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Abstract

Purpose: To describe imaging findings in biphenotypic
hepatic tumors (BPT) and a proposal for new imaging
classification based on contrast-enhanced imaging.
Methods: Retrospective review of CT, MRI, PET/CT,
and ultrasound findings in 39 patients with histologically
confirmed BPT was performed. Tumor markers includ-
ing AFP, L3 fraction, CA 19.9, CA 125, and CEA were
recorded. Based on the dynamic enhancement features,
BPT were categorized into 4 enhancement patterns
(Types 1–4). Enhancement patterns were correlated with
other imaging findings and tumor markers. Imaging
features and tumor markers that were not consistent with
diagnosis of hepatocellular carcinoma or intrahepatic
cholangiocarcinoma based on enhancement pattern were
considered discordant findings.
Results: Enhancement patterns in 29 patients (CT/MR)
included 23 Type 2 (continuous peripheral rim of late
arterial hyperenhancement with washout or fade in
portal venous and/or delayed phases, ±delayed central
enhancement) and 2 of each Types 1, 2, and 3. Discor-
dant imaging findings were present in two patients with
Type 2 pattern and in one patient with Type 1 pattern.
Both AFP and CA 19.9 were elevated in 15 of 33 of
patients. Tumor markers AFP and CA 19.9 were
discordant in 17 of 21 patients with Type 2 pattern,
two of two patients with Type 3 pattern. Most BPTs were
markedly PET avid with average SUV max of 8.2. Most
frequent ultrasound appearance is peripheral hypoe-
chogenicity and central hyperechogenicity.
Conclusions: BPT most commonly present with imaging
features similar to cholangiocarcinoma or metastases.
BPT can be suggested when imaging findings or tumor

markers are discordant with the most likely diagnosis
based on enhancement pattern.
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The first case of a biphenotypic hepatic tumor (BPT)
with combined histologic features of hepatocellular and
cholangiocarcinoma was reported in 1903 [1]. Most re-
cent estimates quote BPTs as accounting for roughly
1%–6% of primary liver tumors [2–7]. BPTs have been
described in numerous reports representing a spectrum
of neoplasia ranging from pathologic variants of
hepatocellular carcinoma (HCC) to variants of intra-
hepatic cholangiocarcinoma (ICC). Related to its spec-
trum of pathologic findings, BPT has imaging
appearances which overlap both HCC and ICC, there-
fore may be misdiagnosed as HCC or ICC and treated as
such. Prior reports estimating radiologist accuracy for
identifying BPT have proven the difficulty in identifying
these tumors. Nishi et al. and Fowler et al. have both
demonstrated poor sensitivity for diagnosing BPT which
is frequently mistaken for HCC or ICC [8, 9]. Survival
outcomes for BPT are consistently worse than HCC [7,
10]. Outcomes overall appear to be similar to those of
ICC but this is controversial as some studies have shown
variable outcomes [7, 10–12]. Accurate diagnosis of BPT
is critical as misdiagnosis as HCC can lead to poor
outcomes when treated by traditional HCC protocols
such as liver transplant [13, 14]. In this paper, we retro-
spectively reviewed imaging and clinical findings in 39
patients with histologically proven BPTs and the findings
are presented along with a review of English literature.
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Review of the literature

Imaging descriptions of BPT on computed tomography
(CT), magnetic resonance imaging (MRI), F-18 FDG
positron emission tomography (PET), and ultrasound
(US) have been published as case reports or case series
over the last 20 years (Table 1) [3, 5, 8, 9, 11, 15–28]. Prior
reports are difficult to compare for several important
reasons including pathologic definitions of BPT, variable
technology, imaging protocols, and variable descriptions
of imaging characteristics such as enhancement.

The current pathologic definition of BPT is provided
by theWorldHealthOrganization (WHO) [29]. TheWHO
definition states that a BPT must contain unequivocal
elements of both hepatocellular and cholangiocarcinoma
(Fig. 1), which are intimately admixed. Many prior
reports describing BPT imaging characteristics were based
on classifications systems proposed by Allen and Lisa in
1945 and Goodman et al. in 1985 [2, 4]. Allen and Good-
man subtypes not compatible with the WHO system have
been included in multiple prior imaging descriptions of
BPT, limiting the usefulness of the described imaging
features. More studies are needed utilizing a modern
pathologic definition in order to identify clinically useful
and predictive imaging characteristics.

