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Abstract
Objectives To investigate the diagnostic accuracy of each LR-M feature defined in version 2017 of the Liver Imaging Reporting and
Data System (LI-RADS) and determine the optimal LR-M feature for differentiating combined hepatocellular-cholangiocarcinoma
(cHCC-CCA) and hepatocellular carcinoma (HCC) on gadoxetate-enhanced magnetic resonance imaging (MRI).
Methods Ninety-nine patients with pathologically proven cHCC-CCA (n = 33) or HCC (n = 66) after surgery were identified. Two
radiologists retrospectively assessed preoperative gadoxetate-enhanced MRI for features favoring non-HCC malignancies (LR-M
features) according to LI-RADS version 2017.Multivariate logistic regression analysis was performed to determine the independent
differential features. The sensitivity and specificity for diagnosing cHCC-CCAwere calculated for each LR-M feature.
Results Targetoid appearance showed the highest sensitivity (75.8%, 95% confidence interval [CI] 60.6%, 87.3%) to correctly
identify cHCC-CCA as LR-M. At least one LR-M feature was observed in 31 (93.9%) patients with cHCC-CCA and 34 (51.5%)
patients with HCC. The sensitivity and specificity for diagnosing cHCC-CCAusing the presence of any one of the LR-M features
were 93.9% (95% CI 80.7, 98.9) and 48.5% (95% CI 41.9, 51.0), respectively. The presence of three LR-M features yielded the
highest diagnostic accuracy of 80.8% (95% CI 72.1, 86.1) with a reduced sensitivity of 54.5% (95% CI 41.4, 62.5).
Conclusion Themajority of cHCC-CCA cases can be properly categorized as LR-Mwhen any one of the LR-M features defined in
the LI-RADS version 2017 is used as a determiner. However, approximately half of HCC cases also show at least one LR-M feature.
Key Points
• Targetoid appearance, including rim APHE, peripheral Bwashout^ appearance, and delayed central enhancement, was the LR-
M feature that identified cHCC-CCA as a non-HCC malignancy with the highest sensitivity.

•Most cHCC-CCAcases canbeproperly categorized asLR-Mwhen the presence of any oneof theLR-M featureswas usedas the determiner.
• Approximately half of HCC cases also showed at least one LR-M feature.
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Contrast media

Abbreviations
APHE Arterial phase hyperenhancement
cHCC-CCA Combined hepatocellular-cholangiocarcinoma
DW Diffusion-weighted
HBP Hepatobiliary phase
HCC Hepatocellular carcinoma

LI-RADS
v2017

Liver Imaging Reporting and Data System
version 2017

LR-M Tumors with imaging features of malignancy
that are not specific for HCC

MRI Magnetic resonance imaging
TE Echo time
TR Repetition time

Introduction

Combined hepatocellular-cholangiocarcinoma (cHCC-CCA)
is an uncommon hepatic malignancy that is characterized by
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both hepatocytic and cholangiocytic differentiation and has
been increasingly recognized recently [1]. The tumor tends
to show poorer prognosis than HCC after curative resection
or liver transplantation [2–5]. As HCC treatment is most com-
monly determined after diagnostic imaging, it would be clin-
ically beneficial to distinguish cHCC-CCA from HCC at im-
aging diagnosis to establish the most suitable treatment [6, 7].
However, diagnostic performance for differentiating cHCC-
CCA from HCC has been unsatisfactory [8–16].

