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Abstract
Objectives To investigate the imaging findings of macrotrabecular-massive hepatocellular carcinoma (MTM-HCC) on CT and
MRI, and examine their diagnostic performance and prognostic significance.
Methods We retrospectively enrolled 220 consecutive patients who underwent hepatic resection between June 2009 and
December 2013 for single treatment–naïve HCC, who have preoperative CT and gadoxetic acid–enhanced MRI. Independent
reviews of histopathology and imaging were performed by two reviewers. Previously reported imaging findings, LI-RADS
category, and CT attenuation ofMTM-HCCwere investigated. The diagnostic performance of theMTM-HCC diagnostic criteria
was compared across imaging modalities.
Results MTM-HCC was associated with ≥ 50% arterial phase hypovascular component, intratumoral artery, arterial phase
peritumoral enhancement, and non-smooth tumor margin on CT and MRI (p < .05). Arterial phase hypovascular components
were less commonly observed on MRI subtraction images than on CT or MRI, while non-rim arterial phase hyperenhancement
and LR-5 were more commonly observed on MRI subtraction images than on MRI (p < .05). MTM-HCC showed lower tumor
attenuation in the CT arterial phase (p = .01). Rhee’s criteria, defined as ≥ 50% hypovascular component and ≥ 2 ancillary
findings (intratumoral artery, arterial phase peritumoral enhancement, and non-smooth tumor margin), showed similar diagnostic
performance forMRI (sensitivity, 41%; specificity, 97%) and CT (sensitivity, 31%; specificity, 94%). Rhee’s criteria on CTwere
independent prognostic factors for overall survival.
Conclusion The MRI diagnostic criteria for MTM-HCC are applicable on CT, showing similar diagnostic performance and
prognostic significance. For MTM-HCC, arterial phase subtraction images can aid in the HCC diagnosis by depicting subtle
arterial hypervascularity.
Key points
• MTM-HCC on CT demonstrated previously described MRI findings, including arterial phase hypovascular component,
intratumoral artery, arterial phase peritumoral enhancement, and necrosis.

• The MRI diagnostic criteria for MTM-HCC were also applicable to CT, showing comparable diagnostic performance and
prognostic significance.

• On arterial phase subtraction imaging, MTM-HCC more frequently demonstrated non-rim enhancement and LR-5 and less
frequently LR-M than MRI arterial phase, which may aid in the diagnosis of HCC.
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Abbreviations
APHE Arterial phase hyperenhancement
CT Computed tomography
ER Early recurrence
HCC Hepatocellular carcinoma
LI-RADS Liver Imaging Reporting and Data System
MRI Magnetic resonance imaging
MTM-HCC Macrotrabecular-massive hepatocellular

carcinoma
OS Overall survival
ROI Region of interest

Introduction

Macrotrabecular-massive hepatocellular carcinoma (MTM-
HCC), a recently proposed histological subtype of HCC, has
been highlighted because of its peculiar transcriptomic and
genetic characteristics and poor prognosis after curative treat-
ment [1–5].

Several imaging diagnostic criteria for MTM-HCC have
been proposed. One report proposed a combination of arterial
phase hypovascularity and imaging features related to micro-
vascular invasion, including intratumoral artery, arterial phase
peritumoral enhancement, and non-smooth tumor margin, and
it could provide a sensitivity of 46–47% with a specificity of
94–96% [6]. Another report proposed the combination of ab-
sence of enhancement and T2 hyperintensity, namely “sub-
stantial necrosis”, which represents the necrotic tumor area.
Substantial necrosis reportedly has a sensitivity of 65% and a
specificity of 93% [7]. Both diagnostic criteria for MTM-HCC
are based on the presence of an intratumoral hypovascular area,
reflecting the hypoxic microenvironment of MTM-HCC.
MTM-HCC has lower microvascular density, a larger area of
tumor necrosis, and higher expression of hypoxia-related
genes such as CA9, EPO, and VEGFA compared to non-
MTM-HCC [8, 9]. Although hypovascularity is a clue to
MTM-HCC, it may also act as an obstacle to an HCC imaging
diagnosis. The arterial phase subtraction image onMRI depicts
the subtle arterial enhancement of the tumor and may aid in
HCC diagnosis [10]. However, the imaging findings of MTM-
HCC on arterial subtraction imaging and their potential impli-
cation on HCC diagnosis have not been investigated.

