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Male, 59-year-old

Intraluminal implantation of duodenal adenocarcinoma at the choledochojejunostomy site

Fever
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Gastroenterology and Hepatology

Unusual clinical course

Intraluminal implantation of adenocarcinoma is well recognized, traditionally explained by the presence of ex-
foliated carcinoma cells (ECCs) and surgically created raw mucosal surfaces. However, whether phenotypic al-
terations of ECCs contribute to intraluminal implantation has not been systematically investigated.

A 59-year-old man with duodenal adenocarcinoma developed recurrence at the choledochojejunostomy site 27
months after pancreaticoduodenectomy, despite the presence of 5 surgically created raw surfaces. Tumor cells
in the recurrent lesion showed an intestinal immunophenotype (CK7-/CK20+) identical to that of the primary
tumor, but a distinct phenotypic shift was observed. The recurrent tumor showed MUC5AC and MUC2, which
were absent in the primary tumor. In contrast, MUC6 and CA19-9, both present in the primary lesion, were not
detected in the recurrent lesion. Experimental studies in several epithelial malignancies suggest bile acids may
modulate mucin expression, including MUC5AC, and activate tumor-associated signaling pathways. The find-
ings in this case are compatible with intraluminal implantation and raise the possibility that bile acid-associ-
ated phenotypic modulation of ECCs, most notably reflected by the difference in MUC5AC expression between
the primary and recurrent lesions, may have contributed to this unusual recurrence pattern. Radiotherapy re-
sulted in temporary local control; however, the patient subsequently developed peritoneal carcinomatosis and
died 54 months after pancreaticoduodenectomy.

Intraluminal implantation may proceed through sequential steps including attachment, engraftment, niche for-
mation, and outgrowth. Although the extent of raw surfaces and the burden of ECCs are central to the attach-
ment phase, we propose a novel hypothesis that phenotypic modulation of ECCs may also be an important de-
terminant of engraftment and the later stages of intraluminal implantation.

Anastomosis, Surgical ¢ Bile Acids and Salts ¢ Duodenal Neoplasms ¢ Neoplasm Seeding ¢
Pancreaticoduodenectomy
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Introduction

In 1951, Morgan described implantation of rectal carcino-
ma into a suture line or fistulous mucosal defect as one form
of local tumor spread [1]. A few years later, Beahrs and col-
leagues, based on 4 cases of colorectal carcinoma, proposed
a model in which exfoliated carcinoma cells (ECCs) adhere to
a raw mucosal surface and subsequently persist as recurrent
tumors [2]. Subsequent cytological investigations confirmed
that viable ECCs are frequently present in the bowel lumen
during rectal or sigmoid cancer surgery, and that intraluminal
washout can effectively reduce their burden [3,4]. In addition
to ECC load and raw surface availability, it has been proposed
that stapling-related mechanical factors contribute to implan-
tation and anastomotic recurrence [5-7]. More recently, the po-
tential role of the local microbiome in anastomotic recurrence
has been discussed [8]. Although implantation has traditional-
ly been explained primarily by mechanical and anatomical fac-
tors, little is currently known regarding whether dynamic phe-
notypic alterations of ECCs influence their capacity to survive
and engraft at surgically injured sites. Bresalier and colleagues
reported that mucin phenotypes can differ between primary
colorectal carcinomas and their metastatic or recurrent lesions
based on lectin histochemistry, an approach used at the time
to characterize tumor-associated mucins [9]. Notably, among
the cases examined, only a single anastomotic recurrence was
included, in which the recurrent tumor exhibited a mucin phe-
notype distinct from that of the primary lesion. More recent-
ly, genetic analyses have provided evidence supporting clonal
relatedness between primary tumors and anastomotic recur-
rences, indicating a shared origin, but the mechanisms of im-
plantation remain unresolved [10,11].

This report describes a patient with duodenal adenocarcino-
ma who developed recurrence limited to the choledochojeju-
nostomy after pancreaticoduodenectomy, despite the pres-
ence of 5 surgically created raw surfaces. The recurrent tumor
exhibited an intestinal immunophenotype (CK7-/CK20+) con-
sistent with that of the primary tumor but showed distinct
mucin-related phenotypic differences. Given experimental ev-
idence that bile acids can modulate epithelial phenotypes of
carcinoma cells, including mucin expression [12], this unusu-
al recurrence pattern raises the hypothesis that, in addition
to raw surface availability and ECC burden, bile exposure and
associated phenotypic modulation of ECCs may influence in-
traluminal implantation.

Case Report

An overview of the patient’s clinical course is provided in
Table 1. A 59-year-old man had been followed intermittently at
another hospital for a duodenal ulcer. Repeat biopsy had been
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recommended because of persistent endoscopic abnormalities,
but follow-up was interrupted and subsequent biopsy was de-
clined until he returned with progressive symptoms. An esoph-
agogastroduodenoscopy performed approximately 2 months
before surgery showed an ulcerative lesion in the bulb of the
duodenum (Figure 1A), and biopsy confirmed adenocarcinoma.

Serological studies showed a normal carcinoembryonic antigen
(CEA; 1.6 ng/mL, range < 5.0 ng/mL), and normal carbohydrate
antigen 19-9 (CA19-9; 9.7 U/mL, range < 37 U/mL). Contrast-
enhanced, cross-sectional computed tomography (CT) demon-
strated wall thickening of the duodenal bulb (Figure 1B), but it
showed no findings suggestive of metastatic disease. He sub-
sequently underwent pancreaticoduodenectomy with modified
Child reconstruction. An additional side-to-side Braun anasto-
mosis was also performed (Figure 1C). The resected specimen
showed a type 2 circumferential tumor measuring 40 x 35 mm,
histologically classified as moderately differentiated adeno-
carcinoma (tub2 > muc > tub1), invading the pancreas (pT4 ac-
cording to the UICC TNM Classification, 8th edition), with no
lymphatic invasion (ly0), minimal venous invasion (v1), no peri-
neural invasion (pn0), and no nodal involvement (pNO, 0/18).
The proximal, distal, and radial resection margins were nega-
tive (Figure 1D-1G). The patient did not receive postoperative
adjuvant systemic therapy.

