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Abstract
Purpose  Gastric cancer after pancreaticoduodenectomy was firstly reported in 1995, and the number of reports about this 
topic has increased in the past years. This review aimed to elucidate the clinicopathological features of this disease.
Methods  Data for 32 cases were obtained using literature search, and three cases in our institution were added.
Results  Twenty cases were reported from Japan, and fifteen cases were from the Western countries (Germany: 1 case, France: 
2 cases, USA: 12 cases). In Japanese and the Western cases, the most dominant indication for pancreaticoduodenectomy 
was distal bile duct cancer and pancreatic ductal adenocarcinoma, respectively. The most frequently applied procedure of 
pancreaticoduodenectomy was pylorus-preserving pancreatoduodenectomy with pancreaticogastrostomy and pancreaticoduo-
denectomy with pancreaticojejunostomy, respectively. The median length of time interval from pancreaticoduodenectomy to 
GC detection tended to be shorter in the Japanese cases (61.5 months vs. 115 months). Of all cases, thirteen (37.1%) patients 
with gastric cancer showed no abdominal symptoms, and eight were diagnosed at regular gastroscopy. Surgical gastrectomy 
was performed in 30 patients, and among them, concomitant pancreatectomy was performed in six patients. Four patients 
received reanastomosis of remnant pancreas using pancreaticojejunostomy. Twenty-two (73.3%) patients had undifferentiated 
carcinomas, and stage 1, 2, 3, and 4 cancer was identified in 14, six, six, and four patients, respectively. All eight patients 
who had received routine gastroscopy were T1N0M0 stage 1.
Conclusion  Gastric cancers after pancreaticoduodenectomy including newly reported Japanese cases and our institutional 
cases were reviewed to make Japanese studies available to a broader scientific audience. Further investigation is necessary 
to elucidate the most important carcinogens among the various potential local and systemic factors.

Keywords  Gastric cancer · Stomach cancer · PDAC · Pancreaticoduodenectomy · PPPD · Pancreaticogastrostomy · 
Pancreaticojejunostomy

Introduction

Pancreaticoduodenectomy (PD) is one of the most complex 
procedures in abdominal surgery. Recently, better man-
agement has resulted in decreased postoperative mortality 
[1], and the survival period after pancreaticoduodenec-
tomy for pancreatic ductal adenocarcinoma (PDAC) and 

periampullary malignancies has improved due to better neo-
adjuvant and adjuvant treatments [2–4]. Furthermore, pan-
creaticoduodenectomy has been more frequently performed 
due to the increasing prevalence of PDAC and expanded 
adaptation for benign and potentially malignant disease [1]. 
Consequently, patients have a longer survival time following 
pancreaticoduodenectomy, which increases the likelihood of 
these patients to develop a secondary malignancy over the 
course of their remaining lifetime.

Among the secondary malignancies following pancrea-
ticoduodenectomy, we focused on investigating gastric 
cancer (GC) [5–7]. The number of previous reports on 
GC following pancreaticoduodenectomy is limited, and 
it may be due to several reasons such as loss to follow-up 

 *	 Kenichiro Uemura 
	 umk@hiroshima-u.ac.jp

1	 Department of Surgery, Graduate School of Biomedical 
and Health Sciences, Hiroshima University, 1‑2‑3 Kasumi, 
Minami‑ku, Hiroshima 734‑8551, Japan

/ Published online: 6 May 2022

Langenbeck's Archives of Surgery (2022) 407:2259–2271

http://orcid.org/0000-0003-0003-6268
http://crossmark.crossref.org/dialog/?doi=10.1007/s00423-022-02524-6&domain=pdf


1 3

after pancreaticoduodenectomy, not appreciating the GC 
as an independent new malignancy, or unawareness of the 
patient’s previous history of pancreatic surgery. Further, the 
lack of universal investigations might be caused by a lan-
guage barrier. More than half of the previous reports were 
case reports written in Japanese [8–24], and it can be chal-
lenging for non-Japanese researchers to fully comprehend 
these reports. Thus, we conducted an extensive review to 
elucidate the clinicopathological characteristics of patients 
with GC after pancreaticoduodenectomy.

Methods

Eligibility criteria and literature search

Observational studies written in English or Japanese were 
eligible for inclusion. Only full-text articles were eligible, 
and abstracts for conference or workshop were excluded. 
A literature search was conducted using these terms: “pan-
creaticoduodenectomy and gastric cancer,” “pancreati-
coduodenectomy and gastric adenocarcinoma,: and “pan-
creaticoduodenectomy and gastric tumor.” MEDLINE and 
Igakuchuozasshi database, a database of Japanese articles, 
were searched. Studies in the reference lists of the retrieved 
articles were also searched. By reading the articles in detail, 
cases other than gastric tumor following pancreatic surgery 

were excluded. Further, the ineligible cases of gastroin-
testinal stromal tumor (GIST) or gastric metastasis were 
excluded. The ineligible case of duodenum preserving pan-
createctomy was also excluded (Fig. 1).

