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Background: Recent randomized controlled trials have failed to show a survival difference between 
adjuvant chemotherapy (CT) and adjuvant chemoradiotherapy (CRT) in patients with resected gastric 
cancer (GC). However, a subset of patients with lymph node (LN) positive disease may still benefit from 
CRT. Additional evidence is needed to help guide physicians in identifying patients in whom CRT should be 
considered. Our objective was then to compare survival outcomes based on lymph node ratio (LNR) (ratio of 
metastatic to harvested LNs) for patients with gastric and gastroesophageal junction (GEJ) adenocarcinoma 
treated with surgery and either CT or CRT.
Methods: This retrospective population-based study used California Cancer Registry (CCR) data from 
2004 to 2013. It included 1,493 patients diagnosed with stage IB–III gastric/GEJ adenocarcinoma and treated 
with CT or CRT following total or partial gastrectomy. Overall survival (OS) was the primary outcome and 
GC-specific survival was secondary. Mortality hazards ratios (HR) for these outcomes were computed using 
propensity score weighted Cox regression models, stratified by LNR strata categories as 0%, 1–9%, 10–25% 
and >25%.
Results: Out of 1,493 patients that met inclusion criteria, 462 were treated with CT while 1,031 received 
CRT. Median follow-up for all subjects was 76 months and median survival was 54 months for CRT and 35 
for the CT cohort, P<0.001. Compared to CT, CRT was associated with improved survival among patients 
with LNR of 10–25% [HR =0.62 (95% CI, 0.46–0.83)] and >25% [HR =0.67 (95% CI, 0.56–0.80)]. Similar 
findings were observed for GC-specific survival and for analyses limited to patients that had at least 15 LNs 
evaluated.
Conclusions: LNR appears to be a simple and readily available measure that could be used in treatment 
planning for resected GC. CRT offers significant survival advantage over CT among patients with high LN 
disease burden (LNR of ≥10%).
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Introduction

Although surgery remains the mainstay of treatment 
for gastric cancer (GC) (1,2), a multimodal treatment 
approach is often required to extend survival due to a high 
incidence of locoregional recurrence and distant metastases 
after curative resection. Perioperative chemotherapy  
(PC) (3), adjuvant chemoradiation (CRT) (4), and adjuvant 
chemotherapy (CT) (5,6) have all been shown to improve 
survival when compared to surgery alone in randomized 
clinical trials. In the United States (U.S.), the Southwestern 
Oncology Group Intergroup trial (INT0116) was the first 
to show superior overall survival (OS) with adjuvant CRT 
compared to surgery-only among patients with resected 
GC [mortality hazard ratio (HR) of 0.74; 95% confidence 
interval (CI), 0.60–92] (4). However, this study has been 
heavily criticized for the surgical quality, as 54% of patients 
underwent D0 lymphadenectomy and only 10% had a 
D2 lymphadenectomy. This has limited the acceptance 
of adjuvant CRT outside of the U.S. with some critics 
interpreting the reported adjuvant CRT effect as merely 
compensating for inadequate surgery. Furthermore, this 
concern has prevailed despite results from retrospective 
studies that have confirmed improved survival for adjuvant 
CRT compared to surgery-only (7,8), even among patients 
who received a D2 lymphadenectomy (8). 

To date, the South Korean Adjuvant Chemoradiotherapy 
in Stomach Tumors (ARTIST) trial is the only clinical trial 
that has compared adjuvant CRT to CT among GC patients 
treated with D2 lymphadenectomy (9). Initial results from 
the ARTIST trial showed no significant difference in disease 
free survival (DFS) for patients treated with adjuvant CRT 
compared to adjuvant CT, with a 3-year DFS of 78.2% 
versus 74.2%, P=0.086, respectively. However, a subgroup 
analysis among subjects with lymph node (LN) positive 
disease showed superior DFS for adjuvant CRT compared to 
adjuvant CT [HR 0.69 (95% CI, 0.474–0.995), P=0.047] (9).  
Follow-up analyses of the ARTIST trial data showed 
that superior survival with adjuvant CRT was limited to 
GC patients with a lymph node ratio (LNR) greater than  
25% (10).  These findings, however, have never been 
evaluated in a Western population. 