Some of the most interesting prior studies were able
to obtain gross histologic specimens which were then
compared directly to enhancement patterns found at CT
and MRI. These studies found that patterns of en-
hancement and other imaging findings could be corre-
lated directly with the gross histology of the specimen

[15, 17, 18, 25, 27]. Areas of tumor that tend to have
either a fibrous background or cholangiocarcinomatous
predominance have less arterial enhancement and tend to
be hyperattenuating on delayed images. Areas with a
predominance of hepatocellular differentiation tend to
enhance avidly on arterial phase imaging and washout in
the delayed phases. Two representative reports include
Aoki et al. and Sanada et al. and the main imaging
findings are summarized in Table 2 [15, 25]. CT or MRI
enhancement patterns mimicking metastases or ICC are
the most common findings described in most studies in-
cluding the recent study composed of 29 patients by
Fowler et al. Mixed tumors with histologic pre-
dominance of the HCC type are the subtype most likely
to demonstrate an imaging pattern like HCC [11, 15, 17,
25, 27]. These studies help explain the difficulty in iden-
tification of BPT by revealing the variability in histologic
composition and corresponding enhancement patterns.

Limited literature has been published on the PET and
USappearance of intrahepatic biphenotypic tumors. Prior
descriptions including quantitative assessment of tumor
FDGactivity suggest that these tumors are oftenmarkedly
hypermetabolic. A description of a single case from 1999
reported a large, centrally necrotic mass with markedly
elevated FDG activity within the soft tissue components
with standard uptake value (SUV) ranging from 9 to 11
[30]. A more recent report of three cases described
markedly FDG avid masses with SUV max ranging 9.9–
13.0 [31]. Prior reports describing the US appearance of
BPT have reported variable echogenicity of these lesions.

Table 1. Summary of previous publications describing imaging appearances of biphenotypic tumors

References Number of patients CT MR PET US

Aoki et al. [15] 12 X
Choi et al. [16] 6 X X
Hashimoto et al. [18] 2 X
Fukukura et al. [17] 15 X
Murakami et al. [32] 1 X X
Shiomi et al. [30] 1 X
Ebied et al. [21]a 30 X
Toh et al. [28] 1 X
Nishi et al. [9] 27 X
Sanada et al. [25] 11 X
Nagaoka et al. [33] 2 X
Phongkitkarun et al. [34] 10 X
Shin et al. [27] 12 X
Schiettecatte et al. [35] 1 X
Lin et al. [11] 30 X X
Willekens et al. [36] 1 X
Panjala et al. [23]a 12 X X X
Jeon et al. [22] 4 X
Saboo et al. [24]a 1 X X
Hwang et al. [5] 20 X
De Campos et al. [3]a 11 X
Ijichi et al. [31] 3 X
Fowler et al. [8]a 29 X X
Shetty et al. [26]a 8 X X X X

aIncluded patients from the USA
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In summary, previous reports have shown that the
predominant histologic component of a mixed tumor is
correlated with imaging findings such as pattern of en-
hancement. The variation of imaging findings makes
prospective diagnosis of these tumors difficult. Clinically
useful criteria are needed for when a radiologist should

include a BPT in the differential diagnosis of an un-
known mass. Knowledge of basic clinical management of
HCC, ICC, and BPT is needed to understand the clinical
implications of including or excluding BPT from the
differential diagnosis. The purpose of this study is to
describe the imaging findings of BPT. We also correlated

Table 2. Reported enhancement patterns correlated with gross pathologic findings

Aoki et al. [15] Sanada et al. [25] Pathology

Type A: Hyperenhancement peripherally with
peripheral washout and central hyperen-
hancement

Layered zones of peripheral HCC and central
ICC

Type B: Hyperenhancement throughout the
lesion with hypoenhancement in later phase

Type 1: Hyperenhancement in early phase
with washout (hypoenhancement) in the
late phase

Predominance of HCC component
throughout the sample

Type 2: Peripheral enhancement in early and
late phases

Central necrosis with surrounding mixed
tumor, tend to be predominantly ICC

Type 3: One area of hyperenhancement in
early phase and another area of slight
hyperenhancement in late phase

HCC and ICC histologic components localize
well to respective areas of enhancement

Fig. 1. Histology of biphenotypic tumor: hepatocellular car-
cinoma component showing a trabecular arrangement of the
tumor cells (arrow A). Cholangiocarcinoma component within
the same tumor as above showing a glandular architecture
(arrow B). Polyclonal CAE stain showing a canalicular pattern

of staining with absence of cytoplasmic staining within the
HCC component (arrow C). Polyclonal CAE stain showing
cytoplasmic staining within the tumor cells exhibiting a glan-
dular architecture (arrow D). Cross sectional imaging of this
tumor is provided in Fig. 5.

