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Abstract

Background An increasing fraction of gastric cancer

patients present with distant metastases at diagnosis. The

objective of the present 11-year population-based trend

analysis was to assess the survival rates in patients who

underwent and in patients who did not undergo palliative

gastrectomy.

Methods Patients with metastatic gastric cancer were

identified from the Surveillance, Epidemiology, and End

Results (SEER) database between 1998 and 2009. Time

trend and impact of palliative gastrectomy on survival were

assessed by both a multivariate Cox proportional hazards

model and propensity score matching.

Results We identified 8249 patients with stage IV gastric

cancer. The rate of metastatic disease increased from

31.0 % in 1998 to 37.5 % in 2009 (P\ 0.001). The pal-

liative gastrectomy rate dropped from 18.8 to 10.2 %

(P = 0.004). The median survival for patients who

underwent palliative gastrectomy (N = 1445, 17.4 %) and

for patients who did not undergo palliative gastrectomy

(N = 6804, 82.4 %) was 7 and 3 months, respectively.

There was an increase in median overall survival from

2 months (1998) to 3 months (2009) in the no-gastrectomy

group, and from 6.5 to 8 months in the gastrectomy group.

The 3-year cancer-specific survival rates were 2.1 % (95 %

confidence interval 1.7–2.5 %) for patients who did not

undergo palliative gastrectomy and 9.4 % (95 % confi-

dence interval 7.8–11.2 %) for patients who underwent

palliative gastrectomy (P\ 0.001). Palliative gastrectomy

was associated with an increased cancer-specific survival

in propensity-score-adjusted Cox regression analyses

(hazard ratio 0.50, 95 % confidence interval 0.46–0.55,

P\ 0.001).

Conclusion On a population-based level, only modest

improvements in prognosis for metastatic gastric cancer

were observed in patients who underwent and in patients

who did not undergo palliative gastrectomy. Considering

the low rate of midterm survivors in both groups, only a

small subgroup of patients benefits from palliative

gastrectomy.

Keywords Metastatic gastric cancer � Palliative
gastrectomy � Relative survival � Cancer specific
survival � Surveillance, Epidemiology, and End Results

Program

Introduction

The worldwide incidence of gastric cancer has decreased

considerably during the last few decades [1]; however,

gastric cancer is still associated with a poor prognosis and

is the third leading cause of cancer-specific death world-

wide [2]. Its case fatality rate is as high as 74 %—com-

pared with 50.4 % for colorectal cancer [2]—and up to

80 % of patients present with advanced disease at the time
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of the diagnosis [3]. For patients with metastatic gastric

cancer the median survival is only 3–5 months without

treatment and is about 10 months with palliative

chemotherapy [4, 5] in the setting of prospective studies.

An ongoing debate is the value of palliative gastrectomy

in selected patients. According to the current guidelines,

gastrectomy is advocated for symptomatic tumors in the

palliative setting, but not for asymptomatic tumors [6].

However, there are important arguments for the resection

of the primary tumor, particularly the prevention of

impending complications such as bleeding, perforation,

and obstruction [7, 8]. In addition, the resection of an

obstructing tumor restores the ability to swallow, and

improves the nutritional status and therefore the quality of

life (QoL) [9]. Furthermore, the perioperative morbidity

and mortality rates for gastrectomy have decreased sub-

stantially over the last few decades, the latter ranging from

0 to 15 % [10–12], and elective palliative gastrectomy is

associated with a lower complication rate compared with

the emergency situation [13]. On the other hand, relevant

arguments against palliative gastrectomy are that periop-

erative morbidity might lead to a postponed or even

impeded palliative systemic therapy and also to a decreased

QoL [14–16].

Whether patients benefit from palliative gastrectomy

regarding survival remains contentious in the literature.

