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Abstract
Introduction: Hepatic arterial infusion chemotherapy (HAIC)
with cisplatin and lenvatinib exhibits strong antitumor ef-
fects against advanced hepatocellular carcinoma (HCC).
Higher antitumor activity is expected for the combination

treatment. The aim of this trial was to evaluate the efficacy
and safety of lenvatinib in combination with HAIC using
cisplatin in patients with advanced HCC. Methods: In this
multicenter, open-labeled, single-arm, phase II trial, patients
with advanced HCC categorized as Child-Pugh class A with
no prior history of systemic therapy were enrolled. Patients
received lenvatinib plus HAIC with cisplatin (lenvatinib:
12 mg once daily for patients ≥60 kg, 8 mg once daily for
patients <60 kg; HAIC with cisplatin: 65 mg/m2, day 1, every
4–6 weeks, maximum of six cycles). The primary endpoint
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was the objective response rate (ORR) assessed using
modified RECIST by the Independent Review Committee.
The secondary endpoints were the ORR assessed using
RECIST v1.1, progression-free survival, overall survival, and
frequency of adverse events associated with the treatment.
Results: A total of 36 patients were enrolled between
September 2018 and March 2020. In the 34 evaluable pa-
tients, the ORR assessed by the Independent Review
Committee using modified RECIST and RECIST v1.1 were
64.7% (95% confidence interval [CI]: 46.5–80.3%) and 45.7%
(95% CI: 28.8–63.4%), respectively. The median progression-
free survival and overall survival were 6.3 months (95% CI:
5.1–7.9 months) and 17.2 months (95% CI: 10.9 – not
available, months), respectively. Themain grade 3–4 adverse
events were increased aspartate aminotransferase (34%),
leukopenia (22%), increased alanine aminotransferase
(19%), and hypertension (11%). Conclusion: Lenvatinib plus
HAIC with cisplatin yielded a favorable ORR and overall
survival and was well tolerated in patients with advanced
HCC. Further evaluation of this regimen in a phase III trial is
warranted. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Systemic therapy is one of the important treatment
modalities for patients with advanced hepatocellular
carcinoma (HCC) who are not indicated for treatment
with hepatectomy, local ablative therapy, or transarterial
chemoembolization (TACE) [1]. Many regimens, such as
atezolizumab plus bevacizumab (Atezo+Bev), durvalu-
mab plus tremelimumab (Durva+Treme), sorafenib,
lenvatinib, regorafenib, cabozantinib, and ramucirumab,
are currently accepted as standard treatments for patients
with advanced HCC, and these treatments are applied in
clinical practice in many countries [1–3].

Lenvatinib is a tyrosine kinase inhibitor that targets
vascular endothelial growth factor receptor (VEGFR)
1–3, fibroblast growth factor receptor (FGFR) 1–4,
platelet-derived growth factor receptor (PDGFR)-α, RET,
and KIT. The phase III REFLECT trial evaluated len-
vatinib as compared with sorafenib in the treatment of
patients with advanced HCC [4]. The primary endpoint
of non-inferiority in terms of overall survival of lenvatinib
compared with sorafenib was met, and statistically sig-
nificant and clinically meaningful improvements in the
secondary endpoints of progression-free survival, time to
progression, and objective response rate (ORR) were also
observed in patients treated with first-line lenvatinib. On
the basis of these results, lenvatinib has been acknowl-

edged as a standard therapy for advanced HCC. However,
Atezo+Bev [5] and Durva+Treme [6] have been dem-
onstrated to yield significant survival benefit over sor-
afenib in advanced HCC patients. Therefore, lenvatinib is
currently positioned as the first-line treatment option for
patients in whom Atezo+Bev and Durva+Treme are
contraindicated [7–9]. In a recent study, lenvati-
nib+pembrolizumab failed to demonstrate statistical
superiority in overall survival and progression-free sur-
vival compared with lenvatinib plus placebo [10].
However, lenvatinib in combination with various other
treatments, such as TACE [11, 12], is also under inves-
tigation because of the promising treatment outcomes of
lenvatinib for advanced HCC.

Hepatic arterial infusion chemotherapy (HAIC) has
not reached widespread acceptance as a standard treat-
ment for HCC, but it is sometimes available for advanced
HCC as an alternative treatment option for systemic
therapy [1]. HAIC is associated with increased local
concentrations of the anticancer agent in the tumor and
reduced systemic distribution of the drug. A stronger
antitumor effect and lower incidence of systemic adverse
reactions are expected from the direct administration of
an anticancer drug from the hepatic artery as compared
with systemic therapy. HAIC regimens such as cisplatin
[13–15], 5-fluorouracil plus cisplatin [16, 17], and 5-
fluorouracil plus interferon [18] have high response
rates and result in favorable overall survival. Among these
regimens, HAIC with cisplatin can be easily administered
because it does not require placement of the hepatic
arterial infusion reservoir system as performed with the
other two regimens. Additionally, preclinical research has
shown that cisplatin exerts a synergistic anticancer effect
with VEGF inhibitors in other cancer types [19–21], and
HAIC with cisplatin plus sorafenib demonstrated pro-
longed overall survival as compared with sorafenib alone
in patients with advanced HCC in our previous ran-
domized phase II trial [14]. Therefore, to explore the
potential high antitumor effects by the addition of len-
vatinib, we conducted a phase II trial to evaluate the
efficacy and safety of lenvatinib plus HAIC with cisplatin
in patients with advanced HCC.

Materials and Methods

Study Design
This study consisted of two parts. The feasibility confirmation

part was designed to evaluate the tolerability of the combination
therapy of lenvatinib and HAIC with cisplatin in the first 6 patients
among the patients with advanced HCC enrolled in the study, and
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the phase II part was performed to examine the efficacy and safety
of this combination regimen in patients with advanced HCC.

This trial was registered with Japan Registry of Clinical Trials
(https://jrct.niph.go.jp/) (identification number jRCTs031180019).
This trial was conducted with the approval of the National Cancer
Center Hospital East Certified Review Board (CRB3180009), the
permission of directors of each participating institution, and in
accordance with the Declaration of Helsinki. Patient registration
and data collection were managed by the LEOPARD data center.
The integrity of the data was ensured through careful review by the
staff of the data center, the principal investigator (M.I.), and the
trial statistician (T.S.).

