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Abstract
AIM: To clarify the strategy for early diagnosis of pan-
creaticobiliary maljunction (PBM) without biliary dilata-
tion and to pathologically examine gallbladder before 
cancer develops. 

METHODS: The anatomy of the union of the pancre-
atic and bile ducts was assessed by using endoscopic 
retrograde cholangiopancreatography (ERCP). Patients 
with a long common channel in which communication 
between the pancreatic and bile ducts was maintained 
even during sphincter contraction were diagnosed as 
having PBM. Of these, patients in which the maximal 
diameter of the bile duct was less than 10 mm were 

diagnosed with PBM without biliary dilatation. The pro-
cess of diagnosing 54 patients with PBM without biliary 
dilatation was retrospectively investigated. Histopatho-
logical analysis of resected gallbladder specimens from 
8 patients with PBM without biliary dilatation or cancer 
was conducted.  

RESULTS: Thirty-six PBM patients without biliary dila-
tation were diagnosed with gallbladder cancer after 
showing clinical symptoms such as abdominal or back 
pain (n  = 16) or jaundice (n  = 12). Radical surgery for 
gallbladder cancer was only possible in 11 patients (31%) 
and only 4 patients (11%) survived for 5 years. Eight 
patients were suspected as having PBM without biliary 
dilatation from the finding of gallbladder wall thicken-
ing on ultrasound and the diagnosis was confirmed by 
ERCP and/or magnetic resonance cholangiopancreatog-
raphy (MRCP). The median age of these 8 patients was 
younger by a decade than PBM patients with gallbladder 
cancer. All 8 patients underwent prophylactic cholecys-
tectomy and bile duct cancer has not occurred. Wall 
thickness and mucosal height of the 8 resected gall-
bladders were significantly greater than controls, and 
hyperplastic changes, hypertrophic muscular layer, sub-
serosal fibrosis, and adenomyomatosis were detected 
in 7 (88%), 5 (63%), 7 (88%) and 5 (63%) patients, 
respectively. Ki-67 labeling index was high and K-ras 
mutation was detected in 3 of 6 patients. 

CONCLUSION: To detect PBM without biliary dilata-
tion before onset of gallbladder cancer, we should per-
form MRCP for individuals showing increased gallblad-
der wall thickness on ultrasound. 
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INTRODUCTION 

Pancreaticobiliary maljunction (PBM) is a congenital 
anomaly defined as a junction of  the pancreatic and 
bile ducts located outside the duodenal wall, and usually 
forming a markedly long common channel. As the action 
of  the sphincter of  oddi does not have a functional im-
pact on the junction of  the pancreatic and bile ducts in 
PBM cases, PBM causes a continuous reciprocal reflux 
of  pancreatic juice and bile[1,2]. This results in various 
pathological conditions of  the biliary tract and pancreas. 
Given that the hydropressure in the pancreatic duct is 
usually greater than that in the bile duct, pancreatic juice 
frequently flows back into the biliary duct (pancreatobili-
ary reflux), and this becomes a high risk factor for biliary 
cancer[3-5]. In a Japanese analysis[6], biliary cancer was as-
sociated with 131 (10.6%) of  1239 cases with PBM with 
biliary dilatation (congenital choledochal cyst); 44 (33.6%) 
of  the 131 cases had cancer of  the extrahepatic bile duct 
and 85 cases (64.9%) had gallbladder cancer. On the 
other hand, PBM without biliary dilatation was associ-
ated with biliary cancer in 147 (37.9%) of  388 cases, and 
137 (93.2%) of  these cancers were gallbladder cancer.