Previously reported MRI criteria of MTM-HCC were asso-
ciated with poor outcomes following hepatic resection; thus,
they might be useful for clinical decision-making prior to treat-
ment [6, 7]. However, MRI is not always used in HCC patients
because of its limited availability and high cost, which is even
more critical in the clinical setting within developing countries
[11]. MRI also requires a long scan time with multiple breath-
holds and might not be feasible in patients with a poor general
condition. Computed tomography (CT) is a more appropriate
diagnostic tool in these situations. To our knowledge, however,

few publications have described CT findings of MTM-HCC,
and no study has comprehensively compared the diagnostic
performance of various imaging criteria on CT [12].

Therefore, this study aimed to investigate the imaging find-
ings of MTM-HCC on CT and MRI, including arterial phase
subtraction images, and examine their diagnostic performance
and prognostic significance.

Materials and methods

Subject

This retrospective study was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki and approved
by the Institutional Review Board of Severance Hospital,
Seoul, Korea, which waived the requirement for patient con-
sent (4-2021-0965). We enrolled consecutive patients with
pathologically confirmed HCC after hepatic resection at
Severance Hospital between June 2009 and December 2013.
We excluded patients who received any treatment prior to
surgery, who had multiple HCC, for whom gadoxetic acid–
enhancedMRI including arterial phase subtraction imaging or
liver dynamic CT within 3 months before surgery was un-
available, and for whom pathology slides were not available
for review. When there was a small (< 1 cm) satellite lesion in
the same segment, the case was considered a single HCC and
not excluded from the study. Cases in which intraoperative
radiofrequency ablation was performed on hepatic lesion(s)
were considered multiple HCC and excluded. Finally, 220
patients with 220 HCC were included in this study (Fig. 1).

Fig. 1 Flow diagram of the patient enrolment process. CT, computed
tomography; HCC, hepatocellular carcinoma; MRI, magnetic resonance
imaging
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All of 220 patients overlapped with our previous study [6]; in
fact, 88 patients (40%) and 132 patients (60%) overlapped
with the training and validation sets of the previous study.
The prior study dealt with MRI findings of MTM-HCC,
whereas in this manuscript we investigated CT findings of
MTM-HCC in comparison with MRI findings.

Histopathologic data

Histopathologic data including tumor size, differentia-
tion (Edmondson-Steiner grade), capsule formation, mi-
crovascular invasion, satellite nodules, and tumor necro-
sis were retrospectively collected from the pathology
reports. Two pathologists (Y.N.P. and M.J.) indepen-
dently reviewed the hematoxylin-eosin-stained slides to
determine whether they corresponded to MTM-HCC.
MTM-HCC was defined as HCC with a predominant
(≥ 50%) macrotrabecular pattern characterized by trabec-
ulae more than six cells thick [2]. After a 1-month in-
dependent review, two pathologists met to draw consen-
sus data, which were used as reference standards for
imaging diagnosis.

Gadoxetic acid–enhanced MRI and dynamic CT

All gadoxetic acid–enhanced MRI and dynamic CT images
evaluated in our study met the technical acquisition standards
of LI-RADS version 2018.

Please refer to Supplementary Material and Methods and
Supplementary Tables 1 and 2 for imaging protocols, clinical
and lab data, and measurement of outcome.

