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Abstract. Previous studies have reported that hepatocellular
carcinoma (HCC) harboring WNT/ β ‑catenin mutations
exhibits iso‑high intensity by gadolinium ethoxybenzyl
diethylenetriaminepentaacetic acid‑enhanced magnetic
resonance imaging (Gd‑EOB‑DTPA‑MRI, i.e. EOB‑MRI)
during the hepatobiliary phase (HBP), thus indicating that
EOB‑MRI may help clinicians identify an immune exclusion
class, which might not respond to treatment with immune
checkpoint inhibitors. The present study analyzed the effi‑
cacy of lenvatinib for HCC with iso‑high intensity during
the HBP of EOB‑MRI. Overall, 52 patients who under‑
went EOB‑MRI for 140 HCC nodules were classified into
iso‑high‑intensity and low‑intensity groups during the HBP
of EOB‑MRI. The clinical and histological characteristics,
and different responses to treatment of both groups were
analyzed. The expression levels of β ‑catenin and gluta‑
mine synthetase, indicative of WNT/β ‑catenin mutations,
were enhanced in the HCC with iso‑high‑intensity group.
Nine patients had iso‑high intensity, whereas 43 patients
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had low intensity. Tumor size was larger, and the levels
of antagonist‑II or vitamin K absence were higher in the
iso‑high‑intensity group. Furthermore, 3/9 patients in the
iso‑high‑intensity group had objective responses compared
with 13/43 patients in the low‑intensity group. Disease control
was observed in 5/9 patients in the iso‑high‑intensity group
and 26/43 patients in the low‑intensity group. Median overall
survival was 29.8 months for the iso‑high‑intensity group
compared with 20.8 months for the low‑intensity group. In
the iso‑high‑intensity group, the median progression‑free
survival rate was 6.7 months compared with 5.6 months in
the low‑intensity group. No differences in best percentage
change from baseline tumor size were observed in either
group. Although few patients were included in this study, the
present findings suggested that the efficacy of lenvatinib was
unaffected by signal intensity during the HBP of EOB‑MRI.
Introduction
A previous study reported 85‑90% of cases of primary liver
cancer were hepatocellular carcinoma (HCC); globally, the
third cause of death related to cancer (1). Recent advances in
systemic chemotherapy for advanced HCC, including molec‑
ular targeted agents (MTAs) and immune checkpoint inhibitor
(ICI) therapies, have improved patient prognosis; however, it
is important to select agents appropriate for the personalized
treatment of HCC (2‑4).
Around 11‑37% of HCC cases harbor mutations of
WNT/β‑catenin that lead to the immune microenvironment
lacking immune cell filtration, so called ‘immune exclu‑
sion’ or ‘non‑inflamed cold’, in HCC (5). Furthermore,
HCC with immune exclusion associated with mutations of
WNT/β‑catenin is resistant to ICI therapies (6‑8). Therefore,
it is important to identify the subclass of HCC with or without
immune exclusion induced by WNT/β ‑catenin mutations
before treatment. Recently, HCC treatment has focused on this
subclass classification.
Ideally, mutations of WNT/β‑catenin would be identified
using a non‑invasive technique rather than by liver biopsy.
Previous studies demonstrated that HCC harboring muta‑
tions of WNT/β ‑catenin had iso‑high intensity during the
hepatobiliary phase (HBP) by magnetic resonance imaging
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enhanced by gadolinium ethoxybenzyl diethylenetriamine‑
pentaacetic acid (Gd‑EOB‑DTPA‑MRI, i.e. EOB‑MRI)
indicating EOB‑MRI may help identify an immune exclusion
class which might not respond to treatment with immune
checkpoint inhibitors (9,10). Around 12‑22% of HCCs have
iso‑high intensity during the HBP of EOB‑MRI (11,12).
EOB‑MRI may be a non‑invasive alternative to liver biopsy,
which requires a histological method to identify mutations of
Wnt/β‑catenin.
Previous studies have demonstrated how MTAs affect
survival of advanced HCC patients (3). Lenvatinib (LEN) is
an oral multikinase inhibitor of vascular endothelial growth
factor (VEGF) receptors 1‑3, fibroblast growth factor (FGF)
receptors 1‑4, platelet‑derived growth factor (PDGF) receptor
α, RET, and KIT (13,14). An international randomized,
open‑label trial that was performed in multiple centers to
investigate the non‑inferiority of sorafenib (REFLECT;
NCT01761266) reported LEN significantly improved progres‑
sion‑free survival (PFS) compared with sorafenib in patients
with previously untreated, metastatic, or unresectable HCC.
LEN has been approved for HCC treatment (3).
The therapeutic efficacy of LEN for HCC with mutations
of WNT/β‑catenin has not been reported. Here, we analyzed
LEN efficacy for HCC that may have WNT/β‑catenin muta‑
tions with iso‑high intensity during the HBP of EOB‑MRI.
Materials and methods
Patients. This prospective single‑center study analyzed
LEN efficacy for HCC that may have WNT/β‑catenin muta‑
tions with iso‑high intensity during the HBP of EOB‑MRI.
Eighty‑one patients received LEN for non‑resectable HCC
at Iizuka Hospital from May 2018 to February 2021. We
excluded 26 patients who did not undergo EOB‑MRI within
3 months prior to LEN administration and three patients who
were observed for <12 weeks. We evaluated 52 patients by
EOB‑MRI and of these, we enrolled 140 HCC (Fig. 1). This
study was performed according to the Declaration of Helsinki
guidelines and was approved by Iizuka Hospital ethics
committee (approval no. 18070). All patients gave written
informed consent.
Treatment protocol. Patients received doses of LEN according
to body weight (8 mg/day for bodyweight <60 kg, or 12 mg/day
for bodyweight ≥60 kg) (Eisai Co., Ltd.). Dose interruption
and potential subsequent reduction (to 8 mg/day, 4 mg/day, or
4 mg every other day) were permitted when patients developed
LEN‑related adverse events. The protocols in the REFLECT
trial were prescribed by Eisai Co., Ltd. (3). Common
Terminology Criteria for Adverse Events, version 4.0 was
used to grade adverse events. Adverse events ≥grade 3 or any
unacceptable grade 2 adverse events were a cause for reduced
drug dose or interrupted treatment as per guidelines for LEN
administration. Following occurrence of an adverse event,
LEN dose was reduced or temporarily interrupted until symp‑
toms were grade 1 or 2, as per the Eisai Co., Ltd. guidelines.
Evaluation of treatment efficacy. Physicians evaluated anti‑
tumor responses using modified RECIST v.1.1 (15). The disease
control rate (DCR) was determined according to complete