According to the 2017 version of Liver Imaging Reporting
and Data System (LI-RADS v2017) [17], tumors with imag-
ing features of malignancy that are not specific for HCC are
categorized as LR-M. Therefore, if cHCC-CCA can be cate-
gorized as LR-M on imaging, it can be correctly diagnosed by
biopsy before definitive treatment. LR-M criteria are divided
by either targetoid or nontargetoid mass with certain features.
Targetoid appearance was defined as a tumor with at least one
of the following imaging features: rim arterial phase
hyperenhancement (APHE), delayed central enhancement,
progressive concentric enhancement, peripheral washout, or
target signs on diffusion-weighted (DW) or hepatobiliary
phase (HBP) images [17]. Nontargetoid appearance includes
infiltrative appearance, marked diffusion restriction, necrosis,
severe ischemia, or other ancillary feature of various malig-
nancies [18]. Recently, Potretzke et al [19] reported that most
cHCC-CCA cases present imaging features indicating LR-M,
based on analysis of CTor MRI of cHCC-CCA. In contrast, a
controlled comparative study by Jeon et al [20] using
gadoxetate-enhanced MRI showed that about 37% of
cHCC-CCAs were categorized as LR-4 or LR-5, rather than
LR-M. Therefore, how LR-M features should be utilized to
improve diagnostic accuracy is still controversial.Moreover, it
remains unknown howmany cHCC-CCA or HCC cases show
any of the LR-M features and which of the LR-M features
yields the best diagnostic performance alone or in combina-
tion with other features. Therefore, the purposes of this study
were to investigate the diagnostic accuracy of each LR-M
feature defined in the LI-RADS v2017 and to determine the
optimal LR-M features for differentiating cHCC-CCA and
HCC on gadoxetate-enhanced magnetic resonance imaging
(MRI).

Materials and methods

Patient selection

This retrospective study was approved by our Institutional
Review Board, and the need for informed consent was
waived. In total, 72 consecutive patients underwent liver
MRI examination with pathologically confirmed cHCC-
CCA between September 2008 and August 2016 at a single
tertiary hospital. Of these, 26 patients were excluded because

the preoperativeMRI had been performedmore than 2months
before surgery or without using gadoxetic acid. Thirteen ad-
ditional patients were excluded due to the administration of
loco-regional treatments or other anti-tumor therapies prior to
the preoperative MRI. After these exclusions, 33 pathologi-
cally confirmed cHCC-CCA patients remained in the study.
Among the 1157 patients who underwent preoperative MRI
with surgically confirmed HCC, 66 patients were randomly
selected for the control group within the same period by pro-
pensity matching for tumor size, MRI system, and underlying
liver disease. Two of the 33 patients with cHCC-CCA had two
or more lesions, but only one tumor from each patient was
confirmed pathologically. Seven of the 66 patients with HCC
had two or more pathologically proven HCCs. We decided to
select the largest tumor from each patient to match the size of
cHCC-CCA cases because only lesion was histologically con-
firmed in each patient of cHCC-CCA. Thus, a total of 33
patients with 33 cHCC-CCAs (26 men, 7 women; mean age,
58.6 years) and 66 patients with 66 HCCs (58 men, 8 women;
mean age, 55.9 years) were included in the final analysis
(Fig. 1 and Table 1).

MRI acquisition

MRI was performed using one of three 3.0-T systems
(MAGNETOM Trio a Tim, Siemens Medical Solutions;
Intera Achieva or Ingenia, Philips Medical Systems) or a
1.5-T system (Intera Achieva, Philips Medical Systems).
Dual-echo T1-weighted gradient-recalled echo images
were obtained after localization with the following param-
eters: section thickness/interval, 4–5 mm/2–2.5 mm; repe-
tition time (TR), 4.0 ms/4.9 ms; and echo time (TE),
4.6 ms/2.3 ms (in-phase/opposed-phase) for the 1.5-T sys-
tem and 2.3 ms/1.1–1.2 ms (in-phase/opposed-phase) for
the 3.0-T systems.