The patient’s postoperative course remained uneventful for al-
most 2 years. Approximately 27 months after surgery, the pa-
tient developed the first episode of cholangitis, prompting re-
peated endoscopic retrograde cholangiography (ERC)-related
interventions thereafter. At the time of the first cholangitis ep-
isode, magnetic resonance cholangiopancreatography (MRCP)
demonstrated intrahepatic bile duct dilatation consistent with
a choledochojejunal anastomotic stricture, along with findings
compatible with choledocholithiasis (Figure 2A, 2B). Laboratory
test results showed a total bilirubin level of 1.37 mg/dL, aspar-
tate aminotransferase of 133 U/L, alanine aminotransferase
of 123 U/L, alkaline phosphatase of 1785 U/L (JSCC method;
reference range, 115-359 U/L), and gamma-glutamyl transfer-
ase of 880 U/L, while CEA (0.6 ng/mL) and CA19-9 (12.1 U/mL)
were within the normal ranges. ERC was therefore performed
for therapeutic decompression and stone extraction. During
this procedure, a subtle papillary mucosal irregularity was ob-
served at the anastomosis (Figure 2C, 2D). The same site was
subsequently histologically confirmed to harbor adenocarcino-
ma 10 months later, as described below, and the mucosal ir-
regularity observed at the initial ERC was retrospectively con-
sidered an early manifestation of recurrence. However, at that
time, this finding was interpreted as a reactive change asso-
ciated with anastomotic stenosis, cholangitis, and obstructive
cholestasis, and endoscopic treatment was therefore selected
without biopsy. Interventions during this period consisted of
balloon dilation, lithotripsy, stone extraction, and placement/
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Table 1. Clinical timeline and corresponding figures.

Time .. o .
after PD Clinical event Key findings Intervention / outcome
0 Pancreaticoduo- Duodenal adenocarcinoma with pancreatic Pancreaticoduodenectomy Figure 1
months denectomy invasion; RO resection; pNO (0/18) with modified Child
reconstruction with Braun
anastomosis
27 First episode of Choledochojejunostomy stricture Balloon dilation, lithotripsy, Figure 2A-2K
months cholangitis; first with choledocholithiasis; edematous stone extraction, and ENBD

ERC mucosa and irregular vascular patterns
retrospectively suggestive of early tumor
involvement; CEA and CA19-9 within
normal ranges

27 Second ERC Ulceration at the choledochojejunostomy Plastic stent placement Figure 2L-20
months after ENBD removal because of persistent severe
+ 6 days anastomotic stenosis
30 Third ERC Persistent anastomotic stenosis and Repeat balloon dilation, Figure 3
months residual choledocholithiasis stone extraction, and
FCSEMS placement

35 Fourth ERC Irregular, granulation-like mucosal FCSEMS removal and stone Figure 4
months elevations at the choledochojejunostomy; extraction

stones within and proximal to the FCSEMS
37 Radiological Soft-tissue-density mass in the hepatic Recurrence suspected Figure 5
months evaluation hilum with FDG uptake in both the hilar radiologically

lesion and the choledochojejunostomy
37 Fifth ERC with Papillary protruding lesion at the FCSEMS placement followed Figure 6A, 6B
months biopsy choledochojejunostomy; biopsy confirmed by radiotherapy (50 Gy/25

adenocarcinoma fractions)
44 Sixth ERC for Marked reduction in tumor size after FCSEMS replacement after Figure 6C, 6D
months cholangitis after radiotherapy; extensive biliary stones biliary lavage and stone

radiotherapy extraction

Peritoneal carcinomatosis after temporary Best supportive care; patient
local control died

54 Disease
months progression

Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CT, computed tomography; ENBD, endoscopic
nasobiliary drainage; ERC, endoscopic retrograde cholangiography; FCSEMS, fully covered self-expandable metallic stent;
FDG, fluorodeoxyglucose; MRI, magnetic resonance imaging; PD, pancreaticoduodenectomy.

removal of plastic and self-expandable metallic stents, which
temporarily improved biliary obstruction (Figures 2-4). In total,
6 ERC-related sessions were performed during the postopera-
tive course; histological confirmation of adenocarcinoma was
obtained for the first time at the fifth session.

At 37 months after the surgery, CT and MRCP showed a soft tis-
sue density around the common hepatic artery (Figure 5A-5E).
A subsequent ERC showed progression of the papillary lesion
(Figure 6A, 6B), and targeted biopsy finally confirmed adeno-
carcinoma (Figure 7E, 71, 7K). Positron emission tomography/
computed tomography demonstrated fluorodeoxyglucose up-
take at the choledochojejunostomy and in the soft tissue mass
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around the hepatic artery (Figure 5F, 5G). Radiotherapy (50 Gy
in 25 fractions) provided temporary disease stabilization, and
the tumor decreased in size (Figure 6D); however, peritoneal
carcinomatosis became evident several months later. The pa-
tient ultimately transitioned to best supportive care and died
54 months after his initial pancreaticoduodenectomy.