M. L. Wells et al.: Biphenotypic hepatic tumors 2295



clinical and imaging findings with enhancement patterns
for identification of features helpful in their diagnosis.

Methods

Subjects

After obtaining institutional review board approval for
retrospective analysis, cases were identified by elec-
tronically searching our institutional database of patho-
logic records from January 2000 to December 2013.
Combinations of search terms including biphenotypic,
combined, mixed, hepatocellular, and cholangiocarcino-
ma were used to identify potential patients. Patients with
BPT pathologically confirmed at our institution and
imaging available for review including CT, MRI, PET,
or US were included in the study. A total 55 patients had
a diagnosis of possible BPT. Seven cases not meeting
WHO criteria after retrospective pathologic review (de-
scribed below) were excluded. Nine cases with no imag-
ing available for review were also excluded. The
remaining 39 patients were included in the study.

Demographics and tumor biomarkers

Information recorded from chart review of each patient
included age, sex, and serum tumor marker values in-
cluding alfa fetoprotein (AFP), lens culinaris agglutinin
bound fraction of AFP (L3%), carcinoembryonic antigen
(CEA), carbohydrate antigen 19.9 (CA 19.9), and car-
bohydrate antigen 125 (CA 125).

Summary of imaging protocols

Standard MRI protocols performed at our institution
included dynamic T1-weighted 3D gradient recalled echo
fat suppressed unenhanced and contrast enhanced, axial
fat saturated T2 weighted, coronal non-fat saturated T2
weighted, and axial in and opposed-phase series. MRI
exams performed at other institutions included similar
protocols with the exception of five exams which did not
include in and opposed-phase images. Standard liver CT
protocols performed at our institution included late ar-
terial and portal with or without delayed-phase images.
Available phases of post intravenous contrast enhance-
ment on CT and MRI exams were categorized based on
Liver Imaging Reporting and Data System (LIRADS)
definitions including non-contrast, early arterial, late
arterial, portal venous, and delayed phases [37]. Indi-
vidual series of each contrast-enhanced MRI and CT
exam were inspected for adequacy of bolus timing and
excluded if they did not meet LIRADS criteria.

Image review

Imaging studies including US, PET, CT, and MRI were
interpreted by two radiologists (abdominal imaging fellow

and an attending abdominal radiologist with 10 years’
experience) over a 2-week period, and all findings were
recorded by consensus. US, CT, and MRI were reviewed
using a GE PACS workstation. The number of lesions in
each patient was recorded. When multiple hepatic lesions
were present, the mass which was biopsied or resected was
chosen and imaging features reviewed. Tumor size was
recorded. Enhancement was categorized into 4 types
(Table 3) based on previously described patterns. The 4
types are also illustrated in Figs. 2, 3, 4, and 5. Type 1 was
typical of an HCC and Type 2 is typical of ICC. Type 3
enhancement pattern is unusual forHCCbut could be seen
with a variety of masses including ICC, necrotic neo-
plasms, or infectious processes. Type 4 enhancement pat-
tern suggests a tumor with components of different
physiology or possibly two separate but directly adjacent
neoplasms (collision tumor). Assignment of an enhance-
ment category required a three-phase exam (late arterial,
portal venous, and delayed phase) or an exam with late
arterial phase and a delayed phase adequately demon-
strating washout, delayed, or persistent enhancement.
Additional enhancement characteristics were recorded
including the presence of pseudocapsule. Additional
imaging findings were evaluated including: the presence of
tumoral fat, hemorrhage, necrosis, cystic regions, calcifi-
cation, vascular invasion, biliary obstruction, and ab-
dominal lymphadenopathy. Specific MRI findings that
were recordedwere T2 signal intensity, T1 signal intensity,
and signal change on in and opposed-phase images.

PET was reviewed using a workstation running
OsiriX viewing software. PET characteristics recorded
included SUV maximum (max) of lesion, SUV max of
normal background liver, and the presence of FDG avid
lymphadenopathy. Ultrasound images were reviewed for
liver parenchymal echogenicity, lesion echogenicity, and
the presence of posterior acoustic characteristics.

