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Introduction

In the early 1950s, reports of cases of carcinoma
developing in the gastric remnant after gastrojejunos-
tomy (Billroth II; B II) or gastroduodenostomy
(Billroth I; B I) began to appear in the literature [1,2].
“Gastric stump carcinoma” is now widely recognized as
a carcinoma developing in the gastric remnant after
gastrectomy for benign disease. The stump carcinoma
was often localized to the anastomosis, known to be the
site of severe duodenogastric reflux. For this reason, the
argument has been made about the role of duodeno-
gastric reflux as an important causal factor in gastric
carcinogenesis for many years. However, the relation-
ship between duodenogastric reflux and gastric cancer
has not yet been defined from human data. From the
standpoint of surgeons, this matter is also related to the
surgical technique to be chosen.

Accordingly, the influence of duodenogastric reflux,
including the reflux of bile and pancreatic juice, on the
remnant stomach should be studied further from
various clinical standpoints and in terms of molecular
biology. This review examines the literature, noting
substantial evidence for the role of duodenogastric re-
flux in gastric carcinogenesis in animal experiments and
in clinical evidence related to stump carcinoma.

Epidemiological features of stump carcinoma

Whether the incidence of stump carcinoma is higher
than that of gastric carcinoma in general is still contro-
versial [3]. European reports have indicated an in-
creased risk of the development of stump carcinoma
with time after surgery for benign disease [4–6]. Several
authors [6,7] have found the incidence of stump carci-
noma to be unaffected by the operative procedure. But
in large cohorts with long follow-up (more than 20 years
after operation), it has been revealed that gastric stump
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carcinoma was found preferentially on the gastric mu-
cosa near the gastroenteric stoma created by the B II
procedure [8,9].

In Japan, the increased risk of stump carcinoma has
not been verified, while many gastrectomies have been
done for gastric cancer. Tokudome et al. [10] reported
that the ratio of observed to expected deaths from gas-
tric stump carcinoma was less than 1.0, and no differ-
ence in mortality was shown according to the operative
procedure. Asano et al. [11] reported that, in a follow-
up of 6662 gastrectomized patients, with an average
observation period of 13.1 years, the risk of carcinoma
mortality was lower than that in the general population.
This trend was not affected by either the initial disease
or by the operative procedure. In order to study the
incidence of stump carcinoma, we surveyed the same
cohort as that surveyed by Asano et al. [11]; patients
who had survived for more than 20 years after gastrec-
tomy were surveyed. The incidence of carcinoma in
male patients who had undergone the B II procedure
when they were less than 40 years old was four times
higher than that in male patients who had undergone
the B I procedure at the same age [12]. Although the
difference was not significant, a causal association be-
tween the B II procedure with duodenogastric reflux
and the development of stump carcinoma may be
suspected.

Clinicopathological features of stump carcinoma

In the examination of re-operated patients, it has been
found that most carcinomas occurred after a retrocolic
B II procedure without Braun’s anastomosis [13,14].
Hammar [15] investigated the localization of stump
carcinomas and precancerous changes after B II in 56
patients and after B I in 5 patients. And showed a
typical site of carcinoma growth within the B II stoma
extending toward the posterior wall near the efferent
loop. Japanese reports have shown that patients
reconstructed with the B II procedure developed
significantly more carcinomas in the stoma than those
reconstructed with the B I procedure [12,16]. The loca-
tion of stump carcinomas close to the B II stoma sug-
gests duodenogastric reflux involvement in gastric
carcinogenesis.

Several reports have indicated that carcinoma oc-
curred earlier after surgery for gastric ulcer than after
surgery for duodenal ulcer [13,17]. The mucosa in gas-
tric ulcer patients manifests a high degree of atrophic
gastritis, in contrast to that in duodenal ulcer patients,
and this might account for the earlier development of
carcinoma in the gastric ulcer patients [13,18]. In a large
cohort, at 20 or more years after surgery, an increased
risk of cancer was found in duodenal ulcer patients, as

well as in those with gastric ulcer [5,7]. Janunger et al.
[19] showed that the differences between the remnant
mucosa after duodenal and gastric ulcer surgeries van-
ished after about 20 years.

Histologically, most advanced carcinomas show the
diffuse type of carcinoma, although intestinal metapla-
sia is rare in the fundic gland area [15,20]. On the other
hand, the intestinal type of carcinoma is more common
in early stump carcinoma that occurs a long time after
the primary surgery [15,21].