Patient Eligibility
The patient inclusion criteria were as follows: (1) histologically or

clinically confirmed HCC (excluding mixed type), (2) hepatectomy,
local ablative therapy (e.g., radiofrequency ablation), and TACE were
not indicated, (3) no prior systemic therapy, (4) aged 20–80 years, (5)
presence of intrahepatic tumors affecting prognosis irrespective of the
presence of extrahepatic tumors, (6) presence of measurable lesions,
(7) Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1, (8) adequate organ function (neutrophil count≥1,500/
mm3, hemoglobin ≥8.5 g/dL, platelet count ≥75,000/mm3, serum
total bilirubin ≤2.0 mg/dL, serum albumin ≥2.8 g/dL, aspartate
aminotransferase [AST] and alanine aminotransferase [ALT] ≤200
U/L, serum creatinine ≤1.2 mg/dL or creatinine clearance ≥60 mL/
min, prothrombin time-international normalized ratio ≤2.3), (9)
Child-Pugh score of 5–6 points, (10) blood pressure can be sufficiently
controlled by three or fewer antihypertensive agents, (11) HAIC was
technically feasible, (12) at least 4 weeks had passed since the end of
the previous treatment, (13) expected survival for at least 12 weeks,
and (14) written consent. In this protocol, clinically diagnosed HCC
was defined as tumor stain on early phase and washout on late phase
by contrast-enhanced CT or MRI.

The exclusion criteria were as follows: (1) history of treat-
ment with lenvatinib or cisplatin (including use in TACE) for
HCC, (2) moderate or massive ascites or pleural effusion, (3)
24 h urinary protein of 1 g or more if proteinuria was 2+ or more
in the urinary protein qualitative test, (4) hepatic encepha-
lopathy, (5) uncontrollable heart failure, angina, arrhythmia,
and myocardial infarction within 6 months, (6) active double
cancer, (7) severe mental disorder, (8) history of hypersensi-
tivity to drugs containing iodine and contrast medium, (9)
serious drug allergy, (10) history of gastrointestinal bleeding or
active hemoptysis within 28 days or with hemorrhagic or
thrombotic disease, (11) pregnant and lactating females or
females of childbearing age unless using effective contraception,
(12) difficulty in taking oral medications, (13) brain metastasis
or subdural metastasis, (14) HIV positive, (15) complications
with active infection requiring systemic treatment (excluding
hepatitis virus), (16) pulmonary fibrosis or interstitial pneu-
monia, (17) blood transfusion, blood products, or hemato-
poietic factor such as granulocyte colony-stimulating factor
within 14 days, and (18) the investigators judged the candidate
as inappropriate for this study.

Protocol Treatment
The protocol treatment consisted of a combination therapy of

lenvatinib and HAIC with cisplatin (up to six courses) and sub-
sequent lenvatinib monotherapy. The lenvatinib and HAIC with

cisplatin treatment for the combination therapy were started on
the same day. Lenvatinib was taken at a dose of 12 mg once daily
for patients with a body weight ≥60 kg or 8 mg once daily for
patients with a body weight <60 kg. HAIC with cisplatin was
administered at 65 mg/m2 up to six courses every 4–6 weeks,
considering cumulative dose of cisplatin. Cisplatin was adminis-
tered over 20–40 min through a catheter inserted into the proper
hepatic artery or the hepatic artery that feeds the tumor. Treatment
continued until radiological or symptomatic tumor progression,
unacceptable toxicity, or technical difficulty in repeating
the HAIC.

The main criteria for suspending lenvatinib were as follows:
(1) grade 3–4 leukocytopenia, neutropenia, or thrombocyto-
penia; (2) intolerable grade 2 or grade 3–4 non-hematological
toxicity; (3) AST >200 U/L, or ALT >200 U/L; (4) grade 3
proteinuria; and (5) hypertension with systolic blood
pressure ≥160 mm Hg and diastolic blood pressure ≥100 mm
Hg despite maximum antihypertensive treatment. If the criteria
were met, lenvatinib was suspended. After the recovery of the
adverse events, administration was resumed with a dose re-
duction (starting with 8 mg once daily, followed by 4 mg once
daily, and then 4 mg every other day).

The criteria for dose reduction of HAIC with cisplatin were as
follows: (1) grade 4 leukocytopenia, neutropenia, thrombocyto-
penia, or thrombocytopenia requiring blood transfusion; (2) in-
tolerable grade 2 or grade 3–4 non-hematological toxicities; (3)
AST or ALT >400 U/L; and (4) creatinine >2.0 mg/dL. If the
criteria were met, treatment was suspended; after recovery of these
events, the cisplatin dose was reduced to 50 mg/m2 (first time) and
35 mg/m2 (second time). Patients who discontinued the study
treatment were permitted to receive other anticancer treatment at
the physician’s discretion.

Tolerability Assessment
Dose-limiting toxicities (DLT) were evaluated in the first 6

patients enrolled in the study as the feasibility confirmation
part of the study. The period of DLT evaluation was set as the
time between the initiation of the first course and the initiation
of the second course of study treatment. The following adverse
events for which the causal relationship with study treatment
could not be ruled out were defined as DLT: (1) febrile neu-
tropenia, (2) grade 4 leukocytopenia or neutropenia lasting
7 days or longer, (3) grade 4 thrombocytopenia, (4) grade 3 or
higher non-hematological toxicity (excluding hypertension,
proteinuria, palmar-plantar erythrodysesthesia, γGTP, per-
sistent loss of appetite/nausea/electrolyte abnormalities within
3 days, AST/ALT ≤400 U/L, Cr ≤2.0 mg/dL), (5) hypertension
that could not be controlled even with maximum treatment,
(6) adverse events of lenvatinib treatment that cannot be
resumed for more than 4 weeks, and (7) the initiation criteria
for the second course of intra-arterial cisplatin administration
were not met even after 10 weeks from the initiation of the first
course of cisplatin.

DLT was evaluated using Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. If the number of patients
with DLT was two or less, the combination therapy was judged to
be tolerable, and the study moved to the phase II part. If 3 or more
patients experienced DLT, the trial was to be discontinued.
Supportive care for adverse events that may affect the evaluation of
DLT was performed after confirming DLT.
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Tumor Assessment
Computed tomography was performed every 6 weeks during

the combination therapy and every 12 weeks during the mono-
therapy. The antitumor effect of treatment in each patient was
judged by each investigator using modified RECIST (mRECIST)
[22] and assessed by the Independent Review Committee (IRC) on
the basis of mRECIST and RECIST 1.1 [23].

Statistical Analysis
This was a multicenter open-labeled phase II trial. The primary

endpoint was ORR using mRECIST by the IRC, and the secondary
endpoints were ORR using RECIST 1.1 by the IRC, ORR using
mRECIST by investigators, progression-free survival on the basis
of mRECIST by IRC assessment, time to progression, overall
survival, and the frequencies of adverse events and serious adverse
events. Assuming a threshold response rate of 20%, an expected
response rate of 40%, detection power of 80%, and α of 5% on one
side (10% on both sides), 35 patients were required.