Image analysis

Two radiologists (H.R. and H.C.), who had 9 and 2
years of experience in interpreting liver dynamic im-
ages, independently reviewed the CT and MRI images
using a picture archiving and communication system
(Centricity; GE Healthcare). Two radiologists reviewed
the dynamic CT first, reviewed the MRI after approximately
1 month, and then met to create consensus data. The arterial
phase hypovascular component (< 20%, 20–49%, or ≥ 50%
tumor volume) was defined as an arterial phase hypovascular
tumor area combinedwith peripheral or spot-like hypervascular
foci [6]; intratumoral artery as discrete arteries within the tumor
on the arterial phase images [13]; arterial phase peritumoral
enhancement as the detectable portion of a crescent- or
polygon-shaped enhancement outside the tumor margin with
broad contact with the tumor border in the arterial phase be-
coming isointense with background liver parenchyma in the
delayed phase [14]; and a non-smooth tumor margin as an
irregular tumor margin with a budding portion at its periphery
protruding into the liver parenchyma [14] observed on the

hepatobiliary phase of MRI or portal phase of CT. On MRI,
tumor necrosis was defined as a tumor area with bright T2
signal intensity [7] subclassified into three categories, central,
stippled, and linear necrosis. Central necrosis was defined as
conglomerated necrosis of the tumor center, stippled necrosis
as multiple separate point-shaped foci of necrosis, and linear
necrosis as linear and/or branching necrosis. On CT images, we
evaluated necrosis or severe ischemia based on the definition of
LI-RADS version 2018 [15]. Additionally, in CT and MRI,
we assessed non-rim arterial phase hyperenhancement
(APHE) and blood product in mass as defined by LI-
RADS. The LI-RADS category was determined using
CT and MRI, taking into account all major and ancillary
features. The proportions of arterial phase hypovascular
component, non-rim APHE, and LI-RADS categories
were additionally reviewed using subtraction images of
the arterial phase from pre-contrast MRI images.

Using the reviewed imaging findings, we determined
whether each HCC meets the previously reported imag-
ing criteria for MTM-HCC on CT and MRI. The imag-
ing criteria were defined follows: (1) Rhee’s criteria,
arterial hypovascular component (≥ 50%) with two or
more of intratumoral artery, arterial phase peritumoral
enhancement, and non-smooth tumor margin [6]; (2)
modified Mule’s criteria, arterial phase hypovascular
component (≥ 50%) with stippled necrosis on MRI,
and arterial phase hypovascular component (≥ 50%)
with necrosis/severe ischemia on CT [7]; and (3)
Feng’s criteria, the presence of necrosis/severe ischemia
or blood product [12].

Quantitative analysis

One radiologist (H.C.) measured the attenuation of the
HCC and non-tumor liver in each phase of the CT im-
ages. For the measurement of HCC, a circular region of
interest (ROI) was made at the maximal positions in the
HCC and measured at the same position in each dynam-
ic phase. The attenuation of the non-tumor liver was
measured at the contralateral lobe of the liver, excluding
the portions around the blood vessels, gallbladder bed,
arterioportal shunt, and subcapsular area of the liver.
The ROI for the non-tumor liver was made to be
200–300 mm2 in a circle.

Statistical analysis

Inter-reader agreement is expressed using Cohen’s kappa co-
efficient. A kappa statistic of 0.8–1.0, 0.6–0.79, 0.40–0.59,
0.2–0.39, and 0–0.19 was considered excellent, good, moder-
ate, fair, and poor agreement, respectively. To compare clini-
copathologic characteristics and imaging features, we used a
Mann–Whitney U test for continuous variables and a chi-
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square or Fisher’s exact test for categorical variables. The
positive rate, sensitivity, and specificity of the imaging find-
ings or diagnostic criteria were compared using the McNemar
test. Survival analyses were performed using the Kaplan–
Meier method, log-rank test, and Cox regression analysis.
The statistical analyses were performed using R software (ver-
sion 4.1.1; https://www.R-project.org/). Statistical
significance was defined as a two-sided p value < .05.