Stump carcinoma after primary surgery for malignant
disease is characterized by a shorter interval after the
surgery and by location away from the stoma compared
with the features of stump carcinoma after primary
surgery for benign disease. The reason for these differ-
ences is that patients with gastric carcinoma already
have carcinoma-related gastric mucosal changes at the
time of the primary surgery. Thus, gastric stump carci-
noma after benign disease develops as a new lesion,
while that after malignant disease may be a meta-
chronous multiple lesion [22,23].

Animal models of duodenogastric reflux
with carcinogen

Carcinogenesis is believed to begin with a mutation
caused by an injury to DNA. This first step is called
“initiation.” The second step needed for carcinogenesis
is “promotion” of the initial cancerous cells [24].
Sugimura and Fujimura [25] first induced stomach
carcinomas in rats, using N-methyl-N�-nitro-N-
nitrosoguanidine (MNNG) as an initiator. Since then,
gastric carcinogenesis has been studied extensively in
animals.

To determine the pathogenetic role of duodeno-
gastric reflux, experimental models of the development
of gastric stump carcinoma with various operative pro-
cedures have also been devised [26,27]. Nishidoi et al.
[28] reported that, after the oral administration of
MNNG, the incidence of gastric carcinoma in Wistar
rats was significantly higher in those animals that had
the B II procedure than in those that had the long Roux-
en-Y procedure. Even when MNNG was given after the
operation, most carcinomas were found in rats operated
with the B II procedure [29,30]. The experiments
showed that animals receiving MNNG and the B-II pro-
cedure had a significantly higher incidence of gastric
stump carcinoma than control animals without MNNG
and with other operative procedures. These findings
demonstrate that, in rats, gastrectomy promotes gastric
carcinogenesis by a mechanism that involves continual
duodenogastric reflux.
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Animal models of duodenogastric reflux
without carcinogen

In 1979, Schlake and Nomura [31] performed gastrec-
tomy, with the B I procedure, in male Wistar rats. At
104 weeks after the operation, a few carcinomas were
found to have developed, without MNNG having been
used. As far as I know, the study by these two authors is
the first report of an experimental carcinoma developed
without the use of MNNG. Langhans et al. [32] per-
formed various surgical procedures in female Wistar
rats. The rate of carcinomas arising in the gastric
remnant correlated closely with the intensity of the
duodenogastric reflux provoked by the different proce-
dures. At 56 weeks, gastroenterostomy without any
resection produced the highest tumor incidence.

We [26] reported a reflux model in rats, in which
duodenogastric reflux to the remnant stomach, via the
diversion of the duodenal contents through the afferent
and efferent loops, produced cancerous changes in the
gastric mucosa adjacent to the afferent stoma (Fig. 1).
In the time-course after the operation, adenocarcinoma
was first identified at 20 weeks, substantially earlier
than the interval reported by others. One reason for this
finding may be that the duodenogastric reflux induced
by the reflux model injured the gastric mucosa
more quickly and more extensively than the reflux re-
sulting from the B I or the B II procedure. Of particular
interest is that invasive growth of the cancerous tissue
into the liver was observed in one animal. Such a
marked growth of cancer, either with or without the
administration of MNNG, has not been reported
previously [33].

From another perspective on duodenogastric reflux,
Miwa et al. [34] reported that duodenogastric reflux in
the rat had potent carcinogenic activities, not only in the
fundic mucosa through the stoma but also in the pyloric
mucosa through the pylorus. Furthermore, they [35,36]
demonstrated that chronic reflux of the duodenal con-
tents induced squamous cell carcinoma of the lower
esophagus and forestomach. Kaminishi et al. [37,38] in-
vestigated the effect of gastric mucosal denervation on
gastric carcinogenesis by using rat models in which no

carcinogenic agent was given. In animals with B-I and
B-II gastrectomy with vagotomy, there was a higher
incidence of carcinoma at the anastomotic site than in
those animals without vagotomy.

Kobayasi et al. [39] evaluated the morphological and
phenotypic patterns of the adenocarcinomas induced by
the B II procedure in the rat. Because all of the adeno-
carcinomas were intestinal type, they considered that
the anomalous epithelial proliferation in the B II stoma
may have led to adenocarcinoma. Whether physiologi-
cal duodenal juice can induce carcinoma is an important
question, and this question should be studied from vari-
ous aspects [40].

Which fraction of the duodenogastric contents is
responsible for gastric carcinogenesis in the rat?

