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Palliative Gastrectomy and Survival in Patients With
Metastatic Gastric Cancer: A Propensity Score—Matched
Analysis of a Large Population-Based Study
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OBJECTIVES: The role of palliative gastrectomy in the management of metastatic gastric cancer remains inadequately

clarified.

METHODS: We analyzed patients with metastatic gastric cancer enrolled in the Surveillance, Epidemiology, and
End Results registry from January 2004 to December 2012. Propensity score (PS) analysis with 1:1
matching and the nearest neighbor matching method was performed to ensure well-balanced

characteristics of the groups of patients who undergone gastrectomy and those without gastrectomy.
Data were analyzed by Kaplan-Meier and Cox proportional hazards regression models to evaluate the

overall survival and cancer-specific survival rates with corresponding 95% confidence intervals (Cls).

RESULTS:

In general, receiving any kind of gastrectomy was associated with an improvement in survival in the

multivariate analyses (hazard ratio [HR],s = 0.64, 95% CI = 0.59-0.70, HR.ss = 0.63, 95% CI =
0.57-0.68) and PS matching (PSM) analyses (HR,s = 0.63,95% Cl = 0.56-0.70, HR ;s = 0.62,95%
Cl = 0.55-0.70). After PSM, palliative gastrectomy was found to be associated with remarkably
improved survival for patients with stage M1 with only 1 metastasis but not associated with survival of
patients with stage M1 with extensive metastasis (=2 metastatic sites).

DISCUSSION:

The results obtained from the Surveillance, Epidemiology, and End Results database suggest that

patients with metastatic gastric cancer might benefit from palliative gastrectomy on the basis of
chemotherapy. However, a PSM cohort study of this kind still has a strong selection bias and cannot
replace a properly conducted randomized controlled trial.
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INTRODUCTION
Gastric cancer is one of the most fatal cancers. Although its in-
cidence has decreased during the last decade (1,2), it is still the
second leading cause of cancer-related mortality worldwide (3). It
is often diagnosed at the metastatic stage. Unfortunately, meta-
static gastric cancer has a poor prognosis, and the expected overall
survival (OS) of metastatic gastric cancer rarely exceeds 1 year,
even with new chemotherapy regimens (4-6). These patients are
currently not considered as candidates for adequate radical re-
section, which has currently been considered the only curative
treatment modality.

For metastatic gastric cancer, palliative gastrectomy or bypass
surgery remains important in relieving symptoms and is generally
used in emergencies. It has also been shown that palliative

gastrectomy is better than bypass surgery in relieving symptoms
such as obstruction, tumor bleeding, or perforation (7-9). Al-
though the REGATTA trial, a phrase III trial, suggested that
gastrectomy with chemotherapy could not achieve better survival
than chemotherapy alone (10), many other studies found that
gastrectomy with chemotherapy improved the survival of
patients with stage IV gastric cancer (11-15). The REGATTA trial
was terminated early because of futility. Moreover, it has been
criticized for the lack of data on quality of life, inclusion of Asian
patients only, and poor patients’ acceptance of random assign-
ment. In particular, the trial has been criticized for its chemo-
therapy regimen because the chemotherapy regimen was
administered orally and affected by the surgical treatment. In
addition, most patients had peritoneal carcinomatosis, which can
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increase postsurgical problems (10,16,17). Clearly, there is no
universally accepted standard of care for metastatic gastric cancer
treatment, and uncertainty still exists regarding the role of pal-
liative gastrectomy in this setting.

Thus, we hypothesized that metastatic gastric cancer can
benefit from gastrectomy. We tested this hypothesis using the
large Surveillance, Epidemiology, and End Results (SEER) reg-
istry database.