response (CR), partial response (PR), or stable disease (SD)
present for ≥4 months. The objective response rate (ORR) was
defined as PR or CR. Each nodule was evaluated according to
the top three sized nodules in each case.
EOB‑MRI. Characterization and pretreatment staging for HCC
was determined by Gd MRI using a 1.5‑T or 3.0‑T MR system
(Ingeina; Philips Healthcare) using the same protocol. For the
dynamic study, 0.1 ml Primovist (0.25 mmol/ml gadoxetic
acid; Bayer Schering Pharma) was administered intravenously
per kg/bodyweight. The optimal arterial dominant phase,
calculated as time of peak enhancement in the abdominal
aorta + an additional 10 sec of imaging time (16‑22 sec) was
achieved using the test injection method with 1.5 ml gadox‑
etic acid + 8‑ml saline flush. Subsequent to imaging during
the arterial phase, portal and equilibrium phase images were
captured at 20 and 60 sec, respectively, once the previous
imaging phase was over. The HBP for all patients was obtained
20 min post‑injection.
Imaging analysis. Four hepatologists performed imaging
analysis in a blind fashion without clinicopathological infor‑
mation. Qualitative analysis of HCC with iso‑high intensity
during the HBP of EOB‑MRI was defined by a signal intensity
higher than the pre‑contrast image.
Immunohistochemical (IHC) analyses. Liver tumor biopsy
samples fixed with 10% formalin were paraffin embedded.
Serial sections (5‑µm) were sectioned from paraffin blocks
of liver tissues and stained with hematoxylin‑eosin. The
presence of glutamine synthetase (GS) and β ‑catenin was
determined in 14 HCC specimens by IHC with the following
primary antibodies: monoclonal mouse anti‑human β‑catenin
(#610153; BD Biosciences; 1/300 dilution) or monoclonal
mouse anti‑human GS (#GS‑6; Millipore; 1/500 dilution). A
Bond Polymer System was used to develop reactions (Leica
Biosystems) related to secondary antibodies. β ‑catenin
staining in the nucleus is indicative of an activating mutation
in the catenin β ‑1 (CTNNB1) gene (16,17) and strong GS
diffuse staining is indicative of the constitutive activation of
WNT/β ‑catenin signaling associated with β ‑catenin muta‑
tions (18). Therefore, the presence of β‑catenin nuclear staining
in ≥5% of tumor cells (19) or strong diffuse GS staining were
considered to demonstrate the activation of WNT/β‑catenin
signaling (9).
Statistical analysis. JMP Pro Version 11 statistical software
was used for all analyses (SAS Institute, Inc.). Results were
shown as the median (inter‑quartile range). Significant differ‑
ences between groups were examined by χ2, Fisher's exact
or Mann‑Whitney U test. The Kaplan‑Meier technique was
used for the statistical analyses of overall survival (OS) and
PFS; significant differences in OS and PFS were determined
by log‑rank analysis. Statistical significance was determined
when P<0.05.
Results
Subjects' characteristics. Patient characteristics are shown
in Table I. The iso‑high‑intensity group contained patients
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Figure 1. Patient flow chart. HCC, hepatocellular carcinoma; EOB‑MRI, gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid‑enhanced magnetic
resonance imaging; HBP, hepatobiliary phase.