Pathologic analysis

All pathologic reports were manually reviewed. Initially
the specimens were evaluated by the institution pathol-

Table 3. Proposed classification of BPT based on enhancement
patterns

Type Enhancement pattern

Type 1 Diffuse or mosaic late arterial hyperenhancement
followed by washout in portal venous and/or
delayed phases

Type 2 Continuous peripheral rim of late arterial hyperen-
hancement with washout or fade in portal venous
and/or delayed phases, with or without delayed
central enhancement

Type 3 Peripheral hyperenhancement in both early and late
phases

Type 4 Two distinct regions of different enhancement patterns.
One region showing late arterial hyperenhancement
and separate region showing delayed enhancement
within the same tumor mass
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ogist at the time of diagnosis. A second retrospective
review of the cases was performed by an experienced
pathologist (8 years post-board certification) with ex-
pertise in hepatobiliary pathology. A histological diag-
nosis of BPT was considered when cells showing features
of HCC and ICC were present in the same tumor. Fea-
tures of HCC included the presence of trabecular or
pseudo acinar architecture with neoplastic cells resem-
bling normal liver cells to a variable extent with or
without bile production. Features of ICC included
glandular features resembling glandular carcinomas or
adenocarcinomas. Special stains such as hepatocyte
paraffin 1, albumin in situ hybridization, polyclonal
CEA, CK7, CK20, CK19, and mucicarmine were per-
formed to confirm hepatocellular and cholangiocarcino-
ma components. Correlation with relative proportions of
HCC and ICC could not be performed as entire resection
specimens were not available for review and quantifica-
tion in the microscopy slides was not possible.

Results

Patients (mean age 58.6 years, 25 males) with patho-
logically proven BPT formed the final study group (16
patients were excluded). 23 patients had a single hepatic
mass. 15 patients with multiple masses had an average of
5.1 lesions (range 2–37); one patient with only ultrasound
had numerous lesions reported which could not be
adequately recounted. The mean size of the tumor was
7.0 cm (range 2.5–19.5 cm). The histological diagnosis
was established with surgical resection in 19 patients and
20 by needle biopsy. 15 of 39 (38%) patients had known
chronic liver disease, including 12 (31%) with cirrhosis.
The etiologies for chronic liver disease were 9 (23%)

hepatitis C, 3 (8%) alcoholic liver disease, and 2 (5%)
steatohepatitis.

CT and MRI findings

Thirty patients had CT and 20 had MRI available for
review. In total, 35 patients had CT and/or MRI avail-
able for assessment. 29 patients had multiphase CT or
MRI adequate for determining a tumor enhancement
pattern. Type 2 enhancement pattern was the most
common pattern and found in 23 patients. Type 1, 3, and
4 enhancement patterns were found in two patients each.
Capsular retraction was seen in nine; pseudocapsule,
vascular invasion, and biliary obstruction in three pa-
tients each (Table 4). Nearly all lesions at MRI were T2
hyperintense (95%) and T1 hypointense (100%). Un-
common findings included lesional fat (3%), necrosis
(11%), and cystic change (3%). Lesional calcification was
not seen. Serum AFP and CA 19.9 were elevated in 76%
and 59% of patients, respectively. Both AFP and CA
19.9 were elevated in only 45% (15/33) of patients. At
least one tumor marker was elevated in 80% (33/39)
patients. Correlation of enhancement pattern with serum
markers are shown in Table 5. Nine of twelve patients
with cirrhosis had adequate imaging to determine an
enhancement pattern. There was no correlation with
cirrhosis and enhancement pattern (6 Type 2, 1 of each
Type 1, 3, and 4).

PET findings

Twelve patients had PET available for review. Ten pa-
tients had exams including original DICOM data avail-
able for calculation of SUV max values. The average
SUV max for these patients was 8.2 (range 4.3–15.8).

Fig. 2. Type 1 imaging pattern: diffuse or mosaic late arterial
hyperenhancement followed by washout (arrows A, B). Pa-
thology specimen from the same tumor depicted in A, B, note

the green bile staining (arrow) and fibrous capsule (arrow-
head) consistent with HCC type histology (C).
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Fig. 4. Type 3 enhancement pattern: peripheral hyperenhancement in both early and late phase (arrows A–C).

Fig. 3. Type 2 enhancement pattern: continuous peripheral
late arterial hyperenhancement with washout or fade (arrowsB,
C) with or without delayed central enhancement (arrowhead C).

