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Summary
Background In the global REACH-2 study, ramucirumab significantly improved overall survival (OS) compared
with placebo in patients with advanced hepatocellular carcinoma (HCC) and elevated alpha-fetoprotein (AFP).
REACH-2 China study aimed to evaluate the efficacy and safety of ramucirumab in Chinese patients with advanced
HCC (NCT02435433).

Methods REACH-2 China was a randomised, double-blind, placebo-controlled, phase 3 study done at 31 centres in
China between Sep 16, 2015, and March 15, 2021. Patients with advanced HCC and AFP ≥400ng/mL after first-line
sorafenib were randomly assigned (2:1) to receive ramucirumab 8 mg/kg intravenously or placebo Q2W, until dis-
ease progression or unacceptable toxicity. The primary endpoint was OS. Efficacy was assessed per intention-to-treat,
and safety in patients who received any treatment.

Findings Of 104 Chinese patients enrolled (44 in the global study and 60 in the China extension study), 70 received
ramucirumab and 34 received placebo. Median OS was 9¢1 months in the ramucirumab group and 6¢2 months in
the placebo group (HR = 0¢854 [95% CI: 0¢536, 1¢359]). The most common grade 3 or worse treatment-emergent
adverse event were hypertension (5 [7¢1%] of 70 patients in the ramucirumab group vs 1 [2.9%] of 34 in the placebo
group), pneumonia (5 [7¢1%] vs 1 [2¢9%]), and hyponatraemia (4 [5¢7%] vs 0 [0%]).

Interpretation Ramucirumab demonstrated clinically meaningful improvement in OS compared to placebo for Chi-
nese patients with advanced HCC and elevated AFP, although lacking statistical superiority. Ramucirumab was well
tolerated, with a manageable safety profile. The results are consistent with those of the global REACH-2 study, sup-
porting a favourable risk-benefit profile for ramucirumab in this population.
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Research in context

Evidence before this study

We searched PubMed and presentations at major oncol-
ogy congresses with the search terms “hepatocellular
carcinoma”, “advanced hepatocellular carcinoma”,
“AFP”, “targeted therapy”, “phase 3”, “trials”, “clinical tri-
als”, and “VEGFR-2”, for articles or abstracts published in
English up to Jan 1, 2022, that reported primary results
of clinical trials assessing systemic targeted treatment
in patients with advanced hepatocellular carcinoma
(HCC). REACH-2 (NCT02435433) is a randomized, dou-
ble-blind, placebo-controlled, phase 3 study demon-
strating improved survival with ramucirumab in
patients with advanced HCC and elevated AFP after sor-
afenib. To account for the potential ethnic/geographical
variation in treatment outcomes, this study was
designed to evaluate the efficacy and safety of ramucir-
umab in Chinese patients from REACH-2.

Added value of this study

The efficacy data and safety profile of ramucirumab in
this REACH-2 China study, demonstrate a favourable
risk-benefit profile, consistent with the global REACH-2
study. REACH-2 China study provides evidence that
ramucirumab might be an effective treatment option
for Chinese patients with advanced HCC and elevated
AFP after previous sorafenib treatment.

Implications of all the available evidence

The use of ramucirumab as second-line treatment might
be an option for Chinese patients with advanced HCC
and elevated AFP. Directions for future exploration
include a broader patient population, assessment of
ramucirumab in other lines of therapy, as well as novel
combinations.
Introduction
Hepatocellular carcinoma (HCC) (about 75−85% of pri-
mary liver cancer) is the sixth most common malig-
nancy and the third leading cause of cancer-related
mortality worldwide.1 HCC is particularly prevalent in
Asia, especially in China, which accounts for 45¢3% of
the global incidence, largely associated with chronic
hepatitis B virus (HBV) infection.2,3 China also accounts
for 47¢1% of all liver cancer-related deaths, with an esti-
mated 391 152 deaths in 2020.2,3 Most patients present
with advanced stage disease due to asymptomatic
features in the early stages with fast progression and
the 5-year survival rate is 3%.4

HCC is characterised by high vascularity, and its
development and progression are all closely related to
angiogenesis. Anti-angiogenic therapies have demon-
strated significant improvements in clinical outcomes
and approved to treat patients with advanced HCC over
the last decade.5−8 Ramucirumab is a humanised
monoclonal antibody that specifically binds to the extra-
cellular domain of VEGFR-2 with high affinity and
inhibits the signal transduction leading to angiogene-
sis.9 In the global, randomised, placebo-controlled, dou-
ble-blind, phase 3 REACH-2 study (data cut-off, March
15, 2018; N = 292), ramucirumab improved survival
compared with placebo in patients with advanced HCC
and elevated alpha-fetoprotein (AFP) who had previ-
ously received sorafenib,10 confirmed the results from
the REACH trial in which survival benefit was noted in
a prespecified subgroup of patients with baseline AFP
≥ 400ng/mL.11 REACH-2 is the first positive Phase 3
HCC trial in a biomarker-selected population known for
poor prognosis,10 which led to the approval of ramuciru-
mab as second-line treatment for patients with HCC
and elevated AFP in the USA, Europe, and other
regions. In the global REACH-2 study, only 44 patients
were recruited from China, this sample size was not suf-
ficient to demonstrate the consistency of treatment
effects in Chinese population with global results.10 To
satisfy China’s regulatory requirement, an extension
study of REACH-2 was conducted to assess ramuciru-
mab in additional patients from mainland China.