A three-dimensional gradient-echo sequence was per-
formed with chemically selective fat suppression before
and after intravenous contrast agent injection (section
thickness/interval, 4–5 mm/2–2.5 mm; TR/TE, 2.5–
4.5 ms/0.9–1.7 ms). For dynamic imaging, gadoxetate
disodium (0.025 mmol/kg; Primovist, Bayer Schering
Pharma) was administered using a power injector at
1 mL/s as a rapid bolus followed by a saline flush of
20 mL. To obtain the optimal time window for arterial
phase imaging, either a test bolus technique with 1 mL of
gadoxetic acid or a bolus-tracking technique was used in
all examinations. Following the arterial phase, portal ve-
nous phase and transitional phase images were obtained.
HBP images were obtained 15–20 min after contrast injec-
tion. Portal venous phase images were considered to deter-
mine the presence of washout appearance, but transitional
phase images were not.
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During the interval between the transitional phase and
HBP, T2-weighted images were acquired using multi-shot
and single-shot turbo spin echo sequences with navigator trig-
gering (slice thickness/interval, 4–5 mm/5–6 mm; TR/TE,
746–6531ms/80–81ms). DWimages were also acquired with
navigator triggering (section thickness/interval, 4–5 mm/5–
6 mm; TR/TE, 4500–8500 ms/57–67 ms) at b-values of 50,
400, and 800 s/mm2. The apparent diffusion coefficients were
automatically calculated, and the corresponding apparent dif-
fusion coefficient maps were displayed. Typical field-of-view
was 40 cm but varied according to the patient’s body size.

Image interpretation

One resident radiologist reviewed the pathologic data to
be used as reference standards and summarized the pa-
tients’ electronic medical records. Two radiologists with
24 and 6 years of experience (M.J.K. and C.A.) in ab-
dominal imaging independently reviewed the MRI im-
ages. Both radiologists were blinded to the patients’
clinical characteristics and pathologic diagnoses. They
were aware that the examinations were selected from
patients with cHCC-CCA and HCC, but they were not

Fig. 1 Flowchart detailing the
patient selection process and
inclusion/exclusion criteria. In to-
tal, 33 patients with cHCC-CCA
and 66 patients with HCC were
included in the final analysis.
cHCC-CCA, combined
hepatocellular-
cholangiocarcinoma; MRI, mag-
netic resonance imaging; HCC,
hepatocellular carcinoma

Table 1 Clinico-pathologic
characteristics of cHCC-CCA and
HCC

Clinico-pathologic features cHCC-CCA (n = 33) HCC (n = 66) p value

Age (years), mean ± SD 58.6 ± 12.8 55.9 ± 11.4 0.341

Sex (male:female) 26:7 58:8 0.248

Tumor size (cm), mean ± SD 4.2 ± 2.5 4.2 ± 2.2 0.379

Tumor marker

AFP (ng/mL, range) 588.6 (2–13,013) 2496.6 (1–69,496) 0.062

PIVKA-II (mAU/mL, range) 520.3 (11–4096) 617.1 (10–8826) 0.853

Etiology 0.199

Hepatitis B virus (%) 19 (57.6%) 52 (78.8%)

Hepatitis C virus (%) 3 (9.1%) 3 (4.5%)

Alcoholic liver disease (%) 3 (9.1%) 5 (7.6%)

None or unknown (%) 8 (24.2%) 6 (9.1%)

Underlying liver disease 0.131

Liver cirrhosis (%) 17 (51.5%) 32 (48.5%)

Chronic hepatitis (%) 11 (33.3%) 31 (47.0%)

No liver disease (%) 5 (15.2%) 3 (4.5%)

AFP α-fetoprotein, cHCC-CCA combined hepatocellular-cholangiocarcinoma, HCC hepatocellular carcinoma,
SD standard deviation, PIVKA-II protein induced by vitamin K absence II
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informed about the exact ratio of the two groups. The
presence or absence of each LR-M feature as defined in
the LI-RADS version 2017 was recorded. The LR-M
features included rim APHE, delayed central enhance-
ment, progressive concentric enhancement, peripheral
washout, target sign on DW or HBP images, liver sur-
face retraction, adjacent biliary obstruction, mixed pat-
tern, and infiltrative margin. Targetoid appearance was
defined as a tumor with at least one of following imag-
ing features: rim APHE, delayed central enhancement,
progressive concentric enhancement, peripheral washout,
or target signs on DW or HBP images (Figs. 2, 3, and
4) [17]. Disagreements between the two reviewers were
resolved in a second review, and a consensus opinion
was achieved.

