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Abstract

Purpose Blood flow reduction after initiation of lenvatinib therapy may not always indicate tumor necrosis. This study
aimed to compare the blood flow detectability of contrast-enhanced ultrasonography (CEUS), contrast-enhanced computed
tomography (CT), and contrast-enhanced magnetic resonance imaging (MRI) in hepatocellular carcinoma (HCC) during
lenvatinib therapy.

Methods A total of 12 cases underwent CEUS and contrast-enhanced CT/MRI within 2 weeks during lenvatinib therapy.
Vascularity on CEUS and CT/MRI was compared.

Results At the time of CEUS examination, the median period from the start of lenvatinib was 227 +210 (31-570) days.
CEUS showed hyperenhancement in eight cases (66.7%), hypoenhancement in two cases (16.7%), and no enhancement in
one case (8.3%), while CT/MRI showed hyperenhancement in one case (8.3%), ring enhancement in three cases (25.0%),
and hypoenhancement in eight cases (66.7%) (p =0.007). Transarterial chemoembolization (n =3), radiofrequency ablation
(n=2), and stereotactic body radiation therapy (n=2) were performed after blood flow detection by CEUS.

Conclusions The viability of the HCC should be confirmed using CEUS when contrast-enhanced CT/MRI reveals lesion

hypoenhancement during lenvatinib therapy.

Keywords Ultrasonography - Hepatocellular carcinoma - Lenvatinib mesylate - Computed tomography - Magnetic

resonance imaging

Introduction

Hepatocellular carcinoma (HCC) generally has a poor
prognosis, particularly when it is unresectable [1]. Hyper-
vascularity is one of the features of HCC, based on which
therapeutic options are selected, such as transarterial chem-
oembolization (TACE) or angiogenesis inhibitors. Len-
vatinib is a tyrosine kinase inhibitor (TKI) that acts against
vascular endothelial growth factor receptors (VEGFR) 1-3,
fibroblast growth factor receptors (FGFR) 1-4, platelet-
derived growth factor receptor-alpha (PDGFRa), RET, and
KIT [2, 3]. Decreased HCC vascularity was observed on
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contrast-enhanced computed tomography (CT) in a clinical
setting after the administration of lenvatinib [4, 5].

Two previous studies using CT or magnetic resonance
imaging (MRI) demonstrated that a reduction in blood flow
at 2—4 weeks after initiation of lenvatinib therapy predicted
a favorable outcome [4, 5]. However, this hemodynamic
change may not always be indicative of tumor necrosis or
treatment effects [6]. Contrast-enhanced ultrasonography
(CEUS) has also been used to detect hemodynamic changes
on day 7 after initiation of treatment in previous studies
[7, 8]. The sensitivity of CEUS for detecting blood flow in
HCC is higher than that of CT and MRI [9, 10]. Long-term
hemodynamic changes during sorafenib administration have
previously been investigated using CEUS [11] and perfusion
CT [12]; however, those during lenvatinib therapy to date
remain unelucidated. It is important to select the appropriate
imaging modality for follow-up during lenvatinib therapy.
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This study aimed to compare the blood flow detectabil-
ity of CEUS, contrast-enhanced CT, and contrast-enhanced
MRI in HCC during lenvatinib therapy.

Materials and methods
Patients

This retrospective study included nine cases enrolled
between June 2018 and February 2021. The inclusion cri-
teria were patients with unresectable HCC who underwent
both CEUS and contrast-enhanced CT/MRI within 2 weeks
during lenvatinib therapy. CEUS was performed in 19 cases
during lenvatinib therapy; seven cases that did not undergo
contrast-enhanced CT/MRI within 2 weeks were excluded.

Clinical data, including serological data, were obtained
from the hospital records in all cases. The study was
approved by the Institutional Review Board of our institu-
tion (RK-200908-04). Given the retrospective nature of this
study, informed consent was waived, because the data were
obtained using a standard clinical care protocol.