Most PBM cases detected in childhood are associated 
with bile duct dilatation, but one third of  PBM detected 
in adults do not show dilatation of  the bile duct. Many 
patients with PBM with biliary dilatation have clinical 
symptoms due to cholangitis or pancreatitis in child-
hood, whereas in PBM without biliary dilatation, few pa-
tients have symptoms in childhood and they are usually 
not diagnosed until adulthood[7]. Furthermore, many pa-
tients with PBM without biliary dilatation are diagnosed 
in association with advanced-stage gallbladder cancer, 
which carries a poor prognosis[2,6,7]. It is necessary to 
clarify a strategy to diagnose PBM without biliary dilata-
tion early, before cancer occurs. In the present study, 
we investigated the process for diagnosing patients with 
PBM without biliary dilatation and examined histopatho-
logical findings from the gallbladder of  patients with 
PBM without biliary dilatation before cancer developed. 

MATERIALS AND METHODS
Study patients
We studied the anatomy of  the union of  the pancreatic 
and bile ducts using endoscopic retrograde cholangio-
pancreatography (ERCP). Patients with a long common 
channel in which communication between the pancreatic 
and bile ducts was maintained in both relaxation and 
contraction of  the sphincter under serial observation 
during ERCP were diagnosed as having PBM[1,2]. Of  
these, patients in whom the maximal diameter of  the 
bile duct was less than 10 mm were diagnosed with PBM 
without biliary dilatation (Figure 1). When the common 
bile duct was involved with associated gallbladder cancer, 
diameter of  the intact distal portion of  the bile duct was 
measured.

Between January 1975 and December 2010, 104 
patients were diagnosed with PBM with ERCP. Endo-
scopic ultrasonography (EUS) and magnetic resonance 
cholangiopancreatography (MRCP) were performed 
from 1990 and 2001, respectively. Of  these, 54 patients 
(12 men and 42 women; median age at initial diagnosis 
of  PBM 56.6 years, range 30-77 years) were diagnosed 
with PBM without biliary dilatation. The process leading 
to diagnosis of  these patients was retrospectively in-
vestigated. This study was approved by the institutional 
review board.  

Histopathological and immunohistochemical 
examinations
We conducted histopathological analysis of  resected 
gallbladder specimens from 8 patients with PBM with-
out biliary dilatation or cancer. Tissues were fixed in 
10% buffered formalin and embedded in paraffin. Serial 
3-µm sections were stained with hematoxylin and eosin 
for evaluation. Thickness of  the gallbladder wall and 
mucosal height of  each specimen were measured using 
a semiautomatic image analyzer. Hyperplastic changes 
were defined as an increased number of  mucosal folds 
that were longer than normal, irregular, and frequently 
branched. Immunohistochemistry was performed us-
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Figure 1  Endoscopic retrograde cholangiopancreatography of a patient 
with pancreaticobiliary maljunction without biliary dilatation showing a long 
common channel and deformity with fuzzy irregularity of the gallbladder.



ing antisera for Ki-67 (clone MIB-1: Immunotech SA, 
Marseille, France) by the avidin-biotin horseradish per-
oxidase method (Vectastain Elite ABC kit; Vector, Bur-
lingame, CA, United States). Ki-67-positive cells were 
defined as a cell with brown staining of  the nucleus, 
and Ki-67 labeling index was determined by counting a 
minimum of  500 cells in the area representing the most 
homogenous region of  positive cells. 

Gallbladder epithelium was microdissected from 
20-µm formalin-fixed paraffin-embedded sections. Ge-
nomic DNA was extracted from the tissues by using 
Takara Dexpattm (Takara Shuzo, Otsu, Japan). A point 
mutation of  K-ras codon 12 was analyzed by polymerase 
chain reaction enzyme-linked minisequence assay (Sumi-
tomo Metal Industry, Tokyo, Japan). The precise meth-
odology of  this assay is described elsewhere[8].

Ten cases of  normal gallbladder that were resected 
at pancreatoduodenectomy for pancreatic diseases were 
selected as controls.

Statistical analysis
Statistical analysis was performed using chi-squared 
analysis or Mann-Whitney’s U test. P values of  less than 
0.05 were considered statistically significant.

