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Purpose:  To develop a combined contrast-enhanced US (CEUS) clinical model for the prediction of macrotrabecular-massive hepatocellular carcinoma
(MTM HCC) and evaluate its diagnostic and prognostic values.

Materials and Methods:  This secondary analysis of a prospective multicenter study (ClinicalTrials.gov: NCT04682886) included participants from three
independent cohorts who underwent CEUS and surgical resection for HCC between January 2017 and December 2022. Two radiologists independently
reviewed CEUS data, and the interreader agreement was evaluated. Logistic regression was performed using the training cohort to determine the predictors
associated with MTM HCC, while the validation cohort was used to evaluate the diagnostic and prognostic values of the predictors.

Results: A total of 387 participants (mean age, 55.09 years + 10.33 [SD]; 342 male) were included. Four clinical and CEUS features were associated with
MTM HCC: early washout (before 60 seconds) (odds ratio [OR]: 8.82 [95% CI: 4.22, 18.64], P < .001), hypoenhancing component (OR: 4.03 [95% CI:
1.78, 9.49], P < .001), tumor size (OR: 1.28 [95% CI: 1.04, 1.59], P = .02), and serum o-fetoprotein level greater than 100 ng/mL (OR: 3.01 [95% CI:
1.41, 6.63], P = .004). The combined predictive model yielded an area under the receiver operating characteristic curve of 0.89 (95% CI: 0.85, 0.93) in the
training cohort and 0.81 (95% CI: 0.73, 0.89) in the validation cohort. The model also achieved a negative predictive value of 94.2% (147 of 156) in the
training cohort and 88.0% (66 of 75) in the validation cohort, with high prognostic accuracy for overall survival (hazard ratio: 2.26 [95% CI: 1.07, 4.79],

P=.03).

Conclusion: 'The combined CEUS-clinical predictive model could be used to characterize the MTM HCC subtype and determine prognosis.

Clinical trial registration no. NCT04682886
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Hepatocellular carcinoma (HCC) is the third leading cause
of cancer-related deaths worldwide (1,2). With approxi-
mately 70.0% of patients experiencing tumor recurrence
after resection, the overall outcomes of HCC remain unsat-
isfactory (3). Owing to a high degree of molecular and his-
tologic heterogeneity (4), advanced histopathologic archi-
tectural patterns have been differentiated to further classify
HCC (5,6). Among these patterns, macrotrabecular-massive
(MTM) HCC exhibits an aggressive biologic behavior, rapid
tumor progression, and an elevated risk of recurrence (5-9).
This subtype was introduced in the fifth edition of the World
Health Organization Classification of Tumors (10). Approxi-
mately 10.0%-38.2% of HCC:s are classified as MTM HCC;
however, this proportion is higher in regions with increased
rates of hepatitis B virus (HBV) infection (4,11,12).

Despite the severity of the MTM HCC subtype, its diag-
nosis can only be confirmed through a histopathologic review
performed after resection (7); therefore, the histopathologic
information is not available for patients undergoing treat-
ments such as transcatheter arterial chemoembolization and
ablation (13). Additionally, heterogeneity in HCC subtypes

might influence treatment outcomes. Lin et al (14) reported
that lipiodol deposition rate was significantly higher in pa-
tients with MTM HCC undergoing conventional transarte-
rial chemoembolization compared with those with non-MTM
HCC subtypes, while Ziol et al (7) revealed that MTM HCC
is associated with frequent recurrence after radiofrequency ab-
lation for HCC. Woo et al (15) reported that patients with
MTM HCC have a higher proportion of lung metastasis.
Therefore, having a preoperative diagnosis of MTM HCC can
aid in treatment decision-making, such as when deciding be-
tween wide-margin resection and anatomic hepatectomy. An
accurate preoperative diagnosis may also support recommen-
dations for a shorter surveillance follow-up in patients under-
going nonsurgical treatments.

Several studies have reported associations between imaging
features and MTM HCC. Mulé et al (9) found that substan-
tial necrosis at MRI could help to identify MTM HCC. Feng
et al (11) found that intratumoral necrosis and hemorrhage
observed at CT were independent predictors of MTM HCC,
and Rhee et al (16) demonstrated that the absence of a hy-
povascular component during the arterial phase had a high
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Abbreviations

AFP = a-fetoprotein, APHE = arterial phase hyperenhancement,
AUC = area under the receiver operating characteristic curve, CEUS
= contrast-enhanced US, HBV = hepatitis B virus, HCC = hepa-
tocellular carcinoma, HR = hazard ratio, MTM = macrotrabecular
massive, NPV = negative predictive value, OR = odds ratio, OS =
overall survival

Summary

A preoperative multivariable model including contrast-enhanced
US and clinical features was predictive of macrotrabecular-massive
hepatocellular carcinoma, which was associated with poor patient
prognosis.

Key Points

= In 387 individuals with hepatocellular carcinoma (HCC), early
washout (odds ratio [OR]: 8.82, P < .001) and a hypoenhancing
component at contrast-enhanced US (OR: 4.03, P < .001), tumor
size (OR: 1.28, P =.02), and serum a-fetoprotein level (OR: 3.01,
P = .004) were independently associated with the macrotrabecu-
lar-massive (MTM) HCC subtype.