Some analyses demonstrate a survival benefit [11, 17–20],

and a recent meta-analysis of 19 nonrandomized studies

showed significantly higher 1-year survival in patients

undergoing gastrectomy [19]. However, undoubtedly a

relevant selection bias is present since younger and

healthier patients with less tumor load have a higher

propensity of being operated on, whereas older, comorbid

patients with multitopic metastases are less likely to

undergo surgery. Some studies even concluded there is a

missing or negative impact on survival [21, 22].

Therefore, the objective of this investigation was to

assess trends in overall and cancer-specific survival in

patients with metastatic gastric cancer in the subsets of

those who underwent and those who did not undergo pal-

liative gastrectomy on a population-based level by appli-

cation of propensity score methods to minimize selection

bias.

Methods

Surveillance, Epidemiology, and End Results

database and cohort definition

The text data version of the Surveillance, Epidemiology,

and End Results (SEER) Program of the National Cancer

Institute in the USA was the data source for the present

investigation [23]. Of 50,266 patients who received a

diagnosis of metastatic gastric cancer between 1998 and

2009, 8249 were eligible for analysis (Fig. 1). These

patients were grouped according to whether or not they

have undergone gastrectomy. Patients who died before

recommended surgery were included in the gastrectomy

group.

Statistical analysis

Statistical analyses were performed with R (http://www.

r-project.org). A two-sided P value of less than 0.05 was

considered significant. For comparing proportions and

continuous variables, chi-square statistics and t tests

were used, respectively. For trend analysis, Spearman’s

rank correlation was used. Gastrectomy was assessed as

a prognostic factor for survival in Cox regression

analysis with and without risk adjustment for the year of

diagnosis, age, ethnicity, marital status, place of birth,

location of tumor, grading, and radiation therapy. For

better adjustment for potential baseline confounding

variables, a propensity score analysis was performed

[24–26]. The MatchIt and optmatch R packages were

used to perform a bipartite weighting propensity score

analysis (full matching) with stratification for the year

of diagnosis [27, 28]. Separately for each year of the

study period, the cohort was partitioned into subgroups.

Each subgroup contained a subset of one or more

patients who underwent gastrectomy and was matched

with a counterpart subset of one or more patients who

did not undergo gastrectomy. In the latter subset of

patients who did not undergo gastrectomy, a weight was

assigned to each patient. The partitioning and weighting

was performed such that the weighted average of the

estimated distance measure between each patient who

underwent gastrectomy and each patient who did not

undergo gastrectomy within each subgroup was opti-

mally minimized [27]. Patients who underwent gas-

trectomy not having a counterpart among the patients

who did not undergo gastrectomy and vice versa had to

be excluded from this part of the analysis. Thereafter,

we assessed the prognostic value of gastrectomy in Cox

regressions using the weights and strata obtained by the

propensity score matching with and without adjustment

for other potentially confounding variables. Finally, the

putative effect of gastrectomy on survival was analyzed

in another propensity score analysis based on the

inverse probability of treatment weighting with use of

the CBPS R package. This method is related to a mar-

ginal structural model, which incorporates all covariate

balancing conditions across multiple time periods and

estimates the inverse treatment probability weights to

improve the resulting covariate balance [29].
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Results

Patient characteristics and treatment trends

From a total of 8249 patients with metastasized gastric

cancer, 1432 patients underwent gastrectomy and 6817 did

not undergo gastrectomy. Patients who died before planned

surgery could be performed (N = 13) were included in the

gastrectomy group. Hence, the analysis was based on 1445

patients in the gastrectomy group and 6804 patients in the

no-gastrectomy group. Table 1 summarizes the patient

characteristics for both groups and outlines the significant

differences between the two groups, thus indicating a rel-

evant bias.

The rate of metastatic disease increased significantly

from 31.0 % in 1998 to 37.5 % in 2009 (P\ 0.001).

Figure 2 displays the trends for the treatment of gastric

cancer. The gastrectomy rate in patients with metastatic

disease dropped from 18.8 % in 1998 to 10.2 % in 2009

(P = 0.004). This decrease occurred mainly after 2006,

when the gastrectomy rate was still 18.3 %. A similar drop

was observed for patients younger than 65 years (20.0 % in

1998 to 10.1 % in 2009) and for patients aged 65 years or

more (18.1 % in 1998 to 10.3 % in 2009).

