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Abstract
Background and Aim: Lenvatinib (LEN) has an antitumor effect with an early
reduction in contrast enhancement for unresectable hepatocellular carcinoma (HCC).
The aim of this study was to reveal the most useful radiological response evaluation
for overall survival (OS) in patients treated with LEN.
Methods: Patients receiving LEN therapy (n = 80) were retrospectively recruited from
April 2018 to January 2020. Enhanced computed tomography scans were performed
at baseline and every 4–8 weeks. OS and radiological response were evaluated using
response evaluation criteria in solid tumors (RECIST 1.1), modified RECIST
(mRECIST), and Choi criteria. To be eligible for study, a minimal cumulative dura-
tion of LEN was 4 weeks. A total of 62 patients were included in the analysis.
Results: The median OS was 469 days. The RECIST 1.1, mRECIST, and Choi
criteria identified 14 (22.5%), 30 (48.3%), and 33 (53.2%) patients with an objective
response, respectively. In the univariate analysis, Child–Pugh class B, major vascular
invasion, and high alpha-fetoprotein (>200) were statistically significant poor prog-
nostic factors. Radiological response was a significantly better prognostic factor in
each criterion (RECIST, mRECIST, and Choi). In the multivariate analysis, radiologi-
cal response evaluated by RECIST (hazard ratio, 0.259; 95% confidence interval,
0.0723–0.928; P = 0.038) was an independent factor. Furthermore, only RECIST sig-
nificantly stratified prognosis (P = 0.041) when limited to the first evaluation.
Conclusion: RECIST 1.1 was useful even as early therapeutic evaluation for HCC
patients treated with LEN. Understanding the characteristics of radiological response
over time may contribute to improving the prognosis of patients with HCC.
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Introduction
Lenvatinib (LEN) is a newly approved, multikinase inhibitor for
unresectable hepatocellular carcinoma (HCC)1–4 and is a first-line
agent in addition to sorafenib5 (SOR). Several reports have rev-
ealed the clinical characteristics of patients treated with LEN in a
real-world setting. LEN was favorable for not only tyrosine
kinase inhibitor (TKI)-experienced6 and elder7 patients but also
for those with portal vein tumor thrombosis.8 Prognostic factors
such as liver function,9,10 relative dose intensity,11 neutrophil-to-
lymphocyte ratio,12 and nutritional index13 were also reported.

While we previously conducted a radiological response
study,14 some studies reported on radiological objective response
(OR) and its predictors (alpha-fetoprotein [AFP],15 albumin–
bilirubin grade,16 and relative dose intensity [RDI]17).

The RECIST 1.1 is considered the standard evaluation
method for tumor radiological response in clinical trials. This cri-
terion established the impact on survival outcomes in patients
with solid tumors.18 The development and validation of systemic
therapies necessitated new criteria to assess tumor responses,
which led to the introduction of the mRECIST.19,20 Previous
studies demonstrated that OR evaluated by mRECIST is an inde-
pendent predictor of overall survival (OS) in HCC patients.20–23

Llovet et al. reviewed the performance and novel refinements of
the mRECIST24 10 years prior to this publication. Choi et al.
developed a composite end-point for gastrointestinal stromal
tumors (GISTs) treated with imatinib, which included tumor size
and enhancement.25 Some reports suggested that such an evalua-
tion tool was also useful for HCC.14,26–28

While there have been reports on the response criteria for
SOR treatment, which radiological method is suitable for
predicting the prognosis of patients treated with LEN is
unknown. Although OR was obtained at early time points, pro-
gressive disease (PD) often followed (due to LEN discontinua-
tion and other factors). Therefore, additional studies are needed
to further validate the predictive radiological response on sur-
vival following LEN administration and to identify the optimal
time point to assess a radiological response.

The aims of this study were to reveal the most useful
radiological response evaluation and prognostic factors in
patients receiving LEN. Moreover, we assessed the relationship
between the time course of each radiological response and
prognosis.

Methods

Patients. Consent to LEN therapy was obtained from
80 patients at the Musashino Red Cross Hospital from April
2018 to January 2020. There was a total of 334 treatment cases
with advanced HCC in the same period, as described in
Table S1, Supporting information. The diagnosis of HCC was
based on pathologically proven HCC or radiologic findings, such
as typical arterial enhancement of the tumor followed by a wash-
out pattern in the images in the portal venous phase or the equi-
librium phase on dynamic computed tomography (CT) imaging
or magnetic resonance imaging (MRI) in accordance with the
criteria of practice guidelines.29–31 To support the diagnosis of
HCC, we also used the Liver Imaging Reporting and Data

System,32–34 which was created to standardize the reporting and
collection of CT and MRI data for HCC.

