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Original Article

Comparison of perioperative chemotherapy with adjuvant 
chemoradiotherapy for resectable gastric cancer: findings from a 
population-based study

Brice Jabo1, Matthew J. Selleck2, John W. Morgan3, Sharon S. Lum2, Khaled A. Bahjri1, Mayada Aljehani1, 
Carlos A. Garberoglio2, Mark E. Reeves2, Jukes P. Namm2, Naveenraj L. Solomon2, Fabrizio Luca2, 
Crickett Dyke3, Maheswari Senthil2
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Background: Both perioperative chemotherapy (PC) and adjuvant chemoradiotherapy (CRT) improve 
survival in resectable gastric cancer; however, these treatments have never been formally compared. Our 
objective was to evaluate treatment trends and compare survival outcomes for gastric cancer patients treated 
with surgery and either PC or CRT.
Methods: We performed a retrospective population-based cohort study between 2007 through 2013 using 
California Cancer Registry data. Patients diagnosed with stage IB–III gastric adenocarcinoma and treated 
with total or partial gastrectomy were eligible for this study. Based on the type of treatment received, patients 
were grouped into surgery-only, PC, or CRT. Primary and secondary outcomes were overall survival (OS) 
and gastric cancer-specific survival (GCCS) respectively. Mortality hazards ratios (HRs) for each of these 
outcomes were computed using propensity score weighted and covariate-adjusted Cox regression models, 
stratified by clinical node status.
Results: Of 2,146 patients who underwent surgical resection, 1,067 had surgery-only, while 771 and 308 
received PC or CRT, respectively. Median OS was 25, 33, and 52 months for surgery-only, PC, and CRT, 
respectively; P<0.001. Overall, patients treated with PC had significantly poorer survival compared to CRT (HR 
=1.45; 95% CI: 1.22–1.73). PC was also associated with higher mortality in patients with signet ring histology 
(HR =1.66; 95% CI: 1.21–2.28) and clinical node negative cancer (HR =1.85; 95% CI: 1.32–2.60). Survival was 
not different between PC vs. CRT in clinical node positive patients (HR =1.29; 95% CI: 0.84–2.08). Of note, 
the percentage of patients receiving PC increased from 17.5% in 2007–2008, to 41.5% in 2013–2014; P<0.001. 
Conclusions: Despite the rapid adoption of PC, overall, CRT is associated with better survival than PC. 
Specifically, clinical node negative and signet ring histology patients had better survival when treated with 
CRT compared to PC. Based on these findings, we recommend against indiscriminate adoption of PC and 
consideration for CRT over PC in clinical node negative patients.
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Introduction

Worldwide, gastric cancer is the 5th most frequent cancer 
and the second leading cause of cancer deaths (1). In the 
United States (US), gastric cancer mortality has been 
declining since 1930 (2), currently representing less than 
two percent of all new cancer cases (3). Most US gastric 
cancer patients present with loco-regionally advanced 
(28%) or metastatic disease (35%), contributing to the 
observed 5-year overall survival (OS) of 31% and 5%, 
respectively (4). Although surgery is the mainstay of 
treatment for patients with gastric cancer, multimodal 
treatment is required for most patients to achieve long-
term survival (5,6). 

In 2001, findings from the Southwestern Oncology 
Group-Intergroup Trial (INT0116) in the US demonstrated 
that adjuvant chemoradiotherapy (CRT) with fluorouracil 
and leucovorin plus external-beam radiation was associated 
with improved OS compared to surgery-only (7). In this 
trial, subjects in the CRT treatment arm had a median 
survival of 36 vs. 27 months for surgery-only; P=0.005, with 
an overall mortality hazards ratio (HR) of 0.74 (95% CI: 
0.60–0.92) (7). Subsequently, the Medical Research Council 
Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial 
in the United Kingdom (UK), showed that administration 
of perioperative chemotherapy (PC) with epirubicin, 
cisplatin, and fluorouracil resulted in improved OS 
compared to surgery-only (HR =0.75; 95% CI: 0.60–93) (8).  
The INT0116 and MAGIC trials established CRT 
and PC as two evidence-based standards of care for 
resectable gastric cancer (9,10), with adoption of CRT as 
the recommended treatment in the US (9) and with PC 
preferred in the UK and other European countries (10).