RESULTS
Process of diagnosing PBM without biliary dilatation
Clues associated with a diagnosis of  PBM without biliary 
dilatation were the presence of  gallbladder cancer (n = 

36), other malignancies (n = 4), chronic pancreatitis (n = 
1), intrahepatic stones (n = 1), gallstones (n = 1), gastritis 
(n = 1), previous cholecystectomy (n = 2), and gallblad-
der wall thickening (more than 3 mm) on ultrasound 
(US; n = 8) (Figure 2). Thirty-one patients with gallblad-
der cancer had clinical symptoms such as abdominal or 
back pain (n = 16), jaundice (n = 12), and abdominal 
discomfort (n = 3), and the other 5 gallbladder cancers 
were detected using screening tests such as US (n = 4) 
and fluorode-oxyglucose positron emission tomography 
(n = 1). Radical surgery was possible in only 11 (31%) of  
36 cases of  gallbladder cancer and only 4 patients (11%) 
survived for 5 years. Three PBM patients without biliary 
dilatation associated with benign diseases (chronic pan-
creatitis, gallstones and gastritis) were diagnosed before 
1985, and they were lost to follow up without surgery.

PBM patients without biliary dilatation diagnosed from 
gallbladder wall thickening on US
PBM without biliary dilatation was suspected in 8 pa-
tients based on finding of  gallbladder wall thickening on 
US. Abdominal US was performed for symptoms such 
as abdominal pain in 5 patients to screen for associated 
diseases. Following US, computed tomography (n = 8), 
EUS (n = 5), MRCP (n = 4), and ERCP (n = 8) were 
done. The median age of  patients was 48.2 years (range 
30-70 years; 3 men and 5 women), which was significant-
ly younger than that of  PBM patients with gallbladder 
cancer (median age, 58.5 years; P < 0.01). Based on the 
diagnosis of  PBM without biliary dilatation, all patients 
underwent prophylactic cholecystectomy. Amylase levels 
in the bile were markedly elevated in all patients. Five 
patients have been regularly followed, and 3 patients 
were lost to follow up 1-75 mo after surgery. Bile duct 
cancer has not occurred in any patient (Table 1). On 
EUS, thickening of  the inner hypoechoic layer and outer 
hyperechoic layer was detected in 2 patients (Figure 3), 
and thickening of  the inner hypoechoic layer, a middle, 
more hypoechoic layer, and the outer hyperechoic layer 
was observed in 3 patients.

Histopathological findings of the gallbladder of PBM 
patients without biliary dilatation diagnosed from 
gallbladder wall thickening on US
On histological findings of  the resected gallbladder, the 
gallbladder wall was more thickened in PBM (7.7 ± 7.0 
mm, mean ± SD) than in control cases (2.0 ± 0.5 mm, P 
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  Case Age (yr) Sex Process leading to ultrasound Amylase level in bile (IU/L) Follow-up 

  1 30 F Screening for hepatitis A                    528 000 Follow-up after 236 mo 
  2 55 F Screening for chronic hepatitis C                      69 850 Follow-up after 47 mo
  3 65 F Cholangitis with mild acute pancreatitis                      17 272 Follow-up after 40 mo
  4 41 F Right hypochondralgia                    117 240 Follow-up after 12 mo
  5 70 F Screening for diabetes mellitus                    254 900 Follow-up after 3 mo
  6 42 M Diarrhea                    185 000 Unknown after 75 mo
  7 47 M Abdominal pain                    300 000 Unknown after 18 mo
  8 36 M Abdominal discomfort                    672 100 Unknown after 1 mo

Table 1  Clinical features of 8 pancreaticobiliary maljunction patients without biliary dilatation or cancer

