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Purpose: To investigate the significance of MR features based on the Liver Imaging
Reporting and Data System (LI-RADS ver. 2018) for identifying the expression of cytoker-
atin 19 (CK-19) in patients with combined hepatocellular carcinoma-cholangiocarcinoma
(cHCC-CCA) before surgery.

Patients and Methods: The study enrolled 174 patients pathologically confirmed to have
cHCC-CCA according to the 2019 WHO classification. The preoperative MR imaging
features and clinicopathological findings were retrospectively evaluated and compared
between the CK-19-positive and CK-19-negative cHCC-CCA groups.

Results: One hundred seventy-four patients (mean age, males vs females: 56.6 = 10.0 years
vs 54.7 £ 14.2 years) were evaluated. The presence of mosaic architecture, targetoid
appearance, cholangiectasis, hepatic capsule retraction, and corona enhancement was sig-
nificantly higher in the CK-19-positive group (all p < 0.05), while nonrim arterial phase
hyperenhancement (APHE) was more common in the CK-19-negative group (p = 0.04). The
univariate analysis showed that hepatitis B virus infection, CEA > 5 ng/mL, tumor size,
nonrim APHE, mosaic architecture, targetoid appearance, cholangiectasis, hepatic capsule
retraction, and corona enhancement were significant risk factors for CK-19-positive cHCC-
CCA (all p < 0.05). Unfortunately, the multivariate analysis revealed that only corona
enhancement (OR = 2.359, p = 0.03) was an independent risk factor associated with CK-19-
positive cHCC-CCA.

Conclusion: Corona enhancement is significantly correlated with CK-19 positivity in
patients with cHCC-CCA.
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Introduction
Combined hepatocellular carcinoma-cholangiocarcinoma (cHCC-CCA) requires
more attention due to its heterogeneous characteristics, biological behavior, and
dilemmas in its diagnosis.'? Misdiagnosis without histopathological confirmation
can result in improper treatments for cHCC-CCA.® All these factors may be
challenging in treatment decision-making and in evaluating the prognosis of cHCC-
CCA patients.

Cytokeratin 19 (CK-19) is currently considered as a marker for the biliary type
and is expressed in hepatocellular carcinoma (HCC) and intrahepatic
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cholangiocarcinoma (ICC).*® In previous studies, some
findings have suggested that HCC with CK-19 expression
is significantly correlated with adverse clinicopathological
outcomes, such as tumor aggressiveness, vascular inva-
sion, poor disease-free survival and overall survival.”””
Similarly, CK-19 is highly expressed in cHCC- CCA
(2019 WHO classification) displaying both hepatocellular
and cholangiocellular differentiation. cHCC-CCA with
CK-19 expression also tended to show poorer overall-
survival and disease-free survival.® Therefore, the status
of CK-19 in cHCC-CCA was as important as its morpho-
logical classification.

cHCC-CCA lesions can be categorized based on the
Liver Imaging Reporting and Data System (LI-RADS
ver. 2018) using major features to mimic HCC, including
nonrim arterial phase hyperenhancement (APHE), nonper-
ipheral washout, capsular enhancement, and targetoid
appearance.'™'" Studies have indicated that some MR
imaging features, such as arterial phase irregular rim
enhancement, hypovascularity in the arterial phase, non-
peripheral washout, and targetoid appearance, are signifi-
cant independent predictors of CK-19-positive HCC.'* ™'
Furthermore, we should explore the usefulness of MR
imaging features for identifying CK-19 expression in
cHCC-CCA lesions. Therefore, the purpose of this study
was to determine whether major MR features based on LI-
RADS ver. 2018 can aid in investigating the expression of
CK-19 in patients with cHCC-CCA before surgery.