= A preoperative logistic regression model combining these CEUS
and clinical features predicted MTM HCC with areas under the
receiver operating characteristic curves of 0.81 and 0.89 in the
training and validation cohorts, respectively.

= Prediction of MTM HCC by the model was associated with worse
overall survival (hazard ratio: 2.26, P = .03).

Keywords

Molecular Imaging—Angiogenesis, Ultrasound-Contrast, Liver, Macro-
trabecular-Massive Hepatocellular Carcinoma, Contrast-enhanced US

negative predictive value (NPV) for MTM HCC. However,
compared with CT and MRI, contrast-enhanced US (CEUS)
offers several advantages in the real-time observation of tumor
perfusion, allowing for dynamic characterization of the perfu-
sion of tumors and the liver and acting as a blood pool agent,
which may reflect the distinct microvascular structure of the
tumor and its infusion status.

As there is a paucity of studies focused on the CEUS features
of MTM HCC (17), we aimed to evaluate these features, develop
a combined CEUS-clinical MTM HCC predictive model, and

evaluate its diagnostic and prognostic values.

Materials and Methods

This retrospective study was a secondary analysis of a prospec-
tive multicenter study (Clinical Trials.gov: NCT04682886) that
included participants enrolled from a national Chinese registry
of liver lesion US studies and was approved by the institutional
review board of the People’s Liberation Army General Hospital
(Beijing, China; approval no.: $2017-046-03). The requirement
for informed consent was waived owing to the retrospective na-
ture of the study.

Study Design and Participants

The following data were retrospectively collected from a
Chinese multicenter database: clinical characteristics, lab-
oratory results, and CEUS data. The training cohort was
used to identify the optimal clinical and CEUS features for
establishing a diagnosis of MTM HCC, and the validation
cohort was used to validate the robustness of the CEUS and
clinical features. The training cohort comprised 251 partic-
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ipants who underwent resection for primary HCC at any
of the three institutions (Fifth Medical Center of People’s
Liberation Army General Hospital, Beijing, China; First
Medical Center of People’s Liberation Army General Hospi-
tal, Beijing, China; and First Afhiliated Hospital, Sun Yat-sen
University, Guangzhou, China) between January 2022 and
December 2022, while the validation cohort consisted of
136 participants who underwent resection at a fourth insti-
tution (Xiangya Hospital Central South University, Chang-
sha, China) between January 2017 and December 2022. The
inclusion criteria for both cohorts were as follows: (2) his-
topathologically proven HCC, (4) surgical resection as the
first-line treatment, and (¢) preoperative CEUS data being
available. The exclusion criteria were as follows: (2) poor
CEUS quality owing to fatty liver or shelter from the lung,
(b) poor histologic slide quality, and (¢) extended period (>3
months) between the most recent resection and CEUS. Par-
ticipants underwent regular postresection follow-up using
CT and/or MRI every 3—6 months to evaluate their recur-
rence-free survival—the length of time a participant survives
without any local or distant tumor recurrence or death.

CEUS Acquisition

CEUS cine clips aimed at diagnosing liver lesions, using
SonoVue (Bracco Imaging) as a contrast agent, were ob-
tained from a multicenter cohort. For participants with mul-
tiple liver lesions, the largest lesion was selected for CEUS
evaluation. A 2.4-mL intravenous bolus injection of the con-
trast agent was administered through the cubital vein, fol-
lowed by a 5-mL saline flush. The timer was set at the same
time as contrast agent administration, and CEUS cine clips
were obtained at the following time intervals: 0—2 minutes,
3 minutes to 3 minutes 10 seconds, 4 minutes to 4 min-
utes 10 seconds, and 5 minutes to 5 minutes 10 seconds.
All CEUS cine clips and their corresponding clinical char-
acteristics were stored and uploaded to a database dedicated
to this study (hetp:/fwww.usliver.org/home. html). For detailed
information about the CEUS examination protocol and data
storage, please refer to Appendix S1.

Image Analysis

Two board-certified radiologists (Sisi Liu and J.W., with 10
and 7 years of experience in liver CEUS examinations, re-
spectively) independently reviewed all CEUS cine clips. Both
radiologists were blinded to the pathologic diagnosis and clin-
ical characteristics, and in instances where the radiologists dis-
agreed, a third radiologist (J.Y., with >20 years of experience
in liver CEUS examinations) provided the definitive evalua-
tion, and the third radiologist’s judgment was considered final
without further arbitration. Interobserver agreement was as-
sessed following the independent review. Various CEUS fea-
tures were evaluated, including arterial phase hyperenhance-
ment (APHE), rim APHE, washout, early washout, marked
washout, intratumoral artery, necrosis, hypoenhancing com-
ponent, and CEUS Liver Imaging Reporting and Data System
version 2017 category (for participants at high risk). Early
washout was defined as the onset of washout within 60 sec-
onds from the injection of the contrast agent, while marked
washout appeared black or punched out within 2 minutes,
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according to CEUS Liver Imaging Reporting and Data Sys-
tem version 2017 (18). The hypoenhancing component was
defined as the inhomogeneous enhancement of the tumor
with an approximate nonenhancing region (>20.0%) in the
early arterial phase (10-20 seconds), with contrast agent in-
flow occurring gradually between 30 and 45 seconds and a
persistent hypoenhancing appearance. Washout in the portal
and/or late phase may or may not be present, while the pres-
ence of contrast agent infusion within the tumor was the main
feature for differentiating between tumor and necrosis, which
was identified as a continuous nonenhancing region observed
during all three phases. The intratumoral artery was defined as
enhancing vessels within the tumor during the arterial phase,
as previously described (16). The details of the CEUS features
are summarized in Table S1.