At the time of diagnosis of the recurrent lesion, a metachronous
second primary tumor was also considered in the pathological
differential diagnosis. The primary and recurrent lesions showed
overlapping histological features. Immunohistochemical anal-
yses performed at that time showed that the recurrent tumor
exhibited the same intestinal immunophenotype (CK7-/CK20+)
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Figure 1. Diagnostic imaging, surgical findings, reconstruction schema, and histopathological features of the primary duodenal
adenocarcinoma. (A) Endoscopic image of the duodenal bulb at diagnosis showing irregular mucosa with ulceration
and slight bleeding, consistent with mucosal friability. (B) Contrast-enhanced computed tomography (arterial phase)
demonstrating focal wall thickening of the duodenal bulb corresponding to the tumor (yellow circle). (C) Schematic
illustration of modified Child reconstruction with an additional Braun anastomosis following pancreaticoduodenectomy.
Five raw surfaces are indicated by red dotted lines: the jejunal stump, end-to-side pancreaticojejunostomy, end-to-side
choledochojejunostomy, side-to-side Braun anastomosis, and end-to-side gastrojejunostomy. (D) Gross photograph of
the surgical specimen obtained at pancreaticoduodenectomy. The primary duodenal adenocarcinoma is indicated by the
yellow circle. The yellow arrow denotes the distal gastric transection margin, and the pink arrow indicates the distal jejunal
transection margin. The opposite ends of these transected segments were subsequently used for reconstruction, forming
the gastrojejunostomy and the blind end of the jejunal limb in Child reconstruction. The yellow arrowhead marks the major
duodenal papilla. (E-G) Histopathological findings of the resected specimen. Low-power view showing invasive tumor growth
(E), intermediate magnification demonstrating architectural atypia of glandular structures (F), and high-power view showing
marked cellular atypia with mucin production (G). The tumor was diagnosed as predominantly moderately differentiated
tubular adenocarcinoma with mucinous and well-differentiated components (tub2 > muc > tub1). White scale bars are shown
in the lower right corner of panels E-G: 200 pm in E, 100 pm in F, and 50 pm in G.
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Figure 2. Imaging findings at the onset and management of the first episode of cholangitis 27 months after surgery. (A) Three-
dimensional magnetic resonance cholangiography (MRC) demonstrating upstream bile duct dilatation consistent with
stenosis at the choledochojejunal anastomotic site (yellow arrow). (B) Cross-sectional MRC image showing extensive filling
of calculi from the hepatic duct immediately proximal to the anastomosis extending into the bilateral intrahepatic bile ducts
(pink arrows). (C, D) Endoscopic images obtained at the first identification of the choledochojejunal anastomotic site. Panel
C shows a distant view and panel D a close-up view. Although a distal attachment cap was used, frontal visualization of the
entire anastomosis is difficult because of the reconstructed intestinal anatomy. The anastomotic margin is slightly elevated
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(yellow circle in €) and appears smooth on distant view. On close inspection, edematous mucosa with irregular vascular
patterns is observed (yellow circle in D). (E) Endoscopic retrograde cholangiography (ERC) demonstrating radiolucent filling
defects within the dilated bilateral hepatic ducts (pink arrows). (F-K) ERC-related therapeutic procedures. Balloon dilatation
of the choledochojejunal anastomotic site is shown in panel F (yellow arrow). Initial dilatation is attempted using a 13-15-
mm balloon (KANEKA Biliary Balloon Dilatation Catheter) up to 4 atm (14 mm); however, expansion of the anastomotic
stenosis is insufficient, while marked dilatation of the bile duct occurs. This raises concern about bile duct injury due to
stone entrapment between the balloon and the bile duct wall. Therefore, stepwise and gradual dilatation is performed
using a 10-12-mm balloon, with 3 dilatations up to a maximum pressure of 7 atm (12 mm). A residual notch remains, with
a diameter of approximately 6 mm (yellow arrow). Subsequent stone extraction procedures include mechanical lithotripsy
using a basket catheter in the right hepatic duct (G) and left hepatic duct (H), followed by balloon extraction from the right
(1) and left (J) hepatic ducts (yellow circles). An endoscopic nasobiliary drainage (ENBD) tube is then placed (K), and daily
biliary lavage performed to facilitate elimination of biliary sludge. (L-O) Findings at the second ERC session performed 6 days
later for placement of a plastic stent (PS), since severe anastomotic stenosis without bile leakage on ENBD cholangiography
suggests a high risk of recurrent cholangitis after simple ENBD removal. Panel L shows the endoscopic appearance after
ENBD removal, with ulceration at the anastomotic site (yellow circle). Panel M shows the endoscopic view during PS
placement. Panels N and O show fluoroscopic images during PS deployment and after endoscope withdrawal, respectively.

Figure 3. Imaging findings of planned endoscopic management with repeat balloon dilatation and covered self-expandable metallic

stent placement for anastomotic stenosis. (A) Three-dimensional magnetic resonance cholangiography (MRC) performed
immediately before the planned endoscopic retrograde cholangiography (ERC) at 30 months after surgery, demonstrating
persistent dilatation of the bile ducts. (B-D) Cross-sectional MRC images showing shadow defects compatible with calculi

in the right hepatic duct (B) and in the hepatic duct immediately proximal to the anastomosis extending into the right
hepatic duct (C) (pink arrows). In the left hepatic duct (D), pink arrows indicate calculi, whereas a yellow arrow indicates the
shadow of the indwelling plastic stent (PS). (E-H) Endoscopic images obtained during ERC-related procedures. The indwelling
PS is identified (E, yellow arrow) and subsequently removed. After stent removal, ulcer formation is observed at the
choledochojejunal anastomotic site (F, yellow circle). Balloon dilatation of the anastomotic stenosis is then performed using a
REN EPBD balloon catheter (8 mm, up to 7 atm) with gradual pressure escalation, maintaining dilatation at 8 mm and 7 atm
for 2 minutes (G). A fully-covered, self-expandable, metallic stent (FCSEMS) is subsequently placed across the anastomotic
site to achieve sustained dilatation (H, yellow arrow). (I-M) Fluoroscopic images during ERC-related procedures. Panel |
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shows the PS being grasped with a snare for removal (yellow arrow). After complete removal of the PS, cholangiography

is performed (J), showing radiolucent filling defects consistent with residual calculi (pink arrow). Following repeat balloon
dilatation (K), a slight residual notch remains at the anastomotic stenosis (yellow arrow). On repeat cholangiography (L), a
yellow arrow indicates persistent narrowing at the anastomotic site, whereas pink arrows indicate residual calculi. A FCSEMS
is then deployed across the stenotic segment (M), where the yellow arrow indicates the deployed stent, and pink arrows

show residual calculi.