Gastrectomy as a prognostic factor for survival

The 1-, 2-, and 3-year cancer-specific survival rates for

patients who underwent palliative gastrectomy were

32.4 % [95 % confidence interval (CI) 30.0–34.9 %],

15.9 % (95 % CI 14.0–18.0 %), and 9.4 % (95 % CI

7.8–11.2 %) compared with 12.8 % (95 % CI

Fig. 1 Flowchart for creation of the Surveillance, Epidemiology, and End Results patient data set
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12.0–13.6 %), 4.4 % (95 % CI 3.9–5.0 %), and 2.1 %

(95 % CI 1.7–2.5 %) for patients who did not undergo

gastrectomy. The median survival time was 7 months

compared with 3 months (P\ 0.001). Figure 3 further

elaborates the role of gastrectomy for the oncologic out-

come over time. The Kaplan–Meier-curves for overall and

cancer-specific survival (upper panels) demonstrate longer

survival times for patients who underwent gastrectomy.

When the median overall and cancer-specific survival

times (middle panels) are compared, the prognosis of

patients who underwent gastrectomy is generally better.

For both groups a significant trend of increasing survival

over time becomes evident (lower panels). These findings

were confirmed by an unadjusted Cox proportional hazards

regression analysis in which gastrectomy was a consis-

tently statistically significant protective factor for overall

survival [hazard ratio for death (HR) 0.55, 95 % CI

0.52–0.58, P\ 0.001] and cancer-specific survival

(HR 0.54, 95 % CI 0.51–0.57, P\ 0.001) (Table 2). After

multivariable risk adjustment of the Cox regression anal-

ysis, gastrectomy is still associated with a significantly

decreased risk of overall death (HR 0.54, 95 % CI

0.51–0.58, P\ 0.001) and cancer-specific death (HR 0.53,

95 % CI 0.50–0.57, P\ 0.001) (Table 2). Figure 3 (lower

panels) additionally shows the hazard ratios for overall and

cancer-specific survival with multivariable adjustment for

each year of diagnosis. The protective effect of gastrec-

tomy for survival remains fairly stable during 1998–2008.

Adjustment for patients characteristics

with propensity score matching

In multivariable logistic regression, patients who under-

went gastrectomy received a diagnosis earlier, were

married, differed in the distribution of the tumor location,

and had higher grading scores (Table 1). To further adjust

for this bias, a propensity score with stratification for the

year of diagnosis was estimated to optimally adjust the data

for the bias between the two groups. The propensity for

patients who underwent gastrectomy was 0.25 ± 0.12

compared with 0.16 ± 0.11 for patients who did not

undergo gastrectomy (P\ 0.001). After we had performed

the propensity score matching procedure, the score became

nearly identical for patients who underwent gastrectomy

and for patients who did not undergo gastrectomy

(0.25 ± 0.12 v. 0.25 ± 0.12, P = 0.090). During the

propensity score matching, 292 patients (26 patients who

underwent gastrectomy and 266 patients who did not

undergo gastrectomy) had to be excluded because they did

not have a counterpart propensity score in the other group.

The three rightmost columns in Table 1 summarize the

patient characteristics obtained after propensity score

weighting. No significant differences between the two

groups persisted after the propensity score matching and

weighting except for the year of diagnosis, for which the

propensity score was stratified.