The objective of this study was to use prospectively 
collected California Cancer Registry (CCR) data to 
compare survival, stratified by LNR, among resected GC 
patients treated with either adjuvant CRT or adjuvant CT 
in a Western population. This comparison has not been 
made in randomized clinical trials in Western populations. 

Methods

Study population

The CCR is a California statewide cancer surveillance 
program that has been operational since 1988 and maintains 
data on cancer occurrence, treatment and survival (11). 
Using CCR data and the International Classification of 
Disease for Oncology, Third Edition (12) (ICD-O-3) 
topographic codes C160-C169, records for patients 
diagnosed with gastric and gastroesophageal junction (GEJ) 
from 2004 through 2013 were retrieved. Additionally, 
ICD-O-3 morphology codes M-8120-M-8240 and 
M-8255-M-8576 were used to select patients diagnosed with 
adenocarcinoma, while the American Joint Committee on 
Cancer Staging, 6th Edition (AJCC 6) (13) rules were used 
to retain stage IB–III GC cases. Patients were classified into 
the CT cohort if chemotherapy was initiated after surgery 
with no receipt of pre- or postoperative radiotherapy. 
Similarly, patients were selected into the CRT group if 
chemoradiation was initiated following surgery. This study 
was conducted using existing data without patient contact 
and was approved by Loma Linda University Institutional 
Review Board [59061].

Study outcomes

The primary endpoint was OS, while gastric cancer-specific 
survival (GCSS) was a secondary endpoint. Survival was 
calculated as the time from surgery to death or the last date 
of study follow-up (December 31, 2014), whichever came 
first.

Study covariates

Demographic variables included in this study were age at 
diagnosis, sex and race/ethnicity (Asian/other, Hispanic, 
non-Hispanic black, non-Hispanic white). Additionally, 
tumor characteristics that included T-stage (13), histology 
type as intestinal (M-8144), diffuse (M-8145) or signet ring 
histology (M-8490) (12), tumor location (proximal/distal) 
and cardia/GEJ location (yes/no) were included in analyses 
as appropriate.

Statistical analyses

Demographic and tumor characteristics were summarized 
using counts and percentages with comparison between 
treatment cohorts conducted using χ2 tests. Median follow-



710 Jabo et al. LNR and adjuvant treatment of GC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(4):708-717jgo.amegroups.com

up time was estimated using the inverse Kaplan-Meier  
curve (14), while Kaplan-Meier survival curves with log-
rank tests were used to compare median survival times. 
To harmonize differences in demographic and tumor 
characteristics observed between adjuvant CRT and 
adjuvant CT treatment groups, propensity scores were used 
in a two-step process (15). First, demographic and tumor 
characteristics were used in a logistic regression model 
to predict treatment propensity scores. In a second step, 
propensity score (inverse probability weighting) weighted Cox 
proportional hazards models were used to estimated mortality 
hazards ratios (HR) with 95% CI limits. Log-log plots and 
Schoenfeld residuals were used to assess the proportionality 
assumption. All tests were two-sided, performed using a 
significance level of five percent (α=0.05) and conducted using 
SAS software, Version (9.4) of the SAS System for Windows. 
Copyright ©2002-2012 SAS Institute Inc.

Subgroup analyses

To evaluate the impact of positive LN disease burden on 
survival findings, all analyses were conducted within LNR 
strata. LNR is calculated as the number of positive LNs 
divided by the total count of all LNs examined (positive 
LNs/total count of nodes examined). In this study four 
LNR strata that include 0%, 1–9%, 10–25% and >26% 
as described by Marchet et al. (16) and adopted by the 
ARTIST trial were used (10). Furthermore, since dissection 
of at least 15 LNs is recommended for adequate staging and 
survival (1), separate analyses were conducted for patients 
that had less than 15 LNs and those with 15 or more LNs 
examined.

Results 

Study population

Between 2004 and 2013, 18,866 patients diagnosed with 
gastric/GEJ adenocarcinomas were identified, including 
5,806 that were stage IB-III. Among these, 4,678 patients 
had been treated with total or partial gastrectomy. After 
excluding patients who did not receive any adjuvant 
treatment, underwent preoperative CT or CRT, and those 
who had no regional LNs examined, we derived a final 
analytical sample of 462 patients treated with CT and 
1,031 that received CRT (Figure 1). Median follow-up was  
76 months.

