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Abstract
Objectives To explain the new changes in pathologic diagnoses of biphenotypic primary liver cancer (PLC) according to the
updated 2019 World Health Organization (WHO) classification and how it impacts Liver Imaging Reporting and Data System
(LI-RADS) classification using gadoxetic acid–enhanced MRI (Gd-EOB-MRI).
Methods We retrospectively included 209 patients with pathologically proven biphenotypic PLCs according to the 2010 WHO
classification who had undergone preoperative Gd-EOB-MRI between January 2009 and December 2018. Imaging analysis
including LI-RADS classification and pathologic review including the proportion of tumor components were performed.
Frequencies of each diagnosis and subtype according to the 2010 and 2019 WHO classifications were compared, and changes
in LI-RADS classification were evaluated. Univariable and multivariable analysis were performed to determine significant tumor
component for LI-RADS classification.
Results Of the 209 biphenotypic PLCs of the 2010WHO classification, 177 (84.7%) were diagnosed as bipheonotypic PLCs, 25
(12.0%) as hepatocellular carcinomas (HCCs), and 7 (3.3%) as cholangiocarcinomas (CCAs) using the 2019 WHO classifica-
tion. Of the 177 biphenotypic PLCs, LR-M, LR-4, and LR-5 were assigned in 77 (43.5%), 21 (11.9%), and 63 (35.5%),
respectively. There were no significant differences in the proportion of LR-5 and LR-M categories between the WHO 2010
and 2019 classifications (p = 0.941). Proportion of HCC component was the only independent factor for LI-RADS classification
(adjusted odds ratio, 1.02; p < 0.001).
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Conclusion According to the 2019 WHO classification, 15% of biphenotypic PLCs from the 2010 WHO classification were re-
diagnosed as HCCs or CCAs, and a substantial proportion of biphenotypic PLCs of the 2019 WHO classification could be
categorized as LR-4 or LR-5 on Gd-EOB-MRI.
Key Points
• Among 209 diagnosed biphenotypic PLCs according to the 2010 WHO classification, 177 (84.7%) lesions were reclassified as
bipheonotypic PLCs, 25 (12.0%) as HCCs, and 7 (3.3%) as CCAs using the 2019 WHO classification.
• Of the 177 biphenotypic PLCs at the 2019 WHO classification, LR-M, LR-4, and LR-5 were assigned in 77 (43.5%), 21
(11.9%), and 63 (35.5%), respectively.

• LI-RADS classification relied on the proportion of HCC component (adjusted odds ratio,1.02; p < 0.001).
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Abbreviations
CCA Cholangiocarcinoma
cHCC-CCA Combined hepatocellular cholangiocarcinoma
CLC Cholangiolocarcinoma
HCC Hepatocellular carcinoma
HPC Hepatic stem/progenitor cells
IC Intermediate cell carcinoma
LI-RADS Liver Imaging Reporting and Data System
PLC Primary liver cancer
WHO World Health Organization

Introduction

Biphenotypic primary liver cancer (PLC), also referred to as
combined hepatocellular cholangiocarcinoma (cHCC-CCA),
is an uncommon PLC containing mixed elements of both he-
patocellular carcinoma (HCC) and cholangiocarcinoma
(CCA) [1, 2]. Since its first description in 1903 [3], the diag-
nostic criteria for biphenotypic PLC have continued to evolve.
Adopting the concept of hepatic stem/progenitor cells (HPC)
as the potential origin of biphenotypic PLCs [1, 4, 5], the 2010
World Health Organization (WHO) classification categorized
biphenotypic PLCs into the classical type and subtypes with
stem cell features [6]. However, the 2010 WHO classification
has more recently been challenged particularly in regards to
subtypes with stem cell features owing to controversy on the
role of HPC features in biphenotypic PLCs and ambiguity and
difficulty in subtype classification [7, 8]. To address these
criticisms [2, 9], the 2019 WHO classification [10] revised
the definition of biphenotypic PLCs by excluding typical
HCCs or CCAs expressing immunohistochemical stem cell
markers and cholangiolocarcinomas (CLC) without an HCC
component. It also abandoned subtype classifications and
changed the diagnostic terminology of biphenotypic PLCs
by including a list of all tumor components [9].