HCC is known to be a heterogeneous tumour, eth-
nic/geographical variation is seen in the prevalence, dis-
ease aetiology, clinical features, treatment practice, and
responses,12 thus it is especially important to evaluate
and report the treatment for HCC patients from the
region of greatest prevalence. This REACH-2 China
study aimed to evaluate the efficacy and safety of ramu-
cirumab in Chinese patients with advanced HCC who
were enrolled in the global REACH-2 study and China
extension study (data cut-off, March 15, 2021) and to
determine consistency with the benefit observed in the
global population of REACH-2. We also conducted an
integrated analysis by pooling individual-level patient
www.thelancet.com Vol 54 December, 2022
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data to investigate the efficacy and safety of ramuciru-
mab in a larger population of Chinese patients from
REACH-2 and REACH (AFP ≥400 mg/mL).
Methods

Study design and participants
REACH-2 (NCT02435433) is a randomised, double-
blind, placebo-controlled, phase 3 study to evaluate the
efficacy and safety of ramucirumab in patients with
advanced HCC and elevated AFP after sorafenib; and
the results from the global REACH-2 study have been
previously published with the full protocol.10 In addi-
tion to the global study, REACH-2 included a China
extension study which enrolled additional patients to
support regulatory approval in China, since the required
number of Chinese patients was not achieved in the
global REACH-2 study. The REACH-2 China extension
study was conducted under the same protocol and only
enrolled patients from mainland China after global
enrollment was completed. This REACH-2 China study
was designed to assess the efficacy and safety of ramu-
cirumab in Chinese patients enrolled from mainland
China, Hong Kong, and Taiwan either in the global
REACH-2 study or China extension study (data cut-off,
March 15, 2021), and to determine consistency with the
benefit observed in the global population of REACH-2.

Eligible patients were aged ≥18 years, had histopath-
ologically or cytologically confirmed HCC (or a diagno-
sis of cirrhosis and HCC with classical imaging
characteristics), Child-Pugh class A liver disease, Barce-
lona Clinic Liver Cancer (BCLC) stage B or C disease, at
least one measurable lesion as per the Response Evalua-
tion Criteria in Solid Tumours (RECIST; version 1.1)
and adequate organ function, Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1,
serum AFP concentrations ≥400 ng/mL. Patients had
received prior sorafenib therapy and discontinued treat-
ment at least 14 days before randomization due to intol-
erance or disease progression. Patients with chronic
viral hepatitis were eligible, irrespective of viral load.
For the China extension study, patients had to have Chi-
nese ancestry and residence in mainland China.

Key exclusion criteria included history or current
hepatic encephalopathy, previous liver transplantation,
hepatic locoregional therapy following sorafenib or
within 28 days prior to randomization, oesophageal or
gastric varices requiring immediate intervention
(patients with evidence of portal hypertension [includ-
ing splenomegaly] or history of variceal bleeding must
have had endoscopic evaluation), and uncontrolled arte-
rial hypertension.

The study was reviewed and approved by the Institu-
tional Review Boards or Ethics Committee of each par-
ticipating centre and was conducted in compliance with
the Declaration of Helsinki, the International
www.thelancet.com Vol 54 December, 2022
Conference on Harmonisation Good Clinical Practice
Guidelines, and applicable local regulations. Written
informed consent was obtained from all patients before
any study-specific procedures were performed.
Randomisation and masking
Eligible patients were randomised in a 2:1 ratio utilizing
an interactive web response system (IWRS) to receive
either ramucirumab or placebo and stratified by macro-
vascular invasion (yes vs no), and ECOG performance
status (0 vs 1). Patients, investigators, and the sponsor
were masked to treatment assignment. Ramucirumab
was visibly indistinguishable from placebo.
Procedures
Patients received intravenous ramucirumab (8 mg/kg)
or placebo every 14 days until disease progression
(assessed radiologically or clinically; if the patient expe-
rienced a treatment benefit, at the discretion of the
investigator, study treatment may continue beyond
radiographic progression until clinical progression),
unacceptable toxicity, or withdrawal of consent. All
patients received the best supportive care, as deter-
mined by the investigator, including the use of concom-
itant drugs.

Tumour assessments were done using CT with con-
trast or MRI by investigators according to RECIST ver-
sion 1.1 at baseline, every 6 weeks during the first 6
months of treatment, and every 9 weeks thereafter until
disease progression or death. Patient-reported outcomes
were assessed at baseline, then every 6 weeks during
treatment, and at the beginning of short-term follow-
up, using the Functional Assessment of Cancer Therapy
Hepatobiliary Symptom Index 8 (FHSI-8) and the Euro-
Qol 5-Dimension-5 Level Questionnaire (EQ-5D-5L).13,14

Physician-reported ECOG performance status was
assessed at baseline, each cycle, and the short-term fol-
low-up visit.