Patient’s age, sex, and tumor characteristics that include 

stage, histology type, and primary tumor location were 
comparable between the CT and the CRT cohort (Table 1).  
Additionally, there were no differences in the extent of LN 
dissection (P=0.12) and the distribution of LNR categories 
(P=0.87) between the two treatment cohorts (Table 1). 
Of note, nearly 60% of the patients had 15 or more LN 
evaluated. There were ethnic differences in the type of 
adjuvant treatment received. Non-Hispanic whites more 
likely to be treated with CT (33.6% vs. 26.9%), while 
Asian/other (29.9% vs. 34.8%) and Hispanic (29.2% vs. 
33.2%) were more likely to have received CRT respectively 
(P=0.009). 

CRT versus CT

The median survival was 54 months for the CRT cohort 
versus 35 months for the CT cohort, P<0.001. Compared to 
CT, CRT was associated with longer median survival among 
patients with 10–25% LNR (P=0.002) and those with >25%  
LNR (P<0.0001) (Figure 2). No significant difference 
in  med ian  surv iva l  was  observed  be tween  CRT 
and CT among pat ients  with  0% LNR (P=0.16) 
and those with 1–9% LNR (P=0.088) (Figure 2 ) .  
Further propensity score weighted analyses were performed 
for OS and GCSS for all patients, and for the subgroup 
of patients with ≥15 LN examined, and excluding patients 
with cardia/GEJ cancers. Among all patients, CRT was 
associated with improved survival compared to CT [HR 
0.74 (95% CI, 0.64–0.84)]. This survival benefit was 
primarily seen among patients that had 10–25% LNR [HR 
0.62 (95% CI, 0.46–0.83)] and those with >25% LNR 
[HR 0.67 (95% CI, 0.56–0.80)] (Figure 3). Comparable 
findings were observed for analyses that evaluated GCSS 
[HR 0.68 (95% CI, 0.58–0.79)]. Subgroup analysis was 
performed for patients with ≥15 LN evaluated to assess 
the outcome differences between treatment groups among 
patients who had adequate lymphadenectomy. Similar to 
the results observed for the entire study cohort, CRT was 
associated with improved all cause [HR 0.73 (95% CI, 
0.61–0.88)] and GC specific mortality [HR 0.68 (95% CI, 
0.55–0.84)] (Figure 3). As noted previously, this survival 
benefit was primarily observed among patients with ≥10% 
LNR. Due to the current treatment recommendations for 
preoperative chemoradiation in patients with GEJ cancer, 
we chose to perform a subgroup analysis excluding patients 
with cardia/GEJ tumors. The survival differences observed 
for this subgroup of patients were similar to that seen in 
the overall study population and the subgroup of patients  
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with ≥15 LNs evaluated (Figure 3). 

Discussion

Our study clearly demonstrates that adjuvant CRT is 
associated with significantly improved survival compared to 
adjuvant CT in patients with resected GC who have high 
metastatic LN disease burden (≥10% LNR) (Figure 2). The 
results of our study have important therapeutic implications 
for GC management. The benefit of adjuvant CRT 
compared to adjuvant CT in patients with GC after D2 
gastric resection has been questioned after the publication 
of the ARTIST trial results (9). The final results of this 
trial, published after a median follow-up of 7 years showed 
no significant survival benefit between patients treated with 
CRT vs. CT after D2 gastric resection. However, based 
on a post-hoc subgroup analyses, the authors reported that 
adjuvant chemoradiotherapy might be of benefit in patients 

with LN positive disease, specifically those with LNR  
of ≥25%. Based on this finding, the ARTSIT II trial has 
been designed to evaluate the benefit of CRT compared 
to CT in patients with LN positive GC. The results of the 
ARTIST II trial are not expected to be available for few 
years. In the interim, it is important to assess the impact of 
LNR on the survival effects of CRT versus CT among patients 
treated with curative intent in a large Western population. To 
this end, we conducted the current study to aid clinicians in 
identifying patients who may benefit from CRT. 