Biphenotypic PLCs predominantly occur in patients with
liver cirrhosis or chronic viral hepatitis [11–13]. The imaging

findings of biphenotypic PLCs have been variably reported,
but the prevalence of HCC-like imaging features is known
to be as high as 70% [13–15]. This large overlap in risk
factors and clinical and imaging features of biphenotypic
PLCs and HCCs has challenged the non-invasive imaging
diagnosis of HCC in at-risk patients. Yet, given that surgical
resection is the current treatment standard for biphenotypic
PLC, imaging misdiagnosis of biphenotypic PLC as HCC
can induce non-standard treatment for biphenotypic PLC,
such as liver transplantation or systemic chemotherapy in-
cluding Sorafenib [16]. Moreover, pre-treatment liver biopsy
does not solve this problem, as only a small sample can be
obtained from a portion of tumor which consists of hetero-
geneous tumor component. Therefore, given the different
treatment options and prognoses for biphenotypic PLCs as
opposed to HCCs and limitation of biopsy, accurate imaging
differentiation between these two entities is of critical impor-
tance [17, 18].

Liver Imaging Reporting and Data System (LI-RADS) was
developed in 2011 to standardize the imaging diagnosis of
HCCs in at-risk patients, and was recently updated in 2018
[19]. Although LI-RADS category-5 is considered to be high-
ly specific for the diagnosis of HCC, prior studies have dem-
onstrated that biphenotypic PLC is one of the main causes for
false positives [20, 21]. We thus postulated that the recent
revision in the pathologic diagnosis of biphenotypic PLC in
the 2019WHO classificationmay result in significant changes
in the LI-RADS categorization of biphenotypic PLCs com-
pared with previous classification systems. Given the wide-
spread use of LI-RADS in clinical practice, awareness of the
changes in LI-RADS classification results of biphenotypic
PLCs would have meaningful clinical implications for LI-
RADS classification.

Therefore, we aimed to investigate the changes in patho-
logic tumor diagnoses according to the 2019WHO classifica-
tion compared to the 2010 WHO classification, as well as the
corresponding LI-RADS classification with gadoxetic acid–
enhancedMRI (Gd-EOB-MRI), in patients with pathological-
ly proven biphenotypic PLCs.
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Materials and methods

This retrospective study was approved by the Institutional
Review Board of two tertiary university hospitals, and the
requirement for written informed consent was waived.

Study population

Using a computerized search of pathology database, our study
included consecutive patients with treatment-naïve
biphenotypic PLCs (PLCs with mixed hepatobiliary differen-
tiation) who underwent surgical resection between January
2009 and December 2018 at two tertiary hospitals (Seoul
National University Hospital (SNUH), Asan Medical Center
(AMC)). Inclusion criteria were (a) pathologically proven
biphenotypic PLCs according to the 2010 World Health
Organization (WHO) classification [6], (b) patients at high
risk of HCC according to the 2018 practice guidance of the
American Association for the Study of Liver Disease
(AASLD) [22], (c) gadoxetic acid–enhanced MRI performed
within 2 months prior to liver surgery, (d) no preoperative
treatment for biphenotypic PLCs, and (e) available surgical
specimen for pathologic review. We opted to include only
surgically confirmed tumors so as to avoid the potential risk
of biopsy sampling errors. For patients with multiple
biphenotypic PLCs, the largest mass was selected as the index
lesion for further analysis. A flow diagram for our study pop-
ulation is presented in Fig. 1. Ninety-nine of the 209 patients
have been previously reported [13, 20, 23]. The prior articles
evaluated biphenotypic PLCs diagnosed only by the 2010
WHO classification, whereas this study reevaluated the

pathologic and radiologic findings of the tumors with empha-
sis on the changes in pathologic diagnoses and LI-RADS
classification results based on the 2010 WHO and 2019
WHO classifications.