Histopathologic Analysis

The following histologic information was obtained from each
pathology report: number of lesions, tumor size, Edmon-
son-Steiner differentiation grade, and microvascular invasion.
In cases of multiple lesions, histopathologic analysis was per-
formed on the largest lesion, and each evaluation was conducted
by four experienced pathologists, each with at least 15 years of
experience, in each cohort. MTM HCC was defined by a pre-
dominantly macrotrabecular architectural pattern (>50.0% of
the tumor area, with trabeculae > six cells thick) with hematox-
ylin-eosin staining, as previously reported (4,16,19).

Statistical Analysis

Statistical analyses were performed using R software (ver-
sion 4.2.1; R Foundation for Statistical Computing, hrzp://
www.r-project.org). Continuous variables are presented as
means = SDs, while categorical variables are presented as fre-
quencies and percentages. x> and Fisher tests were used for
comparing clinical characteristics between the non-MTM
and MTM groups, whereas Student 7 test was used for con-
tinuous variables, which were first assessed for linearity in
the logit scale using Box-Tidwell tests. Univariable logistic
regression with a lenient threshold (2 < .1) was used for the
initial screening, after which a multivariable model was con-
structed using backward stepwise elimination based on the
Akaike information criterion. Multicollinearity among pre-
dictors was assessed using the variance inflation factor and
tolerance values. Interobserver agreement was assessed using
the Cohen k coefficient, with coefficients ranging from 0 to 1
indicating poor to excellent agreement, respectively. The per-
formance of the MTM HCC prediction model was evaluated
using receiver operating characteristic curves, areas under the
receiver operating characteristic curves (AUCs), sensitivity,
specificity, and NPV. The calibration curve was evaluated us-
ing the Brier score for overall prediction accuracy and Hos-
mer-Lemeshow test for goodness of fit. The survival proba-
bilities were estimated using the Kaplan-Meier method and
compared using log-rank test. Univariable Cox regression
was used for the initial screening of the predictors of overall
survival (OS, P < .10), while multivariable Cox regression
analysis using backward stepwise elimination-based Akaike
information criterion was used to determine the potential
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predictors of OS from all preoperative parameters. Propor-
tional hazards assumptions were evaluated using Schoenfeld
residuals for all covariates. A two-sided P value less than .05
was considered statistically significant for all analyses.

Results

Participant Characteristics

A total of 491 participants underwent resection for HCC
during the study period; however, 104 were excluded for var-
ious reasons, including treatment before resection (7 = 38),
missing or incomplete CEUS cine clips (z = 25), poor-quality
pathologic slides (7 = 15), poor-quality CEUS cine clips due to
fatty liver or shelter from the lung (7 = 16), and interval longer
than 3 months between treatment and CEUS (7 = 10, Fig 1).
The participants were divided into training (z = 251; mean
age, 55.7 years £ 9.5; 218 male [86.9%], 33 female [13.1%])
and validation (= 136; mean age, 54.0 years + 11.6; 124 male
[91.2%], 12 female [8.8%]) cohorts. The pathologic charac-
teristics of both cohorts are shown in Table 1. In the training
and validation cohorts, 27.1% (68 of 251) and 35.3% (48 of
136) of the participants were diagnosed with MTM HCC, re-
spectively. Additionally, most participants in both cohorts had
HBYV infection as the primary cause (training cohort: 203 of
251, 80.9%; validation cohort: 126 of 136, 92.6%), followed
by cirrhosis (training cohort: 163 of 251, 64.9%; validation
cohort: 104 of 136, 76.5%). A Barcelona Clinic Liver Cancer
stage of 0—A was common in the training (215 of 251, 85.7%)
and validation (100 of 136, 73.5%) cohorts.

Clinical and CEUS Features of MTM HCC

Table 2 summarizes the clinical and CEUS features of MTM and
non-MTM HCC. In terms of CEUS features, MTM HCC cases
(Fig 2) exhibited a higher frequency of early washout than did
non-MTM HCC cases (Fig 3) in both the training (72.1% vs
12.0%, P < .001) and validation (64.6% vs 22.7%, P < .001)
cohorts. Additionally, MTM HCC cases had a higher prevalence
of hypoenhancing components than did non-MTM HCC cases
in both the training (50.0% vs 19.1%, P < .001) and validation
(60.4% vs 28.4%, P = .001) cohorts. However, we found no ev-
idence of differences between the MTM and non-MTM HCC
cases in terms of rim APHE, washout, marked washout, necrosis,
and intracumoral artery (all 2 2 .05) in either cohort. The in-
terobserver agreements for CEUS features showed moderate to
excellent agreement (i = 0.61-0.84, Table S2). In both the train-
ing and validation cohorts, MTM HCC exhibited a larger tumor
size than did non-MTM HCC (P = .03 and .005, respectively).
Furthermore, in both cohorts, MTM HCC showed a higher
prevalence of microvascular invasion than did non-MTM HCC
(training cohort: 72.1% vs 50.3%, P = .009; validation cohort:
66.7% vs 38.6%, P = .003). However, we found no evidence of
a difference in the number of tumors between MTM and non-

MTM HCC in either cohort (2> .05).