Data collection and assessment

The following data were extracted from the identified stud-
ies: patient characteristics at pancreaticoduodenectomy, 
patient characteristics at GC treatment, clinicopathological 
features of GC, surgery for GC, and prognosis. The location 
of GC was described according to the Japanese classifica-
tion of gastric carcinoma, and the stomach was anatomi-
cally divided into three portions, the upper (U), middle (M), 
and lower (L). The pathologic tumor stage was determined 
according to the tumor staging system based on the Ameri-
can Join Committee on Cancer Staging Manual, 8th edition 
criteria. The type of gastrectomy and reconstruction method 
were summarized using schematic illustrations. The patients 
in Japan and those in the Western countries were separately 
described to investigate the differences in reported cases.

Statistical analysis

All statistical analyses were performed using JMP statistical 
software version 13 (SAS Institute, Cary, NC).

Fig. 1   Flowchart diagram of 
case identification and inclusion

Excluded cases, n = 3

GIST,  n = 1

Gastric metastasis,  n = 1

Duodenum preserving pancreatectomy,  n = 1

Eligible reported cases

n =  32

Cases in our institution, n = 3 

Cases included in this study

n =  35

Recruited cases using 

MEDLINE and Japanese medical database

n = 2404

Cases of gastric tumor 

following pancreaticoduodenectomy 

n = 35

Excluded cases other than gastric tumor 

following pancreatic surgery, n = 2369
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Results

Literature review and cases in our institution

Seventeen eligible articles were identified from the elec-
tronic data bases search, and 32 patients were identified. We 
also included three patients from our institution. Therefore, 
the data of 35 patients were included in this review (Fig. 1; 
Table 1) [8–24].

Patient characteristics at pancreaticoduodenectomy 
of literature review cohort

Table  1 shows the patient characteristics at pancreati-
coduodenectomy. The patient population comprised 23 
males and 12 females. The age at PD was described or 
estimated in 15 patients, and the median age was 66 years, 
ranging from 48 to 79 years. The indication for pancrea-
ticoduodenectomy was pancreatic ductal adenocarcinoma 
(PDAC; n = 13; 37.1%), distal bile duct cancer (DBDCa; 
n = 7; 20.0%), ampullary cancer (n = 6; 17.1%), pancreati-
tis (n = 3; 8.6%), duodenal cancer (n = 2; 5.7%), intraductal 
papillary mucinous neoplasm (n = 2; 5.7%), mucinous cys-
tadenoma (n = 1; 2.9%), and gastrointestinal stromal tumor 
(GIST; n = 1; 2.9%). Twenty-nine (82.9%) of the 35 patients 
were diagnosed with cancer. Five (14.3%) patients had no 
malignant tumor, including three (8.6%) patients with pan-
creatitis. Cancer staging was noted in 11 of the 13 patients 
with PDAC, including stage 1, 2, and 3 in five, five, and one 
patient, respectively. The staging was noted in 19 of the 30 
patients with cancer. No patients had stage 3 or 4 cancer, 
except for one patient with stage 3 PDAC. Regarding the sur-
gical procedure, pylorus-preserving pancreatoduodenectomy 
(PPPD; n = 18; 51.4%), pancreaticoduodenectomy (n = 14, 
40.0%), subtotal stomach-preserving pancreaticoduodenec-
tomy (n = 2, 5.7%), and total pancreatectomy (n = 1, 2.9%) 
were performed. Reconstruction of the pancreas was noted 
in 34 patients, including pancreaticojejunostomy (PJ) in 
16 (47.1%) patients, and pancreaticogastrostomy (PG) in 
18 (52.9%). Adjuvant therapy after pancreaticoduodenec-
tomy was noted in 28 patients, including chemoradiotherapy 
(CRT) in nine patients, and chemotherapy in three. All cases 
that received adjuvant therapy were reported since 2017.

Differences between the Japanese and Western 
cases

Table 2 summarizes the differences between the Japanese 
and Western cases. The most dominant indication for 
pancreaticoduodenectomy was biliary tract cancer (n = 6; 

30.0%) in the Japanese cases, and it was PDAC (n = 10; 
66.7%) in the western cases, respectively. The most fre-
quently applied procedure of pancreaticoduodenectomy 
was PPPD with PG (n = 15; 75.0%) in the Japanese cases, 
and it was pancreaticoduodenectomy with PJ (n = 11, 
73.3%) in the Western cases. The median length of time 
interval from pancreaticoduodenectomy to gastric cancer 
detection was 61.5 months and 115 months, respectively. 
Eight cases of well or moderately differentiated GCs were 
included in the Japanese cases. On the other hand, all 
cases had undifferentiated GCs in the Western cases. Eight 
patients who had received routine gastroscopy were Japa-
nese cases, and the rate of early GC was higher in those. 
The most frequently applied procedure of gastrectomy was 
distal gastrectomy (n = 9, 45.0%) and total gastrectomy 
(n = 5, 33.3%), respectively.

