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Background: Macrotrabecular-massive hepatocellular carcinoma (MTM-HCC) is a novel subtype of 
HCC, one of eight distinct subtypes, that accounts for 5% of all cases of HCC and is associated with a worse 
prognosis. Preoperative diagnosis of MTM-HCCs using imaging findings can facilitate patient treatment 
decision-making. The purpose of this study was to describe computed tomography (CT) and magnetic 
resonance imaging (MRI) findings of MTM-HCCs and compare these findings with histopathological 
features.
Methods: This retrospective case-control study was performed at Shenzhen People’s Hospital. The cohort 
included 17 patients with surgically confirmed MTM-HCCs and 232 patients with surgically confirmed non-
MTM-HCCs who were enrolled by searching the pathological database from January 2018 to June 2022. 
CT and MRI findings were retrospectively analyzed and compared with pathological features. Student’s t-test 
or Mann-Whitney U test for continuous variables and χ2 test or Fisher’s exact test for categorical variables 
were implemented to compare imaging manifestations between MTM-HCCs and non-MTM-HCCs, as 
appropriate.
Results: Seventeen tumors with a mean diameter of 8.58±2.83 cm were identified in the 17 patients. 
In addition to the typical findings of hepatocellular carcinomas (HCCs), such as arterial phase 
hyperenhancement (APHE), wash out, restricted diffusion, capsule and non-uptake at the hepatobiliary phase 
(HBP), the most common findings in MTM-HCCs were necrosis in 11 patients (64.7%, 11/17), followed by 
intratumoral arteries in 6 patients (35.3%, 6/17), peritumoral arterial transitive enhancement in 3 patients 
(17.6%, 3/17) and peritumoral hypointensive areas at the HBP in 3 of 8 patients (37.5%, 3/8) who received 
gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic acid (Gd-EOB-DTPA) enhancement. The tumor 
size of non-MTM-HCCs was 5.26±1.94 cm, which was smaller than the 8.58±2.83 cm of MTM-HCCs 
(P<0.001). The frequency of necrosis and intratumoral arteries was significantly higher in MTM-HCCs than 
in non-MTM-HCCs (necrosis: 64.7% vs. 34.6%, P=0.012; intratumoral arteries: 47.1% vs. 19.7%, P=0.008).
Conclusions: MTM-HCCs tend to be large in size with intratumoral artery and intratumoral necrosis, 
which are characteristics that may distinguish them from non-MTM-HCCs.
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Introduction

Hepatocellular carcinoma (HCC) is currently the sixth 
most common cancer and the third most common primary 
cause of cancer mortality worldwide (1). Similar to other 
kinds of cancers, HCC is heterogeneous and develops 
and evolves from various genetic or molecular profiles. 
Different pathologic and molecular phenotypes of HCC 
show different biological behaviors. Due to the greater 
understanding of its genetic and molecular profiles, the 
histopathologic category of HCCs has recently been 
modified substantially. According to the 2019 5th edition 
of the World Health Organization (WHO) classification, 
65% of all HCCs are classified as not-otherwise-specified 
HCCs (NOS-HCCs), which have no distinguishing 
histopathologic features, and the remaining HCCs are 
classified into the following eight subtypes: steatohepatitic, 
clear cell, macrotrabecular-massive (MTM), scirrhous, 
chromophobe, fibrolamellar,  neutrophil-rich, and 
lymphocyte-rich (2). Among these HCC variants, the MTM 
subtype is associated with angiogenesis activation and worse 
prognosis (3,4). Therefore, distinguishing MTM-HCCs 
from other subtypes is necessary for predicting prognosis 
and making treatment decisions for patients with HCCs in 
the era of precision medicine.

Imaging plays a pivotal role in the diagnosis of HCCs, 
providing a definitive diagnosis on the basis of the typical 
characteristics of arterial phase hyperenhancement (APHE) 
and washout at the portal vein phase. Due to their unique 
histopathological characteristics, some HCC subtypes do 
not manifest the classic imaging features, which creates 
diagnostic challenges but also raises the suggestion of 
certain HCC variants. Familiarity with these imaging 
features might be helpful for establishing a diagnosis of 
HCC and suggesting certain subtypes. The purpose of this 
study was to describe the CT and MRI findings of MTM-
HCCs and compare them with histopathological features. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-940/rc).