with iso‑high‑intensity and low‑intensity nodules. There
were nine patients (17.3%) and 14 HCC nodules (10%) with
iso‑high intensity and 43 patients (82.7%) and 126 HCC
nodules (90.0%) with low intensity. Five patients (55.6%)
had both iso‑high‑intensity and low‑intensity nodules in
the iso‑high‑intensity group. Tumor size was larger in the
iso‑high‑intensity group vs the low‑intensity group [6.2 cm
(3.25‑8.35) vs. 2.5 cm (1.6‑3.9), P=0.004]. The levels of
antagonist‑II (PIVKA‑II) or vitamin K absence were higher in
the iso‑high‑intensity group [938 mAU/ml (26.5‑31832.5) vs.
140 mAU/ml (32‑18112), P=0.0137]. There were two patients
with Barcelona Clinic Liver Cancer (BCLC) stage A, four with
stage B, and three with stage C in the iso‑high‑intensity group.
In addition, there were five patients with BCLC stage A, 23
with stage B and 15 with stage C in the low‑intensity group.
Age, sex, etiology, Child‑Pugh grade, microvascular invasion
(MVI), extrahepatic spread (HIS), and serum α‑fetoprotein
levels were similar between groups.
IHC of β ‑catenin and GS in HCC tissues. The expressions
of β ‑catenin and GS in 13 patients (four patients in the
iso‑high‑intensity group and nine patients in the low‑intensity
group) were assessed by IHC before LEN therapy. Typical
magnetic resonance images and immunohistochemical
findings are presented in Fig. 2A and B. All four patients
(100%) were positive for β ‑catenin or GS staining in the
iso‑high‑intensity group, and 3/9 (33.3%) were positive for
β‑catenin or GS staining in the low‑intensity group (Table II);
however, there were no differences in β‑catenin (P=1.00) and
GS (P=0.07) staining between the two groups because of the
small patient numbers in these groups.
Efficacy of LEN in the iso‑high intensity and low‑intensity
groups. The OS, PFS, ORR, and DCR were similar
between groups. The ORR (CR+PR) was 3/9 (33.3%) in the