Statistical analysis

Differences in age and tumor size were evaluated with
independent t tests, and differences in tumor marker
levels were evaluated with Mann-Whitney U tests.
Chi-squared or Fisher’s exact tests were performed to
compare the sex ratio, etiology of liver disease, liver
disease status, and frequency of each imaging feature.
Inter-observer agreement was assessed for the presence
of each imaging feature using κ statistics with the
ranges 0.81–1.0, 0.61–0.80, 0.41–0.60, 0.21–0.40, and
0.00–0.20 corresponding to almost perfect, substantial,
moderate, fair, and slight, respectively. The accuracy,
sensitivity, and specificity of the each LR-M feature

for differentiating between cHCC-CCA and HCC were
calculated based on the consensus data with 95% con-
fidence intervals (CIs). Multivariate logistic regression
analysis was performed to investigate the predictive val-
ue of each imaging feature for diagnosis of cHCC-CCA.
Variables with a p value < 0.2 from the univariate anal-
ysis were subjected to multivariate analysis. For multi-
variate analyses, rim APHE, delayed central enhance-
ment, progressive concentric enhancement, peripheral
washout, and target signs on DW or HBP images were
grouped into targetoid appearance. Statistical signifi-
cance was set at p < 0.05. All statistical analyses were
performed using SPSS version 23.0 (IBM).

Results

The clinical and tumor characteristics of patients in the cHCC-
CCA and HCC groups are summarized in Table 1. No signif-
icant differences in age, sex, tumor size, tumor markers, or the
proportion of underlying liver disease were noted between the
two groups (p > 0.05). Inter-observer agreement for the pres-
ence of each LR-M feature was mostly substantial to almost
perfect (Table 2). Among all the LR-M features, six features,
including rim APHE, progressive concentric enhancement,
peripheral washout, adjacent biliary obstruction, mixed pat-
tern, and infiltrative margin, were significantly more common
in patients with cHCC-CCA than in patients with HCC
(p < 0.05). Further, these LR-M features exhibited sensitivities
of 21.2–57.6% and specificities of 78.8–97.0% for the

Fig. 2 A combined
hepatocellular-
cholangiocarcinoma in a 67-year-
old man with B-viral cirrhosis
showing LR-M features. a
Gadoxetate-enhanced arterial and
b portal venous phase images
show a mass with irregular mar-
gins, rim-like arterial phase
hyperenhancement, and washout
appearance. c T2-weighted fast-
spin echo, d diffusion-weighted
(b = 800 s/mm2), and e apparent
diffusion coefficient map images
show the mass with targetoid
pattern. f The surgical specimen
shows the mass with an irregular
infiltrative margin
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diagnosis of cHCC-CCA (Table 3). Representative examples
of patients with cHCC-CCAwith LR-M features, cHCC-CCA
mimicking HCC, and HCC with LR-M features are shown in
Figs. 2, 3, and 4, respectively. Targetoid appearance, a com-
posite finding of five LR-M features, was significantly more
common in the cHCC-CCA group with a diagnostic sensitiv-
ity of 75.8% (95% CI 60.6%, 87.3%) and a specificity of
65.2% (95% CI 57.6%, 70.9%). Among the findings that are
included in the targetoid appearance, rim APHE (57.6% [95%
CI 43.1%, 69.5%]) was the most sensitive individual LR-M
finding.

When the presence of at least one LR-M feature was used
to diagnose cHCC-CCA, the sensitivity was 93.9% (95% CI
80.7%, 98.9%) with a specificity of 48.5% (95% CI 41.9%,
51.0%). The use of three or more LR-M features yielded the
highest accuracy but reduced sensitivity for identifying
cHCC-CCA. Univariate logistic regression analysis of
targetoid appearance, adjacent biliary obstruction, mixed pat-
tern, and infiltrative margin showed significant association
with cHCC-CCA (Table 4). The results of multivariate analy-
sis showed that targetoid appearance, adjacent biliary obstruc-
tion, and infiltrative margin were selected as independent
features.

