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ABSTRACT
Controversy about gastric cancer risk after partial gastrectomy exists,
especially in the United States. Therefore, we performed a meta-analysis
to determine overall relative risk and weighted mean relative risk for
subsets of postgastrectomy patients, define possible high risk patients
suitable for surveillance, and assess for publication bias which would
overestimate risk.
If 2 studies were excluded because of heterogeneity, overall relative
risk (RR) for gastric stump cancer in 22 studies analyzed was 1.66 [95%
confidence limits (CI.), 1.54-1.79]. With these 2 studies included, the
RR summarized with a random effects model to account for study
heterogeneity was 1.46 (95% CL, 1.18-1.82). No obvious evidence of
publication bias was detected. Patients 15 years or more postoperative
had a weighted mean RR of 1.48 (95% CL, 1.31-1.67) and patients 514 years postoperative had a RR of 0.91 (95% CL, 0.71-1.17) (P =
0.026). Patients operated upon for gastric ulcer had a weighted mean RR
of 2.12 (95% CL, 1.73-2.59) and patients with duodenal ulcers had a RR
of 0.84 (95% CL, 0.66-1.05) (P = 0.001). The weighted mean RR for
females was 1.79 (95% CL, 1.39-2.29) and for males 1.43 (95% CL,
1.27-1.62) (/' = 0.074). For Billroth II gastrectomy the weighted mean
RR was 1.60 (95% CL, 1.15-2.18) and for Billroth I gastrectomy 1.20
(95% CL, 1.01-1.42) (P = 0.220).
Although differences in risk between subsets of postgastrectomy pa
tients seem to exist, recommendations concerning endoscopie surveillance
await further studies of cost-benefit analysis.

INTRODUCTION
The preponderance of medical literature indicates an in
creased risk of gastric cancer after peptic ulcer surgery, and in
Western Europe the operated stomach is considered a premalignant condition (1). However, controversy concerning cancer
risk after partial gastrectomy still remains, especially in the
United States where literature reports are less convincing (2,
3).
If gastric stump cancer is assumed to be a real phenomenon,
the overall risk of cancer appears too low to justify large scale
screening programs (4, 5). Although the prognosis of advanced
gastric stump cancer is poor, survival improves dramatically
with early detection as demonstrated by endoscopie biopsy
screening programs (6-10). Therefore, endoscopie screening
would be beneficial if high cancer risk subsets of postgastrecRcceived 3/27/90; accepted 7/13/90.
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tomy patients could be delineated. Unfortunately, most studies
have lacked the statistical power to analyze various risk cate
gories (11, 12).
Meta-analysis provides methodology to summarize overall
risk by combining results from several studies (13-15). This
report describes a meta-analysis of the existing literature con
cerning the relative risk of gastric stump cancer after partial
gastrectomy. In the study, we assess the weighted mean logrelative risk of gastric stump cancer, provide possible explana
tions for discrepancies between studies, investigate evidence for
publication bias (which overestimates the risk of cancer because
negative studies are not published), and define higher risk
patient subsets which may be suitable for surveillance.
MATERIALS AND METHODS
Gastric stump cancer is defined as an adenocarcinoma of the stomach
occurring 5 years or more after gastric surgery for benign conditions
(16). A minimal latency of 5 years is chosen to avoid spurious effects
due to faulty diagnosis. The reports for meta-analysis were collected by
a literature search by three of us (A. C. T., G. J. A. O., K. W. F. T.) on
Mediine from 1982-1988 and in the reference lists of the subsequent
articles. The key words searched included "gastrectomy," "stomach
neoplasms," "peptic ulcer," "ulcer surgery," "gastric carcinoma," "post
operative complications," "gastric remnant." "gastric stump," "post
gastrectomy cancer." Only studies in the English or German language
with risk appraisal were analyzed. The collected studies are listed in
Table I (2, 3, 7, 11, 16-39). Several of these reports have been reviewed
elsewhere (40).
Three literature reports were excluded because the relative risk could
not be estimated from the data presented (17, 23, 29); one study (30)
had too small a sample size (13) and two studies (33, 37) did not fulfill
the assumption of sample homogeneity (P < 0.01). This assumption
states that all studies under investigation are measuring the same risk
estimate so that differences between estimates are due to random error
( 13). Homogeneity was tested by comparing the relative risk of each
study with the summary relative risk from all other studies by x2 (13).
Of the remaining 22 reports, 4 were case-control studies and 18 were
longitudinal cohort studies. In the 22 studies used, 827 cases of gastric
stump cancer occurred. When 95% CL4 were unavailable in the original
publications, this statistic was calculated from the estimated risks using
a method by Woolfe (41) for odds ratios from unmatched case-control
studies and a technique by Ederer and Mantel (42) for the cohort
studies. Risk estimates were transformed logarithmically for approxi
mation to a normal distribution. Thus, independent of the study type,
the standard error of the logarithm of the RR could be used to measure
statistical uncertainty (13, 43). This was accomplished by logarithmic
transformation of these three quantities and then calculation of the
average distance between logarithm RR and upper and lower limits and
division by 1.96 (43). Results were depicted in a funnel display plotting
logarithm of RR against a measure of precision (standard error of
logarithm of RR) (13, 14, 43).
' The abbreviations used are: CL, 95% confidence limits; RR, relative risk.
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Table 1 Twenty-eight literature rÃ©ponson the risk of gastric cancer after remote
peptic ulcer surgery

