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Background: The role of adjuvant radiotherapy (RT) in gastric cancer (GC) patients has not been well-
established. This study initiated a retrospective case-control study to explore the survival impact of adjuvant
RT on these patients.

Methods: All patients were collected from the Surveillance, Epidemiology, and End Results (SEER)
database. The cohort was assigned into patients without adjuvant RT versus those with adjuvant RT.
Descriptive chi-square test was adopted to compare categorical variates between the 2 groups. Kaplan-Meier
(KM) method was adopted to estimate the patients’ cancer-specific survival (CSS) and overall survival (OS).
Cox proportional hazard models were utilized to characterize the prognostic factors of their CSS.

Results: Totally 7,194 patients were recruited in this study, 3,326 (46.2%) patients didn’t have RT and
3,868 (53.8%) patients had adjuvant RT. Survival analysis of the entire population showed that adjuvant
RT had remarkable survival benefits for the GC patients. The median CSS was 47.0 (42.0-52.0) months in
RT group versus 32.0 (29.7-34.3) months in no RT group (P<0.001). Age >60, histologic type 8490, tumor
size >50 mm, higher stage TNM, and surgery type 40/50 were independent risk factors for poor prognosis.
Comparatively, adjuvant RT and LN examined >0 were independent factors for improving prognosis.
Subgroup analysis demonstrated that adjuvant RT had significant survival benefits for patients with 1-14 and
15-29 lymph nodes (LNs) retrieved.

Conclusions: Adjuvant radiotherapy may have significant survival benefits for GC patients with 1-29 LNs
retrieved. Our study upholds adjuvant RT for this subset of patients.
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Introduction 783,000 deaths (1:12 deaths globally) were estimated,
As an important malignancy worldwide, gastric cancer (GC) making it the third leading cause of cancer-related death (1).
has become the fifth most frequent cancer, over 1,000,000 Unfortunately, 35% of GC patients have distant metastasis
new cases were diagnosed in 2018, and approximately at preliminary diagnosis, with unfavorable prognosis (2).
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The overwhelming majority (about 95%) of GC are
adenocarcinomas (3), most patients are diagnosed at late
stages (4). Consequently, the prognosis of GC patients is
usually exacerbated by prevalent metastasis or recurrence,
making it a big challenge for clinicians in terms of cancer
treatment.

The most effective treatment for GC with curative
intent is surgical resection, combining with neoadjuvant or
adjuvant chemotherapy/radiotherapy, to curb the disease
and prolong survival. The SWOG-9008/INT0116 trial
has indicated the survival superiority of postoperative
chemoradiotherapy (CRT) to surgery alone, but 90% of
selected patients received DO or D1 lymphadenectomy (5).
It was criticized that adjuvant CRT only compensated for
patients with non-radical surgery. Additionally, a latest
study also evaluated the effect of adjuvant radiotherapy (RT)
in the patients with intestinal-type gastric adenocarcinoma.
It concluded that adjuvant RT had significant survival
benefits for such patients (6). However, the ARTIST trial
revealed that, in GC patients after D2 lymph node (LN)
dissection, neither CRT nor chemotherapy showed survival
benefits, except for the LN+ subgroup of patients in 3-year
survival (7). So far, it’s still inconclusive regarding the value
of CRT compared to chemotherapy or no treatment (8).
The evidence of distinct benefit from adjuvant RT is
deficient in the postoperative setting for GC (9). The extent
of lymphadenectomy may also affect the survival benefits
from adjuvant RT, but the optimal adjuvant strategy for GC
patients still remains elusive.

With a big population of GC patients from the
Surveillance, Epidemiology and End Results (SEER)
database, we retrospectively analyzed the clinical
characteristics of these patients after palliative gastrectomy
with chemotherapy. We aimed to elucidate whether
adjuvant RT could exert additional survival advantage for
such patients. We also identified the prognostic factors
associated with the patients’ cancer specific survival (CSS),
in order to characterize which subgroup of patients would
acquire optimal survival benefits from adjuvant RT (10).
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1750).

Methods

The study conformed to the provisions of the Declaration
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of Helsinki (as revised in 2013).