Figure 2  Abdominal ultrasound of a patient with pancreaticobiliary mal-
junction without biliary dilatation showing uniform smooth thickness of 
the gallbladder wall.
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< 0.01). Mucosal height was significantly higher in PBM 
(1.0 ± 0.7 mm) than in control cases (0.5 ± 0.2 mm, P 
< 0.01). Hyperplastic changes, hypertrophic muscular 
layer, subserosal fibrosis, and adenomyomatosis were 
detected in 7 (88%), 5 (63%), 7 (88%) and 5 (63%) of  
PBM patients, respectively, compared with no control 
cases (Figure 4). No dysplastic changes were observed. 
Ki-67 labeling index was higher in PBM (6.0% ± 2.1%) 
than control cases (1.2% ± 0.3%, P < 0.01). K-ras muta-
tion was detected in 3 (50%) of  6 PBM patients (Table 2). 
Adenomatous changes were not observed in any patient.

DISCUSSION
Because PBM patients have a high incidence of  biliary 
cancer due to pancreatobiliary reflux, once PBM is diag-
nosed, prophylactic biliary surgery is recommended be-
fore the onset of  malignant change[2]. In particular, PBM 
without biliary dilatation is frequently associated with 
gallbladder cancer. However, PBM cases without biliary 
dilatation rarely evoke symptoms, and most patients are 
not diagnosed until the onset of  advanced-stage gall-
bladder cancer[2,6,7]. 

In this series, 36 (67%) of  54 PBM patients without 
biliary dilatation were diagnosed based on associated 
gallbladder cancer. Most gallbladder cancers were in an 
advanced stage, and resection was possible in only 11 pa-
tients (31%). Since a paper[9] published in 1991 reported 
that gallbladder wall thickening was sometimes observed 
in PBM cases without biliary dilatation, we have pro-
spectively checked for PBM after finding gallbladder 
wall thickening on US. This additional investigation us-
ing MRCP and ERCP allowed us to identify 8 patients 
with PBM without biliary dilatation before the onset of  
gallbladder cancer. All 8 patients underwent prophylactic 
cholecystectomy, and bile duct cancer has not occurred 
in any patient. The median age of  the 8 patients was 
about 10 years younger than PBM patients with associ-
ated gallbladder cancer. The age of  PBM patients with 
gallbladder cancer at the time of  diagnosis peaked in the 
50s, and was younger by a decade than that of  gallblad-
der cancer patients without PBM[10]. Chronic injury to 
the epithelium of  bile duct by pancreatic juice induces 
severe inflammation and malignant changes in PBM 
patients; therefore, age can be a major determinant of  
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Figure 4  Histological findings of the gallbladder of a patient with pancre-
aticobiliary maljunction without biliary dilatation showing wall thickness 
composed of epithelial hyperplasia, hypertrophic muscular layer, and 
subserosal fibrosis.

  Case Thickness of 
the wall (mm)

Mucosal 
height (mm)

Hyperplastic 
change 

Hypertrophic 
muscular layer 

Subserosal 
fibrosis Adenomyomatosis Gallstone Ki-67 labeling 

index (%) K-ras mutation

  1           7       2.4  +a - + - -         8 GAT (3+)
  2           6       1.8 + - + + -         5 NA
  3           3       0.6 - - - - +         6 -
  4           5       2.2 + + + + -         4 -
  5           5       1.7 + + + + -         5 NA
  6           8       1.9 + + + + -         8 AGT (1+)
  7           6       1.4 + + + - +         9 AGT (2+)
  8         25       0.9 + + + + -         3 -
  PBM, %,           7.7 ± 7.0b       1.06 ± 0.7b 88 (7/8)b 63 (5/8)b 88 (7/8)b 63 (5/8)b 25 (2/8)      6.0 ± 2.1b 50 (3/6)a

  mean ± SD
  Controls, %,           2.0 ± 0.5       0.58 ± 0.24   0 (0/10)   0 (0/10)   0 (0/10)   0 (0/10)  10 (1/10)    1.2 ± 0.3   0 (0/10)
   (n = 10),
  mean ± SD

Table 2  Histopathological findings of gallbladders from patients with pancreaticobiliary maljunction without biliary dilatation diag-
nosed based on gallbladder wall thickening on ultrasound

PBM: Pancreaticobiliary maljunction; NA: Not amplified. aP < 0.05, bP < 0.01 vs controls.

