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Abstract
Background

We aimed to investigate the e�cacy and safety of ramucirumab therapy in Japanese patients with
unresectable hepatocellular carcinoma (u-HCC) in real-world practice.

Methods

A total of 16 patients with u-HCC were treated with ramucirumab of ≥2 cycles between July 2019 and
April 2020. Modi�ed response evaluation criteria in solid tumors (RECIST) and RECIST version 1.1 were
used to evaluate radiological responses.

Results

The patients received ramucirumab as second-line (n = 4), third-line (n = 2), and fourth-line (n = 10).
Median observation period was 3.7 months and 3 patients treated as fourth-line died from HCC
progression. According to modi�ed RECIST, the objective response rate (ORR) and disease control rate
(DCR) were 27.2% and 81.8%, respectively. ORR and DCR by RECIST version 1.1 were 9.1 % and 72.7%,
respectively. PFS at 3 months was 68.2%. Drug discontinuation caused by adverse events (AEs) was
reported in 7 patients treated as fourth-line and 1 patient as third-line. Pretreatment creatinine (Cr) and
estimated glomerular �ltration rate (eGFR) were signi�cantly higher in patients with discontinuation
owing to AEs (P = 0.01 and P = 0.02). Urine protein-to-creatine ratio after 4 weeks was signi�cantly higher
in patients with impaired renal function than patients with preserved renal function (0.93 vs. 0.14; P =
0.017).

Conclusion

Ramucirumab therapy was found to have similar radiological responses between u-HCC patients with
single and multiple experiences of TKI therapies. The pretreatment factors would be associated with the
incidence of AEs during the therapy.

Introduction
Hepatocellular carcinoma (HCC) is one of the major causes of cancer-related deaths [1], and systemic
therapies for unresectable HCC have been rapidly progressing. In several countries, various tyrosine
kinase inhibitors (TKIs) such as sorafenib [2,3], lenvatinib [4], regorafenib [5], and cabozantinib [6] and the
vascular endothelial growth factor receptor 2 (VEGFR-2) inhibitor ramucirumab [7,8] have already been
approved. Recently, the phase III IMbrave150 trial [9] has found that combined immunotherapy and VEGF
inhibition with atezolizumab and bevacizumab had better clinical outcome and will become the new
standard �rst-line therapy for advanced HCC. In this situation, it is necessary to reveal the clinical
outcome of sequential therapies in real-world practice which was performed in different situations from
the previous clinical trials.
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The REACH-2 trial [8] con�rmed the e�cacy of ramucirumab as second-line and all of the patients in this
study had treatment with sorafenib. In Japan ramucirumab has been approved since June 2019. As a
�rst-line agent, sorafenib and lenvatinib are equally recommended in many guidelines such as the Japan
Society of Hepatology (JSH) [10], the American Association for the Study of Liver Disease [11], and the
European Association for the Study of the Liver (EASL) [12]. Therefore, ramucirumab has administered in
patients who were treated with lenvatinib. Moreover, as third-line or fourth-line, ramucirumab is
administered to Japanese patients with unresectable HCC in real-world practice.

This study aimed to investigate the e�cacy and safety of ramucirumab in real-world practice and
analyze the clinical factors associated with adverse events (AEs) during the therapy.

Methods
Patients

A total of 20 patients with unresectable HCC received ramucirumab therapy at Musashino Red Cross
Hospital from July 2019 to April 2020. The candidates for ramucirumab were patients with unresectable
HCC, ECOG-PS 0-1, experiences with systemic chemotherapy for HCC, and alpha-fetoprotein (AFP) levels
of ≥400 ng/mL. Ramucirumab therapy was administered after discussions by the experts at a tumor
board in the institution. Among them, 4 patients discontinued ramucirumab therapy within 2 weeks
because of worsening general conditions caused by HCC progression. Finally, 16 patients were enrolled in
this study. HCC diagnosis and evaluation of disease progression were based on guidelines proposed by
JSH, ASSLD, or EASL. Written informed consent was obtained from all patients, and the ethics committee
at the Musashino Red Cross Hospital approved the study in accordance with the Declaration of Helsinki.