Histopathological analysis

Histopathologic specimens were reviewed by one of two ex-
perienced liver pathologists (H.K. and Y.P.). Each pathologist
from two hospitals reviewed histopathologic specimens of
each hospital, and the histopathologic diagnoses of hepatic
nodules were determined according to the 2010 WHO classi-
fication [6] as well as the recently updated 2019 WHO clas-
sification [10] at the same review session, based on morpho-
logic features on hematoxylin-eosin-stained slices with the
assistance of immunohistochemistry analysis, such as hepato-
cy t e pa r a f f i n 1 , a l pha - f e t op ro t e i n , po lyc lona l
carcinoembryonic antigen, cytokeratin 7, cytokeratin 19, CD
56, and CD 117. In addition, tumor components comprising
each hepatic nodule and the proportion of each tumor compo-
nent were recorded, including HCC, CCA, intermediate cell
carcinoma (IC), and CLC. For the 2010 WHO classification,
biphenotypic PLCs were subclassified into the classical type
or subtypes with stem cell features (typical, intermediate,
cholangiolocellular subtypes) based on their predominant his-
tologic feature. When tumor components with stem cell fea-
tures did not meet any of the subtypes mentioned above, the
tumor was considered as “unclassified.” Details regarding the
definitions and nomenclature of biphenotypic PLCs in the
2019 WHO classification have been presented in previous
publications [2, 9]. In brief, in the 2019 WHO classification,
subtype classification is no longer recommended. Instead, the
diagnostic terminology of biphenotypic PLCs includes a list
of all of the combined tumor components (e.g., cHCC-CCA,
CCA-IC, HCC-CLC, IC-CLC). In addition, morphologically
typical HCCs or CCAs with only immunohistochemical ex-
pression of stem cell markers are not considered as a
biphenotypic PLC, but rather as HCCs or CCAs.
Furthermore, a CLC not combined with HCC is to be diag-
nosed as a CCA, not a biphenotypic PLC. In this study, we
divided biphenotypic PLCs diagnosed by the 2019 WHO
classification into cHCC-CCA which consists of only HCC
and CCA components and other types which include tumors
with various combinations of IC, CLC, HCC, and/or CCA
components.

Liver MRI

Gadoxetic acid–enhanced liver MRI was performed with var-
ious 1.5T or 3.0T scanners. Detailed imaging protocols are
summarized in Supplementay A.

Fig. 1 Flow diagram of the study population. PLC = primary liver cancer,
WHO = World Health Organization, HCC = hepatocellular carcinoma,
Gd-EOB-MRI = gadoxetic acid–enhanced MRI
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MR image analysis

For the MR image review, a study coordinator at each hospital
(S.H.C. at AMC and S.K.J. at SNUH) annotated each tumor
on the best visible sequence with reference to pathologic tu-
mor location. MR images were reviewed by four board-
certified abdominal radiologists (S.S.L, S.H.C., B.Y.H, and
H.K., with over 8 years of experience in liver imaging in all
reviewers) who were blinded to the results of pathologic ex-
aminations. After two radiologists of each hospital-reviewed
image findings in consensus, cross-validation was performed
between two hospitals. Any discrepancies between readers
were resolved by a fifth radiologist (J.M.L., with 25 years of
experience in liver imaging).

The reviewers evaluated the size of the observation, the
presence or absence of major features, ancillary features, and
imaging features favoring non-HCC malignancies according
to LI-RADS v2018 [24]. Detailed imaging features are sum-
marized in Supplementary B. Thereafter, the reviewers
assigned a LI-RADS category for each hepatic observation:
LR-TIV (tumor in vein), LR-M (definitely or probably malig-
nant, not HCC-specific), and LR 1-5 (1, definitely benign; 2,
probably benign; 3, indeterminate probability of HCC; 4,
probably HCC; 5, definitely HCC). As this study evaluated
only a single MR examination, threshold growth was not used
to assign a LI-RADS category.