â€¢
o

Cohort studies

x
x

~ 0.25
iViste

Author (Ref.)

(yr)2.1
risk

95% CLÂ° follow-up

28.41.0
1.7-2.6
25-332.2 0.8-1.2
24.32.2
1.4-3.3
23.84.4
1.8-2.7
22-271.8 0.0-17.0
>20.00.2 0.8-2.1
<20.00.8 0.1-0.4
18.91.2 0.3-1.5
18.00.8
0.7-2.1
<18.01.5 0.1-2.8
<18.01.2 0.5-3.0
17.00.3
0.8-1.6
13.11.9 0.2-0.5
.3-2.62.1
.1-3.81.6
.3-2.01.5
.1-2.11.4
0.8-2.32.4
.6-3.63.3
.8-6.31.8
.3-2.2Insufficiently
informativeInsufficiently
informativeInsufficiently
informative2.9
1.8-5.31.8
(18)Kivilaakso
and Taksdal
0.6-5.53.0
(19)Papachristou
et al.
1.5-6.20.7
(20)Sandler et al.
0.3-1.6
Ã©tal.(21)elative
" 95% Confidence limits (when confidence limits were lacking in the original
publication they were calculated, see text: Refs. 41 and 42).
* Excluded from meta-analysis; see text.
(36)Lundegardh
et al.
(39)Krause et al.
(24)LÃ³seos
(35)Clark
et al.
(30)Offerhaus
et al,"
(li)Tokudome
et al.
(33)McLeanet al."
(2)Fischerand Ross
(31)Schafer
et al.
(3)Umiliata
et al.
(27)Arnthorsson
(38)Asano et al.
(37)Kuhlmayer
et a/.*
(22)Helsingen
and Rokitansky
(16)Griesserand Hillestad
(25)HÃ¼be
and Schmidt
(26)Domellof
et al.
(7)Peitsch and Janunger
(28)Wattand Becker
(32)Caygill
et al.
(34)Denck
et al.
(23)Welvaart
and Salzer*
(29)VitekÂ«a/.*(17)Stalsberg
and Warnsinck*