Treatment protocol

Patients received intravenous ramucirumab (8 mg/kg) for 1 hour every 14 days until disease progression
or unacceptable toxicity. Dose reduction and interruption were done according to the guidelines provided
by the manufacturer. Dynamic computed tomography was performed at baseline, at 4–8 weeks after
ramucirumab administration, and every 6–10 weeks thereafter. Treatment response was reported based
on response evaluation criteria in solid tumors (RECIST) and modi�ed RECIST [13]. AFP level was also
evaluated at baseline and every 4 weeks thereafter. AEs were evaluated according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0 [14]. Drug discontinuation because of AEs
included drug interruption of more than 6 weeks. As for the assessment of changes in liver function, the
albumin-bilirubin (ALBI) score [15,16] was analyzed at baseline and at 2, 4, and 8 weeks.

Statistical analysis

Overall survival (OS) was measured from the date of ramucirumab administration to the date of death
from any cause. Patients who were lost to follow-up were censored at the last visit or contact. Patients
who remained alive were censored on April 30, 2020. PFS was measured from the date of ramucirumab



Page 5/14

administration to the date of radiological tumor progression or death from any cause. Data were
expressed as the median value (range). Fisher’s exact test, Mann–Whitney U test, paired t-test, Kaplan–
Meier method, and log-rank test were used for statistical analyses. P < 0.05 was considered statistically
signi�cant. Statistical analyses were performed with EZR (Saitama Medical Centre, Jichi Medical
University, Shimotsuke, Japan) [17], a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).

Results
Baseline patient characteristics

Baseline characteristics of these patients are presented in Table 1. The median ALBI score was −2.01
(range, −2.99 to −1.60) and baseline modi�ed ALBI grades were 1, 2a, and 2b in 1 (6.2%), 2 (12.5%), and
13 patients (81.3%), respectively. HCC progression at the beginning of ramucirumab therapy was
classi�ed as BCLC stage B and C in 8 (50.0%) and 8 patients (50.0%), respectively. The major portal
invasion was present in 4 patients (25.0%). Extrahepatic metastasis was present in 6 patients (37.5%).
The median AFP level was 2296.5 ng/mL (range, 447.2–34327.7 ng/mL). Second-line, third-line, and
fourth-line treatments were administered in 4 (25.0%), 2 (12.5%), and 10 patients (62.5%), respectively.
Among 4 patients who received ramucirumab as second-line, 3 patients were treated with lenvatinib as
�rst-line and 1 patient participated in the double-blind clinical trial of lenvatinib or lenvatinib +
pembrolizumab (NCT03713593). Among 2 patients who received ramucirumab as third-line, 1 patient
was treated with sorafenib-lenvatinib and 1 patient received lenvatinib-sorafenib. Among 10 patients who
received ramucirumab as fourth-line, 5 patients were treated with sorafenib-regorafenib-lenvatinib, 3
patients were treated with lenvatinib-sorafenib-regorafenib, 1 patient received sorafenib-lenvatinib-
regorafenib, and 1 patient received axitinib + avelumab (NCT03289533), cabozantinib (NCT03586973),
and lenvatinib.

Table 1. Baseline characteristics
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  n = 16

Age (years), median (range) 70 (53–88)

Sex, male/female (%) 11(68.8)/5 (31.2)

Body weight (kg), median (range) 60.6 (49.6–91.8)

Etiology HBV/HCV/alcohol/others (%) 3(18.8)/11(68.8)/1(6.2)/1(6.2)

Pretreatment ALBI score, median (range)

Pretreatment modi�ed ALBI grade 1/2a/2b (%)

−2.01 (−2.99 to −1.60)

1 (6.2)/2 (12.5)/13 (81.3)

ECOG-PS, 0/1/2 (%) 7 (43.8)/9 (56.2)/0 (0)

BCLC stage, A/B/C (%) 0(0)/8(50.0)/8(50.0)