Statistical analysis

Continuous variables were reported as mean values with SD
or median values with interquartile range (IQR). Categorical
variables were presented as number and percentages.
Differences in the proportions of LI-RADS categories be-
tween the biphenotypic PLCs diagnosed by the 2010 WHO
classification and the 2019 WHO classification were com-
pared using the chi-squared test. Frequencies of ancillary
featyres were compared among biphenotypic PLC, HCC,
and CCA by the 2019 WHO classification using the chi-
squared test or Fisher’s exact test, as appropriate. Inter-
reader agreement for LI-RADS categorization of biphenotypic
PLC of 2010 and 2019 WHO classification were analyzed
using κ statistics and were interpreted as follows: poor, less
than 0.20; fair, 0.20–0.39; moderate, 0.40–0.59; substantial,
0.60–0.79; and almost perfect, 0.80 or greater. For
biphenotypic PLCs diagnosed according to the 2019 WHO
classification, pathologic tumor components (HCC, CCA,
IC, and CLC) associated with radiologic LI-RADS categori-
zation (LR-4 and LR-5 vs. LR-M) were evaluated.
Differences in the amount of tumor components between
LR-4 and LR-5 vs. LR-M were compared using the indepen-
dent t-test at univariable analysis. Thereafter, multivariable
logistic regression analysis was conducted to determine inde-
pendent pathologic factors associated with LR-4 or LR-5

categories using the significant variables from univariable
analysis. All statistical analysis was performed using SPSS,
version 25.0 (IBM), and a p value of less than 0.05 was con-
sidered to indicate statistical significance.

Results

Patient characteristics

Clinical characteristics of the 209 study patients (162 men
[mean age ± standard deviation, 54.0 years ± 9.7; range 30–
78 years] and 47 women [mean age ± standard deviation, 55.5
years ± 10.3; range 35–80 years]) are summarized in Table 1.
Hepatitis B was the most common cause of chronic liver dis-
ease. Mean diameter of tumors was 41.4 ± 27.3 mm (range,
10–170).

Pathologic diagnoses of biphenotypic PLCs in the
updated 2019 WHO classification

Pathologic tumor diagnoses according to the 2010WHO clas-
sification and the 2019WHO classification are summarized in
Table 2. According to the 2010 WHO classification, a total of
209 biphenotypic PLCs were classified as the classical type
(n = 114) or subtypes with stem cell features (n = 95) includ-
ing 42 typical, 24 intermediate, 25 cholangiolocellular, and
four unclassified subtypes. Of the 209 biphenotypic PLCs

Table 1 Clinical and pathologic characteristics of the study population

Variable No. of patients (n = 209)

Age (years)* 54.2 ± 9.9

Sex

Male 162 (77.5)

Female 47 (22.5)

Etiology of liver disease

Hepatitis B 184 (88.0)

Hepatitis C 8 (3.8)

Alcoholism 4 (1.9)

Cryptogenic 13 (6.2)

Child-Pugh classification

A 196 (93.8)

B 13 (6.2)

Tumor marker value†

AFP (ng/mL) 26.7 (0.7–212095.0)

CA 19-9 (ng/mL) 15.9 (1.5–520.0)

Mean tumor size (mm) 41.4 ± 27.3

Note. AFP = alpha-fetoprotein, CA 19-9 = carbohydrate antigen 19-9

*Data are means ± standard deviations

†Data are median values, with ranges in parentheses
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diagnosed by the 2010 WHO classification, 32 (15.3%)
tumors, 25 typical subtype and 7 cholangiolocellular subtype,
were no longer considered as biphenotypic PLCs according to
the 2019 WHO classification and were reclassified as HCCs
(n = 25) and CCAs (n = 7). The remaining 177 lesions were
diagnosed as biphenotypic PLCs according to the 2019WHO
classification, including 114 (64.4%) cHCC-CCAs and 63
(35.6%) tumors of other types. According to the diagnostic
terminology defined by the 2019 WHO classification, nine
different types other than cHCC-CCAs were noted, including
cHCC-CCA-IC (n = 11), cHCC-CCA-CLC (n = 5), cHCC-
CCA-IC-CLC (n = 3), cHCC-IC (n = 13), cHCC-CLC

(n = 19), cHCC-IC-CLC (n = 7), cIC-CLC (n = 3), cIC-
CCA (n = 1), and cIC-CCA-CLC (n = 1).