Patient selection

All the patients were extracted from the SEER 18 registries
Custom Database. We selected the patients via SEER*Stat
software. We comply with the Data-Use Agreement,
so we are entitled to access the SEER data. The SEER
database is openly accessible, so we don’t need the informed
consent from patients (11). All the cases were recruited and
analyzed anonymously. This study conformed to the ethical
criteria. We initiated a retrospective case-control study.
The inclusion criteria were listed below: (I) the diagnosis
was between 2004 and 2015; (II) only one primary site at
the stomach; (III) GC was the sole or first cancer; (IV)
gastrectomy was performed; (V) chemotherapy recode was
“yes”; (VI) radiation sequence was “No radiation and/or
cancer-directed surgery” or “Radiation after surgery”. The
patients were pathologically confirmed GC. The exclusion
criteria for enrolled patients were: (I) missing information
on age, race, grade, stage; (II) benign or borderline tumors;
(III) unknown survival data.

Data collection

We chose these table variables: gender, age, race, histologic
type, tumor size, grade, TNM stage, tumor depth, LN
metastasis, distant metastasis, LN examined, surgery type,
radiation status, survival months, cause-specific death, and
vital status. In our analysis, the primary endpoint is CSS,
denoting the time from diagnosis to mortality from GC.
The secondary endpoint is overall survival (OS), defining
the span from cancer diagnosis to death from any reason.

Statistical analysis

All the patients were assigned into those without versus
those with adjuvant RT. The patients’ clinical characteristics
were described with chi-square test. The CSS and OS
differences between the 2 groups were displayed by Kaplan-
Meier (KM) plots with log-rank test. The predictors of
patients’ CSS were identified by univariate and multivariate
Cox proportional hazards regression model. Stratified
analysis was conducted according to the independent
predictors. The SPSS 25.0 software was used to conduct
statistical analyses. The P<0.05 (two-sided probability) was
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deemed statistically significant.

Results
Patient features

Totally 7,194 patients were finally included in analysis,
of whom 3,326 (46.2%) cases didn’t have RT and 3,868
(53.8%) cases had adjuvant RT. In descriptive statistics,
except gender, histologic type, and grade (P>0.05), other
variables showed remarkable differences between no RT
and RT groups (P<0.05). In comparison with the no RT
group, the RT group had more patients with age <60 (45.6%
vs. 43.4%), black race (15.9% vs. 13.8%). As for tumor
features, more patients in the RT group were tumor size

Table 1 The clinical variables of the patients after gastrectomy (n=7,194)
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<50 mm, stage II-11I, T2-3, N1-2, M1, and LN examined
=1-29 (all P<0.05). Additionally, the RT group was also
more likely to receive partial gastrectomy or gastrectomy
with removal of a portion of esophagus. The clinical

variables of patients in the 2 comparison groups are listed in
Table 1.

Survival analysis of entire cobort

With the entire population, the survival between no RT
and RT cohort was compared by Kaplan-Meier method
with log-rank test. The plots showed the RT group behaved
significantly better prognosis than the control group in
both CSS and OS (Figure 14,B, P<0.05). The median CSS

Variable No RT, n (%) RT, n (%) Total, n (%) P value
N (%) n=3,326 (46.2) n=3,868 (53.8) n=7,194 (100.0)
Gender 0.920
Male 2,090 (62.8) 2,435 (63.0) 4,525 (62.9)
Female 1,236 (37.2) 1,433 (37.0) 2,669 (37.1)
Age (years) 0.032
<60 1,445 (43.4) 1,763 (45.6) 3,208 (44.6)
60-80 1,665 (50.1) 1,902 (49.2) 3,567 (49.6)
>80 216 (6.5) 203 (5.2) 419 (5.8)
Race <0.001
White 2,183 (65.6) 2,333 (60.3) 4,516 (62.8)
Black 458 (13.8) 616 (15.9) 1,074 (14.9)
Others 685 (20.6) 919 (23.8) 1,604 (22.3)
Histologic type 0.555
8140 1,416 (42.6) 1,641 (42.4) 3,057 (42.5)
8490 830 (25.0) 964 (24.9) 1,794 (24.9)
8144 474 (14.3) 534 (13.8) 1,008 (14.0)
8145 230 (6.9) 307 (7.9) 537 (7.5)
Other 376 (11.3) 422 (10.9) 798 (11.1)
Tumor size (mm) <0.001
<50 1,549 (46.6) 2,025 (52.4) 3,574 (49.7)
>50 1,777 (63.4) 1,843 (47.6) 3,620 (50.3)

Table 1 (continued)
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Table 1 (continued)