Development and Validation of a Predictive Model for MTM
HCC

The independent predictors of MTM HCC, as determined
with multivariable logistic regression analysis, were early
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Patients with HCC proved by pathology, January 2017- December
2022 from four institutions (n = 491)

Wu and Liv et al

Excluded (n = 63)

®  Any prior treatment (n = 63)

Training Cohort (Three institutions)
Patients with HCC proved by pathology, January 2022- December 2022 (n = 267)

Validation Cohort (One institution)
Patients with HCC proved by pathology, January 2017- December 2022 (n = 161)

Excluded (n = 16)
—»| ®

Poor CEUS clips quality (n = 11)
®  Poor Histologic slide quality (n=5)

v

Excluded (n = 25)
—» ®  Poor CEUS clips quality (n = 15)
®  Poor Histologic slide quality (n = 10)

with MTM-HCC

251 patients underwent resection with primary HCCs included
in training cohort from three institutions from January 2022-
December 2022 to investigate CEUS and clinical features associated

value

136 patients underwent resection with primary HCCs included
in an external validation cohort from January 2017- December 2022 to
validate CEUS and clinical features associated with MTM-HCC and prognostic

Figure 1:  flow diagram. CEUS = contrast-enhanced US, HCC = hepatocellular carcinoma, MTM = macrotrabecular massive.

Table 1: Clinical and Pathologic Characteristics of Participants in Training and
Validation Cohorts
Training Cohort ~ Validation Cohort
Variable (n=251) (n=136) P Value
Sex 27
Male 218 (86.9) 124 (91.2)
Female 33 (13.1) 12 (8.8)
Age (y) 55.7 £ 9.5 54.0 + 11.6 15
Cause <.001
Alcoholism 1(0.4) 5(3.7)
HBV 203 (80.9) 126 (92.6)
HCV 5 (2.0) 1(0.7)
Other 3(1.2) 0 (0)
Unknown 39 (15.5) 4(2.9)
Cirrhosis 163 (64.9) 104 (76.5) .03
Serum AFP level > 100 ng/mL 96 (38.2) 78 (57.4) <.001
PLT count (10°/L) 170.0 + 67.4 154.0 + 82.3 .05
ALB level (g/L) 40.7 + 4.3 40.0 + 4.43
TBIL level (umol/L) 13.5+5.1 12.8 +5.11
DBIL level (umol/L) 6.0 £ 3.1 6.3+29
Microvascular invasion 141 (56.2) 66 (48.5) 15
Macrovascular invasion 28 (11.2) 16 (11.8) .99
Tumor size (cm) 3.7+19 6.2+3.4 <.001
BCLC stage (B-C) 36 (14.3) 36 (26.5) .005
Multiple lesions 21 (8.4) 31 (22.8) <.001
MTM HCC 68 (27.1) 48 (35.3) 12
Note.—Data are numbers of participants, with percentages in parentheses, or means + SDs.
AFP = o-fetoprotein, ALB = albumin, BCLC = Barcelona Clinic Liver Cancer, DBIL = di-
rect bilirubin, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis
C virus, MTM = macrotrabecular massive, PLT = platelet, TBIL = total bilirubin.
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Table 2: Clinical and Pathologic Characteristics of Participants according to MTM HCC in Training Cohort and Validation
Cohort
Training Cohort Validation Cohort
Non-MTM MTM Non-MTM MTM
Variable (n=183) (n=68) PValue (n=288) (n = 48) P Value
Clinical characteristic
Sex
Male 156 (85.2) 62 (91.2) .30 79 (89.8) 45 (93.8) 54
Female 27 (14.8) 6 (8.8) 9 (10.2) 3(6.2)
Age ) 55.9+ 9.4 54.1+9.9 19 562+ 11.1 50.0 + 11.6 .003*
Cause .16 77
Alcoholism 1(0.5) 0 (0) 4 (4.6) 1(2.1)
HBV 146 (79.8) 57 (83.8) 81 (92.0) 45 (93.8)
HCV 2(1.1) 3 (4.4) 1(1.1) 0 (0)
Other 3(1.6) 0 (0) 0 (0) 0 (0)
Without 31 (16.9) 8 (11.8) 2(23) 2 (4.2)
Cirrhosis 119 (65.0) 44 (64.7) 99 69 (78.4) 35 (72.9) .61
Serum AFP level > 100 ng/mL 58 (31.7) 38 (55.9) <.001* 43 (48.9) 35 (72.9) .01*
PLT count (10°/L) 167 +71.3 178 + 54.7 .28 149.0 + 80.9 162.0 + 85.2 41
ALB level (g/L) 40.8 + 4.4 40.5+4.2 .64 39.6 £4.3 40.7 £ 4.6 22
TBIL level (umol/L) 134 +5.3 13.7 £+ 4.8 .69 13.3£5.6 12.0 £ 4.0 13
DBIL level (umol/L) 6.1 +3.0 5.6+3.4 .38 6.3+2.8 6.2+3.2 77
Microvascular invasion 92 (50.3) 49 (72.1) .009* 34 (38.6) 32 (66.7) .003*
Macrovascular invasion 22 (12.0) 6 (8.8) .62 9 (10.2) 7 (14.6) .64
Tumor size (cm) 35+1.7 42+23 .03* 5.5+3.1 7.3+3.6 .005*
BCLC stage (B—C) 28 (15.3) 8 (11.8) .61 22 (25) 14 (29.2) .59
Multiple lesions 17 (9.3) 4(5.9) .18 21(23.8) 10 (20.8) .99
CEUS features
Rim APHE 8 (4.4) 3 (4.4) .99 5(5.7) 3(6.3) .99
Washout 165 (90.2) 67 (98.5) .05 78 (88.6) 44 (91.7) T
Early washout 22 (12.0) 49 (72.1) <.001* 20 (22.7) 31 (64.6) <.001*
Marked washout 13 (7.1) 11 (16.2) .05 10(11.4) 10 (20.8) 22
Necrosis 24 (13.1) 6(8.8) 48 44 (50.0) 29 (60.4) .32
Intratumoral artery 78 (42.6) 32 (47.1) .63 57 (64.8) 36 (75.0) .30
Hypoenhancing component 35 (19.1) 34 (50.0) <.001* 25 (28.4) 29 (60.4) .001*
CEUS LI-RADS category® <.001* <.001*
LR-3 4(2.4) 1(1.6) 0 (0) 0 (0)
LR-4 12 (7.2) 0 (0) 7(8.2) 5 (10.6)
LR-5 109 (65.7) 16 (25.8) 50 (58.8) 11 (23.4)
LR-M 36 (21.7) 44(71.0) 22 (25.9) 25 (53.2)
LR-TIV 5(3.0) 1(1.6) 6(7.1) 6(12.8)
Note.—Data are numbers of participants, with percentages in parentheses, or means + SDs. AFP = o-fetoprotein, ALB = albumin, APHE =
arterial phase hyperenhancement, BCLC = Barcelona Clinic Liver Cancer, CEUS = contrast-enhanced US, DBIL = direct bilirubin, HBV =
hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, LI-RADS = Liver Imaging Reporting and Data System, MTM
= macrotrabecular massive, PLT = platelet, TBIL = total bilirubin.
* Statistically significant (P < .05).
7 Only for participants at high risk according to CEUS LI-RADS version 2017, that is, participants with cirrhosis, HBV infection, or prior
HCC (228 of 251 participants in training cohort and 132 of 136 participants in validation cohort).