LI-RADS classification of biphenotypic PLCs with the
updated 2019 WHO classification

Table 3 summarizes the LI-RADS categories of the 209 and
177 tumors which were diagnosed as biphenotypic PLCs ac-
cording to the 2010 and 2019 WHO classifications, respec-
tively. Among the 209 biphenotypic PLCs diagnosed by the
2010 WHO classification, there were 92 LR-Ms (44.0%), 21

Table 2 Changes in pathologic
diagnosis of tumors according to
the updated 2019 5th WHO
classification

Biphenotypic PLC according to the 2010 WHO classification (n = 209)

Classical
(n = 114)

With stem cell features (n = 95)

Typical
(n = 42)

Intermediate
(n = 24)

Cholangiolocellular
n = 25)

Unclassified
(n = 4)

Rediagnosis according to the 2019 WHO classification

HCC (n = 25) 25

CCA (n = 7) 7

Biphenotypic PLC
(n = 177)*

114 17 24 18 4

Note. PLC = primary liver cancer, WHO = World Health Organization, HCC = hepatocellular carcinoma,
CCA = cholangiocarcinoma, IC = intermediate cell carcinoma, CLC = cholangiolocarcinoma

*Biphenotypic PLCs diagnosed by the 2019 WHO classification consisted of cHCC-CCA (n = 114), cHCC-
CCA-IC (n = 11), cHCC-CCA-CLC (n = 5), cHCC-CCA-IC-CLC (n = 3), cHCC-IC (n = 13), cHCC-CLC
(n = 19), cHCC-IC-CLC (n = 7), cIC-CLC (n = 3), cIC-CCA (n = 1), and cIC-CCA-CLC (n = 1)

Table 3 LI-RADS classification
according to the 2010 and 2019
WHO classifications

LR-4 LR-5 LR-M LR-TIV

2010 WHO classification

Biphenotypic PLC (n = 209) 21 (10.0) 78 (37.3) 92 (44.0) 18 (8.6)

Classical type (n = 114) 12 (10.5) 40 (35.1) 48 (42.1) 14 (12.3)

With stem cell feature (n = 95) 9 (9.5) 38 (40.0) 44 (46.3) 4 (4.2)

Typical subtype (n = 42) 3 (7.1) 20 (47.6) 17 (40.5) 2 (4.8)

Intermediate subtype (n = 24) 5 (20.8) 9 (37.5) 8 (33.3) 2 (8.3)

Cholangiolocellular subtype (n = 25) 8 (32.0) 17 (68.0)

Unclassified (n = 4) 1 (25.0) 1 (25.0) 2 (50.0)

2019 WHO classification

Biphenotypic PLC (n = 177) 21 (11.9) 63 (35.5) 77 (43.5) 16 (9.0)

cHCC-CCA (n = 114) 12 (10.5) 40 (35.1) 48 (42.1) 14 (12.3)

Other types of biphenotypic PLC (n = 63)* 9 (14.3) 23 (36.5) 29 (46.0) 2 (3.2)

Non-biphenotypic PLC (n = 32)

HCC (n = 25) 15 (60.0) 8 (32.0) 2 (8.0)

CCA (n = 7) 7 (100.0)

Note. LI-RADS = Liver Imaging Reporting and Data System; WHO = World Health Organization;
PLC = primary liver cancer; HCC = hepatocellular carcinoma; CCA= cholangiocarcinoma