More recently, CRT and PC have both been included 
in the US National Comprehensive Cancer Network 
(NCCN) treatment guidelines for resectable gastric  
cancer (11). However, PC and CRT have never been 
directly compared in a clinical trial. Additionally, ongoing 
gastric cancer clinical trials that include the trial of 
Preoperative Therapy For Gastric And Esophagogastric 
J u n c t i o n  A d e n o c a r c i n o m a  ( T O P G E A R )  ( 1 1 ) , 
Randomized phase III trial of Adjuvant Chemotherapy 
Or Chemoradiotherapy In Resectable Gastric Cancer 
(CRITICS) trial (10), and Adjuvant Chemoradiation 
Therapy In Stomach Cancer (ARTIST-2) trial (12), are 
not designed to compare survival differences between 
PC and adjuvant CRT. Given that PC and adjuvant CRT 
represent the most commonly used treatment protocols 

for resectable gastric cancer in the West, we sought to use 
California Cancer Registry (CCR) data to contrast survival 
outcomes among patients receiving these two treatment 
protocols. 

Methods

Study population

The CCR, consisting of the three most populated 
Surveillance Epidemiology and End Results (SEER) program 
registries of the US, is the statewide cancer surveillance 
system that has continuously collected data on cancer 
occurrence, treatment, and mortality in California since 
1988 (13). Using CCR data, patients diagnosed with stage 
Ib–III (14) gastric and gastroesophageal junction (GEJ) 
adenocarcinoma (M-8120-M-8240 and M-8255-M-8576) (15)  
were identified (Figure 1). This study was conducted using 
existing data, without patient contact. Study methods were 
approved by the Loma Linda University Institutional 
Review Board. Consistent with the MAGIC trial, patients 
were classified as having received PC if chemotherapy was 
initiated before surgery, regardless of whether postoperative 
chemotherapy was administered. Patients that received a 
combination of chemotherapy and radiotherapy following 
surgery were classified as receiving CRT. Additionally, using 
the CCR Eureka database system, which is exclusive to the 
CCR, patient-level imaging report text fields were visually 
reviewed to derive clinical node status information. Three 
clinical node status categories were formed as positive 
(CN-positive), negative (CN-negative) and unknown (CN-
unknown). Patients were classified as having CN-positive 
disease if any of the following criteria were stated in the 
patient’s imaging report: computerized tomography scans 
showing node(s) greater than 1 cm; positron emission 
tomography imaging having hypermetabolic nodes; or 
endoscopic ultrasound report of node(s) greater than 1 cm, 
findings of hypoechoic nodes, findings specifically described 
as ultrasound node positive (uN+) or otherwise stated as 
“suspicious”. Patients were classified as having CN-negative 
disease if their imaging report stated “negative” findings. 
Otherwise, clinical node status was classified as “CN-
unknown”. 

OS was the primary outcome, while gastric cancer 
specific survival (GCSS) was secondary. Patient survival 
time was calculated as the period extending from the 
date of surgery to death or to last date of study follow-
up (December 31, 2014), whichever occurred first. 



37Journal of Gastrointestinal Oncology Vol 9, No 1 February 2018

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(1):35-45jgo.amegroups.com

Demographic covariates included age (<60, 60–69, 70+), 
sex (female or male), race/ethnicity (Asian/other, Hispanic, 
non-Hispanic black, non-Hispanic white) and year of 
diagnosis [2007–2013]. Postoperative tumor characteristics 
that were adjusted in the study included T-stage (1–2 and 
3–4) (14); histology type as intestinal (M-8144), diffuse 
(M-8145) or mixed; signet ring (M-8490) (15); extent of 
lymphadenectomy (<15, 15–25, 26+ lymph nodes) (16,17); 
and proximal tumor location (yes/no).