Clinicopathological features of gastric cancer 
after pancreaticoduodenectomy

Table 3 shows clinicopathological features of GC after 
pancreaticoduodenectomy. The age at GC detection was 
not described in 8 (22.9%) patients, and the median age 
of remaining 27 patients was 68 years, ranging from 49 
to 83 years. The time interval between pancreaticoduo-
denectomy and GC detection was described in 29 (82.9%) 
patients, and the median interval was 78 months, ranging 
from 12 to 228 months. Fourteen (40.0%) patients with 
GC showed no abdominal symptoms, and among them, 
eight (22.9%) patients were diagnosed as having GC at 
regular gastroscopy after pancreaticoduodenectomy. The 
GCs were located at L portion in 19 (54.3%) patients, M 
portion in eight (22.9%), ML portion in three (8.6%), UM 
portion in two (5.7%), U portion in two (5.7%), and UML 
portion in one (2.9%). In 19 patients with GC in the L 
portion, 12 had tumors at the gastrojejunostomy or duo-
denojejunostomy site. The tumor differentiation was noted 
in 30 of the 35 patients, including well, moderately, and 
undifferentiated carcinomas in three (10.0%), five (16.6%), 
and 22 (73.3%) patients, respectively. Twenty-two undif-
ferentiated carcinomas comprised eight poorly differenti-
ated carcinomas and 14 signet-ring cell carcinomas. In 33 
patients, T stage was noted, and among them, 15 patients 
were diagnosed as having early gastric cancer with T1 
tumor. In 30 patients, GC staging was noted, including 
stage 1 cancer in 14 patients, stage 2 in six, stage 3 in six, 
stage 4A in one, and stage 4B in three. All eight patients 
who had received routine gastroscopy were T1N0M0 stage 
1 (Fig. 2). On the other hand, the remaining 22 patients 
with GC included each six patients with stage 1, 2, or 3 
(27.3% each), and four patients were diagnosed at stage 
4 (18.2%).
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Patient characteristics at gastric cancer treatment

Table 4 shows patient characteristics at GC treatment. 
Genetic disease was noted in 3 patients, including 
BRCA2 gene mutation in one (8.3%) patient and Lynch 
syndrome in two (16.7%). The medical history of malig-
nant tumor was noted in 33 patients, and 31 patients 
had received the treatment for malignant tumor. Cancer 
history in first-degree relatives was noted in 13 patients, 
including GC and breast cancer in one patient, PDAC 
in one, and GC in one. A Helicobacter pylori test was 
conducted on 5 patients, with one positive. The serum 
CEA and CA19-9 levels were measured in ten patients, 
and one and two patients showed abnormally high levels, 
respectively.

Surgery for gastric cancer

Table 5 and supplemental Figs. 1–5 summarize the surgical 
information for GC. Surgical resection was performed in 30 
patients, including distal gastrectomy in nine patients, sub-
total gastrectomy in four, total gastrectomy in nine, partial 
gastrectomy in five, proximal gastrectomy in two, and local 
excision in one. Among five patients without surgical resec-
tion, one patient received endoscopic submucosal dissec-
tion. Concomitant resection was performed in seven patients, 
including partial pancreatectomy in four patients, remnant 
pancreatectomy and splenectomy in two, and enterectomy in 
two. All six patients with concomitant pancreatectomy (cases 
4, 6, 11, 16, 20, 22) had previously received PG at pancreati-
coduodenectomy (Tables 1 and 5).

Table 2   Comparison of the 
Japanese and Western cases

PD pancreaticoduodenectomy, DBDCa distal bile duct cancer, Ca cancer, PDAC pancreatic ductal ade-
nocarcinoma, IPMN intraductal papillary mucinous neoplasm, MCA mucinous cystadenoma, GIST gas-
trointestinal stromal tumor, PPPD pylorus-preserving pancreatoduodenectomy, SSPPD subtotal stom-
ach-preserving pancreaticoduodenectomy, TP total pancreatectomy, B-I Billroth I, B-II Billroth II, PG 
pancreaticogastrostomy, PJ pancreaticojejunostomy, CRT​ chemoradiotherapy, TI time interval from pan-
creaticoduodenectomy to gastric cancer detection, GC gastric cancer, L lower third of stomach, M middle 
third of stomach, U upper third of stomach, well well-differentiated adenocarcinoma, mod moderately dif-
ferentiated adenocarcinoma, por poorly differentiated adenocarcinoma, sig signet ring cell carcinoma, ESD 
endoscopic submucosal dissection

Japanese cases 
(n = 20)