Figure 4. Endoscopic and fluoroscopic findings during the fourth endoscopic retrograde cholangiography (ERC) performed for
planned removal of a fully-covered, self-expandable, metallic stent (FCSEMS). Considering the potential risks associated

with long-term indwelling of a FCSEMS, a planned fourth ERC was performed 5 months after FCSEMS placement (35 months
after surgery) with the intention of stent removal. (A-D) Endoscopic images. The previously placed FCSEMS is identified
visually (A, yellow arrow) and subsequently removed. After FCSEMS removal, the choledochojejunal anastomotic site shows
irregular, granulation-like mucosal elevations (B, yellow circle). These findings were not interpreted as local tumor recurrence
at the time of examination. A contrast cannula inserted into the anastomosis is indicated by a yellow arrow. During balloon
stone extraction, calculi of approximately a few millimeters in size, as estimated visually, are observed to be expelled from
the anastomosis (C, yellow arrows). The retrieved FCSEMS is found to be filled with biliary calculi, indicating near-occlusion
of the stent lumen (D, yellow arrows). (E-H) Fluoroscopic images. The FCSEMS is visualized fluoroscopically (E, yellow arrow),
and contrast injection through a cannula positioned within the stent demonstrates radiolucent filling defects consistent with
calculi in the bilateral hepatic ducts (F, pink arrows). During balloon stone extraction, small radiolucent filling defects are
noted in the left hepatic duct (G, pink arrow). Follow-up cholangiography after completion of balloon extraction confirms the

absence of residual calculi (H).

as the primary lesion (Figure 7B, 7C, 7F, 7G). Both lesions also
showed absence of TP53 overexpression, increased CEA expres-
sion with focal loss of polarity, and comparable diffuse Ki-67
labeling. Based on these overlapping histological and immu-
nohistochemical findings, the recurrent lesion was interpreted
as recurrence of the primary duodenal adenocarcinoma rather
than as a metachronous second primary tumor.

Subsequent immunohistochemical comparison of mucin-re-
lated protein expression showed a distinct phenotypic shift
between the primary and recurrent lesions: MUC5AC expres-
sion, which was absent in the primary tumor, was detect-
ed in the recurrent carcinoma cells (Figure 7D, 7H-7L), and
MUC2 expression was detected only in the recurrent tumor

This work is licensed under Creative Commons Attribution-
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(Figure 7M, 7S), whereas MUC6 and CA19-9, which had been
present in the primary tumor, were not detected in the recur-
rent lesion (Figure 7N-7P, 7T, 7U). In contrast, MUC4 and MUC1
were consistently negative in both the primary and recurrent
tumors (Figure 7Q, 7R, 7V, 7W). Immunohistochemical analyses
were performed on 4-pm formalin-fixed, paraffin-embedded
tissue sections using antibodies against CK7 (clone OV-TL, 1:
400; Dako), CK20 (clone Ks20.8, 1: 200; Dako), p53 (clone DO-7,
prediluted; Roche), CEA (clone COL-1, 1: 2; Nichirei Biosciences),
Ki-67 (clone MIB-1, 1: 50; Dako), MUC5AC (clone CLH2, predilut-
ed; Leica), MUC2 (clone CCP58, prediluted; Leica), MUC6 (clone
CLHS5, prediluted; Leica), CA19-9 (clone C241:5:1:4, 1: 200;
Leica), MUC4 (clone 8G7, 1: 200; Santa Cruz Biotechnology),
and MUC1 (clone Ma695, 1: 200; Novocastra). Antigen retrieval
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Figure 5. Imaging findings at the time a periarterial mass was identified 10 months after the diagnosis of anastomotic stenosis
(37 months after surgery). (A, B) Non-contrast-enhanced computed tomography images in the axial (A) and coronal (B)
planes demonstrating a soft-tissue-density mass in the hepatic hilum, adjacent to the celiac artery (CA), splenic artery (SA),
and inferior vena cava (IVC). The lesion is indicated by a yellow circle. (C, D) Magnetic resonance imaging findings on T2-
weighted images in the axial (C) and coronal (D) planes showing a mass lesion around the celiac artery and common hepatic
artery (CHA), corresponding to the lesion identified on CT (yellow circles). Common hepatic duct (CHD) is also shown. (E)
Diffusion-weighted magnetic resonance imaging demonstrating high signal intensity in the same hilar lesion (yellow circle).
(F, G) Fluorodeoxyglucose positron emission tomography (FDG-PET) images obtained 1 month after histological confirmation
of carcinoma by biopsy performed during the fifth ERC. Increased FDG uptake is observed in the hilar mass (F) and at the
choledochojejunal anastomotic site (G), both indicated by yellow circles.