Lenvatinib therapy

Lenvatinib was administered at 12 mg/day or 8 mg/day.
The dose was determined based on the body weight of the
patient. Lenvatinib was discontinued when a severe adverse
event occurred and the Child—Pugh score was > 7. If patients
recovered from an adverse event or worsening hepatic func-
tional reserve, lenvatinib therapy was resumed. Imaging
tests, including contrast-enhanced CT/MRI/ultrasonography,
were performed every 6—12 weeks.

CEUS procedure

CEUS was performed in the decubitus position by an ultra-
sonographer (N. M) who is a Board Certified Fellow of the
Japan Society of Ultrasonics in Medicine, and has 18 years
of experience. CEUS was performed using the Arietta 850
ultrasound platform with a C252 transducer (Hitachi, Tokyo,
Japan) and the Aplio 1700 with a PVT-375BT transducer
(Canon Medical Systems, Tochigi, Japan). For a patient with
multiple HCCs, a sonographer selected the most appropriate
nodule for the imaging tests.

A 0.5-ml bolus of perfluorobutane microbubbles (GE
Healthcare Pharma, Tokyo, Japan) was injected into the
antecubital vein via a 22-gauge peripheral intravenous can-
nula, followed by a 10-ml saline flush. The mechanical index
was set at 0.1-0.2. CEUS was performed at a rate of 15
frames/s with a dynamic range of 45 dB. The receiver gain
and image depth were optimized for each patient at baseline
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examination. The transit focus was set at the bottom of the
target lesion.

The vascularity of the target lesion was evaluated at the
early arterial phase, defined as that between 15 and 40 s after
the contrast injection.

Contrast-enhanced CT (CECT) procedure

CT scans were performed using a multidetector-row 16-,
64-, or 320-slice raw scanner (Light-Speed, GE Healthcare,
Piscataway, NJ, USA; Somatom, Siemens Healthcare, Ger-
many; or Aquilion ONE, Canon Medical Systems, Tokyo,
Japan), with a collimation of 2.5-5 mm, section thickness of
3-5 mm, and reconstruction of 2.5-3 mm in the decubitus
position under fasting conditions. Scanning was performed
using a 15.0- or 53.0-helical pitch, a table feed speed of
0.75 mm or 0.5 mm per rotation, and a voltage of 120 kV.
A total of 100-120 mL of contrast medium (350 mg I/mL
iomeprol; Tomeron® 350 syringe, Eisai, Tokyo, Japan)
was injected intravenously at a rate of 3.0-3.5 mL/s via a
20-gauge peripheral intravenous cannula. The arterial phase
was performed 37 s after the initiation of contrast injection.
Sonographers scanned at one cross-section that showed the
maximum diameter of the target lesion for 30 s, after which
they moved the transducer from end to end of the lesion and
observed the vascularity. The criteria to decide the target
lesion is as follows. First, lesions located (1) deeper than
10 cm from the skin and (2) near the shadow of the lung or
the rib were excluded. Second, the lesion of larger size was
selected.

Contrast-enhanced MRI (CEMRI) procedure

MRI was performed using a 1.5-T MR scanner (Achiva
1.5 T Nova and Ingenia 1.5 T; Philips Japan, Tokyo, Japan)
with an eight-channel system and an eight-channel phased-
array coil, or a 3.0-T MR scanner (Discovery MR750w; GE
Healthcare, Piscataway, NJ, USA) with a 32-channel sys-
tem (maximum gradient strength: 44 mT/m, peak slew rate:
200 T/m/s) and a 32-channel phased-array coil. A dose of
0.1 mL/kg of contrast medium (Primovist®, Bayer Scher-
ing Pharma, Berlin, Germany) was injected intravenously
at a rate of 1 mL/s, followed by a 20-mL saline flush via
a 22-gauge peripheral intravenous cannula. Fat-saturated
gadolinium ethoxybenzyl diethylenetriaminepentaacetic
acid (Gd-EOB-DTPA)-enhanced three-dimensional-gradi-
ent-recalled echo T1-weighted images were obtained in the
appropriately triggered arterial phase.