washout (odds ratio [OR]: 8.82 [95% CI: 4.22, 18.64], P < strated acceptable collinearity (variance inflation factor < 1.28,
.001), hypoenhancing component (OR: 4.03 [95% CI: 1.78, tolerance > 0.78), which was well below the recommended
9.49], P < .001), tumor size (OR: 1.28 [95% CI: 1.04, 1.59], thresholds (variance inflation factor > 5, tolerance < 0.2).

P =.02), and o-fetoprotein (AFP) level (OR: 3.01 [95% CI: A prediction model for MTM HCC was developed based
1.41, 6.63], P = .004) (Table 3). All the variables demon- on the aforementioned features, the details of which are
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Figure 2: A case of macrotrabecular-massive hepatocellular carcinoma (HCC) in a 41-year-old male
participant with hepatitis B virus-related cirthosis. The serum a-fetoprotein level was 1287 ng/mL. (A) Photo-
micrograph reveals a macrotrabecular pattern. (Hematoxylin-eosin stain; original magpnification, x100.) (B~E)
Images from preoperative confrast-enhanced US (CEUS) demonstrate an 8.8-cm HCC in the right anterior
lobe of the liver; the lesion is marked by white arrowheads. (B) The lesion exhibited a hypoenhancing com-
ponent (thin arrow) during the arterial phase (18 seconds), with a visible infratumoral artery (thick arrow in B
and €). (€) Contrast agent perfusion in the hypoenhancing component (thin arrow) at 27 seconds. (D) Early
washout was observed at 55 seconds. (E) Late phase image shows a washout appearance (4 minutes). The
nodule was categorized as LR-M according to CEUS Liver Imaging Reporting and Data System version 2017.