Safety assessments included adverse events, labora-
tory abnormalities, and vital signs. Safety data were col-
lected continuously throughout the study. Adverse
events were coded using the Medical Dictionary for Reg-
ulatory Activities version 23.1; clinical laboratory toxicity
and adverse events were graded using the National Can-
cer Institute Common Terminology Criteria for Adverse
Events version 4.0.
Outcomes
The primary endpoint was OS (time from randomisa-
tion to death from any cause). Secondary endpoints
were PFS (time from randomisation to radiographic
progression or death), time to radiographic progression
(TTP, time from randomisation to first documented dis-
ease progression), objective response rate (ORR, the
proportion of patients who achieved the best overall
3
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response [BOR] of complete or partial response), safety,
time to deterioration (TTD) in FHSI-8 total score (time
from randomisation to the first clinically meaningful ≥3
points decrease from baseline),15 EQ-5D-5L index score
(time from randomisation to the first clinically mean-
ingful ≥0.058 point decrease from baseline),16 and
ECOG PS (time from randomisation to recording of per-
formance status of 2 or higher).
Statistical analysis
In the global REACH-2 study, a sample size of approxi-
mately 279 patients (targeting 221 deaths) was planned
to provide 80% power to detect an HR of 0¢67 favouring
ramucirumab over placebo, using a log-rank test at a
one-sided significance level of 0¢025 for OS.10 The sam-
ple size for the Chinese population was determined to
demonstrate consistency with the global results, rather
than statistical significance for differences in efficacy
between treatments. A total enrollment of approxi-
mately 105 patients from China was planned to provide
at least 80% probability of retaining at least 50% of the
assumed effect size within the global population, which
was estimated using simulation based on Method 1
from PMDA Guidance17 with effect size defined as -log
(HR), and in line with the regulatory requirements of
the China authority for the approval of new drugs. If
fewer than 105 Chinese patients were enrolled after the
global REACH-2 study reached its planned total sample
size, additional patients from China could be rando-
mised to the 2 treatment arms (also in a 2:1 ratio) during
a China extension study. No multiplicity adjustment,
alpha allocation or formal hypothesis testing was per-
formed, as this China study was not powered for infer-
ential statistical analysis given the relatively small
sample size.

The same statistical analysis methods were used for
this REACH-2 China study as for the global study.10 All
Chinese patients who were randomised to study treat-
ment were evaluable for efficacy. Safety-evaluable
patients included those who received ≥1 dose of the
study drug. Survival functions for OS, PFS, TTP, and
TTD for FHSI-8, EQ-5D, and ECOG PS were estimated
using the Kaplan-Meier method. Hazard ratio (HR) and
95% confidence interval (CI) were estimated using the
Cox proportional hazard regression model. Different
from the Cox model used for the global study, which
was stratified by the randomization factors, an unstrati-
fied Cox model was adopted for the China study in con-
sideration of the relatively small sample size. The
proportional hazard assumption was checked and con-
firmed through visual inspection of the estimated sur-
vival curves. Subgroup analyses for OS and PFS based
on baseline characteristics were conducted using
the Cox model. Sensitivity analyses for OS included
per-protocol population analysis, stratified analysis
based on IWRS and case report form strata, and analysis
based on baseline AFP level as measured in a central
laboratory (Covance Central Laboratories; Indianapolis,
IN, USA). Additional sensitivity analyses were done to
explore the effect of post-discontinuation systemic ther-
apy (PDT) and potential baseline imbalances in AFP
level on OS, where an unstratified Cox model that
included baseline AFP (log₁₀-transformed) as a covari-
ate was utilized. ORR was reported with two-sided 95%
CIs using the Clopper-Pearson method for each treat-
ment group. Patient flow through the trial, baseline
characteristics, and AEs were summarised by descrip-
tive statistics.

REACH (NCT01140347) and REACH-2 were phase 3
trials with similar protocol procedures, efficacy assess-
ments, and treatment regimens,10,11 Chinese patients
from the REACH-2 and REACH (AFP≥400 ng/mL)
were pooled and analysed to achieve a more precise esti-
mation of the treatment effect in a larger patient popula-
tion. All pooled analyses were done at the level of
individual patient data, and the prespecified endpoints
included OS, PFS, ORR, and safety. Subgroup analyses
for OS based on aetiology were conducted to explore the
association between disease aetiology and survival out-
comes in Chinese patients with HCC. Similar methods
from REACH-2 were applied to the pooled data. Cox
proportional hazard model was used to estimate HR,
with the treatment arm as a single covariate and strati-
fied by study (REACH vs REACH-2) to control for any
potential inter-study differences, including study
design, baseline characteristics, post-discontinuation
treatment, data collection, and study operation. SAS ver-
sion 9.4 was used for statistical analysis.
Role of the funding source
The study sponsor, Eli Lilly and Company, was involved
in the study design, data collection, analysis, interpreta-
tion, and the writing of this report. All authors had full
access to all trial data, vouch for the integrity of the data,
and had final responsibility for the decision to submit
the manuscript for publication.
Results
Of 165 patients screened at 31 sites in China, 104 eligi-
ble patients (global study, N = 44; China extension
study, N = 60) were randomised to ramucirumab (N =
70) or placebo (N = 34) between Sep 16, 2015, and
March 15, 2021. All randomised Chinese patients
received study treatment and thus constituted both the
intent-to-treat and safety populations (see patient flow
diagram, Figure 1). At the data cut-off on March 15,
2021, 1 (1¢4%) patient in the ramucirumab group was
still receiving study treatment; the median duration of
follow-up was 7¢5 months (IQR 3¢8-13¢5).

