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Abstract: Objective: Bile duct adenoma (BDA) is a very rare benign lesion of the bile duct. To improve diagnosis and 
the ability to predict prognosis, this study investigated the potential for malignant transformation of BDA in the liver, 
including a literature review. Methods: Four female patients with intrahepatic cholangiocarcinoma arising from BDA 
were clinicopathologically evaluated. Immunohistochemical examination was conducted with several antibodies 
using the EnVision+ system. The V600E mutation in BRAF was tested via RT-PCR. Relevant literature was reviewed. 
Results: The 4 patients presented with abdominal swelling and pain. Serum levels of CA199 (carbohydrate antigen 
19-9), CEA (carcinoembryonic antigen), CA125 (cancer antigen 125), and AFP (alpha-fetoprotein) were within nor-
mal limits. Microscopy revealed tumors with many normal-looking bile ductules and scant-to-moderate surround-
ing connective tissue. The stroma showed mild inflammation with predominant lymphocytes. The ductule lumens 
were narrow or slightly dilated. Distinct irregular and atypically shaped bile ductules of different sizes were noted. 
There was a transitional zone from apparently benign-to-markedly atypical bile ductules. Mitotic figures were oc-
casionally seen. In one patient, areas of cystically dilated ductules with brown bile plugs were observed, similar to 
the ductal plate malformation pattern. Immunohistochemical analyses showed positive staining for cytokeratin 19, 
mucin-6, and HER2 in the cholangiocarcinoma area. BDA lesions were NCAM1 (neural cell adhesion molecule 1 or 
CD56)-positive; cholangiocarcinomas were NCAM1-negative. V600E mutations were also identified in 2 patients. 
Conclusions: Cholangiocarcinoma can develop from BDAs. BDAs may be true neoplasms and may be suspected as 
early cholangiocarcinoma. Adenoma-to-carcinoma cholangiocarcinogenesis may be linked to BRAF mutation.
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Introduction 

Bile duct adenoma (BDA) is a rare form of 
benign bile duct lesion, and is usually symptom-
less. Most often, BDA has been stumbled upon 
via surgery or autopsy, on the surface of the 
liver. The mean diameter of BDAs is 5.8 mm, 
but range from 1 to 20 mm [1]. Occasionally, 
they may occur as multiple nodules in the liver 
[2]. Surgeons and pathologists may confuse 
BDA with metastatic adenocarcinoma, espe-
cially during surgery. 

Morphologically, BDA is quite similar to bile 
duct hamartoma (BDH) [3], although in BDH 
lesions bile plugs are more common in the duct 
lumens. The few reports describing cholangio-
carcinoma associated with BDH [4-6] suggest 
that BDH may be a precursor to intrahepatic 

cholangiocarcinoma (ICC). However, malignant 
transformation of BDA is rare. 

Herein, we report 4 cases of BDA in which areas 
of atypical bile ductules and an invasive growth 
pattern were identified as ICC. In addition, we 
review the literature published in English over 
the past 30 years (1984-2015) of the pathologi-
cal features of 5 cholangiocarcinomas arising 
from BDAs [7-11]. 

Methods

Four patients with BDA were admitted to 
Chinese PLA General Hospital between the 
years 1990 and 2014. Tumor tissue sections 
were retrieved from paraffin blocks of tissues 
collected for surgical pathology reports. Patho- 
logical diagnoses were made in accordance 
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with the World Health Organization Histologic 
Classification of Liver Tumors and Intrahepatic 
Bile Ducts [12]. 

Immunohistochemical staining of the tissues 
was performed using the Envision two-step 
method [13]. Briefly, formalin-fixed, paraffin 
wax-embedded, and 4-µm-thick sections were 
prepared as previously described [13]. The 
slides were incubated serially (40 min each, at 
room temperature) with the following primary 
antibodies: TP53 (1:100); MKI67 (1:100); cyto-
keratin-7 (CK7, 1:100); cytokeratin-19 (CK19, 
1:100); cyclin D1 (CCND1; 1:100; Dako, 
Denmark); NCAM1 (CD56, 1:100; Gene Tech, 
Shanghai); HER2( 1:300; Dako, Denmark); 
mucin-6 (MUC6; 1:100; Gene Tech, Shanghai). 

Each incubation with primary antibody was fol-
lowed by 40-min incubation at room tempera-
ture with horseradish peroxidase-labeled poly-
mer. The staining was developed by incubation 
with diaminobenzidine substrate-chromogen 
for 5-10 min, and a hematoxylin counterstain 
was applied. Both negative and positive con-
trols for each antibody were performed. 