Propensity-score-matched prognostic factors

for survival

When we performed a Cox regression analysis using the

weights and strata obtained by the propensity score

matching procedure, gastrectomy was a persistent signifi-

cant protective predictor for overall survival (HR 0.51,

95 % CI 0.47–0.56, P\ 0.001) and cancer-specific sur-

vival (HR 0.50, 95 % CI 0.46–0.55, P\ 0.001). In addi-

tion, gastrectomy was confirmed as a protective predictor

for overall survival (HR 0.50, 95 % CI 0.46–0.55,

Fig. 2 Trend for treatment of metastatic gastric cancer
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P B 0.001) and cancer-specific survival (HR 0.49, 95 %

CI 0.45–0.54, P B 0.001) in full-model Cox regression

analysis, with use of the weights and strata obtained by the

propensity score matching procedure and additionally

adjustment for putative confounding variables (Table 2). In

an auxiliary propensity score analysis based on inverse

treatment probability weights, similar results were

obtained, further confirming gastrectomy is associated with

improved overall survival (HR 0.54, 95 % CI 0.50–0.59,

P B 0.001) and cancer-specific survival (HR 0.54, 95 %

CI 0.49–0.58, P B 0.001).

Discussion

The present study is, to our knowledge, the first population-

based analysis applying propensity score methods to

determine the impact of primary tumor resection in meta-

static gastric cancer patients on overall and cancer-specific

survival. On the basis of this cohort of stage IV gastric

cancer patients, identified from the SEER database between

1998 and 2009, the present investigation revealed the fol-

lowing results.

First, the rate of metastatic disease significantly

increased over time. This is consistent with previous results

[30] and might reflect the use of increasingly sensitive

imaging modalities such as integrated PET/CT and the

expanding use of staging laparoscopy. With that shift from

the curative to the palliative setting thanks to modern

diagnostic techniques, the question arises whether a dog-

matic sectional view between palliative and curative ther-

apeutic options is still constructive. Furthermore, one has

to consider this shift as a potent factor influencing survival

rates over time.

Second, the gastrectomy rate in patients with metastatic

disease dropped mainly after 2006, which might be due to

guideline recommendations, such as those of the European

Society for Medical Oncology, not to operate on asymp-

tomatic metastatic tumors and to new systemic therapeutic

options [6, 31].

Third, the median survival in both groups is poor, and

during 11-year period investigated, we observed no clini-

cally relevant increase in median overall survival in

patients who underwent palliative gastrectomy

(1.5 months) and in those who did not undergo palliative

gastrectomy (1 month).

Fourth, gastrectomy was associated with improved

overall and cancer-specific survival, both in conventional

Cox regression models and after propensity score

matching.

These results are consistent with the results of two

previous SEER-based analyses [20, 32]: Smith et al. [32]

reported a significant survival advantage for patients with aT
a

b
le

2
co
n
ti
n
u
ed

O
v
er
al
l
su
rv
iv
al

C
an
ce
r-
sp
ec
ifi
c
su
rv
iv
al

U
n
ad
ju
st
ed

a
F
u
ll
-m

o
d
el

C
o
x

re
g
re
ss
io
n
an
al
y
si
s

P
ro
p
en
si
ty
-s
co
re
-a
d
ju
st
ed

C
o
x
re
g
re
ss
io
n
an
al
y
si
sb

U
n
ad
ju
st
ed

a
F
u
ll
-m

o
d
el

C
o
x

re
g
re
ss
io
n
an
al
y
si
s

P
ro
p
en
si
ty
-s
co
re
-a
d
ju
st
ed

C
o
x
re
g
re
ss
io
n
an
al
y
si
sb

H
R

P
c

H
R

P
c

H
R

P
c

H
R

P
c

H
R

P
c

H
R

P
c

G
ra
d
in
g

G
1
/G
2

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

0
.0
0
2

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

0
.0
0
1

G
3
/G
4

1
.0
7
(1
.0
1
–
1
.1
4
)

1
.2
0
(1
.1
3
–
1
.2
8
)

1
.1
9
(1
.0
7
–
1
.3
2
)

1
.0
7
(1
.0
1
–
1
.1
4
)

1
.2
0
(1
.1
3
–
1
.2
8
)

1
.2
1
(1
.0
8
–
1
.3
5
)

G
X

1
.1
9
(1
.1
0
–
1
.2
8
)

1
.1
6
(1
.0
8
–
1
.2
5
)

1
.2
7
(1
.0
5
–
1
.5
4
)