The inclusion criteria for LEN treatment were as follows:
metastatic or locally advanced HCC that was unresectable or
refractory to transarterial chemoembolization (TACE), Barcelona
Clinic Liver Cancer (BCLC) stage B or C,35 and an Eastern
Cooperative Oncology Group performance status of 0–1.36 An
abdominal CT scan was performed within 8 weeks after LEN
administration. The exclusion criteria were as follows: patients
with missing data due to early discontinuation (less than
4 weeks) because of LEN intolerance or loss to follow-up.

Written informed consent was obtained from all study par-
ticipants. The ethics committee of the Musashino Red Cross Hos-
pital approved the study. The investigation was conducted in
accordance with the Declaration of Helsinki. A total of
62 patients were finally included in this cohort.

LEN treatment. LEN was orally administered at 8 mg/day to
patients weighing <60 kg and 12 mg/day to those ≥60 kg. Treat-
ment was discontinued due to any unacceptable or serious
adverse events (AEs) or tumor progression. LEN was reduced or
interrupted if a patient developed any unacceptable grade 2 or
any grade 3 drug-related AEs. If a patient developed AEs, dose
reduction or temporary interruption was maintained until the
symptoms resolved to lower than grade 2. AEs were assessed
using the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0.37,38

CT scan procedures. Chest, abdomen, and pelvis CT scans
were performed with a 64-section multidetector CT scanner
(LightSpeed VCT or Optima CT660 or Revolution GSI; GE
Healthcare, Milwaukee, WI, USA, http://www.gehealthcare.
com). First, a precontrast abdominal scan was performed. Next,
300 mgI/mL of a nonionic iodinated contrast agent was adminis-
tered intravenously. Its volume was 750 mgI/kg, and it was
administered through a 20–22-gauge catheter via an antecubital
vein over 35 s. The arterial, portal venous, and equilibrium
phases were obtained 40, 70, and 150 s after contrast medium
administration, respectively. No oral contrast medium was
administered.

For each target lesion, arterial phase acquisition was used
to measure the maximum diameter, the maximum unidimensional
enhanced diameter, the product of the bidimensional enhanced
diameters, and tumor density. Based on these parameters, we
evaluated the response according to the RECIST 1.1, mRECIST,
and Choi criteria, as previously reported.14 Due to the absence of
specific guidelines on the use of the Choi criteria in HCC, we
adapted the original Choi criteria to fit specific HCC patterns, as
previously reported.26 Because HCC is a hypervascular tumor,
the density was measured during the arterial phase instead of the
portal phase, as originally described for GISTs.25–27

Study end-point. The end-point for this analysis was OS,
which was calculated from the date of initiation of lenvatinib
treatment until death by any cause or the last follow-up. Baseline
factors associated with OS were analyzed. The factors analyzed
for prognostic significance included the following: age, gender,
serum data (albumin, bilirubin, prothrombin time, and AFP),
Child–Pugh score before LEN administration, and HCC
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conditions (major portal vein, vessel invasion, distant metastasis,
and BCLC stage). Furthermore, we analyzed radiological
response and OS.

Statistical analyses. The Chi-square and Fisher’s exact
tests were used to compare categorical variables, and the Student
t test or the Mann–Whitney U test was used to compare continu-
ous variables. Cumulative patient survival percentage curves
were prepared using the Kaplan–Meier method. The cumulative
survival curves were compared using the log-rank test. The fac-
tors associated with patient prognosis were analyzed using a Cox
proportional hazards model. Significance was set at P < 0.05.
The GraphPad Prism software (GraphPad Software, San Diego,
CA, USA) and EZR (Saitama Medical Center, Jichi Medical Uni-
versity, Shimotsuke, Japan) were used to analyze statistical
significance.

Results

Baseline characteristics. To be eligible for this study,
62 patients received a minimal cumulative duration of 4 weeks
of LEN. The patient characteristics are shown in Table 1. The
median age was 74 (49–93) years old. There were 30 (48%)
patients older than 75 years old. The number of patients with
Child–Pugh class A was 54 (87%), and the number with grade B
was 8 (13%). There were 25 (40%) and 37 (60%) patients with
BCLC stages B (intermediate) and C (advanced), respectively. A
total of 26 (42%) patients had extrahepatic metastasis, and
17 (27%) had major vascular invasion. The number of TKI-naive
patients was 39 (63%), while the number of TKI-experienced
patients was 23 (37%). The median LEN treatment duration was
156.5 (30–662) days.