For HER2, more than 10% of tumor cells with 
complete membranous staining was consid-
ered positive [14]. For the other antibodies, 
immunoreactivity in more than 5% tumor cells 
was regarded as positive. 

Genomic DNA was extracted from paraffin-
embedded blocks with QIAGEN QIAamp. Sam- 
ples were screened for BRAF (b-raf, serine/
threonine kinase; codon 600) mutations by 
means of an ARMS-PCR Kit (Amoy Diagnostics, 
Xiamen, China). The whole process was con-
ducted in accordance with the suggested meth-
ods [15]. 

Results

Clinical presentation

All 4 patients were women, aged 52, 67, 59, 
and 53 years (cases 1, 2, 3, and 4, respective-
ly), with tumors located at the left, right, left, 
and caudate lobes of the liver (Table 1). 
Abdominal swelling and pain were common to 
all these patients. 

Laboratory findings

Both the hepatitis B virus and hepatitis C virus 
serum markers were negative in all 4 cases. 
Serum levels of CA 19-9, CEA, CA-125, and AFP 
were all within normal range. 

Imaging findings

The tumors in the livers of all patients were 
observed in ultrasound and CT scans of the 
abdomen. Magnetic resonance imaging revea- 
led masses of heterogeneous hyper-signal 
intensity (Figure 1A).

Gross findings

Complete resection of the tumor was per-
formed for all 4 patients. In case 1, one tumor 
nodule was identified in the left lobe (diameter 
9 cm; Figure 1B). The tumor was clearly circum-
scribed from the surrounding parenchyma in 
the liver, yet without apparent capsule. The cut 
surface of the tumor was grayish-white, show-
ing no foci of necrosis or hemorrhage. 

In case 4, two tumor nodules were identified, 
with one in the caudate lobe (diameter 6.5 cm) 
and the other in the left lobe (diameter 0.8 cm). 
Only one tumor nodule was seen in each of 
cases 2 and 3, with diameters 5 cm and 3.5 

Table 1. Cases of cholangiocarcinoma associated with BDA
First author, y Gender Age, y Location Size, cm Single/multiple Surgery Follow-up
Börnfors, 1984 M 80 LL 0.5, 3 Multiple Surgery DOD, 10 y
Foucar, 1985 F NA NA NA Single Biopsy DOD, 15 y
Hasebe, 1995 M 59 LL 5.5 Single Surgery ANED, 19 mo
Pinho, 2012 F 60 RL 3.8 Single Surgery NA
Kwon, 2015 F 36 LL 2 Single Surgery ANED, 28 mo
Present case 1 F 52 LL 9 Single Surgery ANED, 36 mo
Present case 2 F 67 RL 5.0 Single Surgery ANED, 37 mo
Present case 3 F 59 LL 3.5 Single Surgery ANED, 6 mo
Present case 4 F 53 Caudate & LL 6.5, 0.8 Multiple Surgery DOD, 62 mo
ANED, alive with no evidence of disease; DOD, dead of disease; LL, left lobe; RL, right lobe; NA, not available.
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cm, respectively. These tumor nodules app- 
eared grayish-white and were poorly delineated 
from the surrounding area.

Microscopic findings

The tumors were composed of many normal-
looking bile ductules. The lumen of the duct-
ules was narrow or slightly dilated. There was a 
scanty-to-moderate amount of connective tis-
sue in the tumor area. Besides that, irregularly 
shaped and apparently atypical bile ductules of 
various sizes were observed, and some of them 
invaded the stroma and extended into the ad- 
jacent liver parenchyma. A transitional zone 
between the apparently benign bile ductules to 
markedly atypical bile ductules was present 
(Figure 2A). Mild inflammation with prominent 

lymphocytes in the stromal tissue were also 
noted (Figure 2B). 

Regarding the tumor, there was a morphologi-
cal area of transition from obvious benignity to 
apparent dysplasia, carcinoma in situ to inva-
sive cancer. Epithelial cells of irregularly shaped 
ductules had atypical nuclei with coarse granu-
lar chromatin (Figure 3A). In addition, in case 4, 
an area of cystically dilated ductules with bile 
plugs was observed, which resembled a ductal 
plate malformation (DPM) pattern [11] (Figure 
3B). 

Immunohistochemical analysis

In all the 4 cases, the carcinomatous areas 
reacted similarly to CK7 and CK19, showing 

Figure 1. A. The fourth case: Magnetic resonance imaging of an inhomogeneous hyper-signal intensity mass in the 
caudal lobe of the liver. B. The first case: The cut surface of the specimen showing a solitary node located in the 
subcapsular region.