Statistical analyses

Patient and tumor characteristics were summarized 
us ing counts  and percentages  wi th  compar i sons 
between treatment cohorts conducted using χ2 tests for 
independence. Kaplan-Meier survival curves and log-
rank tests were used to compare median survival times 
between treatment groups, while median follow-up time 
was estimated using the inverse Kaplan-Meier curve (18).  
Propensity score adjustment was used to balance 
demographic characteristic differences between treatment 
cohorts using a two-stage process (1). Initially, logistic 
regression was used to predict the probability of receiving 
treatment using age, sex, race/ethnicity and year of 

diagnosis as covariates in the model. Subsequently, using 
inverse propensity score weighting (IPWT), IPWT-Cox 
proportional hazards regression models that adjusted for 
postoperative tumor characteristics were used to calculate 
weighted mortality HRs. Inverse propensity score 
weighted analyses were conducted for the comparison 
of each treatment pair and all P values after adjustments 
were found to be <0.05. Proportionality assumptions were 
evaluated using log-log plots and Schoenfeld residuals. 
Additionally, the Cochran-Armitage trend test was used 
to assess linear changes in treatment patterns during the 
study period. All tests were two-sided, conducted using 
a significance level of five percent (α=0.05), and were 
performed using SAS software, version.9.4 of the SAS 
system for Windows. Copyright© 2002–2012 SAS Institute 
Inc., Cary, NC, USA.

Subgroup analyses

All analyses were conducted within homogeneous clinical 
lymph node strata. Additionally, to assess the effect of PC 
and CRT on signet ring cell histology, subgroup analyses 
were conducted on patients with signet ring histology. 
Results

Gastric/CEJ 
adenocarcinomas 
(n=13,388)

Stage IA (n=1,670)
Stage IV (n=6,082)
Unstaged (n=1,471)

No surgery (n=870) 
Local tumor destruction 
or excision (n=31) 
Unknown surgical status 
and/or death cerificate 
only (n=16)

Perioperative 
chemoradiotherpy (n=423) 
Adjuvant chemotherapy 
(n=583) 
Adjuvant radiotherapy (n=82) 
Unknown chemotherapy 
status (n=14)

Stage IB–III (n=4,165)

Total/partial 
gastrectomy (n=3,248)

Final analytical sample 
(n=2,146)

Surgery only (n=1,067) Adjuvant 
chemoradiotherapy 
(n=771)

Perioperative 
chemotherapy 
(n=308)

Figure 1 Patient selection flowchart.
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We identified, 13,388 patients diagnosed with gastric/GEJ 
adenocarcinoma during the study period. Patients with stage 
IA or IV disease, having inadequate staging or treatment 
information, lacking surgical resection, or who received 
other combinations of adjuvant treatment were excluded. 
The final study population of 2,146 patients included  
1,067 treated with surgery-only, 771 with CRT, and 308 
with PC (Figure 1).

Patient demographic characteristics are described in  
Table 1. The majority of the patients in the surgery-only 
group were age 70 years or older (65.23%), while more 
than 70% of patients in both PC and adjuvant CRT 
groups were less than age 70 years at diagnosis; P<0.001. 
More than 60% of patients in each treatment group were 
males; P=0.013. Non-Hispanic white patients were more 

likely to be treated with surgery-only (35.15%) or PC 
(39.29%), while CRT was more often utilized among 
Hispanic (36.45%) and Asian/other patients (34.37%); 
P<0.001. Initial differences observed in demographic 
characteristic distributions where substantially eliminated 
by IPWT adjustment (Table 1). There were no significant 
differences in American College of Surgeons Commission 
on Cancer accreditation (yes/no) for surgery-only, PC and 
CRT cohorts; P=0.143.