Figure 6. Endoscopic findings during the fifth and sixth endoscopic retrograde cholangiography (ERC) procedures performed for
cholangitis after identification of the periarterial mass. (A, B) Endoscopic images obtained during the fifth ERC. White-light
imaging (A) and narrow-band imaging (NBI) (B) show papillary protruding lesions at the choledochojejunal anastomotic
site (yellow circles). At this time, recurrence of carcinoma at the anastomosis is recognized for the first time, and biopsy
specimens are obtained. Subsequent balloon stone extraction is performed, followed by placement of a fully-covered, self-
expandable, metallic stent (FCSEMS). (C, D) Endoscopic images obtained during the sixth ERC performed after radiotherapy.
The indwelling FCSEMS is identified visually (C, yellow arrow), and the tumor at the anastomotic site is observed immediately
after stent removal (D, yellow circle). The tumor shows a reduced size following radiotherapy. After FCSEMS removal,
extensive biliary lavage results in the evacuation of a large amount of biliary stones. A FCSEMS is subsequently re-inserted to
complete the procedure.
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was performed using Protease 1 (Roche) for cytokeratin (CK)7
and CK20 and DISCOVERY CC1 (Roche) at 95 °C for the remain-
ing antibodies. Immunostaining was performed on an auto-
mated staining platform (VENTANA BenchMark ULTRA; Roche),
followed by hematoxylin counterstaining. Appropriate positive
controls were included on separate slides in the same immuno-
histochemical staining runs and showed the expected immu-
noreactivity. Immunoreactivity for CK7, CK20, MUC5AC, MUC2,
MUC6, CA19-9, MUC4, and MUC1 was evaluated according to
the proportion of tumor cells showing distinct diaminobenzi-
dine (DAB) staining and classified as positive (> 50% of tumor
cells), partial (<50% of tumor cells), or negative (no distinct
DAB staining in tumor cells).

Discussion

Duodenal adenocarcinoma is a rare malignancy, and recur-
rence after curative pancreaticoduodenectomy has been report-
ed [13,14]. However, our PubMed literature search identified
no previous reports describing a similar pattern of recurrence
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limited to the choledochojejunostomy after pancreaticoduo-
denectomy for duodenal adenocarcinoma.

In the present case, although a metachronous second prima-
ry tumor was considered in the pathological differential diag-
nosis, the overlapping histological and immunohistochemical
features of the primary and recurrent lesions supported recur-
rence of the primary duodenal adenocarcinoma rather than a
metachronous second primary tumor.

Pathological evaluation of the pancreaticoduodenectomy spec-
imen showed negative surgical margins. Taken together with
the anatomy of the modified Child reconstruction, this finding
renders residual disease at the choledochojejunostomy tran-
section margin or along the surgical dissection plane unlike-
ly. These findings prompted consideration of intraluminal im-
plantation as a mechanism for the recurrence.

An alternative route of ECC exposure should also be consid-
ered. Microscopic intraoperative contamination of the bile duct
stump cannot be completely excluded. However, this appears
less likely given the operative sequence: the jejunum distal to

Primary
lesion

MUCS5AC

Recurrent
tumor
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Figure 7. Histopathological and immunohistochemical comparisons between the primary tumor and the recurrent tumor at the
choledochojejunostomy site. Hematoxylin and eosin (H&E) staining of the primary tumor (A) and the recurrent tumor (E, I, K)
demonstrates comparable adenocarcinoma morphology. Immunohistochemical analyses show negative staining for CK7
(B, F) and positive staining for CK20 (C, G) in both the primary and recurrent tumors, demonstrating the same CK7-/CK20+
immunophenotype. In the primary tumor, MUC5AC and MUC2 are not detected (D, M). In contrast, MUC2 expression is
observed in the recurrent tumor (S), whereas it is not detected in the primary tumor, and the recurrent tumor shows partial
expression of MUC5AC. In the section corresponding to the H&E image of the recurrent tumor in panel E, the tumor areas
are indicated by black circles; the corresponding areas in the MUC5AC-stained section (H) show inconspicuous staining that
could not be clearly interpreted as positive. Because MUC5AC expression was not clearly demonstrable in this representative
section, additional serial sections of the recurrent tumor biopsy were newly prepared for H&E and MUC5AC staining. Low-
power H&E staining demonstrates morphologically identifiable carcinoma (I), and MUC5AC immunohistochemistry in the
corresponding serial section demonstrates MUC5AC expression in the same tumor area (J). The corresponding tumor areas
are indicated by yellow circles in panels | and J. Higher-magnification views of these areas are shown in panels K and L,
respectively, with the corresponding tumor areas again indicated by yellow circles, confirming MUC5AC immunoreactivity
in morphologically identifiable carcinoma. The primary tumor shows positive staining for MUC6 (N) and CA19-9 (O, P). Low-
power examination of CA19-9 immunohistochemistry (O) demonstrates staining predominantly within extracellular mucin,
whereas higher-power examination (P) confirms that CA19-9 staining is mainly associated with mucin pools with focal
cytoplasmic positivity in a subset of tumor cells. In contrast, MUC6 and CA19-9 are not detected in the recurrent tumor (T, U).
MUC4 and MUC1 are negative in both the primary and recurrent tumors (Q, R, V, W). White scale bars are shown in the lower
right corner of each panel: 200 pm in A-C, M-O, Q, and R; 100 pm in D-J and S-W; and 50 pm in K, L, and P.
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the primary tumor and subsequently the stomach were tran-
sected and closed using linear staplers, thereby isolating the
tumor-bearing gastrointestinal segment before transection of
the common hepatic duct. Even if microscopic contamination
occurred, it would represent an alternative route by which ECCs
reached the choledochojejunostomy rather than an alterna-
tive to implantation itself. Such contamination could have in-
creased local ECC exposure at this site; however, it would not
by itself establish the biological processes underlying subse-
quent engraftment and tumor outgrowth.

