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Abstract

Background: Lenvatinib is used for unresectable hepatocellular carcinoma (u-HCC) as first-line, as well as second- and
third-line therapy in Japan. We evaluated the therapeutic efficacy of newly developed ramucirumab when given after lenva-
tinib for post-progression treatment.
Methods: Of 385 patients with u-HCC and treated with lenvatinib at 16 different institutions in Japan between May 2018 and
January 2020, 28 who received ramucirumab as the next treatment were enrolled and therapeutic responses were evaluated
in a retrospective manner.
Results: The median age of the 28 patients given ramucirumab was 70 years and the median albumin-bilirubin score was
�2.19. Of the 28 patients, 23 were male, 21 were classified as Child–Pugh A and 7 as Child–Pugh B, and 25 were Barcelona
Clinic Liver Cancer Stage C. Ramucirumab was given as second-line therapy in 14, third-line in 9, and fourth-line in 5.
Therapeutic response was obtained in only 26 patients; the objective response rate was 3.8% (1/26) and the disease-control
rate was 42.3% (11/26), with a median period to progression of 2.0 months. The reasons for discontinuation of ramucirumab
were progression of disease in 16 and Grade 3 adverse events (gastrointestinal bleeding, ascites) in 2.
Conclusions: The anticipated therapeutic efficacy of ramucirumab for post-progression treatment following lenvatinib was
not seen in our early experience.
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Introduction

Recently, several different systemic chemotherapy regimens
that use a tyrosine kinase inhibitor (TKI) and/or molecular-
targeting agent (MTA) for unresectable hepatocellular carci-
noma (u-HCC) have become available. Sorafenib was developed
as a first-line TKI [1, 2], after which regorafenib was introduced
as a second-line drug in 2017 [3]. Nevertheless, a remaining im-
portant unmet need is the lack of therapeutic options for u-HCC
patients who show sorafenib intolerance or regorafenib failure.
Although lenvatinib was developed as a first-line TKI drug [4], it
is given not only as a first-, but also as a second- and third-line
treatment option in Japan [5–9].

In 2019, ramucirumab became available as a new second-
line drug. Ramucirumab is a recombinant monoclonal human
immunoglobulin IgG1 antibody-specific inhibitor of vascular en-
dothelial growth factor 2 (VEGFR-2), which is an important pri-
mary driving factor for both physiological and pathological
angiogenesis. Although no survival benefit was proved in the
REACH trial, sub-analysis of patients with an alpha-fetoprotein
(AFP) level �400 ng/mL revealed improved survival [10], thus the
REACH-2 trial was planned and performed [11]. The REACH-2
trial demonstrated its clinical efficacy following sorafenib treat-
ment as compared with a placebo [11]. However, lack of an
established post-progression treatment option for patients with
lenvatinib failure has become evident. In the present study, we
aimed to elucidate the clinical features of post-progression sys-
temic chemotherapy drugs, especially ramucirumab, for use fol-
lowing lenvatinib failure.

Materials and methods
Sources of patients

A total of 385 patients with u-HCC were treated with lenvatinib
at specific institutions in Japan (Ehime Prefectural Hospital,
Ogaki Municipal Hospital, Himeji Red Cross Hospital,
Takamatsu Red Cross Hospital, Kagawa University, Osaka
Medical School, Nippon Medical School, Ehime University
Graduate School of Medicine, Teine Keijinkai Hospital, Saiseikai

Niigata Hospital, Kagawa Prefectural Central Hospital, Okayama
City Hospital, Asahi General Hospital, Toyama University
Hospital, Otakanomori Hospital, Tokushima Prefectural Central
Hospital, Matsuyama Red Cross Hospital, and Hamamatsu
University School of Medicine) between May 2018 and January
2020. Among them, 28 who received ramucirumab as post-
progression treatment and showed therapeutic response were
evaluated in a retrospective manner.

Basal hepatic disease related to HCC

HCC due to hepatitis C virus (HCV) was judged when the anti-
HCV was positive, whereas HCC due to hepatitis B virus (HBV)
was judged when the hepatitis B virus surface antigen (HBsAg)
was positive.

