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Abstract
Introduction: The phase III REFLECT trial demonstrated that
lenvatinib was superior to sorafenib in terms of progression-
free survival (PFS), time to progression, and objective re-
sponse rate (ORR) for patients with unresectable hepato-
cellular carcinoma (HCC). This study assessed the efficacy

and safety of preoperative lenvatinib therapy for patients
with oncologically or technically unresectable HCC.
Methods: In this multicenter single-arm phase II trial, pa-
tients with advanced HCC and factors suggestive of a poor
prognosis (macroscopic vascular invasion, extrahepatic
metastasis, or multinodular tumors) were enrolled. Patients
with these factors, even with technically resectable HCC,
were defined as oncologically unresectable because of
the expected poor prognosis after surgery. After 8 weeks
of lenvatinib therapy, the patients were assessed for
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resectability, and tumor resection was performed if the
tumor was considered technically resectable. The primary
endpoint was the surgical resection rate. The secondary
endpoints were the macroscopic curative resection rate,
overall survival (OS), ORR, PFS, and the change in the in-
docyanine green retention rate at 15 min as measured
before and after lenvatinib therapy. The trial was registered
with the Japan Registry of Clinical Trials (s031190057).
Results: Between July 2019 and January 2021, 49 patients
(42 oncologically unresectable patients and 7 technically
unresectable patients) from 11 centers were enrolled. The
ORR was 37.5% based on mRECIST and 12.5% based on
RECIST version 1.1. Thirty-three patients underwent surgery
(surgical resection rate: 67.3%) without perioperative mor-
tality. The surgical resection rate was 76.2% for oncologically
unresectable patients and 14.3% for technically un-
resectable patients. The 1-year OS rate and median PFS were
75.9% and 7.2 months, respectively, with amedian follow-up
period of 9.3 months. Conclusions: The relatively high
surgical resection rate seen in this study suggests the safety
and feasibility of lenvatinib therapy followed by surgical
resection for patients with oncologically or technically
unresectable HCC. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

For patients with hepatocellular carcinoma (HCC) and
factors suggestive of a poor prognosis such as macro-
scopic vascular invasion, extrahepatic metastasis, and
multinodular tumors, surgical treatment is not recom-
mended in the American Association for the Study of the
Liver Disease/Barcelona Clinic for Liver Cancer (AASLD/
BCLC) Staging System and treatment guidelines; instead,
systemic therapy is mainly recommended [1, 2]. At some
centers, however, surgery has been actively performed
even for these patients, given the absence of other ef-
fective treatments. The median survival time (MST) after
resection is reported to range from 27.6 to 34.4 months
for those with portal vein tumor thrombus (PVTT) [3, 4],
45.8 months for those with bile duct tumor thrombus
(BDTT) [5], 47.4–53.6 months for those with hepatic vein
tumor thrombus (HVTT) [6, 7], and 16.7–17.8 months
for those with inferior vena cava tumor thrombus
(IVCTT) [6, 7]. The outcomes of surgical treatment for
extrahepatic metastasis have been mainly reported for a
small number of well-selected patients, with the MST
ranging from 8 to 14 months for patients with lymph
node metastases, from 12 to 21 months for patients with
adrenal metastases, from 16 to 52 months for patients

with lung metastases, and from 3 to 69 months for pa-
tients with peritoneal dissemination [8, 9]. For patients
with multinodular tumors, the MST of patients who
underwent non-curative resection with residual tumors
in the liver was reported to be 29 months [10]. As the
postoperative outcomes of these patients were unsatis-
factory, these tumors were considered to be oncologically
unresectable despite being technically resectable [11].
Multidisciplinary treatment combining surgical and
nonsurgical treatments, such as surgery after preoperative
therapy, has been attempted to improve the prognosis of
these patients.

