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Abstract

Hepatic biliary adenofibroma is an exceedingly rare biliary 
neoplasm that primarily affects adults. It typically presents 
as a solitary mass composed of low-grade microcystic and 
tubuloglandular bile duct structures, which are lined by low 
columnar to cuboidal non-mucin-producing biliary epithelium 
and supported by abundant fibrous stroma. Histologically, it 
resembles the Von Meyenburg complex but is much larger 
in size and often shows cytologic atypia. Although consid-
ered benign, emerging case studies and analyses suggest 
that biliary adenofibroma may serve as a precursor lesion to 
intrahepatic cholangiocarcinoma. However, its extreme rar-
ity, coupled with an incompletely understood histogenesis, 
perpetuates diagnostic uncertainty and may lead to misclas-
sification with other similar entities. This review consolidates 
the current understanding of the histopathological and mo-
lecular characteristics of biliary adenofibroma, highlights 
its differential diagnosis, explores its potential progression 
to cholangiocarcinoma, and discusses unresolved questions 
while proposing future research directions.
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Introduction
Neoplasms arising from the biliary system in the liver can 
be benign, borderline, or malignant. Intrahepatic cholan-
giocarcinoma (iCCA) refers to malignant bile duct tumors, 
accounting for approximately 10–15% of primary liver can-

cers, second only to hepatocellular carcinoma.1,2 iCCA may 
arise from borderline tumors or precursors such as biliary 
intraepithelial neoplasms. Benign biliary tumors commonly 
include von Meyenburg complexes (VMC), bile duct adeno-
mas (BDA), biliary cysts, or cystadenomas (mucinous cystic 
neoplasms (MCNs)).3 Hepatic biliary adenofibroma (BAF), 
on the other hand, is an extremely rare benign bile duct tu-
mor featuring low-grade tubuloglandular structures lined by 
a single layer of biliary epithelium and supported by abun-
dant collagenous stroma, which is the origin of its name.4,5 
Fewer than 25 cases have been documented in the English 
literature since the first case of BAF was reported three dec-
ades ago.4,6–9 Over the past decades, only one case fulfill-
ing the morphologic criteria was retrospectively identified in 
the pathology databases of the two tertiary medical centers 
with which the authors are affiliated (Fig. 1a). The tumor 
exhibited a low Ki-67 proliferation index of less than 10% 
in both the epithelium and stroma, a characteristic feature 
supporting its diagnosis (Fig. 1b). Despite official recognition 
in the World Health Organization 5th edition for tumors of 
the digestive system as a distinct benign biliary tumor and 
precursor lesion to iCCA,5 the rarity of BAF continues to pose 
significant diagnostic challenges and raise unresolved ques-
tions, fueling ongoing interest and controversy surrounding 
this entity. This review aimed to enhance understanding of 
the histopathological and molecular features of BAF while 
outlining future research directions.

Clinicopathologic characteristics
The first case of BAF was reported by Tsui et al.4 in 1993 in 
a 74-year-old woman who presented with abdominal pain 
and imaging findings of a 7-cm mass in the right hepatic 
lobe. Macroscopically, the tumor appeared as a well-circum-
scribed pedunculated mass with a microcystic cut surface. 
Histologically, the tumor exhibited biliary tubules, acini, and 
microcysts within a variably dense fibrotic stroma. It resem-
bled VMC but was much larger and showed mild to moderate 
nuclear atypia. Following complete excision, the patient had 
a benign clinical course. However, the presence of cytologic 
atypia led the authors to suggest that BAF may have the po-
tential to transform into iCCA.