iso‑high‑intensity group and 13/43 (30.2%) in the low‑intensity
group (P=0.62). The DCR (CR+PR+SD) was 5/9 (55.6%) in the
iso‑high intensity group and 26/43 (60.5%) in the low‑intensity
group (P=0.45) (Table III). Median OS was 29.8 months [95%
confidence interval (CI)=7.1‑31.3] in the iso‑high‑intensity
group versus 20.7 months (95% CI=11.2‑26.3) in the
low‑intensity group (P=0.84). The median PFS was 6.7 months
(95% CI=2.9‑11.9) in the iso‑high‑intensity group compared
with 5.6 months (95% CI=3.7‑7.9) in the low‑intensity group
(P=0.95; Fig. 3).
We also evaluated the change in each HCC tumor treated
with LEN. The best percentage change was ‑10.5% in the
iso‑high‑intensity group (4.99±0.44 cm to 4.79±0.54 cm) and
1.1% in the low‑intensity group (1.88±0.15 cm to 1.88±0.18 cm;
Fig. 4). We compared the values of the best percentage
change between groups using Mann‑Whitney U test. The best
percentage change from the baseline tumor size (P=0.67),
the ORR [28.6% (4/14) in the iso‑high‑intensity group and
27.8% (35/126) in the low‑intensity group (P=0.73)], and the
DCR [92.9% (13/14) in the iso‑high‑intensity group and 73.0%
(92/126) in the low‑intensity group (P=0.39; Table IV)] were
similar between groups.
Discussion
Our current study suggested that the status of mutations
of WNT/β ‑catenin may not influence LEN effectiveness.
Approximately 30% of HCC cases were reported to show the
constitutive activation of WNT/β‑catenin signaling, induced
by the relevant gene mutations (20). The negative influence
of WNT/β‑catenin activation on the DCR and PFS of patients
receiving anti‑PD‑1 therapy (7,8,21). However, the PFS was
similar between sorafenib‑treated patients with and without
mutations in WNT/β‑catenin genes who had undergone gene
sequencing (10). Although the efficacy of sorafenib and other
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Table I. Characteristics of patients in the iso‑high‑intensity and low‑intensity groups of HBP in EOB‑MRI.
Characteristic