Locoregional periductal recurrence with intraluminal extension
was also considered as an alternative explanation. However, no
radiological or endoscopic continuity was identified between
the periarterial mass and the choledochojejunostomy lesion,
and no intervening bile duct abnormality suggestive of con-
tinuous tumor extension was observed. Moreover, subtle en-
doscopic abnormalities retrospectively suggestive of tumor in-
volvement were already present at the choledochojejunostomy
at 27 months, before histological confirmation at 37 months,
when the periarterial mass was also identified. The periarte-
rial mass was clinically diagnosed and treated as a metastat-
ic lymph node. Although its origin cannot be established his-
tologically, the absence of lymphatic invasion (ly0), perineural
invasion (pn0), and nodal metastasis (pNO, 0/18) in the orig-
inal resection specimen, together with the earlier endoscop-
ic abnormality at the choledochojejunostomy, raises the pos-
sibility that this mass represented nodal metastasis from the
anastomotic recurrence rather than the source of direct peri-
ductal extension. Taken together, these findings support in-
traluminal implantation at the choledochojejunostomy as a
mechanism for the recurrence in this case.

Most previous investigations of intraluminal implantation have
focused on colorectal cancer. Since the introduction of the raw
surface concept in the 1950s, implantation has been primari-
ly framed as the interaction between raw surface availability
and the burden of ECCs. Reconsidering the present case with-
in this classical 2-factor model, however, shows an anatomical
and biological discrepancy. In this postoperative configuration,
the choledochojejunostomy represents a relatively distant raw
surface from the original duodenal primary tumor compared
with the gastric and jejunal transection lines and the pancre-
aticojejunostomy. The gastric transection line lies proximal to
the primary tumor, requiring retrograde movement against
peristalsis for exposure to shed ECCs; whereas, on the distal
side, the jejunal transection line, pancreaticojejunostomy, and
choledochojejunostomy are located progressively farther from
the original tumor site. The Braun anastomosis lies even fur-
ther downstream. If ECC viability and density decrease with
distance from the primary lesion, the choledochojejunostomy
would not be expected to constitute a favorable raw surface.
A similar contradiction appears when considering the extent
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of exposed surface area. The gastric transection line provides
the largest raw surface, followed by the jejunal transection
line and the Braun anastomosis, whereas the choledochoje-
junostomy offers only a limited raw surface in comparison. If
implantation were governed solely by raw surface extent and
ECC burden, recurrence would be anticipated at one of the
more proximal and broader surfaces. The fact that the recur-
rence occurred exclusively at the choledochojejunostomy rep-
resents a marked deviation from this expectation and raises
the possibility that an additional site-specific factor contribut-
ed to this unusual recurrence pattern. Although all 5 surgical-
ly created raw surfaces may be exposed to bile, the choledo-
chojejunostomy is the site of direct and continuous bile inflow
and therefore has a distinct pattern of bile exposure compared
with the other raw surfaces. We considered this distinctive bile
exposure as a potential site-specific factor.

Accumulating evidence in oncology suggests that bile acids
contribute to angiogenesis, cancer cell proliferation and death,
tumor invasion and metastasis, and inflammatory and immu-
nological regulation [15]. Regarding bile acids and mucin phe-
notypes, experimental studies using pancreatic ductal adeno-
carcinoma cell lines have demonstrated that bile acid exposure
induces overexpression of MUC4, which in turn accelerates car-
cinogenic processes through intracellular signaling pathways
[16]. High MUC4 expression is also associated with a poor
prognosis and increased invasiveness across multiple malig-
nancies [17]. In the present case, however, MUC4 expression
was absent in both the primary tumor and the recurrent lesion.
Another mucin implicated in bile acid-related carcinogenesis
is MUC5AC. Duodenal reflux of bile acids induces MUC5AC ex-
pression in Barrett esophagus via the PI3K/AKT/AP-1 pathway
[12], and experimental colorectal cancer models have demon-
strated that the secreted mucin MUC5AC can promote tumor
behavior through interaction with the transmembrane protein
(D44 [18]. In the present case, MUC5AC expression was absent
in the primary tumor but was detected in the recurrent lesion
at the choledochojejunostomy, which has a distinct pattern of
bile exposure compared with the other raw surfaces and was
the only raw surface where recurrence occurred. Importantly,
in vitro studies have shown that MUC5AC expression can be
induced rapidly after exposure to bile salts [19], a time window
that is biologically compatible with the early stages of cellular
attachment and engraftment during implantation. The experi-
mental studies cited above involved malignancies or epithelial
conditions other than duodenal adenocarcinoma, and compa-
rable evidence for bile acid-associated mucin phenotypic mod-
ulation has not been established in duodenal adenocarcinoma.
The present observation likewise does not directly establish
that bile exposure induced MUC5AC expression or caused en-
graftment. Nevertheless, the site-specific recurrence pattern
and the observed difference in MUC5AC expression between
the primary and recurrent lesions raise the hypothesis that
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bile acid—associated phenotypic modulation may have facili-
tated implantation of ECCs. In the present case, immunohis-
tochemical analyses also demonstrated MUC2 expression in
the recurrent lesion, whereas it was absent in the primary tu-
mor. Previous experimental studies have shown that bile acid
exposure can act as a chronic cellular stressor, leading to sup-
pression of Notch signaling and induction of epigenetic alter-
ations, thereby promoting CDX2-dependent intestinal differen-
tiation with associated MUC2 expression in models of Barrett
esophagus and intestinal metaplasia [20]. Thus, the detection
of MUC2 expression in the recurrent lesion, but not in the pri-
mary tumor, may be compatible with activation of an intestinal
differentiation program under sustained bile acid—associated
cellular stress, although whether this mechanism contributed
to the observed difference in MUC2 expression and its func-
tional significance in the present case remain speculative.