Results

Clinicopathologic findings of MTM-HCC

The clinicopathological characteristics of the study population
are summarized in Table 1. Of the 220 patients with single
HCC (median age, 55 years; interquartile range [IQR], 51–63
years; 173 men and 47 women), 39 (18%) had MTM-HCC.
MTM-HCC was associated with high serum AFP (p < .001)
and PIVKA-II (p < .001), larger tumor size (p = .01), poorer

Table 1 Patients’
clinicopathologic characteristics Clinicopathologic features Available data (n) n (%) or median (interquartile range)

Clinical features

Age (year) 220 55 (51–63)

Sex (male/female) 220 173 (79%)/47 (21%)

Etiology 220

Hepatitis B 191 (87%)

Hepatitis C 5 (2%)

Alcohol 12 (6%)

Unknown 12 (6%)

Cirrhosis 220 121 (55%)

High-risk for HCC (LI-RADS v2018) 220 202 (92%)

Child-Pugh class (A/B) 220 219 (100%)/1 (1%)

BCLC stage (0/A) 220 36 (16%)/184 (84%)

Aspartate transaminase (IU/L) 220 29 (23–41)

Alanine transaminase (IU/L) 220 30 (23–44)

Albumin (g/dL) 220 4.3 (4.1–4.6)

Platelet (1000/μL) 220 160 (128–212)

Total bilirubin (mg/dL) 220 0.7 (0.6–0.9)

PT/INR 220 1.0 (0.9–1.0)

Alpha-fetoprotein (ng/mL) 219 18.5 (3.9–219.5)

PIVKA-II (mAU/mL) 219 760. (29.5–355.5)

Tumor pathology

Tumor size (cm) 220 3.0 (2.2–4.5)

Differentiation (Edmondson-Steiner grade) 220

I 12 (6%)

II 168 (76%)

III or IV 40 (18%)

Capsule formation 220

Absent 37 (17%)

Partial 116 (53%)

Complete 67 (31%)

Microvascular invasion 220 98 (45%)

Satellite nodule 220 10 (5%)

Necrosis (≥ 5%) 220 50 (23%)

Hemorrhage (≥ 5%) 220 82 (37%)

Macrotrabecular-massive HCC 220 39 (18%)

BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma; INR, international normalized ratio; LI-
RADS, Liver Imaging Reporting andData System;PIVKA-II, protein induced by vitaminK absence or antagonist-
II; PT, prothrombin time
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differentiation (p = .001), more frequent microvascular inva-
sion (p < .001), and tumor necrosis (≥ 5%) (p = .001)
(Supplementary Table 3). Intratumoral hemorrhage was not
significantly associated with MTM-HCC (p = .07).

MRI and CT features of MTM-HCC

The imaging findings of MTM-HCC are summarized in
Table 2, and the inter-reader agreement of pathologic and

Fig. 2 A 29-year-old man with hepatitis B virus–related cirrhosis and
macrotrabecular-massive hepatocellular carcinoma (MTM-HCC).
Gadoxetic acid–enhanced magnetic resonance imaging (MRI) demon-
strated an approximately 7.5-cm HCC in segment 8. The lesion showed
blood product (arrow) on a pre-contrast T1-weighted image (a), ≥ 50%
hypovascular component with intratumoral artery (arrows), arterial phase
peritumoral enhancement (arrowheads) in arterial phase images (b) and
arterial phase subtraction image (c), non-smooth tumor margin in the
hepatobiliary phase (d), and both central (arrow) and stippled necrosis
(arrowheads) on a T2-weight image (e and f). CT also demonstrated the