Several experiments without MNNG have been done in
animal models subjected to the diversion of bile juice.
Mason [41], Mason et al. [42], and Mason and Filipe [43]
examined male Wistar rat models to determine which
fraction of the duodenogastric reflux was carcinogenic
(Fig. 2). No carcinomas were found in animals with bile
reflux alone, but adenocarcinoma and adenocystic
proliferation were detected in animals with pancreati-
coduodenal reflux, either alone or in combination
with bile reflux. We [44] made a reflux model in which
the bile or pancreatic juice could reach the remnant
stomach through the afferent loop via a bile duct
diversion. We also found carcinomas in rats with pan-
creaticoduodenal reflux alone and in rats with pan-
creaticoduodenal reflux in combination with bile reflux.
These findings suggest the primary importance of
pancreatic reflux. However, it is not clear whether
pancreatic juice has an action that promotes gastric
carcinogenesis.

On the other hand, Miwa et al. [45] reported that, in
their models, the incidence of carcinoma was signifi-
cantly higher in animals with bile reflux or combined
reflux than in animals without reflux. This result, again,
shows the importance of the bile juice, as indicated by
earlier research.

Fig. 1. Model of duodenogastric reflux. 1
Anastomosis of afferent loop; 2 anasto-
mosis of efferent loop (from Kondo et al.
[33], with permission)
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Mucosal injury and cell proliferation induced by
bile juice

Many reports [46–48] have already linked bile acids, the
main component of the duodenal juice, to the develop-
ment of colorectal cancer. Secondary bile acids, in par-
ticular, deoxycholic acid (DCA), have been shown
to act as cocarcinogens in the colon in experimental
studies and to be increased in patients with colorectal
cancer. Recently, Powolny et al. [49] showed that
deoxycholate induced DNA damage and apoptosis in
human colon epithelial cells.

The cocarcinogenic effect of bile acids has also been
suggested to be involved in the experimental develop-
ment of gastric cancer. Although the carcinogen
contained in bile juice was not identified, nitrosated
derivatives of taurocholic and glycocholic bile acids
induced gastric tumors in rats [50]. Kobori et al. [51]
administered MNNG and then sodium taurocholate
(TCA) with food to Wistar rats, and found a significant
difference in the incidence of hyperplastic and neoplas-
tic lesions in the stomach mucosa between the TCA-
and the non-TCA groups, suggesting the promoting
effect of TCA in tumorigenesis. Kaibara et al. [52]
also suggested an enhancing effect of DCA in stomach
carcinogenesis.

Furihata et al. [53] administered various bile acids to
F344 rats, and measured DNA synthesis and ornithine
decarboxylase (ODC) activity in the mucosa in the glan-
dular stomach. Their experiment suggested that six bile
acids, but not taurolithocholic acid sodium salt, had
potential tumor-promoting activities in the pyloric mu-
cosa of the rat stomach. Furihata et al. [54] also reported
that sodium taurocholate and MNNG induced a tran-
sient increase in c-fos and c-myc expression in the py-

loric gland of F344 rats [54]. These results demonstrated
the carcinogenic promoting activity of bile acids, al-
though none of these experiments proved that bile acid
itself is an initiator.

Some clinical studies have investigated the relation-
ship between bile reflux and stomach carcinogenesis in
general. Bile reflux is often observed after cholecystec-
tomy; a cohort study therefore examined cholecystec-
tomy as a risk factor for gastric cancer [55], but their
finding showed that cholecystectomy did not seem to be
associated with an increased risk of gastric cancer.
Fracchia et al. [56] studied biliary bile acid composition
in gastric cancer patients and healthy controls, and
found that gastric cancer was not associated with in-
creased levels of the more toxic secondary bile acids,
especially DCA. Of particular interest, we [57] experi-
enced two patients with double choledochus with
ectopic drainage into the stomach associated with early
gastric carcinoma. A possible relationship was sus-
pected between the direct flow of bile juice into the
stomach and the development of gastric cancer. In
remnant stomachs, carcinogenesis involving bile juice is
thought to be related to the altered environment caused
by the operation. Several reports, for example, have
referred to the involvement of pH above 4.0 [58] or the
presence of bacterial flora and unconjugated bile acids
in the gastric juice [59,60].

Thus, clinical as well as experimental observations
have underscored the important role of bile juice in the
development of gastric stump carcinoma, but the
mechanism of the action of bile juice in this regard is
still unknown. Evaluation of gastric mucosal polya-
mines, which are involved in cell proliferation, revealed
a positive correlation between fasting bile reflux and
concentrations of these polyamines [61]. A higher
polyamine concentration was observed after the B II
procedure than after cholecystectomy. Dyke et al. [62]
measured DNA adduct levels in gastric mucosa after
various forms of gastric surgery, and found these levels
to be significantly higher in patients after truncal vago-
tomy than after highly selective vagotomy. Intragastric
bile concentrations were also considerably higher after
truncal vagotomy. The persistence of non-repaired
DNA adducts could lead to mutation, and therefore, to
the initiation of carcinogenesis.

