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Introduction

Contrast-enhanced ultrasound (CEUS) allows continuous 
observation of intratumoral hemodynamics and its contrast 
pattern can be an essential clue for the differential diagnosis 
of focal hepatic lesions (1). CEUS with perfluorobutane 
microbubbles [Sonazoid® (GE Healthcare, Oslo, Norway)] 
is useful not only for diagnosis of hepatic lesions but also 
as guidance for percutaneous biopsy and local ablation 
therapy because it can stably depict the outline of the 
tumor during the post-vascular phase (2-5). In addition, 
some reports have attempted to evaluate blood flow in 
hepatic tumors quantitatively using CEUS (6,7). However, 
to date, there is no widely accepted and commonly used 
CEUS-based method for quantitative assessment of tumor 

vascularity in clinical practice. This may be due to the 
complex calculations required for quantitative evaluation of 
blood flow, the need to install commercial software, or the 
difficulty of reproducible evaluation unless the examiner is 
proficient in CEUS.

If an accurate quantitative assessment of liver tumor 
vascularity can be made by CEUS, it may be possible to 
detect a decrease in tumor blood flow due to the therapeutic 
effects of molecular targeted agents (MTAs) without using 
contrast-enhanced computed tomography (CECT) or 
magnetic resonance imaging (MRI). Sorafenib, previously 
used as a first-line MTA for hepatocellular carcinoma 
(HCC), exhibited a low response rate and few reports 
have attempted to determine early therapeutic efficacy by 
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CEUS (8,9). Recently, lenvatinib (Lenvima®, Eisai Co., 
Ltd., Tokyo, Japan) was approved as a novel first-line MTA 
for unresectable HCC based on the phase III REFLECT 
trial (10). Lenvatinib exerts antitumor activity by inhibiting 
angiogenesis through blockage of both vascular endothelial 
growth factor and fibroblast growth factor pathways (11). 
In fact, patients with HCC who experienced remarkable 
responses to lenvatinib show marked decreases in tumor 
vascularity by CECT scans (12). However, CECT is not 
suitable for early prediction of treatment response or 
frequent monitoring because overutilization of CECT 
increases medical costs and the patient’s risk of both 
contrast media and radiation exposure.

In the present study, we performed CEUS on patients 
with HCC treated with lenvatinib and attempted to 
identify early therapeutic efficacy by quantitatively 
assessing tumor vascularity before and 1 to 2 weeks after 
treatment initiation. In addition, we aimed to develop a 
simplified method of quantitative assessment of tumor 
vascularity using the built-in quantification software on the 
ultrasound system in order for it to be performed easily and 
reproducibly by non-skilled sonographers.

Methods

In total, 43 patients with HCC received treatment with 
lenvatinib at Kyoto University Hospital (Kyoto, Japan) 
from March 2018 to July 2019. The diagnosis of HCC was 
based on CECT, MRI, and/or CEUS. We collected clinical 
data for these patients before treatment with lenvatinib, 
including treatment history and blood test results. The 
ethics committee of Kyoto University Hospital approved 
the study protocol (protocol number R2009), and we 
received informed consent from each participant.

Sonazoid-enhanced ultrasound imaging

The sonographic scans were performed with a LOGIQ 
E9 system (GE Healthcare, Milwaukee, WI, USA) 
using a convex probe. The dual-display function on the 
ultrasound system was used, providing a simultaneous 
display of the conventional B-mode and CEUS on a single 
monitor. For CEUS, one vial (16 μg) of perfluorobutane 
was reconstituted with 2 mL of sterile water for injection. 
An intravenous bolus injection of the perfluorobutane 
solution was administered in a volume of 0.5 mL, 
followed by immediately with a manual 10-mL saline 
flush for approximately 3 seconds. To avoid disrupting the 

microbubbles, we selected a low-mechanical index (0.2–0.25) 
and set the focus below the tumor of interest.