Tumor and treatment characteristics

The majority of patients were diagnosed with T1–T2 
tumors, with no significant difference seen between 
treatment groups; P=0.128. Prevalence of diffuse histology 
was comparable for patients receiving PC (8.44%) and CRT 

Table 1 Baseline patient characteristics by treatment as surgery-only, PC, or adjuvant CRT

Patients characteristics Surgery only (n=1,067) [n (%)] PC (n=308) [n (%)] CRT (n=771) [n (%)] P value*

Age (years) <0.001 

<60 178 (16.68) 131 (42.53) 327 (42.41)

60–69 193 (18.09) 100 (32.47) 221 (28.66)

70+ 696 (65.23) 77 (25.00) 223 (28.92)

Sex 0.013

Male 642 (60.17) 213 (69.16) 468 (60.70)

Female 425 (39.83) 95 (30.84) 303 (39.30)

Race/ethnicity <0.001 

Asian/other 334 (31.30) 77 (25.00) 265 (34.37)

Hispanic 295 (27.65) 93 (30.19) 281 (36.45)

Non-Hispanic black 63 (5.90) 17 (5.52) 45 (5.84)

Non-Hispanic white 375 (35.15) 121 (39.29) 180 (23.35)

Year of diagnosis <0.001 

2007 192 (17.99) 26 (8.44) 120 (15.56)

2008 199 (18.65) 24 (7.79) 116 (15.05)

2009 169 (15.84) 41 (13.31) 122 (15.82)

2010 122 (11.43) 44 (14.29) 129 (16.73)

2011 126 (11.81) 64 (20.78) 102 (13.23)

2012 135 (12.65) 68 (22.08) 99 (12.84)

2013 124 (11.62) 41 (13.31) 83 (10.77)

*, P>0.05 for all treatment pair-wise comparisons following propensity score adjustment. CRT, chemoradiotherapy; PC, perioperative 
chemotherapy.
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(8.30%), with slightly lower prevalence seen for surgery-
only patients (4.87%); P=0.018. Similarly, prevalence of 
signet ring histology was slightly higher in PC (22.73%) 
and CRT (26.20%) patients, compared to surgery-only 
(14.25%); P<0.001. Fifteen or more lymph nodes were 
examined in 70.45% of PC, 61.48% of CRT and 46.77% 
of surgery-only patients; P<0.001. Proximal tumors were 
more frequent in PC (47.40%) than adjuvant CRT (28.15%) 
or surgery-only (32.90%) patients; P<0.001. Clinical node 
status was known for 73.18% of PC patients and 39.92% 
of CRT patients; P<0.001. Only 33.8% of PC patients 
received any postoperative chemotherapy (Table 2). 

PC and CRT vs. surgery-only 

The overall median follow-up time for all study subjects, 
regardless of extent of lymphadenectomy, was 56 months. 
Additionally, median survival (Figure 2) was significantly longer 
for: PC (33 months) vs. surgery-only (25 months) (Figure 2A), 
CRT (52 months) vs. surgery-only (25 months) (Figure 2B) and 
CRT vs. PC (Figure 2C). Among all study subjects, survival was 
significantly longer for both PC (HR =0.75; 95% CI: 0.65–
0.87) and CRT (HR =0.62; 95% CI: 0.54–0.70), compared to 
surgery-only, with similar findings among patients having 15 
or more lymph nodes dissected (Figure 3). 

Table 2 Tumor characteristics by treatment group as surgery-only, PC and adjuvant CRT

Patients characteristics Surgery-only (n=1,067) [n (%)] PC (n=308) [n (%)] CRT (n=771) [n (%)] P value

T-stage 0.128

1–2 782 (73.29) 225 (73.05) 533 (69.13)

3–4 285 (26.71) 83 (26.95) 238 (30.87)

Histology type 0.018

Intestinal 200 (18.74) 53 (17.21) 123 (15.95)

Diffuse 52 (4.87) 26 (8.44) 64 (8.30)

Other 815 (76.38) 229 (74.35) 593 (75.75)

Signet ring <0.001

No 915 (85.75) 238 (77.27) 569 (73.80)

Yes 152 (14.25) 70 (22.73) 202 (26.20)

Lymphadenectomy level <0.001

<15 568 (53.23) 91 (29.55) 297 (38.52)

15–25 313 (29.33) 116 (37.66) 298 (38.65)

26+ 186 (17.43) 101 (32.79) 176 (22.83)