METHODS

Study population and data sources

SEER encompasses population-based cancer registries covering
approximately 28% of the US population and records basic de-
mographics and some clinical characteristics (18). SEER*stat
software (version 8.3.4) was used to select patients. Eligible
participants were identified from the SEER database if they were
pathologically diagnosed with invasive adenocarcinoma of the
stomach (International Classification of Diseases for Oncology,
third version, codes 8140, 8144, 8211, 8255, 8260, 8323, 8480,
and 8481) between January 2004 and December 2012. However,
SEER contains metastatic records of bone, liver, brain, and lung
at diagnosis only after 2010; therefore, the analyses for meta-
static sites were confined to data after 2010. Participants with
stage M1, 1 primary only, active follow-up, survival time more
than 3 months, and complete data for age, race, and year of
diagnosis were included in our study. To increase comparability
to other studies, the follow-up time was limited to 5 years.
Gastrectomy was defined as surgery in the primary site, in-
cluding near-total or total gastrectomy and gastrectomy with
a resection in continuity with the resection of other organs
(SEER RX Summ-Surg Prim Site (1998+), codes 30-33, 40-42,
50-52, 60-63, 80, and 90). As a result, a total of 5,640 patients
were identified for this study, including those who received any
kind of gastrectomy (cases, n = 4,651) and those who did not
receive any kind of gastrectomy (controls, n = 989) (Figure 1).

Propensity score matching
Propensity score matching (PSM) is a tool to reduce the selection
bias in nonrandomized studies. Propensity 1:1 nearest neighbor

Enrollment

Patients with gastric cancer in the
SEER between 2004-2012
(n=57,491)

Exclude (n=51708)

Stage (AJCC,7") other than M1
(n=39,861)

—————— | Without active follow up (n=47)
Histologic other than AD (n=6,203)
No complete data (n=1,881)
Survival months <3 (n=3,716)
Follow-up time>60 (n=143)

Included patients (n=5,640)

Allocation

Control: patients without
gastrectomy (n=4,651)

|

Gastrectomy: patient with
gastrectomy (n=989)

Figure 1. Flowchart of study population selection.
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matching with propensity score (PS) was performed to reduce
possible bias using a 0.02 caliper width (19). x? tests were used to
examine the covariate balance. A multivariate logistic regression
model was used to calculate PSs for each patient in the group.
Selected covariates were age, T-stage, N-stage, grade, race, ra-
diotherapy, and chemotherapy, which were selected based on the
statistical difference in the univariate logistic regression model
and clinical significance.

Statistical analysis

x? tests were used to compare the distribution of demographic
characteristics. Univariate and multivariate Cox proportional
hazards models were constructed to evaluate the hazard ratio
(HR) and 95% confidence interval (CI) between patients treated
with and without gastrectomy. OS was defined as the time from
diagnosis to death of any cause; patients who were alive at the time
of the last follow-up were censored. Cause-specific survival (CSS)
was defined as the time from diagnosis to death related to gastric
cancer only. Patients with any other causes of death or still alive
were censored at the time of death or the last follow-up.

To test our hypothesis that OS and CSS are associated with
gastrectomy in patients with metastatic gastric cancer at di-
agnosis, variables were forcefully selected based on clinical sig-
nificance. Variables were used for propensity scoring and entered
into final multivariable Cox regression models. In all multivari-
able models, the continuous covariates of age and the categorical
covariates including sex, region, race, income, surgery, chemo-
therapy, T-stage, N-stage, and grades stratified as in Table 1 were
used.

Age was used as the time scale for all models, with entry
time defined as age at diagnosis and exit time defined as age at
death, last follow-up, or December 31, 2014, whichever came
first. P values of =0.05 (2-sided probability) and P values for
interaction of =0.10 (2-sided probability) were considered
statistically significant. All analyses were conducted using
SPSS 22 (IBM Corp, Armonk, NY).

RESULTS
All patients included in the analyses had complete information. In
the SEER database, missing data that met our selection criteria
were approximately 3% of the total number. We performed
sensitivity analyses by inclusion and exclusion of missing data.
There was no appreciable difference. Therefore, we excluded
missing data in our analysis (Figure 1). Distributions of charac-
teristics are presented in Table 1 for the study groups categorized
by receiving any kind of gastrectomy or not. There were 5,114
patients who died of gastric cancer, and 526 patients who were
alive or died of other causes for a total to 5,640 patients in the
analysis. A total of 989 patients (17.5%) received gastrectomy.
Before PSM, cases were more likely to be older, had a lower family
income, had received chemotherapy and radiotherapy, and pre-
sented a well-defined T-stage, N-stage and grade compared with
controls. The distributions of most demographic and clinical
factors were well balanced between cases and controls after PSM
by 6 factors (age, chemotherapy, radiotherapy, T-stage, N-stage,
and grade). In this study, 679 pairs were matched using PSM.
In the multivariate analyses, as expected, patients who re-
ceived gastrectomy were associated with a better OS (HR,, =
0.64, 95% CI = 0.59-0.70, P,s < 0.001) and CSS (HR = 0.63,
95% CI = 0.57-0.68, P s < 0.001) (Table 2, Figure 2a). Cases with
poorer T-stages and N-stages were associated with poorer OS and
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Table 1. Selected baseline characteristics for the study population by study groups, the SEER database, 2004-2012