Quantitative assessment of tumor vascularity by CEUS

The quantitative assessment of tumor vascularity was 
performed with time-intensity curve (TIC) analysis using the 
LOGIQ E9 system. First, we selected one hyper-vascularized 
target tumor that could be stably observed within 10 cm  
from the body surface by CEUS and was considered 
suitable for TIC analysis, referring to the prior CECT and 
B-mode ultrasonography. Second, a video was recorded 
during the early vascular phase of CEUS (Figure 1A).  
Third, during TIC analysis mode, two regions of interest 
(ROI) were set at the most intensely imaged area in the 
tumor and the background liver area at the same depth, 
and then two TICs were displayed (Figure 1B). In order 
to make the method of quantifying tumor vascularity as 
simple and widely accepted as possible, we used the default 
ROI size of 5 mm without changing it from case to case. 
Fourth, a smoothing process was applied to the TICs. The 
starting point of the quantitative assessment was set from 
the junction of the two TICs where the curves start splitting 
into different curves, and the endpoint was set 15 s after the 
starting point, considering the time period that all patients 
can stably hold their breath (Figure 1C). Finally, several 
parameters, including the area under the curve (AUC), were 
automatically calculated from the TICs. The quantitative 
tumor vascularity was defined as the AUC of the tumor area 
minus that of the background liver area (ΔAUC, Figure 1D). 
To ensure the accuracy of the quantitative assessment, the 
TIC analysis was carried out in discussion with two or three 
examiners. Quantitative assessment of tumor vascularity was 
performed just before and 1 and/or 2 weeks after the start of 
treatment with lenvatinib.

Protocol of treatment with lenvatinib

The initial dose of lenvatinib was 8 mg q.d. to patients 
weighing <60 kg and 12 mg once a day to those weighing 
≥60 kg. However, at the discretion of the attending 
physician, it was acceptable to start treatment with a 
reduced dose (from 12 to 8 mg, or from 8 to 4 mg) after 
obtaining informed consent. If unacceptable drug-related 
adverse events (AEs) occurred, the dose was reduced 
or treatment was interrupted. This dose reduction or 
temporary interruption of lenvatinib was maintained until 
the AEs were reduced to grade 1 or 2.
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Figure 1 Quantitative assessment of tumor vascularity with Sonazoid-enhanced ultrasound. (A) A hypervascular tumor considered suitable 
for time-intensity curve (TIC) analysis was selected (yellow arrows). (B) Small regions of interest were set at the most intensely imaged 
area in the tumor (yellow circle) and the background liver area at the same depth (green circle). (C) The starting point of the quantitative 
assessment was set at the junction of the two TICs, and the endpoint was set 15 s after the starting point. (D) The quantitative tumor 
vascularity was defined as the area under the curve (AUC) of the tumor area minus that of the background liver area (ΔAUC).
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Evaluation of therapeutic response

Dynamic CECT scans were performed 8–12 weeks after 
treatment initiation to evaluate the therapeutic response 
to lenvatinib. The response to lenvatinib [complete 
response (CR), partial response (PR), stable disease (SD), or 
progressive disease (PD)] was evaluated by investigators in 
accordance with the modified Response Evaluation Criteria 
in Solid Tumors (mRECIST) guidelines (13).

Results

Baseline clinical characteristics of patients

Schematic flowchart of the patients enrolled in this study 
is shown in Figure 2. Among the 43 patients who started 
treatment with lenvatinib, seven discontinued treatment within 
2 months due to AEs or disease progression. Thirteen patients 
did not undergo CEUS and four patients only had extrahepatic 
tumors. Among the 19 patients who underwent CEUS, TIC 

analysis was unsuccessful in six of them because their tumors 
could not be detected clearly during the early vascular phase of 
CEUS due to their size or depth. Consequently, quantitative 
assessment of tumor vascularity before treatment and 1 and/or 
2 weeks after treatment initiation was successfully performed 
in 13 patients, and their baseline characteristics are shown in 
Table 1. The present study included 10 males and three females 
(mean age, 69.7 years; age range, 50–85 years). One patient 
was administered lenvatinib as an initial treatment, while  
12 patients had a treatment history for HCC.

Therapeutic response to lenvatinib

Among the 13 patients, seven patients experienced down-
titration and one patient experienced a temporary interruption 
of lenvatinib treatment due to AEs. In the CECT imaging 
results of the 13 patients evaluated at 8–12 weeks, CR was 
noted in one patient, PR in eight patients, SD in three patients, 
and PD in one patient following the mRECIST guidelines.
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Table 1 Baseline characteristics of patients who underwent time intensity curve analyses (n=13)

Variables Values

Age (years, range) 69.7±10.5 (50 to 85)

Gender (male/female) 10/3

Body weight (<60 kg/≥60 kg) 5/8

ECOG PS (0/1) 11/2

Etiology (HBV/HCV/NBNC) 3/3/7

BCLC stage (B/C) 7/6

The number of intrahepatic tumors (range) 5.38 (3 to 11)