Proximal <0.001

No 716 (67.10) 162 (52.60) 554 (71.85)

Yes 351 (32.90) 146 (47.40) 217 (28.15)

Clinical node status <0.001

CN− – 98 (32.45) 225 (29.64)

CN+ – 123 (40.73) 78 (10.28)

CN unknown – 81 (26.82) 456 (60.08)

Treatment completion NA

Preoperative chemotherapy – 204 (66.23) –

Pre- and postoperative chemotherapy – 104 (33.77) –

NA, not applicable; CRT, chemoradiotherapy; PC, perioperative chemotherapy.
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All-cause mortality for PC vs. CRT

Overall, patients treated with PC had higher mortality 
compared to CRT (HR =1.45; 95% CI: 1.22–1.73). Further 
comparison by clinical node status revealed that CN-
negative patients treated with PC had significantly higher 
mortality (HR =1.85; 95% CI: 1.32–2.60), compared to 
patients treated with adjuvant CRT. For CN-positive 

patients, there was no significant difference in mortality 
between the two treatment groups (HR =1.29; 95%  
CI: 0.84–2.08). Since only 34% of PC patients received 
any postoperative chemotherapy, separate comparisons 
were performed for pre- and post-operative chemotherapy 
categories. Mortality risk for pre- and post-operative 
chemotherapy, compared to CRT, were HR =1.47; 
95% CI: 1.23–1.78 and HR =1.38; 95% CI: 1.06–1.77, 

PC Surgery-only Surgery-only

P=0.0059 P<0.0001

P=0.000219

Months Months

Months

Months

Months

Months

CRT CRT

82.5%

P
er
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 tr
ea
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d

74.7%

2007–2008 2009–2010
Year of diagnosis

2011–2012 2013–2014

60.4%
58.5%

17.5%

25.3%

39.6%
41.5%

P<0.001

CRT

PC PC

Number at risk Number at risk
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Figure 2 Kaplan-Meier survival curves (A-C) and treatment trends (D) for adjuvant CRT, PC and surgery-only. CRT, chemoradiotherapy; 
PC, perioperative chemotherapy.
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respectively, with no significant difference observed 
between the two PC groups; P=0.597. Furthermore, 
among patients with signet ring histology, OS was 
significantly poorer for PC compared to CRT (HR =1.66; 
95% CI: 1.21–2.28). Gastric cancer-specific mortality 
findings were similar to those obtained for all-cause 
mortality (Figure 3). 

PC vs. CRT among patients having adequate 
lymphadenectomy

Findings for PC vs. CRT among patients that had 15 or 
more lymph nodes dissected (HR =1.56; 95% CI: 1.28–1.93) 
were similar to those for all patients, regardless of lymph 
node count (Figure 3). Additionally, the contrast of PC 
vs. CRT among CN-positive patients did not identify 
significant difference (HR =1.18; 95% CI: 0.71–1.98), 
although the same contrast made among CN-negative 
patients revealed higher mortality hazards for the PC 
cohort (HR =2.05; 95% CI: 1.36–3.08). 

PC and CRT treatment patterns

PC accounted for 17.5%, 25.3%, 39.6%, and 41.5% of all 

patients that received chemotherapy in our study population 
for years 2007–2008, 2009–2010, 2011–2012, and  
2013–2014, respectively. The Cochrane-Armitage test for 
linear trend showed a P value less than 0.001 (Figure 2D). 

Discussion 

Current treatment recommendations for resectable gastric 
cancer in Western countries for adjuvant CRT or PC are 
based on the INT0116 (7) and MAGIC (8) trials. To date, 
CRT and PC have not been directly compared in a clinical 
trial. Given the unmet need to compare PC and CRT, 
we conducted a large, population-based study comparing 
these treatment approaches in patients with resected gastric 
cancer. 

In an effort to minimize limitations encountered 
comparing clinical trial and observational study findings,  
we restricted study eligibility criteria to correspond 
with enrolment conditions used in the INT0116 (7) and  
MAGIC (8) trials. Additionally, propensity scores were 
used to balance differences in demographic characteristics 
between the PC and CRT cohorts. To the best of our 
knowledge, this is the first US-based study to compare PC 
with CRT. 