The objective of preoperative treatment in cases judged
as being technically unresectable is to make the tumor
technically resectable. Meanwhile, there are two objec-
tives in cases that are judged as being oncologically
unresectable: (1) to control micrometastasis and (2) to
select surgical candidates after confirming that the tumor
is unlikely to progress within a short period of time. In
particular, the second objective is unique to preoperative
treatment and cannot be achieved with postoperative
treatment. As a preoperative treatment for HCC, the
efficacies of transcatheter arterial chemoembolization
(TACE), hepatic arterial infusion chemotherapy (HAIC),
radiotherapy, and sorafenib have been evaluated and
reported. Although several retrospective studies have
reported on the use of preoperative TACE and HAIC, a
benefit for prognosis has not been clearly demonstrated
[12–15]. The efficacy of neoadjuvant radiotherapy for
hepatitis B virus-related HCC with PVTT was recently
demonstrated in a randomized controlled trial [16];
however, its efficacy for HCC arising from other etiol-
ogies needs to be evaluated. The utility of sorafenib has
only been reported in case reports and small-sized case
series [11]. The scarcity of these reports may be attrib-
utable to sorafenib’s small partial or complete response
rate. Thus, the efficacy of multidisciplinary treatment
using conventional nonsurgical treatments has been
limited.

Lenvatinib (Eisai Inc., Woodcliff Lake, NJ, USA), an
oral multikinase inhibitor that targets VEGF receptors
1–3, FGF receptors 1–4, PDGF receptor α, RET, and KIT,
was approved in Japan inMarch 2018 for the treatment of
unresectable HCC. In the phase III REFLECT trial,
lenvatinib demonstrated non-inferiority in the overall
survival (OS) and improvements in progression-free
survival (PFS), time to progression, and objective re-
sponse rate (ORR), compared with sorafenib – which was
the only first-line systemic therapy available for about a
decade [17]. With its high response rate of 40.6%, based
on a masked independent imaging review performed
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using the modified Response Evaluation Criteria in Solid
Tumors (mRECIST) [18], lenvatinib is expected to play
an important role as a preoperative therapy; however,
only retrospective studies have been reported to date.
This prospective phase 2 study aimed to evaluate the
efficacy and safety of preoperative lenvatinib therapy for
patients with oncologically or technically unresectable
HCC, i.e., those with factors suggestive of a poor prog-
nosis, such as macroscopic vascular invasion, extrahe-
patic metastasis, and multinodular tumors.

Methods

The primary endpoint of this multicenter prospective single-
arm trial was the surgical resection rate. The secondary endpoints
were the macroscopic curative resection rate, OS, ORR, PFS, and
change in indocyanine green retention rate at 15 min (ICG R15)
before and after lenvatinib therapy. Patients were enrolled between
July 2019 and January 2021.

Patients
Patients with advanced HCC without a history of systemic

therapy for HCC and with at least one factor suggestive of a poor
prognosis (macroscopic vascular invasion, extrahepatic metas-
tasis, or multinodular tumors) were eligible for inclusion. Spe-
cifically, patients with one of five types of tumor conditions, as
presented in Figure 1, were included in this trial. The relationship
between factors suggestive of a poor prognosis and each tumor
type is as follows: type A, macroscopic vascular invasion; type B,
extrahepatic metastasis; type C, both macroscopic vascular in-
vasion and extrahepatic metastasis; type D, multinodular tumors;
and type E, extrahepatic metastasis. In types A and C, patients
with BDTT, or with PVTT invading the main portal vein, ex-
cluded from the REFLECT trial [17], were also enrolled in the
present trial and treated with lenvatinib with caution. In types B,
C, and E, distant metastases were defined as those limited to a
single organ, adrenal metastases were included if they were
unilateral, and lymph node metastases were included if they were
confined to the abdominal cavity. The maximum number of
tumors was defined as up to 5 for lung metastases, 2 for lymph
node metastases, 5 for peritoneal dissemination, 1 for bone
metastases, and 1 for puncture route recurrence after local ab-