The following predefined subgroup analyses were performed
on the ORR by IRC, disease control rate (DCR) by IRC,
progression-free survival, and overall survival: (1) presence or
absence of portal vein tumor thrombosis, (2) presence or absence
of previous TACE history, (3) Child-Pugh 5 or 6 points, (4) α-
fetoprotein (AFP) <400 or ≥400 ng/mL, (5) Barcelona Clinic Liver
Cancer (BCLC) stage B or C, and (6) presence or absence of
extrahepatic metastasis. All the data were fixed on April 28, 2021,
and all the efficacy analyses were performed on the basis of the full
analysis set by the trial statistician (T.S.) using SAS 9.4 and JMP
Pro 11.

Results

Feasibility Confirmation
This trial was initiated on September 26, 2018, and the

first 6 patients enrolled in the trial were entered into the
feasibility confirmation part of the study. Grade 3 hepatic
encephalopathy that met the DLT criteria was found in
one out of the 6 patients. Lenvatinib treatment was
suspended in this patient, and branched-chain amino
acid and lactulose were administered; ammonia level
decreased rapidly, and encephalopathy recovered 5 days
later. A reduced dose of lenvatinib was resumed, and no
recurrence of hepatic encephalopathy was observed. The
efficacy and safety evaluation committee judged that this
combination treatment was tolerable because only one
DLT event occurred. The phase II trial was then started.

Patient Characteristics
A total of 36 eligible patients were enrolled from Sep-

tember 26, 2018 to March 5, 2020, and all patients received
the protocol treatment. The patient characteristics are shown
in Table 1. Themedian patient age was 68 years with a range
of 23–78 years. ECOG performance status was zero in 35
patients (97.2%), and Child-Pugh score was 5 points in 25

Table 1. Patient characteristics

Characteristic Patients, n %

Age, years
Median 68
Range 23–78

Sex
Male 33 91.7
Female 3 8.3

ECOG performance status
0 35 97.2
1 1 2.8

HBs Ag, positive 8 22.2
HCV Ab, positive 8 22.2
Child-Pugh score

A5 25 69.4
A6 11 30.6

Ascites, present 3 8.3
Prior treatment 22 61.1

Resection 12 33.3
Local ablation 10 27.8
TACE 17 47.2
Radiation 1 2.8
Others 2 5.6

BCLC stage
B 20 55.6
C 16 44.4

Portal vein tumor thrombosis, present 16 44.4
Vp1 5 13.9
Vp2 2 5.6
Vp3 6 16.7
Vp4 3 8.3

Extrahepatic spread, present 8 22.2
Lung 2 5.6
Bone 0 0
Lymph node 2 5.6
Adrenal 0 0
Other 4 11.1

Number of tumors
1–4 13 36.1
≥5 23 63.9

Maximum tumor size, cm
Median 5.6
Range 1.2–15.2

α-Fetoprotein, ng/mL
Median 131.6
Range 1.4–108,160

PIVKA-II, mAU/mL
Median 1,317.5
Range 5.2–124,000

Vp1, Vp2, Vp3, and Vp4 refer to tumor thrombosis in the third
branch or peripheral portal vein, second branch of the portal
vein, first branch of the portal vein, and the main or contra-
lateral branch of the portal vein, respectively. ECOG, Eastern
Cooperative Oncology Group; HBs Ag, hepatitis B surface an-
tigen; HCV Ab, hepatitis C viral antibody; TACE, transarterial
chemoembolization; BCLC, Barcelona Clinic Liver Cancer; PIVKA-
II, protein induced by vitamin K absence or antagonist-II.
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patients (69.4%) and 6 in 11 patients (30.6%). BCLC stage
was B in 20 patients (55.6%) and C in 16 patients (44.4%). In
the overall group, 16 patients (44.4%) and 8 patients (22.2%)
had portal vein tumor thrombosis and extrahepatic me-
tastasis, respectively. The median AFP level was 131.6 ng/dL
(range: 1.4–108,160).

Treatment
The median duration of lenvatinib administration was

186.3 days (range: 23–576 days), and the median dose
intensity was 6.4 mg/day (1.9–12 mg/day). Among the
overall patient group, 23 patients required a dose reduction
of lenvatinib; the reasons for dose reduction were fatigue,
nausea, and appetite loss (8 patients), palmar-plantar er-
ythrodysesthesia (5 patients), diarrhea (3 patients), hepatic
encephalopathy (3 patients), and other reasons (4 patients).

The median number of courses of HAIC with cisplatin
was 4 (range: 1–7). The median dose of cisplatin was
110 mg/body/course, and the total dose was 464 mg/body
(range: 94–817 mg/body). Most patients (31/36) did not
require dose reduction; 4 patients had one dose reduction,
and 1 patient had two dose reductions. The reasons for
dose reduction were creatinine >2.0 mg/dL, grade 2
vomiting and increased bilirubin, grade 2 neutropenia,
grade 3 neutropenia, and grade 2 leukocytopenia and
neutropenia.

All patients discontinued the protocol treatment. The
reasons for discontinuation were disease progression in 23
patients (intrahepatic lesions, 20 patients [87.0%]; extra-
hepatic lesions, 3 patients [13.0%]), adverse events in 10
patients, and other reasons in 3 patients. The adverse events
that caused the discontinuation were biloma in 2 patients
and cholangitis, cholecystitis, duodenal ulcer, Stevens-
Johnson syndrome, fatigue, anorexia, and bleeding from
pharynx ulceration because of late toxicity of radiotherapy
for pharyngeal cancer in 1 patient each. Twenty-three
patients (66.7%) underwent subsequent therapies after
the discontinuation of protocol treatments. The subsequent
therapies were molecular targeted agents in 29 patients
(80.6%), immunotherapy (Atezo+Bev) in 5 patients
(13.9%), HAIC in 5 patients (13.9%), TACE in 5 patients
(13.9%), and others in 3 patients (8.3%).