*Biphenotypic PLCs diagnosed by the 2019 WHO classification consisted of cHCC-CCA (n = 114), cHCC-
CCA-IC (n = 11), cHCC-CCA-CLC (n = 5), cHCC-CCA-IC-CLC (n = 3), cHCC-IC (n = 13), cHCC-CLC (n =
19), cHCC-IC-CLC (n = 7), cIC-CLC (n = 3), cIC-CCA (n = 1), and cIC-CCA-CLC (n = 1)
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LR-4s (10.0%), 78 LR-5s (37.3%), and 18 LR-TIVs (8.6%).
Among the 177 biphenotypic PLCs diagnosed according to
the 2019 WHO classification, there were 77 LR-Ms (43.5%),
21 LR-4s (11.9%), 63 LR-5s (35.5%), and 16 LR-TIVs
(9.0%). There were no significant differences between the
2010 and 2019 WHO classifications in the proportions of
LI-RADS categories of biphenotypic PLCs (p = 0.941). As
for the 32 tumor diagnoses which were revised as HCC or
CCA according to the 2019 WHO classification, 25 HCCs
were categorized as LR-5, LR-M, and LR-TIV in 15
(60.0%), 8 (32.0%), and 2 (8.0%), respectively, and all seven
CCAs were categorized as LR-M (Fig. 2). In the 177
biphenotypic PLCs according to the 2019 WHO classifica-
tion, overall proportions of LI-RADS categories were not sig-
nificantly different between cHCC-CCAs and other types of
biphenotypic PLC (p = 0.224), although the frequency of LR-
TIV was higher in cHCC-CCAs than in other types of
biphenotypic PLC (12.3% [14/114] vs. 3.2% [2/63]). LI-

RADS categories of the 177 biphenotypic PLCs according
to each diagnostic terminology defined by the 2019 WHO
classification are presented in the Supplementary Table 1.
Among ancillary features, fat in mass were more frequent in
HCCs than in non-HCC malignancies including biphenotypic
PLC or CCA (p = 0.029), whereas other ancillary features did
not show significant differences (Supplementary Table 3).

Inter-reader agreement for LI-RADS categorization for
biphenotypic PLC of 2010 and 2019 WHO classiciation
showed substantial agreement (κ = 0.697 and 0.696; 95%
confidence interval (CI), 0.613–0.780 and 0.606–0.786;
respectively).

Correlation of the tumor components of biphenotypic
PLCs with LI-RADS classification

For the biphenotypic PLCs diagnosed according to the 2019
WHO classification, the pathologic tumor components, i.e.,

Fig. 2 MR images of an HCC
assigned as LR-5 in a 63-year-old
female with chronic hepatitis B,
which was previously classified
as a biphenotypic PLC with stem
cell features, typical subtype ac-
cording to the 2010 WHO classi-
fication. A 2.4-cm observation
can be seen in segment VI of the
liver showing moderate
hyperintensity on T2-weighted
imaging (a), and non-rim arterial
hyperenhancement (b) and wash-
out appearance on the portal ve-
nous phase (c) and transitional
phase (d). Homogeneous
hypointensity on the hepatobiliary
phase (e) and nodular
hyperintensity on diffusion-
weighted imaging (b = 800
s/mm2) (f) can also be observed
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HCC, CCA, IC, and CLC, associated with radiologic LI-
RADS categorization were evaluated. On univariate analysis,
tumor of LR-4 or LR-5 tumors had a larger proportion of the
HCC component (71.8% ± 27.9 vs. 54.5% ± 31.7, p < 0.001)
and a smaller proportion of the CCA component (17.5% ±
22.2 vs. 29.7% ± 31.5, p = 0.005) than those of the LR-M
category (Table 4). However, multivariate analysis revealed
that the proportion of the HCC component (adjusted odds
ratio, 1.02 (95%CI, 1.011.03; p < 0.001) was the only inde-
pendent factor associated with the LI-RADS category, indi-
cating that a larger proportion of the HCC component is asso-
ciated with LR-4 or LR-5 categories. When the biphenotypic
PLCs were divided into two groups based on the amount of
the HCC component, tumors with ≥ 50% of the HCC compo-
nent were more frequently assigned as LR-4 or LR-5 than
those with < 50% of the HCC component (60.9% [78/128]
vs. 28.6% [16/56]; p = 0.003) (Supplementary Table 2, Figs. 3
and 4).

Discussion

Our study demonstrated that approximately 15% of biphenotypic
PLCs diagnosed by the 2010 WHO classification were
pathogically reclassified as either HCCs or CCAs using the up-
dated 2019WHOclassification. Specifically, biphenotypic PLCs
with stem cell features of the typical subtype and those of the
cholangiolocellular subtype were pathologically reclassified as
HCCs and CCAs, respectively. The remaining 85% of
biphenotypic PLCs in the 2010 WHO classification remained
as biphenotypic PLCs by the 2019 WHO classification.