Nearly a decade later, a second case of BAF was reported 
in a 47-year-old woman, presenting as a 16-cm solid and 
cystic liver mass with a histologic appearance similar to the 
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first case, which also followed an indolent course.9 Over 
time, more cases were reported, with the largest case se-
ries comprising six patients, with a mean age of 60 years 
(range: 37–83 years) and a slight female predominance 
(F:M = 2:1). The masses, located in either the right or left 
hepatic lobes, were round to oval and ranged in size from 
1.7 to 16 cm. The cut surface showed both solid and micro-
cystic components in varying proportions, with a sponge-
like appearance. Histologically, all masses displayed cystic/
microcystic and tubular/glandular structures lined by low 
columnar and cuboidal non-mucin-producing biliary epithe-
lium, similar to the initially reported case and our own (Fig. 
1). Although immunohistochemical staining is not necessary 
for diagnosis, the epithelial cells were positive for AE1/3, 
CAM5.2, CK7, CK19, CEA, and EMA, which are typical of 
a biliary phenotype. Notably, none of the cases exhibited 
malignant features. Despite recurrences in two cases, all 
patients followed a benign or indolent course after excision, 
with no associated deaths.9

BAF with malignant transformation
Although no malignancy was reported in the largest case se-
ries,4 the potential link between BAF and iCCA has been a 
subject of ongoing discussion. This is unsurprising given the 
large size and dysplastic nature of the epithelium in BAF.6–8 
However, due to the rarity of BAF, earlier case reports ad-
dressing its malignant transformation have varied in accu-
racy and consistency. For instance, Akin and Coskun, who 
reported the first case of malignant transformation of BAF 
with subsequent lung metastasis, did not provide histologic 
evidence to confirm the initial BAF diagnosis.10 Similarly, oth-
er reported cases have lacked convincing histopathological 
support for the BAF diagnosis.11 Nguyen et al.12 described 
a case of BAF with carcinoma in situ, but the accompanying 
histologic image resembled a benign biliary cyst rather than 
BAF. More convincing cases of malignant transformation of 
BAF require compelling histological evidence of a true BAF, an 
abrupt transition between BAF and adjacent iCC,13–16 or the 
presence of high-grade dysplasia originating from the epi-
thelium within a BAF.17 Despite some inconsistencies in these 
reports, BAF is now widely recognized, like other benign bil-
iary tumors, as a precursor lesion to iCCA. The exact risk of 
malignant transformation in BAF remains unclear due to the 
limited number of validated case reports. However, some au-

thors suggest a malignancy rate of 37% (7/19) in resected 
BAF.18 Regardless, thorough sampling to exclude any focus 
of malignant transformation is recommended when BAF is 
encountered in practice.

Differential diagnosis
As a benign lesion, BAF needs to be distinguished from other 
biliary tumors. VMC is considered a miniature version of BAF 
in the first case report.4 Unlike BAF, which likely originates 
from the interlobular larger bile ducts (15–100 µm), VMC is 
thought to originate from the terminal bile ducts (<15 µm) 
and thus is much smaller in size, typically <0.5 cm.19 VMC 
is often multiple and can be associated with ductal plate 
malformation (DPM), a developmental anomaly due to the 
persistence of embryonic bile duct structures,20,21 whereas 
BAF is often solitary and has no established association with 
DPM. Histologically, both VMC and BAF feature dilated, ir-
regular, and anastomosing bile ducts lined by bland cuboi-
dal epithelium within a fibrotic stroma (Fig. 2a). However, 
the epithelium in VMC is often completely benign and lacks 
atypia, in contrast to BAF. Regardless, both BAF and VMC 
are considered precursor lesions to iCCA,22 and some litera-
ture describing the malignant transformation of BAF might 
actually be referring to VMC with malignant transforma-
tion,23 or vice versa,24 especially in cases where lesion size 
is unspecified.

Another differential diagnosis for BAF is BDA. BDA is a 
benign, well-circumscribed lesion typically under 1 cm, of-
ten incidentally discovered during surgery for other condi-
tions.25 Histologically, it features small, evenly spaced bile 
duct structures with mild cytologic atypia, similar to that 
seen in BAF, but lacks the cystic dilation, branching, and 
prominent fibrous component characteristic of BAF (Fig. 2b). 
Some studies have found frequent BRAF V600E mutations in 
BDA,26 suggesting a neoplastic nature. Similar to VMC, BDA 
can occur as a solitary lesion or in association with DPM and 
is also considered a potential precursor lesion to iCCA.27