lative therapy. Type D was defined as cases in which the resection
of all intrahepatic tumors was not feasible, but the resection of the
main tumors was expected to provide a survival benefit or to
improve quality of life. The exclusion criteria included patients
younger than 20 years, an Eastern Cooperative Oncology Group
Performance Status of 2 or more, a white blood cell count lower
than 3,000/mm3, a neutrophil count lower than 1,500/mm3, a
hemoglobin level lower than 8.5 g/dL, a platelet count lower than
75,000/mm3, a creatinine clearance of less than 40 mL/min, a
urinary protein level of greater than 1 g/day, a Child-Pugh score
of 7 or higher, active malignancies, uncontrolled comorbidities
(uncontrolled hypertension, heart failure, angina pectoris, ar-
rhythmia, significant psychiatric disorders, etc.), and bleeding or
thrombotic disease. Technically, unresectable HCC was defined
based on assessment of the tumor resectability by a multidis-
ciplinary team at each participating institution. Patients with
technically resectable HCC and the aforementioned factors
suggestive of a poor prognosis (macroscopic vascular invasion,
extrahepatic metastasis, or multinodular tumors) were defined as
being oncologically unresectable.

Procedures
The pretreatment workup consisted of a hepatic dynamic CT

with chest-to-pelvis imaging using delayed phase, EOB-dynamic
MRI, as well as standard clinical laboratory tests, including tumor
markers and the assessment of hepatic functional reserve by
measuring ICG R 15. After enrollment, patients received oral
lenvatinib (12 mg/day for body weight ≥60 kg or 8 mg/day for
body weight <60 kg). The tumor response was assessed every
4 weeks using contrast-enhanced CT or MRI in accordance with
mRECIST and RECIST version 1.1 [18, 19]. After 8 weeks of
lenvatinib therapy, resectability was assessed by a multidisci-
plinary team at each participating institution, as at the time of
study enrollment. Tumor resection was performed 1 week or
more after the end of lenvatinib therapy if the tumor was
considered technically resectable, in the absence of rapid tumor
growth. The timing of resection was accelerated only in cases
with special reasons, such as difficulty in continuing lenvatinib
therapy because of adverse events. In patients who were deemed
to have unresectable tumors, who had residual tumors after
resection, or who developed recurrence after resection, subse-
quent treatment was performed at the discretion of each insti-
tution. Six months after the enrollment of each patient and
6 months after the enrollment of the last patient, the type and
efficacy of additional treatments, whether the tumor had pro-
gressed, and the patient outcomes were investigated. Adverse

Fig. 1. Types of tumor conditions. a Intrahepatic macroscopic vascular invasion. b Synchronous extrahepatic
metastases. c Both (a, b). d Macroscopic residual tumor. e Metachronous extrahepatic metastases.
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events associated with lenvatinib therapy were graded according
to the National Cancer Institute Common Terminology Criteria
for Adverse Events, version 5.0 [20]. Safety assessments included
a physical examination, hematological and biochemical labora-
tory testing, and urinalysis. Postoperative complications were
assessed according to the Clavien-Dindo classification [21].

Definition of Endpoints
The primary endpoint, which was the surgical resection rate,

was defined as the percentage of patients who underwent surgical
resection after lenvatinib therapy regardless of curability. The
secondary endpoint, which was the macroscopic curative resection
rate, was defined as the percentage of patients who underwent R0
or R1 resection. OS and PFS were defined as the time from the date
of lenvatinib initiation until the end of follow-up or death and until
the date of progressive disease (PD), respectively. ORR was defined
as the percentage of patients with a complete response (CR) or a
partial response (PR) as evaluated using mRECIST or RECIST
version 1.1.

Statistical Analysis
In the REFLECT trial, the ORR of lenvatinib and sorafenib

was reported to be 24.1% and 9.2%, respectively, by an inves-
tigator review performed according to mRECIST and 40.6% and
12.4%, respectively, by a masked independent imaging review
according to mRECIST [17]. We set the sample size of the present
trial based on the results of the investigator review so that the
efficacy of lenvatinib could be adequately verified even if the
actual response rate was as low as that evaluated by the inves-
tigator review. The expected surgical resection rate was set at
24%, assuming that patients who responded would be able to
undergo resection. The threshold of the surgical resection rate
was set at 9%, based on the ORR of sorafenib. The sample size was
calculated to be 44 patients by setting the significance level at a
one-sided value of 0.05 and the power at 0.8. Finally, the target
number of patients was set at 50, allowing for an approximately
10% drop-out rate.