Baseline characteristics were generally balanced
between the treatment groups (Table 1), with the
www.thelancet.com Vol 54 December, 2022



Figure 1. Patient flow diagram.
*Patients did not meet inclusion or exclusion criteria.
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following exceptions: the proportion of patients with age
≥65 and Child-Pugh score A-5 was higher, the propor-
tion of male patients, the proportion of patients who
had received prior transarterial chemoembolization,
and the median baseline AFP level was lower in the
ramucirumab group than in the placebo group.

After disease progression or the end of study treat-
ment, the percentage of patients who received at least
www.thelancet.com Vol 54 December, 2022
one subsequent line of PDT was relatively lower in the
ramucirumab group compared with the placebo group
(44¢3% vs 52¢9%). The most commonly used PDT in
both groups included targeted small molecular therapy
(24¢3% vs 35¢3%), and immunotherapy (20¢0% vs 20¢
6%) (Supplementary Table 1).

There were 59 deaths in the ramucirumab group and
26 deaths in the placebo group, with a primary cause of
5



Variable Ramucirumab + BSC
N = 70

Placebo + BSC
N = 34

Age, years

Median (range) 57 (24−80) 55 (31−76)

<65 55 (78¢6) 30 (88¢2)
≥65 15 (21¢4) 4 (11¢8)

Sex

Male 55 (78¢6) 31 (91¢2)
Female 15 (21¢4) 3 (8¢8)

ECOG PS

0 35 (50¢0) 17 (50¢0)
1 35 (50¢0) 17 (50¢0)

Child-Pugh score

A5 55 (78¢6) 23 (67¢6)
A6 15 (21¢4) 11 (32¢4)

Barcelona Clinic Liver Cancer stage

Stage B 10 (14¢3) 2 (5¢9)
Stage C 60 (85¢7) 32 (94¢1)

Aetiology of HCC

Hepatitis B 55 (78¢6) 26 (76¢5)
Hepatitis C 10 (14¢3) 4 (11¢8)
Significant Alcohol Use 2 (2¢9) 0

Primary Biliary Cirrhosis 0 1 (2¢9)
Cryptogenic Cirrhosis 7 (10¢0) 1 (2¢9)
Other 3 (4¢3) 2 (5¢9)

MVI present 24 (34¢3) 13 (38¢2)
EHS present 50 (71¢4) 27 (79¢4)
MVI and/or EHS present 56 (80¢0) 31 (91¢2)
Duration of prior sorafenib therapy

<5 months 41 (58¢6) 20 (58¢8)
≥5 months 29 (41¢4) 14 (41¢2)
Median (IQR), months 3¢9 (1¢8, 8¢2) 3¢4 (1¢8, 9¢2)

Reason for discontinuation of sorafenib

Progressive disease 60 (85¢7) 30 (88¢2)
Intolerance 9 (12¢9) 4 (11¢8)

Time from last sorafenib treatment to randomisation

<1 months 36 (51¢4) 20 (58¢8)
≥1 months 34 (48¢6) 14 (41¢2)

Median a-fetoprotein (IQR), ng/mL 4109¢5 (1331¢0, 28447¢8) 5459¢2 (1588¢5, 32869¢0)
Prior locoregional therapy 49 (70¢0) 27 (79¢4)
Transarterial chemoembolization 41 (58¢6) 24 (70¢6)

Table 1: Patient characteristics (Chinese patients from REACH-2).
Data are n (%) unless otherwise indicated.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, extrahepatic spread; IQR, interquartile range; MVI, macrovascular

invasion.
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death due to disease progression (57 patients in the
ramucirumab group and 26 in the placebo group).
Median OS was 9¢1 months [95% CI 6¢6-11¢3] in the
ramucirumab group and 6¢2 months [4¢4-10¢7] in the
placebo group (unstratified HR 0¢854 [95% CI 0¢536-1¢
359]; Figure 2). Most subgroups analysed for OS showed
a benefit with ramucirumab compared with placebo,
without a statistically significant difference (Supple-
mentary Figure 1). Sensitivity analyses of the OS data
provided similar results after adjusting for baseline AFP
level, censoring users of PDT, using stratified modelling
and per-protocol set (Figure 3 and Supplementary Table
2).

Median PFS was 2¢8 months [95% CI 2¢0-3¢8] in the
ramucirumab group and 1¢5 months [1¢4-2¢8] in the pla-
cebo group (unstratified HR 0¢488 [95% CI 0¢304-0¢
785]; Figure 2). All subgroup analyses favoured treat-
ment with ramucirumab (Supplementary Figure 2).
www.thelancet.com Vol 54 December, 2022



Figure 2. Kaplan−Meier plots of overall survival and progression-free survival (Chinese patients from REACH-2).
Note: Hazard ratio was estimated by an unstratified Cox proportional model with treatment group as a single covariate.
Abbreviations: CI, confidence interval; HR, hazard ratio.
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Median TTP was 2¢8 months (95% CI 1¢5-3¢8) in the
ramucirumab group and 1¢5 months (1¢4-2¢8) in the pla-
cebo group (unstratified HR 0¢488 [95% CI 0¢274-0¢
733]). Three (4¢3%, 95% CI 0-9¢0) of 70 patients in the
ramucirumab group had an objective response, with no
responders in the placebo group. The proportion of
patients with disease control was 50¢0% [95% CI 38¢3-
Figure 3. Estimated survival plot of overall survival adjusting for bas
Note: Hazard ratio was estimated by an unstratified Cox proporti
Abbreviations: CI, confidence interval; HR, hazard ratio.

www.thelancet.com Vol 54 December, 2022
61¢7] in the ramucirumab group and 32¢4% [16¢6-48¢1]
in the placebo group.