Patients and Methods

Patients Selection

This retrospective study was approved by the Institutional
Review Board of Zhongshan Hospital, Fudan University
(Approval No.: B2021-325R), and a written consent form
was required from each patient before enrollment. In total,
204 consecutive patients with cHCC-CCA were first iden-
tified by reviewing postoperative pathology between
June 2016 and March 2021. One hundred seventy-eight
patients were included in accordance with the following
criteria: (1) pathologically confirmed cHCC-CCA accord-
ing to the updated 2019 WHO classification system'> after
surgery (all the pathology results were reanalyzed and the
category of cHCC-CCA with stem cell features was
excluded); (2) preoperative contrast enhancement MR
imaging; and (3) the availability of an immunochemical
marker of CK-19. Some patients were excluded due to (1)
insufficient quality for MR images (n = 1); (2) curative

treatment before MR imaging (n = 2); and (3) incomplete
clinical data of tumor biomarkers (n = 1). Finally, 174
cHCC-CCA patients were enrolled in this study. The flow-
chart of patient enrollment is displayed in Figure 1.

This study had some overlap with a published study'®
and a recently accepted study in terms of patients. In the
published study, 113 patients were included to predict
microvascular invasion by conventional MRI findings. In
the recently accepted study, 160 cHCC-CCA patients were
enrolled to investigate the prognostic factors for recur-
rence-free survival and overall survival according to the
imaging characteristics. However, the current study
enrolled 174 cHCC-CCA patients and investigated the
predictive factors for CK-19 in relation to the clinico-
pathological and MR imaging characteristics.

Clinical and Pathological Data Evaluation
All clinical information of the cHCC-CCA patients,
including age, sex, hepatitis B virus infection status, and
levels of tumor markers such as serum AFP, CEA, and
CA19-9 within 7 days before curative resection, was retro-
spectively collected from the medical records. The cutoff
values for AFP, CEA, and CA19-9 were 20 ng/mL, 5 ng/
mL, and 37 U/mL, respectively. The pathological findings
of the lesions included CK-19, MVI, and tumor size (<
2 ¢cm, 2-5 cm, > 5 cm).

In this study, all patients were divided into a CK-19-
positive group and a CK-19-negative group according to
their CK-19 levels. CK-19 positivity was defined as mem-
branous and/or cytoplasmic expression in > 5% of tumor
cells with moderate or strong intensity. Then, the differ-
ences in clinical and pathological data were compared
between the CK-19-positive group and the CK-19-
negative group.

MRI
All patients were performed with a 24-channel 1.5 T MR
scanner (uMR 560, United Imaging Healthcare).

Precontrast liver protocols consisted of transverse T2
weighted imaging (T2WI), in-phase and opposed-phase
sequences, TIWI, and diffusion-weighted imaging (DWI,
b value = 0, 50, and 500 s/mm?2). Dynamic contrast-
enhanced MR imaging was operated with a T1-weighted
fat-suppressed sequence. After intravenous administration
at a dose of 0.1 mmol/kg at a rate of 2 mL/s, the arterial
phase was acquired when the contrast agent (gadolinium
Gd-DTPA;
Magnevist, Bayer HealthCare) reached the ascending

diethylenetriamine pentaacetic acid,
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(n = 204)

Search for consecutive patients with cHCC-CCA by reviewing
postoperative pathology between June 2016 and March 2021

Including criteria:

_| (a) pathologically confirmed cHCC-CCA according to 2019 WHO classification system
(b) preoperative contrast enhancement MR
(c) availability of immunochemical marker of CK-19

cHCC-CCA Patients (n = 178)

Exclusion criteria:

(a) insufficient quality for MR images (n = 1)
(b) oncologic treatment before MR (n = 2)
(c) incomplete clinical date (n = 1)

174 Patients with cHCC-CCA enrolled

A4
CK-19-positive
(n=92)

CK-19-negative
(n=82)

Figure | Flowchart of this study cohort.

Abbreviations: cHCC-CCA, combined hepatocellular carcinoma-cholangiocarcinoma; CK-19, cytokeratin 19.

aorta. Then the portal venous phase and delayed phase
sequences were acquired at 70-90 s and 160-180 s,
respectively. All the sequences with the detailed para-
meters are found in a published paper.'®

Image Features Interpretation

Two radiologists (C.W.Z. and C.Y., who have 12 and 14
years of experience in abdominal imaging, respectively)
retrospectively investigated all MR images. They were
blinded to the clinical data, tumor markers, and pathologi-
cal results but were aware that the patients had cHCC-
CCA. They evaluated MR
A consensus was negotiated when there was disagreement

images independently.
between the two observers.

