0.013), <60 year (58.5% vs. 69.7%, P = 0.040), and none vessel invasion (61.1% vs. 74.6%, P = 0.023).




Figure 3 | Forest plot for survival hazard ratios and CIs for treatment within subsets of the selected variables.






Discussion

Despite considerable advances in treatment, the prognosis in GC patients is still poor, especially in cases of diffuse subtype or SRC adenocarcinoma. Adjuvant chemotherapy is a recommendable treatment for resectable GC, with the potential of improving survival outcome (17). The ACTS-GC trial suggested that 1-year adjuvant chemotherapy with S-1 had a better improvement in OS than gastrectomy alone (19). The CLASSIC study found a better DFS with adjuvant chemotherapy, and a capecitabine and oxaliplatin (XELOX) regimen after D2 gastrectomy versus D2 gastrectomy only (18). However, after a curative gastrectomy with D2 lymphadenectomy, the effect of radiotherapy is still controversial.

The ARTIST trial compared the adjuvant capecitabine and cisplatin (XP) regimen to chemoradiotherapy (XP plus radiotherapy with capecitabine) in patients with D2 gastrectomy, while the addition of radiotherapy did not improve the DFS and OS significantly (21). Subgroup analysis showed additional radiotherapy did not improve outcome of patients with diffuse subtype compared to chemotherapy in the Intergroup 0116 (INT-0116) trial (20). Similarly, the ARTIST and CRITICS trials demonstrated that adjuvant chemoradiotherapy did not have additional effects than chemotherapy in the diffuse subtype either (21, 26). Consistent with these findings, our study showed the 3-year OS rate was higher in the CT group compared to the CRT group despite the proportion of SRC. Instead of bringing additional survival benefit in SRCGC, adjuvant chemoradiotherapy might even impair the survival outcome in patients with cSRCGC, a tumor located in the middle-lower gastric, subtotal gastrectomy, male, <60 years old, and no vessel invasion patients. Tumor size ≥ 5cm and the presence of vessel invasion were also the independent prognostic markers for poor prognosis.

Together with our and previous research results, adjuvant chemoradiotherapy might not benefit patients with SRCGC. It may be due to the fact that diffuse gastric cancer appears to have decreased intracellular adhesion as a result of E-cadherin mutation and/or hypermethylation (27), which may further promote the ability of early metastases and to form peritoneal metastases. Our results also indicated the most common recurrence sites was peritoneal metastasis in SRCGCs. As suggested by Brooks et al. (28), if the decreased efficacy of chemoradiotherapy in diffuse subtype is confirmed, future trials may consider different adjuvant approaches based on histology.

Not only is the benefit of additional radiotherapy for SRCGCs still controversial, but there is no currently recognized standard regimen for SRCGCs in adjuvant setting due to poor tumor differentiation and lower chemosensitivity (10, 11). Chen et al. (29) evaluated docetaxel-based and oxaliplatin-based regimens as adjuvant chemotherapy in 991 GC patients. In the pSRCGC subgroup, OS had no significant improvement with chemotherapy against surgery only. However, in the mSRCGC subgroup, those treated with docetaxel-based regimens obtained a better OS, as well as a lower risk of recurrence and cancer-related death compared to oxaliplatin-based regimens. Pernot et al. (30) administrated untreated advanced SRCGC triplet chemotherapy, with docetaxel, 5-fluorouracil, and oxaliplatin (TEFOX). TEFOX appeared to be more effective as first-line treatment in advanced SRCGC. Therefore, regarding ideal regimens for resectable SRC as adjuvant chemotherapy, both oxaliplatin-based and docetaxel-based regimens are the top candidates, and the docetaxel-based regimen may specially benefit mSRCGC. In China, regimens based on docetaxel, oxaliplatin, capecitabine, cisplatin, or 5-fluorouracil, as well as those modifications, were the considered options by Chinese oncologists (29). In our present research, oxaliplatin-based regimes (mFOLFOX6 and SOX) were more often used than docetaxel-based schemes, and no adverse event incidences were found different among those schemes. Instead, the only discrepancy was between CT and CRT. Patients in the CRT group tended to more frequently have leukopenia and neutropenia, which may be explained by concurrent radiotherapy and chemotherapy doing more harm to the hematological system than chemotherapy alone. Further comparison on adjuvant therapy between docetaxel-based and oxaliplatin-based regimen in SRCGC patients after surgical resection would be necessary.

Our study has several limitations. First, the nature of retrospective design without randomized allocation made selection bias unable to be avoided. Patients in the CT group tended to have earlier N category than those in the CRT group. However, the differences between the number of N0 and N3 categories in the CT and CRT groups were not obvious. In multivariate analyses, the N category was not proven to be an independent factor of poor survival, which may have little effect on the final results. Second, similarly due to the retrospective nature, the variation of regimens might introduce potential performance bias. Third, the definite SRCGC only contains pSRCGC (100%) and mSRCGC (>50%) according to WHO classification, thus cSRCGC (≤50%) may partially function as a negative control. In our study, 44.3% of patients were cSRCGC, which may lead to the lower power of definite SRCGC (pSRCGC and mSRCGC) subgroup to gain robust conclusion. Finally, it must be considered that the classification of SRCGC subtypes may differ among pathologists. Nevertheless, there are some advantages we have to mention. To our knowledge, it might be the first data of SRCGC patients comparing adjuvant chemotherapy with chemoradiotherapy.

In conclusion, our study might be the first data of SRCGC patients comparing adjuvant chemotherapy with chemoradiotherapy. Adjuvant chemoradiotherapy may not bring additional survival benefits compared to adjuvant chemotherapy in SRCGC patients with D2 gastrectomy. Specially, chemoradiotherapy should be considered with caution in patients with signet ring cell proportion less than 50%, lower-middle site tumor, partial gastrectomy, male, <60 years old, and have no vessel invasion. Therefore, adjuvant chemoradiotherapy shouldn’t be performed routinely for SRCGC patients in general practice. We suggest that a tailored adjuvant scheme could be further investigated based on SRC status, and high-qualified prospective trials are required to obtain more robust evidence.
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