Completion rates of the FHSI-8 and EQ-5D-5L were
similar and acceptable between the treatment groups,
with rates of ≥97¢1% at baseline, ≥82¢4% at baseline
plus post-baseline, and ≥65¢7% at end of treatment
(Supplementary Table 3). Median TTD of FHSI-8 score
eline AFP (Chinese patients from REACH-2).
onal model with treatment group as a single covariate.
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was 4¢2 months [95% CI 1¢6-NA] in the ramucirumab
group versus 2¢9 months [1¢5-4¢2] in the placebo group
(unstratified HR 0¢731 [95% CI 0¢385-1¢387]). Median
TTD of EQ-5D-5L index score was 5¢6 months [2¢8-NA]
in the ramucirumab group versus 2¢9 months [95% CI
2¢6-NA] in the placebo group (unstratified HR 0¢809
[95% CI 0¢377-1¢736]). The unstratified HR for TTD of
ECOG performance status was 0¢402 (95% CI 0¢099-1¢
632), while the number of events was limited (8/104)
and insufficient for a meaningful interpretation of the
result. Further details of patient-focused results will be
published elsewhere.

Median duration of treatment was 9¢6 weeks (IQR
5¢9-15¢9) in the ramucirumab group and 6¢1 weeks
(5¢7-12¢0) in the placebo group. Median relative dose
intensity of ramucirumab was similar to that of placebo
(98¢1 % [IQR 92¢6-101¢2] vs 99¢7% [96¢1-100¢3]).
Dose reductions because of adverse events occurred in
4 (5¢7%; anaemia [1 patient], neutrophil count decreased
[1 patient], proteinuria [3 patients]) of 70 patients in the
ramucirumab group, and none occurred in the placebo
group. Treatment discontinuation due to TEAEs
occurred in 16 (22¢9%) patients in the ramucirumab
group vs 1 (2¢9%) in the placebo group (Supplementary
Table 4).

The incidence of TEAEs was similar between groups
(69 [98¢6%] patients in the ramucirumab group and 29
[85¢3%] in the placebo group). The most frequently
reported TEAEs of any grade in the ramucirumab group
were thrombocytopenia (24 [34¢3%]), proteinuria (22
[31¢4%]), hypoalbuminaemia (20 [28¢6%]), aspartate
aminotransferase increased (17 [24¢3%]), abdominal
pain (16 [22¢99%]), and oedema peripheral (15 [21¢4%]),
most of which were grade 1-2 (Table 2). Grade 3 or 4
TEAEs were observed in 32 (45¢7%) patients in the
ramucirumab group and 10 (29¢4%) in the placebo
group. None of grade 3 or worse TEAEs was noted that
occurred at a difference in frequency of 5% or more in
patients allocated ramucirumab compared with placebo
(Table 2). Findings from the analysis of laboratory data
did not reveal any new or increased safety concerns
(data not shown).

Serious adverse events (SAEs) were reported in
19 (27¢1%) patients in the ramucirumab group and
9 (26¢5%) in the placebo group, whereas treatment-
related events were reported in 7 (10¢0%) and 1 (2¢9%)
patient, respectively. Deaths for any reason, either on
therapy or within 30 days of treatment discontinuation
occurred in 9 (12¢9%) patients in the ramucirumab
group and 4 (11¢8%) in the placebo group. Two (2¢9%)
patients in the ramucirumab group (both from pneu-
monia) died on treatment due to adverse events,
whereas both were judged to be unrelated to study treat-
ment by the investigator. No patients in the placebo
group died on treatment because of adverse events.

Common treatment-emergent adverse events of spe-
cial interest (AESI) of any grade that were more
frequent in the ramucirumab group than in the placebo
group were liver injury or failure, bleeding or haemor-
rhage, proteinuria, hypertension, and infusion-related
reactions (Table 3). Incidences of grade 3 or worse AESI
were low in both groups.

We pooled the individual patient data for Chinese
patients from REACH-2 and REACH (AFP ≥400 mg/
mL). The combined population comprised 155 patients,
with 98 patients in the ramucirumab group and 57 in
the placebo group. Baseline characteristics of the pooled
Chinese patients were broadly similar to those of Chi-
nese patients from REACH-2 (Table 1 and Supplemen-
tary Table 5). However, median baseline AFP
concentrations, the proportion of patients with macro-
vascular invasion present, and duration of prior sorafe-
nib therapy <5 months were higher in the pooled
Chinese patients than in Chinese patients from
REACH-2 (Table 1 and Supplementary Table 5). Base-
line characteristics were balanced between the ramucir-
umab vs placebo group in the pooled Chinese patients,
except for the higher proportion of patients with age
≥65, the lower proportion of patients with macrovascu-
lar invasion present, and the lower median level of
AFP noted in the ramucirumab group (Supplementary
Table 5).