Bile duct cystadenoma is an obsolete term in older nomen-
clature.28,29 It used to refer to multilocular or unilocular cysts 
with focal projected polypoid solid-tumor growth, including 
MCNs.30 The current definition of MCN requires the presence 
of ovarian-like subepithelial stroma, while cases with marked 
cystic changes but without ovarian-like stroma are reclassi-
fied as intraductal papillary or tubulopapillary neoplasms of 

Fig. 1.  A rare case of biliary adenofibroma showing proliferation of individual biliary tubules and microcystic structures within a fibrous stroma (a). 
The tumor shows an extremely low Ki67 proliferation index in both the epithelium and stroma (b). Magnification: a: 40×; b: 200×.
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the bile ducts (IPNB/ITPN).5 Nonetheless, these entities may 
overlap with BAF, making them sometimes difficult to dis-
tinguish.31 Some cases may show features of both BAF and 
IPNB/ITPN (Fig. 2c), and some reported cases of BAF with 
imminent malignant changes may actually be lesions that 
can be classifiable as IPNB or ITPN.17

iCCA is perhaps the most critical differential diagnosis 
for BAF, particularly because iCCA can originate from BAF. 
The histomorphology of iCCA is diverse and categorized into 
small duct and large duct subtypes. The large duct iCCA of-
ten contains large cystically dilated glands resembling BAF, 
but significant cytologic atypia and an infiltrative growth pat-
tern differentiate them from BAF (Fig. 2d). Small duct iCCA, 
especially the morphologic variant known as iCCA with DPM 
pattern, can closely mimic BAF as well. As the name implies, 
iCCA with DPM pattern features elongated, tortuous, and 
fused bile duct-like structures reminiscent of DPM.5,32,33 A 
careful examination for features such as pronounced cytolog-
ic atypia, increased mitotic activity, single-cell necrosis, and 
infiltrative growth is essential to differentiate iCCA from the 
benign nature of BAF. Nevertheless, iCCA, as a heterogene-
ous tumor, often contains a mixture of morphologic variants 
or a blend of low- and high-grade components (Fig. 3), which 
can lead to diagnostic confusion, particularly on biopsy speci-
mens. In those cases, a portion of iCCA with DPM pattern 

may be misinterpreted as BAF,23,34 potentially contributing to 
an overestimation of reports describing BAF with malignant 
transformation.

Because some individual case reports describing “carci-
noma arising from BAF” did not provide convincing histologic 
evidence of a true BAF,35 and because the overlaps between 
BAF and a peculiar pattern of iCCA with distinctive tubulocyst-
ic morphology frequently lead to diagnostic confusion, some 
authors have recently proposed a new histologic subtype of 
iCCA called “tubulocystic carcinoma” of the bile ducts.36 In 
this recently published case series, “tubulocystic carcinoma” 
was described as low-grade, deceptively benign-appearing 
tubulocystic glands resembling BAF, transitioning into more 
complex IPNB and conventional small-duct iCCA. Based on 
limited data, this newly proposed variant may be less ag-
gressive compared to conventional iCCA. However, histologic 
details were provided for only four of the eight cases, making 
it difficult to fully assess the validity of this variant.

Molecular pathogenesis
The molecular landscape of BAF remains poorly characterized 
due to the rarity of this lesion. As a precancerous entity, most 
BAFs display wild-type p53 expression by immunohistochem-
istry, suggesting an absence of TP53 mutations.7,9 However, 

Fig. 2.  Entities that mimic biliary adenofibroma. (a) Von Meyenburg complex, a small, incidental biliary lesion featuring dilated, irregular, and anastomosing bile 
ducts lined by bland cuboidal epithelium within a collagenous stroma. (b) Bile duct adenoma consists of small, evenly spaced bile duct structures with mild cytologic 
atypia and scant fibrous stroma. (c) A multilocular biliary cyst shows features of an intraductal papillary neoplasm of the bile duct lined by mucinous epithelium (left) 
and smaller cysts lined by non-mucinous epithelium (right), similar to biliary adenofibroma. (d) A large duct-type intrahepatic cholangiocarcinoma contains individual 
glands within a fibrous stroma resembling biliary adenofibroma but with marked cytologic atypia and perineural invasion. Magnification: a-c: 40×; d: 100×.
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slightly increased p53 expression, tetraploid status, and find-
ings of chromosomal copy number alterations, including am-
plifications of the CCND1 and ERBB2 genes in some cases, 
suggest malignant potential in BAF.7,9 In cases of BAF with 
malignant transformation, one study revealed CCND1 ampli-
fication in both the BAF and the associated iCCA,15 with the 
iCCA component further harboring NRAS mutations. Another 
study reported two polymorphisms, TP53 (NM_000546.5: 
c.215C>G) and KIT (NM_000222.2: c.1621A>C), in both the 
BAF and iCCA components.10