Major portal invasion, yes/no (%) 4 (25.0)/12 (75.0)

Extrahepatic spread, yes/no (%) 6 (37.5)/10 (62.5)

Baseline AFP concentration (ng/mL),

median (range)

2296.5 (447.2–34327.7)

Clinical course,

second-line/third line/fourth-line (%)

4 (25.0)/2 (12.5)/10 (62.5)

Therapeutic e�cacy

At the end of the data cutoff (April 30, 2020), the median duration of follow-up was 3.7 months (range,
1.9–9.4 months). The median course of ramucirumab was 5 (range, 2–18). During the observation
period, 12 patients discontinued ramucirumab therapy because of progressive disease (PD) (n = 4) or AEs
(n = 8), and 3 patients died from HCC progression. There was no treatment-related death in this study.
The median OS and PFS were not reached, and PFS at 3 months was 68.2% (Figure 1). In Child-Pugh A
patients without macrovascular invasion (n = 8), 1 patient died from HCC progression with bone
metastasis. Radiological evaluation after ramucirumab administration was performed in 11 patients.
With regard to the best antitumor response according to modi�ed RECIST, no patient had complete
response (CR), 3 patients had partial response (PR), 6 patients had stable disease (SD), and 2 patients
had PD. The objective response rate (ORR) was 27.2% and disease control rate (DCR) was 81.8%. With
regard to the best antitumor response according to RECIST, no patient had CR, 1 patient had PR, 7
patients had SD, and 3 patients had PD. ORR and DCR were 9.1% and 72.7%, respectively. AFP level
decreased in 4 of 13 patients within 8 weeks after ramucirumab administration. Among 4 patients with
decreased AFP, 2 patients showed PR and the remaining 2 patients were diagnosed as having SD by
modi�ed RECIST criteria. According to RECIST criteria, 1 patient showed PR and the remaining 3 patients
were diagnosed as having SD. Among 4 patients with decreased AFP, AFP level at 4 weeks was decreased
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in 2 patients and the other 2 patients showed higher AFP at 4 weeks than pretreatment and decreased at
8 weeks after ramucirumab administration.

Changes in liver function

The changes in the ALBI score within 8 weeks are presented in Figure 2. The median ALBI scores at
baseline and at 2, 4, and 8 weeks were −2.02 (range, −2.99 to −1.60), −1.91 (range, −2.69 to −1.31), −2.04
(range, −2.91 to −1.26), and −1.93 (range, −2.73 to −1.43), respectively. There were no signi�cant
differences in median ALBI score between baseline and at 4 weeks (P = 0.29) and between at baseline
and at 8 weeks (P = 0.43).

Adverse events during ramucirumab therapy

AEs observed during ramucirumab therapy are presented in Table 2. Any grades of total AEs are observed
in all patients. No infusion reaction was reported in all patients. Percentages of patients manifesting
CTCAE grade 3 or more AEs were 43.8% for ascites and edema and 6.2% for increased total bilirubin (T-
Bil). During the observation period, 8 patients discontinued ramucirumab therapy owing to AEs, as
follows: 3 patients with edema, 3 patients with ascites, 1 patient with increased T-Bil, and 1 patient with
cerebral infarction. In terms of cerebral infarction, the patient was male at the age of 80 years, received
ramucirumab as fourth-line, and showed mild gait disorder after 2 courses of ramucirumab. Magnetic
resonance imaging revealed multiple cerebral infarcts. The size of infarcts was small, and antithrombotic
therapy and rehabilitation improved the patient to his condition before disease onset.