Western cases 
(n = 15)

All cases  
(n = 35)

Gender (male/female) 14/6 9/6 23/12
Indication for PD DBDCa 6 PDAC 10 PDAC 13

Ampullary Ca 4 Ampullary Ca 2 DBDCa 7
PDAC 3 Duodenal Ca 2 Ampullary ca 6
Pancreatitis 3 DBDCa 1 Pancreatitis 3
IPMN 2 Duodenal Ca 2
MCA 1 IPMN 2
GIST 1 MCA 1

GIST 1
Type of PD (PPPD/PD/SSPPD/TP) 16/3/1/0 2/11/1/1 18/14/2/1
Gastro or duodeno-jejunostomy (B-I/B-II) 10/7 0/15 10/22
Pancreaticoenterostomy (PG/PJ) 17/3 1/13 18/16
Adjuvant therapy after PD Chemotherapy 1 CRT​ 9 CRT​ 9

None 14 Chemotherapy 2 Chemotherapy 3
None 4 None 18

TI (months) (median, range) 61.5 (17–180) 115 (12–228) 115 (12–228)
GC location (L/ML/M/UM/U/UML) 7/3/7/1/2/0 12/0/1/1/0/1 19/3/8/2/2/1
GC differentiation (well/mod/sig or por) 3/5/7 0/0/15 3/5/22
GC progression (early GC/advanced GC) 11/9 4/8 15/17
GC stage (1/2/3/4) 10/4/2/3 4/2/4/1 14/6/6/4
Type of gastrectomy Distal

Total
Partial
Proximal
ESD

9
4
4
2
1

Total
Subtotal
Partial

5
4
2

Total
Distal
Partial
Subtotal
Proximal
ESD

9
9
6
4
2
1

Reanastomosis of pancreas 3 1 4
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Reconstruction at gastrectomy

The reconstruction at gastrectomy is shown in supplemen-
tal figures. Several procedures were applied according to 
GC location, the extent of gastrectomy, and the type of 

pancreaticoenterostomy at pancreaticoduodenectomy. 
Following pancreaticoduodenectomy with PJ, recon-
struction of the pancreas was not necessary, irrespec-
tive of the extent of gastrectomy (Supplemental Fig. 1). 
Following pancreaticoduodenectomy with PG and B-I 

Table 3   Clinicopathological feature of gastric cancer after pancreaticoduodenectomy

Case no. 1–20, patients in Japan; case nos. 1–3, our institutional cases; case nos. 21–35, patients in Germany, France, or USA
GC gastric cancer, ND not described, TI time interval from pancreaticoduodenectomy to gastric cancer detection, Symptom (opportunity) symp-
tom (and opportunity) led to gastric cancer detection, WL weight loss, N/V nausea and vomiting, Yes dysphagia, nausea, vomiting, reflux, or 
early satiety, L lower third of stomach, M middle third of stomach, U upper third of stomach, GJ gastrojejunostomy (or duodenojejunostomy) 
site, Diff differentiation of tumor, well well-differentiated adenocarcinoma, mod moderately differentiated adenocarcinoma, por poorly differenti-
ated adenocarcinoma, por# poorly differentiated adenocarcinoma and malignant lymphoma, por## 4 of 6 cancers were signet ring cell carcino-
mas, Tumor diameter maximum tumor diameter (cm), 2# 2 or 3, LM liver metastases, PALN para-aortic lymph node metastases, P peritoneal 
dissemination
* Manuscript written in Japanese

No Age at GC TI Symptom (opportunity) Tumor location Macroscopic finding Diff Tumor diameter T N Stage