Methods

Patients

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional review board of 
Shenzhen People’s Hospital, and individual consent for this 
retrospective case-control study was waived. We searched 
the pathological database of Shenzhen People’s Hospital 
from January 2018 to June 2022. In our institution, the 
classification of MTM-HCC was not adopted prior to 
January 2018. Twenty-three consecutive patients with 
MTM-HCCs were identified from a total of 304 patients 
with HCCs, with a prevalence of 7.6%. The inclusion 
criteria were as follows: (I) CT or MRI performed within 
three months before surgery; (II) no antitumor therapy 
before surgery; and (III) a mass larger than 1 cm with good 
image quality. Seventeen eligible patients with MTM-
HCCs were included after excluding 2 patients with an 
interval between CT or MRI imaging and surgery of more 
than 3 months and 4 patients due to receiving antitumor 
therapy. The final patient group consisted of 11 males and 
6 females with an age of 52.9±14.7 years. To compare the 
most common findings of MTM-HCCs with those of non-
MTM-HCCs, 232 patients fulfilling the inclusion criteria 
from among the 281 patients with non-MTM-HCCs were 
additionally included as the control group. The 232 patients  
consisted of 145 males and 87 females with an age of 
57.1±12.8 years. The patient selection flow chart is shown 
in Figure 1. Fifty-nine patients underwent both CT and 
MRI, 35 underwent MRI only, and 138 underwent CT 
only. The differences in age and sex distribution between 
patients with non-MTM-HCCs and patients with MTM-
HCCs were not statistically significant.

CT and MRI examination

Among the 17 patients, 5 patients underwent only CT 
examination, 3 patients underwent only MRI examination, 
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and 9 patients underwent both CT and MRI examinations. 
All CT examinations were performed with a 128-row 
CT unit (Brilliance iCT, Philips Healthcare, Best, the 
Netherlands), and all MRI examinations were performed 
using a 3-T MRI system (Magnetom Skyra; Siemens 
Healthcare, Erlangen, Germany) or a 1.5-T MRI system 
(Multiva; Philips Healthcare). The dynamic enhanced 
CT examination protocol was performed as follows: after 
unenhanced scanning, 100 mL of nonionic iodinated contrast 
material was injected at a rate of 3–4 mL/s followed by  
20 mL of 0.9% saline; arterial phase scanning was performed 
at 30 s after the initial injection, portal vein phase scanning 
at 70 s, and delayed phase scanning at 180 s. For MRI 
examinations, after pre-contrast images [breath-hold fat-
suppressed turbo spin-echo T2-weighted sequence, breath-
hold out-of-phase and in-phase T1-weighted sequences, and 
diffusion-weighted imaging (DWI) with two b values (0 and  
800 s/mm2)], dynamic contrast-enhanced images were 
obtained by intravenous injection of 0.1 mmol/kg 
gadopentetate dimeglumine (Gd-DTPA) (Magnevist; 
Beijing Beilu Pharmaceutical Co., Ltd., Beijing, China) 
in 4 patients or 0.025 mmol/kg gadoxetic acid disodium 
[gadolinium-ethoxybenzyl-diethylenetriamine penta-
acetic acid (Gd-EOB-DTPA)] (Primovist, Bayer Schering, 
Berlin, Germany) in 8 patients at a rate of 2 mL/s followed 
by 20 mL of 0.9% saline flush using the breath-hold out-
of-phase T1-weighted sequence. Arterial phase, portal 
phase and delayed phase images were acquired at a delay 
of 25 and 70 s after the initial injection. For Gd-EOB-
DTPA enhancement, hepatobiliary phase (HBP) acquisition 

was performed 20 min after contrast administration. The 
apparent diffusion coefficient (ADC) was automatically 
calculated by the MRI system based on the two b values of 
DWI.