absence of blood product in the pre-contrast image (g), a ≥ 50%
hypovascular component, intratumoral artery, and arterial phase
peritumoral enhancement in the arterial phase (h), a non-smooth tumor
margin, and necrosis or severe ischemia in the portal phase (h and i).
Rhee’s and modified Mule’s criteria were positive on CT and MRI, and
Feng’s CT criteria were also positive. The lesion was MTM-HCC and
exhibited multifocal hemorrhagic necrotic foci in the gross specimen (j)
and hematoxylin-eosin staining (original magnification, scan view (k),
× 20 (l)). Intrahepatic metastasis occurred 3 months after a right lobecto-
my, and the patient died 8 months post-surgery
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imaging findings is listed in Supplementary Table 4. On
MRI, MTM-HCC demonstrated more frequent arterial
phase hypovascular component (p < .001), intratumoral
artery (p < .001), arterial phase peritumoral enhancement
(p < .001), non-smooth tumor margin (p = .01), and stip-
pled necrosis (p = .001) than non-MTM-HCC. Central
necrosis, linear necrosis, and blood products were not as-
sociated with MTM-HCC. MTM-HCC less frequently
showed non-rim APHE (p < .001), and significantly dif-
ferent LI-RADS categories (p = .002; more frequent LR-
M and less frequent LR-5). On the arterial phase subtrac-
tion image, MTM-HCC more frequently demonstrated the
arterial phase hypovascular component (p < .001), less
frequently demonstrated the non-rim APHE (p = .02),
and showed significantly different patterns of LI-RADS
categories (p = .03).

On the CT, MTM-HCC also more frequently demon-
strated the arterial phase hypovascular component (p <
.001), intratumoral artery (p = .004), arterial phase
peritumoral enhancement (p = .03), non-smooth tumor mar-
gin (p = .003), and necrosis or severe ischemia (p < .001),
less frequently demonstrated non-rim APHE (p = .02), and
showed significantly different LI-RADS categories (p =
.002) compared with non-MTM-HCC (Fig. 2). In the quan-
titative analysis of CT attenuation (Fig. 3; Supplementary
Table 5), the tumor attenuations of MTM-HCC were signif-
icantly lower than those of non-MTM-HCC in the arterial
and portal phases (p = .01 and p = .002, respectively). The
difference between tumor and liver attenuation was also
compared; [tumor attenuation − liver attenuation] was sig-
nificantly lower in the MTM-HCC in the pre-contrast, arte-
rial, portal, and delayed phases (p = .01, p < .001, p < .001,
and p = .01, respectively).

Differences in imaging features of MTM-HCC between
imaging modalities

MTM-HCC less frequently showed the arterial phase
hypovascular component (≥ 20% and ≥ 50%) in the MRI
arterial subtraction image than in the arterial phase on MRI
(p < .001 and p < .001, respectively) and CT (p = .03 and p =
.02, respectively) (Table 3). MTM-HCC more frequently
showed non-rim APHE (p = .01) and LR-5 (p = .02) and less
frequently showed LR-M (p = .03) in the MRI arterial sub-
traction image than in theMRI arterial phase image (Fig. 4). A
similar tendency was observed for non-MTM-HCC.

Differences in diagnostic performance between MRI
and CT criteria for MTM-HCC

The diagnostic performance of each imaging feature and di-
agnostic criterion is listed in Table 4. A hypovascular compo-
nent ≥ 20% on MRI showed a high negative predictive value
(NPV) of 97%. On CT, the ≥ 20% hypovascular component
also showed a high NPV of 93%, which was not significantly
different from that on MRI (p = .06).

Rhee’s criteria were defined by a hypovascular component
(≥ 50%) with two or more intratumoral arteries, arterial phase
peritumoral enhancement, and non-smooth tumor margin.
The sensitivity and specificity of Rhee’s criteria on MRI were
41% and 97%, respectively. Rhee’s criteria onMRI were used
as a reference for diagnostic performance, as it is the only
criterion validated in a multicenter study. Since only the stip-
pled pattern of necrosis was significantly associated with
MTM-HCC and the proportion of necrotic/ischemic tumor
area was not easy to determine, we modified Mule’s criteria
as follows: hypovascular component (≥ 50%) with stippled