Variable No RT, n (%) RT, n (%) Total, n (%) P value
Grade 0.246
| 69 (2.1) 74 (1.9) 143 (2.0)
Il 670 (20.1) 816 (21.1) 1,486 (20.7)
1] 2,499 (75.1) 2,850 (73.7) 5,349 (74.4)
\% 88 (2.6) 128 (3.3) 216 (3.0)
Stage <0.001
| 672 (20.2) 746 (19.3) 1,418 (19.7)
Il 814 (24.5) 1,235 (31.9) 2,049 (28.5)
11l 795 (23.9) 1,298 (33.6) 2,093 (29.1)
\% 1,045 (31.4) 589 (15.2) 1,634 (22.7)
Tumor depth <0.001
T 312 (9.4) 312 (8.1) 624 (8.7)
T2 1,707 (51.3) 2,151 (55.6) 3,858 (53.6)
T3 986 (29.6) 1,158 (29.9) 2,144 (29.8)
T4 321 (9.7) 247 (6.4) 568 (7.9)
LN metastasis <0.001
NO 786 (23.6) 717 (18.5) 1,503 (20.9)
N1 1,486 (44.7) 1,926 (49.8) 3,412 (47.4)
N2 717 (21.6) 926 (23.9) 1,643 (22.8)
N3 337 (10.1) 299 (7.7) 636 (8.8)
Distant metastasis <0.001
MO 2,621 (78.8) 3,691 (95.4) 6,312 (87.7)
M1 705 (21.2) 177 (4.6) 882 (12.3)
LN examined <0.001
0 131 (3.9) 65 (1.7) 196 (2.7)
1-14 1,200 (36.1) 1,576 (40.7) 2,776 (38.6)
15-29 1,344 (40.4) 1,654 (42.8) 2,998 (41.7)
>29 651 (19.6) 573 (14.8) 1,224 (17.0)
Surgery type <0.001
30 1,703 (51.2) 2,190 (56.6) 3,893 (54.1)
40 817 (24.6) 733 (19.0) 1,550 (21.5)
50 754 (22.7) 891 (23.0) 1,645 (22.9)
60 52 (1.6) 54 (1.4) 106 (1.5)

8140-Adenocarcinoma; 8490-Signet ring cell carcinoma; 8144-Adenocarcinoma, intestinal type; 8145-Adenocarcinoma, diffuse type.
30-Gastrectomy (partial, subtotal, hemi-); 40-Near-total or total gastrectomy; 50-Gastrectomy with removal of a portion of esophagus;
60-Gastrectomy with a resection in continuity with the resection of other organs. LN, lymph node; RT, radiotherapy.
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Figure 1 Kaplan-Meier survival curves for the entire cohort. (A) CSS (P<0.001). (B) OS (P<0.001). RT, radiotherapy; CSS, cancer specific

survival; OS, overall survival.

Table 2 Comparison of the patients’ median survival (n=7,194)

Treatment Patients, No. Median CSS, Median OS,

’ 95% Cl, months 95% ClI, months
No radiation 3,326 32.0 (29.7-34.3) 29.0 (27.1-30.9)
Radiation 3,868 47.0 (42.0-52.0) 39.0 (36.2-41.8)
P value <0.001 <0.001

No., number; CSS, cancer specific survival; OS, overall survival;
Cl, confidence interval.

in RT cohort was 47.0 (42.0-52.0) months, while that of no
RT group was 32.0 (29.7-34.3) months (Zable 2, P<0.05).
Similarly, the RT group also had significantly superior
median OS than the no RT group, median OS for RT
cohort was 39.0 vs. 29.0 months for no RT cohort (Table 2,
P<0.001). These results demonstrated that adjuvant RT had
significant survival benefits for the GC patients as a whole.

Identify prognostic factors

We utilized the Cox regression models to determine the
predictors of patients’ CSS. As for univariate Cox analysis,
except gender, other variables were all significantly
associated with the CSS (P<0.05). Those significant variates
were further brought into multivariate Cox model. After
adjusting the confounding factors, age >60, histologic
type 8490, tumor size >50 mm, higher stage TNM,
and surgery type 40/50 were identified as independent
predictors for unfavorable prognosis (HR >1, P<0.05).
By comparison, receiving adjuvant RT and LN examined
>0 were independent predictors for improving prognosis
(HR <1, P<0.05). Concretely, adjuvant RT still decreased

© Translational Cancer Research. All rights reserved.

the mortality risk from cancer (HR =0.846; 95% CI,
0.791-0.905, P<0.001). Hence adjuvant RT is identified as
an independent protective variable in the GC patients after
gastrectomy. The specific outcome can be seen in Table 3.