Methods for hepatic reserve function and therapeutic-
response assessments

Child–Pugh classification [12] and albumin-bilirubin (ALBI)
grade were used for assessment of the hepatic reserve function.
The ALBI grade was calculated with serum-albumin and total-
bilirubin values using the following formula: ALBI score¼ [log10
bilirubin (mmol/L)� 0.66]þ [Albumin (g/L)��0.085)], with the re-
sult defined by the following scores: ��2.60, Grade 1; >�2.60 to
��1.39, Grade 2; and >�1.39, Grade 3 [13–15]. To perform more
detailed evaluations of patients with the middle ALBI grade of 2,
we used a revised grading system consisting of four levels that
included sub-grading for the middle grade of 2 (2a and 2b) based
on an ALBI score of �2.27 as the cut-off, which was previously
developed based on the value for indocyanine green retention
after 15 min (ICG-R15) of 30% [16, 17].

Local physicians at each participating hospital indepen-
dently evaluated HCC status using dynamic computed tomogra-
phy (dy-CT) and/or magnetic resonance imaging (MRI)
procedures performed at 4 or 8 weeks after the introduction of
post-progression treatment (sorafenib or ramucirumab) based
on the Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines version 1.1 [18], when possible.
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HCC diagnosis and treatment

Based on an increasing course of AFP, as well as dy-CT [19], MRI
[20, 21], contrast-enhanced ultrasonography with perflubutane
(SonazoidVR , Daiichi Sankyo Co., Ltd, Tokyo, Japan) [22, 23], and/
or pathological findings, HCC was diagnosed. We used
Barcelona Clinic Liver Cancer (BCLC) stage [24] and tumor node
metastasis (TNM) stage, determined as previously reported in a
study for the TNM staging of HCC conducted by the Liver Cancer
Study Group of Japan (LCSGJ) 6th edition [25] (TNM-LCSGJ), to
evaluate tumor progression. Written informed consent for MTA
treatment was obtained from all of the patients. The protocol
used in the present study was approved by the Institutional
Ethics Committee of Ehime Prefectural Central Hospital (IRB No.
30-66).

Ramucirumab treatment and assessment of adverse
events

Ramucirumab was given as an intravenous injection at a dose
of 8 mg/kg once every 2 weeks. According to the guidelines for
the administration of ramucirumab, the dose should be reduced
or the treatment should be interrupted when a patient develops
any Grade 3 or more severe adverse event (AE) or if any unac-
ceptable Grade 2 drug-related AE occurs. AEs were assessed
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.0 [26]. The
worst grade for each AE during the present observation period
was recorded. If a drug-related AE occurred, dose reduction or
temporary interruption was maintained until the symptom was
resolved to Grade 1 or 2, according to the guidelines provided by
the manufacturer.

Statistical analysis

Statistical analyses were performed using the Kaplan–Meier
method or a log-rank test. A P-value <0.05 was considered sta-
tistically significant. Easy R (EZR), version 1.29 (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) [27], a graphical
user interface for R (The R Foundation for Statistical Computing,
Vienna, Austria), was used for all statistical analyses.

Results
Patient characteristics

Among the 385 patients treated with lenvatinib during the
study period, 28 who subsequently received ramucirumab as
post-progression treatment were analysed. Their median age
was 70 years and 23 were male. Six were diagnosed pathologi-
cally and the others were using the diagnostic algorithm for
HCC [24]. No patient had any known past history of chronic he-
patic failure, chronic respiratory diseases, or chronic renal fail-
ure. Twenty-one were classified as Child–Pugh A and seven as
Child–Pugh B, and the median ALBI score was �2.19. BCLC stage
C was noted in 25. All had undergone lenvatinib treatment, with
ramucirumab used as second-line treatment in 14, as third-line
in 9, and as fourth-line in 5 (Table 1).

Therapeutic efficacy

Among these 28 patients, therapeutic response according to
RECIST version 1.1 was obtained in 26. Partial response (PR) was
observed in only 1 and stable disease (SD) was noted in 10,
whereas progressive disease (PD) was seen in 15, with an objec-
tive response rate (ORR) of 3.8% (1/26) and a disease-control rate

(DCR) of 42.3% (11/26) (Table 2). Until the end of January 2020,
ramucirumab treatment was stopped in 18; the major reasons
for discontinuation were PD in 16 and AE (Grade 3) in 2 (gastro-
intestinal bleeding, ascites). The median time to progression
(TTP) was 2 months [95% confidential interval (CI), 1.4–
3.2 months] (Figure 1A). There were no significant differences
for TTP and DCR between patients who only received lenvatinib
and those treated with multiple MTA drugs, including lenvati-
nib before ramucirumab (1.8 vs 2.1 months, P¼ 0.789) (38.5% vs
46.1%, P¼ 1.0). TTP was also not significantly different between
Child–Pugh class A and B classification (2.0 vs 2.1 months,
P¼ 0.986). At the end of the study period, more than half of the
patients had survived, thus the median survival time after in-
troducing ramucirumab and the initial MTA drug were not
reached (Figure 1B and C).