The importance of adequate LN assessment in GC 
has been well documented by several investigators (17). 
Although, the actual number of LN evaluated is important, 
the LNR has been shown to be more important in various 
cancers (18-20). Marchet et al. (16) reported the 5-year 
survival outcomes of patients who underwent adequate 
and inadequate lymphadenectomy, stratified based on the 
LNR categories (N0—0%, N1—1–9%, N2—10–25%, 
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Table 1 Demographic and tumor characteristics by treatment group as adjuvant CT and adjuvant CRT

Variables CT (n=462), n (%) CRT (n=1,031), n (%) P value

Age (years) 0.087

<60 176 (38.10) 448 (43.45)

60–69 133 (28.79) 293 (28.42)

≥70 153 (33.12) 290 (28.13)

Sex 0.107

Female 266 (57.58) 639 (61.98)

Male 196 (42.42) 392 (38.02)

Race/ethnicity 0.009

Asian/other 138 (29.87) 359 (34.82)

Hispanic 135 (29.22) 342 (33.17)

Non-Hispanic black 34 (7.36) 53 (5.14)

Non-Hispanic white 155 (33.55) 277 (26.87)

Pathological stage 0.826

IB 89 (19.26) 190 (18.43)

II 170 (36.80) 396 (38.41)

III 203 (43.94) 445 (43.16)

T stage 0.253

1–2 330 (71.43) 706 (68.48)

3–4 132 (28.57) 325 (31.52)

Lauren classification 0.685

Intestinal 71 (15.37) 141 (13.68)

Diffuse 32 ( 6.93)  74 (7.18)

Other 359 (77.71) 816 (79.15)

Signet ring 0.251

No 347 (75.11) 745 (72.26)

Yes 115 (24.89) 286 (27.74)

Location 0.129

Distal 310 (67.10) 732 (71.00)

Proximal 152 (32.90) 299 (29.00)

Cardia/GEJ 0.175

No 373 (80.74) 862 (83.61)

Yes 89 (19.26) 169 (16.39)

Lymphadenectomy 0.195

<15 195 (42.21) 452 (43.84)

Table 1 (continued)
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and N3—>25%). LNR ratio retained its significance as an 
independent prognostic factor, even among the patients 
who underwent inadequate lymphadenectomy. We utilized 
the methodology of Marchet et al. for LNR categorization 
in the current study and found that patients with ≥10% 
LNR have an associated survival advantage when treated 
with CRT compared to CT.

While we recognize that the ARTIST trial was a 
randomized trial, our results have important differences 
from that of the ARTIST trial. First, we found that CRT 
was associated with improved survival compared to CT 
among all patients, which is in contrast to the results of 
ARTIST trial which showed no survival differences between 
CRT and CT (9). This is likely due to a higher proportion 
of patients with LNR >25%, thus higher statistical power, 
in our study for both CRT (45.45%) and CT (43.55%) 
compared to the ARTIST trial (19.87%) (9). Second, while 
in the current study, CRT was associated with improved 
survival among patients having LNR ≥10%, the survival 
benefit with CRT in the ARTIST trial was limited to 
subjects with a LNR greater than 25% (10). This difference 
could possibly be due to differences in the number of LN 
evaluated. In the ARTIST trial, the median number of LN 
evaluated were 40 [13–142] for CRT and 40 [12–84] for 
CT while the patients in the current study had a median 
of 16 [1–98] LN for CRT and 17 [1–98] for CT among all 
subjects, and 21 [15–90] LN for CRT and 23 [15–90] for 
CT among patients that had at least 15 LN examined (9). 
These differences highlight the importance of evaluating 
the role of CRT compared to CT in a Western population. 

While CRT is often considered as a treatment modality 
for reduction of local and regional recurrence among 
patients that received an inadequate LN dissection (4,21), 
we observed that the survival benefit conferred by CRT in 
patients with ≥10% LNR persisted even after excluding 

patients who underwent inadequate LN dissection. This 
finding potentially addresses one of the major criticisms 
of the INT0116 trial. In the current study, anatomic sub-
sites were identified using ICD-O-3 topographic codes that 
combine cardia and GEJ cases (C160). Since preoperative 
CRT is effective (22) and recommended (23) for GEJ 
tumors, we performed a subgroup analyses excluding 
patients with cardia/GEJ tumors. Exclusion of these 
patients did not significantly alter our results, indicating 
that our findings were not mainly dependent on the benefit 
of CRT in patients with GEJ cancers.