Characteristic
Age (yrs, mean [SDI)
Sex (female, %)
Race (%)
White
Black
Other + unknown
Region (%)
Pacific Coast + Alaska
East
Northern Plains
Southwest
Income (dollars, mean [SD1)

Number of metastatic sites of the lung, brain,
bone, and liver (%)°

0

=2

Unknown
Bone metastasis (yes, %)°
Brain metastasis (yes, %)°
Liver metastasis (yes, %)©
Lung metastasis (yes, %)°
T

T0-2

T3

T4

X

NO

N1

N2-3

NX
Grade

Grade |-l

Grade Il + IV

Unknown
Radiotherapy (yes, %)
Chemotherapy (yes, %)
Follow-up time (mo, median [IQRY])

Number of cases/controls.

IQR, interquartile range; PS, propensity score; SEER, Surveillance, Epidemiology, and End Results.

Multivariate analyses (n = 5,640)

PS-matched analyses (n = 1,358)

N
5,640
1,732

4,115
735
791

2,904
1,991
538
207
5,640

740
920
222
3,758
193
34
999
277

1,944
546
1,113
2,037

1,569

1,237

2,288
546

1,595
3,026
1,019
1,299
4,157
5,640

No gastrectomy Gastrectomy
(n = 4,651) (n = 989)
63.7 (13.4) 63.3 (13.4)

30.1 335
74.8 64.2
12.3 16.2
12.8 19.6
50.5 56.0
35.7 334
10.0 7.5
38 3.1
5,5623.5(1318.5) 5,377.6 (1259.5)

12.7 15.0
17.5 10.7
4.7 0.4
65.1 739
4.0 0.7
0.6 0.4
19.3 10.1
5.8 0.9
326 432
5.3 30.2
19.0 23.3
43.1 33
309 133
25.6 4.6
399 436
35 385
28.1 29.3
51.1 65.5
20.8 5.2
23.4 21.4
75.9 63.6

8.0 (6) 12.0(15)

“Derived from ANOVA for continuous variables and x? tests for categorical variables.
®Numbers represent the number of metastatic sites at diagnosis; however, SEER provided only four sites of metastasis: bone, brain, liver, and lung.
“Number of the distant metastasis. Bone, brain, liver and lung are four sites of distant metastasis at diagnose SEER provided.

9The IQR was the difference between the third quartile and the first quartile. The IQR was used to describe the range of follow-up time.
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Pa
0.327
0.040

<0.001

0.006

0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001

<0.001

0.197
<0.001
<0.001

No gastrectomy Gastrectomy
N (n = 679) (n = 679) P?
1,358 64.2 (13.3) 63.0(14.1) 0.103
409 27.7 325 0.058
0.031
942 725 66.3
204 12.8 17.2
212 14.7 16.5
0.128
714 52.6 52.6
474 333 36.5
117 9.1 8.1
53 5.0 2.8
1,358 5,582.0(1315.0) 5,366.3(1293.9) 0.002
<0.001
209 155 15.3
186 16.8 10.6
45 6.2 0.4
918 61.6 73.6
36 4.4 0.9 <0.001
6 0.4 0.4 <0.001
202 19.7 10.0 <0.001
54 6.9 1.0 <0.001
0.165
668 46.8 5.5
255 20.2 17.4
356 26.2 26.2
79 6.8 49
0.812
253 17.8 194
95 7.4 6.6
779 57.3 57.4
231 17.5 16.5
0.815
406 29.9 29.9
854 62.4 63.3
92 7.7 6.8
340 23.9 26.2 0.347
944 70.0 69.1 0.768
1,358 8.0(10) 12.0(16) <0.001
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Table 2. Multivariate analyses and propensity score matching analyses of factors in relation to survival

Multivariate analyses

PS-matched analyses

0s Css 0s CSS
Characteristic HR (95% CI) P HR (95% CI) P? HR (95% CI) P? HR (95% CI) P°

Age (<60 yr as ref.)