1
.1
8
(1
.1
0
–
1
.2
8
)

1
.1
5
(1
.0
6
–
1
.2
4
)

1
.2
5
(1
.0
3
–
1
.5
3
)

R
ad
ia
ti
o
n
th
er
ap
y

N
o

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

R
ef
er
en
ce

\
0
.0
0
1

Y
es

0
.7
2
(0
.6
7
–
0
.7
8
)

0
.7
6
(0
.7
1
–
0
.8
2
)

0
.7
5
(0
.6
7
–
0
.8
5
)

0
.7
3
(0
.6
7
–
0
.7
9
)

0
.7
7
(0
.7
1
–
0
.8
3
)

0
.7
3
(0
.6
4
–
0
.8
3
)

U
n
k
n
o
w
n

0
.8
2
(0
.6
5
–
1
.0
3
)

0
.8
2
(0
.6
5
–
1
.0
3
)

1
.0
2
(0
.6
5
–
1
.6
1
)

0
.8
4
(0
.6
7
–
1
.0
7
)

0
.8
5
(0
.6
7
–
1
.0
7
)

1
.1
0
(0
.6
9
–
1
.7
5
)

T
h
e
9
5
%

co
n
fi
d
en
ce

in
te
rv
al

is
g
iv
en

in
p
a
re
n
th
es
es

H
R
h
az
ar
d
ra
ti
o
,
N
O
S
n
o
t
o
th
er
w
is
e
sp
ec
ifi
ed

a
U
n
iv
ar
ia
b
le

C
o
x
re
g
re
ss
io
n
an
al
y
si
s

b
F
u
ll
-m

o
d
el

C
o
x
re
g
re
ss
io
n
an
al
y
si
s
af
te
r
p
ro
p
en
si
ty

sc
o
re

m
at
ch
in
g
an
d
w
ei
g
h
ti
n
g
w
it
h
st
ra
ti
fi
ca
ti
o
n
fo
r
th
e
y
ea
r
o
f
d
ia
g
n
o
si
s
(N

=
7
9
3
9
)

c
L
ik
el
ih
o
o
d
ra
ti
o
te
st
s

d
N
o
t
es
ti
m
at
ed

b
ec
au
se

th
e
p
ro
p
en
si
ty

sc
o
re

w
as

st
ra
ti
fi
ed

fo
r
th
e
y
ea
r
o
f
d
ia
g
n
o
si
s

730 S. M. Ebinger et al.

123



resected primary tumor from 1988 until 2005 (median

overall survival of 3 months vs 9 months, P\ 0.001) with

a hazard ratio of 0.5. The present analysis confirmed these

results even after optimal adjustment for potential con-

founders by propensity score matching. Also, the better

survival rates in the gastrectomy group remain stable

Fig. 3 Trend in overall and cancer-specific survival. CI confidence interval
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during the period from 1998 to 2008 regardless of new

systemic therapeutic options (e.g., new combination

chemotherapies or the addition of targeted therapy).

Propensity score analysis is becoming increasingly

popular in medical research because this method, in prin-

ciple, can effectively balance measured covariates across

treatment groups in nonrandomized studies [24–26]. This

method is named after and based on the estimation of a

score for the propensity to receive a certain treatment

conditional on baseline covariates [33]. In a second ana-

lytical step, the propensity score is incorporated in a sta-

tistical analysis assessing the outcome of interest. The term

‘‘propensity score matching’’ is used widely and covers

four different main concepts. In pair matching, treated and

untreated patients with similar propensity scores are paired.

The other concepts are stratification, covariate adjustment,

and inverse probability of treatment weighting. In the

present study, two recent developments of the propensity

score matching method were applied which combine these

concepts. Full matching simultaneously combines match-

ing, subclassification, and weighting [27]. The covariate

balancing propensity score analysis is based on inverse

treatment probability weights [34–37] and simultaneously

adjusts the covariance structure [29]. Both methods con-

firmed gastrectomy to be associated with lower mortality.