In contrast, the molecular pathogenesis of iCCA is charac-
terized by a more extensive and intricate genetic and molec-
ular landscape,37 with frequent mutations in TP53, ARID1A, 
KRAS, IDH1, CDKN2A, BAP1, SMAD4, and PIK3CA, along 
with gene fusions involving FGFR2 or amplifications in genes 
such as EGFR2 (Her2/neu), MYC, MDM2, MET, CCND1, and 
CCNE1.38 In large duct iCCA, KRAS and SMAD4 mutations 
are common (up to 30% each), while in small duct iCCA, 
mutations in IDH1/2, BAP1, and BRAF (15–20%), or FGFR2 
fusions (15%) are characteristic.38,39 iCCA with DPM pattern 
shares similar genetic profiles with small duct iCCA, with al-
terations in ARID1A, CDKN2A, TP53, BAP1, ATM, NF1, and 
STK11, alongside an FGFR2 fusion.40 Interestingly, the newly 
described “tubulocystic carcinoma” of the bile duct also fea-
tures ARID1A, BAP1, and PBRM1 mutations, as well as an 
actionable FGFR2:MCU fusion,36,40 highlighting similarities 
among small duct iCCA, iCCA with a DPM pattern, and “tubu-
locystic carcinoma”. In this context, the observed, albeit less 
frequent, alterations of CCND1 and ERBB2 in BAF appear to 
be consistent with its role as a precursor lesion to iCCA within 
this spectrum.7

Future directions
Since BAF was first described more than three decades ago, 
it has been recognized as a distinct benign biliary tumor and 
a precursor lesion to iCCA, alongside BDA, MCN, and IPNB/
ITPN. However, its rarity continues to pose diagnostic chal-
lenges and unresolved questions. First, is a size threshold of 
0.5 cm sufficient to differentiate BAF from VMC? How should 
cytologic atypia be defined in BAF: should BAF only include 
lesions with a certain degree of atypia or dysplasia, or should 
cases with completely normal epithelium also be included 
in its category? Given the similarities between the VMC and 

BAF, further studies are needed to explore the potential re-
lationship between them. Similarly, BAF, multilocular biliary 
cysts, and IPNB/ITPN may overlap in histogenesis,31 and 
thus entities with features of concurrent lesions may exist 
(Fig. 2c). Second, it is the authors’ opinion that BAF may 
not be reliably diagnosed by radiology alone or biopsy speci-
mens due to its potential for malignancy. Therefore, it should 
explicitly be stated in World Health Organization guidelines 
to prevent confusion in both clinical practice and research. 
Finally, BAF with malignant transformation should be more 
clearly defined to avoid confusion with iCCA presenting with 
a DPM pattern or focal tubulocystic morphology. To address 
these controversies, continuous and collaborative efforts are 
essential to improve our understanding of this rare entity, 
refine the diagnostic criteria, and ensure clarity while mini-
mizing the risk of misdiagnosis.

Conclusions
BAF is considered a premalignant lesion, typically present-
ing on macroscopic examination as a well-demarcated mass 
with mixed solid and cystic components. Histopathological 
examination remains essential for the diagnosis, requiring 
a detailed assessment of size, epithelial atypia, growth pat-
terns, and any features indicative of malignancy. Besides re-
fining clear diagnostic criteria, a deeper understanding of its 
malignant potential is also critical. Future research should 
prioritize molecular studies comparing BAF with related 
iCCA subtypes. Additionally, prospective clinical data may 
be needed to determine whether patients with BAF would 
benefit from regular follow-up to enable early detection of 
malignant transformation.
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