Image analysis

Two radiologists with more than 5 years of experience in 
abdominal imaging interpretation independently reviewed 
the CT and MRI images. Although they were aware of the 
diagnosis of HCC, they did not know the subtypes of the 
tumors and reviewed both MTM-HCCs and non-MTM-
HCCs randomly. Any disagreement among the readers was 
resolved by consulting another radiologist with 10 years of 
experience in abdominal imaging interpretation who was 
blinded to the tumor subtype.

Statistical analysis

The chi-square test or Fisher’s exact test was used for 
categorical data, and Student’s t-test or the Mann-Whitney 
U test was used for continuous variables to compare the 
difference between imaging manifestations of MTM-
HCCs and non-MTM-HCCs as appropriate. All statistical 
tests were two-tailed, and P values <0.05 were considered 
statistically significant.

Results

Seventeen tumors, which measured 8.58±2.83 cm at the 

Patients with pathologically confirmed HCCs (n=304)

Patients with MTM-HCCs (n=23)

Patient group: 17 eligible patients with 
17 MTM-HCCs

Control group: 232 eligible patients with 
269 non-MTM-HCCs

Excluded 6 patients (n=6)
• Received antitumor therapy 

before surgery (n=4)
• Interval between imaging and 

surgery more than 3 months 
(n=2)

Excluded 12 patients (n=49)
• Received antitumor therapy 

before surgery (n=26)
• Interval between imaging and 

surgery more than 3 months 
(n=18)

• Tumor small than 1 cm (n=5)

Patients with non-MTM-HCCs (n=281)

Figure 1 Patient selection flowchart. HCCs, hepatocellular carcinomas; MTM-HCCs, macrotrabecular massive hepatocellular carcinomas.
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maximum transverse section, were resected from 17 patients. 
The most common finding in MTM-HCCs was necrosis 
in 11 patients (64.7%), followed by intratumoral arteries 
in 8 patients (47.1%). Representative CT and magnetic 
resonance (MR) images with pathological correlations 
are shown in Figures 2,3. Intratumoral necrosis could be 
a large central irregular area (Figure 4) or multiple small 
areas. Necrotic areas were identified at gross pathologic 
examination (Figures 2E,3E). In one patient, intratumoral 
hemorrhage appeared as active contrast material leak  
(Figure 5). The tumor margins were not smooth in 6 cases 
(35.3%). Peritumoral arterial transitive enhancement 
was found in 3 patients (17.6%) and peritumoral HBP 
hypointensity in 3 of 8 patients (37.5%) who received 
Gd-EOB-DTPA enhancement (Figure 6). Microvascular 
invasiveness (MVI) was observed in the tumors with 
peritumoral HBP hypointensity. Satellite nodules were 
identified in only one patient (5.9%) (Figure 3). In the 
232 patients with non-MTM-HCCs, 269 masses were 

detected and resected, with 37 patients having 2 masses; the 
masses measured 5.26±1.94 cm, which was smaller than the 
8.58±2.83 cm of MTM-HCCs (P<0.001). The occurrence 
rates of necrosis and intratumoral arteries were 64.7% and 
47.1%, respectively, in MTM-HCCs and 34.6% and 19.7%, 
respectively, in non-MTM-HCCs, which was a statistically 
significant difference, while the difference in non-smooth 
margins (35.3% vs. 26.4%) was not statistically significant 
(Table 1). In addition, the occurrence rates of typical HCC 
findings, such as APHE and washout, were not significantly 
different between MTM-HCCs and non-MTM-HCCs.

Discussion

MTM-HCC was identified as a novel histological subtype 
of HCC in 2017; it is associated with aggressive biological 
behavior and a worse prognosis. Due to its high rate of 
early and overall recurrence after surgical resection or 
radiofrequency ablation, distinguishing MTM-HCCs 