Fig. 3 Attenuation of macrotrabecular-massive hepatocellular carcinoma
(MTM-HCC) versus non-MTM-HCC on computed tomography. a
Comparison of the tumor attenuation of MTM-HCC versus non-MTM-
HCC in each dynamic phase. bDifferences in tumor and liver attenuation

between MTM-HCC and non-MTM-HCC each in dynamic phase. The
p values were calculated using a Mann–Whitney U test. AP, arterial
phase; DP, delayed phase PP, portal phase; Pre, pre-contrast
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Table 3 Prevalence of imaging findings of macrotrabecular-massive hepatocellular carcinoma (MTM-HCC) versus non-MTM-HCC

Characteristics (1) MRI (2) MRI, subtraction
image

(3) CT p value (1) vs (2) p value (1) vs (3) p value (2) vs (3)

MTM-HCC (n = 39)

≥ 20% arterial phase hypovascular
component

36 (92%) 23 (59%) 31 (80%) < .001* > .06 .03*

≥ 50% arterial phase hypovascular
component

26 (67%) 15 (39%) 25 (64%) < .001* .78 .02*

Non-rim APHE 25 (64%) 32 (82%) 27 (69%) .01* .48 .13

LR-5 20 (59%) 26 (77%) 20 (59%) .02* > .99 .07

LR-M 9 (27%) 5 (15%) 8 (24%) .03* .32 .48

Non-MTM-HCC (n = 181)

≥ 20% arterial phase hypovascular
component

72 (40%) 52 (29%) 70 (39%) < .001* .81 .002*

≥ 50% arterial phase hypovascular
component

18 (10%) 7 (4%) 26 (14%) .002* .13 < .001*

Non-rim APHE 163 (90%) 171 (95%) 157 (87%) .03* .22 .004*

LR-5 133 (79%) 139 (83%) 140 (83%) .01* .46 .57

LR-M 13 (8%) 9 (5%) 14 (8%) .01* .81 .20

*Statistically significant results from the McNemar test

Fig. 4 A 40-year-old man with chronic hepatitis B and macrotrabecular-
massive hepatocellular carcinoma (MTM-HCC). Gadoxetic acid–enhanced
magnetic resonance imaging (MRI) demonstrated an approximately 3.5-cm
mass in segment 8. The lesion showed absence of blood product on a T1-
weighted image (a), diffuse (≥ 50%) hypovascular component with
intratumoral artery (b), and arterial phase peritumoral enhancement (c) on
arterial phase images (b and c). On anMRI arterial phase subtraction image
(d), the lesion showed subtle non-rim arterial phase enhancement and was
negative for the hypovascular component. There was no necrosis or non-

smooth tumor margin on T2-weighted images (e) or hepatobiliary phase
images (f), respectively. Computed tomography (CT) demonstrated ≥ 50%
hypovascular component and intratumoral artery, whereas peritumoral en-
hancement was not well delineated in the arterial phase (g). Necrosis or
severe ischemia was noted in the portal phase of the CT (h). The lesion
satisfied Rhee’s criteria on MRI, modified Mule’s criteria on CT, and
Feng’s criteria on CT but did not satisfy Rhee’s criteria on CT or modified
Mule’s criteria on MRI. After a central lobectomy, the patient survived for
more than 5 years without recurrence
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necrosis on MRI. The sensitivity and specificity of the mod-
ified Mule criteria on MRI were 33% and 97%, respective-
ly, and those of the ≥ 50% hypovascular component on the
subtraction images were 38% and 96%, respectively. The
sensitivity and specificity of these MRI criteria did not dif-
fer significantly from those of Rhee et al.

On CT, modified Mule’s criteria were defined as
hypovascular component (≥ 50%) with necrosis/severe ische-
mia, while Feng’s criteria were defined as the presence of
necrosis/severe ischemia or hemorrhage [12]. On CT, the sen-
sitivity and specificity of Rhee’s, modifiedMule’s, and Feng’s
criteria were 31% and 94%, 56% and 89%, and 72% and 65%,
respectively. The sensitivity and specificity of Rhee’s criteria
on CT did not differ significantly from those on MRI (p = .25
and p = .10, respectively). The specificity was significantly
lower in the modified Mule criteria on CT than in Rhee’s
criteria on MRI (89% vs. 97%, p < .001). For Feng’s criteria
on CT, the sensitivity was significantly higher (72% vs. 41%,
p = .003); however, the specificity was significantly lower
(65% vs. 97%, p < .001) (Fig. 5).