Within the pooled Chinese patients, the median OS
was 7¢1 months [95% CI 5¢8-9¢7] in the ramucirumab
group and 4¢7 months [3¢7-6¢2] in the placebo group,
with a stratified HR of 0¢735 [95% CI 0¢512-1¢055]
(Figure 4). HBV infection is the most frequent aetio-
logic factor in Chinese patients with HCC and was bal-
anced between ramucirumab and placebo groups (78
[79¢6%] vs 44 [77¢2%]). Post-hoc analyses showed
that the median OS for ramucirumab vs placebo was
6¢9 vs 4¢4 months [HR 0.673, 95% CI 0.443-1.020]
in HBV-related HCC patients, and 8¢5 vs 5¢9 months
(HR 0.844, 95% CI 0.379-1.879) in non-HBV HCC
patients. No significant difference was detected in
treatment effect in OS by the aetiology subgroup
(OS interaction p-value =0.31). Improvements in PFS
(2¢6 months [95% CI 1¢5-2¢8] vs 1¢5 [1¢4-1¢5]; stratified
HR 0¢666 [95% CI 0¢459-0¢967]; Figure 4), ORR (3¢
1% [95% CI 0¢0-6¢5] vs 0%), and DCR (44¢9% [95%
CI 35¢1-54¢7] vs 29¢8% [17¢9-41¢7]) were also
observed. These findings were consistent with the
those in REACH-2 study.

Median duration of therapy and relative dose
intensity was similar in the pooled Chinese patients
and in Chinese patients from REACH-2 (Supplemen-
tary Table 4). Common TEAEs, SAEs, and AESI
occurred at similar incidence and severity in the
pooled Chinese patients and Chinese patients from
REACH-2 (Tables 2 and 3). None of grade 3 or worse
TEAEs was noted that occurred at a difference in fre-
quency of 5% or more in patients allocated ramuciru-
mab compared with placebo (Table 2). No new safety
signals were identified.
www.thelancet.com Vol 54 December, 2022



Chinese patients from REACH-2 Pooled Chinese patients from REACH-2 and REACH (AFP≥400 ng/mL)

Ramucirumab + BSC N = 70 Placebo + BSC N = 34 Ramucirumab + BSC N = 98 Placebo + BSC N = 56

Any Grade Grade 3-5 Any Grade Grade 3-5 Any Grade Grade 3-5 Any Grade Grade 3-5

TEAE, n (%) 69 (98¢6) 36 (51¢4) 29 (85¢3) 10 (29¢4) 95 (96¢9) 46 (46¢9) 50 (89¢3) 25 (44¢6)
Platelet count decreased 22 (31¢4) 3 (4¢3) 0 0 22 (22¢4) 3 (3¢1) 0 0

Proteinuria 22 (31¢4) 2 (2¢9) 0 0 28 (28¢6) 2 (2¢0) 4 (7¢1) 0

Aspartate aminotransferase increased 17 (24¢3) 4 (5¢7) 9 (26¢5) 2 (5¢9) 23 (23¢5) 7 (7¢1) 15 (26¢8) 8 (14¢3)
Hypoalbuminaemia 16 (22¢9) 0 6 (17¢6) 0 21 (21¢4) 0 9 (16¢1) 0

Oedema peripheral 15 (21¢4) 0 2 (5¢9) 0 24 (24¢5) 0 6 (10¢7) 0

Blood bilirubin increased 14 (20¢0) 3 (4¢3) 6 (17¢6) 2 (5¢9) 17 (17¢3) 5 (5¢1) 13 (23¢2) 7 (12¢5)
Hypertension 13 (18¢6) 5 (7¢1) 3 (8¢8) 1 (2¢9) 16 (16¢3) 6 (6¢1) 5 (8¢9) 1 (1¢8)
Alanine aminotransferase increased 12 (17¢1) 0 7 (20¢6) 4 (11¢8) 12 (12¢2) 0 9 (16¢1) 5 (8¢9)
Anaemia 12 (17¢1) 3 (4¢3) 2 (5¢9) 0 14 (14¢3) 4 (4¢1) 4 (7¢1) 0

Abdominal pain 11 (15¢7) 1 (1¢4) 3 (8¢8) 1 (2¢9) 13 (13¢3) 1 (1¢0) 6 (10¢7) 1 (1¢8)
Cough 9 (12¢9) 0 5 (14¢7) 0 15 (15¢3) 0 8 (14¢3) 0

Neutrophil count decreased 9 (12¢9) 1 (1¢4) 3 (8¢8) 0 9 (9¢2) 1 (1¢0) 3 (5¢4) 0

Abdominal distension 8 (11¢4) 0 2 (5¢9) 0 14 (14¢3) 0 10 (17¢9) 2 (3¢6)
Ascites 8 (11¢4) 1 (1¢4) 2 (5¢9) 0 13 (13¢3) 1 (1¢0) 7 (12¢5) 2 (3¢6)
Decreased appetite 8 (11¢4) 0 7 (20¢6) 0 12 (12¢2) 0 14 (25¢0) 0

Fatigue 8 (11¢4) 0 2 (5¢9) 0 13 (13¢3) 0 4 (7¢1) 1 (1¢8)
Pneumonia 8 (11¢4) 5 (7¢1) 1 (2¢9) 1 (2¢9) 8 (8¢2) 5 (5¢1) 1 (1¢8) 1 (1¢8)
Pyrexia 7 (10¢0) 0 4 (11¢8) 0 11 (11¢2) 0 7 (12¢5) 0