A _“.'_'3'-
250 |

LR ANA T

summarized in Appendix S2. The combined model, which
incorporated all four CEUS and clinical features, achieved
an AUC of 0.89 (95% CI: 0.85, 0.93) in the training co-
hort and 0.81 (95% CI: 0.73, 0.89) in the validation cohort.
The nomogram of the combined model in the training and
validation cohorts is shown in Figure 4A. Additionally, the
calibration curves for the training and validation cohorts are

Radiology: Imaging Cancer Volume 7: Number 4—2025 = radiology-ic.rsna.org

The patient underwent right hepatectomy; infrahepatic recurrence occurred 12 months after resection.

shown in Figure 4B. The Brier score was 0.12 (95% CI: 0.08,
0.14) in the training and 0.17 (95% CI: 0.13, 0.20) in the
validation cohort. The Hosmer-Lemeshow test showed no
evidence of a lack of fit (training cohort: P = .72 vs validation
cohort: P = .86). Furthermore, the combined model demon-
strated the highest NPV for MTM HCC in both the training
(94.2% [95% CI: 90.6, 97.9]) and validation (88.0% [95%
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Figure 3: A case of non-macrotrabecular-massive hepatocellular carcinoma (HCC) in a 51-year-old male
participant with hepatitis B virus-related cirrhosis and pseudoglandular HCC. The serum a-fetoprotein level

was 2.4 ng/mL. (A) Photomicrograph reveals a pseudoglandular pattern. (Hematoxylin-eosin stain; original
magnification, x100.) (B=E) Images from preoperative contrast-enhanced US (CEUS) demonstrate a 5.0-cm
HCC in the right anterior lobe of the liver; the lesion is marked by white arrowheads. (B) The lesion exhibited

a homogeneous hyperenhancement in the arterial phase without necrosis (15 seconds). (€) No washout was

CI: 80.6, 95.4]) cohorts. The diagnostic performance of the
model is shown in Table S3, while the distribution of pre-
dictive values among the participants is shown in Figure 4C.

In the validation cohort, the median follow-up duration was
26.5 months (range, 1-63.0 months). The OS rate in all par-
ticipants was 95.4%, 62.9%, and 50.1% at 1, 3, and 5 years,
respectively. Based on the combined model, we divided the
participants into two risk groups in the validation cohort us-
ing the ideal cutoff established from the training cohort. The
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observed at 60 seconds. (D) Mild washout was observed at 192 seconds. (E) Late phase image shows a
washout appearance (249 seconds). The nodule was categorized as LR-5 according to CEUS Liver Imaging
Reporting and Data System version 2017. The participant underwent right hepatectomy without recurrence
during 36 months of follow-up.

1-, 3-, and 5-year OS rates were 98.5%, 75.3%, and 65.7%,
respectively, in the low-risk group and 87.7%, 44.8%, and
29.7%, respectively, in the high-risk group (P < .001). The
1-, 3-, and 5-year recurrence-free survival rates in the low-
risk group were 91.3%, 63.0%, and 40.7%, respectively,
which were better than those in the high-risk group (84.4%,
45.5%, and 30.1%, respectively; P = .03) (Fig 4D). Propor-
tional hazards assumptions were evaluated using Schoenfeld
residuals for all covariates, with no variables violating the
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Table 3: Clinical and CEUS Features of MTM HCC by Logistic Regression Analysis

BCLC stage (B—C)

Multiple lesions

CEUS features
Rim APHE 0.70 (
Washout 6.10 (
Early washout 7.83 (
Marked washout 2.35 (
Necrosis 0.95 (
Intratumoral artery 1.65 (

Hypoenhancing component

Variable Univariable OR PValue Multivariable OR P Value
Clinical characteristic
Sex (male vs female) 1.92 (0.74, 5.10) 21
Age 0.99 (0.95, 1.02) .18
Serum AFP level > 100 ng/mL 2.52 (1.44, 4.54) .002* 3.01 (1.41, 6.63) .004*

PLT count 0.99 (0.95, 1.02) .33
ALB level 0.98 (0.92, 1.05) .64
TBIL level 1.01 (0.95, 1.07) .70
DBIL level 0.95 (0.86, 1.05) .35
Tumor size

1.18 (1.02, 1.37) .02*
0.74 (0.29, 1.84) .58
3.21(0.77, 14.22) 13

0.21,3.31) .65
0.86,47.81)  .08*
4.06, 14.95)
0.82, 6.64) .14
0.42, 2.35) .94
0.95, 2.91) .09*
423 (2.33,7.77)

1.28 (1.04,1.59)  .02*

<.001* 8.82(4.22,18.64) <.001*

<.001*  4.03 (1.78,9.49) <.001*

PLT = platelet, TBIL = total bilirubin.
* Statistically significant (P < .1)

Note.—Data in parentheses are 95% Cls. AFP = a-fetoprotein, ALB = albumin, APHE = arterial phase
hyperenhancement, BCLC = Barcelona Clinic Liver Cancer, CEUS = contrast-enhanced US, DBIL =
direct bilirubin, HCC = hepatocellular carcinoma, MTM = macrotrabecular massive, OR = odds ratio,

assumption (2> .05). In multivariable Cox regression analy-
sis for OS, albumin level (hazard ratio [HR]: 0.90 [95% CI:
0.83, 0.98], P = .01), tumor size (HR: 1.16 [95% CI: 1.06,
1.27], P =.001), multiple lesions (HR: 1.99 [95% CI: 1.00,
3.96], P = .048), and predicted MTM HCC (HR : 2.26
[95% CI: 1.07, 4.79], P = .03) were independent predictors
for OS, and the concordance index was 0.78 (95% CI: 0.72,
0.84; Table 4).