Discussion

According to the current LI-RADS, LR-M category indicates
an observation probably or definitely malignant but not spe-
cific for HCC [18]. LR-M criteria are defined by two types of
imaging patterns: targetoid and nontargetoid. Targetoid

appearance includes targetoid enhancement (rim APHE, pe-
ripheral Bwashout^ appearance, or delayed central enhance-
ment), targetoid restriction on DW images, or targetoid en-
hancement on transitional or HBP images. Nontargetoid mass
with infiltrative appearance, marked diffusion restriction, ne-
crosis or severe ischemia, or other feature that suggestive of
non-HCC also can be categorized as LR-M.

Our study showed that the collective imaging features
grouped into targetoid appearance were the most sensitive
LR-M features that identifying cHCC-CCA as a non-HCCma-
lignancy. Of these features, the rim APHE was the single most
sensitive feature included in targetoid appearance. We also
found that themajority of cHCC-CCA cases could be optimally
categorized as LR-M with a high sensitivity (93.9%) and mod-
est specificity (48.5%) if the presence of any one of the LR-M
features defined in the LI-RADS version 2017 was used for the
differentiation of cHCC-CCA from HCC. Our results are con-
trary to a recent report by Jeon et al [20], where 37.1% of
cHCC-CCAs were categorized either LR-4 or LR-5.
However, in their study, the categorization of LR-M/4/5 was
not strictly based on the presence of certain LR-M features.
Alternatively, our findings are comparable with the results of
Potretzke et al [19] who found that 93.4% of cHCC-CCAs
showed at least one ancillary feature favoring non-HCC malig-
nancy. In our study, we further evaluated the incidence of each
LR-M feature in patients with HCC and found that 51.5% of
HCCs also present at least one LR-M feature.

Importantly, in the present study, the overall accuracy for
the differentiation of cHCC-CCA was the highest when the
presence of three or more LR-M features was used as the
determiner. However, the use of this criterionmay substantially

Fig. 3 A combined
hepatocellular-
cholangiocarcinoma mimicking
HCC in a 51-year-old man with
B-viral hepatitis. a Precontrast, b
gadoxetate-enhanced arterial, and
(c) portal venous phase images
show a homogenously
hypervascular nodule with both
capsule and washout appearance.
d The diffusion-weighted image
(b = 800 s/mm2) shows a homo-
geneously hyperintense mass
without a targetoid pattern. e The
hepatobiliary phase image shows
a hypointense mass with
hypointense rim. f The surgical
specimen shows a mass with par-
tial encapsulation
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decrease the sensitivity for the identification of cHCC-CCA.
Heightened sensitivity for categorizing cHCC-CCA as LR-M
is most vital when the accurate identification of patients with
non-HCC malignancies is important, such as in determining
candidates for liver transplantation. On the other hand, the
relatively low specificity of LR-M features for diagnosing
cHCC-CCA in our results implies that a larger proportion of
LR-M lesions will eventually be diagnosed as HCC. In a study
based on prospective application of the LI-RADS categoriza-
tion, Kim et al [21] reported that 76.9% of LR-M cases were
eventually diagnosed as HCC. Further, according to our expe-
rience, LR-M features are more common in surgically ineligi-
ble cases. Therefore, as the present study included only patients
who had undergone surgical resection, the incidence of HCC
exhibiting LR-M features may have been artificially lowered.
Moreover, considering that the incidence of HCC is almost 20
times higher than that of cHCC-CCA, the clinical burden and
potential complications related to the procedure could substan-
tially increase if all tumors showing any LR-M feature are
categorized as LR-M and undergo biopsy. According to the
very recently revised version of the LI-RADS (v2018), LR-
M can be reported with different descriptions based on each
LR-M feature and imaging features suggesting hepatocellular

origin [22]. The utility of this approach should be further in-
vestigated in future studies. Nonetheless, considering that pa-
tients with HCC presenting with LR-M features may have a
worse prognosis [23], discriminating whether HCCs are LR-4,