Tumor Response
The investigators judged that all patients had mea-

surable disease, but the IRC determined that 2 and 1
patient had no measurable lesions by mRECIST and
RECIST 1.1, respectively. Therefore, these patients were
excluded from the analysis of ORR and DCR by the IRC.
Table 2 shows the confirmed ORR and DCR using
mRECIST by IRC, RECIST by IRC, and mRECIST by the

investigators’ judgment. The confirmed ORR using
mRECIST by IRC, RECIST by IRC, and mRECIST by
investigators were 64.7% (95% confidence interval [CI]:
46.5–80.3%), 45.7% (95% CI: 28.8–63.4%), and 61.1%
(95% CI: 43.5–76.9%), respectively. The median time to
tumor response was 42 days (range: 28–175 days). The
DCR using mRECIST by IRC, RECIST by IRC, and
mRECIST by investigators was 76.5% (95% CI:
58.8–89.3%), 74.3% (95% CI: 56.7–87.5%), and 83.3%
(95% CI: 67.2–93.6%), respectively.

Progression-Free Survival and Overall Survival
Figure 1 shows the Kaplan-Meier curve of progression-

free survival on the basis of mRECIST by IRC assessment.
The median progression-free survival (95% CI) was
6.3 months (5.1–7.9 months). The time to progression
was mostly identical to the progression-free survival
because all patients died after disease progression.
Figure 2 shows the overall survival evaluated by the
Kaplan-Meier method. The median overall survival (95%
CI) was 17.2 months (95% CI: 10.9 – not estimated).

Subgroup Analysis
Table 3 shows the results of subgroup analysis on ORR

(online suppl. Fig. 1; for all online suppl. material, see
https://doi.org/10.1159/000531820) andDCRusingmRECIST
by the IRC and the results of progression-free survival
and overall survival. The ORR and DCR tended to be
lower in patients with extrahepatic metastasis than in
patients without extrahepatic metastasis by 30% or
more, and progression-free survival and overall survival
were also much shorter in patients with extrahepatic
metastases than in patients without extrahepatic metastases.
However, there were no notable differences in ORR and
DCR between the presence versus absence of portal vein
tumor thrombosis, presence versus absence of TACEhistory,
Child-Pugh A5 versus A6, AFP <400 versus ≥400 ng/mL,
and BCLC stage B versus C subgroups.

Adverse Events
The main treatment-emergent adverse events are listed

in Table 4. The main grade 3–4 adverse events were
increased AST (33%), leukocytopenia (22%), neutropenia
(19%), increased ALT (19%), increased bilirubin (11%),
and hypertension (11%). Serious adverse events (17
events, 38.9%) occurred in 14 patients. Of these, serious
adverse events relevant to the treatment were grade 2 and
3 hepatic encephalopathy, grade 3 cholecystitis, grade 3
perforation of duodenum, grade 4 acute renal failure,
grade 3 Stevens-Johnson syndrome, grade 3 diarrhea,
grade 3 increased bilirubin, and grade 4 pharyngeal
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bleeding (each 1 patient). There was 1 patient (2.8%) with
an early death within 30 days because of disease pro-
gression after the discontinuation of treatment, but no
treatment-related deaths.

Discussion

In this multicenter phase II trial, lenvatinib combined
with HAIC with cisplatin yielded an extremely favorable
ORR (64.7% [95% CI: 46.5–80.3%]) using mRECIST
by the IRC in patients with advanced HCC. In the

assessment by mRECIST, target lesions in the liver are
defined as tumor-enhanced lesions in the arterial phase,
and disappearances of tumor enhancement by anti-
cancer treatment are considered to be necrosis. It is often
used to determine the efficacy of VEGF-targeted therapy
such as lenvatinib, and the assessment by mRECIST
criteria generally results in higher response rates than
RECIST criteria. While assessments tend to yield higher
response rates by mRECIST, the ORR in this trial was
better than anticipated, and the primary endpoint was
met. The proportions of patients with performance
status of 1–2 and extrahepatic metastases in this trial

Table 2. Tumor response

Independent Review Committee Investigators

modified RECIST,
n = 34

RECIST 1.1,
n = 35

modified RECIST,
n = 36

n % n % n %

Tumor response
CR 10 29.4 3 8.6 6 16.7
PR 12 35.3 13 37.1 16 44.4
SD 4 11.8 10 28.6 8 22.2
PD 8 23.5 9 25.7 6 16.7
Not evaluable 2 – 1 – – –

ORR (CR + PR) 64.7% (22/34) 45.7% (16/35) 61.1% (22/36)
Exact 95% CI 46.5%, 80.3% 28.8%, 63.4% 43.5%, 76.9%

DCR (CR + PR + SD) 76.5% (26/34) 74.3% (26/35) 83.3% (30/36)
Exact 95% CI 58.8%, 89.3% 56.7%, 87.5% 67.2%, 93.6%

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR,
disease control rate; CI, confidence interval.

Fig. 1. Kaplan-Meier curves of progression-free survival. The tick
marks indicate censored cases. PFS, progression-free survival.

Fig. 2. Kaplan-Meier curves of overall survival. The tick marks
indicate censored cases. OS, overall survival.
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Table 3. Subgroup analysis of ORR, DCR, progression-free survival, and overall survival

ORR DCR Progression-free
survival

Overall survival

% exact 95% CI % exact 95% CI median,
months

95% CI median,
months

95% CI

Portal vein tumor thrombosis
Present 62.5 35.4%, 84.8% 75.0 47.6%, 92.7% 5.7 2.7, 6.3 12.6 9.2, NA
Absent 66.7 41.0%, 86.7% 77.8 47.6%, 92.7% 8.0 4.2, 13.0 20.8 8.2, NA

Prior TACE
Present 66.7 38.4%, 88.2% 73.3 44.9%, 92.2% 7.0 3.7, 12.6 17.2 8.2, NA
Absent 63.2 38.4%, 83.7% 78.9 54.4%, 93.9% 6.2 2.9, 8.2 16.3 9.2, NA

Child-Pugh score
A5 70.8 48.9%, 87.4% 79.2 57.8%, 92.9% 6.3 5.5, 9.5 NA 10.9, NA
A6 50.0 18.7%, 81.3% 70.0 34.8%, 93.3% 6.2 1.0, 8.3 11.8 2.7, 20.8

AFP (ng/mL)
<400 63.2 38.4%, 83.7% 73.7 48.8%, 90.9% 6.6 2.7, 9.5 NA 10.2, NA
≥400 66.7 38.4%, 88.2% 80.0 51.9%, 95.7% 6.2 2.9, 7.6 11.9 5.6, 20.8

BCLC stage
B 66.7 41.0%, 86.7% 77.8 52.4%, 93.6% 8.0 4.2, 11.3 20.8 11.9, NA
C 62.5 35.4%, 84.8% 75.0 47.6%, 92.7% 5.7 2.7, 6.3 10.9 8.2, 13.4

Extrahepatic spread
Present 37.5 52.2%, 88.4% 50.0 8.5%, 75.5% 3.9 0.8, 7.9 10.0 1.0, 12.6
Absent 73.1 65.1%, 95.6% 84.6 15.7%, 84.3% 7.0 5.8, 9.5 20.8 11.9, NA

Objective response rate and disease control rate was judged using modified RECIST by the Independent Review Committee.
TACE, transcatheter arterial chemotherapy; AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; NA, not
available.