=60 yr 1.0 (0.97-1.1) 0.356 1.0(0.97-1.1) 0.349 — — — —
T (TO-2 as ref.)

T3 1.1(0.96-1.2) 0.221 1.1(0.98-1.2) 0.104 1.1(0.94-1.3) 0.278 1.1(0.98-1.3) 0.085

T4 1.1(1.0-1.2) 0.013 1.1(1.0-1.2) 0.013 1.2(1.0-1.4) 0.015 1.2(1.0-1.4) 0.016

X 1.1(1.0-1.2) 0.032 1.1(1.0-1.2) 0.042 0.94 (0.72-1.2) 0.942 0.99 (0.76-1.3) 0.948

Pfor tend 0.052 0.047 0.074 0.065
N (NO as ref.)

NX 1.2(1.1-1.3) <0.001 1.2(1.1-1.3) <0.001 1.4(1.1-1.7) 0.012 1.4(1.1-1.8) 0.020

N1 1.0 (0.97-1.1) 0.300 1.1(0.98-1.1) 0.200 1.1 (0.97-1.3) 0.134 1.1(0.95-1.3) 0.192

N2-3 1.0(0.93-1.2) 0.458 1.1(0.96-1.2) 0.197 1.1 (0.94-1.4) 0.175 1.2 (0.96-1.4) 0.115

Pfor tend 0.002 0.001 0.082 0.105
Grade (Grade | + Il as ref.)

Grade Il + IV 1.2(1.1-1.3) <0.001 1.2(1.2-1.3) <0.001 1.2(1.1-1.4) 0.001 1.2(1.1-1.4) 0.001

Unknown 1.1(0.98-1.2) 0.055 1.1(1.0-1.2) 0.018 1.2 (0.96-1.5) 0.103 1.2 (0.96-1.6) 0.096

Pfor tend <0.001 <0.001 0.004
Chemotherapy (yes, %)° 0.62 (0.58-0.66) <0.001 0.63(0.59-0.67) <0.001 0.63(0.56-0.72) <0.001 0.65(0.57-0.74) <0.001
Radiotherapy (yes, %)° 1.0(0.98-1.1) 0.198 1.0(0.98-1.1) 0.231 0.92 (0.80-1.0) 0.187 0.92 (0.80-1.1) 0.208
Gastrectomy (yes, %)° 0.64 (0.59-0.70) <0.001 0.63(0.57-0.68) <0.001 0.63(0.56-0.70) <0.001 0.62(0.55-0.70) <0.001

All the variables selected in the table were included in the multivariate analysis.

Cl, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; OS, overall survival; PS, propensity score.

@Derived from Cox regression survival analysis. Adjusted for age, T, N, grade, radiotherapy, chemotherapy, and gastrectomy. Sex, race, income, and region were not
significant in the multivariate analysis and thus were excluded from final models of multivariate analysis.

®Derived from Cox regression survival analysis. Adjusted for T, N, grade, radiotherapy, chemotherapy, and gastrectomy; additionally adjusted for PS.

®Patients who received radiotherapy, chemotherapy, or gastrectomy as the reference group, respectively.

CSS rates. Receiving chemotherapy was found to be strongly as-
sociated with better survival. However, age, sex, race, region, in-
come, histology grade, and radiotherapy were not found to be
associated with better survival. In PSM analyses, the results in-
dicated that survival improvement was significantly associated
with chemotherapy and gastrectomy (HR,; = 0.63, 95% CI =
0.56-0.70, P < 0.001; HR s = 0.62, 95% CI = 0.55-0.70, P,s <
0.001) (Figure 2b). Radiotherapy was not associated with im-
proved OS or CSS.

Palliative gastrectomy benefits metastatic gastric cancer
patients on OS and CSS by different groups were observed after
matching (Table 3). After PSM, numerically, gastrectomy was
found to be more associated with survival benefit in patients who
were young and with a better T-stage, N-stage, and pathological
grade. After PSM, significant heterogeneities for the effect of
gastrectomy were observed between patients with chemotherapy
and those without (Peterogeneity for OS or CSS <0.10).