Fig. 4 A hepatocellular carcinoma in a 50-year-old man with B-viral
cirrhosis showing LR-M features. a The precontrast T1-weighted gradi-
ent-echo in-phase image shows a hypointense mass with an irregular
margin. b Gadoxetate-enhanced arterial and (c) portal venous phase im-
ages show a rim-like enhancing mass with progressive enhancement. d

The hepatobiliary phase image shows delayed central enhancement. The
mass also shows a targetoid pattern on (e) T2-weighted, (f) diffusion-
weighted (b = 800 s/mm2), and (g) apparent diffusion coefficient map
images. h The gross specimen shows a mass with an infiltrative margin

Table 2 Inter-observer agreement of LR-M features

LR-M features κ value

Rim APHE 0.866

Delayed central enhancement 0.649

Progressive concentric enhancement 0.647

Peripheral washout 0.580

Target sign on DWor HBP images 0.503

Liver surface retraction 0.565

Adjacent biliary obstruction 0.703

Mixed pattern 0.681

Infiltrative margin 0.794

APHE arterial phase hyperenhancement, DW diffusion-weighted, HBP
hepatobiliary phase

κ values 0.81–1.0, 0.61–0.80, 0.41–0.60, 0.21–0.40, and 0.00–0.20 cor-
respond to almost perfect, substantial, moderate, fair, and slight,
respectively
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LR-5, or LR-M has important clinical implications related to
the patient’s prognosis.

In the present study, three LR-M features, namely targetoid
appearance, infiltrative margin, and adjacent biliary obstruc-
tion, were selected for multivariate analysis for the differenti-
ation of cHCC-CCA and HCC. However, the use of only
those independent features did not appear to improve diagnos-
tic accuracy. Our study also showed that among the LR-M
features, the presence of a targetoid appearance yielded the
highest sensitivity (75.8%) for diagnosing cHCC-CCA. This
is not surprising given that targetoid appearance is a collective
feature including both targetoid enhancement (rim APHE, pe-
ripheral washout, or delayed central enhancement) and
targetoid appearance (targetoid transitional phase or HBP sig-
nal intensity or targetoid restriction) according to the LI-
RADS v2017. Among these features, rim APHE alone

showed a sensitivity of 57.6% and a specificity of 84.9% for
diagnosing cHCC-CCA in the present study. This result sup-
ports the discrimination of rim-like APHE from global APHE,
as is done in the LI-RADS v2017 [24, 25]. Our results imply
that the presence of targetoid appearance could be used as a
strong indicator of non-HCC malignancies including cHCC-
CCA. In contrast, three LR-M features, namely liver surface
retraction, delayed central enhancement, and target signs on
DW or HBP images, were not statistically significant for dif-
ferentiating cHCC-CCA from HCC in our series. Although
these findings were previously reported to be useful for dif-
ferentiating cholangiocarcinomas [26–28], they were relative-
ly uncommon in our series in patients with cHCC-CCAwhich
may more frequently show findings similar to HCC [19, 29].
Compared to studies by Fraum et al [8] which used either CT
or MRI (either gadoxetate or extracellular contrast material)

Table 3 Comparison of the presence of LR-M features between cHCC-CCA and HCC

LR-M features cHCC-CCA (n = 33) HCC (n = 66) Accuracy (%)* Sensitivity (%)* Specificity (%)* p value

Targetoid appearance† 25 (75.8%) 23 (34.8%) 68.7 (58.6, 76.4) 75.8 (60.6, 87.3) 65.2 (57.6, 70.9) < 0.001

Rim APHE 19 (57.6%) 10 (15.2%) 75.8 (66.1, 83.7) 57.6 (43.1, 69.5) 84.8 (77.6, 90.8) < 0.001

Delayed central enhancement 5 (15.2%) 6 (9.1%) 65.7 (59.7, 72.1) 15.2 (6.3, 24.8) 90.9 (86.5, 95.7) 0.499