Stratified analysis

In Cox regression analyses, LN examined was also identified
as an independent protective factor, so we initiated a
stratified analysis to emphasize the effect of adjuvant RT
on the CSS of patients. The stratified plots displayed that
the survival difference was not significant between no RT
and RT group in patients with either LN examined =0 or
>29 (Figure 2A4,B, P>0.05). However, adjuvant RT exerted
remarkable CSS benefits for the patients with LN examined
=1-14 and 15-29 (Figure 2C,D, P<0.001). Thus, adjuvant
radiation may have remarkable survival advantages for the
GC patients with 1-29 LNs retrieved.

Discussion

This study is intended to validate the efficacy of adjuvant
RT, with respect to CSS and OS, for GC patients after
palliative gastrectomy with chemotherapy. The overall
results indicated that adjuvant RT exerted superior CSS
and OS for these patients. The multivariate Cox regression
analyses identified adjuvant RT as an independent
protective factor for CSS. Additionally, subgroup survival
analysis demonstrated that only patients with 1-14 and 15-
29 LNs examined acquired significant survival benefits from
adjuvant RT.

Several previous studies have reported the effect of
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Table 3 Cox regression analysis for cancer specific survival (n=7,194)

Wau et al. Radiotherapy benefits GC

Univariate cox

Multivariate cox

Variable
HR (95% ClI) P value HR (95% Cl) P value

RT

No Reference Reference

Yes 0.747 (0.701-0.796) <0.001 0.846 (0.791-0.905) <0.001
Gender

Male Reference NI

Female 1.057 (0.991-1.128) 0.092
Age (years)

<60 Reference Reference

60-80 1.007 (0.944-1.075) 0.825 1.164 (1.089-1.244) <0.001

>80 1.226 (1.07-1.404) 0.003 1.402 (1.221-1.610) <0.001
Race

White Reference Reference

Black 0.967 (0.883-1.058) 0.462 1.003 (0.915-1.100) 0.942

Others 0.809 (0.746-0.876) <0.001 0.837 (0.771-0.908) <0.001
Histologic type

8140 Reference Reference

8490 1.317 (1.22-1.422) <0.001 1.181 (1.089-1.281) <0.001

8144 0.838 (0.756-0.930) 0.001 0.975 (0.877-1.084) 0.646

8145 1.215 (1.073-1.374) 0.002 1.071 (0.943-1.215) 0.290

Other 1.067 (0.959-1.188) 0.233 1.075 (0.965-1.198) 0.188
Tumor size (mm)

<50 Reference Reference

>50 1.505 (1.412-1.603) <0.001 1.112 (1.04-1.189) 0.002
Grade

| Reference Reference

I 1.158 (0.871-1.54) 0.313 1.056 (0.793-1.407) 0.707

1] 1.848 (1.401-2.437) <0.001 1.378 (1.042-1.823) 0.025

v 2.266 (1.643-3.125) <0.001 1.584 (1.145-2.191) 0.005
Stage

| Reference Reference

Il 2.008 (1.776-2.271) <0.001 1.464 (1.234-1.736) <0.001

11l 3.600 (3.200-4.051) <0.001 1.936 (1.591-2.355) <0.001

\Y 6.373 (5.658-7.179) <0.001 2.233 (1.765-2.824) <0.001

Table 3 (continued)
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Table 3 (continued)
Univariate cox Multivariate cox
Variable
HR (95% Cl) P value HR (95% Cl) P value

Tumor depth

T Reference Reference

T2 2.368 (2.006-2.795) <0.001 1.642 (1.357-1.987) <0.001

T3 4.216 (3.564-4.986) <0.001 1.99 (1.616-2.449) <0.001

T4 5.475 (4.546-6.594) <0.001 2.059 (1.632-2.597) <0.001
LN metastasis

NO Reference Reference

N1 1.703 (1.543-1.881) <0.001 1.295 (1.132-1.482) <0.001

N2 2.960 (2.664-3.288) <0.001 1.826 (1.56-2.137) <0.001

N3 4.539 (4.009-5.138) <0.001 2.661 (2.178-3.251) <0.001
Distant metastasis

MO Reference Reference

M1 2.987 (2.754-3.24) <0.001 1.675 (1.457-1.925) <0.001
LN examined

0 Reference Reference

1-14 0.836 (0.695-1.007) 0.059 0.587 (0.483-0.715) <0.001

15-29 0.737 (0.612-0.887) 0.001 0.413 (0.338-0.504) <0.001

>29 0.691 (0.568-0.841) <0.001 0.308 (0.249-0.381) <0.001
Surgery type

30 Reference Reference

40 1.351 (1.249-1.462) <0.001 1.266 (1.167-1.373) <0.001

50 1.324 (1.227-1.429) <0.001 1.301 (1.203-1.409) <0.001

60 1.162 (0.895-1.509) 0.259 1.058 (0.812-1.378) 0.675

8140-Adenocarcinoma; 8490-Signet ring cell carcinoma; 8144-Adenocarcinoma, intestinal type; 8145-Adenocarcinoma, diffuse type.
30-Gastrectomy (partial, subtotal, hemi-); 40-Near-total or total gastrectomy; 50-Gastrectomy with removal of a portion of esophagus;
60-Gastrectomy with a resection in continuity with the resection of other organs. HR, hazard ratio; Cl, confidence interval; NI, not included;