Figure 3 Mortality HRs comparing surgery-only, adjuvant CRT and PC. HRs, hazards ratios; CRT, chemoradiotherapy; PC, perioperative 
chemotherapy.
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Similar to the results of the MAGIC and INT0116 
trials, we observed survival improvement with addition 
of either PC or CRT in surgically treated patients. The 
observed survival benefit of PC in the current study 
(HR =0.75; 95% CI: 0.65–0.87) was remarkably similar 
to that found in the MAGIC trial (HR =0.74; 95% CI: 
0.59–0.93), with similar findings seen for patients that 
had 15 or more lymph nodes removed (HR =0.81; 95% 
CI: 0.66–0.99), validating our findings. Additionally, 
the survival benefit observed for CRT versus surgery 
among all subjects (HR =0.62; 95% CI: 0.54–0.70) and 
for patients that had adequate lymphadenectomy (HR 
=0.69; 95% CI: 0.58–0.83), was similar, but slightly 
stronger than the INT0116 trial finding (HR =0.74; 95% 
CI: 0.54–0.81) (7). There are several explanations for 
the improved survival observed with CRT in our study. 
The majority of CRT patients (61.48%) in our study 
had adequate lymph node evaluation (≥15 nodes) (9). In 
contrast, the majority of patients (54%) in the INT0166 
trial underwent a D0 lymphadenectomy (7). Additionally, 
improvement in radiation therapy delivery modalities (19) 
and changes in chemotherapy regimens (20) during 
recent years might have contributed to improved 
outcomes observed for CRT. It has also been argued 
that the benefits of CRT observed in INT0166 trial 
resulted from adjuvant therapy merely compensating for 
inadequate surgery (21). Our results refute this assertion, 
since CRT is associated with significant survival benefit 
compared to PC and surgery, even among patients with 
adequate lymphadenectomy. Additionally, our results 
are in agreement with prior findings reported by Kim 
et al., which showed longer survival for CRT, compared 
to surgery-only, among South Korean patients that had 
undergone D2 lymphadenectomy (22).

The Adjuvant Chemoradiation Therapy in Stomach 
Cancer (ARTIST) trial, from South Korea, attempted 
to  address  the  ut i l i ty  of  radiotherapy fo l lowing 
“adequate surgery”. This study compared, postoperative 
chemotherapy with or without the addition of radiotherapy 
in patients undergoing D2 gastrectomy. In this trial, 3-year 
disease-free survival was not significantly different between 
the two treatment arms (P=0.08). However, addition of 
radiotherapy improved survival in an unplanned subgroup 
analysis of node-positive patients. Since our objective was 
to compare PC with CRT, patients who were treated with 
only postoperative chemotherapy without radiation were 
not included in our study. 

Overall comparison of patients treated with PC 

versus CRT revealed that PC predicted poorer survival 
compared to CRT among al l  s tudy subjects  (HR 
=1.45; 95% CI: 1.22–1.73) and among patients having 
adequate lymphadenectomy (15+ lymph nodes removed)  
(HR =1.56; 95% CI: 1.28–1.93). One of the unique 
aspects of our study is the comparison of treatments 
based on clinical node status. Since, lymph node status 
is an important predictor for gastric cancer survival; 
however, potential down staging following PC renders 
final pathological lymph node status inadequate for 
comparison of survival benefits for PC and CRT. For 
this reason, we stratified patients based on clinical nodal 
status (positive, negative, and unknown). Although there 
was no difference in OS for PC vs. CRT in CN-positive 
patients, those with CN-negative disease had significantly 
higher morality if they had been treated with PC rather 
than CRT (HR =1.85; 95% CI: 1.32–2.60). This effect 
was stronger when analyses were limited to patients 
that had 15 or more lymph nodes removed (HR =2.05;  
95% CI: 1.36–3.08).