However, the changes in pathologic diagnoses 2010 and
2019 classifications did not significantly affect overall radio-
logic tumor categorization using LI-RADS at gadoxetic acid–

enhanced MRI, even though gadoxetic acid–enhanced MRI
provides different ancillary features using hepatobiliary phase
and diffusion-weighted imaging. Although all CCAs in the
2019 WHO classification (n = 7) were categorized as LR-M,
we found that the proportions of biphenotypic PLCs catego-
rized as LR-M, LR-4, LR-5, and LR-TIV were similar be-
tween the two classifications. This finding may be attributable
to the fact that only a small proportion of biphenotypic PLCs
in the 2010 WHO classification were excluded from the diag-
nosis of biphenotypic PLCs with the revised 2019 WHO
classification.

Our results also suggested that the amount of the HCC
component may be the main determinant of radiologic LI-
RADS categories of biphenotypic PLCs. Indeed, we found
that tumors of LR-4 or LR-5 categories were associated with
a larger proportion of the HCC component and a smaller pro-
portion of the CCA component. At multivariable analysis, the
amount of the HCC component was the only independent
factor associated with the LI-RADS categories of
biphenotypic PLCs. In line with our results, previous studies
based on the 2010 WHO classification [13, 25, 26] also re-
ported that biphenotypic PLCs showing HCC-like arterial
phase hyperenhancement were associated with a larger HCC
component.

As non-HCC malignancies including CCA and
biphenotypic PLC have different treatment options and worse
prognosis compared with HCCs, accurate differentiation
could be important. However, we found that despite the re-
vised histological diagnosis of biphenotypic PLCs using the
updated 2019 WHO classification, approximately half of the
biphenotypic PLCs were still categorized as probable or def-
inite HCCs (i.e., LR-4 or LR-5) with LI-RADS, raising con-
cern over the possibility of a false positive diagnosis of HCC
with the current non-invasive diagnosis approaches in patients

Table 4 Proportion of the tumor
component of biphenotypic PLCs
according to LI-RADS
classification

Univariable analysis Multivariable analysis

Tumor component LI-RADS classification Mean ± SD (%) p value Adjusted odds ratio
(95% CI)

p value

HCC LR-4/5 71.8 ± 27.9 < 0.001 1.02 (1.01, 1.03) < 0.001

LR-M 54.5 ± 31.7

CCA LR-4/5 17.5 ± 22.2 0.005 1.00 (0.96, 1.04) 0.945

LR-M 29.7 ± 31.5

IC LR-4/5 6.0 ± 15.2 0.876 - -

LR-M 6.4 ± 18.5

CLC LR-4/5 4.8 ± 13.5 0.114

LR-M 9.4 ± 22.4

Note. LI-RADS = Liver Imaging Reporting and Data System; CI = confidence interval; HCC = hepatocellular
carcinoma; CCA = cholangiocarcinoma, IC = intermediate cell carcinoma, CLC = cholangiolocarcinoma

p values marked in bold indicate statistical significance
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at risk of HCC. This finding is also consistent with the results
of a previous study which reported that 64.4% of biphenotypic
PLCs were misclassified as HCCs using LI-RADS [20].

However, it remains undetermined as to whether such mis-
classification of the LI-RADS category would cause any real
clinical problems in the management of patients at risk of
HCC. Firstly, the incidence of biphenotypic PLCs is much
lower than that of HCCs, occupying 1.0 to 6.5% of all primary
liver cancers in the cirrhotic liver [20, 27]. Thus, in actual
clinical practice, even though a false positive diagnosis of
HCC caused by a misclassified biphenotypic PLC occurs, it
may not considerably affect the overall performance of non-
invasive diagnosis methods in at-risk patients. Secondly, pre-
vious studies have demonstrated that biphenotypic PLCs
showing HCC-like imaging features had better survival out-
comes after surgical resection than those showing CCA-like
imaging features [20, 23]. Furthermore, biphenotypic PLCs