A B C
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Figure 2 A 28-year-old woman with MTM-HCC. (A) Transversal non-contrast-enhanced T1-weighted MR image with fat suppression 
shows a heterogeneous 90-mm mass with hyperintense foci (short arrows), which might be hemorrhage, and hypointense areas (long arrows). 
(B) Transversal non-contrast-enhanced T2-weighted MR image with fat suppression shows multiple hyperintense areas (arrows), which 
is consistent with necrosis. (C) Contrast-enhanced T1-weighted MR image with fat suppression shows heterogeneity enhancement with 
multiple hypointense necrosis areas (short arrows). The margin of the tumor is irregular with a lobulated bulge (long arrow). (D) Transversal 
contrast-enhanced CT image at the arterial phase shows heterogeneity enhancement with intratumoral arteries (arrow). (E) Photograph of 
the gross pathologic specimen shows a lobulated margin mass (long arrow) with hemorrhagic foci (arrowheads) and necrotic areas (short 
arrows). (F) Microscopic examination (hematoxylin-eosin stain, ×100) shows a thick trabecular formation surrounded by vascular spaces, 
which is consistent with the diagnosis of MTM-HCC. MR, magnetic resonance; CT, computed tomography; MTM-HCC, macrotrabecular 
massive hepatocellular carcinoma.
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Figure 4 A 32-year-old man with MTM-HCC. Transversal portal 
phase CT image shows a large mass with peripheral enhancement 
and a large area of necrosis (star). MTM-HCC, macrotrabecular 
massive hepatocellular carcinoma; CT, computed tomography.

Figure 5 A 65-year-old man with MTM-HCC. Transversal arterial 
phase CT image shows a focus of active contrast agency leak 
(long arrow), which is consistent with bleeding and intratumoral 
arteries (short arrows). MTM-HCC, macrotrabecular massive 
hepatocellular carcinoma; CT, computed tomography.

Figure 3 A 52-year-old man with MTM-HCC. (A) Transversal non-contrast-enhanced T2-weighted MR image shows a lobulated mass 
(long arrow) with multiple hyperintense foci or strands (short arrows), indicating necrosis. (B) Transversal arterial phase T1-weighted MR 
image with fat suppression shows intratumoral arteries (arrows). (C) Transversal HBP T1-weighted MR image with fat suppression shows 
that a hypointense mass (star) and a satellite nodule (short arrow) within the peritumoral HBP hypointensity (long arrow). (D) Transversal 
diffusion-weighted MR image with a b value of 800 s/mm2 shows restricted diffusion (long arrow) and a hyperintense satellite nodule (short 
arrow). (E) Photograph of the gross pathologic specimen shows strands and foci of necrosis and hemorrhage (long arrows) and a satellite 
nodule (short arrow). MTM-HCC, macrotrabecular massive hepatocellular carcinoma; MR, magnetic resonance; HBP, hepatobiliary phase.
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from other subtypes might pave the way for personalized 
medicine for patients with HCCs (3,4). Unlike other kinds 
of cancers, diagnosis of HCCs can be obtained by relying on 
classic imaging findings in most cases. Therefore, diagnosis 
of MTM-HCCs by noninvasive imaging could optimize 
treatment decision-making.

In this study, we reported the CT and MRI findings 
of 17 cases of pathologically confirmed MTM-HCCs. In 
addition to the conventional imaging findings of HCCs, 
the most common other findings of MTM-HCCs were 
intratumoral necrosis, followed by intratumoral arteries. 
Due to proliferation of tumor cells into layers 6 cells 
thick, increased cellularity and diffusion distance from 
the vascular supply might lead to hypoxia and prominent 
necrosis. Mulé et al. reported that necrosis and size were 
independent predictors for MTM-HCC (5). Substantial 
necrosis (involving at least 20% of the tumor) helped to 
identify 65% of MTM-HCCs with a specificity of 93% (6).  

Necrosis could be a large central area or multiple diffuse 
small areas. Genetic profiling showed that MTM-HCCs 
had a strong association with hypoxia-related gene 
expression, which might be another driver of necrosis (7). 
The intratumoral arteries were related to angiogenesis, 
which was demonstrated by neoplastic cells arranged 
in thick trabeculae surrounded by abundant vascular 
spaces. Angiogenesis activation has been demonstrated 
to be a hallmark feature of MTM-HCCs (8). Although 
intratumoral hemorrhage was reported to be common in 
MTM-HCCs (5,6), active contrast agent leak was identified 
in one tumor in this series, which may have resulted 
from vascular invasiveness by tumor cells. Additional 
imaging characteristics included irregular tumor margins, 
peritumoral enhancement during the arterial phase and 
peritumoral HBP hypointensity, which were consistent 
with aggressiveness at pathological examinations. Both 
peritumoral enhancement during the arterial phase and 