The following imaging characteristics of cHCC-CCA
were investigated on precontrast MR images: (a) restricted
diffusion, (b) intratumoral hemorrhage, (c) cholangiectasis
(peritumoral bile duct dilatation), and (d) hepatic capsule
retraction. In addition, the following dynamic enhancement
features based on LI-RADS ver. 2018 were evaluated: (A)
arterial phase: (a) nonrim arterial phase hyperenhancement

(APHE) and (b) corona enhancement (presence or absence,
defined as the hyperperfusion of liver tissue surrounding the
tumor border); (B) portal venous phase: (c) nonperipheral
washout, (d) enhancing capsule (presence or absence), and
(e) portal vein thrombus (presence or absence); (C) delayed
phase: (f) delayed central enhancement (presence or
absence); and (D) other imaging features: (g) nodule-in-
nodule architecture (presence or absence) and (h) mosaic
architecture (presence or absence). In addition, targetoid
appearance (target sign on DWI and rim APHE, peripheral
washout, and delayed central enhancement on dynamic con-
trast-enhanced MR imaging), as a criterion for LR-M, and
LI-RADS categorization was also assessed in this study.
Comparisons of imaging features were performed between
the CK-19-positive and CK-19-negative cHCC-CCA groups.

Statistical Analysis

Statistical analyses were performed by using SPSS 26.0
(IBM). Data with a normal distribution are presented as
the mean = standard deviation, and the differences
between the two groups were compared by using an
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independent-sample #-test. Moreover, categorical variables
are shown as the number of cases and the percentages, and
comparisons between these groups were performed by
using the chi-square test or Fisher’s exact test.
Furthermore, univariable logistic regression analysis was
performed to identify which of the patients’ clinicopatho-
logical features and MR imaging characteristics could be
helpful to discriminate between the CK-19-positive group
and the CK-19-negative group as the dependent outcome.
Subsequently, variables with P < 0.05 in univariate analy-
sis were entered into multiple logistic regression analysis
to identify significant independent risk factors with the
odds ratio (OR) and 95% confidence interval (CI).
Differences with a p value of < 0.05 were considered

statistically significant.

Results
Clinicopathological Features of the Study

Patients

One hundred and seventy-four patients with cHCC-CCA were
enrolled in this study, with an average age of 56.2 + 11.1 years
old, and 135 (77.6%) patients were male. The mean interval
time between MR imaging and surgery was 5.4 + 1.2 days.
There were 92 patients with CK-19 > 5% and 82 patients with
CK-19 < 5%. The comparisons of clinicopathological features
in cHCC-CCA patients stratified by CK-19 are detailed in
Table 1. There were significant differences in HBV infection
(77.2% vs 89.0%, p = 0.04), CEA > 5 ng/mL (21.7% vs 9.8%,
p = 0.03), and tumor size (<2 cm: 15.2% vs 34.1%; > 5 cm:
46.7% vs 24.4%, p = 0.002) between the CK-19-positive and

Table | Clinicopathological Characteristics of cHCC-CCA Patients

CK-19-negative groups. However, age, sex, AFP > 20 ng/mL,
CA19-9 > 37 U/mL, and MVI did not show significant differ-
ences between the CK-19-positive and CK-19-negative
cHCC-CCA groups.