LN, lymph node; RT, radiotherapy.

adjuvant RT on patients with resectable GC. A retrospective
study has evaluated the influence of postoperative CRT
on the patients with D2-dissected GC. Its overall results
indicated that, the median OS of the CRT group was
51.0 months, while that in CT group was 48.6 months
(P>0.05). In parallel, the median DFS was 40.7 vs. 31.2
months (P>0.05). This study collected a total of 337 eligible
patients, the power of analysis may be limited by small

© Translational Cancer Research. All rights reserved.

sample size (12). Another study has compared the OS
between perioperative chemotherapy and adjuvant CRT in
gastric adenocarcinoma patients from the NCDB database.
The results showed that adjuvant CRT had significant OS
advantages over chemotherapy alone, the median OS was 49
vs. 39 months (P<0.05) (13). They concluded that addition
of adjuvant radiotherapy was advantageous for resected GC.
However, the impact of postoperative radiation on the CSS
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Figure 2 Kaplan-Meier survival curves for CSS stratified by LN examined. (A) LN examined =0 (P>0.05). (B) LN examined >29 (P>0.05). (C)
LN examined =1-14 (P<0.001). (D) LN examined =15-29 (P<0.001). LN, lymph node; RT, radiotherapy; CSS, cancer specific survival.

of recruited patients was not indicated. Furthermore, the
CRITICS study demonstrated that, in patients treated with
adequate surgery and preoperative chemotherapy, adjuvant
CRT showed no OS advantage in comparison with adjuvant
chemotherapy alone. This study had a population bias,
because only half of the patients accomplished the whole
study (14). Comparatively, our study recruited a much
larger sample size from the SEER database. In our results,
the median OS in RT cohort was 39.0 vs. 29.0 months in
no RT cohort (P<0.001). Similarly, the median CSS was
47.0 (42.0-52.0) vs. 32.0 (29.7-34.3) months (P<0.001).
Therefore, significant survival benefits from adjuvant RT
were found for the entire GC patients.

Regarding the prognostic factors of GC, a recent article
has identified T-stage, N-status, nodal ratio, and other
histological factors as critical variables when considering
postoperative combined treatment for such patients (15).
Consistently, our multivariate Cox regression analysis
has also identified age >60, histologic type 8490, tumor
size >50 mm, higher stage TNM, and surgery type 40/50
as independent risk factors, while adjuvant RT and LN

© Translational Cancer Research. All rights reserved.

examined >0 as independent protective factors. These
prognostic factors will become helpful for selecting which
subgroup of patients may be more appropriate for adjuvant
RT.

Based on a large cohort from the international database,
a recent study declared that lymphadenectomy with
optimum of 29 LNs retrieved might improve the survival
of advanced GC (16). However, the effect of adjuvant RT
on these patients still remained unclear. According to our
subgroup survival analysis, adjuvant RT only benefited the
CSS of patients with 1-29 LNs examined. This subset of
patients may get more survival benefits from adjuvant RT.

Several limitations should be concerned. First, this
retrospective study design may have inherent selection
bias, because the variables in our analysis are selected from
previous data (17). Second, the patient comorbidities,
chemotherapy regime, surgical margin status, and possible
complications after surgery are not available in the SEER
database (18). Third, several important radiation parameters
are not listed in the SEER database, such as the radiation
doses, fields, and radiation ranges. When considering the

Transl Cancer Res 2020;9(11):6929-6938 | http://dx.doi.org/10.21037/tcr-20-1750
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submission of adjuvant RT for GC in clinical settings,
adequate cautions should still be concerned. Given those
limitations stated above, we will design some prospective
studies to overcome the bias in the future. Moreover, we
will also collect patient information from our hospital,
such as chemotherapy regime, complications, and radiation
parameters, in order to validate our findings.

Conclusions

This retrospective study has suggested that adjuvant RT
may have significant survival benefits for GC patients
with 1-29 LNs retrieved. Our report will provide more
information to support adjuvant RT for these patients.
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