Metastasis has been most extensively studied in the context
of hematogenous dissemination, in which a multistep cas-
cade, classically described as invasion, intravasation, survival
in the circulation, extravasation, and colonization, has been
proposed to explain systemic tumor spread [21]. In contrast,
the implantation hypothesis in the present case involves a bi-
ologically distinct process: luminal implantation of ECCs onto
a surgically created raw surface, occurring entirely outside the
vascular compartment. To conceptualize this process more ap-
propriately, we propose a 4-step descriptive framework con-
sisting of attachment, engraftment, niche formation, and out-
growth, adapted from principles of engraftment biology rather
than from classical metastatic biology. Within this framework,
the quantity of ECCs, the extent of the raw surface, and pos-
sible stapler-related tissue entrapment may influence the at-
tachment phase. In contrast, subsequent steps, namely en-
graftment and niche formation, may be influenced by the local
wound-healing milieu of the raw surface and by site-specific
environmental factors such as bile exposure. This conceptual-
ization is consistent with prior observations that wound-heal-
ing programs can recreate a permissive stromal environment
characterized by epithelial plasticity, inflammatory signaling,
and extracellular matrix remodeling, which carcinoma cells are
known to exploit during tumor progression [22,23]. Moreover,
epithelial-mesenchymal transition programs, originally activat-
ed during wound repair, have been shown to be re-activated
and co-opted by carcinoma cells to facilitate survival and ad-
aptation in new microenvironments [24]. In this context, the
surgically created raw surface may be interpreted not mere-
ly as a passive site of physical attachment, but as an active
wound-healing niche characterized by epithelial plasticity and
stromal remodeling, thereby potentially providing a permis-
sive environment for tumor cell engraftment.

In the present case, the observed mucin-related phenotyp-
ic shift, most notably the difference in MUC5AC expression
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between the primary and recurrent lesions, together with the
wound-healing raw surface at the choledochojejunostomy,
raises the hypothesis that bile-associated phenotypic mod-
ulation may have contributed to engraftment and niche for-
mation within the proposed 4-step framework. Although the
present single-case observation does not directly establish
that bile exposure caused engraftment or that implantation
was the exclusive route of recurrence, the exclusive occur-
rence of recurrence at the choledochojejunostomy, a surgi-
cally created raw surface characterized by direct and contin-
uous bile inflow, provides an anatomical and environmental
context compatible with this hypothesis. Thus, rather than re-
placing the classical raw surface-based implantation theory,
the present 4-step framework extends this concept by propos-
ing local environmental modulation and tumor cell plasticity
as potential factors influencing implantation beyond the ini-
tial attachment phase.

The observations in the present case may provide a basis for
future mechanistic studies using molecular biological approach-
es to investigate the proposed relationship among bile expo-
sure, phenotypic modulation, and intraluminal implantation.

Limitations

This study has several limitations. First, it is based on a single
case, and the proposed mechanism should therefore be regard-
ed as hypothesis-generating. Second, serial tissue sampling was
not available, precluding determination of when the observed
phenotypic changes, including the difference in MUC5AC ex-
pression between the primary and recurrent lesions, occurred
during the course of recurrence. Consequently, the possibility
that some of the observed phenotypic changes reflect natu-
ral clonal evolution during tumor progression cannot be com-
pletely excluded. Although the mucin-related phenotypic dif-
ferences were observed between the primary and recurrent
lesions, their relationship to bile exposure cannot be estab-
lished from the present case. Third, no functional validation,
such as in vitro bile acid exposure using patient-derived tumor
cells, was performed. Fourth, repeated ERC-related mechanical
interventions may also have modified the local wound-healing
environment at the choledochojejunostomy. However, subtle
endoscopic abnormalities retrospectively suggestive of early
tumor involvement were already present at the initial ERC, in-
dicating that tumor involvement at this site had likely already
begun before these interventions were performed. Therefore,
repeated instrumentation is unlikely to represent the primary
mechanism underlying the recurrence, although its possible
contribution to subsequent tumor expansion cannot be com-
pletely excluded. Finally, the proposed mechanism is support-
ed primarily by experimental studies in the esophagus, pancre-
as, and colorectum rather than in duodenal adenocarcinoma
or biliary epithelium.
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Conclusions

The present case describes a recurrence of duodenal adeno-
carcinoma at the choledochojejunostomy after pancreatico-
duodenectomy, a recurrence pattern consistent with intra-
luminal implantation. The recurrent lesion showed a distinct
mucin-related phenotypic shift, raising the hypothesis that bile-
associated phenotypic modulation of ECCs may represent a
site-specific factor influencing intraluminal implantation. The
proposed sequential framework of attachment, engraftment,
niche formation, and outgrowth is an interpretive model in
which raw surface availability and ECC burden may influence
initial attachment, whereas bile-associated phenotypic mod-
ulation of ECCs is hypothesized to influence subsequent stag-
es. This mechanistic interpretation remains hypothesis-gen-
erating, and alternative mechanisms of recurrence cannot be
completely excluded. Further clinical observations and mech-
anistic studies are required to evaluate this hypothesis and
the proposed framework.

Conflict of Interest

The authors declare that they have no conflict of interest.
Human/Animal Rights

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human exper-
imentation (institutional and national) and with the Helsinki

Declaration of 1975, as revised in 2008.