All

Iso‑high‑intensity group

Low‑intensity group

P‑value

Number
52
9
43
Age, years
73 (68‑79.75)
82 (75‑87)
73 (68‑78)
0.686
Sex, M/F
36/16
7/2
29/14
0.53
Etiology				0.3
HCV
23 (44.2%)
1 (11.1%)
22 (51.2%)
HBV
10 (19.2%)
2 (22.2%)
8 (18.6%)
Alcohol
9 (17.3%)
2 (22.2%)
7 (16.3%)
AIH/PBC
2 (3.8%)
0 (0%)
2 (4.7%)
Cryptogenic
8 (15.5%)
4 (44.5%)
4 (9.2%)
Max tumor size, cm
2.7 (1.7‑4.9)
6.2 (3.25‑8.35)
2.5 (1.6‑3.9)
0.0004
Size of intrahepatic lesion >3 cm
24 (46.2%)
7 (77.8%)
17 (39.5%)
0.0364
Number of intrahepatic lesions >5
31 (59.6%)
5 (55.6%)
26 (60.4%)
0.7849
MVI positive
11 (21.2%)
1 (11.1%)
10 (23.3%)
0.69
EHS positive
12 (23.1%)
1 (11.1%)
11 (25.6%)
0.29
Child‑Pugh score				
0.63
5A
29 (55.8%)
6 (72.7%)
23 (53.5%)
6A
13 (25%)
1 (11.1%)
12 (27.9%)
>7
10 (19.2%)
2 (22.2%)
8 (18.6%)
Albumin
3.65 (3.3‑4.1)
3.7 (3.4‑4.1)
3.6 (3.3‑4.2)
0.79
Total bilirubin
0.8 (0.6‑1.2)
1.1 (0.8‑2.3)
0.8 (0.6‑1.1)
0.0068
BCLC				0.118
A
7 (13.5%)
2 (22.2%)
5 (11.6%)
B
27 (51.9%)
4 (44.4%)
23 (53.5%)
CD
18 (34.6%)
3 (33.4%)
15 (34.9%)
Tumor marker				
AFP (ng/ml)
10.1 (3.58‑188.88)
6.3 (3.3‑6054.8)
10.3 (4.1‑201.8)
0.692
PIVKA‑Ⅱ (mAU/ml)
181.5 (32‑3390)
938 (26.5‑31832.5)
140 (32‑18112)
0.0137
LEN dose				
0.5604
12 mg
4 (7.7%)
0 (0%)
4 (9.3%)
8 mg
27 (51.9%)
4 (44.4%)
23 (53.4%)
4 mg
21 (40.4%)
5 (54.6%)
16 (37.2%)
Data are expressed as the median and interquartile range, or as numbers and percentages (%). EOB‑MRI, gadolinium ethoxybenzyl diethy‑
lenetriaminepentaacetic acid‑enhanced magnetic resonance imaging; HCV, hepatitis C; HBV, hepatitis B; AIH, autoimmune hepatitis; PBC,
primary biliary cholangitis; MVI, macroscopic portal vein invasion; EHS, extrahepatic spread; BCLC, Barcelona Clinic Liver Cancer; AFP,
α‑fetoprotein; PIVKA‑II, vitamin K absence or antagonist‑II; LEN, lenvatinib.

MTAs might be independent of WNT/β ‑catenin mutation
status, clinical evidence demonstrating how responses of
HCC patients to LEN are affected by WNT/β‑catenin activa‑
tion and how an immune cold phenotype is acquired, is still
lacking.
WNT/β ‑catenin pathway activation promotes β ‑catenin
accumulation in the cytoplasm, its nuclear translocation,
and diffuse accumulation of GS, a transcriptional target of
β‑catenin (22‑24). The presence of WNT/β‑catenin mutations
is determined by IHC analysis showing the nuclear expres‑
sion of β ‑catenin or cytoplasmic overexpression of GS in
HCC tissues, indicating they might be useful biomarkers of
WNT/β‑catenin mutations (22‑24).

Furthermore, GS and β‑catenin expressions were reported
to correlate with OATP1B3 expression (25) and HCC with
WNT/β‑catenin mutations showed iso‑high intensity during the
HBP of EOB‑MRI (9,10). The mechanism involves the induc‑
tion of OATP1B3 (an EOB transporter) by WNT/β ‑catenin
mutations (9,26). Therefore, iso‑high intensity during the
HBP of EOB‑MRI might be useful as an imaging biomarker
of HCC patients with mutations of WNT/β ‑catenin. The
frequency of HCCs with iso‑high intensity was 12‑22% during
the HBP of EOB‑MRI (11,12). We investigated the immunos‑
taining of β‑catenin and GS for the detection of mutations of
WNT/β‑catenin. Several HCC tissues with iso‑high intensity
during the HBP of EOB‑MRI showed GS or β‑catenin positive
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Figure 2. Typical MR images and immunohistochemical findings. (A) HCC with iso‑high‑intensity in the HBP of EOB‑MRI. (B) HCC with the low‑intensity in
the HBP of EOB‑MRI. H&E staining of liver sections (magnification, x200; black scale bar, 100 µm). β‑catenin and GS staining of liver tissue was performed
to evaluate Wnt/β ‑catenin mutations (magnification, x200; black scale bar, 100 µm). EOB‑MRI, gadolinium ethoxybenzyl diethylenetriaminepentaacetic
acid‑enhanced magnetic resonance imaging; GS, glutamine synthetase; HBP, hepatobiliary phase; H&E, hematoxylin and eosin.
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Table II. Relationship between Wnt/β‑catenin mutations and signal intensity in the HBP of EOB‑MRI in 13 patients.
Case
1
2
3
4
5
6
7
8
9
10
11
12
13