This is one of the key observations of our study. 
The observed survival differences between these two 
treatment approaches warrant strong consideration of 
CN status in treatment decisions, favoring CRT in CN-
negative patients (22).

O n l y  3 4 %  o f  p a t i e n t s  i n  t h e  P C  t r e a t m e n t 
group received any postoperat ive chemotherapy. 
The proportion of patients receiving postoperative 
chemotherapy in this report is lower than that in the 
MAGIC trial in which 58% of subjects assigned to the 
PC arm received postoperative chemotherapy, with 42% 
completing all six chemotherapy cycles. Nevertheless, 
receipt of postoperative chemotherapy did not impact 
the observed outcome differences between PC and CRT 
in our study. While there may be benefits of PC that 
include tumor down staging (23,24), earlier treatment 
of micrometastases (25,26), and appraisal of tumor 
response to chemotherapy (8), these benefits are arguably 
more beneficial to patients with CN-positive disease. 
Delaying definitive surgery, for PC delivery, among the 
CN-negative patient may explain some of the survival 
differences observed among CN-negative patients. This 
explanation is consistent with poorer survival among 
subjects having adequate surgery.

Another, major observation was that PC was associated 
with significantly higher mortality in patients with 
signet ring histology compared to CRT (HR =1.66; 95%  
C I :  1 . 2 1 – 2 . 2 8 ) .  T h i s  f i n d i n g  i s  p a r t i c u l a r l y 
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re levant  because  o f  the  increas ing  inc idence  o f 
signet ring and diffuse gastric cancer in Western 
c o u n t r i e s  ( 2 7 , 2 8 )  a n d  e m e r g i n g  e v i d e n c e  o f 
chemoresistance in this subtype (29,30). Messager et al.  
conducted a multicenter comparative study of patients 
with esophagogastric signet ring adenocarcinoma 
(n=924) treated with primary surgery (n=753) or pre-
operative chemotherapy (n=171) (31). Pre-operative 
chemotherapy was an independent predictor of poorer 
survival (HR =1.4; 95% CI: 1.1–1.9), P=0.042); OS at  
2 years was 12.3% in the preoperative chemotherapy 
group compared to 27.1% in the primary surgery group. 
The authors concluded that delaying definitive surgery for 
ineffective treatment likely contributed to the observed 
survival difference (31). Based on results of this study, 
a prospective randomized controlled trial to evaluate 
treatments strategy in signet ring gastric cancer is 
ongoing. PRODIGE 19-FFCD1103-ADC1002 is a phase 
II/III multicenter randomized controlled trial designed 
to compare standard PC (three cycles of epirubicin, 
cisplatin and 5-fluorouracil pre- and post-surgery) with 
primary surgery followed by adjuvant chemotherapy in 
patients with stage IB–III gastric signet ring cancer (29).

Our findings may have been influenced by biases 
inherent to observational studies. To address selection bias 
for patients that may have received one treatment over 
another, differences in baseline demographic characteristics 
between treatment groups were balanced using propensity 
score (inverse probability) weighting (32). Secondly, while 
information on functional status, American Society 
of Anesthesiologists physical classification score, or 
nutrition status was not available, selecting patients fit 
for a major operation minimized heterogeneity between 
PC and CRT cohorts. Furthermore, since survival was 
calculated from the date of surgery, patients in the 
PC treatment group were defacto, required to survive 
preoperative chemotherapy and to be clinically fit for 
surgery. This survival precondition for PC, that does not 
exist for CRT, creates immortal-time bias (28) in the PC 
group. Nevertheless, this bias predicts improved survival 
for PC, relative to CRT, contrary to our findings.

Conclusions

Our study has shown important outcome differences 
between CRT and PC based on clinical nodal status. 
PC is associated with poorer survival compared to CRT, 
in patients with clinical node negative and signet ring 

cancers, regardless of the extent of lymphadenectomy. 
In the absence of head to head comparison of CRT 
versus PC, the results of our study challenge the current 
treatment recommendations for the use of PC in clinical 
node negative patients. The relevance of this observation 
is underscored by rapid adoption of PC.
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