Progressive concentric enhancement 12 (36.4%) 2 (3.0%) 76.8 (69.1, 80.1) 36.4 (24.8, 41.3) 97.0 (91.2, 99.5) < 0.001

Peripheral washout 9 (27.3%) 4 (6.1%) 71.7 (64.2, 77.0) 27.3 (14.0, 35.2) 93.9 (88.3, 97.9) 0.009

Target sign on DWor HBP images 7 (21.2%) 10 (15.2%) 63.6 (56.5, 71.7) 21.2 (10.5, 33.2) 84.8 (79.5, 90.9) 0.573

Liver surface retraction 3 (9.1%) 1 (1.5%) 68.7 (64.4, 70.6) 9.1 (2.7, 12.0) 98.5 (95.3, 99.9) 0.107

Adjacent biliary obstruction 7 (21.1%) 3 (4.5%) 70.7 (64.0, 75.1) 21.2 (11.1, 27.8) 95.5 (90.4, 98.7) 0.015

Mixed pattern 7 (21.2%) 4 (6.1%) 69.7 (52.9, 74.9) 21.2 (11.0, 29.1) 93.9 (88.8, 97.9) 0.039

Infiltrative margin 17 (51.5%) 14 (21.2%) 69.7 (59.9, 78.6) 51.5 (36.9, 64.8) 78.8 (71.5, 85.4) 0.003

Number of each LR-M feature

At least 1 LR-M feature 31 (93.9%) 34 (51.5%) 63.6 (54.8, 67.0) 93.9 (80.7, 98.9) 48.5 (41.9, 51.0) 0.000

2 or more LR-M features 24 (72.7%) 14 (21.2%) 76.8 (66.9, 84.5) 72.7 (57.9, 84.3) 78.8 (71.4, 84.6) 0.000

3 or more LR-M features 18 (54.5%) 4 (6.1%) 80.8 (72.1, 86.1) 54.5 (41.4, 62.5) 93.9 (87.4, 97.9) 0.000

4 or more LR-M features 9 (27.3%) 2 (3.0%) 73.7 (66.6, 77.1) 27.3 (16.6, 32.2) 97.0 (91.6, 99.5) 0.001

cHCC-CCA combined hepatocellular-cholangiocarcinoma, HCC hepatocellular carcinoma, APHE arterial phase hyperenhancement, DW
diffusionweighted, HBP hepatobiliary phase, PPV positive predictive value, NPV negative predictive value

*Data in parentheses are 95% confidence intervals of percentage
†Targetoid appearance: at least one of following imaging features: rim APHE, delayed central enhancement, progressive concentric enhancement,
peripheral washout, and target signs on DWor HBP images

Table 4 Univariate and
multivariate analyses of LR-M
features

Univariate Multivariate

Odds ratio p value Odds ratio p value

Targetoid appearance 5.842 (2.274, 15.009) 0.000 4.113 (1.429, 11.840) 0.009

Liver surface retraction 6.500 (0.649, 65.102) 0.111 10.755 (0.858, 134.780) 0.066

Adjacent biliary obstruction 5.654 (1.356, 23.569) 0.017 5.284 (1.011, 27.606) 0.048

Mixed pattern 4.173 (1.125, 15.482) 0.033 3.510 (0.743, 16.578) 0.113

Infiltrative margin 3.946 (1.601, 9.730) 0.003 4.227 (1.480, 12.076) 0.007

Data in parentheses are 95% confidence intervals
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and by Jeon et al [19] that used gadoxetate-enhanced MRI,
delayed enhancement was more commonly visible in cHCC-
CCA than in our study, but less commonly seen in HCC than
in ours. These results suggest that the nonsignificant differ-
ence of delayed central enhancement in our study cannot be
attributed to the use of gadoxetate as a contrast material, but
may be due to differences of study population or differences in
reviewers’ identification of the presence of imaging findings.