Subjective evaluation of vascularity

Vascularity was evaluated subjectively by two hepatolo-
gists (N.M. and M.K.) with 20 and 12 years of experience,
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respectively. The vascularity of the target lesion was deter-
mined in comparison with the surrounding liver paren-
chyma in the arterial phase, and classified into four groups
as follows: hyper, ring, hypo, and no enhancement. If the
evaluators had different opinions regarding classification
of enhancement, they discussed the case and reached an
agreement. The arterial phase of CEUS was defined as that
between 15 and 40 s after injection of the contrast medium.

Quantitative evaluation of vascularity

Image analyses were performed by two hepatologists (N.M.
and M.K.). The oval range of interest (ROI) was set in the
HCC as large as possible, and in the hepatic parenchyma at
the same cross-section while avoiding vessels. Ultrasono-
graphic images were exported to a hard disk and analyzed
with ImagelJ software. The mean gray value in the ROI at
30 s after contrast medium injection was calculated. The
mean signal intensity in the ROI at the arterial phase was
measured with Synapse (FUJIFILM Medical, Tokyo, Japan).

The enhancement ratio was calculated using the follow-
ing formula:

Enhancement ratio = Signal intensity of the tumor /

Signal intensity of the liver parenchyma

Statistical analysis

McNemar’s chi-squared test was used for statistical analysis,
as shown in Fig. 2. Statistical significance was set at p < 0.05.
All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Founda-
tion for Statistical Computing, Vienna, Austria). EZR is a
modified version of the R commander that is designed to
add statistical functions frequently used in biostatistics [13].

Results

Change in the vascularity of HCC during lenvatinib
therapy

At baseline, CT/MRI showed hyperenhancement in 10 cases
and isoenhancement in one case. The target lesion newly
occurred at 4 months after the initiation of lenvatinib in
one case. The median change ratio of the size of the target
lesion at 2, 3, 6, 10, 12, and 17 months after the start of len-
vatinib therapy was 0.81 (0.67-1.05), 0.79 (0.63-1.00), 1.50
(0.75-2.25), 1.25 (1.05-2.00), 1.54 (1.21-1.88), and 2.33

(1.17-3.50), respectively. Finally, hypoenhancement was
observed in eight cases, ring enhancement was observed in
two cases, and iso- and hyperenhancement were observed in
one case each (Fig. 1).

Comparison of findings at the arterial phase
between CEUS and CECT and CEMRI

At the time of CEUS examination, the median period from
the start of lenvatinib was 227 +210 (31-570) days. CEUS
showed hyperenhancement in eight cases (66.7%), hypoen-
hancement in two cases (16.7%), and no enhancement in one
case (8.3%), while CT/MRI showed hyperenhancement in
one case (8.3%), ring enhancement in three cases (25.0%),
and hypoenhancement in eight cases (66.7%) (p =0.007)
(Table 1, Figs. 2, 3, 4, 5).

The enhancement ratio was 1.57 (0.13-8.25) for CEUS
and 0.79 (0.44-1.12) for CECT/MRI (p =0.052) (Fig. 6).

Sequential therapy for HCC after CEUS

Balloon-occluded TACE (B-TACE) was performed in three
cases. One patient was treated with transarterial emboliza-
tion and radiofrequency ablation (RFA). Angiography was
performed in four cases and showed tumor stains in all cases.
The treatment efficacy was complete response (CR), stable
disease (SD), and progressive disease (PD) in one case each.
Stereotactic body radiation therapy was performed in two
cases. RFA was performed in two cases, including the afore-
mentioned patient, who underwent RFA immediately after
transarterial embolization. The target lesions were com-
pletely ablated using RFA; there was no local recurrence
in either case.