A B

t

Figure 6 A 67-year-old man with MTM-HCC. (A) Transversal HBP T1-weighted MR image with fat suppression shows that a 
hypointense mass (long arrow) and peritumoral HBP hypointensity (short arrow). (B) Microscopic examination (hematoxylin-eosin stain, 
×40) shows tumor cells in a vessel (arrows) outside the main tumor (t), indicating MVI. The insert shows tumor cells with a predominant 
macrotrabecular pattern (hematoxylin-eosin stain, ×100). MTM-HCC, macrotrabecular-massive hepatocellular carcinoma; HBP, 
hepatobiliary phase; MR, magnetic resonance; MVI, microvascular invasiveness.

Table 1 Comparison of the most common imaging findings of MTM-HCCs with non-MTM-HCCs

Variables MTM-HCCs (n=17), n (%) Non-MTM-HCCs (n=269), n (%) P value

Necrosis 11 (64.7) 93 (34.6) 0.012

Intratumoral arteries 8 (47.1) 53 (19.7) 0.008

Non-smooth margins 6 (35.3) 71 (26.4) 0.422

APHE 13 (76.5) 173 (64.3) 0.308

Washout 11 (64.7) 159 (59.1) 0.649

APHE, arterial phase hyperenhancement; MTM-HCCs, macrotrabecular-massive hepatocellular carcinoma.
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peritumoral hypointensity in the HBP have been reported to 
be associated with MVI in patients with HCCs (9-12). MVI 
is an important predictor of early recurrence after resection, 
overall survival, and posttransplant recurrence (13).  
Both radiological and pathological studies have reported 
that satellite nodules are associated with MTM-HCCs 
(3,6-8,14,15). Satellite nodules were only identified in 
one patient in this study. At our institute, if the tumor had 
satellite nodules, patients often received palliative therapy 
or bridge treatment before surgical resection. Therefore, 
satellite nodules might be a common finding of MTM-
HCCs, but tumors with satellite nodules may have been 
excluded in this retrospective series. To compare the most 
common findings of MTM-HCCs, 232 patients with 
269 non-MTM-HCCs were recruited. The tumor size of 
MTM-HCCs tended to be larger than that of non-MTM-
HCCs. Among the three most common findings of MTM-
HCCs, in addition to the conventional imaging findings of 
HCCs, the occurrence rates of necrosis and intratumoral 
arteries were significantly higher than those of non-MTM-
HCCs. These findings were consistent with the literature 
and were considered imaging characteristics of MTM-
HCCs to distinguish them from non-MTM-HCCs (3,5,6,9). 
Although the prevalence of non-smooth margins of MTM-
HCCs was high in this series, the difference between the 
two groups was not statistically significant.

This study has several limitations. First, only imaging 
f indings of  resected MTM-HCCs were included. 
Therefore, the selection bias might preclude some imaging 
characteristics of the MTM-HCCs that did not undergo 
surgery, such as satellite nodules. Second, imaging findings 
were not encoded into the Liver Imaging Reporting and 
Data System (LI-RADS). Third, it has been reported in 
the literature that intratumoral necrosis might result from 
hypoxia. Due to the retrospective nature of this study, 
the hypoxia status of MTM-HCCs was not investigated. 
Finally, because only 35% of all HCCs can be classified into 
eight subtypes, imaging findings of MTM-HCCs were not 
compared with other types of HCCs in this small group 
series.

Conclusions

In addition to the conventional findings of HCCs, MTM-
HCCs are more likely to be of large size with intratumoral 
arteries and multiple small areas of necrosis or a large 
central necrosis. Peritumoral arterial phase enhancement 
and HBP hypointensity can sometimes be observed. 

These imaging characteristics are associated with the 
histopathological features of MTM-HCCs. Familiarity with 
these imaging features may facilitate radiologists to suggest 
the possibility of MTM-HCCs, which would be helpful for 
personalized patient treatment decision-making.
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