Group

Age, years

Sex

Etiology

β‑catenin

GS

iso‑high
iso‑high
iso‑high
iso‑high
Low
Low
Low
Low
Low
Low
Low
Low
Low

82
58
83
87
68
80
75
59
52
76
71
78
80

M
F
M
M
M
M
M
M
M
M
M
M
M

ALC
HBV
NBNC
NBNC
HBV
AIH
HBV
ALC
HBV
HCV
HCV
HCV
ALC

Positive
Negative
Negative
Positive
Negative
Positive
Positive
Negative
Positive
Negative
Negative
Negative
Negative

Positive
Positive
Positive
Positive
Negative
Positive
Positive
Negative
Positive
Negative
Negative
Negative
Negative

HBP, hepatobiliary phase; EOB‑MRI, gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid‑enhanced magnetic resonance imaging;
ALC, alcohol; GS, glutamine synthetase.

Table III. Comparison of the response to lenvatinib between the EOB iso‑high‑intensity group and low‑intensity group (patient
analysis).
LEN effectiveness

Iso‑high‑intensity
group, n=9 (%)

Low‑intensity
group, n=43 (%)

Overall response			
CR
0 (0)
2 (4.7)
PR
3 (33.3)
11 (25.6)
SD
2 (22.3)
13 (30.2)
PD
4 (44.4)
17 (39.5)
ORR (CR+PR)
3 (33.3)
13 (30.2)
DCR (CR+PR+SD)
5 (55.6)
26 (60.5)

P‑value
0.14

0.62
0.45

EOB, gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid; LEN, lenvatinib; CR, complete response; PR, partial response; SD, stable
disease; PD, progression disease; DCR, disease control rate; ORR, objective response rate.

staining. Thus, we confirmed mutations of WNT/β‑catenin in
HCC with iso‑high intensity during the HBP of EOB‑MRI as
previously reported (25).
Our findings suggested that the efficacy of LEN did not
differ between the iso‑high‑intensity group, in which patients
may have WNT/β ‑catenin mutations, and the low‑intensity
group.
Clinical trials or studies using pre‑clinical models to
investigate immunomodulatory influences of antiangiogenic
agents on the tumor microenvironment reported enhanced
maturation of dendritic cells, trafficking and function of
T cells, and reversed immunosuppression induced by hypoxia
or immunosuppressive cells (27‑29). Other in vivo and in vitro
studies reported sorafenib enhanced antitumor immunity by
promoting tumor‑associated macrophage polarization to an
M1 phenotype (30‑32), enhancing the infiltration and func‑
tions of CD4+ and CD8+ T cells (33,34), lowering numbers