Discussion

Various histopathologic architectural patterns of HCC have
been described over the last few decades, among which MTM
HCC has been characterized as having an unfavorable prog-
nosis (6-8); however, not many studies have focused on the
specific imaging features of MTM HCC. The results of this
study revealed that MTM HCC exhibited more hypoenhanc-
ing components and early washout at CEUS than did non-
MTM HCC. Like the results of previous studies, our results
revealed the relationship of MTM HCC with higher serum
AFP levels (2100 ng/mL) and larger tumor size (11,16). We
developed and validated a combined CEUS-clinical model
using the four aforementioned features (early washout, hy-
poenhancing component, tumor size, and AFP level > 100
ng/mL), enabling the noninvasive prediction of this HCC
subtype. The model achieved AUCs of 0.89 and 0.81 in the
training and validation cohorts, respectively, demonstrat-
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ing high NPVs (94.2% and 88.0%, respectively) for MTM
HCC. Of note, the model was associated with OS (HR: 2.26
[95% CI: 1.07, 4.79], P = .03).

This study revealed that tumor size and serum AFP levels were
associated with MTM HCC, which is consistent with previous
research (11,12). Elevated serum AFP levels are often associated
with a large tumor size, advanced disease stage, and poor differen-
tiation, all of which contribute to a less favorable prognosis (13).
In clinical practice, the preoperative measurement of AFP lev-
els can enhance confidence in diagnosing MTM HCC, whereas
postoperative AFP monitoring may be more beneficial in detect-
ing tumor recurrence among these patients than among those
who are AFP-negative.

The hypoenhancing component observed at CEUS was asso-
ciated with MTM HCC, in accordance with the biologic and
molecular evidence related to this subtype (4,20). A large tumor
size in MTM HCC is associated with neovascularization that pre-
dominantly develops around the periphery of the tumor, result-
ing in reduced perfusion and ischemia in the central region, lead-
ing to hypoenhancement (21,22). CEUS has a high sensitivity
for vascular flow detection, suggesting that the degree of tumor
perfusion could be detected and reflected in the sequence and
degree of perfusion. Furthermore, previous studies revealed that
predicted MTM HCC:s express high levels of carbonic anhydrase
IX, a specific indicator of a hypoxic microenvironment (23).
This observation raises the possibility that the hypoenhancing
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Development and validation of the MTM HCC predicfion model. (A) Development and validation of MTM HCC predictive nomogram in fraining and valida-

tion cohorts. (B) Calibration curves in training and validation cohorts, which are well matched with the idealized 45° line in both cohorts. (Fig 4 continues)

component may serve as a concrete manifestation of the hypoxic
microenvironment. HCC is considered one of the most hypoxic
solid cancers, contributing to treatment resistance and limiting
long-term clinical benefits of systemic chemotherapy and immu-
notherapy. Combining standard therapies with inhibitors target-
ing hypoxia-related genes could represent a promising strategy for
the treatment of patients with MTM HCC (24).

‘The findings of this study indicated a significant association be-
tween early washout and MTM HCC, which is considered a hall-
mark of hepatic malignancy (cholangiocarcinoma or liver metasta-
sis), although not specifically for HCC. Some studies have reported
that early washout is associated with poor differentiation and the
aggressive biologic characteristics of HCCs (25,26), consistent with
the proliferative nature of MTM HCC. Additionally, MTM HCC
appears as a sinusoid-like microvasculature subtype, a microvascu-
lar pattern characterized by a continuous and branching vascular
structure with an open sinusoidal space, occasionally referred as
“vessels that encapsulate tumor clusters” (27). This subtype exhibits
low microvascular density and a poor overall prognosis (28-31); the
low microvascular density may be the reason for early washout at
CEUS. HCC:s with early washout at CEUS are more likely to have
a high proportion of microvascular invasion, which corresponds to
MTM HCC having a high proportion of microvascular invasion
and poor prognosis. Patients with early-stage HCC categorized as
LR-M have better postresection outcomes than those who undergo
ablation (32). These findings may ultimately guide treatment deci-
sions for patients with MTM HCC.
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MTM HCC is also associated with posttreatment recurrence
(33), and the predictive model developed in this study indicated
that the high-risk group had worse OS and recurrence-free sur-
vival (P < .001 and .03, respectively) than those in the low-risk
group. Furthermore, predicted MTM HCC was an independent
predictor for OS. The prevalence of the MTM subtype in this
study was 27.1% in the training cohort and 35.3% in the valida-
tion cohort, which are higher than the 16.0% prevalence reported
by Ziol et al (7) but comparable to the 38.2% prevalence reported
by Feng et al (11). This discrepancy might be associated with the
cause, as MTM HCC is more likely to occur in individuals with
HBYV infection and large tumors (34), evidenced by the 80.9%-—
92.6% prevalence in the present study cohort as compared with
25.4% in that of Ziol et al’s study (7).