Table 2. Adverse events
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  Any grade

n (%)

Grade≥3

n (%)

Hypertension 8 (50.0) 0 (0)

HFSR 3 (18.8) 0 (0)

Diarrhea 4 (25.0) 0 (0)

Ascites 6 (37.5) 4 (25.0)

Edema 11 (68.8) 4 (25.0)

Decreased appetite 8 (50.0) 0 (0)

Nausea 1 (6.2) 0 (0)

Fatigue 9 (56.2) 0 (0)

Increased NH3 3 (18.8) 0 (0)

Increased AST 1 (6.2) 0 (0)

Increased ALT 1 (6.2) 0 (0)

Increased T-Bil 1 (6.2) 1 (6.2)

Proteinuria 6 (37.5) 0 (0)

Thromboembolism 1 (6.2) 0 (0)

Infusion reaction 0 (0) 0 (0)

Factors associated with adverse events during ramucirumab therapy

To investigate the higher incidence of AEs in this study compared with the REACH-2 study, we analyzed
the baseline characteristics between patients with and without discontinuation of ramucirumab owing to
AEs. Pretreatment age, creatinine (Cr), and estimated glomerular �ltration rate (eGFR) were signi�cant
factors associated with discontinuation owing to AEs. Pretreatment albumin, ALBI score, AFP, des-
gamma-carboxy prothrombin (DCP), and extrahepatic metastasis were not signi�cantly different (Table
3). Taking these results into account, we focused on pretreatment renal function. In the REACH-2 study,
creatinine clearance of ≥60 mL/min was one of the inclusion criteria. We used eGFR instead of creatinine
clearance. In this study, 10 patients with eGFR at 60 mL/min/1.73 m2 did not experience ascites during
ramucirumab therapy. In contrast, all of 6 patients with impaired renal function (eGFR < 60 mL/min/1.73
m2) discontinued ramucirumab because of AEs such as severe ascites (n = 3), severe edema (n = 1),
moderate edema with general fatigue (n = 1), and cerebral infarction (n = 1). There were no signi�cant
differences in age, body weight, pretreatment ALBI score, and pretreatment AFP between patients with
preserved and impaired renal function. Six patients with impaired renal function discontinued
ramucirumab because of AEs, and 3 of 4 patients with radiological evaluation were diagnosed as having
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SD by RECIST criteria. Pretreatment urine protein-to-creatine ratios between patients with preserved and
impaired renal function were not signi�cantly different; however, urine protein-to-creatine ratios were
signi�cantly higher in patients with impaired renal function than patients with preserved renal function at
4 weeks after ramucirumab administration (0.93 vs. 0.14, P = 0.017).

Table 3. The comparison of baseline characteristics between patients with and without the
discontinuation owing to AEs

  Patients without
discontinuation owing to AEs (n
= 8)

Patients with discontinuation
owing to AEs (n = 8)

P
value

Age (median) 67 (53–86) 72 (70–88) 0.04

Gender (male, %) 5 (62) 6 (75) 1.00

BW (kg, median) 58.0 (51.9–91.8) 60.0 (49.6–73.7) 1.00

Alb (g/dL, median) 3.3 (2.9–3.9) 3.2 (2.8–4.3) 0.39

ALBI score (median) −2.03 (−2.57 to −1.65) −2.02 (−2.99 to −1.60) 0.59

Cr (mg/dL, median) 0.65 (0.44–0.88) 1.12 (0.65–1.77) 0.01

eGFR (mL/min/1.73
m2,

median)

81.1 (66.2–109.9) 51.1 (30.4–95.0) 0.02

Urine protein-to-
creatine ratios
(median)

0.15 (0.03–0.63) 0.14 (0.02–5.61) 0.56

Pretreatment AFP
(ng/mL, median)

Pretreatment DCP

(mAU/mL, median)

3349 (502.9–13372.8)

 

7643 (37.8–41717.3)

1221 (447.2–34327.7)

 

2169 (266–8035.6)

0.96

 

0.57

Extrahepatic
metastasis

(yes, %)

4 (50) 2 (25) 0.68

E�cacy and safety of ramucirumab as third-line or fourth-line therapy

To reveal the e�cacy and safety of ramucirumab as second-line after lenvatinib, third-line, and fourth-line,
we compared radiological �ndings and the incidence of discontinuation caused by AEs with the
treatment background (Table 4).