Table 4. Adverse events

Adverse events Grade 1 Grade 2 Grade 3 Grade 4 Grade 1–4 (%) Grade 3–4 (%)

Hematological adverse events
Thrombocytopenia 7 18 2 0 75 6
Anemia 12 9 3 0 67 8
Leukocytopenia 2 13 8 0 64 22
Neutropenia 3 13 7 0 64 19

Non-hematological adverse events
Increased AST 2 15 12 0 81 33
Increased ALT 14 8 7 0 81 19
Hypoalbuminemia 7 20 1 – 78 3
Appetite loss 11 14 2 0 75 6
Proteinuria 15 8 3 – 72 8
Malaise 11 10 – – 58 –
Hypertension 3 10 4 0 47 11
Palmar-plantar erythrodysesthesia 9 7 0 – 44 0
Increased bilirubin 5 7 3 1 44 11
Hoarseness 15 0 0 – 42 0
Increased creatinine 11 3 0 1 42 3
Nausea 6 6 1 – 36 3
Fatigue 6 5 2 – 36 6
Diarrhea 4 4 4 0 28 11

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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were lower as compared with those in pivotal phase III
trials of systemic therapy, including sorafenib [24, 25],
lenvatinib [4], Atezo+Bev [5], and Durva+Treme [6]
(online suppl. Table 1). However, other characteristics
including AFP and portal vein tumor thrombosis were
similar or at higher proportions. The confirmed ORR by
IRC was favorable in mRECIST and RECIST evaluation
methods in this trial. The overall survival from the
combination therapy in this study was comparable to
that of Atezo+Bev and Durva+Treme, although a large
number of patients with tumor thrombosis (44.4%) were
enrolled and only 5 patients (13.9%) received Atezo+Bev
in this series. We also compared our results with other
reports on HAIC including 5-FU plus cisplatin [17, 26],
FOLFOX [27, 28], or cisplatin alone [15] ± multikinase
inhibitors (online suppl. Table 2). The treatment out-
comes of this regimen showed the highest ORR and
longest OS compared with results in these previous
studies. However, the combination of lenvatinib plus
HAIC with cisplatin does not contain immune check-
point inhibitors and is applicable for patients with
contraindications for immune checkpoint inhibitors,
such as autoimmune diseases. This regimen might thus
be valuable as an alternative treatment for immune
checkpoint inhibitors. Furthermore, the cost of the
angiographic procedure and cisplatin is approximately
USD 2,000 per session in Japan, which is lower than the
cost of immune checkpoint inhibitors. This regimen will
thus also be of great economic value.

In the subgroup analysis, we found that patients with
extrahepatic metastases had poorer response and worse
progression-free survival and overall survival compared
with patients without extrahepatic metastases. When
cisplatin is administered directly from the hepatic artery,
it is metabolized in the liver and less likely to be dis-
tributed throughout the whole body, thus reducing ad-
verse events [1, 15]. However, HAIC does not exhibit
antitumor activity for extrahepatic metastasis, although it
is effective against intrahepatic lesions. Therefore, the
effectiveness of this combination therapy may also be
difficult to demonstrate, and this was the expected result.
This analysis clearly identified intrahepatic lesions as
suitable targets for this combination therapy.

HAIC is not a standard treatment worldwide [1].
Several recent reports from Asia have suggested the ef-
fectiveness of HAIC. In a phase III trial of sorafenib plus
HAIC with 5-FU/folinic acid and oxaliplatin (FOLFOX)
versus sorafenib alone, He et al. [26] reported that sor-
afenib plus HAIC with FOLFOX had a clear survival
benefit over sorafenib in patients with advanced-stage
HCC with vascular invasion. In a phase III trial of HAIC

with FOLFOX versus sorafenib alone, Lyu et al. [27] also
reported that HAIC with FOLFOXwas superior to sorafenib
alone in advanced HCC patients with heavy intrahepatic
tumor burden. Therefore, in some countries, especially
China, HAIC with FOLFOX is often used in advanced HCC
patients [1, 9]. Among HAIC regimens, cisplatin alone is a
one-shot administration and can be easily administered
using the Seldinger technique without the need for an in-
dwelling reservoir system [1, 13–15]. While the adminis-
tration of cisplatin requires hospitalization, lenvatinib plus
HAIC with cisplatin is expected to be more effective than
lenvatinib monotherapy or Atezo+Bev.

In this phase I/II trial, the main treatment-emergent
grade 3–4 adverse events were leukocytopenia (22%),
neutropenia (19%), increased total bilirubin (11%), in-
creased AST (33%), increased ALT (19%), increased γGTP
(19%), hyponatremia (25%), hyperpotassemia (11%), di-
arrhea (11%), and hypertension (11%). These adverse
events were transient and not severe. No adverse events
associated with the HAIC procedure were observed.
However, themedian dose intensitymay be relatively lower
than that in the REFLECT trial [4], which was a phase III
trial of lenvatinib versus sorafenib for unresectable HCC.
The proportion of dose reduction and treatment discon-
tinuation because of adverse events might be slightly higher
in response to the combination therapy. These adverse
events require attention. However, our study indicates the
combination treatment was well tolerated.

This study has several limitations. This was a single-
arm, open-label trial, and only a small number of patients
were enrolled in this phase II trial. However, the study
had a multicenter design, and tumor response was
centrally assessed by the IRC. Independent data man-
agement by the data center and proper and thorough data
analysis by independent statisticians were carried out,
supporting the reliability of these results. Another limi-
tation was that the trial was conducted only in Japan. It is
necessary to evaluate whether similar results will be
obtained in other countries.

In conclusion, our results demonstrated encouraging
response rates and overall survival with well-tolerated
adverse events in the combination therapy of lenvatinib
and HAIC with cisplatin for advanced HCC. Future
studies will need to evaluate the usefulness of this
regimen in phase III trials.