Pathology specimen (D) from another patient with correlation to
the presurgical CT scan (arrow, E). Note the white, fibrous
appearance of this infiltrative mass characteristic of ICC.
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When SUV was normalized to background liver the av-
erage SUV ratio was 2.8 (range 1.0–7.5). In two patients,
SUV value was similar to background liver with SUV
ration of 1.0. Two patients had exams including only
secondary capture images which allow generalized
statements regarding FDG activity based on included
color scales without the benefit of quantitative analysis.
In these two patients, the max SUV values were clearly
over 5 and 10, respectively.

Ultrasound findings

Thirteen patients had ultrasound images available for
review. Background liver echogenicity was coarsened in 5
and there was good correlation with the presence of

known cirrhosis or chronic liver disease. Masses were
peripherally hypoechoic with central hyperechogenicity
in 6, heterogenously hypoechoic in 4, homogenously
hypoechoic in 1, and homogenously hyperechoic in 1. 1
mass was a large heterogenous mass with overall in-
creased echogenicity.

Discussion

BPT are difficult tumors to prospectively diagnose be-
cause of the variety of imaging patterns displayed. By
assigning an enhancement pattern, we could identify
imaging findings which are discordant with the most
likely diagnosis based on enhancement. For example, an
enhancement pattern suggesting HCC with additional

Table 4. Imaging features of BPT on CT and MRI BPT types

Feature N Type 1 (n = 2) Type 2 (n = 23) Type 3 (n = 2) Type 4 (n = 2)

Heterogenous appearancea 15/35 1/2 10/23 1/2 2/2
T2 hyperintensityb 19/20 1/1 13/14 1/1 2/2
T1 hypointensityb 20/20 1/1 14/14 1/1 2/2
Average size (mm) 69.6 91 65.7 93 40
Capsular retraction 9/35 0/2 6/23 1/2 1/2
Pseudocapsulec 3/31 0/1 0/23 0/2 1/2
Intralesional fat 1/35 1/2 0/23 0/2 0/2
Necrosis 4/35 0/2 2/23 1/2 1/2
Cystic spaces 1/35 0/2 1/23 0/2 0/2
Calcification 0/35 0/2 0/23 0/2 0/2
Vascular invasiond 3/33 0/2 2/23 0/2 1/2
Biliary obstruction 3/35 1/2 1/23 0/2 1/2
Cirrhotic changese 12/35 1/2 6/23 1/2 1/2

aLess than 50% of tumor has a homogenous appearance
bT1 and T2 signal was scored on 20 patients with MRI
cPseudocapsule was scored in 31 patients with delayed phase CT or MRI
dVascular invasion was scored in 33 patients with contrast enhanced CT or MRI
eFindings of cirrhosis included characteristic liver morphology of surface nodularity, caudate, and/or left lobe of liver enlargement, splenomegaly, or
portosystemic shunts

Fig. 5. Type 4 enhancement pattern: focal region of late
arterial hyperenhancement (arrows A–C) and separate area
of delayed enhancement (arrowheads A–C). Histologic slides

from this tumor representing the hepatocellular and cholan-
giocarcinoma components are provided in Fig. 1.
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imaging findings characteristic of ICC, would therefore
raise suspicion of BPT which should then be included in
the differential diagnosis. We also found that the ma-
jority of the tumors with PET imaging demonstrated
marked hypermetabolism. This finding could also be
helpful for initial clinical evaluation as well as staging
and evaluation of therapy. US was not found to be a
useful modality for characterization.

The majority of patients in our study demonstrated a
Type 2 enhancement pattern. The imaging pattern alone
is suggestive of a hepatic metastasis or mass forming
ICC. Within this group, two of the patients demon-
strated gross venous vascular invasion which is more
often associated with HCC [38, 39]. Two patients had
tumors demonstrating a Type 1 imaging pattern, which is
suggestive of HCC. One of these patients demonstrated
biliary obstruction out of proportion to the tumor size, a
feature typically associated with cholangiocarcinoma.
These discordant imaging findings could have raised
suspicion for an atypical neoplasm and prompted the
inclusion of BPT in the differential diagnosis.