In a recent study on simulated data, full matching and

inverse probability of treatment weighting were considered

equivalent in most circumstances [38]. However, both

propensity score methods used in this study share the

general shortcomings of potential hidden bias due to

unobserved or unrecorded variables [38]. Additionally, if

the treatment groups relevantly differ regarding covariates,

many individuals have to be excluded from the analysis,

leading to a loss of power and generalizability. However, in

the present study only 26 of 1445 patients who underwent

gastrectomy and 266 of 6804 patients who did not undergo

gastrectomy had to be excluded from the full-matching

propensity score analysis. Hence, neither a loss of power

nor generalizability seems to be a threat to the present

analysis, especially when considering the population-based

nature and the size of the patient cohort.

Since the results from randomized clinical trials con-

cerning palliative gastrectomy in metastatic gastric cancer

patients are still lacking (and most likely will never be

available), the application of propensity score methods is

probably the most appropriate method to assess the

research question at hand. The advantage of the present

analysis of the SEER database is the high power of a large

cohort and the potential of the SEER database to mirror

outcomes in the daily clinical routine.

However, the restrictions of the SEER database strongly

limit the validity of the present investigation despite the

use of propensity score methods. Since patients were not

randomly assigned to the respective treatment group,

selection bias is likely. Patients who underwent gastrec-

tomy are likely to be highly selected, with fewer metastases

and a better performance status compared with those who

did not undergo gastrectomy. There are several relevant

variables which are likely to impact the selection for or

against palliative gastrectomy and the outcomes; however,

they cannot be ascertained from the SEER registry. Indeed,

data on the performance status, QoL, use of chemotherapy

or targeted therapy, site of metastases, extension and

number of metastases, resection margin status, and whether

or not the primary tumor was symptomatic are lacking.

Overall, despite careful statistical adjustment, the

probability of selection bias in the present analysis remains

high. Clearly, patients with better prognosis to start with

are likelier to undergo palliative resection. Other potential

explanations beside a selection bias include hindering a

further metastatic spread from the primary tumor,

improved responsiveness to systemic therapies, and

decreased immune suppression [39, 40].

However, metastatic gastric cancer is persistently a fatal

disease with a low median survival of 7 months who

underwent gastrectomy and 3 months for patients who did

not undergo gastrectomy. There are only few mid-term

survivors, with 3-year survival rates of 9.4 and 2.1 % in

patients who underwent palliative gastrectomy and who did

not undergo palliative gastrectomy, respectively.

Considering the consistently low survival rate in meta-

static gastric cancer over time, it is clear that improvement

not only in survival but also in QoL is a key factor for

decision-making. After palliative gastrectomy, QoL sig-

nificantly decreases in the first three postoperative months

[14]. Afterward, QoL gradually improves but does not fully

recover within 1 year [14, 15]. Hence, in terms of QoL,

only midterm survivors are likely to benefit from palliative

gastrectomy. Of note, however, QoL after palliative gas-

trectomy is better than after nonresectional gastrojejunos-

tomy [9].

Recently, the results of a first, small randomized clinical

trial (GYMSSA) of 17 patients which compared the impact

of maximal cytoreductive surgery plus regional heated

intraperitoneal chemotherapy plus chemotherapy versus

chemotherapy alone have been published [41]. Its conclu-

sion is that selected patients with gastric carcinomatosis

and limited disease burden can achieve prolonged survival.

The results from another randomized clinical trial

(REGATTA) comparing gastrectomy plus chemotherapy

with chemotherapy alone in metastatic gastric cancer

patients are awaited [42].

In summary, we conclude that palliative resection of the

primary tumor in metastatic gastric cancer patients is

associated with improved overall and cancer-specific sur-

vival. However, considering the low survival rates with
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minor improvements over the past decade, only a minority

of patients benefit from palliative gastrectomy. Palliative

gastrectomy might be discussed in selected patients, par-

ticularly in those with symptoms and with the objective of

improving QoL.
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