MRI Characteristics

The comparisons of MRI characteristics between CK-19-
positive and CK-19-negative patients are described in
Table 2. The presence of some MR imaging features, such
as mosaic architecture (47.8% vs 32.9%, p = 0.046), targe-
toid appearance (68.5% vs 52.4%, p = 0.03), cholangiectasis
(51.1% vs 31.7%, p = 0.01), hepatic capsule retraction
(30.4% vs 14.6%, p = 0.01), and corona enhancement
(50.0% vs 28.0%, p = 0.003), was significantly higher in
the CK-19-positive group than in the CK-19-negative group,
while nonrim APHE was more common in the CK-19-
negative group (51/82, 62.2%) than in the CK-19-positive
group (43/92, 46.7%) (p = 0.04). In addition, no significant
difference was found in other imaging features, including
restricted diffusion, intratumoral hemorrhage, nonperipheral
washout, enhancing capsule, nodule-in-nodule architecture,
portal vein thrombus, and LI-RADS categorization (all p >
0.05), between the CK-19-positive group and the CK-19-
negative group (Figures 2 and 3).

Uni-/Multivariate Analyses for Risk
Factors for CK-19 in Patients with
cHCC-CCA

The univariate analysis showed that HBV infection (OR =
0.417, p = 0.04), CEA > 5 ng/mL (OR = 2.569, p = 0.04),

Characteristics Total CK-19
Positive (n=92) Negative (n=82) p value

Age (years) * 562 + 11.1 56.6x11.2 55.7x11.0 0.57
Sex (male) 135 (77.6%) 74 (80.4%) 61 (74.4%) 0.34
HBYV infection 144 (82.8%) 71 (77.2%) 73 (89.0%) 0.04
AFP>20ng/mL 96 (55.2%) 50 (54.3%) 46 (56.1%) 0.82
CEA>5ng/mL 28 (16.1%) 20 (21.7%) 8 (9.8%) 0.03
CA19-9>37U/mL 42 (24.1%) 24 (15.2%) 18 (22.0%) 0.53
MVI 69 (39.7%) 41 (44.6%) 28 (34.1%) 0.16
Tumor size (cm) 0.002

<2 42 (24.1%) 14 (15.2%) 28 (34.1%)

2-5 69 (39.7%) 35 (38.0%) 34 (41.5%)

=5 63 (36.2%) 43 (46.7%) 20 (24.4%)

Notes: *Data are mean * standard deviation. Except where labeled, data are numbers of patients, with percentages in parentheses.
Abbreviations: cHCC-CCA, combined hepatocellular carcinoma-cholangiocarcinoma; CK-19, cytokeratin 19; HBYV, hepatitis B virus; AFP, alpha fetoprotein; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; MVI, microvascular invasion.
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Table 2 Comparisons of Imaging Features Between the CK-19-Positive/Negative Groups

Imaging Features CK-19-Positive (n=92) CK-19-Negative (n=82) p value
Restricted diffusion 86 (93.5%) 71 (86.6%) 0.13
Intratumoral hemorrhage 21 (22.8%) 11 (13.4%) 0.11
Non-rim APHE 43 (46.7%) 51 (62.2%) 0.04
Non-peripheral washout 58 (63.0%) 57 (69.5%) 0.37
Enhancing capsule 53 (57.6%) 44 (53.7%) 0.60
Nodule-in-nodule architecture 10 (10.9%) 8 (9.8%) 0.8l
Mosaic architecture 44 (47.8%) 27 (32.9%) 0.046
Targetoid appearance 63 (68.5%) 43 (52.4%) 0.03
Cholangiectasis 47 (51.1%) 26 (31.7%) 0.01
Hepatic capsule retraction 28 (30.4%) 12 (14.6%) 0.01
Corona enhancement 46 (50.0%) 23 (28.0%) 0.003
Portal vein thrombus 19 (20.7%) 12 (14.6%) 0.30
LI-RADS categorization 0.42

LR-3 5 (5.4%) 5 (6.1%)

LR-4 2 (2.2%) I (1.2%)

LR-5 20 (21.7%) 28 (34.1%)

LR-M 46 (50.0%) 36 (43.9%)

LR-TIV 19 (20.7%) 12 (14.6%)

Abbreviations: CK-19, cytokeratin |9; APHE, arterial phase hyperenhancement; LI-RADS, Liver Imaging Reporting and Data System.