For patients with only 1 metastatic site, the median survival for
those who received gastrectomy was 6.0 months longer than those
who did not in the multivariate analyses and 10.0 months longer
in PSM analyses (Figure 3a,b). For example, the median OS for
patients with liver metastasis only was improved from 9.0 months
to 15.0 months before PSM (P, < 0.001) (Figure 3¢) and from 7.0
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months to 17.0 months in PSM analyses (P,s < 0.001)
(Figure 3d). However, the sample size of patients with lung, brain,
or bone metastasis only was too small to analyze. In PSM analyses,
palliative gastrectomy was associated with survival benefit by 8
months in patients with =1 metastatic site(s) (Figure 3e,f).
However, there was no association between gastrectomy and
survival benefit in patients with metastatic gastric cancer who had
more than 2 metastatic sites (Figure 3g,h).

DISCUSSION

To our knowledge, the present study is the first population-based
SEER analysis using both multivariate regression analyses and
PSM analyses to evaluate the role of palliative gastrectomy in the
treatment of metastatic gastric cancer. In this study, we found that
gastrectomy, in general, was associated with better survival of
metastatic gastric cancer. The beneficial effect of the survival
observed using the SEER database highlights the importance of
palliative gastrectomy in the management of metastatic gastric
cancer.

The 5-year survival rate of patients with metastatic gastric
cancer rarely exceeds 5% (20,21). For metastatic gastric cancer,
the effectiveness of palliative gastrectomy is controversial
(15,22-24). In patients with metastatic gastric cancer, palliative
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Figure 2. Effects of any gastrectomy on the OS for patients with metastatic gastric cancer in multivariate analysis and PSM analysis. P values were derived
from the log-rank statistics of Kaplan-Meier models in PSM analysis. (a) OS of patients with metastatic gastric cancer in multivariate analysis. (b) OS of
patients with metastatic gastric cancer in PSM analysis. OS, overall survival; PSM, propensity score matching.

resection of the primary tumor is recommended if obstruction ~ prophylactic gastrectomy in some high-risk patients may not
or uncontrolled hemorrhage occurs according to National  only improve symptom control but also eliminate potential
Comprehensive Cancer Network guidelines (25). In addition, = complications (hemorrhage, obstruction, perforation, or

Table 3. Effects of any gastrectomy on OS and CSS in different groups in propensity score-matched analyses

Variable N N (0N CSS
(Gastrectomy, %) (No gastrectomy, %) HR (95% CI) P HR (95% CI) P
Age, yr
<60 250 (50.1) 249 (49.9) 0.74 (0.61-0.88) = 0.001 0.71 (0.59-0.86) —— <0.001
>60 429 (49.9) 430 (50.1) 0.59 (0.51-0.68) @i <0.001 0.58 (0.50-0.67) - <0.001
i
T0-2 350 (52.4) 318 (47.6) 0.62(0.53-0.73) =i <0.001 0.60 (0.51-0.71) -l <0.001
T3 118 (46.3) 137 (53.7) 0.65 (0.50-0.84)  —il—i 0.001 0.62 (0.48-0.80) — <0.001
T4 178 (50.0) 178 (50.0) 0.71 (0.57-0.88) —— 0.002 0.71 (0.57-0.89) [ 0.002
TX 33 (41.8) 46 (58.2) 0.58 (0.36-0.93) jflm———i |  0.023 0.58 (0.36-0.93) +—f— 0.024
N
NO 132 (52.2) 121 (47.8) 0.57 (0.48-0.74)  +il—i <0.001 0.55(0.42-0.73)  +—ll— <0.001
NX 45 (47.4) 50 (52.6) 0.59 (0.38-0.90)  refffmme—ei 0.015 0.60 (0.39-0.93)  F—zl—mi 0.023
N1 390 (50.1) 389 (49.9) 0.63 (0.55-0.73) il <0.001 0.61 (0.52-0.70) - <0.001
N2-3 112 (48.5) 119 (51.5) 0.84 (0.64-1.1) —a—t— 0.184 0.86 (0.66-1.1) ——1- 0263
Grade
Grade I+ 11 203 (50.0) 203 (50.0) 0.62 (0.51-0.76) i <0.001 0.60 (0.48-0.74) i <0.001
Grade III+ IV 430 (50.4) 424 (49.6) 0.65 (0.57-0.75) - <0.001 0.64 (0.56-0.74) L <0.001
Unknown 46 (46.9) 52(53.1) 0.66 (0.43-1.0) +——m— 0.055 0.68 (0.44-1.0) +——=@—— 0078
Chemotherapy
No 210 (50.7) 204 (49.3) 0.57 (0.46-0.69) == <0.001 0.57 (0.46-0.71) i <0.001
Yes 469 (49.7) 475 (50.3) 0.67 (0.59-0.76) i <0.001 0.65 (0.57-0.74) HiH <0.001
Radiotherapy
No 501 (49.2) 517 (50.8) 0.65 (0.58-0.74) = <0.001 0.64 (0.56-0.73) HiH <0.001
Yes 178 (52.4) 162 (47.6) 0.63(0.51-0.79)  —fl—i <0.001 0.62 (0.49-0.78) i <0.001