categorized as LR-4 or LR-5 exhibited similar post-surgical
outcomes to HCCs [20]. Considering that LI-RADS classifi-
cation is associated with the HCC component of the tumor and
that prognosis is associated with the HCC component and
corresponding LI-RADS categories, stratification of cHCC-
CCA into two groups according to LI-RADS classification
(LR-5 or 4 vs. LR-M) would be clinically meaningful in treat-
ment planning and in the prediction of prognosis. However, as
the results of previous studies were obtained mainly after liver
resection, outcomes of biphenotypic PLCs categorized as LR-
4 or LR-5 after liver transplantation have not yet been studied.

Our study had several limitations. First, our study has the
inherent limitations of a retrospective study design. Our study
included only surgically resected biphenotypic PLCs.
Although, this approach provided a more reliable pathologic
diagnosis, avoiding the sampling error associated with biopsy;
it is subject to selection bias. Second, although our study was

Fig. 3 MR images of a
biphenotypic PLC (cHCC-IC
subtype with an 80% HCC
component and 20% intermediate
cell component) assigned as LR-
5, in a 52-year-old male with
chronic hepatitis B. There is a 3.5-
cm observation showing moder-
ate hyperintensity on T2-
weighted imaging (a), and non-
rim arterial hyperenhancement (b)
and washout appearance on the
portal venous phase (c) and tran-
sitional phase (d). Hepatobiliary
phase image shows homogeneous
hypointensity (e), while nodular
hyperintensity can be observed on
diffusion-weighted imaging
(b = 800 s/mm2) (f)
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based on a large study population from two tertiary institu-
tions, the number of tumors in each tumor type classified
based on the diagnostic terminology of the 2019 WHO clas-
sification was too small to evaluate differences in LI-RADS
categorization results according to specific tumor types. Third,
we did not evaluate the prognostic implications of LI-RADS
categories of biphenotypic PLCs in our study. Fourth, inter-
reader agreement for pathologic diagnosis was not performed
as each pathologist from two hospitals reviewed histopatho-
logic specimens of each hospital according to the 2019 WHO
classification.

In conclusion, 15% of biphenotypic PLCs diagnosed by the
2010WHO classification were reclassified as HCCs or CCAs
using the updated 2019 WHO classification. However, the
changes in the pathologic diagnoses of biphenotypic PLCs
did not affect overall radiologic tumor categorization using

LI-RADS, with a substantial proportion of biphenotypic
PLCs categorized as LR-4 or LR-5.
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Acknowledgements We thank Chris Woo for his assistance in English
editing of this manuscript.

Funding The authors state that this work has not received any funding.

Declarations

Guarantor The scientific guarantor of this publication is JeongMin Lee.

Conflict of Interest The authors of this manuscript declare no relation-
ships with any companies whose products or services may be related to
the subject matter of the article.

Fig. 4 MR images of a
biphenotypic PLC (cHCC-IC-
CLC subtype with a 10% HCC
component, 80% IC component,
and 10% CLC component),
assigned as LR-M, in a 62-year-
old male with chronic hepatitis B.
There is a 4-cm observation
showing moderate hyperintensity
on the T2-weighted image (a),
rim hyperenhancement on the ar-
terial phase (b), and peripheral
washout with centripetal en-
hancement on the portal venous
phase (c) and transitional phase
(d). Hepatobiliary phase image
(e) and diffusion-weighted imag-
ing (b = 800 s/mm2) (f) both show
the targetoid appearance of the
lesion
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Statistics and Biometry No complex statistical methods were necessary
for this paper.

Informed Consent Written informed consent was waived by the
Institutional Review Board.

Ethical Approval Institutional Review Board approval was obtained.

Study subjects or cohorts overlap Some study subjects (99 of 209 pa-
tients) have been previously reported [1–3]. The prior articles evaluated
biphenotypic PLCs diagnosed only by the 2010 WHO classification,
whereas this study reevaluated the pathologic and radiologic findings of
the tumors with emphasis on the changes in pathologic diagnoses and LI-
RADS classification results based on the 2010 WHO and 2019 WHO
classifications.
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