OS and radiological response. The median OS of
patients treated with LEN was 469 days (Fig. 1a).

The best radiological response to LEN treatment was eval-
uated with the RECIST 1.1, mRECIST, and Choi criteria.
According to RECIST 1.1, 14 (22.5%) and 11 (17.7%) patients
had OR and PD, respectively. A total of 37 patients (61.7%) had
stable disease (SD). The mRECIST and Choi criteria identified
30 (48.3%) and 33 (53.2%) patients with OR, respectively. As
shown in Table 2, the objective response rate (ORR) with the
RECIST 1.1 was significantly lower than that with the mRECIST
and Choi criteria (P = 0.001, Chi-square test).

The number of patients with PD and the disease control
rate were similar among the three groups. The time to progres-
sion (TTP) was 124 days, 127 days, and 143 days for each crite-
rion (RECIST, mRECIST, and Choi, Figure S1A, Supporting
information). The median OS of patients who received additional
therapy after PD assessment for LEN treatment was longer than
those who did not receive additional therapy (Fig. S1B and
Table S2).

Survival curves for the best response according to the
RECIST 1.1, mRECIST, and Choi criteria are shown in
Figure 1b. For each method, OS in patients with OR and SD was
significantly longer than that in patients with PD (RECIST
P = 0.0073, mRECIST P = 0.0357, Choi criteria P = 0.0062).
The OS with OR for the RECIST, mRECIST, and Choi criteria
was the same: 554 days.

Prognostic factors. Next, we investigated the prognostic
factors of OS in advanced HCC patients treated with LEN using
univariate and multivariate analyses. In the univariate analysis,
Child–Pugh class B, major vascular invasion, and high AFP
(>200) were significant poor prognosis factors for patients treated
with LEN. Radiological response according to each criterion was a
significant positive prognostic factor. In the multivariate analysis,
only the best radiological response according to the RECIST (haz-
ard ratio [HR], 0.259; 95% confidence interval [CI] 0.0723–0.928;
P = 0.038) was an independent factor of OS in advanced HCC
patients treated with LEN (Table 3).

Table 1 Baseline clinical characteristics of patients treated with
lenvatinib

Lenvatinib (n=62)

Age (years), median (range) 74 (49–93)
Age group (years)

<65 10 (16%)
≥65 to <75 22 (36%)
≥75 30 (48%)

Gender: male/female (%) 53 (85%)/9 (15%)
Bodyweight (kg)

<60 30 (48%)
≥60 32 (52%)

Etiology of chronic liver disease
HBV 12 (19%)
HCV 30 (48%)
Alcohol 8 (13%)
Others 12 (19%)

Child–Pugh class
A 54 (87%)
B 8 (13%)

ECOG PS
0 42 (68%)
1 20 (32%)

BCLC
B (intermediate stage) 25 (40%)
C (advanced stage) 37 (60%)

Extrahepatic spread
Yes 26 (42%)
No 36 (58%)

Macroscopic vascular invasion
Yes 17 (27%)
No 45 (73%)

Baseline AFP concentration
Median 113.1 (1.6–70 000)

Baseline AFP concentration group (ng/mL)
<200 34 (55%)
≥200 27 (44%)
Missing 1 (1%)

Concomitant systemic antiviral therapy for
HBV or HCV

19 (31%)

Clinical course (systemic therapy)
First line 39 (63%)
Second line 6 (10%)
Third line 17 (27%)

Median LEN treatment duration (days) 156.5 (30–662)

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBV, hepati-
tis B virus; HCV, hepatitis C virus; LEN, lenvatinib; PS, performance status.
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Prognosis and timing of radiological evaluation.
We focused on the first and second radiological evaluations. Sur-
vival curves for the first response according to the RECIST 1.1,
mRECIST, and Choi criteria are shown in Figure 2a. Among the
three methods, the RECIST significantly stratified OS of patients
(P = 0.0412). Radiological evaluation with the contrast effect
(mRECIST and Choi) had no significant difference in OS
(P = 0.182 and 0.0928, respectively).

To clarify the gap, we assessed the first and second radio-
logical response according to the mRECIST and Choi criteria. A
total of 54 patients underwent two consecutive radiological eval-
uations. As described in Table 4, the first and second evaluations
had diversity. With the RECIST, OR was generally achieved in
the first evaluation, and OR and SD were noted in the second

Figure 1 Survival and radiological best objective response assessed by the RECIST 1.1, mRECIST, and Choi criteria. (a) Overall survival (OS) of
patients with hepatocellular carcinoma treated with lenvatinib. (b) Patients with the best objective response (OR, blue), stable disease (SD, green),
and progressive disease (PD, red) assessed by the RECIST 1.1, mRECIST, and Choi criteria. The P-values are from log-rank tests.