Table 4. Radiological �ndings and incidence of discontinuation owing to AEs



Page 10/14

  PR by
RECIST

SD by
RECIST

PD by
RECIST

Number of patients
without radiological
evaluation

Number of
discontinuation
owing to AEs

Second-line after
lenvatinib (n = 4)

1 2 0 1 0

Third-line (n = 2) 0 1 0 1 1

Fourth-line (n =
10)

0 4 3 3 7

Discussion
To the best of our knowledge, this is the �rst report on ramucirumab in the real-world practice including
clinical information associated with AEs. Recently, Kuzuya et al [18] reported e�cacy and safety of
ramucirumab in Japanese patients with unresectable HCC. In the study, 8 of 10 patients received
ramucirumab as second-line after lenvatinib and 2 patients were treated with ramucirumab as fourth-line.
DCR at 6 weeks was 80% and the incidence of grade 3 AEs was 10% in the cohort. In our study, 10 of 16
patients received ramucirumab as fourth-line and DCR according to RECIST criteria was 72.7 % in 11
patients with radiological evaluation. The median OS and PFS were not reached, and PFS at 3 months
was 68.2%. According to the results of REACH-2 study, the OS and PFS in ramucirumab group (n = 197)
were 8.5 months and 2.8 months, and DCR evaluated by RECIST criteria was 59.9%. All of the patients
included in the REACH-2 trial received ramucirumab as second-line after sorafenib. The result of our study
would reveal the e�cacy of ramucirumab not only as second-line, but third or fourth-line, even though the
number of the patients was small.

We found that the incidence of AEs in our study was higher than the REACH-2 trial and the recent report
from Japan. Pretreatment age, Cr, and eGFR were signi�cantly different between patients with and
without ramucirumab discontinuation owing to AEs; however, pretreatment ALBI score, AFP, and
extrahepatic metastasis were not signi�cant factors. Therefore, we hypothesized that renal function was
associated with AEs because with aging, glomerular �ltration rate and renal blood �ow had been
progressively decreasing. Moreover, it has already been reported that vascular and glomerular injury
occurred with antiangiogenesis drugs targeting VEGF [19]. The mechanism of renal toxicity in
bevacizumab, which is an anti-VEGF-A antibody, was associated with thrombotic microangiopathy
[20,21]. In our study, 6 patients with impaired renal function received ramucirumab as fourth-line and all
of them stopped ramucirumab because of AEs. Both impaired renal function and past treatment
experiences with other TKIs which also targeted VEGF would be associated with a higher rate of
ramucirumab discontinuation. DCR among patients with discontinuation because of AEs was 80%. Four
patients with preserved renal function received ramucirumab as fourth-line, and there was no severe AE
associated with ascites and edema. The appropriate treatment modi�cation including dose and
treatment schedule would contribute to long SD in patients with impaired renal function.
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As second-line after lenvatinib, 4 patients received ramucirumab and there was no severe AE. The
radiological evaluation was performed in 3 patients. Two patients showed PR and the remaining 1
patient was diagnosed as having SD according to modi�ed RECIST criteria. There was no patient who
discontinued ramucirumab because of AEs in patients treated as second-line.

The limitations of our study are small number of patients, a retrospective cohort nature in a single center,
and short observation period. However, the results revealed real-world situation, and some useful
information about AEs during ramucirumab therapy for unresectable HCC could be found. Further studies
in a large number of patients are necessary to con�rm our results. Recently, the combination therapy with
atezolizumab and bevacizumab was found to have excellent clinical outcome in the phase III trial and
will become a �rst-line therapy for advanced HCC. In such situations, sequential therapies using
molecular targeted agents would be more complicated and new treatment strategies should be
established based on the results from the clinical trials and real-world data.

Conclusions
Ramucirumab therapy was found to have similar radiological responses in u-HCC patients with single or
multiple experiences of TKI therapies. The pretreatment factors including renal function would be
associated with the incidence of AEs during the therapy.
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Figures

Figure 1
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Overall survival (A) and progression-free survival (B) in all patients. A. Overall survival (n = 16) B.
Progression-free survival (n = 11)

Figure 2

Changes in median ALBI score