The point estimate and Clopper-Pearson’s exact 90% confi-
dence interval for the surgical resection rate were calculated.
Survival curves for OS and PFS were generated using the Kaplan-
Meier method and were compared using the log-rank test. Re-
garding the change in ICG R 15, the absolute values of ICG R 15
measurements before and after lenvatinib therapy were compared
using the Wilcoxon rank sum test. Missing values were supple-
mented for the primary endpoint, but not for the secondary
endpoints, using the non-responder imputation method. Two-
sided p values were calculated, and p values of <0.05 were con-
sidered statistically significant. The SAS ver.9.4 (SAS Institute Inc.
Cary, NC, USA) software package was used for all the statistical
analyses.

Results

Baseline Patient Characteristics
Between July 2019 and January 2021, a total of 49

patients from 11 centers were enrolled. Table 1 sum-
marizes the patient characteristics and baseline statuses.

Hypertension and diabetes mellitus were the most
common comorbidities, with no other serious co-
morbidities present. Among patients with a history of
previous treatment for HCC, 9 had undergone radio-
frequency ablation (RFA), 8 had undergone surgical
resection, 8 had undergone TACE, 2 had undergone
HAIC, and 1 had undergone percutaneous ethanol in-
jection therapy, with 9 patients receiving multiple
treatments. The most common type of tumor condition
was type A. The types and degrees of vascular invasion in
type A and C patients are summarized in Supplemental
Table 1 (for all online suppl. material, see https://doi.
org/10.1159/000535514). In type B patients, 5 had
lymph node metastasis and 1 had lung metastasis. One
type C patient had lymph node metastasis. In type E
patients, 4 had peritoneal dissemination, 2 had lung
metastasis, and 1 had lymph node metastasis. Overall,
85.7% of the patients had oncologically unresectable
HCC. Online supplementary Table 2 shows the rela-
tionships between the resectability and type of tumor
condition. Of the 7 cases that were judged as being
technically unresectable, the reason was insufficient
remnant liver volume in 5 cases, extensive PVTT in one
case, and extensive BDTT in one case.

Treatment Characteristics
Figure 2 shows the course of treatment for the 49

patients. Among the 42 patients with oncologically
unresectable HCC, 1 patient died immediately after
study enrollment because of accidental trauma. In ac-
cordance with the statistical analysis protocol, this pa-
tient was included in the analysis of the primary end-
point (non-responder imputation method) but was
excluded from the analysis for the other outcomes with
missing data. A total of 34 patients completed 8 weeks of
lenvatinib therapy. For the remaining patients, lenva-
tinib therapy was interrupted because of adverse events
(n = 8), tumor progression (n = 3), worsening of co-
morbidities (n = 2), or impending rupture of the tumor
(n = 1). Adverse events causing the interruption of
lenvatinib therapy included fatigue in 4 patients, de-
creased appetite in 1, cholecystitis in 1, thrombocyto-
penia in 1, and hypertension in 1. Although the duration
of lenvatinib therapy was shortened, surgical resection
was performed in 6 patients with lenvatinib interrup-
tions arising from adverse events and in 1 patient with a
lenvatinib interruption arising from an impending tu-
mor rupture. As a result, resection was performed in 33
patients, with a surgical resection rate of 67.3% (90%
confidence interval, 54.7–78.3%). The surgical resection
rate was 76.2% (32/42) for oncologically unresectable
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patients and 14.3% (1/7) for technically unresectable pa-
tients. Among the 9 patients initially deemed as having
oncologically unresectable HCC in whom resection was not
performed, the reasons for not performing surgery were an
inadequate response to lenvatinib therapy in 6 patients,
refusal to undergo surgery in 1 patient, worsening of co-
morbidities in 1 patient, and a reduced performance status in
1 patient. Among the 6 patients initially deemed as having
technically unresectable HCC in whom resection was not
performed, the reasons for not performing surgery were an
inadequate response to lenvatinib therapy in 4 patients,
refusal to undergo surgery in 1 patient, and worsening of
comorbidities in 1 patient. The median duration of lenva-
tinib therapy was 57 days (range, 1–118 days). In all, 11 cases
needed dose reduction of lenvatinib during the treatment
period. Themedian relative dose intensity during the 8-week
lenvatinib therapy was 98.2% (range, 14.3–100.0%). The
ORR was 37.5% (18/48) based on mRECIST and 12.5% (6/
48) based on RECIST version 1.1 (Table 1).