Table 2 Best radiological response

Best radiological response RECIST mRECIST Choi

CR (n) 1 5 1
PR (n) 13 25 32
SD (n) 37 22 19
PD (n) 11 10 9
Total (n) 62 62 62
ORR (%) 22.5 48.3 53.2
DCR (%) 82.2 83.8 85.4

CR, complete response; DCR, disease control rate; ORR, objective
response rate; PD, progressive disease; PR, partial response; SD, sta-
ble disease.
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evaluation. However, with the mRECIST and Choi, the OR was
widely evaluated in the first evaluation, and OR, SD, and PD
were noted in the second evaluation.

Patients who were evaluated to have OR and SD twice
consecutively with the mRECIST and Choi criteria had signifi-
cantly better prognosis than those who were evaluated to have
OR and SD in the first evaluation and PD in the second evalua-
tion (mRECIST: HR, 0.324; 95% CI, 0.111–0.949; log-rank test,
P = 0.0141; Choi criteria: HR, 0.293; 95% CI, 0.101–0.845; log-
rank test, P = 0.0231, Fig. 2b). There are some reports on the ini-
tial RDI and effects of LEN.11,17 Maintaining a higher RDI led
to a better prognosis in patients treated with LEN. Thus, we ana-
lyzed the relationship between a 4-week RDI after the first radio-
logical evaluation and radiological response in the second
evaluation classified by the BCLC stage. The mRECIST and
Choi criteria evaluation results were the same in the second eval-
uation. In patients with BCLC stage B, the RDI of patients with
OR and SD in the second evaluation was significantly higher
than those with PD in the second evaluation (0.566 vs 0.25;
Mann–Whitney U test, P = 0.0281; Fig. 2c). Thus, it was diffi-
cult to stratify prognosis, especially in the first radiological evalu-
ation with the contrast effect (mRECIST and Choi criteria),
because the time course RDI affected the radiological response.

Discussion
This study provided the initial evidence that the RECIST was
useful for stratifying prognosis (OR, SD, and PD) even in an
early evaluation for HCC patients treated with LEN. This study
also validated that LEN showed high ORR in each criterion
(Table 2) as previously reported.39

The RECIST has high accuracy and precision for the eval-
uation of cancer treatment, including immuno-oncology, and it is
commonly used not only in clinical trials but in clinical practice
for other carcinomas.40 In this study, the RECIST showed high
accuracy, as demonstrated by the best radiological response
(Fig. 1), and was an independent prognostic factor (Table 3) and
limited to the first radiological response (Fig. 2).

Previous studies demonstrated that OR evaluated by the
mRECIST is an independent predictor of OS in HCC patients.20–23

The mRECIST will become a more useful HCC treatment evalua-
tion tool if ideal evaluation is possible, as shown in a review.24

In trials, the ORR, progression-free survival, and time to
progression evaluated by the mRECIST targeting early or inter-
mediate HCC cases and both the mRECIST and RECIST in
advanced cases is recommended by American and European
guidelines.29,30,41,42 The Choi criteria have the characteristics of
both the RECIST and mRECIST, and they can be objective. As
there are still only a few reports,14,26,28 further studies are
expected to prove the usefulness of the Choi criteria.

However, it is often difficult to distinguish tumor necrosis
and reduced arterial perfusion caused by changes in local hemo-
dynamics with images only. As some cases showed tumor reper-
fusion when LEN was discontinued, staining criteria (mRECIST
and Choi) should be carefully used in LEN treatment. Although
a good response was obtained in the first evaluation, PD was
often found in the subsequent evaluation. In the present study,
patients evaluated to have OR or SD in the first evaluation and
PD in the second evaluation had a significantly poorer prognosis
than those evaluated to have OR or SD in two consecutive evalu-
ations (Fig. 2b). Furthermore, the RDI of BCLC stage B patients
evaluated to have PD in the second evaluation was significantly
lower than those who were evaluated to have OR or SD in the
second evaluation. There were more elderly and lower-weight
patients in our cohort than in clinical trials.4 Therefore, it was
difficult to maintain a high RDI due to dose reduction and dis-
continuation rates. The RECIST may be more useful than the
mRECIST or Choi criteria for the first evaluation in such a
patient population. Continuous management of adverse effects
and LEN doses is also crucial after the first evaluation, especially
with the mRECIST and Choi criteria, which evaluate staining.
Patients who cannot maintain the RDI during BCLC stage B
may be considered for additional TACE therapy.43,44