Acknowledgments

We thank the members of the LEOPARD data center of EP-
CRSU for their support with the data management (Ms. Yoko
Yoshimoto, Ms. Kumiko Maie, and Ms. Hisako Matsuba), the

200 Liver Cancer 2024;13:193–202
DOI: 10.1159/000531820

Ikeda et al.

https://doi.org/10.1159/000531820


members of audit (Ms. Kanae Kuriyama and Ms. Sayuri Hamada),
the members of the study committee for safety and efficacy
monitoring (Dr. Hiroshi Ishii, Dr. Yasuhiro Matsumura, and Dr.
Keigo Osuga), the members of the study committee for response
evaluation (Dr. Tatsushi Kobayashi, Dr. Shunsuke Sugawara), and
all the investigators of this trial. This paper was critically reviewed
by a native English speaker from the Translation Division of ASCA
Corporation, Tokyo, Japan. A part of the content of this paper was
reported in the European Society of Medical Oncology Cancer
Congress 2021, September 17, 2021–September 21, 2021, Paris,
France.

Statement of Ethics

This clinical trial was conducted in accordance with the
Declaration of Helsinki and Clinical Trials Act (Act No. 16 of April
14, 2017). This trial is registered with Japan Registry of Clinical
Trials; the identification number is jRCTs031180019. This clinical
trial was conducted with the approval of the National Cancer
Center Hospital East Certified Review Board (CRB3180009) and
the permission of directors in each participating institution. All
patients gave written informed consent before enrollment in this
trial.

Conflict of Interest Statement

Ikeda M reports grants or contracts from AstraZeneca,
Bayer, Bristol-Myers Squibb, Chiome Bioscience, Chugai,
Eisai, Eli Lilly Japan, Delta-Fly Pharma, Invitae, J-Pharma,
Merck Biopharma, Merus N.V., MSD, Novartis, Nihon Servier,
Ono, Pfizer, Takeda, and Yakult, and personal fees and other
funding from AstraZeneca, AbbVie, Abbott Japan, Bayer,
Bristol-Myers Squibb, Chugai, Eisai, Eli Lilly Japan, E.A.
Pharma, Fujifilm Toyama Chemical, Incyte Biosciences Japan,
M.S.D., Nihon Servier, Nippon Kayaku, Novartis, Otsuka,
Teijin, Taiho, Taisho Pharmaceutical, Takeda, and Yakult
outside the submitted work. Yamashita T. reports personal fees
and other funding from Eisai, Chugai, and Lilly outside the
submitted work. Ogasawara S. reports grants or contracts from
Bayer, Eisai, Eli Lilly, Chugai, and AstraZeneca; consulting fees
from Eisai, Chugai, and AstraZeneca; and personal fees and
other funding from Bayer, Eisai, Eli Lilly, Chugai, and As-
traZeneca outside the submitted work. Kudo M. reports grants
or contracts from Taiho, E.A. Pharma, Eisai, G.E. Healthcare,
Otsuka, AbbVie, and Chugai; consulting fees from Chugai,
AstraZeneca, Roche, and Eisai; and personal fees and other
funding from Eli Lilly, Bayer, Eisai, Chugai, Takeda, and
AstraZeneca; grants: Taiho, Otsuka, E.A. Pharma, AbbVie,
Eisai, Chugai, G.E. Healthcare; advisory consulting: Chugai,
Roche, AstraZeneca, and Eisai outside the submitted work.
Inaba Y. and Morimoto M. report personal fees and other
funding from Eisai, outside the submitted work. Tsuchiya
K. reports personal fees and other funding from Chugai, Eisai,
Takeda, and Eli Lilly, outside the submitted work. Shimizu
S. reports grants or contracts from AstraZeneca, Incyte Cor-
poration, and Delta-Fly Pharma, outside the submitted work.
Kojima Y. reports grants or contracts from Takeda, Ono

Pharmaceutical, Eisai, Chugai, and Daiichi Sankyo; personal
fees and other funding from Chugai, Yakult, Daiichi Sankyo,
and Eisai; and participation on a Data Safety Monitoring Board
or Advisory Board of AstraZeneca, outside the submitted
work. Hiraoka A. reports personal fees and other funding from
Chugai, AstraZeneca, and Eli Lilly Japan, outside the sub-
mitted work. K. Nouso reports personal fees and other funding
from Nihon Kayaku and Eisai, outside the submitted work.
Aikata H. reports personal fees and other funding from Eisai
and Chugai, outside the submitted work. Okusaka T. reports
grants or contracts from AstraZeneca, Syneos Health, E.P.
CRSU, Eisai, M.S.D., and Insight Japan; consulting fees from
AstraZeneca, Eisai, Nihon Servier, Dainippon Sumitomo
Pharma, Bristol-Myers, and FUJIFILM Toyama Chemical; and
personal fees and other funding from AstraZeneca, Insight
Japan, Eisai, Ono Pharmaceutical, Yakult Honsha, Johnson
and Johnson, Daiichi Sankyo, Taiho Pharmaceutical, Chugai,
Nihon Servier, Nippon Shinyaku, Eli Lilly Japan, Pfizer Japan,
and Novartis, outside the submitted work. Furuse J reports
grants from or contracts with Astellas, AstraZeneca, Incyte
Biosciences Japan, Eisai, M.S.D., Ono Pharmaceutical, Sanofi,
J-Pharma, Daiichi Sankyo, Sumitomo Dainippon, Taiho
Pharmaceutical, Takeda, Delta-Fly Pharma, and Chugai;
consulting fees from Fujifilm, Astellas, OncoTherapy Science,
Delta-Fly Pharma, Merck Bio, Ono Pharmaceutical, M.S.D.,
Taiho, Chugai, AstraZeneca, Incyte Biosciences Japan, and
J-Pharma; and personal fees and other funding from Ono
Pharmaceutical, Chugai Pharma, Incyte Biosciences Japan,
Eisai, Eli Lilly Japan, AstraZeneca, Yakult, Servier Japan,
M.S.D., Novartis, Takeda, Bayer, Taiho, E.A. Pharma, Teijin
Pharma, Daiichi Sankyo, Terumo; and participation on a Data
Safety Monitoring Board or Advisory Board of OncoTherapy
Science, Chugai, Astellas, AstraZeneca, Takara bio, Merck Bio,
M.S.D., and Taiho, outside the submitted work. K. Numata and
Sato T. report nothing to declare. Ikeda M., Yamashita T.,
Tsuchiya K., K. Nouso, and Furuse J. are Editorial Board
Members of Liver Cancer, and Kudo M. is an Editor in Chief of
Liver Cancer.

Funding Sources

This study received funding from Eisai Co., Ltd. The funding
sources were not involved in collection or analysis of the data or
preparation of the manuscript.