Adverse events

Grade 3 AEs noted in the 28 patients were hepatic coma (n¼ 1;
3.6%), gastrointestinal bleeding (duodenal ulcer: n¼ 1; 3.6%), as-
cites (n¼ 1; 3.6%), fatigue and appetite loss (n¼ 1; 3.6%), and fe-
ver (n¼ 1; 3.6%), whereas Grade 1/2 AEs included ascites or
pretibial edema (n¼ 6; 21.4%), fatigue and appetite loss (n¼ 5;
17.8%), diarrhea (n¼ 3; 10.7%), and fever (n¼ 1; 3.6%) (Table 3).

Table 1. Clinical features of 28 unresectable hepatocellular-carci-
noma patients treated with ramucirumab

Factor Value

Age, yearsa 70 (60–76)
Gender, male:female 23:5
Etiology, HCV:HBV:alcohol:others 8:7:4:9
BMI, kg/m2a 23.2 (21.1–24.3)
EOCG PS, 0:1 18:10
Platelets, �104/mLa 13.9 (11.2–19.2)
AST, IU/La 51 (36–68)
ALT, IU/La 32 (20–57)
Total bilirubin, mg/dLa 0.9 (0.7–1.2)
Albumin, g/dLa 3.5 (3.3–3.7)
Prothrombin time, %a 91 (82–97)
NH3, lg/dLa 50 (36–60)
Child–Pugh score, 5:6:7:8:9 9:12:6:0:1
Modified ALBI, 1:2a:2b 2:9:17
ALBI scorea �2.19 (�2.36 to �1.96)
Positive for MVI (n ¼ 10)b, Vp2:Vp4:Vv2 7:3:2
Positive for EHM (n ¼ 18)b, lung:bone:LN:others 13:5:5:2
TNM stage of LCSGJ 6th, III:IVa:IVb 4:6:18
BCLC stage, B:C 3:25
AFP, ng/mL 3,019 (989–8,189)
History of MTAsb, LEN:SOR:REG 28:14:5
Previous treatment, LEN:SOR:TACE 22:5:1
Use of ramucirumab, 2nd:3rd:4th-line 14:9:5

a Median (interquartile range). b There are duplicate cases; HCV, hepatitis C vi-

rus; HBV, hepatitis B virus; others, patients without viral infection or alcohol

abuse; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group

performance status; AST, aspartate transaminase; ALT, alanine aminotransfer-

ase; ALBI, albumin-bilirubin; MVI, main vessel invasion; Vp2, tumor invasion to

secondary portal branch; Vp4, tumor invasion to main portal branch; Vv2, tumor

invasion to hepatic vein trunk; EHM, extra-hepatic metastasis; LN, lymph node;

TNM-LCSGJ 6th, tumor node metastasis stage by Liver Cancer Study Group of

Japan, 6th edition; BCLC, Barcelona Clinic Liver Cancer stage; AFP, alpha-fetopro-

tein; MTA, molecular-targeting agent; LEN, lenvatinib; SOR, sorafenib; REG,

regorafenib; TACE, transcatheter arterial chemo-embolization.
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Discussion

In the present analysis, the ORR and DCR for ramucirumab as
post-progression treatment following lenvatinib were 3.8% and
42.3%, respectively. In previous reports [5–9], the therapeutic ef-
ficacy of lenvatinib did not show a significant difference be-
tween u-HCC patients with or without a past history of MTA
treatment. A similar result was observed in the present study.
There were no significant differences for either TTP or DCR be-
tween patients who received only lenvatinib and those were
treated with multiple MTA drugs, including lenvatinib, prior to
ramucirumab.