Discussion

We found that most of the cases with HCC showed that
the lesions were hypervascular at baseline, which gradu-
ally changed to hypoenhancement on CECT/CEMRI during
lenvatinib therapy; both CEUS and angiography revealed
hyperenhancement of the lesions in these cases.

CEUS can predict the efficacy of chemotherapy in various
types of malignancies, such as HCC [7, 8, 14—17], metastatic
renal cancer [18], gastric cancer [19], and lymphoma [20]. It
is suitable for evaluation of response to treatment, because
it can be performed repeatedly and has high detectability
for blood flow [9, 10]. The discrepancy in findings between
CEUS and CECT/CEMRI in the arterial phase may be due
to differences in sensitivity to blood flow. In the previous lit-
erature, treatment response evaluation was performed early
after initiation of chemotherapy to predict outcomes [7, 8,
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Fig. 1 At baseline, CT/MRI showed hyperenhancement in 10 cases
and isoenhancement in one case. The target lesion newly occurred
at 4 months after the initiation of lenvatinib in one case. The median
change ratio of the size of the target lesion at 2, 3, 6, 10, 12, and
17 months after the start of lenvatinib therapy was 0.81 (0.67-1.05),
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0.79 (0.63-1.00), 1.50 (0.75-2.25), 1.25 (1.05-2.00), 1.54 (1.21-
1.88), and 2.33 (1.17-3.50), respectively. Finally, hypoenhancement
was observed in eight cases, ring enhancement was observed in two
cases, and iso- and hyperenhancement were observed in one case
each

Table 1 Patient characteristics

Case no. BCLC stage Previous treatment Sequential treatment CEUS CT/MRI
1 A Sorafenib RFA Hyper Ring
2 B Surgery B-TACE, SBRT Hyper Hypo
3 C B-TACE, RFA Hyper Hyper
4 C SBRT Hyper Ring
5 B TACE Hyper Hypo
6 B TACE B-TACE Hyper Ring
7 B TACE No Hypo
8 B TACE, Sorafenib Hyper Hypo
9 B Hyper Hypo
10 B Atezolizmab/Bevacizumab Hypo Hypo
11 B TACE Hypo Hypo
12 A TACE Hypo Hypo

BCLC Barcelona Clinic Liver Cancer, RFA radiofrequency ablation, TACE transarterial chemoemboliza-
tion, B-TACE balloon-occluded TACE, SBRT stereotactic body radiation therapy

14-17]. To overcome the lack of objectivity in ultrasonogra-
phy, a time-intensity curve (TIC) was used for quantification
of blood flow in most of these studies. However, recording
the TIC at the same cross-section and depth, and in the same
condition from baseline to after the initiation of therapy,
is time-consuming. In contrast, CEUS was used to confirm
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the viability of HCC at a relatively late stage after initiation
of lenvatinib therapy in the present study. This method is
simple and only requires one ultrasound examination. It is
widely accepted for clinical use.

Lenvatinib has a strong inhibitory effect on angiogen-
esis in tumors because of its ability to block VEGFR 1-3.
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Fig.2 CEUS showed hyper- 100%
enhancement in eight cases
(75.0%), hypoenhancement 90%
in two cases (16.7%), and
no enhancement in one case 80%
(8.3%), while CT/MRI showed
. 70%
hyperenhancement in one case 8
(8.3%), isoenhancement in 60%
. 0
one case (8.3%), ring enhance-
ment in two cases (16.7%), 50% = Hyper
and hypoenhancement in seven BRing
cases (58.3%) (p=0.007) 40% mHypo/No
30%
20%
0,
10% p=0.007
0%

Contrast-enhanced CT/MRI

Contrast-enhanced US

Fig.3 Case 1. CECT showed ring enhancement (a) and CEUS
showed hyperenhancement (b). Case 2. CEMRI showed hypoen-
hancement (c¢), CEUS showed hyperenhancement (d), and angiogra-
phy showed tumor stains (e). Case 3. Both CECT (f) and CEUS (g)