1 68 17 None (gastroscopy) L 0-IIc mod 1.9, 0.8 1a 0 1
2 80 119 Melena L 0-IIa + IIC mod 4 1b 0 1
3 81 78 Fatigue ML 3 por 9 4b 3a 4a
4* 68 49 None (gastroscopy) L ND well 3 1a 0 1
5 ND 21 Epigastralgia L 0-IIc mod ND 1a ND ND
6 70 53 Abdominal pain UM ND por# 10 4a 2# 4B (LM)
7* 55 70 None (stomach X-ray) ML 3 por ND 4b X 4B (PALN)
8* 72 49 None (gastroscopy) L 0-IIa + IIc mod 5 1b 0 1
9 63 48 None (CEA ↑) M 3 mod 7.4 3 0 2B
10* 76 73 None (gastroscopy) L 0-IIc por 2 1a 0 1
11* 73 87 None (gastroscopy) M 0-IIc well 3 1b 0 1
12* 63 ND None (gastroscopy) ML 0-IIc sig 5 1b 0 1
13* 75 180 Epigastralgia U 2 por 6 3 0 2A
14 67 84 None (gastroscopy) M ND por 0.4 1b 0 1
15* 56 ND Heartburn L 0-IIc ND ND 1 0 1
16* 83 ND Dysphagia U 2 ND ND 3 1 3
17* 62 ND None (TM elevation) M 0-IIc ND ND 4a 0 2B
18* 79 ND Hematemesis M IIc like adv ND ND 2 1 2A
19* 72 ND Hematemesis M IIc like adv ND ND 3 2 3
20* ND 24 None (Gastroscopy) M 0-I well 2.5 1b 0 1
21 67 60 Fatigue, WL, vomiting L (GJ) ND sig 10 3 0 2A
22 57 228 Hematemesis L (GJ) ND sig ND 4 0 ND
23 78 120 Vomiting, WL L (GJ) ND sig ND 4 2 4B (P)
24 62 108 Early satiety, dysphagia L (GJ) ND por ND ND ND ND
25 49 115 Dysphagia, N/V M ND por ND 1b 0 1
26 68 175 Abdominal pain L (GJ) ND sig ND 1a 0 1
27 59 23 None (ND) L (GJ) ND sig ND ND ND ND
28 71 191 Distention L (GJ) ND sig ND 1b 0 1
29 71 95 Weakness, WL L (GJ) ND sig ND 1b 0 1
30 ND 204 Yes L (GJ) ND por## 5 ND ND ND
31 ND 48 Yes UML ND por## 8 3 3 3
32 ND 132 Yes L (GJ) ND por## ND 3 2 3
33 ND 132 Yes L (GJ) ND por##  > 5 4a 3a 3
34 ND 60 None (ND) L (GJ) ND por## 6 3 2* 3
35 ND 12 None (ND) UM ND por## 2.7 3 0 2B

2264 Langenbeck's Archives of Surgery (2022) 407:2259–2271
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gastrojejunostomy (or duodenojejunostomy), three types 
of gastrointestinal reconstructions without reanastomosis 
of the pancreas were performed (Supplemental Fig. 2). 
Following pancreaticoduodenectomy with PG and B-I gas-
trojejunostomy, two types of gastrointestinal reconstruc-
tions with reanastomosis of the pancreas were performed 
(Supplemental Fig. 3). Following pancreaticoduodenec-
tomy with PG and B-II gastrojejunostomy, two types of 
gastrointestinal reconstructions without reanastomosis of 
the pancreas were performed (Supplemental Fig. 4). Fol-
lowing pancreaticoduodenectomy with PG and B-II gastro-
jejunostomy, two types of gastrointestinal reconstructions 
with reanastomosis of the pancreas were performed (Sup-
plemental Fig. 5). All four patients with partial pancrea-
tectomy received reanastomosis of the remnant pancreas 
using PJ, and none received reanastomosis using PG (Sup-
plemental Fig. 3, 5). Furthermore, the remnant pancreas 
was always anastomosed to the jejunum apart from the 
main pathway of food.

Postoperative course and prognosis

Postoperative morbidity was noted in 26 patients, and gas-
trojejunostomy leakage, gastric outlet obstruction, and 
pyothorax were found in one patient (Table 5). One patient 
with gastrojejunostomy leakage died 9 days after gastrec-
tomy due to peritonitis. The length of hospitalization after 
surgery was noted in 17 of the 30 patients, and the median 
length was 16 days ranging from 7 to 76 days. Postoperative 

chemotherapy was performed in five patients, and four of 
them were in the adjuvant setting. Five of the 27 patients 
showed the recurrence of GC. Fifteen (42.9%) patients with 
GC died during follow-up, and the cause of death was noted 
in seven patients, including GC in five patients.

Three cases from our institution

Case no. 1

A 66-year-old woman with no abdominal symptoms under-
went gastroscopy as part of medical checkup, and the amp-
ullary cancer was detected. She underwent pancreaticoduo-
denectomy with pancreaticogastrostomy. According to the 
UICC-TNM classification system, the ampullary cancer was 
classified as stage 0 (TisN0M0), and she did not undergo 
postoperative adjuvant chemotherapy. Seventeen months 
later, she underwent gastroscopy as part of medical checkup 
again, and 20-mm-sized early GC was detected in the lower 
third of the stomach. She underwent endoscopic submucosal 
dissection (ESD). The pathological examination revealed 
that the GC was moderately differentiated tubular adenocar-
cinoma, and it was confined within the mucosa (T1aN0M0). 
She was discharged 3 days after the ESD. She showed no 
sign of recurrence 54 months after the ESD.