Figure 2. In all four cases, A. atypical bile ductules were observed adjacent to obvious benign ductules (right). 
Some of them invaded adjacent stroma (right). H&E, 200×. B. Highly packed bile ductules were observed in various 
amounts of surrounding connective tissue. The stroma showed mild inflammation, and the inflammatory cells were 
predominantly lymphocytes. H&E, 200×.
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positivity for CK7 and CK19 (Figure 4A) and 
were negative for CCND1. In contrast, ductules 

in the carcinomatous areas were positive for 
HER2 (Figure 4B), while the marker was nega-

Figure 3. The fourth case. A. Epithelial cells of irregularly shaped ductules had atypical nuclei with coarse granular 
chromatin. H&E, 400×. B. Carcinoma with a DPM pattern that conformed to that of classical cholangiocarcinoma. 
H&E, 200×.

Figure 4. Immunohistochemical staining of cholangiocarcinoma in all four cases. A. Both benign bile ductules and 
carcinomatous areas show positive staining for CK19 (200×). B. Immunohistochemical staining for Her-2. Note 
continuity of the carcinomatous areas which stained strongly. H&E 400×. C. CD56 is strongly and diffusely appar-
ent in the benign area, and negative in the malignant area (200×). D. Carcinomatous areas were positive for Muc-6 
(400×).
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tive or weakly positive in the BDA and DPM-like 
areas. In addition, BDAs were NCAM1-positive, 
whereas cholangiocarcinomas were NCAM1-
negative (Figure 4C), and TP53 was focally pos-
itive in the malignant areas. The MKI67 label-
ing index was higher (10-15%) in the malignant 
areas. In all cases, MUC6 was positive in the 
carcinomatous area (Figure 4D).

BRAF V600E mutation analysis

The BRAF mutational status of all 4 cases was 
measured. The V600E mutation in BRAF was 
detected in 2 patients (50%; Figure 5).

No other primary tumors were detected in any 
of the 4 cases. Therefore, these neoplasms 
were diagnosed as ICC, arising from BDA. 

Literature review regarding cholangiocarci-
noma arising from BDA

Only 5 cases of cholangiocarcinoma associat-
ed with BDAs have been reported in the English 
literature [7-11] (Table 1). All the reported 
tumors occurred mainly in middle-aged and 
older people (mean age, 58.2 years) with a 
slight female predominance (77.8%). The over-
all 5-year survival rate was almost 100%, while 
the median survival rates were approximately 
12.2 months for patients with classic ICC [16].

Discussion 

BDA occurs most often as a single benign 
lesion located in the subcapsular region of the 
liver, and well circumscribed without a capsule 
[17]. Some authors claim that it is a reactive 
proliferation rather than neoplastic [18], where-
as others believe that it is a true neoplasm [19] 
[20]. It may be a peribiliary gland hamartoma 
[21, 22]. Nearly 85% are solitary and about 
10% of patients have more than two nodules 
[23]. Allair et al. [1] recorded 152 cases from 
the files of the United States Armed Forces 
Institute of Pathology for the years 1943 to 
1986, which is the largest series of BDAs to 
date. 

Histologically, BDA consists of slightly dilated 
ductules with various amounts of lymphocyte 
infiltration and fibrosis. The clinical significance 
of BDA lies in its potential for confusion with 
malignant neoplasms or other benign lesions. 
BDA and BDH have an overlapping histological 
pattern, and a differential diagnosis between 
them may be difficult [19]. Histologically ob- 
served ductules with cystic dilatation or show-
ing brown bile plugs are more typical of BDH 
than BDA [1]. BDH (also known as von 
Meyenburg complexes) is often multiple, vary-
ing in diameter from 0.1 to 0.5 cm. The malig-

Figure 5. The third and fourth case. Amplification plot of tumors showing BRAF V600E mutation: mutated control 
sample (green curve) and mutated patient sample (blue curve), compared to a negative control sample (red curve). 



BDAs may be a early lesion of intrahepatic cholangiocarcinoma

10041 Int J Clin Exp Pathol 2016;9(10):10036-10043

nant transformation of BDH has been des-
cribed, leading to the hypothesis that BDH may 
be premalignant. Recently, Pujals et al. [20] 
confirmed that more than 50% of BDAs were 
detected with BRAF V600E mutations. How- 
ever, the same mutations occur in a few cases 
of ICC (no more than 5%) [19].