This may lead to decreased vascularity in HCC [4, 5, 7, 8].
Regorafenib also acts against VEGFR 1-3. Suppression of
tumor vascularity was previously observed with contrast-
enhanced CT, and a decrease in microvascular density
was proven by CD31 immunohistochemical staining [21].
Decreased blood flow within an HCC lesion is more fre-
quently observed with lenvatinib therapy than with sorafenib
therapy [4, 5, 22]. This phenomenon occurs 1-4 weeks
after initiating lenvatinib therapy [4, 5, 7, 8]. While imag-
ing examination of HCC vascularity early in the course of
treatment is performed to predict the outcome, a decrease
in blood flow does not necessarily indicate tumor necrosis

showed hyperenhancement, and angiography showed tumor stain (h).
Case 4. CEMRI showed hypoenhancement (i) and CEUS showed
hyperenhancement (j)

[6], because HCC tumors usually increase in size after
withdrawal of lenvatinib, as observed in the present study
(Fig. 2). Thus, confirming the viability of HCC is impor-
tant in determining treatment planning. The vascularity of a
lesion is important for determining whether TACE should be
performed. CEUS is a superior imaging modality to CECT/
CEMRI for this purpose.

The differences in the enhancement-related findings
from CEUS and CECT/CEMRI during lenvatinib admin-
istration may be explained by a few mechanisms. CEUS
has a higher sensitivity for blood flow in HCC than CECT/
CEMRI [10]. Furthermore, CEUS has a high temporal
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Fig.4 Case 5. CEMRI showed ring enhancement (k) and CEUS
showed hyperenhancement (I). Case 6. CEMRI showed ring enhance-
ment (m), CEUS showed hyperenhancement (n), and angiography
showed tumor stains. B-TACE was then performed (o). Case 7. CECT

showed isoenhancement (p) and CEUS showed hyper enhancement
(q). Case 8 previously underwent TACE. CECT showed hypoen-
hancement (r) and CEUS showed hyperenhancement (s)

Fig.5 Case 9. CECT showed hypoenhancement (t) and CEUS
showed hyperenhancement (u). Case 10. Both CECT (v) and CEUS
(w) showed hypoenhancement. Case 11 previously underwent TACE.

resolution and can help detect intratumoral blood flow
even if the tumor shows early washout [23]. A previ-
ous study using a rat model showed necrosis, hypoxia,
decreased microvessel density, and a decrease in CEMRI
parameters after administration of sorafenib, while CEUS

@ Springer

Both CECT (x) and CEUS (y) showed hypoenhancement. Case 12
previously underwent TACE and SBRT. CECT showed hypoenhance-
ment (z) and CEUS showed no enhancement (aa)

parameters did not decrease [24]. Decreased permeability
of HCC was also observed in a clinical study using perfu-
sion CT after bevacizumab [25] and sorafenib administra-
tion [26]. CEUS may be slightly influenced by changes in
the permeability of HCC [24].
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Fig.6 The enhancement ratio
was 1.57 (0.13-8.25) for CEUS
and 0.79 (0.44-1.12) for CECT/
MRI (p=0.052)

p=0.052

O =2 NWAOON®O©

CT/MRI US

This study has several limitations. First, the sample size
was small. Only a few patients were treated with lenvatinib
at our institution. Second, HCC located deep in the liver may
be invisible using ultrasonography. Fortunately, all lesions
were easily observed using ultrasonography in this study.
In most cases of intermediate- or advanced-stage HCC, the
lesions are relatively large. Furthermore, while detection of
blood flow using CEUS is relatively easy, obtaining a stable
TIC is difficult because of the movements caused by the
heartbeat, particularly in the left lobe of the liver. Further
large-scale studies are required to validate our findings with
respect to other chemotherapies.

Conclusion

Lenvatinib decreases the vascularity of HCC; however, this
does not necessarily indicate complete remission. The via-
bility of the HCC should be confirmed using CEUS when
CECT/CEMRI reveals hypoenhancement during lenvatinib
therapy.
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