Several ongoing clinical trials are evaluating the role 
and timing of radiotherapy in patients with GC. Initial 
results of the CRITICS trial, designed to compare adjuvant 
CRT versus adjuvant CT among patients that received 
preoperative chemotherapy (24) were recently presented at 
the American Society of Clinical Oncology annual meeting. 
After a median follow-up of 50 months, the primary 
endpoint of 5-year survival was 41.3% for CT and 40.9% 
for CRT after receipt of neoadjuvant chemotherapy and 
adequate surgery (P=0.99) (25). The effect of LNR in this 
population however has not yet been examined (24,26). 
Other trials include the TOPGEAR trial which is assessing 
the effect of preoperative chemoradiotherapy compared 
to PC (23). The ARTIST II and CRITICS II trials are 
currently ongoing, as follow-up studies of the original trials 
among node positive patients.

Our study has significant implications to current clinical 
practice especially since adjuvant CRT and CT have not 
been compared in a clinical trial setting among Western 
patients who undergo upfront surgical resection. In 
addition, with the use of registry data containing a large 
number of patients with diverse demographics and well-
matched cohorts, our findings are reflective of “real-world” 
practice in the West. 

Table 1 (continued)

Variables CT (n=462), n (%) CRT (n=1,031), n (%) P value

≥15 267 (57.79) 579 (56.16)

Lymph node ratio 0.867

0% 90 (19.48) 198 (19.20)

1–9% 63 (13.64) 146 (14.16)

10–25% 99 (21.43) 238 (23.08)

>25% 210 (45.45) 449 (43.55)

CT, chemotherapy; CRT, chemoradiotherapy.
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Figure 2 Kaplan-Meier survival curves for adjuvant CT and adjuvant CRT by LNR strata as 0% LNR (A), 1–9% LNR (B), 10–25% LNR (C) 
and >25% LNR (D). CT, chemotherapy; CRT, chemoradiotherapy; LNR, lymph node ratio.

Limitations

Our study has several limitations that are inherent to 
large, population-based retrospective studies. Patient 
comorbidities and complications of treatment are not 

documented in the CCR. By design, only patients that 

underwent total or partial gastrectomy and started adjuvant 

treatment were included in this study allowing for increased 

homogeneity between the study cohorts and to minimize the 
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Figure 3 All-cause and gastric cancer-specific mortality hazards ratios for comparisons of adjuvant chemoradiotherapy (CRT) versus 
adjuvant chemotherapy (CT).

potential effects of selection bias. Results from the ARTIST 
trial, suggested that CRT may reduce the rate of locoregional 
recurrence compared to CT (7% vs. 13% P=0.0033) (27). 
Information about cancer recurrence is not available within 
the CCR for such a comparison and hence disease-free 
survival could not be reported. Additionally, information about 
chemotherapeutic agents and number of chemotherapy cycles 
administered was also not available. Hence, outcomes were 
analyzed based on receipt of treatment. Early discontinuation 
of assigned treatment could have certainly impacted the 

outcomes and could not be accounted for. 

Conclusions

Our study shows that LNR is an important and readily 
available tool that can aid adjuvant treatment decisions in 
patients with resected GC. CRT was associated with survival 
benefit compared to CT in patients with high LN disease 
burden (≥10% LNR) even after adequate lymphadenectomy 
with gastric resection. These results should be taken into 



716 Jabo et al. LNR and adjuvant treatment of GC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(4):708-717jgo.amegroups.com

consideration when offering adjuvant treatment for patients 
with LN positive disease. In addition, future clinical trials 
should take into account this stratification when assigning 
treatments. In the near future, genotypic classification 
of GC will likely guide treatment decisions. Until then, 
available tumor phenotypic characteristics should be used to 
the fullest extent to best select patients for various treatment 
options.
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