Case no. 2

A 70-year-old woman with no abdominal symptom under-
went follow-up computed tomography (CT) after cervical 
cancer treatment, and the pancreas head cancer was detected. 
She underwent pancreaticoduodenectomy with pancreati-
cogastrostomy. According to the UICC-TNM classification 
system, the PDAC was classified as stage 1A (T1N0M0). 
She underwent 20 cycles of adjuvant chemotherapy with 
gemcitabine and S1. About 10  years later, she showed 
melena, and the gastroscopy detected the GC in the lower 
third of the stomach. The GC was confined to the lower 
part of the stomach, and she underwent distal gastrectomy 
without reanastomosis of remnant pancreas. The pathologi-
cal examination revealed that the GC was moderately dif-
ferentiated tubular adenocarcinoma and it was classified as 
stage 1 (T1bN0M0). Her postoperative course was unevent-
ful, and she was discharged 26 days after the gastrectomy. 
She showed no sign of recurrence 11  months after the 
gastrectomy.

Case no. 3

A 74-year-old man with a medical history of diabetes melli-
tus suffered from acute cellulitis, and contrast-enhanced CT 
accidentally detected the pancreas head tumor. His serum 
IgG4 level was within the normal range, and FDG-PET 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Stage 1
(100%)

Stage 1
(27.3%)

Stage 2
(27.3%)

Stage 3
(27.3%)

Stage 4
(18.2%)

Gastroscopy Non-gastroscopy

Fig. 2   Cancer staging in 30 patients with gastric cancer. No infor-
mation about staging was available for the remaining 5 cases. In 
all 8 patients who had received routine gastroscopy after pancreati-
codudenectomy (gastroscopy group), cancer stage was T1N0M0 
stage 1. In the remaining 22 patients who had not received routine 
gastroscopy (non-gastroscopy group), cancer staging was stage 1 in 6 
patients (27.3%), stage 2 in 6 (27.3%), stage 3 in 6 (27.3%), and stage 
4 in 4 (18.2%), respectively
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showed increased uptake of FDG in the pancreas head 
tumor. He was suspected to have PDAC, and he underwent 
pancreaticoduodenectomy with pancreaticogastrostomy. 
Pathological examination revealed that the pancreas head 
tumor was not PDAC but autoimmune pancreatitis. Six and 
a half years later, he showed severe fatigue and his serum 
hemoglobin was 3.6 g/dL. Gastroscopy revealed the bulky 
advanced cancer occupying the lower and middle parts of 

the stomach. The contrast-enhanced CT revealed that the 
GC invaded around the stomach, and the pancreaticogas-
trostomy site was also involved (Fig. 3a). He underwent 
subtotal gastrectomy concomitant with partial resection of 
the small intestine and transverse colon, and partial pancrea-
tectomy (Fig. 3b). We added ρ anastomosis in Roux-en-Y 
reconstruction, and the remnant pancreas was anastomosed 
to a ρ loop. The pathological examination revealed that the 

Table 4   Patient characteristics at gastric cancer treatment

Case nos. 1–20, patients in Japan; case nos. 1–3, our institutional cases; case nos. 21–35, patients in Germany, France, or USA
ND not described, DBDCa distal bile duct cancer, Ca cancer, PDAC pancreatic ductal adenocarcinoma, IPMC intraductal papillary mucinous 
carcinoma, GIST gastrointestinal stromal tumor, Du duodenal, EC esophageal cancer, Lymphoma* lung MALT lymphoma, GC gastric cancer, H. 
pylori helicobacter pylori, BMI body mass index, CEA carcinoembryonic antigen (ng/mL), CA19-9 carbohydrate antigen 19–9 (U/ml)
* Manuscript written in Japanese

No Genetic disease History of malignant tumor Cancer family history H. pylori BMI CEA CA19-9 Preoperative treatment

1 ND Lymphoma*, ampullary Ca None Negative 19.8 1.1 5 None
2 ND Cervical Ca, PDAC ND ND 20.2 9.1 21 None
3 ND None GC Negative 17.9 3.8 16 None
4* ND None GC, Breast Ca ND 19.8 4.9 WNL None
5 ND ND ND ND ND ND ND None
6 ND DBDCa ND Negative ND 1.5 306.9 None
7* ND Ampullary Ca None ND ND ND 55 None
8* ND Laryngeal Ca, PDAC None ND 21.1 2.4 8 None
9 ND Uterine corpus Ca, DBDCa ND ND ND 24.7 ND None
10* ND DBDCa None ND 22.1 0.6 5 None
11* ND DBDCa None ND 25.8 ND ND None
12* ND DBDCa None ND 25.6 2.8 9.5 None
13* ND PDAC ND ND 19.3 1.9 7.7 None
14 ND IPMC ND ND ND ND ND None
15* ND GIST ND ND ND ND ND ND
16* ND Ampullary Ca ND ND ND ND ND ND
17* ND Ampullary Ca ND ND ND ND ND ND
18* ND DBDCa ND ND ND ND ND ND
19* ND ND ND ND ND ND ND ND
20* ND Prostate Ca ND ND ND ND ND None
21 ND PDAC ND ND ND ND ND None
22 ND Ampullary Ca ND Positive ND ND ND None
23 ND PDAC ND Negative ND ND ND None
24 BRACA2 PDAC ND ND ND ND ND None
25 Lynch PDAC ND ND ND ND ND None
26 None PDAC ND ND ND ND ND None
27 None PDAC ND ND ND ND ND None
28 None PDAC ND ND ND ND ND Chemotherapy
29 None PDAC ND ND ND ND ND None
30 None Oral Ca, ampullary Ca None ND 14.6 ND ND ND
31 None Breast ca, DBDCa ND ND ND ND ND ND
32 None PDAC PDAC ND 15.2 ND ND ND
33 None PDAC None ND 15.7 ND ND ND
34 None Du Ca None ND 20.4 ND ND ND
35 Lynch Colon Ca, EC, Du Ca None ND 15.7 ND ND ND