References:

—

. Morgan CN. Cancer of the rectum: Lecture delivered at the Royal College
of Surgeons of England. Ann R Coll Surg Engl. 1951;9:13-24

. Beahrs OH, Phillips JW, Dockerty MB. Implantation of tumor cells as a fac-
tor in recurrence of carcinoma of the rectosigmoid: Report of four cases
with implantation at the dentate line. Cancer. 1955;8(4):831-38

. Sayfan J, Averbuch F, Koltun L, Benyamin N. Effect of rectal stump wash-
out on the presence of free malignant cells in the rectum during anterior
resection for rectal cancer. Dis Colon Rectum. 2000;43(12):1710-12

. Furuya S, Shiraishi K, Shimizu H, et al. Intraluminal washout in rectal and
sigmoid colon cancer surgeries with double-stapling technique anasto-
mosis: A single-institution prospective study. Ann Gastroenterol Surg.
2024;9(1):137-44

. Gertsch P, Baer HU, Kraft R, et al. Malignant cells are collected on circular
staplers. Dis Colon Rectum. 1992;35(3):238-41

. Kluger Y, Galili Y, Yossiphov J, et al. Model of implantation of tumor cells
simulating recurrence in colonic anastomosis in mice. Dis Colon Rectum.
1998;41(12):1506-10

. Futami R, Shimanuki K, Sugiura A, et al. Recurrence of colonic cancer
twice at the site of stapled colorectal anastomosis. J Nippon Med Sch.
2007;74(3):251-56

. Gaines S, Chao C, Hyman N, Alverdy JC. Gut microbiome influences on anas-
tomotic leak and recurrence rates following colorectal cancer surgery. Br J
Surg. 2018;105(2):e131-41

. Bresalier RS, Boland CR, Kim YS. Characteristics of colorectal carcinoma
cells with high metastatic potential. Gastroenterology. 1984;87(1):115-22

N

w

S

S,

[=))

~

o=}

o

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Shirota Y. et al:
Duodenal adenocarcinoma recurrence at choledochojejunostomy
© Am J Case Rep, 2026; 27: €954506

Informed Consent

Written informed consent for publication was obtained from
the patient’s family.

Acknowledgments

The authors would like to thank ALP Co., Ltd. (Kanazawa, Japan)
for conducting the immunohistochemical studies. The authors
received professional English-language editing support from
a native English editor at FOLTE Co., Ltd. (Tokyo, Japan). All
medical content, clinical interpretation, hypotheses, and con-
clusions were conceived and verified solely by the authors.
The surgeons who performed the operative procedure were
not involved in the study design, data acquisition, patholog-
ical analysis, interpretation of findings, or manuscript prepa-
ration. In accordance with the authorship criteria defined by
the International Committee of Medical Journal Editors (ICMJE),
they were not included as co-authors. However, their clinical
contribution to the patient’s care is sincerely acknowledged.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who
confirm that the images are original with no duplication and
have not been previously published in whole or in part.

10. Costi R, Santi C, Bottarelli L, et al. Anastomotic recurrence of colon cancer:
Genetic analysis challenges the widely held theories of cancerous cells’ in-
traluminal implantation and metachronous carcinogenesis. J Surg Oncol.
2016;114(2):228-36

11. Vakiani E, Shah RH, Berger MF, et al. Local recurrences at the anastomotic
area are clonally related to the primary tumor in sporadic colorectal carci-
noma. Oncotarget. 2017;8(26):42487-94

12. Song S, Byrd JC, Guha S, et al. Induction of MUC5AC mucin by conjugated
bile acids in the esophagus involves the PI3K/AKT/AP-1 pathway. Cancer.
2011;117(11):2386-97

13. Nakagawa K, Sho M, Fujishiro M, et al. Clinical practice guidelines for du-
odenal cancer 2021. ) Gastroenterol. 2022;57(11):927-41

14. Onkendi EO, Boostrom SY, Sarr MG, et al. 15-Year Experience with surgical
treatment of duodenal carcinoma: A comparison of periampullary and ex-
tra-ampullary duodenal carcinomas. J Gastrointest Surg. 2012;16(4):682-91

15. FuJ, Yu M, Xu W, Yu S. Research progress of bile acids in cancer. Front Oncol.
2022;11:778258

16. Gal E, Veréb Z, Kemény L, et al. Bile accelerates carcinogenic processes
in pancreatic ductal adenocarcinoma cells through the overexpression of
MUCA4. Sci Rep. 2020;10(1):22088

17. Huang X, Wang X, Lu SM, et al. Clinicopathological and prognostic signif-
icance of MUC4 expression in cancers: Evidence from meta-analysis. Int J
Clin Exp Med. 2015;8(7):10274-83

18. Pothuraju R, Rachagani S, Krishn SR, et al. Molecular implications of MUC5AC-
CD44 axis in colorectal cancer progression and chemoresistance. Mol Cancer.
2020;19(1):37

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Shirota Y. et al:
Duodenal adenocarcinoma recurrence at choledochojejunostomy
© Am J Case Rep, 2026; 27: €954506

19. Ali MS, Parikh S, Pearson JP. MUC5AC upregulation by bile salts: An in vi-
tro study. Ann Otolaryngol Rhinol. 2016;3(12):1154-56

20. Tamagawa Y, Ishimura N, Uno G, et al. Notch signaling pathway and
Cdx2 expression in the development of Barrett’s esophagus. Lab Invest.
2012;92(6):896-909

21. Lambert AW, Pattabiraman DR, Weinberg RA. Emerging biological princi-
ples of metastasis. Cell. 2017;168(4):670-91

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

22.

23.

24.

Dvorak HF. Tumors: Wounds that do not heal. N Engl J Med.
1986;315(26):1650-59

Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal transition. J
Clin Invest. 2009;119(6):1420-28

Nieto MA, Huang RY), Jackson RA, Thiery JP. EMT: 2016. Cell. 2016;166(1):21-45

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

APPROVED GALLEY PROOF