Cl, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; OS, overall survival.
@Derived from multivariate Cox regression survival analysis. All the variables selected in the table were included in the multivariate analysis, additionally adjusted for the
propensity score.
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Figure 3. Effects of any gastrectomy on the overall survival of different metastatic sites for patients with metastatic gastric cancer. (a) OS of patients with
metastatic gastric cancer with only 1 metastatic site in multivariate analysis. (b) OS of patients with metastatic gastric cancer with only 1 metastatic site in
PSM analysis. (¢) OS of patients with metastatic gastric cancer with only liver metastatic in multivariate analysis. (d) OS of patients with metastatic gastric
cancer with only liver metastatic in PSM analysis. (e) OS of patients with metastatic gastric cancer with =1 metastatic site(s) in multivariate analysis. (f) OS of
patients with metastatic gastric cancer with =1 metastatic site(s) in PSM analysis. (g) OS of patients with metastatic gastric cancer with =2 metastatic sites
in multivariate analysis. (h) OS of patients with metastatic gastric cancer with =2 metastatic sites in PSM analysis. All Pvalues were derived from the log-rank
statistics of Kaplan-Meier models. OS, overall survival; PSM, propensity score matching.
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debilitating ascites) caused by the primary tumor (26). Thus,
metastatic gastric cancer may Dbenefit from palliative
gastrectomy.

In the past, gastric resection was considered valueless in
treating metastatic disease, partially because of high surgical
mortality rates (3,15). Since the 1980s, many studies have
reported that patients with metastatic gastric cancer who un-
derwent surgical removal of the gastric primary lesion had greater
survival rates than nonoperated patients (14,15,27,28). Saidi et al.
(22) (14.4 vs 11.2 months, P = 0.37) and Sarela and Yelluri (29)
(8.0 vs 4.0 months, P = 0.30) reported that there was a trend of
better survival in patients with gastrectomy in metastatic gastric
cancer. Huang et al. (30) reported that the OS of patients who
underwent resection was 10.2 months and that of patients with-
out resection was 4.48 months (P < 0.001). Despite previously
published cohort studies showing better outcomes, the observa-
tional and nonrandomized nature of these studies must be put
into perspective. Comparisons between gastrectomy followed by
chemotherapy and chemotherapy alone in observational studies
were usually confounded by data heterogeneity, selection or
publication bias, and by the large variation in the chemotherapy
regimens used owing to a lack of treatment standardization across
geographical regions. However, the REGATTA trial showed that
the median OS was 16.6 months for patients receiving chemo-
therapy alone and 14.3 months for those assigned to gastrectomy
plus chemotherapy (P = 0.70) (10). Nevertheless, the trial was
terminated early and had some significant limitations (16). One is
that most of the patients, including unselected patients, in the trial
underwent total gastrectomy, which is known to have a higher
risk of postoperative complications than distal gastrectomy (31).
In other words, their results may have been biased considering
that approximately 70% of gastric cancer surgeries in Korea and
Japan are distal gastrectomies. Second, the REGATTA trial used
S-1 and cisplatin for chemotherapy. The administration of oral
medications was heavily influenced by postgastrectomy compli-
cations, which made it difficult to evaluate the effect of palliative
gastrectomy itself. In addition, we believe that palliative gastrec-
tomy should be performed in selected patients, especially in those
patients with complications (e.g., hemorrhage, obstruction, or
perforation) or with the risk of complications rather than in
unselected patients as the REGATTA trial did. Therefore,
whether their results can be generalized to patients with meta-
static gastric cancer remains unclear. Thus, phase III randomized
controlled trials (RCTs) that overcome the flaws of REGATTA
are urgently needed to clarify the role of palliative resection in
patients with metastatic gastric cancer.