Although previous studies have reported an association be-
tween necrosis and MTM HCC (9,11), we found no evidence of
a difference in necrosis between the MTM and non-MTM HCC
groups at CEUS in this study (> .05). This finding is consistent
with that of a previous study that used CEUS and conventional
US to predicc MTM HCC (17) and may be attributed to the
high sensitivity of microbubbles at CEUS, in that even a very
small amount of contrast agent perfusion can be detected.

The results of this study demonstrated a significant asso-
ciation between early washout and MTM HCC in lesions
categorized as LR-M in patients with a high risk of HCC. A
recent meta-analysis showed that patients with MTM HCC
frequently show LR-M features at MRI, compared with those
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Predicted MTM-HCC in Validation Cohort
1.0 4
o MTM-HCC

floa
@ Non MTM-HCC .

0.8 - (W

Predicted probability

I I I I
80 100 120 140

Patients (increasing risk score) C
1.00
©
=
Z 075
=
vy
g
s 0.50
g | e
c I Low-risk group
T _—
0.25 I High-risk group
E P=0.034
o
[}
[~
0.00
0 20 Time 40 60
Number at risk
B s 46 7 1
- 70 48 16 1
o] 20 Time 40 60

D

(C) Risk distribution of predicted value of MTM HCC in training cohort and validation cohort; each dot represents a participant. The predicted

risk probabilities are ranked from low to high, with the dotted line being the optimal cutoff value; the area above the dashed line is the model-predicted MTM HCC and
below it is the model-predicted non-MTM HCC. The orange dots represent actual MTM HCC, and blue dots represent actual non-MTM HCC. (D) Kaplan-Meier curves
stratified by the prediction model in the validation cohort show overall survival and recurrence-free survival. Time is measured in months. AFP = a-fefoprotein, AUC = area un-
der the receiver operating characteristic curve, HCC = hepatocellular carcinoma, MTM = macrotrabecular massive.

with non-MTM HCCs (31). In accordance with Liver Imag-
ing Reporting and Data System management, LR-M nodules
in high-risk patients require biopsy or repeat imaging as LR-M
indicates liver malignancy but not specifically HCC, meaning
that MTM HCCs are more likely to require biopsy owing to
their atypical imaging appearance. Previous studies have sug-
gested that biopsies targeting the arterial phase enhancement
region can avoid necrosis (35-37). The use of CEUS-guided
biopsy for early washout and hypoenhancing components
might improve the diagnostic accuracy of biopsy slides for
MTM HCC, although this requires further clarification.

This study had some limitations. First, despite the inclusion
of external cohort data, the retrospective nature of the study may
have introduced selection bias. Additionally, as the primary cause
was HBV infection, international validation is needed to increase
the generalizability of our results. Second, although our results
were based on MTM HCCs confirmed through resection, the
results among the biopsy cohort were unclear; therefore, future
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studies should focus on patients who have undergone nonsurgical
treatment after biopsy. Third, the quantitative analysis of CEUS
might reflect the perfusion curve of tumors more precisely and fa-
cilitate the association between perfusion status and MTM HCC.
Finally, the application of artificial intelligence—based approaches
may help to enhance the efficacy of our predictive model and the
exploration of further correlations between CEUS features and
the angiogenesis of this cancer subtype.

Opverall, the results of this study revealed that a combined
CEUS-clinical model can be used to identify the MTM subtype
of HCC, which was associated with poor patient outcomes. The
ability to preoperatively recognize this subtype using this model
could facilitate early risk stratification and guide closer surveil-
lance strategies, especially for patients who undergo local ther-
apy. Future studies should aim to validate this model in larger,
multicenter cohorts and explore its integration with emerging
biomarkers or radiogenomic data to further refine its predictive
accuracy and clinical utility.
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Table 4: Univariable and Multivariable Cox Regression Analysis for Overall Survival of Hepatocellular
Carcinoma after Surgical Resection in the Validation Cohort
Preoperative

Clinical Characteristic Univariable HR P Value Multivariable HR P Value
Sex (male vs female) 1.36 (0.29, 1.90) .53

Age 1.02 (0.96, 1.01) .29

Cause (non-HBV) 0.70 (0.22, 2.28) .56

Serum AFP level > 100 ng/mL 1.96 (0.96, 3.69) .07

PLT count 1.00 (0.99, 1.01) 13

ALB level 0.91 (0.84, 0.98) .02 0.90 (0.83, 0.98) .01
TBIL level 1.01 (0.96, 1.08) .63

DBIL level 0.99 (0.89, 1.10) .86

Tumor size 1.23 (1.13, 1.35) <.001 1.16 (1.06, 1.27) .001
BCLC stage (B-C) 3.19 (1.71, 5.93) <.001 .

Multiple lesions 2.26 (1.18, 4.35) .01 1.99 (1.00, 3.96) .048
Predicted MTM HCC 4.02 (2.06, 7.81) <.001 2.26 (1.07, 4.79) .03
Note.—Data in parentheses are 95% Cls. Validation cohort consisted of 136 participants. AFP = o-fetoprotein, ALB =
albumin, BCLC = Barcelona Clinic Liver Cancer, DBIL = direct bilirubin, HBV = hepatitis B virus, HR = hazard ratio,
MTM = macrotrabecular massive, PLT = platelet, TBIL = total bilirubin.
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