Author Contributions

M.I. designed the original concept of the study, discussed
and modified the study protocol, helped in collection and/or
assembly of data, interpreted data, created the first manuscript
draft, and provided the final approval of the manuscript to be
published. T.Y., S.O., M.K., Y.I., M.M., S.S., Y.K., T.O., and J.F.
helped conceive the design of the study and the collection and/
or assembly of data, interpreted data, critically reviewed the
manuscript drafts, and provided the final approval of the
manuscript to be published. K.T., A.H., K. Nouso, H.A., and
K. Numata helped in collection and/or assembly of data,

Lenvatinib plus HAIC with Cisplatin for
Advanced HCC: LEOPARD

Liver Cancer 2024;13:193–202
DOI: 10.1159/000531820

201

https://doi.org/10.1159/000531820


interpreted data, critically reviewed the manuscript drafts, and
provided the final approval of the manuscript to be published.
T.S. helped conceive the design of the study, performed sta-
tistical analyses, interpreted data, critically reviewed the
manuscript drafts, and provided the final approval of the
manuscript to be published.

Data Availability Statement

The data obtained in this study may be used for secondary uses
(e.g., meta-analyses) in Japan or the other countries with approval
by the study committee for safety and efficacy monitoring. In-
quiries can be directed to the corresponding author.

References

1 Kudo M, Kawamura Y, Hasegawa K, Tateishi
R, Kariyama K, Shiina S, et al. Management of
hepatocellular carcinoma in Japan: JSH
consensus statements and recommendations
2021 update. Liver Cancer. 2021 Jun;10(3):
181–223.

2 Furuse J, Ueno M, Ikeda M. Systemic therapy
for hepatocellular carcinoma: current status
and future perspectives. Jpn J Clin Oncol.
2021 Aug;51(9):1363–71.

3 Kudo M. Recent advances in systemic ther-
apy for hepatocellular carcinoma in an aging
society: 2020 update. Liver Cancer. 2020 Dec;
9(6):640–62.

4 Kudo M, Finn RS, Qin S, Han KH, Ikeda K,
Piscaglia F, et al. Lenvatinib versus sorafenib
in first-line treatment of patients with un-
resectable hepatocellular carcinoma: a ran-
domised phase 3 non-inferiority trial. Lancet.
2018 Mar;391(10126):1163–73.

5 Finn RS, Qin S, Ikeda M, Galle PR, Ducreux
M, Kim TY, et al. Atezolizumab plus bev-
acizumab in unresectable hepatocellular
carcinoma. N Engl J Med. 2020 May;382(20):
1894–905.

6 Abou-Alfa GK, Lau G, Kudo M, Chan SL,
Kelley RK, Furuse J, et al. Tremelimumab plus
durvalumab in unresectable hepatocellular
carcinoma. NEJM Evid. 2022 June;1(8):1–12.

7 Gordan JD, Kennedy EB, Abou-Alfa GK, Beg
MS, Brower ST, Gade TP, et al. Systemic
therapy for advanced hepatocellular carci-
noma: ASCO guideline. J Clin Oncol. 2020
Dec;38(36):4317–45.

8 Vogel A, Cervantes A, Chau I, Daniele B,
Llovet JM, Meyer T, et al. Hepatocellular
carcinoma: ESMO clinical practice guidelines
for diagnosis, treatment and follow-up. Ann
Oncol. 2018 Oct;29(Suppl 4):iv238–55.

9 Chen LT, Martinelli E, Cheng AL, Penther-
oudakis G, Qin S, Bhattacharyya GS, et al.
Pan-Asian adapted ESMO clinical practice
guidelines for the management of patients
with intermediate and advanced/relapsed
hepatocellular carcinoma: a TOS-ESMO
initiative endorsed by CSCO, ISMPO, JSMO,
KSMO, MOS and SSO. Ann Oncol. 2020
Mar;31(3):334–51.

10 Finn RS, Kudo M, Merle P, Meyer T, Qin S,
Ikeda M, et al. Primary results from the phase
III LEAP-002 study: lenvatinib plus pem-
brolizumab versus lenvatinib as first-line (1L)
therapy for advanced hepatocellular carci-
noma (aHCC). Ann Oncol. 2023 Jan;
13(suppl_7):S808–69.

11 Llovet JM, Vogel A, Madoff DC, Finn RS,
Ogasawara S, Ren Z, et al. Randomized phase
3 LEAP-012 study: transarterial chemo-
embolization with or without lenvatinib plus
pembrolizumab for intermediate-stage
hepatocellular carcinoma not amenable to
curative treatment. Cardiovasc Intervent
Radiol. 2022 Apr;45(4):405–12.

12 Saeki I. Transcatheter arterial chemo-
embolization therapy in combination strategy
with lenvatinib in patients with unresectable
HCC (TACTICS-L) in Japan: interim analysis.
Tokyo: Seoul. Paper presented at: APPLE
ACADEMY 2021. The 11th Asia-Pacific Pri-
mary Liver Cancer Expert Meeting; 2021.

13 Yoshikawa M, Ono N, Yodono H, Ichida T,
Nakamura H. Phase II study of hepatic arterial
infusion of a fine-powder formulation of cis-
platin for advanced hepatocellular carcinoma.
Hepatol Res. 2008 May;38(5):474–83.

14 Ikeda M, Okusaka T, Furuse J, Mitsunaga S,
Ueno H, Yamaura H, et al. A multi-
institutional phase II trial of hepatic arterial
infusion chemotherapy with cisplatin for
advanced hepatocellular carcinoma with
portal vein tumor thrombosis. Cancer Che-
mother Pharmacol. 2013 Aug;72(2):463–70.

15 Ikeda M, Shimizu S, Sato T, Morimoto M,
Kojima Y, Inaba Y, et al. Sorafenib plus he-
patic arterial infusion chemotherapy with
cisplatin versus sorafenib for advanced he-
patocellular carcinoma: randomized phase II
trial. Ann Oncol. 2016 Nov;27(11):2090–6.

16 Ueshima K, Kudo M, Takita M, Nagai T,
Tatsumi C, Ueda T, et al. Hepatic arterial
infusion chemotherapy using low-dose 5-
fluorouracil and cisplatin for advanced he-
patocellular carcinoma. Oncology. 2010 Jul;
78(Suppl 1):148–53.

17 Kudo M, Ueshima K, Yokosuka O, Ogasa-
wara S, Obi S, Izumi N, et al. Sorafenib plus
low-dose cisplatin and fluorouracil hepatic
arterial infusion chemotherapy versus sor-
afenib alone in patients with advanced he-
patocellular carcinoma (SILIUS): a rando-
mised, open label, phase 3 trial. Lancet
Gastroenterol Hepatol. 2018 Jun;3(6):424–32.