The Type 4 enhancement pattern is suspicious for
BPT as the two different patterns of enhancement within
the same tumor suggests components with different be-
havior. The pattern could also be seen with two separate
tumors with different enhancement patterns which have
grown into one another (collision tumor). One of the two
patients with Type 4 imaging pattern had imaging find-
ings of both gross vascular invasion and delayed en-
hancing pseudo capsule, suggestive of HCC. The other
patient had imaging findings of both biliary obstruction
and capsular retraction suggestive of ICC.

Discordance between the most likely diagnosis based
on imaging findings and tumor marker profile should
also raise suspicion of a BPT. Tumor markers in general
have poor sensitivity and specificity but are commonly
used and often clinically helpful when elevated [40, 41].
Serum markers including AFP, L3%, and des-gamma

carboxyprothrombin are all suggestive of HCC, while
markers such as CEA, CA 19.9, or CA 125 are associated
with ICC [37, 41, 42]. Tumor markers representative of
the individual HCC and ICC components can all be
elevated in a biphenotypic tumor. Elevation of tumor
markers suggesting both an HCC and ICC component
should raise suspicion of a biphenotypic tumor. 15 of 33
(45%) patients in this study had elevation of both tumor
markers. Of the patients with Type 2 enhancement pat-
tern, 17 of 21 (81%) had elevation of AFP which could be
interpreted as a discordant finding, and 10 of 19 (53%)
had elevation of both AFP and CA 19.9. Two of two
patients with Type 3 enhancement pattern both had
elevation of AFP. Correlating these raised levels of ser-
um tumor markers could have raised suspicion for BPT.

In our study, we found that enhancement pattern in
combination with discordant imaging characteristics or
discordant serum markers is perhaps the best way to
suggest possibility of BPT. Similar to two recent reports
in a US-based population by De Campos et al. and
Fowler et al., we found the most common imaging pat-
tern to be peripherally hyperenhancing in the arterial
phase with slow central enhancement. Unlike De Cam-
pos, we did not observe a correlation between the pres-
ence of cirrhosis and the observed enhancement pattern.
This could be related to the lower frequency of cirrhosis
found in our series (33%) which is lower than that re-
ported by De Campos (45%) and similar to other reports
in the US-based population [8, 21]. Using the reported
imaging features, two of the twelve patients reported by
De Campos had a Type 2 enhancement pattern with
venous invasion which we would consider a suspicious
discordant finding, although this was not specifically
suggested in that publication. Two reviewers attempting
to prospectively diagnose BPT in a study by Fowler
et al., reported vascular invasion in 13 of 29 and 15 of 29
patients. This is substantially higher than the number of
cases we identified (3 of 32). In that study the criteria

Table 5. Elevated serum tumor markers in BPT patients

Tumor markers Total Type 1 Type 2 Type 3 Type 4 Unassigned typeh

AFPa 28/37 (76%) 1/2 (50%) 17/21 (81%) 2/2 (100%) 1/2 (50%) 7/10 (70%)
AFPb 19/37 (51%) 1/2 (50%) 13/21 (62%) 1/2 (50%) 0/2 (0%) 4/10 (40%)
L3%c 6/6 (100%) 0/0 (0%) 5/5 (100%) 0/0 0/0 1/1 (100%)
CA 19.9d 20/34 (59%) 0/2 (0%) 13/20 (65%) 0/1 (0%) 1/2 (50%) 6/9 (67%)
AFP and CA 19.9 15/33 (45%) 0/2 (0%) 10/19 (53%) 0/1 (0%) 1/2 (50%) 4/9 (44%)
AFP and CA 19.9e 12/33 (36%) 0/2 (0%) 9/19 (47%) 0/1 (0%) 0/2 (0%) 3/4 (75%)
CEAf 3/15 (20%) 0/0 0/9 (0%) 0/0 0/2 (0%) 3/4 (75%)
CA 125g 1/2 (50%) 0/0 0/1 (0%) 0/0 0/0 1/1 (100%)

aAlfa fetoprotein (AFP). Elevated values over 6.0 ng/mL
bAFP elevated values over 200 ng/mL
cLens culinaris agglutinin bound fraction of AFP (L3%). Elevated values over 10%
dCarbohydrate antigen 19.9 (CA 19.9). Elevated values over 55 U/mL
eAFP and CA 19.9 including AFP values over 200 ng/mL
fCarcinoembryonic antigen (CEA). Elevated values over 5.0 ng/mL
gCarbohydrate antigen 125 (CA 125). Elevated values over 35 U/mL
hPatients without imaging adequate to determine an enhancement pattern
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used by reviewers to prospectively identify BPT was not
specifically illustrated. Our proposal of correlating
imaging features and tumor markers with enhancement
patterns may be a useful template for future prospective
studies.