Few reports regarding the therapeutic efficacy of ramuciru-
mab given following lenvatinib for post-progression have been
presented. In the REACH-2 trial, the ORR and DCR for ramuciru-
mab given as a second-line treatment after sorafenib [11] were
superior as compared with those in the present study. Recently,
Kuzuya et al. [28] reported a high DCR (80%) with ramucirumab
in 10 patients with unresectable HCC, of whom 8 (80%) were
treated with ramucirumab as second-line treatment following
lenvatinib. In contrast, ramucirumab was used as a third- or

fourth-line treatment more frequently (50%) in the present
study than in that report. Interestingly, in the present cohort,
there was no significant difference for DCR between patients
who received ramucirumab as second-line and those who re-
ceived it as third-/fourth-line treatment. Our results suggest
that the therapeutic potential of ramucirumab given as post-
progression treatment after lenvatinib might be not sufficient.

Abnormal expression of FGF19-FGFR4 has been reported as
an oncogenic-driver pathway for HCC [29]. Among the four MTA
drugs available in Japan at the time of writing (early 2020), only
lenvatinib is known to inhibit FGFR 4 (Table 4). In another study,
sorafenib administration did not increase the level of FGF19
from the baseline, whereas the level of FGF19 was significantly
increased compared with the baseline in patients given lenvati-
nib (P< 0.001), and the FGF19 level was higher in the patients
given lenvatinib than in those given sorafenib at any point dur-
ing the study period (P< 0.05) [30]. FGFR signals via the auto-
crine loop of FGFR4 corresponding to FGF19 have been reported
[31–34] and an elevated level of FGF19 in serum is thought to be
a result of the suppression of FGFR4 expression by lenvatinib.
When therapeutic failure is observed in patients receiving len-
vatinib, FGFR4 expression is presumed to exist, thus HCC may
have acquired resistance to VEGF signal suppression at the time
of lenvatinib failure. As a result, it is expected that not only
ramucirumab, but also other MTAs (sorafenib and regorafenib),
might have a lower therapeutic effect than expected in patients
with lenvatinib failure. Although lenvatinib was developed as a
first-line agent, it has also been used for late-line treatments in
Japan [5–9]. In contrast, sorafenib has not been shown to have
potential for post-progression treatment following lenvatinib.
In our Child–Pugh A patients, the ORR and DCR for sorafenib
given for PD in patients who had received lenvatinib were 0.0%
and 16.7%, respectively, whereas those for ramucirumab were
0.0% and 36.8%, respectively (data not shown). Thus, a new

Figure 1. Overall survival of 28 patients with unresectable hepatocellular carcinoma treated with ramucirumab. (A) Time to progression after starting ramucirumab

treatment. (B) Overall survival (OS) after introducing ramucirumab. (C) OS after introducing initial molecular-targeting agent.

Table 2. Therapeutic results in 28 unresectable hepatocellular-carcinoma patients treated with ramucirumab

Best therapeutic response (RECIST)a, CR: PR: SD: PD: NE 0:1:10:15:2
Reason for RAM discontinuation (n¼ 18), PD: AE 16:2
Observation period after starting initial MTA drug (IQR), days 358 (281–952)
Observation period after starting RAM (IQR), days 90 (50–112)
Time to progression (IQR), days 56 (37–72)

aEvaluated according to Response Evaluation Criteria in Solid Tumors (RECIST). CR, complete response; PR, partial response; SD, stable dis-

ease; PD, progression disease; NE, not examined; RAM, ramucirumab; AE, adverse event; MTA, molecular-targeting agent; IQR, interquartile

range.

Table 3. Adverse events seen in 28 unresectable hepatocellular-car-
cinoma patients treated with ramucirumab

Adverse event Grade 1 or 2 Grade 3

Ascites, pretibial edema 6 1 (ascites)
Fatigue and appetite loss 5 1
Diarrhea 3 0
Fever 1 1
Hepatic coma 0 1
Gastrointestinal bleeding 0 1 (duodenal ulcer)
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unmet clinical need is now apparent, as there is no established
post-progression therapy for patients with lenvatinib failure.

This study has some limitations, including its retrospective
nature. In addition, the number of cases analysed was too few
to obtain concrete conclusions. We did not examine FGF-19-
FGFR4 expression in the present cohort, thus further investiga-
tions and accumulation of more records of patients given ramu-
cirumab as post-progression treatment following lenvatinib
failure are needed. Nevertheless, our findings indicate that the
therapeutic efficacy of ramucirumab after failure with lenvati-
nib might be limited.

In our early experience, the anticipated therapeutic efficacy
of ramucirumab given following lenvatinib treatment has not
been observed. It is difficult to fully explain our results at this
time; determination of the best strategic order of administration
of these drugs is an important issue to obtain prognosis im-
provement in affected patients.
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