18 Obi S, Yoshida H, Toune R, Unuma T, Kanda
M, Sato S, et al. Combination therapy of
intraarterial 5-fluorouracil and systemic
interferon-alpha for advanced hepatocellular
carcinoma with portal venous invasion.
Cancer. 2006 May;106(9):1990–7.

19 Flaig TW, Su LJ, McCoach C, Li Y, Raben D,
Varella-Garcia M, et al. Dual epidermal

growth factor receptor and vascular endo-
thelial growth factor receptor inhibition with
vandetanib sensitizes bladder cancer cells to
cisplatin in a dose- and sequence-dependent
manner. BJU Int. 2009 Jun;103(12):1729–37.

20 Sonpavde G, Jian W, Liu H, Wu MF, Shen SS,
Lerner SP. Sunitinib malate is active against
human urothelial carcinoma and enhances the
activity of cisplatin in a preclinical model. Urol
Oncol. 2009 Jul-Aug;27(4):391–9.

21 Zhong XS, Liu LZ, Skinner HD, Cao Z, DingM,
Jiang BH. Mechanism of vascular endothelial
growth factor expression mediated by cisplatin
in human ovarian cancer cells. Biochem Bio-
phys Res Commun. 2007 Jun;358(1):92–8.

22 Lencioni R, Llovet JM. Modified RECIST
(mRECIST) assessment for hepatocellular car-
cinoma. Semin Liver Dis. 2010 Feb;30(1):52–60.

23 Eisenhauer EA, Therasse P, Bogaerts J,
Schwartz LH, Sargent D, Ford R, et al. New
response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur
J Cancer. 2009 Jan;45(2):228–47.

24 Llovet JM, Ricci S, Mazzaferro V, Hilgard P,
Gane E, Blanc JF, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med.
2008 Jul;359(4):378–90.

25 Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S,
Kim JS, et al. Efficacy and safety of sorafenib
in patients in the Asia-Pacific region with
advanced hepatocellular carcinoma: a phase
III randomised, double-blind, placebo-
controlled trial. Lancet Oncol. 2009 Jan;
10(1):25–34.

26 Choi JH, Chung WJ, Bae SH, Song DS, Song
MJ, Kim YS, et al. Randomized, prospective,
comparative study on the effects and safety of
sorafenib versus. hepatic arterial infusion
chemotherapy in patients with advanced
hepatocellular carcinoma with portal vein
tumor thrombosis. Cancer Chemother
Pharmacol. 2018 Sep;82(3):469–78.

27 HeM, Li Q, ZouR, Shen J, FangW, TanG, et al.
Sorafenib plus hepatic arterial infusion of ox-
aliplatin, fluorouracil, and leucovorin vs sor-
afenib alone for hepatocellular carcinoma with
portal vein invasion: a randomized clinical trial.
JAMA Oncol. 2019 Jul;5(7):953–60.

28 Lyu N, Wang X, Li JB, Lai JF, Chen QF, Li SL,
et al. Arterial chemotherapy of oxaliplatin
plus fluorouracil versus sorafenib in ad-
vanced hepatocellular carcinoma: a biomo-
lecular exploratory, randomized, phase III
trial (FOHAIC-1). J Clin Oncol. 2022 Feb 10;
40(5):468–80.

202 Liver Cancer 2024;13:193–202
DOI: 10.1159/000531820

Ikeda et al.

https://www.karger.com/Article/FullText/531820?ref=1#ref1
https://www.karger.com/Article/FullText/531820?ref=2#ref2
https://www.karger.com/Article/FullText/531820?ref=3#ref3
https://www.karger.com/Article/FullText/531820?ref=4#ref4
https://www.karger.com/Article/FullText/531820?ref=5#ref5
https://www.karger.com/Article/FullText/531820?ref=6#ref6
https://www.karger.com/Article/FullText/531820?ref=7#ref7
https://www.karger.com/Article/FullText/531820?ref=8#ref8
https://www.karger.com/Article/FullText/531820?ref=8#ref8
https://www.karger.com/Article/FullText/531820?ref=9#ref9
https://www.karger.com/Article/FullText/531820?ref=10#ref10
https://www.karger.com/Article/FullText/531820?ref=11#ref11
https://www.karger.com/Article/FullText/531820?ref=11#ref11
https://www.karger.com/Article/FullText/531820?ref=12#ref12
https://www.karger.com/Article/FullText/531820?ref=12#ref12
https://www.karger.com/Article/FullText/531820?ref=12#ref12
https://www.karger.com/Article/FullText/531820?ref=12#ref12
https://www.karger.com/Article/FullText/531820?ref=13#ref13
https://www.karger.com/Article/FullText/531820?ref=14#ref14
https://www.karger.com/Article/FullText/531820?ref=14#ref14
https://www.karger.com/Article/FullText/531820?ref=15#ref15
https://www.karger.com/Article/FullText/531820?ref=16#ref16
https://www.karger.com/Article/FullText/531820?ref=17#ref17
https://www.karger.com/Article/FullText/531820?ref=17#ref17
https://www.karger.com/Article/FullText/531820?ref=18#ref18
https://www.karger.com/Article/FullText/531820?ref=19#ref19
https://www.karger.com/Article/FullText/531820?ref=20#ref20
https://www.karger.com/Article/FullText/531820?ref=20#ref20
https://www.karger.com/Article/FullText/531820?ref=21#ref21
https://www.karger.com/Article/FullText/531820?ref=21#ref21
https://www.karger.com/Article/FullText/531820?ref=22#ref22
https://www.karger.com/Article/FullText/531820?ref=23#ref23
https://www.karger.com/Article/FullText/531820?ref=23#ref23
https://www.karger.com/Article/FullText/531820?ref=24#ref24
https://www.karger.com/Article/FullText/531820?ref=25#ref25
https://www.karger.com/Article/FullText/531820?ref=26#ref26
https://www.karger.com/Article/FullText/531820?ref=26#ref26
https://www.karger.com/Article/FullText/531820?ref=27#ref27
https://www.karger.com/Article/FullText/531820?ref=28#ref28
https://doi.org/10.1159/000531820

	Multicenter Phase II Trial of Lenvatinib plus Hepatic Intra-Arterial Infusion Chemotherapy with Cisplatin for Advanced Hepa ...
	Introduction
	Materials and Methods
	Study Design
	Patient Eligibility
	Protocol Treatment
	Tolerability Assessment
	Tumor Assessment
	Statistical Analysis

	Results
	Feasibility Confirmation
	Patient Characteristics
	Treatment
	Tumor Response
	Progression-Free Survival and Overall Survival
	Subgroup Analysis
	Adverse Events

	Discussion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