The FDG activity in the majority of tumors in this
series was markedly elevated. The average SUV value of
8.2 is similar to the values reported by Ijichi et al. [31].
One unique case in our series demonstrated a Type 1
enhancement pattern and regions of both hemorrhage
and fatty deposition. This constellation of imaging
findings is suggestive of HCC. Notably, the regions of
fatty infiltration were markedly FDG avid (Fig. 6). Fatty
infiltration is typically a sign of well-differentiated his-
tology in HCC which typically has FDG activity close to
background liver. The marked FDG activity in this case
could be viewed as a discordant finding and a diagnos-
tically useful indicator of an atypical tumor.

PET has historically assumed a limited role in the
diagnosis and management of both intrahepatic HCC
and ICC. Low rates of detection are related to variable
lesion tracer activity and relatively high background liver
activity [43, 44]. The rate of detection of HCC overall is
reported to be 50%–65% [44]. The presence or absence of
FDG activity in HCC conveys clinically useful infor-
mation. Increased level of FDG activity in HCC has
been correlated with poorly differentiated histology,
shorter doubling time, and worse patient outcomes
[43–45]. Reported rates of ICC detection at PET are
dependent on growth pattern. Generally, FDG PET is
limited in detection of tumors with fibrous deposition,
mucin production, or infiltrative growth patterns which
decrease the spatial density of metabolically active
tumor cells. PET detection of ICC is accordingly
strongly influenced by mass forming vs. infiltrative
growth patterns.

The marked elevation in FDG activity of BPT could
be related to poor differentiation of the HCC and ICC
subtypes or may be related to the suspected origin of
these tumors from a primitive precursor cell line [46]. The
elevated level of activity may also have clinical sig-
nificance as it could be an indicator of the known clinical
aggressiveness of these neoplasms. PET was also able to
identify lymphadenopathy in four out of the eleven pa-
tients, including one patient in which the primary hepatic
lesion had activity similar to background liver (Fig. 7).
PET has shown extremely good results in detecting ex-
trahepatic metastases from both HCC and ICC [44, 47].
Despite the limited data available, similar results would
be expected in the FDG avid BPT tumor population. The
elevated FDG activity in BPT could have important
implications for diagnosis, staging, and possibly follow-
up of these tumors after treatment. As combined PET–
MR becomes implemented more widely in clinical prac-
tice, it may have an increasing role in characterization of
these tumors.

Ultrasound appearances in thirteen patients were
heterogenous. The most common appearance of BPT on
US resembled a metastasis with a typical ‘‘target’’ lesion
appearance (Fig. 8). While ultrasound may be useful for
detection and biopsy of BPT, it is probably not useful for
characterization. These findings are concordant with
prior ultrasound descriptions [16, 23].

Clinically it may be much more important to differ-
entiate a BPT from HCC than from ICC. BPTs tend to
present at more advanced stage with venous invasion,
lymph node, and distant metastases with a frequency
much higher than HCC and more like ICC. Not only has
it been found that these tumors recur after treatment in a
pattern similar to ICC but also it has been reported that
the metastases can contain the ICC elements [48]. A
single case in our series did have biopsy proven metas-
tasis containing only the cholangiocarcinoma component
of the tumor. The presence of the ICC component in a
BPT appears to be the significant factor for patient
outcome and therefore for its presence should influence
management and treatment decisions.

Staging and treatment guidelines for HCC differ
markedly from those of ICC. Themanagement ofHCChas
been well outlined by the AASLD guidelines, including the
BCLC staging system [40, 49]. The guidelines used for
managementofHCCare likelynot applicable inBPTdue to
the behavior of the ICC component. The principle treat-
ment approach forBPT is attempted curative resection [10].
Reports suggest that local therapies (RFA, TACE) may
also be useful [10]. TACE in particular may have benefit
although suspicion has been raised that it might not be as
effective in less vascular tumors [7, 10, 50, 33].