Our study also showed that rim APHE provided the highest
kappa value with excellent inter-observer agreement, as well
as the most common individual finding in cHCC-CCA,
followed by infiltrative margin and progressive concentric en-
hancement, which also showed substantial agreement. On the
other hand, findings such as peripheral washout, target signs
on DW or HBP images, and liver surface retraction showed
only moderate agreement. The modest agreement of some of
the LR-M features was also noted in previous results [8, 30],
suggesting the necessity of further clarification for the defini-
tion of those imaging findings as well as further assessment of
their significance in a larger consecutive series. In the present
study, we did not evaluate the utility of some LR-M features
mentioned in the LI-RADS v2017, including marked diffu-
sion restriction, necrosis, or severe ischemia, because the im-
aging definitions of these features have not been clearly doc-
umented, and, thus, we deemed they would incur higher inter-
observer variability.

Our study also showed that a small proportion of cHCC-
CCAs may not be categorized as LR-M. Specifically, two of
the 33 (6%) cHCC-CCAs were not deemed to show any LR-
M features. This result is consistent with that of the study by
Potretzke et al [19]. According to our experience, the lack of
LR-M features in cHCC-CCAmay be more common in small
(< 2 cm) tumors. However, as the pathologist’s awareness of
cHCC-CCA is increasing [1], the incidence of tumors show-
ing both non-rim APHE and washout appearance without
prominent LR-M features may also increase.

Our study has several limitations. First, we did not include
the entirety of the consecutive HCC cases for the analysis,
because the number of HCC cases was much larger than that
of cHCC-CCA. Therefore, we randomly sampled twice the
number of HCC cases among all diagnosed HCCs during
the same period when the cHCC-CCAs were diagnosed. We
used this method to avoid any condition where the reviewers
might have been biased by the higher prevalence of HCC.
However, we also acknowledge that the artificially higher
proportion of cHCC-CCA in our study subjects might have
introduced higher rate of appreciation of LR-M features. A
future prospective study in a series of consecutive patients
may be warranted. To our knowledge, there has been only
one controlled comparative study regarding the differentiation
of cHCC-CCA and HCC [20] where the same number of
HCCs and cHCC-CCAs was compared. We increased the
number of HCCs to reflect the larger prevalence of HCC.

Second, as we only included surgically proven cHCC-CCAs
and HCCs, selection bias could have been induced. However,
as our results have shown, cHCC-CCAs have the potential to
be misinterpreted as HCCs based on imaging alone.
Combined with the fact that exact diagnosis is sometimes
difficult by biopsy, the inclusion of only surgically proven
cases is warranted. Third, as cHCC-CCA is relatively rare
tumor, the cases were collected over a long period of time
and examined with different MRI systems. Therefore, image
quality was not the same in all patients. However, as we
matched the time frame of MRI examination between groups
of HCC and cHCC-CCA, the MRI techniques and protocols
were comparable between the two groups. Actually, there had
been only minor modifications of imaging protocols during
the time period and the imaging protocol was comparable in
all patients. Fourth, we conducted our study using LI-RADS
v2017. We noted that LI-RADS v2018 has been introduced
online very recently. However, the definition of LR-M and its
imaging features has not been changed. Fifth, we did not in-
clude cases of cholangiocarcinomas or metastases that can
also frequently be categorized as LR-M, as our intention was
to evaluate the diagnostic performance of the current LR-M
criteria for the differentiation of cHCC-CCA, which we con-
sidered the most difficult diagnostic entity to be differentiated
from HCC in cirrhotic liver. A larger cohort study including
various forms of non-HCCmalignancy would be warranted to
define the overall diagnostic performance of LR-M criteria.
Finally, since this was a retrospective, single-center study, our
results should be validated in a larger, multi-center study.

In conclusion, our study showed that targetoid appearance
was the most sensitive imaging finding to identify cHCC-
CCA as a non-HCC malignancy and most cHCC-CCA cases
can be properly categorized as LR-Mwith high sensitivity and
modest specificity when the presence of any one of the LR-M
features defined in the LI-RADS version 2017 was used as the
determiner for the differentiation from HCC.
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