2266 Langenbeck's Archives of Surgery (2022) 407:2259–2271
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GC was poorly differentiated tubular adenocarcinoma and 
it was classified as stage 4a (T4bN3aM0). His postoperative 
course was uneventful, and he was discharged 23 days after 
the gastrectomy. He showed no sign of recurrence 2 months 
after the gastrectomy.

Discussion

GC after pancreaticoduodenectomy is a fairly rare disease. 
However, it is estimated to increase in the near future due 
to several reasons such as decreased post-pancreatectomy 
mortality, better neo- and adjuvant treatments, increasing 
prevalence of PDAC, and expanding surgical indications 
to perform pancreaticoduodenectomy [1–8]. Following the 
first case reports three decades ago that predominantly origi-
nated from Japan, an increasing number of cases has been 
published in the meantime. Recently, the first institutional 
analyses from two large US institutions have provided more 
structured analyses of this phenomenon and enabled initial 
assessments of its frequency [8, 9]. Pflüger et al. included 
articles published in German and Japanese language in the 
review section of their manuscript. However, they did miss 
relevant articles of the Japanese literature. Therefore, we 
included a search in the Igakuchuozasshi database, a data-
base of Japanese articles, that allowed us to identify twelve 
additional articles not previously reported (Table 1). By 
abstracting their clinicopathological features in this review 
article, we make them accessible for a broader scientific 
audience and to readers without Japanese language skills.

The differences between the Japanese and Western cases 
were also investigated, and several underlying factors were 
different between the two groups. GC following pancreati-
coduodenectomy was reported from fourteen institutions in 
Japan and on the other hand, it was reported from only four 
institutions in the Western countries. This might be attrib-
uted to the difference whether single cases were regarded 
as scientific reporting or not. The most dominant indica-
tion for pancreaticoduodenectomy was biliary tract cancer 

in the Japanese cases, and seven cases of non-cancer were 
also included. In the western cases, PDAC was most domi-
nant, and therefore, Japanese cases had undergone adjuvant 
therapy less frequently. The median length of time interval 
from pancreaticoduodenectomy to GC detection tended to 
be shorter in the Japanese cases, and it might be attributed 
to the routine gastroscopy. Eight patients who had received 
routine gastroscopy were all Japanese cases, and the rate of 
early GC was higher in those. The most frequently applied 
procedure of pancreaticoduodenectomy was also different, 
and it was PPPD with PG in the Japanese cases and pancrea-
ticoduodenectomy with PJ in the Western cases. Further, 
Billroth I reconstruction was applied only in Japanese cases. 
These many factors were different in the two groups, and it 
was unclear whether the racial difference itself had influ-
ence on the carcinogenesis after pancreaticoduodenectomy. 
However, 40% of cases had been reported from the Western 
countries, and GC after pancreaticoduodenectomy may be 
the common problem for Western and Eastern countries.

Overall, the indication for pancreaticoduodenectomy 
included five (14.3%) patients with benign or low malig-
nant disease, and most of the cancers were stage 0 to 2. 
Special attention to GC may be necessary for patients 
whose long survival time would be expected following 
pancreaticoduodenectomy. As risk factors of GC follow-
ing pancreatectoduodenectomy, biliopancreatic reflux, 
genetic predisposition, adjuvant therapy, and helicobacter 
pylori infection have been reported [13, 15, 17, 18, 22–24]. 
Among them, biliopancreatic reflux was suspected to be 
the most important [13, 15, 18, 22–24]. Nineteen (54.3%) 
of the 35 patients had GC at the L portion, and 12 patients 
had involvement of the gastrojejunostomy (or duodeno-
jejunostomy) site. It is noteworthy that 18 patients had 
previously received PPPD, and among them, 15 (83.3%) 
patients received PG. Meanwhile, 16 patients had previ-
ously received pylorus-resected pancreaticoduodenectomy, 
and among them, 13 (81.3%) patients received PJ. Pylorus 
preservation could theoretically limit biliary reflux into 
the gastric lumen; however, pancreatic juice from the PG 

Fig. 3   Case 3. a Contrast-
enhanced CT revealed that the 
gastric cancer invaded around 
the stomach (arrowheads) and 
the pancreaticogastrostomy site 
was also involved (arrow). b 
Macroscopically, 9-cm-sized 
bulky cancer occupied the 
lesser curvature side of resected 
stomach

(a) (b)
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site can cause mucosal damage. The technical variants 
of PG and PJ, pylorus-preserving, and resected pancrea-
ticoduodenectomy may induce different mechanisms of 
carcinogenesis.