Surgical Outcomes
Table 2 summarizes the surgical outcomes for the 33

patients who underwent surgery. Major hepatectomy was
performed for 14 patients. Of the 15 patients who un-
derwent minor hepatectomy, 4 underwent a sectionec-
tomy, 4 underwent a segmentectomy, and 7 underwent a
limited resection. The macroscopic curative resection rate
(R0 + R1) was 60.4% (29/48). No deaths occurred within
90 days. Among the 12 patients with postoperative
complications, 7 patients had complications ≥ grade 3
(bile leakage in 4 patients and intra-abdominal abscess in
3 patients).

Long-Term Outcomes
The median follow-up period was 9.3 months. Figure 3

shows the OS and PFS data for the 49 patients. The 1-year
survival rate was 75.9%, and the median PFS was 7.2
months. There was no difference in the OS rates between
the patients with oncologically unresectable HCC and
those with technically unresectable HCC (p = 0.330,
Fig. 4). Patients who underwent surgery had a better OS
than those who did not undergo surgery (p < 0.001, online
suppl. Fig. 1). The baseline characteristics and efficacy of
lenvatinib in patients who underwent surgery and in
those who did not are presented in online suppl. Table 3.

Safety Analysis
The adverse events that were observed during lenva-

tinib therapy are summarized in Table 3. Grade 3 adverse
events were observed in 23 patients (46.9%), and grade 4

Table 1. Baseline characteristics and efficacy of lenvatinib

n = 49

Age in years, median (range) 71 (49–85)
Male sex, n (%) 41 (83.7)
Performance status, n (%)

0 39 (79.6)
1 10 (20.4)

Comorbidity, n (%)
Hypertension 28 (57.1)
Diabetes mellitus 21 (42.9)

Indocyanine green retention
rate at 15 min, % (range)

14.5 (3–48)

Child-Pugh score, n (%)
5 31 (63.3)
6 18 (36.7)

Previous treatment(s) for
hepatocellular carcinoma, n (%)

16 (32.7)

Tumor size in mm, median (range) 68 (10–260)
Tumor number, median (range) 1 (1–14)
AFP in ng/mL, median (range) 76 (2–105,450)
DCP in mAU/mL, median (range) 2,320 (13–473,047)
Stage IIa, n (%) 13 (26.5)
Stage IIIAa, n (%) 5 (10.2)
Stage IIIBa, n (%) 18 (36.7)
Stage IVAa, n (%) 5 (10.2)
Stage IVBa, n (%) 8 (16.3)
Type of tumor condition, n (%)

A: Intrahepatic macroscopic
vascular invasion

33 (67.3)

B: Synchronous extrahepatic
metastases

6 (12.2)

C: Both A and B 1 (2.0)
D: Macroscopic residual tumor 2 (4.1)
E: Metachronous extrahepatic

metastases
7 (14.3)

Resectability, n (%)
Oncologically unresectable 42 (85.7)
Technically unresectable 7 (14.3)

Efficacy of lenvatinib based on
mRECISTb, n (%)
Complete response 1 (2.1)
Partial response 17 (35.4)
Stable disease 26 (52.4)
Progressive disease 4 (8.3)

Efficacy of lenvatinib based on
RECIST 1.1b, n (%)
Complete response 0
Partial response 6 (12.5)
Stable disease 39 (81.3)
Progressive disease 3 (6.3)

AFP, alpha-fetoprotein; DCP, des-gamma-carboxy pro-
thrombin; mRECIST, modified Response Evaluation Criteria in
Solid Tumors. aStage is based on the American Joint Com-
mission on Cancer 8th edition staging system. bThe efficacy of
lenvatinib therapy is described for the 48 cases in which im-
aging studies were performed for the evaluation.
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adverse events were observed in 1 patient (2.0%). The
only grade 5 adverse event was a case of accidental trauma
that occurred immediately after study enrollment. The
most frequent adverse events were hypoalbuminemia,
thrombocytopenia, and proteinuria. The hepatic func-
tional reserve worsened slightly after lenvatinib therapy,
with a median ICG R 15 of 14.5% (range, 3–48%) before
treatment and 17.3% (range, 5–52%) after treatment (p <
0.001). The ICG R 15 trends for 48 patients are presented
in online supplementary Figure 2.