Curative transplant is not currently recommended for
BPT due to poor 5-year outcomes, although there may
be a future role of transplant when combined with
neoadjuvant therapy [13]. One report including 10 un-
suspected BPT and ICC tumors detected after transplant
for suspected HCC found postoperative rates of recur-
rence and survival much worse than the reference HCC
population and comparable to transplant for ICC [14].
In retrospect all eight patients with tumors >1 cm
demonstrated early enhancement with progressive-de-
layed enhancement and lack of washout characteristics
on their CT exams, a finding which may have made HCC
a less likely imaging diagnosis depending on the associ-
ated findings. In our series five patients had received liver
transplant for suspected HCC. In retrospective review,
three of these patients had a Type 2 imaging pattern, one
patient had a Type 1 imaging pattern, and one did not
have contrast-enhanced imaging available for review.
Limited follow-up is available on these five patients; two
patients died 14 and 33 months after transplant due to
recurrent metastatic disease, three patients did not have
evidence of recurrence at 11, 24, and 38 months of fol-
low-up. These findings highlight the need for accurate
diagnosis prior to treatment planning.
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Accurate diagnosis prior to treatment such as planned
curative liver transplant is essential for patients with
BPT. The clinical and radiologic suspicion for BPT needs

to be balanced with the risk of pretreatment percuta-
neous biopsy. These risks include tumor seeding along
the biopsy tract which is uncommon but does occur and

Fig. 6. Atypical BPT. Large BPT with multiple regions of
hemorrhage (arrow) and a region of steatosis (arrowhead)
demonstrated on In- and opposed-phase images (A, B). The

region of steatosis avidly enhances (arrows C, D) and is
markedly hypermetabolic on PET/CT (arrow E).
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can result in a patient becoming unresectable. The rates
of tumor seeding for HCC biopsy are controversial.
Most reports cite the rate of biopsy tract seeding between
0% and 3% and biopsy may also result in increased risk
of extrahepatic recurrence after transplant [51, 52]. The
decision to biopsy a potential transplant candidate is best
made in a multidisciplinary fashion involving surgeons,

oncologists, and hepatologists taking into account the
differences in treatments based on potential results of the
biopsy.

Our study has some limitations. First, the study
group is small although it is probably the largest series
based on our literature search. We excluded several pa-
tients who did not meet our strict inclusion criteria. Se-

Fig. 7. Correlation between CT and PET with lymphadenopa-
thy. Contrast enhanced CT demonstrating a right hepatic mass
with a Type 2 enhancement pattern (arrowA). The primary lesion

is iso-intense to background liver on PET (arrowB), while a large
necrotic metastatic portahepatis lymph node is FDG avid (arrows
C, D). Both sites were surgically biopsied confirming BPT.
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cond, there were small numbers of patients in Type 1, 3,
and 4. Our institution has a small local population; most
cases are referred from outside institutions often due to
patient self-referral, difficulty with making a diagnosis,
or situations requiring complex management. It is im-
portant to highlight that only 2 of 28 patients had a Type
1 enhancement pattern suggestive of HCC. This is in
contrast to some older reports (Aoki 4 of 14, Lin 16 of
30) [11, 15]. This discrepancy does raise the possibility
that BPT tumors with Type 1 enhancement patterns are
being given an imaging diagnosis of HCC and treated as
such, while tumors imaging like ICC with worse prog-
nosis and relatively less well-defined options for man-
agement are referred to specialized institute like ours.
Third, the scanning techniques were not uniform which
may introduce overlapping contrast-enhancement pat-
terns. This was inevitable as this is a retrospective study
and some studies were performed when advanced MRI
techniques were not available. Fourth, histological spe-
cimens were limited. However, an experienced patholo-
gist performed a second review confirming the diagnosis
of BPT. We could not perform correlation of enhance-
ment pattern to the amount or proportion of the HCC
and ICC component which may have further supported
our classification.

Conclusions

BPT are uncommon tumors whose frequency may be
under reported due to missed diagnosis on imaging and
inadequate sampling at biopsy or gross pathology.
Prospective imaging diagnosis is difficult but inclusion in
the differential diagnosis can be facilitated by catego-
rizing enhancement patterns and comparing with other

imaging features and tumor markers. FDG PET is
markedly avid in the majority of these tumors suggesting
a role for diagnosis, staging and follow-up after therapy.
Ultrasound findings are not specific. Given the fre-
quently similar imaging appearances of BPTs and ICC
and the clear differences in management of HCC, ex-
clusion of a monophenotypic HCC is a reasonable goal
of imaging. Raising suspicion of a non-hepatocellular
component should prompt evaluation with tumor
markers or biopsy and could subsequently change deci-
sions regarding staging and treatment.
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