tumor size (OR = 2.075, p = 0.001), nonrim APHE (OR =
0.533, p = 0.04), mosaic architecture (OR = 1.867, p =
0.047), targetoid appearance (OR = 1.970, p = 0.03),
cholangiectasis (OR = 2.250, p = 0.01), hepatic capsule
retraction (OR = 2.552, p = 0.02), and corona enhance-
ment (OR = 2.565, p = 0.003) were significant risk factors
for CK-19-positive cHCC-CCA. Unfortunately, the multi-
variate analysis revealed that only corona enhancement
(OR = 2.403, P = 0.03) was a significant independent
risk factor associated with CK-19-positive ¢cHCC-CCA
(Table 3). In addition, diagnostic performance of corona
enhancement identifying CK-19-positive cHCC-CCA was
also performed, including sensitivity (50%), specificity
(72%), positive predictive value (PPV: 66.7%), negative
predictive value (NPV: 56.2%), and area under curve
(AUC: 0.574).

Discussion
Our study showed that the presence of corona enhance-
ment was an independent predictor of CK-19 positivity in
patients with cHCC-CCA, indicating that cHCC-CCA with
CK-19 expression conforms to imaging features based on
LI-RADS ver. 2018 but did not meet classic diagnostic
criteria for HCC or ICC.

In the present study, we found that nonrim APHE was
a differential factor between CK-19-positive and CK-19-

negative cHCC-CCA only in the univariate analysis.
Chung et al'” showed that CK-19 was more frequently
expressed in hypovascular HCC than in hypervascular
tumors. Similarly, CK-19-negative cHCC-CCA showed
stronger enhancement in the arterial phase than CK-19-
positive cHCC-CCA in our study. In addition, targetoid
appearance, including target signs on DWI and rim APHE,
peripheral washout, and delayed central enhancement on
dynamic contrast-enhanced MR imaging, was also consid-
ered a valuable factor for predicting CK-19-positive
cHCC-CCA. Previous studies suggested that rim APHE
and/or target signs on DWI were significant predictors of
small ICC due to the pathological features of ICC with
peripheral  hypercellularity = and  central  stromal
fibrosis.'®'? Fibrous stroma formation was more frequent
in CK-19-positive HCC.” Moreover, Park et al*° showed
that rim APHE was correlated with poorer overall survival
due to a lower amount of fibrotic stroma in cHCC-CCA.
Delayed central enhancement might be an unfavorable
predictor in ICC with regard to its fibrotic stroma.”’
Asayama et al*? indicated that ICC patients with more
than two-thirds had

a poorer prognostic outcome than those with a small area.

delayed central enhancement
Mosaic architecture is an ancillary feature of favoring
HCC, which reflects the complex components of the

tumor. Cholangiectasis and hepatic capsule retraction are
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Figure 2 Images of a 56-year-old male with CK-19-positive cHCC-CCA. The lesion in left lobe of liver shows homogeneous hypointensity on T|-weighted imaging (A).
There is a target sign with peripheral hyperintensity and central hypointensity on diffusion-weighted imaging (B). It presents rim arterial phase hyperenhancement and corona
enhancement (arrow) on contrast-enhanced T |-weighted imaging (C) with contrast agent Gd-DTPA, and peripheral washout (arrows) and delayed central enhancement on

portal venous phase (D).

ancillary features favoring ICC, indicating the invasion of
malignant tumors. There are few findings about the corre-
lation between these features and CK-19 expression in
patients with HCC, ICC, and cHCC-CCA. However, in
this study, mosaic architecture, cholangiectasis, and hepa-
tic capsule retraction were important risk factors for CK-
19-positive cHCC-CCA in the univariate analysis, but they
were not independent predictors. This may be explained
by the fact that cHCC-CCA is a biphenotypic tumor with

a heterogeneous mixture of both hepatocytic and cholan-
giocytic characteristics.*®