Prognostic significance of diagnostic criteria on CT
and MRI

All of Rhee’s and modified Mule’s criteria on MRI (p =
.001 and p = .004, respectively) and CT (p < .001 and p
= .001, respectively), the ≥ 50% hypovascular component
on MRI subtraction images (p = .02), and Feng’s criteria
on CT (p < .001) were significantly associated with a
poor OS on univariate Cox analysis. All diagnostic
criteria, except the ≥ 50% hypovascular component on
subtraction images, were also significantly correlated
with ER on univariate analysis (p = .004, p = .03, p =
.01, p = .01, and p = .002, respectively) (Supplementary
Table 6). Among the three diagnostic criteria on CT,
Rhee’s criteria demonstrated the highest hazard ratios
for ER and OS (Fig. 6); therefore, Rhee’s criteria on
CT were used in the subsequent multivariate analysis.

In the multivariate survival analysis (Table 5), cirrhosis,
high AFP, large tumor size, microvascular invasion, and sat-
ellite nodule remained independent prognostic factors for ER.

Fig. 5 A 47-year-old man with chronic B viral hepatitis and non-
macrotrabecular-massive hepatocellular carcinoma (non-MTM-HCC).
Gadoxetic acid–enhanced magnetic resonance imaging (MRI) demon-
strating an approximately 4.1-cm HCC in the liver segment 5/6. The
lesion showed non-rim arterial phase hyperenhancement and arterial
hypovascular component < 50% in the arterial phase (a) and arterial phase
subtraction image (b), central necrosis in T2-weighted image (c), and
non-smooth tumor margin in hepatobiliary image (d). CT demonstrating
non-rim arterial phase enhancement, an arterial hypovascular component

< 50% in the arterial phase (e), and presence of necrosis or severe ische-
mia in the central portion of the lesion and non-smooth tumor margin in
the portal phase (f). As the arterial hypovascular component was < 50%
on MRI and CT, Rhee’s and modified Mule’s criteria were negative on
CT and MRI, whereas Feng’s criteria on CT were positive. The patient
underwent a right hepatectomy, and hematoxylin-eosin staining showed a
trabecular pattern less than six cells thick, suggesting non-MTM-HCC (g,
original magnification, ×100)
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For OS, cirrhosis, large tumor size, microvascular invasion,
satellite nodule, and Rhee’s criteria on CT were independent
factors.

Discussion

In this study, the previously reported MRI findings of MTM-
HCC showed a significant association with MTM-HCC on
CT as well. Rhee’s and Mule’s MRI diagnostic criteria for
MTM-HCC were also applicable on CT and showed a signif-
icant association with post-surgical outcomes. In particular,
Rhee’s criteria showed no significant difference in sensitivity
and specificity between MRI and CT and were revealed as an
independent prognostic factor for OS.

The most characteristic imaging finding of MTM-HCC is
arterial hypovascularity. The intratumoral area showing a
macrotrabecular pattern and arterial phase hypovascularity is
typically seen in the inner portion of the tumor [6, 8]. Given
the poor differentiation and aggressive histologic features of
macrotrabecular HCC versus non-macrotrabecular HCC, it is
reasonable to assume that the internal location of the
hypovascular macrotrabecular area exhibits characteristics as
a de-differentiated tumor component. MTM-HCC frequently
exhibits rim APHE and is classified as LR-M because of the

arterial hypovascularity in the inner area of the tumor [8, 16,
17]. As with MRI, CT could be used to evaluate the arterial
hypovascular component, and a ≥ 20% hypovascular compo-
nent demonstrated a high NPV (93%) for MTM-HCC, sug-
gesting that HCCwithout a hypovascular component is highly
unlikely to be MTM-HCC. In a quantitative analysis of tumor
attenuation using CT, MTM-HCC showed less arterial en-
hancement than non-MTM-HCC as in the visual assessment
using MRI or CT.