Treatment history (treatment prior to lenvatinib), naïve/recurrence 1/12

Surgery 1

Radiofrequency ablation 1

TACE 8

Sorafenib 1

Regorafenib 1

AST (IU/L) 49.1±25.6

ALT (IU/L) 29.0±15.6

Platelets (×104/μL) 14.6±5.78

Serum albumin (g/dL) 3.65±0.48

Total bilirubin (mg/dL) 0.87±0.25

Prothrombin time (%) 88.3±11.8

Child-Pugh score (5/6/7) 7/5/1

ALBI grade (1/2) 4/9

ALBI score −2.34±0.43

AFP (ng/mL) 15,326±44,986

DCP (mAU/mL) 4,932±10,079

Values are presented as mean ± standard deviation (range) or number. ECOG PS, European Cooperative Oncology Group performance 
status; HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, non-B non-C; BCLC, Barcelona Clinic Liver Cancer, TACE, transarterial 
chemoembolization; AST, aspartate aminotransferase; ALT, alanine aminotransferase, ALBI, albumin-bilirubin; AFP, α-fetoprotein; DCP, 
des-γ-carboxy prothrombin.

Correlation between changes in tumor vascularity and 
response to lenvatinib

The relationship between the early changes in tumor 
vascularity evaluated with CEUS and the responses to 
lenvatinib detected by CECT carried out after 8–12 weeks 
was investigated in all patients. As a result, all nine patients 
who experienced objective responses (CR or PR) showed 
marked decreases in ΔAUC (≥20%) within 2 weeks after 
treatment initiation (Figure 3). In contrast, one case with 

SD and 2/3 cases with PD showed slight increases in ΔAUC 
after 1 week, and one case with PD showed a slight decrease 
in ΔAUC after 2 weeks.

Two representative cases are shown in Figures 4,5.  
Figure 4 shows the case of a 67-year-old male. He was 
initially treated with transarterial chemoembolization; 
however, a treatment switch to lenvatinib was planned 
due to disease progression. Although he weighed 79.0 kg 
weight and had a Child-Pugh score of 5, lenvatinib was 
started at 8 mg/day due to deterioration of his performance 
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status. A hypervascular tumor, 2 cm in diameter, in segment 
five was considered suitable as a target lesion (Figure 4A). 
The baseline ΔAUC evaluated one day before treatment 
initiation was 207.35 (Figure 4B). After treatment with 
lenvatinib for 1 week, the ΔAUC decreased to 134.16 
(64.7% of initial value, Figure 4C). Furthermore, the 
ΔAUC decreased to 109.42 (52.8% of initial value) after 
2 weeks (Figure 4D). He continued to receive treatment 
with 8 mg until the CECT was performed after 9 weeks. 

CECT revealed a marked decrease in tumor vascularity 
and indicated PR following mRECIST guidelines. Figure 5  
shows the case of a 55-year-old woman who experienced 
multiple recurrences after liver resection. A 1.2-cm-
diameter tumor in segment three was selected (Figure 5A). 
The baseline ΔAUC evaluated one day before treatment 
initiation was 110.79 (Figure 5B). Surprisingly, after 
treatment for 1 week with 12 mg/day, the ΔAUC decreased 
to 47.57 (42.9% of initial value, Figure 5C). After 8 weeks 
of treatment CECT demonstrated the disappearance of 
enhancement in the arterial phase not only in the target 
lesion but also in other tumors. Thus, she was diagnosed as 
having CR (Figure 5D).

Discussion

For assessment of the treatment response to MTAs in 
patients with HCC, either the Response Evaluation 
Criteria in Solid Tumors 1.1 (RECIST 1.1) or mRECIST 
is recommended by the EASL guidelines (14). RECIST 
1.1 is based on the measurement of the whole tumor, while 
mRECIST is based on measurement of the largest diameter 
of the arterialized tumor area (14). Both criteria need 
CECT or MRI scans; however, CECT or MRI at a very 
early stage, such as a few weeks after the start of treatment, 
is not suitable in terms of patient burden and cost-
effectiveness. Since, lenvatinib is an MTA that is associated 
with some AEs early in the course of treatment, such as 
hypertension, general malaise, and anorexia (10,11,15); 
early prediction of the treatment effect contributes to 
an appropriate and individualized treatment plan and an 
improvement in patient motivation for treatment.