Genetic predisposition may also contribute to the devel-
opment of remnant gastric cancer [23, 24]. Three (8.6%) 
patients had genetic diseases, and another three (8.6%) had 
a cancer history in first-degree relatives. Another possible 
contributing factor is adjuvant therapy for primary can-
cer [25–29]. In this study, no adjuvant therapy had been 
reported before 2017, and it had been reported in 12 of 
19 patients since 2017. It remains unclear whether adju-
vant therapy can cause GC following pancreaticoduo-
denectomy, because it is not used for patients with benign 
disease. However, neoadjuvant treatment prior to surgical 
resection of PDAC is a topic of debate and could be seen 
as recently increasing. As a novel risk factor of GC, some 
recent reports described the relationship between long-term 
PPI use and GC development [30–33]. Marginal ulcer is 
a relatively common complication after pancreaticoduo-
denectomy, and it can cause anemia, melena, or peritonitis 
[34]. To prevent marginal ulcer, antiulcer drugs are usually 
administered, and PPIs have been routinely administered 
after pancreaticoduodenectomy in our institution. However, 
it remains unclear whether PPI contributes to the carcino-
genesis of GC after pancreaticoduodenectomy, because 
no previous report has described this problem. Molecular 
studies including Helicobacter pylori infection might be 
likely best suited to elucidate the most important carcino-
gens among the various potential local and systemic factors 
[35]. To the best of our knowledge, no dedicated molecular 
studies have been performed yet to investigate specifically 
GC after pancreaticoduodenectomy and we think that these 
are needed to gain better insights into the exact mechanisms 
of carcinogenesis.

The pathological features of GC following pancrea-
ticoduodenectomy were investigated. Over 70% of GCs 
were highly malignant undifferentiated carcinomas, and 
therefore, early detection of GC might be especially 
important after pancreaticoduodenectomy. Fourteen (40%) 
patients had no abdominal symptoms, and among them, 
eight patients who had received regular gastroscopy had 
early GC with stage 1. However, stomach X-ray at medi-
cal checkup and tumor marker elevation could not detect 
GCs in the early stage among patients without abdominal 
symptoms. Long-term follow-up and regular gastrosco-
pies might be important for long-term survivors following 
pancreaticoduodenectomy.

The surgical reconstruction methods after resection have 
not been reported in a systematic fashion yet, and there-
fore, we summarized surgical procedures in this review. In 
patients who had received PG at initial PD, reanastomo-
ses of the remnant pancreas were occasionally necessary, 

depending on the gastric tumor size and location (Supple-
mental Figs. 3, 5). The reanastomosis can cause postopera-
tive pancreatic fistula and subsequent serious intraabdominal 
hemorrhage. Therefore, GC screening may be more impor-
tant for patients who received PG at pancreaticoduodenec-
tomy, although the influence of reanastomosis on survival 
remains unclear. In all cases with reanastomosis, the site was 
jejunum, and it differed depending on the length of blind end 
jejunum. If the jejunum on the left side of choledochojeju-
nostomy is long enough, the remnant pancreas can be anas-
tomosed to there (Supplemental Fig. 3ab, 5ab). If the length 
is short, the ρ loop can be a candidate for the reanastomosis 
site (Supplemental Fig. 5 cd). In our case (case no. 3), the 
jejunum strictures and stasis at the anastomosis site were of 
concern. Therefore, we added ρ anastomosis in Roux-en-Y 
reconstruction, and the remnant pancreas was anastomosed 
to the ρ loop. It is noteworthy that the remnant pancreas 
was anastomosed to the jejunum other than the main food 
passage in all cases.

The present review had several limitations. First, the 
number of cases included is small, and the molecular and 
epidemiological investigations including ethnicities are nec-
essary to stimulate further research. However, this review 
has included the largest number of patients thus far. Sec-
ondly, previous reports written in languages other than Eng-
lish or Japanese were not included in this study. We found 
one report written in German, and it was not cited due to the 
insufficient understanding of document content. However, 
this review includes information of Japanese reports, which 
have previously not been accessible for a broader scientific 
audience. Thirdly, it cannot be fully excluded that the cases 
are just coincidental findings of metachronous cancer and 
that there may not be a causal relationship between the two 
malignancies. However, there is emerging evidence indicat-
ing that GC is a sequel of pancreaticoduodenectomy in cer-
tain patients and needs to be appreciated as potential long-
term complication of the procedure.
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