Discussion

This trial, which is the first prospective trial to assess
the efficacy and safety of preoperative lenvatinib therapy
for patients with oncologically or technically un-
resectable HCC, demonstrated the feasibility and safety
of lenvatinib therapy followed by surgical resection. The
present study showed that the surgical resection rate of
patients with oncologically or technically unresectable
HCC with macroscopic vascular invasion, extrahepatic

Fig. 2. Flowchart of the 49 patients regis-
tered in the LENS-HCC trial. aThe causes of
the interruptions were adverse events (n =
7), tumor progression (n = 2), worsening of
comorbidities (n = 1), and impending tumor
rupture (n = 1). bThe causes of the inter-
ruptions were adverse events (n = 1), tumor
progression (n = 1), and worsening of co-
morbidities (n = 1).
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metastasis, and/or multinodular tumors after 8 weeks of
lenvatinib therapy was as high as 67.3% (90% confidence
interval, 54.7–78.3%). There were no surgery-related
deaths and no serious postoperative complications as-
sociated with the administration of lenvatinib, sug-
gesting the safety of preoperative lenvatinib therapy. In
addition, the degree of worsening of the hepatic func-
tional reserve was small and not clinically problematic.
Despite the rapid and dramatic advances in molecular
targeted therapies for advanced HCC, little evidence has
been reported regarding the feasibility of such therapies
prior to surgical resection. The largest advantage of
the present study may be that it is the first prospective
study to demonstrate the safety of preoperative lenva-
tinib therapy.

Previous retrospective studies have reported resection
rates of 15.0% [22], 2.8% [23], 88.9% [24], and 21.8%
[25] for advanced HCC after lenvatinib therapy, re-
spectively. The reason for the variability in these re-
section rates may be due to the different background
characteristics of the patients and the varying durations
of lenvatinib therapy, which ranged from 8 weeks to 6
months. The relatively high resection rate of 67.3% in the

present study can be attributed to two reasons: the high
disease control rate (DCR), and the large number of
patients with oncologically unresectable HCC. Of note,
the REFLECT trial reported a high ORR of 40.6% based
on a masked independent imaging review that was
performed using mRECIST [17]. Similar to the RE-
FLECT trial, the proportion of patients who responded
in the present study was as high as 37.5% (Table 1). In
addition, there were more patients with stable disease
(SD) and fewer patients with PD in the present study.
This outcome was presumably due to the shorter
treatment period in the present study and the fact that
surgery was performed earlier than scheduled in some
patients who could not continue lenvatinib therapy
because of adverse events or impending tumor rupture.
As a result, the DCR (CR + PR + SD) in the present study
was more than 90%. For oncologically unresectable
cases, surgery was aggressively performed when there
was no tumor progression during the 8-week treatment
period, which could explain the high resection rate.

The most common adverse events in the present study
were hypoalbuminemia and thrombocytopenia, while
thrombocytopenia and fatigue were the most common
adverse events ≥ grade 3 (Table 3). On the other hand,
hypertension, which was the most common adverse event
in the REFLECT trial [17], was less frequent. This dif-
ference may be due to differences in patient background
and the duration of lenvatinib therapy. In the present
study, 34 patients (69.4%) already had hypoalbuminemia
and 23 patients (46.9%) had thrombocytopenia prior to
lenvatinib administration. The majority of patients
whose lenvatinib treatments were interrupted because of
adverse events also underwent resection, and no post-
operative complications related to the adverse events of
lenvatinib therapy occurred in this series. The reported
half-life of lenvatinib is as short as 34.5 h [26], and
adverse events associated with lenvatinib are considered
to be transient and did not compromise the safety of
subsequent surgery. The median interval from the end of
lenvatinib therapy to surgery was 13 days (range, 7
days–43 days), and this interval was not influenced by
the grade of adverse events or by the need for inter-
ruption of lenvatinib therapy.