The literature suggests that the risk of gastric stump cancer only
increases after a latency of > 15-20 years postoperatively. Therefore,
studies were distinguished on the basis of average duration of patient
follow-up and study type (<20 years follow-up, >20 years follow-up,
and case-control studies or studies with an unspecified duration of
follow-up). Also, the weighted mean of all the above 22 study results
with 95% CL was calculated using as weight the inverse variance or
precision of the results, i.e., 1/SE2. Moreover, different risk factors
were assessed for statistical significance by Z statistic comparison of
the weighted mean relative risk for stump cancer of subsets of postgastrectomy patients (13).
For comparison of pooled summaries of various risk categories of
patients, only studies sufficiently informative on these subsets were
used. No heterogeneity was found among these subsets. Seven studies
were used for comparison of the pooled data for males and females (11,
16, 24, 34, 36, 38, 39). Only a comparison of Billroth I and Billroth II
gastrectomies could be made, and 4 informative studies were available
(24, 31, 34, 39). Insufficient data prevented the assessment of risk
associated with other peptic ulcer surgical procedures, i.e., vagotomy
or gastroenterostomy. The importance of the underlying disease or
indication for the initial procedure (gastric versus duodenal ulcer) was
evaluated from the pooled data of 3 studies (16, 34, 39).
The risk of gastric stump cancer depends on the duration of post
operative interval (1, 11, 39). Interestingly, the first 15 years postop
eratively may have a decreased incidence of gastric stump cancer.
Therefore, the pooled data from 4 studies (11, 34, 38, 39) with speci
fication of postoperative intervals <15 years and 2:15 years were com
pared. The 15-year cutoff was dictated by the intervals used in these
studies.
To provide an estimate including the two studies not meeting criteria
for homogeneity, an overall relative risk was also calculated with a
random effects model by the weighted noniterative procedure as de
scribed by DerSimonian and Laird (44). This model incorporates het
erogeneity among studies into the analysis of the overall relative risk.

RESULTS
Fig. 1 shows the funnel display of the relative risks (on
logarithmic scale) according to the standard errors of the loga-

Â§ 0.50
UJ

0.75

1.00

I
1.66 2.72
Relative Risk

Fig. 1. Funnel plot of RR of gastric stump cancer (on logarithmic scale)
according to standard error of logarithm (In) of RR for studies with a mean
follow-up of 220 years (â€¢),20 years (O), and follow-up not specified or casecontrol study (x), calculated on 22 studies summarized in Table 1.
,
weighted relative risk of pooled data.

rithm of RR of the 22 studies available for the present metaanalysis. A distinction is made between studies with an average
duration of follow-up of >20 years, a follow-up of <20 years,
and case-control studies or studies with an unknown duration
of follow-up. The dashed line indicates the summary relative
risk for gastric stump cancer by weighted average approach
(weighted mean RR, 1.66; 95% CL, 1.54-1.79). The relative
risk calculated with a random effects model to adjust for het
erogeneity was 1.46 (95% CL, 1.18-1.82).
A statistically significant difference in mean relative risks
was noted for patients operated on for duodenal ulcers (RR,
0.84; 95% CL, 0.66-1.05) compared with gastric ulcers (RR,
2.12; CL 95%, 1.73-2.59) (P = 0.001) and for patients with 514 years of postoperative follow-up (RR, 0.91; 95% CL, 0.711.17) compared to patients with >15 years of follow-up (RR,
1.48; CL 95%, 1.31-1.67) (P = 0.023).
Differences in sex or procedure type were not statistically
significant. The RR for males was 1.43 (95% CL, 1.27-1.62)
and for females 1.79 (95% CL, 1.39-2.29). The weighted mean
relative risk for Billroth II gastrectomy was 1.60 (95% CL,
1.15-2.18) and for Billroth I gastrectomy 1.20 (95% CL, 1.011.42). Table 2 summarizes the results of the pooled data for
patient subgroups.
DISCUSSION
Although meta-analysis is a useful statistical tool to answer
clinical inquiries by pooling literature data, some differences
among individual studies which contribute to the observed
results will remain umilianti lied (13). Despite these limitations,
the present meta-analysis makes important observations in the
understanding of gastric stump cancer.
This study confirms an increased relative risk of gastric stump
cancer in patients with partial gastrectomy. No obvious evi
dence of overestimation of cancer risk by publication bias was
detected. If publication bias did exist, a gap in the lower left
side of the funnel display due to a lack of studies published
with negative results would be expected (43).
The risk of cancer in the gastric remnant occurs after a long
latency. The relative risk of stump cancer after a postoperative
interval of >15 years was significantly higher than the first 14
years postoperatively. Many investigators have reported a trend
toward increased risk with longer latency after surgery (11, 18,
21, 34, 36, 39). Moreover, a long cancer-free interval corre-
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Table 2 Summary of the results of meta-analysis in 22 reports on the risk of gastric stump cancer for total study population and subsets
of postgastreclomy patients
mean
relative
risk1.66
Total study population
Males
femalesK.lln.
vs.
1Gastric
ih II vs. Billroth
ulcer vs. duodenal ulcer
Postoperative interval 5-14 yr vs. >15 yrWeighted