In the present study, we demonstrated that quantitative 
assessment of tumor vascularity by CEUS within 2 weeks 
of treatment with lenvatinib could predict therapeutic 
responses in patients with HCC. Among the 13 patients 
studied, the nine patients who showed marked decreases in 
quantitative tumor vascularity (≥20%) experienced objective 
responses (CR or PR) as assessed by CECT performed 8–12 
weeks after treatment initiation. In contrast, three patients 
without decreases in tumor vascularity and one patient with 
a slight decrease showed poor responses to lenvatinib (SD 
or PD).

Several methods have been proposed for the quantitative 
evaluation of tumor blood flow by contrast ultrasound. 
Shiozawa et al. previously reported the utility of arrival time 
parametric imaging using CEUS in predicting treatment 
effects of sorafenib. They measured the mean arrival time 

Figure 2 Schematic flowchart of the patients enrolled in this 
study. HCC, hepatocellular carcinoma; TIC, time-intensity curve; 
CEUS, contrast-enhanced ultrasound. 

Patients with HCC who 
started treatment with 

lenvatinib (n=43)

Discontinued lenvatinib within 2 months 
(n=7)

Did not undergo CEUS 
(n=13)

Only with extrahepatic tumors (n=4)

TIC analyses were unsuccessful (n=6)

Enrolled 13 patients

Figure 3 Correlation between early changes in quantitative tumor 
vascularity (ΔAUC) detected by Sonazoid-enhanced ultrasound 
and response to lenvatinib detected by CECT after 8–12 weeks. 
PD, progressive disease; SD, stable disease; PR, partial response; 
CR, complete response. 
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Figure 4 Case of a 67-year-old male patient. (A) A 2-cm diameter hypervascular tumor in segment five was considered suitable as a target 
lesion (arrowhead). (B) The baseline ΔAUC evaluated before treatment initiation was 207.35. (C) ΔAUC decreased to 134.16 (64.7% of 
initial value) after 1 week of treatment. (D) ΔAUC decreased to 109.42 (52.8% of initial value) after 2 weeks. (E) CECT performed after 9 
weeks showed marked decrease in tumor vascularity (arrowhead).
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Figure 5 Case of a 55-year-old female patient. (A) A 1.2-cm diameter hypervascular tumor was detected in segment three by CECT 
(arrowhead). (B) The baseline ΔAUC evaluated before treatment initiation was 110.79. (C) ΔAUC decreased to 47.57 (42.9% of initial value) 
after 1 week of treatment. (D) Computed tomography performed after 8 weeks showed marked decrease in tumor vascularity (arrowhead).
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of the contrast agent in the target lesion from a reference 
point (9). Their method requires setting an appropriate 
reference point not in the background liver but within 
the vessel (such as an intrahepatic artery near the tumor), 
which could lead to discrepancies in the results due to 
the examiner. In addition, since the reference point is set 

in the artery, it may be affected by treatment-induced 
hemodynamic changes. Sugimoto et al. (16) and Kuroda  
et al. (7) reported the methods using the rate of change for 
total AUC during “wash-in”. Their methods are similar to 
ours. However, they did not set a reference point; thus, their 
data may still be affected by hemodynamic arrival changes. 
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In our method, the ROI in the tumor and background 
liver can be set to an appropriate position while repeatedly 
checking the video images, which reduces the possibility of 
blurred results even for inexperienced sonographers. Since 
the calculation method is also simple, it could be widely 
accepted. However, it should be noted that the change in 
tumor vascularity of a single tumor detected by CEUS does 
not necessarily apply to all other tumors.

Overall, our findings have potentially important clinical 
implications for the quantitative assessment of tumor 
vascularity by CEUS as a predictor of therapeutic responses 
to lenvatinib in patients with HCC. However, our study has 
several limitations. First, in some patients (6 out of 19 in 
this study), the quantitative assessment of tumor vascularity 
was difficult due to the small size or depth from the liver 
surface. Second, our study was a single-center design and 
due to a small sample size, it was difficult to conduct a 
comparative analysis of response and non-response cases. 
Thus, caution should be exercised in interpreting our 
initial experience. In addition, in order to demonstrate the 
superiority and simplicity of our quantification method, 
further studies are required to compare with existing other 
commercial software packages.

Conclusions

In conclusion, we demonstrated that quantitative assessment 
of tumor vascularity by our simplified CEUS-based 
simplified method could be a useful predictor of therapeutic 
responses to lenvatinib in patients with HCC.
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