Vomiting 7 (10¢0) 1 (1¢4) 4 (11¢8) 0 9 (9¢2) 1 (1¢0) 8 (14¢3) 0

White blood cell count decreased 7 (10¢0) 0 2 (5¢9) 0 7 (7¢1) 0 2 (3¢6) 0

Table 2: Treatment-emergent adverse events occurring in at least 10% of patients in the ramucirumab group, irrespective of causality.
Data are n (%).
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Chinese patients from REACH-2 Pooled Chinese patients from REACH-2 and REACH (AFP≥400 ng/mL)

Ramucirumab + BSC N = 70 Placebo + BSC N = 34 Ramucirumab + BSC N = 98 Placebo + BSC N = 56

Any Grade Grade 3-5 Any Grade Grade 3-5 Any Grade Grade 3-5 Any Grade Grade 3-5

Liver injury 39 (55¢7) 10 (14¢3) 17 (50¢0) 7 (20¢6) 50 (51¢0) 14 (14¢3) 29 (51¢8) 17 (30¢4)
Hepatic encephalopathy 0 0 1 (2¢9) 0 0 0 1 (1¢8) 0

Bleeding/haemorrhage events 18 (25¢7) 6 (8¢6) 2 (5¢9) 0 22 (22¢4) 6 (6¢1) 10 (17¢9) 5 (8¢9)
Gastrointestinal haemorrhage events 8 (11¢4) 4 (5¢7) 1 (2¢9) 0 10 (10¢2) 4 (4¢1) 6 (10¢7) 4 (7¢1)

Proteinuria 23 (32¢9) 2 (2¢9) 0 0 29 (29¢6) 2 (2¢0) 4 (7¢1) 0

Hypertension 14 (20¢0) 5 (7¢1) 3 (8¢8) 1 (2¢9) 17 (17¢3) 6 (6¢1) 5 (8¢9) 1 (1¢8)
Infusion-related reactiona 7 (10¢0) 0 1 (2¢9) 0 9 (9¢2) 0 2 (3¢6) 0

Venous thromboembolic events 0 0 0 0 0 0 1 (1¢8) 1 (1¢8)
Congestive heart failure 0 0 1 (2¢9) 1 (2¢9) 0 0 1 (1¢8) 1 (1¢8)
Arterial thromboembolic events 0 0 0 0 0 0 1 (1¢8) 1 (1¢8)
Fistula 0 0 0 0 0 0 0 0

Gastrointestinal perforation 0 0 1 (2¢9) 1 (2¢9) 0 0 1 (1¢8) 1 (1¢8)
Healing complication 1 (1¢4) 0 0 0 1 (1¢0) 0 0 0

Posterior reversible encephalopathy syndrome 0 0 0 0 0 0 0 0

Table 3: Treatment-emergent adverse events of special interest.
Data are n (%).

a Occurring within 24 h of infusion.
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Figure 4. Kaplan−Meier plots of overall survival and progression-free survival (Pooled Chinese patients from REACH-2 and REACH
with AFP≥400 ng/mL).

Note: Hazard ratio was estimated by a Cox proportional model with treatment group as a single covariate, stratified by study
(REACH vs REACH-2).

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Discussion
The global REACH-2 study demonstrated a statistically
significant and clinically meaningful improvement in
OS with ramucirumab in patients with advanced HCC
and baseline AFP ≥400 ng/mL after prior sorafenib
therapy.10 REACH-2 China study, as a regional study of
REACH-2, showed clinically meaningful improvements
in median OS with a prolongation of 2.9-month with
ramucirumab in the Chinese patients, although there
was no statistically significant difference between treat-
ments. Ramucirumab was well-tolerated in the Chinese
patients with an acceptable safety profile. Efficacy and
safety data in this study demonstrated consistency with
the results of the global REACH-2 study.

The clinical benefits were observed even though
more of the Chinese patients had HBV infection (77¢9
vs¢36¢6%), age <65 (81¢7 vs 51¢7%), and poor prognostic
factors including ECOG PS 1 (50¢0 vs 42¢5%), BCLC
Stage C disease (88¢5 vs 81¢5%), and higher AFP level
(median AFP 4211¢2 vs 3394¢0 ng/mL), than the global
population in REACH-2.10 The differences in baseline
prognostic patterns between the patient populations has
been noted previously,18 and some were expected and
related to ethnic/geographical variances such as HBV
incidence. The shorter median OS in the placebo group
among Chinese patients compared to the global popula-
tion (median OS 6¢2 vs 7¢3 months) may be associated
with differences in baseline characteristics.