This study showed that gastrectomy was significantly associ-
ated with better survival in patients with metastatic gastric cancer
with 1 metastasis, but no survival improvement was observed in
patients with metastatic sites in 2 or more organs. The consistent
findings from this study supported that palliative gastrectomy
was related to the survival improvement of patients with meta-
static gastric cancer.

Gastrectomy in this study should be considered as palliative
resection. Clinically, curative resection is not recommended for
patients with metastatic gastric cancer disease (25,32). Gastrec-
tomy was mostly administered to patients with unfavorable
metastatic gastric cancer for palliative purposes, such as con-
trolling perforation, or hemorrhage. The prognosis of these un-
favorable patients who were treated with gastrectomy may not be
as good as patients with metastatic gastric cancer without
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unfavorable factors if they did not receive gastrectomy. Hence, the
survival benefit seen from the current analysis cannot be purely
explained by treatment selection biases after adjusting for pos-
sible confounding factors and PSM. Although adjusted with PSM,
the survival benefits of patients with metastatic gastric cancer
observed in this study could be associated with palliative resection
of primary gastric tumor lesions or due to confounding from
unmeasurable variables.

Nonetheless, metastatic gastric cancer is a systematic disease;
palliative gastrectomy might benefit some selected patients, and
the benefit should also be conditioned on adquate systemic
therapy (33-35). The median OS for patients with and without
adjuvant chemotherapy was 12.3 months and 7.7 months, re-
spectively (P = 0.065), as reported by Huang et al. (30). Our
results also showed that chemotherapy improved the survival of
patients with metastatic gastric cancer.

We acknowledge several limitations to this study. First, as
with any observational study, the possibility of bias is a concern.
Although the sensitivity analysis showed that the missing data
had no effect on the results, the exclusion of the missing data
may also be a source of bias. We used the PSM method, which
might reduce the bias caused by the imbalanced distribution of
measured covariates. Nevertheless, bias from unmeasured fac-
tors shall be unavoidable. Unlike RCTs, SEER registry data
usually have high completeness and are representative of the
real-world patient population. Although our results might be
applicable to real-world patients, we acknowledge that patient
status, surgical methods, and second-line chemotherapy may all
have contributed to study bias. Although it is preferable to ob-
tain more details, we sought to show the survival advantage of
any surgery involving the primary lesion for patients with
metastatic gastric cancer.

In addition, the SEER registry does not provide any data on
risk factors of gastric cancer, which may have an impact on sur-
vival. Nevertheless, the study participants were recruited through
a representative national database, thus reducing possible selec-
tion bias. Multivariable analyses, PSM analyses, and sensitivity
analyses were performed, and the results of OS and CSS did not
change appreciably and thus seemed stable and valid. Consistent
with previous reports (36), we found that the survival benefit
of gastrectomy was, to some extent, conditioned on age, T-stage,
N-stage, the degree of pathological differentiation, and chemo-
therapy. Thus, this consistency reinforced our findings. Never-
theless, prospective trials are required to clarify the role of
palliative gastrectomy in the treatment of metastatic gastric
cancer and to tease out what kind of surgery for specific metastatic
gastric cancer patients is most beneficial.

In conclusion, the present study using the SEER database suggests
that palliative gastrectomy is associated with survival improvement
in patients with metastatic gastric cancer. However, a PSM cohort
study of this kind still has a strong selection bias and cannot replace
a properly conducted RCT. Therefore, we call for well-designed
phase III RCTs to further clarify the survival benefit from palliative
gastrectomy for patients with metastatic gastric cancer.
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Study Highlights
WHAT IS KNOWN

/ Gastric cancer is often diagnosed at the metastatic stage and
has a poor prognosis.

/ Palliative gastrectomy remains important in relieving
symptoms and is generally used in emergencies.

WHAT IS NEW HERE

/ Palliative gastrectomy is associated with survival
improvement in metastatic gastric cancer patients.

\/ Gastrectomy was significantly associated with better survival
in one metastasis but no survival improvement in patients with
metastatic sites in two or more organs.

TRANSLATIONAL IMPACT

/ Results of this study may provide some reference for
clinicians treating the metastatic gastric cancer patients.
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