The proportion of MTM-HCC with an arterial phase
hypovascular component differed by imaging modality. The
MRI arterial subtraction image showed subtle hypervascularity
in MTM-HCC; therefore, the arterial hypovascular component
was less frequently noted than on CT or MRI. Accordingly,
non-rim APHE and LR-5 were more frequently observed,
whereas LR-M was less frequently observed on MRI arterial
phase subtraction images than on MRI arterial phase images.
Thus, MRI arterial phase subtraction images might aid in HCC
diagnosis in cases of MTM-HCC. Arterial phase subtraction
images are beneficial in the diagnosis of early-stage HCC
[18], and our results suggest that subtraction imaging could also
be beneficial for the diagnosis of a subset of advanced HCC.
Interestingly, studies using gadoxetic acid–enhanced MRI
found that MTM-HCC frequently (33–77%) displayed rim en-
hancement due to internal hypovascularity, whereas studies

Fig. 6 Comparison of post-surgical outcomes of hepatocellular carcinoma patients according to Rhee’s criteria on computed tomography (CT). Kaplan–
Meier plots of early recurrence (a) and overall survival (b) according to Rhee’s criteria on CT. p values were calculated using the log-rank test
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using MRI contrast media other than gadoxetic acid found a
lower rate (10–15%) of rim enhancement [6–8, 16, 17]. One
possible explanation for this is that gadoxetic acid–enhanced
MRI is less sensitive to arterial hypervascularity than other
contrasts due to its low gadolinium dose [19]. It can be consid-
ered another example showing that sensitive detection of arte-
rial hypervascularity can be helpful in the HCC diagnosis of
MTM-HCC.

Necrosis may occur in HCC with a hypoxic microenviron-
ment, includingMTM-HCC [8, 20]. A positive correlation has
been reported between the proportion of macrotrabecular and
necrotic areas [8]. The tumor area with T2 hyperintensity and
absence of enhancement indicating tumor necrosis, so-called
substantial necrosis, is a proposed diagnostic criterion for
MTM-HCC [7]. We further analyzed the pattern of tumor
necrosis, and only stippled necrosis was significantly associ-
ated with MTM-HCC, a finding that was consistent with that
of multifocal small necrosis in MTM-HCC [8]. The stippled
necrosis with ≥ 50% hypovascular component on MRI (mod-
ified Mule’s criteria on MRI) was highly specific (97%) for
MTM-HCC. However, on CT, the criteria based on necrosis
showed lower specificity (89% for modified Mule’s and 65%
for Feng’s criteria), which might be due to limitations in the
accurate evaluation of the necrotic area and pattern on CT.

Imaging findings associated with MTM-HCC on MRI are
reportedly useful for diagnosis and predicting prognosis after
hepatic resection [6, 7]. On CT, all composed MTM-HCC
diagnostic criteria were significantly associated with a poor
prognosis, and Rhee’s criteria were an independent predictor
of OS. Thus, particularly in clinical settings in which MRI is
unfeasible, Rhee’s criteria on CT could be used to predict
post-surgical outcomes and aid clinical decisions.

This study had two main limitations. First, it was a retrospec-
tive single-center study. As the majority of patients at our insti-
tution underwent dynamic CT and gadoxetic acid–enhanced
MRI as preoperative evaluations, those who underwent MRI
with contrast media other than gadoxetic acid were excluded
from the study. Second, tumor attenuation was measured with
only one circular ROI rather than the entire tumor volume.
Further studies using volumetric analysis with radiomics or deep
learning may improve the diagnosis of MTM-HCC.

In conclusion, the MRI diagnostic criteria for MTM-HCC
are applicable to CT, which showed similar diagnostic perfor-
mance and prognostic significance. Arterial phase subtraction
images could aid in the diagnosis of MTM-HCC by illustrat-
ing more subtle arterial hypervascularity.
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