Two of our cases newly reported here had 
V600E mutations of BRAF. This suggests that 
BDAs are true neoplastic lesions other than 
reactive proliferation, and they may be precur-
sors for ICCs. BRAF encodes b-raf, a member of 
the raf/mil family (serine/threonine protein 
kinases). These proteins regulate the MAPK 
(mitogen-activated protein kinase)/EPK (extra-
cellular-signal-regulated kinase) signaling path-
way, which figures importantly in cell growth, 
differentiation, and survival [24]. The mutations 
induce high levels of phosphorylated ERK1/2, 
a marker of MAPK/ERK signaling pathway acti-
vation [24]. The mutations of BRAF detected  
in BDA may also suggest that BRAF mutations 
are an early event in cholangiocarcinogenesis, 
as seen in colon cancer [19]. 

The pathogenesis of BDA remains obscure. 
Since one distinct feature of BDA is pyloric 
gland metaplasia, it has been suggested that 
BDA may develop as a focal biliary reactive pro-
liferation, similar to the role of the pyloric gland 
or peribiliary gland metaplasia in the foregut 
[22]. Atypical ductular proliferation of peribiliary 
glands around the major ducts are commonly 
observed when there are inflammatory injuries 
[25]. Several recent investigations have found 
that some cholangiocarcinomas may display 
features of a Brunner or pyloric gland cell phe-
notype, as observed in metaplastic peribiliary 
glands [26]. Based on these observations, 
Cardinale et al. [27, 28] proposed that the 
peribiliary gland that displays a mucinous meta-
plasia may be pre-cancerous, and some mucin-
producing cholangiocarcinoma may be derived 
from progenitor/stem cells of the biliary tree 
that are located in peribiliary glands. BDA and 
peribiliary glands test positive for MUC6 [29]. 
Our cases also showed MUC6 positivity. This 
suggests that some cholangiocarcinomas may 
originate from the peribiliary gland.

In the 4 cases newly presented here, lesional 
areas showing characteristics of either BDA or 
cholangiocarcinoma were identified. More im- 
portantly, transitional zones between the BDA 

and cholangiocarcinoma were seen histologi-
cally. Immunostaining further revealed that 
atypical ductules in cholangiocarcinoma ex- 
pressed high levels of HER2, which is regarded 
as a marker for cholangiocarcinogenesis [30]. 
In contrast to the CD56 positivity of BDAs, most 
atypical ductules in cholangiocarcinoma were 
negative for this marker [31]. This suggests the 
malignant (or premalignant) nature of BDA 
cells. CD56 positivity has been demonstrated 
in BDA [32]. Therefore, in the present 4 cases 
the combined findings gained from both mor-
phological observation and immunostaining led 
to diagnoses of cholangiocarcinoma arising 
from BDA. 

So far, only several studies have reported chol-
angiocarcinoma derived from BDA [7-11], in- 
cluding one case of ICC arising in BDA with a 
focal area of BDH [9]. The lack of reports 
regarding malignant transformation of BDA 
may be because lesions were detected early 
while still small, or malignant potential was  
not considered. Recently, cholangiocarcinomas 
with BDH were described as ICC with a DPM 
pattern, a new subtype of ICC [33]. One of our 
present cases show the same pattern in some 
areas. Kwon et al. [11] observed the same phe-
nomenon in their case. Nakanuma et al. [34] 
confirmed that there were foci of BDA-like 
lesions in some peripheral ICCs. BDAs exhibit 
neoplastic potential with subsequent classical 
peripheral ICC. When diagnosis is performed by 
intraoperative frozen section in which only a 
small portion of the tumor tissue is sampled, 
clarification of the presence of cholangiocarci-
noma arising in BDA may help prevent under- 
diagnosis. 

Typically, ICC has the worst prognosis of carci-
nomas arising in the liver; the overall 5-year 
survival rate is 13%-42% [35], and the recur-
rence rate is high. The median survival after 
conservative therapy was only 1.8 months, and 
12.2 months after surgical resection [16]. In 
contrast, patients with cholangiocarcinoma 
from BDA reported by us and other groups 
showed better survival. However, whether BDA-
derived cholangiocarcinoma is a distinct entity 
with good prognosis requires long-term follow-
up in a larger sample. 

In conclusion, cholangiocarcinoma can develop 
from BDA, indicating that BDA may be a precan-
cerous lesion with the potential for malignant 
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transformation. The classic adenoma-carcino-
ma sequence linked to BRAF mutations in  
other cancers may occur in cholangiocarcino- 
genesis.
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