for
CL1.54-1.79

dataTable
pooling
1
16,24,34.36,38.3924,31,34,
11,

1.43
1.79
1.601.20

1.27-1.62
1.39-2.29
1.15-2.181.01-1.42

2.12
0.84
0.91
1.4895%

1.73-2.59
0.66-1.05
0.71-1.17
0.026Refs.
1.31-1.67Pvalue"0.074

0.2200.001

3916.
34. 39
11,34,38,39

1P value of significance by Z statistic, two-tailed.

sponds with our screening program experience, since all the
stump cancers were detected after a postoperative interval of
>20 years (10). As noted by others (1, 11, 39), the long cancerfree latency explains discrepancies between studies; almost all
studies with a mean follow-up of >20 years reported an in
creased risk of gastric stump cancer (Fig. 1, Table 1).
The mechanism thought to underlie the increased risk of
stomach cancer is production of yV-nitroso carcinogens in the
gastric remnant. These compounds are generated from nitrate
and nitrite by gastric bacteria which have overgrown from
postoperative hypochlorhydria. In addition, gastric reflux of
bile with increased level of bile acids may play a role (40). The
increasing risk of gastric stump cancer with duration of post
operative period suggests a dose-response relationship and sup
ports this mechanism of carcinogenesis.
Also, an association between initial surgical indication and
subsequent risk of stomach cancer was detected. Patients who
underwent surgery for gastric ulcer seem at higher risk for
stump cancer. This relationship may be explained by gastric
mucosa! atrophy which already exists in gastric ulcer patients
at the time of the initial operation in contrast to the duodenal
ulcer patients (45).
Although not statistically significant, a higher relative risk of
stump cancer was observed in females than in males and after
Billroth II than Billroth I gastrectomy. The risk of other surgical
procedures could not be assessed, but vagotomies and gastroenterostomies for peptic ulcer have had increased risk of stomach
cancer (18, 32, 34, 36). In animal experiments, the frequency
of gastric cancer varied with surgical procedure and increased
with associated bile reflux (46).
At first glance, the overall risk of gastric stump cancer, being
slightly higher than the general population, seems unimpres
sive. However, closer examination reveals that postgastrectomy
patients had no increased relative risk of gastric cancer during
the first 15 years after surgery. Yet, the risk seems to increase
steadily with each additional 5-year period of follow-up (7, 11,
18, 19, 21, 34, 36, 38, 39). In several reports, the risk of stump
cancer is >4-fold higher than the general population in patients
>25 years postoperatively (11, 18, 21, 34, 36).
In conclusion, this meta-analysis reveals differences in rela
tive risk between subsets of postgastrectomy patients. The
postoperative interval appears to be a significant risk factor.
Also, the type of ulcer which prompted surgery may be impor
tant. Screening studies of postgastrectomy patients utilizing
endoscopie biopsy of the gastric stump have been effective in
detecting early gastric cancer (7-10,47, 48), a lesion considered
curable by surgical resection (49). Although large-scale screen
ing programs of all postgastrectomy patients seem unjustified
(4, 5), surveillance of high risk patient subsets may constitute

an appropriate medical care strategy. Recommendations
cerning this approach await cost-benefit analysis.
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