Necrosis evaluation is an important issue when anticancer
drugs that can dynamically change the staining pattern, such as
LEN, are used. The evaluation of staining methods (mRECIST
and Choi criteria) was suitable for the effect of local control ther-
apies, such as TACE and radiofrequency ablation. Currently,
objective tumor shrinkage evaluations, such as the RECIST,
remain useful for chemotherapy, with which it was difficult to

Table 3 Cox proportional hazards regression analysis for factors associated with prognosis of patients treated with lenvatinib

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age 1.03 0.989–1.082 0.139
Gender male 0.901 0.268–3.036 0.867
Child Pugh ≥ 7 (B) 5.507 1.598–18.97 0.00687 2.348 0.644–8.559 0.196
MVI 2.815 1.276–6.207 0.0103 1.984 0.878–4.482 0.995
EHS 0.947 0.429–2.088 0.892
AFP > 200 2.736 1.219–6.14 0.0147 2.388 0.997–5.720 0.0508
Past history of TKI 1.137 0.499–2.586 0.76
RECIST best (OR/SD/PD) 0.377 0.201–0.708 0.0024 0.259 0.0723–0.928 0.038

mRECIST best (OR/SD/PD) 0.581 0.344–0.981 0.0422 0.0646 0.00282–1.481 0.863
Choi best (OR/SD/PD) 0.482 0.293–0.792 0.00395 0.0893 0.00343–2.323 0.146

Boldface means P value are <0.05.
AFP, alpha-fetoprotein; EHS, extrahepatic spread; HR, hazards ratios; MVI, major vascular invasion; OR, objective response; PD, progressive disease;
SD, stable disease; TKI, tyrosine kinase inhibitor.
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achieve complete necrosis. In the future, evaluation methods with
staining will become the gold standard if convenient tools for
such qualitative diagnosis other than biopsy are invented. We
emphasize that these results are particularly applicable in early to

mid-term assessment of LEN therapy because of dynamic
changes in the staining pattern. This study suggested the neces-
sity of considering the evaluation method depending on the anti-
HCC drug.

Figure 2 Survival and radiological objective response assessed by the first and second evaluations with the RECIST 1.1, mRECIST, and Choi
criteria. (a) Patients with objective response (OR, blue), stable disease (SD, green), and progressive disease (PD, red) in the first evaluation. The
P-values are from log-rank tests. (b) Survival curve of patients grouped by the first and second mRECIST and Choi criteria evaluations. OR or SD in
the first and second evaluations (blue), OR or SD in the first evaluation and PD in the second evaluation (green), and PD in the first and second evalu-
ations (red). The P-values are from log-rank tests. (c) The 4-week relative dose intensity (RDI) after the first radiological evaluation and the second
radiological response classified as BCLC stages B and C.

RECIST 1.1 evaluation for HCC treated with LEN S Kaneko et al.

1188 JGH Open: An open access journal of gastroenterology and hepatology 4 (2020) 1183–1190

© 2020 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.



The present study had several limitations. First,
although the study showed the usefulness of radiological
assessment in a cohort that included TKI-experienced
patients, real-world reports on LEN, including our study,
have mostly been made on Japanese populations. They may
not be able to adapt to racial differences. LEN has been
approved in many other countries, and worldwide reports and
validation studies are expected. Second, the observation
period and number of patients may be insufficient for long-
term survival evaluations and solid comparisons. Third,
although the CT scans were performed at fixed times, correc-
tions, such as bolus tracking, might lead to a more accurate
image evaluation for staining.45,46

In conclusion, the OR and PD evaluation with the REC-
IST 1.1, mRECIST, and Choi criteria was useful for observing
LEN effects and HCC prognosis. Among these criteria, the REC-
IST 1.1 were useful for therapeutic evaluation even in early HCC
patients treated with LEN. Understanding not only the character-
istics of the radiological response but also patient characteristics
and RDI over time may contribute to improving HCC patients’
prognosis.
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Additional supporting information may be found in the online
version of this article at the publisher’s website:

Figure S1. The progressive disease and additional therapy.
(A) Time to progression (TTP) of patients with hepatocellular
carcinoma treated with lenvatinib assessed by the RECIST 1.1,
mRECIST, and Choi criteria. (B) Survival curve of patients
grouped by additional therapies after progressive disease
(PD) assessed by the RECIST 1.1, mRECIST, and Choi criteria.

Table S1. Total number of treatment cases with advanced hepa-
tocellular carcinoma between April 2018 and January 2020.
Table S2. Characteristics of patients evaluated progression
disease.
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