In addition, corona enhancement is abnormal perfusion
of liver tissue surrounding the tumor border in the late
arterial phase or early portal venous phase, which repre-
sents compensatory hepatic arterial hyperperfusion sur-
rounding the tumor due to portal branch
microthrombosis.”* A previous study reported that irregu-

lar arterial peritumoral enhancement (OR: 0.322, p =

980 https:
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Figure 3 Images of a 32-year-old female with CK-19-negative cHCC-CCA. There is a round tumor in right lobe of liver showing targetoid restricted diffusion on diffusion-
weighted imaging (A). T|-weighted imaging shows heterogeneous hypointensity of the lesion (B). Nonrim arterial phase hyperenhancement (C), enhancing capsule (arrow)
and delayed central enhancement are showed on dynamic contrast-enhanced T|-weighted imaging (D) with contrast agent Gd-DTPA.

0.001) was a predictor for MVI in cHCC-CCA.'
Therefore, our study showed that corona enhancement
was a significant independent predictor of CK-19-
positive cHCC-CCA.

There are several limitations to this study. First, selec-
tion bias is inevitable, as this was a single-center and
retrospective study. Therefore, we tried our best to select
continuous patients and use multivariate analysis to make
the results more objective. Second, the cHCC-CCA
patients enrolled in this study were based on the updated

2019 WHO classification system, but they were not cate-
gorized in accordance with the classification system due to
incomplete pathological data. Third, gadoxetic-acid-
enhanced MR imaging was not used in the present study,
so we could not evaluate targetoid appearance on transi-
tional phase and hepatobiliary phase described in the LI-
RADS ver. 2018. Finally, some of our results refer to HCC
or ICC because of the few studies on cHCC-CCA; there-
fore, some larger multicenter prospective studies on

cHCC-CCA are needed to validate our findings.
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Table 3 Uni/Multivariate Analyses for Risk Factors of CK-19 in Patients with cHCC-CCA

Characteristics Univariate Analysis for CK-19 Multivariate Analysis for CK-19
p value OR 95% CI p value OR 95% CI

Age (years) 0.57 1.008 0.981-1.036

Sex (male) 0.34 0.707 0.346—1.444

HBYV infection 0.04 0417 0.179-0.972 0.14 0.472 0.173-1.289
AFP>20ng/mL 0.82 0.932 0.512-1.696

CEA>5ng/mL 0.04 2.569 1.064-6.206 0.09 2.479 0.877-7.133
CA19-9>37U/mL 0.53 1.255 0.623-2.527

MVI 0.16 1.550 0.839-2.866

Tumor size (cm) 0.001 2.075 1.373-3.136 0.15 1.577 0.853-2.917
Restricted diffusion 0.13 2.221 0.782-6.303

Intratumoral hemorrhage 0.11 1.909 0.858—4.250

Non-rim APHE 0.04 0.533 0.291-0.978 0.6l 1.333 0.448-3.986
Non-peripheral washout 0.37 0.748 0.397-1.409

Enhancing capsule 0.60 1.174 0.644-2.137

Nodule-in-nodule architecture 0.8l 1.128 0.423-3.010

Mosaic architecture 0.047 1.867 1.009-3.457 0.94 1.032 0.433-2.455
Targetoid appearance 0.03 1.970 1.063-3.653 0.49 1.427 0.516-3.948
Cholangiectasis 0.01 2.250 1.211-4.179 0.11 1.937 0.864—4.341
Hepatic capsule retraction 0.02 2.552 1.198-5.438 0.48 1.446 0.520-4.025
Corona enhancement 0.003 2.565 1.364-4.825 0.03 2,403 1.093-5.283
Portal vein thrombus 0.30 1.518 0.687-3.357

Abbreviations: cHCC-CCA, combined hepatocellular carcinoma-cholangiocarcinoma; CK-19, cytokeratin 19; OR, odds ratio; 95% CI, 95% confidence interval; HBV,
hepatitis B virus; AFP, alpha fetoprotein; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; MVI, microvascular invasion; APHE, arterial phase

hyperenhancement.

Conclusion
In conclusion, MR imaging featuring corona enhancement
is significantly correlated with CK-19-positive patients
with cHCC-CCA.
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