Of note in the present study was the low rate of major
complications (21.2%) and the zero mortality among
patients who underwent surgical resection (Table 2). One
reason for the lack of serious complications was the
relatively mild worsening of the hepatic functional re-
serve. Although some reports have described a worsening
of the Child-Pugh and modified albumin-bilirubin scores
early after the initiation of lenvatinib therapy [27], the

Table 2. Surgical outcomes

n = 33

Surgical procedure, n (%)
Liver resection alone 23 (69.7)

Major hepatectomya 13 (39.4)
Minor hepatectomy 10 (30.3)

Liver resection and metastasectomy 6 (18.2)
Major hepatectomya 1 (3.0)
Minor hepatectomy 5 (15.2)

Metastasectomy alone 4 (12.1)
Operation time in min, median (range) 389 (91–794)
Blood loss in mL, median (range) 445 (0–22471)
Surgical margin, n (%)

R0 27 (81.8)
R1 2 (6.1)
R2 4 (12.1)

Morbidity, n (%)
Bile leakage 5 (15.2)
Intra-abdominal abscess 3 (9.1)
Ascites 2 (6.5)
Portal vein thrombosis 1 (3.0)
Pleural effusion 1 (3.0)

Major complicationb, n (%) 7 (21.2)
Postoperative hospital stay in days,

median (range)
11 (6–53)

90-day mortality, n (%) 0

aMajor hepatectomy was defined as a hemihepatectomy or
larger major liver resection. bClavien-Dindo grade 3 or higher.
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worsening of the ICG R 15 values, which is considered a
measure of hepatic functional reserve for liver resection,
wasmild in the present study, with amedian worsening of
approximately 3%. Previously, three cases with a wors-
ening in the ICG R 15 after 6 months or more of len-
vatinib therapy were reported; however, the ICG R 15
recovered soon after the interruption of lenvatinib
therapy, and in two cases, liver resection could be per-
formed without any complications [28]. The results of the
present study indicate that surgical treatment, including

liver resection, can be safely performed if lenvatinib is
discontinued for at least 1 week after 8 weeks of lenvatinib
therapy.

The results of the present study suggest favorable
long-term outcomes of surgery after lenvatinib ther-
apy with a 1-year survival rate of 75.9% (Fig. 3a),
although the median follow-up period was not suffi-
cient at 9.3 months. In addition, the prognosis of
patients who underwent surgical resection was sig-
nificantly better than that of patients who did not,

Fig. 3. aOverall survival. b Progression-free
survival.
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although differences in patient background charac-
teristics, such as tumor size and tumor markers, should
be considered (online suppl. Fig. 1; online suppl.
Table 2). The prognosis of patients with HCC and
factors suggestive of a poor prognosis, such as mac-
roscopic vascular invasion, extrahepatic metastasis,
and multinodular tumors, has been poor, with limited
treatment options available; however, surgery after
lenvatinib therapy may become a promising treatment
option. Nevertheless, the median PFS was as short as
7.2 months (Fig. 3b). To elucidate the reasons for the
discrepancy between OS and PFS and to assess the
long-term outcomes accurately, we plan to conduct
additional surveys, including types of recurrence, in
January 2024. At that time, we will also examine
whether the prognosis of oncologically unresectable
cases can be improved as compared with that of those
treated with surgery alone.