Figure 3  Endoscopic ultrasonography of a patient with pancreaticobili-
ary maljunction without biliary dilatation showing thickening of the inner 
hypoechoic layer and the outer hyperechoic layer.
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risk. To eliminate the risk of  gallbladder cancer, we must 
detect PBM without biliary dilatation early in adults. 

Epithelial hyperplasia of  the gallbladder induced by 
longstanding continuous stasis of  the bile intermingled 
with refluxed pancreatic juice has been reported to be 
one of  the characteristic pathological changes in PBM 
patients[11-13]. The incidence of  epithelial hyperplasia of  
the gallbladder of  PBM patients without biliary dilata-
tion was reported to be 72%[11] to 91%[12]. Tanno et al[12] 
reported that the Ki-67 labeling index of  epithelial hyper-
plasia of  PBM patients was elevated to 6.1% ± 1.5% and 
K-ras mutation was detected in 2 (13%) of  15 patients. 
Histopathological findings of  our 8 cases were similar to 
the above findings. Considering that increased cell prolif-
eration is linked to the development of  cancer by means 
of  tumor promotion and an increased rate of  random 
mutations, gallbladder epithelium of  PBM patients can 
be considered to represent a premalignant lesion. 

Interestingly, hypertrophic muscular layer, subserosal 
fibrosis, and adenomyomatosis were detected in 63%, 
88% and 63%, respectively. Sugai et al[14] reported that 
subserosal fibrosis with chronic inflammation was de-
tected in 33% of  gallbladders of  27 PBM patients, and 
Tsuchida et al[11] found K-ras mutations in 5 (50%) of  10 
gallbladders of  PBM without biliary dilatation. Long-
standing continuous stimulation with bile containing 
pancreatic juice may induce these three changes as well 
as epithelial hyperplasia. 

EUS shows the normal gallbladder wall to be a two-
layered structure consisting of  an inner hypoechoic layer 
composed of  the mucosa and the muscular layer, and 
an outer hyperechoic layer composed of  the subserosal 
layer and the serosa[15]. On EUS, the gallbladder wall 
of  patients with PBM appeared as two thickened layers 
showing epithelial hyperplasia and subserosal fibrosis 
or three thickened layers containing a middle, more hy-
poechoic, layer showing a hypertrophic muscular layer.   

Although ERCP is the gold standard for diagnosis 
of  PBM, MRCP has recently become a common non-
invasive method for obtaining quality images of  the 
pancreaticobiliary tract. MRCP can diagnose many PBM 
cases based on findings of  an anomalous union between 
the common bile duct and the pancreatic duct, although 
some atypical PBM cases with relatively short common 
channel cannot be diagnosed only by MRCP, and should 
be confirmed by ERCP[16]. To detect patients with PBM 
without biliary dilatation early requires that certain 
patients undergo MRCP before gallbladder cancer oc-
curs. Gallbladder wall thickness on US during medical 
checkups may serve as an indication for MRCP and EUS 
before ERCP for suspected PBM without biliary dilata-
tion. Once PBM is diagnosed in patients with increased 
gallbladder wall thickness, prophylactic biliary surgery is 
recommended before the onset of  malignant change.

In conclusion, hyperplastic gallbladder mucosa of  
PBM patients represents a premalignant lesion. To detect 
PBM without biliary dilatation before onset of  gallblad-
der cancer, we should perform MRCP for individuals 
showing gallbladder wall thickness on US. 
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Background
Pancreaticobiliary maljunction (PBM) causes a continuous reciprocal reflux 
of pancreatic juice and bile. PBM cases without biliary dilatation rarely evoke 
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cantly greater than controls, and hyperplastic changes were detected in 7 (88%) 
patients. Ki-67 labeling index was high and K-ras mutation was detected in 3 of 
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