of Tregs (35‑37), and reversing suppressive functions of
myeloid‑derived cells in tumor microenvironments (22,38,39).
Other MTAs including LEN were shown to promote antitumor
immune activity in pre‑clinical models (40‑42). Many of these
immunomodulatory effects of MTAs might be associated with
the inhibition of VEGFR signaling (27). Compared with earlier
tyrosine kinase inhibitors, LEN has a greater inhibitory effect
on FGFR4 (43). WNT/β ‑catenin mutations are associated
with FGFR4 overexpression (43) suggesting the therapeutic
effects of MTAs including LEN might not be affected by
WNT/β ‑catenin mutations although they might alter the
‘non‑inflamed cold’ subclass to the ‘inflamed hot’ subclass
in the immune microenvironment of WNT/β‑catenin‑mutant
HCC.
Fujita et al classified HCCs into one of the three groups on
the basis of intensity during the HBP of EOB‑MRI: i) homo‑
geneous hypointensity; ii) heterogeneous hyperintensity;
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Figure 3. Kaplan‑Meier estimates of OS and PFS in iso‑high‑intensity and low‑intensity groups during HBP. Significant differences in OS and PFS were
determined by log‑rank analysis. OS, overall survival; PFS, progression‑free survival; HBP, hepatobiliary phase.

and iii) homogeneous hyperintensity (44). During the
HBP, all HCCs in the iso‑high‑intensity group in our study
displayed heterogeneous hyperintensity (group 2). The
tumor size was larger and PIVKA‑II levels were higher in
the iso‑high‑intensity group compared with the low‑intensity
group, similar to our previous study. Other studies reported
that GS‑positive HCCs were larger although PIVKA‑II levels
were not associated to tumor size. Therefore, PIVKA‑II
levels in the iso‑high‑intensity group of GS‑positive HCCs
might be higher than those in the low‑intensity group (45,46).
Fujita et al recorded a disease‑free survival rate in group 2
that was significantly lower compared with group 1 (44), but
our study revealed the OS, PFS, ORR, and DCR were similar
in all groups after LEN treatment.
Study limitations were as follows. First, this study was
performed at a single center and therefore had limited
numbers of HCC cases. Second, it was unclear whether
the mutations of one tumor reflected the mutations in other

masses when considering the heterogeneity of HCC in
multiple masses. Third, we could not evaluate the frequency
of β ‑catenin mutations in HCC with iso‑high intensity or
low‑intensity during the HBP of EOB‑MRI because biopsies
were not obtained from all patients. We also had to consider
that HCC with low intensity could also be positive for
β ‑catenin or GS.
The results suggested that the efficacy of LEN was similar
between the iso‑high‑intensity and low‑intensity groups.
Given these limitations, further studies enrolling a larger
number of cases is needed before MTAs such as LEN can be
used as a first‑line treatment for HCC with iso‑high intensity
instead of ICIs alone or in combination with angiogenesis
inhibitors, which are the most common first‑line regimens for
advanced HCC in many countries (2). These findings might
allow us to suggest the early therapeutic evaluation of ICIs
alone or in combination with angiogenesis inhibitors for HCC
with iso‑high intensity and quickly change to MTAs if the
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Table IV. Comparison of the response to lenvatinib between the EOB iso‑high‑intensity group and low‑intensity group (nodule
analysis).
LEN effectiveness

Iso‑high‑intensity
group, n=14 (%)

Low‑intensity
group, n=126 (%)

Overall response			
CR
0 (0)
16 (12.7)
PR
4 (28.6)
21(16.7)
SD
9 (64.3)
57 (45.2)
PD
1 (7.1)
32 (25.4)
ORR (CR+PR)
4 (28.6)
35 (27.8)
DCR (CR+PR+SD)
13 (92.9)
92 (73.0)

P‑value
0.85

0.73
0.39

EOB, gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid; LEN, lenvatinib; CR, complete response; PR, partial response; SD, stable
disease; PD, progression disease; ORR, objective response rate; DCR, disease control rate.

Figure 4. Best percentage change in iso‑high‑intensity and low‑intensity groups during HBP. Significant differences in the values of the best percentage change
between groups were examined by Mann‑Whitney U‑test. HBP, hepatobiliary phase.

initial treatment is ineffective. The findings of this study
might allow the personalized treatment of patients with HCC
by aiding the selection of appropriate therapeutic agents.
However, these findings should be confirmed using a larger
number of patients.
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