One limitation of this study was that there was no clear
consensus on candidates for preoperative therapy for
advanced HCC, making it difficult to compare the patient
background characteristics and treatment outcomes with
other studies. In addition, no clear definition of onco-
logically and technically unresectable HCC was available
at the time of enrollment. To develop criteria for the

resectability of HCC, several factors should be considered
including tumor size, number, location, vascular inva-
sion, extrahepatic metastasis, and hepatic functional re-
serve. Furthermore, the level of surgical skill varies among
institutions. Therefore, reaching a clear consensus is
difficult. In the present study, advanced HCC was clas-
sified into 5 types, from A to E (Fig. 1), and the re-
sectability of each patient was discussed by a multidis-
ciplinary team at each participating institution to evaluate
the tumor status of each patient with advanced HCC as
objectively as possible. We expect that a clear definition of
HCC resectability referencing the 5 types of tumor sta-
tuses used in the present study will be developed upon
further discussion.

Another limitation is that both oncologically un-
resectable and technically unresectable cases were ana-
lyzed together. Ideally, the primary endpoint should be a
parameter indicative of the long-term prognosis, such as
the OS, in oncologically unresectable cases, and the
surgical resection rate in technically unresectable cases.
However, when the present trial was designed, we did not
even know whether surgical resection could be performed
safely after lenvatinib therapy. In light of this, we decided
to conduct a phase II trial to evaluate the safety and
feasibility of surgical resection following preoperative

Fig. 4. Overall survival stratified according to initial resectability.
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lenvatinib therapy in both oncologically unresectable and
technically unresectable cases, prioritizing ease of patient
enrollment.

The other limitation is that the adequacy of the 8-week
treatment period has not been fully evaluated. In addi-
tion, the duration of treatment in this study was not
constant, as the treatment durations of some patients
were shorter than 8 weeks. Given the objective of pre-
operative systemic therapy, the optimal duration of
preoperative lenvatinib therapy may differ between on-
cologically unresectable and technically unresectable
cases. In a previous report, the median time until the best
response with lenvatinib was reported to be 2.7 months
[29]; although an 8-week treatment period is considered
reasonable, further evaluation is necessary to determine
the appropriate duration of treatment.

In conclusion, lenvatinib therapy for patients with
advanced HCC resulted in a high DCR, enabling a high

surgical resection rate. The safety and feasibility of len-
vatinib therapy followed by surgical resection have been
shown; however, further investigations are necessary to
evaluate the long-term outcomes.
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Table 3. Adverse events during lenvatinib therapy (n = 49)

Total, n (%) Grade 1/2, n (%) Grade 3/4/5, n (%)

Hypoalbuminemia 46 (93.9) 46 (93.9) 0
Thrombocytopenia 40 (81.6) 29 (59.2) 11 (22.4)
Proteinuria 36 (73.5) 31 (63.3) 5 (10.2)
Anemia 34 (69.4) 34 (69.4) 0
Fatigue 23 (46.9) 15 (30.6) 8 (16.3)
Decreased appetite 17 (34.7) 14 (28.6) 3 (6.1)
Hypertension 11 (22.4) 4 (8.2) 7 (14.3)
Hypothyroidism 11 (22.4) 10 (20.4) 1 (2.0)
Decreased white blood cell count 9 (18.4) 8 (16.3) 1 (2.0)
Neutropenia 9 (18.4) 8 (16.3) 1 (2.0)
Renal dysfunction 8 (16.3%) 8 (16.3) 0
Ascites 6 (12.2) 4 (8.2%) 2 (4.1)
Abdominal pain 6 (12.2) 6 (12.2) 0
Fever 5 (10.2) 4 (8.2) 1 (2.0)
Palmar-plantar erythrodysesthesia 4 (8.2) 4 (8.2) 0
Increased blood bilirubin 4 (8.2) 4 (8.2) 0
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Cholecystitis 2 (4.1) 1 (2.0) 1 (2.0)
Nausea 2 (4.1) 2 (4.1) 0
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Hyponatremia 1 (2.0) 0 1 (2.0)
Intra-abdominal hemorrhage 1 (2.0) 0 1 (2.0)
Elevated aspartate aminotransferase 1 (2.0) 1 (2.0) 0
GGT increased 1 (2.0) 1 (2.0) 0
Urinary tract infection 1 (2.0) 1 (2.0) 0
Tumor hemorrhage 1 (2.0) 1 (2.0) 0

GGT, gamma-glutamyl transferase. The adverse events grade was evaluated based on the National
Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0.
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