The overall prognosis and treatment effect was com-
parable in Chinese patients and the global REACH-2
population in terms of median OS (Chinese patients, 9¢
1 months [ramucirumab] vs 6¢2 months [placebo], HR
www.thelancet.com Vol 54 December, 2022
0¢854 [95% CI 0¢536-1¢359]; global population, 8¢5
months vs 7¢3 months, HR 0¢710 [95% CI 0¢531-0¢
949]), and in line with the pooled Chinese patients
from REACH-2 and REACH with AFP ≥400 ng/mL (7¢
1 vs 4¢7 months, HR 0¢735 [95% CI 0¢512-1¢055]). High
AFP concentrations (≥400 ng/mL) are associated with
aggressive disease and were identified to be one of the
strongest prognostic factors in HCC,10,11,19 as well as a
predictive biomarker for ramucirumab survival bene-
fit.20 In this study, all Chinese patients had high AFP
levels at baseline, while even higher median values were
observed in the placebo group in comparison to the
ramucirumab group (5459¢2 vs 4109¢5 ng/mL), poten-
tially favouring a longer survival with ramucirumab.
Sensitivity analysis adjusted the effect of AFP levels on
prognosis and yielded a very similar HR to the primary
analysis, suggesting a consistent ramucirumab treat-
ment benefit compared with placebo. Survival outcomes
may differ by HCC disease aetiology,21 and the post-hoc
analysis showed that HCC patients with HBV had a
worse prognosis than non-HBV patients. Although a
lower HR of 0.673 for OS was observed in HBV-positive
patients as compared with HR of 0.844 in non-HBV
patients, there is no significant differential treatment
effect between HBV and non-HBV subgroups. PDT
may contributed to the magnitude of treatment
effects.10 A sensitivity analysis of OS censoring for
the use of PDT showed decreased HR (0¢746 [95% CI
0¢380-1¢464]), which suggesting that patients in the
ramucirumab group were deriving more OS benefit
than patients in the placebo group after considering the
effects of PDT.
11
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In the present analysis, the observed HR for PFS in
Chinese patients was 0¢488 (95% CI 0¢304-0¢785). PFS
is suggested as a surrogate of OS in the clinical trials of
advanced HCC treated with molecular targeted therapy
since patients who died due to liver cirrhosis could con-
found the potential benefits of the investigational drug,
with a threshold of HR ≤0¢6 for PFS being suggestive
of improvement in OS.22 The marked improvement in
PFS reflect the clinically meaningful improvement in
OS in Chinese patients, which was consistent with
those in the global population in REACH-2.10

Overall, the safety profile of ramucirumab in Chi-
nese patients was consistent with that observed in the
global population in REACH-2,10 and generally in line
with the known safety profiles for single-agent ramucir-
umab and the underlying disease, with no unexpected
safety events reported. Most of the differences in TEAEs
and AESI between the ramucirumab and placebo group
in the Chinese patients were related to low-grade (grade
1-2) events, which were manageable. Hypertension,
hyponatraemia, and aspartate aminotransferase
increase were the only grade ≥3 TEAE that occurred in
at least 5% of patients in the ramucirumab group, which
was also noted in the global population in REACH-2.10

Liver injury/liver failure and bleeding/haemorrhage
events are of particular concern in patients with HCC.
The incidence of liver injury/liver failure in the Chinese
patients was higher than in the global population of
REACH-2 (53¢8% vs 36¢3%), while similar between the
ramucirumab and placebo groups (55¢7% vs 50¢0%). As
expected, given the underlying liver disease in the Chi-
nese population, most hepatic events were laboratory
abnormalities, which were manageable without drug
discontinuation or adjustment. Notably, hepatic enceph-
alopathy occurred in 1 placebo recipient but not in the
ramucirumab recipient. The incidence of bleeding/hae-
morrhage in the ramucirumab group in Chinese
patients was similar to the global population in
REACH-2.10 Gastrointestinal haemorrhage, a common
and life-threatening complication in patients with HCC,
was observed in 8 Chinese patients (11¢4%) in the ramu-
cirumab group (grade ≥3 events in 4 patients [5¢7%])
and in 1 patient (2¢9%) in the placebo group.

This study had certain limitations. The REACH-2
China study was not designed nor powered to detect a
statistical difference in OS. Nonetheless, the estimated
HR in this study is similar to that in the global study,
suggesting that there is also OS benefit with ramuciru-
mab as a second-line treatment in Chinese patients
with advanced HCC. Although the findings broadly
resembled those from the REACH-2 global study, this
study evaluated the benefit of ramucirumab in a high-
risk HCC population with varying underlying aetiologic
factors, distinct clinical features, and different treatment
practices; and confirmed that the treatment effect of
ramucirumab is consistent across ethnicities and geog-
raphies.
At the time REACH-2 was conducted, sorafenib was
the only approved first-line treatment for advanced
HCC. The treatment landscape has changed dramati-
cally in recent years, atezolizumab and bevacizumab
have become the new standard of care for advanced
HCC.23,24 Other clinical trials exploring the combina-
tion of immunotherapy with anti-VEGF therapy for the
treatment of HCC are currently in explored.25 Recogniz-
ing the rapidly evolving treatment landscape, a global
open-label expansion cohort of the REACH-2 study was
initiated to address the data gap that exists on the effi-
cacy and safety of ramucirumab in patients who
received first-line systemic therapy other than sorafenib;
the efficacy (median OS 8¢7 months [95% CI 4¢6-12¢2])
and safety profile of ramucirumab following a non-sora-
fenib-based systemic therapy were consistent with that
observed in patients who received prior sorafenib in the
REACH-2 study.26 Available data indicate that ramucir-
umab is an important second-line treatment option for
patients with AFP ≥400 ng/mL. Further clinical and
real-world data for a broader patient population and reg-
imens would be useful in determining the role of ramu-
cirumab used in the second-line treatment of HCC.

In conclusion, this REACH-2 China study demon-
strated clinically meaningful improvement in OS for
ramucirumab compared with placebo in Chinese patients
with advanced HCC and elevated AFP after sorafenib,
even though no statistical significance was observed.
Ramucirumab was well tolerated, with a manageable
safety profile. The efficacy data and the safety profile in
the Chinese patients were generally consistent with the
findings in the global REACH-2 study and provide evi-
dence suggesting that ramucirumabmight be a promising
treatment option for Chinese patients with advanced HCC
and elevated AFP in the second line setting.
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