Duodenogastric reflux and gastritis cystica polyposa
(GCP)

In 1972, Littler and Gleibermann [63] reported that
polypoid tumor developed in human gastric mucosa
adjacent to B II stoma. Based on the characteristic
changes in hyperplastic foveolar epithelia and the multi-
ple cystically dilated glands seen in the lower half of

Fig. 2. Operative procedure (from Mason et al. [42], with
permission)
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these atypically hyperplastic lesions, they termed these
tumors “gastritis cystica polyposa.” Stomal polyps with
the same histological features have subsequently been
reported [64–67]. In Japan, Koga et al. [68] reported
four patients with stomal polyps at a B II anastomosis;
they called such lesions “stomal polypoid hypertrophic
gastritis” to definitively differentiate the lesions from
stump carcinoma. The etiology and pathogenesis of
GCP have been considered to be chronic inflammation,
as a consequence of the suture technique itself, or as a
consequence of duodenogastric reflux into the gastric
remnant.

The sites of development and the histological fea-
tures of GCP resemble those of the experimental stomal
polyps that precede carcinoma in rats after partial gas-
trectomy [67]. In our reflux model, polypoid lesions
were found as areas of atypical hyperplasia near the
anastomosis of the afferent loop, with duodenogastric
reflux. The development of adenocarcinoma was inti-
mately connected with the atypical hyperplasia seen
in the mucosal or submucosal layer [33]. These findings
suggested that direct contact of the duodenal juice with
the gastric mucosa induces atypical hyperplasia and car-
cinoma in the anastomotic lesion. However, Kobayasi
et al. [39] demonstrated the reversibility of adenoma-
tous hyperplasia in the gastric stump in rats after the
diversion of duodenogastric reflux, via B II and Roux-
en-Y surgical procedures [40]. Thus, from the experi-
mental evidence only, we cannot conclude that such
adenomatous hyperplasia or GCP are precancerous
changes.

Concerning the histogenesis of stump carcinoma, it
is difficult to confirm a relationship with GCP. In 1975,
Qizilbash [69] reported the association of GCP with
stump carcinoma for the first time. Because atrophic
gastritis and intestinal metaplasia were not involved in
this association, he suggested that the process of car-
cinogenesis in stump carcinoma associated with GCP
was different from that in other stump carcinomas.
Bogomoletz et al. [70] showed a transition of the mucin
profile between nonneoplastic and neoplastic cells in
their study of six cases of stump carcinoma associated
with GCP. Intestinal metaplasia did not appear to play
a major role in these cases. In Japan, several reports
have documented GCP associated with early gastric
stump carcinoma after the B II procedure [71–73].
Characteristically, the foci of differentiated type adeno-
carcinoma are found in the superficial layer of GCP.
The degree of intestinal metaplasia in the surrounding
mucosa is low. These findings suggest a relationship
between GCP and gastric type adenocarcinoma [74].

Outlook for investigations of the role of
duodenogastric reflux in gastric carcinogenesis
in general

Duodenogastric reflux, including bile reflux, after the
B II procedure for benign disease is the factor most
frequently proposed being important in relation to the
occurrence of stump carcinoma. The results of many
experiments with rats have already supported the idea
that duodenogastric reflux may have a carcinogenic ef-
fect in the stomach. In recent years, surgical treatment
for peptic ulcer has been rare, because of the develop-
ment of the H2 blocker drugs. Although the population
at risk of gastric stump carcinoma that develops after
surgery for benign disease will diminish significantly in
the near future, the incidence of stump carcinoma after
surgery for malignant disease has been increasing [75].
The influence of duodenogastric reflux in the gastric
remnant after surgery for malignant disease [23,76] may
differ from the influence shown after surgery for benign
disease.

However, the problem of duodenogastric reflux may
also have some relationship with the development of
gastric carcinoma in general. Helicobacter pylori is con-
sidered to be a major risk factor for gastric cancer. It
has been shown that H. pylori and bile reflux have a
synergistic effect on gastric epithelial cell proliferation
[77,78]. In the latest research, the incidence of H. pylori
and Epstein-Barr virus infections in patients with stump
carcinoma and those with gastric carcinoma in general
has suggested an the etiological difference between
these carcinomas [79]. Further study of these differ-
ences may contribute to our understanding of gastric
carcinogenesis in general.
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