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Summary

Background Immunotherapy with immune checkpoint inhibitors combined with an anti-angiogenic tyrosine-kinase
inhibitor (TKI) has been shown to improve overall survival versus anti-angiogenic therapy alone in advanced solid
tumours, but not in hepatocellular carcinoma. Therefore, a clinical study was conducted to compare the efficacy and
safety of the anti-PD-1 antibody camrelizumab plus the VEGFR2-targeted TKI rivoceranib (also known as apatinib)
versus sorafenib as first-line treatment for unresectable hepatocellular carcinoma.

Methods This randomised, open-label, international phase 3 trial (CARES-310) was done at 95 study sites across
13 countries and regions worldwide. Patients with unresectable or metastatic hepatocellular carcinoma who had not
previously received any systemic treatment were randomly assigned (1:1) to receive either camrelizumab 200 mg
intravenously every 2 weeks plus rivoceranib 250 mg orally once daily or sorafenib 400 mg orally twice daily.
Randomisation was done via a centralised interactive response system. The primary endpoints were progression-free
survival, as assessed by the blinded independent review committee per Response Evaluation Criteria in Solid Tumours
version 1.1, and overall survival in the intention-to-treat population. Safety was assessed in all patients who received at
least one dose of the study drugs. We report the findings from the prespecified primary analysis for progression-free
survival and interim analysis for overall survival. This study is registered with ClinicalTrials.gov (NCT03764293).

Findings Between June 28, 2019, and March 24, 2021, 543 patients were randomly assigned to the camrelizumab-
rivoceranib (n=272) or sorafenib (n=271) group. At the primary analysis for progression-free survival (May 10, 2021),
median follow-up was 7-8 months (IQR 4-1-10- 6). Median progression-free survival was significantly improved with
camrelizumab-rivoceranib versus sorafenib (5-6 months [95% CI 5-5-6-3] vs 3-7 months [2-8-3-7]; hazard ratio
[HR] 0-52[95% CI 0-41-0-65]; one-sided p<0-0001). At the interim analysis for overall survival (Feb 8, 2022), median
follow-up was 14 -5 months (IQR 9-1-18-7). Median overall survival was significantly extended with camrelizumab-
rivoceranib versus sorafenib (22-1 months [95% CI 19-1-27-2] vs 15-2 months [13-0-18-5]; HR 0-62 [95% CI
0-49-0-80]; one-sided p<0-0001). The most common grade 3 or 4 treatment-related adverse events were hypertension
(102 [38%] of 272 patients in the camrelizumab-rivoceranib group vs 40 [15%] of 269 patients in the sorafenib group),
palmar-plantar erythrodysaesthesia syndrome (33 [12%] vs 41 [15%)]), increased aspartate aminotransferase (45 [17%]
vs 14 [5%)]), and increased alanine aminotransferase (35 [13%)] vs eight [3%]). Treatment-related serious adverse events
were reported in 66 (24%) patients in the camrelizumab-rivoceranib group and 16 (6%) in the sorafenib group.
Treatment-related death occurred in two patients: one patient in the camrelizumab-rivoceranib group (ie, multiple
organ dysfunction syndrome) and one patient in the sorafenib group (ie, respiratory failure and circulatory collapse).

Interpretation Camrelizumab plus rivoceranib showed a statistically significant and clinically meaningful benefit in
progression-free survival and overall survival compared with sorafenib for patients with unresectable hepatocellular
carcinoma, presenting as a new and effective first-line treatment option for this population.

Funding Jiangsu Hengrui Pharmaceuticals and Elevar Therapeutics.
Copyright © 2023 Elsevier Ltd. All rights reserved.
Introduction

Primary liver cancer is a major health burden globally,

ranking sixth in incidence and third in mortality among
all cancers.! Hepatocellular carcinoma constitutes

about 75-85% of primary liver cancer cases.” About
72% of hepatocellular carcinomas are diagnosed in Asia,
with hepatitis B virus infection as the most common risk
factor? The multitargeted tyrosine-kinase inhibitors
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Research in context

Evidence before this study

We searched PubMed for clinical trials published in English
between Jan 1, 2017, and Nov 30, 2022, using the terms

"PD-1" OR “PD-L1" OR “pembrolizumab” OR “nivolumab” OR
“atezolizumab” OR “durvalumab” OR “avelumab” AND
“hepatocellular carcinoma”, as well as abstract records of the
American Society of Clinical Oncology, European Society of
Medical Oncology, and American Association for Cancer
Research using the same search terms. We identified six
randomised phase 3 superiority studies of unresectable
hepatocellular carcinoma in the first-line setting, including four
assessing immunotherapy with anti-angiogenic therapy
(IMbrave150 on atezolizumab plus bevacizumab,

ORIENT-32 on sintilimab plus IBI305 [a bevacizumab biosimilar],
COSMIC-312 on atezolizumab plus cabozantinib, and LEAP-002
on pembrolizumab plus lenvatinib), one assessing dual
immunotherapy (HIMALAYA on tremelimumab plus
durvalumab) and one assessing single-agent immunotherapy
(CheckMate 459 on nivolumab). Significant benefits in
progression-free survival and overall survival were found with
atezolizumab-bevacizumab and sintilimab-IBI305 compared
with sorafenib as first-line treatment for unresectable
hepatocellular carcinoma. Progression-free survival, but not
overall survival, was significantly improved with atezolizumab-
cabozantinib versus sorafenib. Neither progression-free survival
nor overall survival were significantly extended with

(TKIs) sorafenib and lenvatinib were established as the
standard first-line treatment for unresectable hepato-
cellular carcinoma on the basis of the SHARP,
SHARP-Asia-Pacific, and REFLECT trials; they showed a
modest improvement in median overall survival against
placebo.”” Over the past 5 years, immune checkpoint
inhibitors (ICIs) targeting the PD-1/PD-L1 pathway have
emerged as new treatment options for advanced
hepatocellular carcinoma.® Nevertheless, only a small
subset of patients with hepatocellular carcinoma derive a
response to ICI monotherapy,™ and no survival gain over
sorafenib was observed in the first-line setting.®

On the basis of the concept that anti-angiogenic therapy
can ameliorate an immunosuppressive tumour micro-
environment® and, thereby, potentiate tumour response
to immunotherapy, a few phase 3 trials have assessed an
ICI with anti-angiogenic agent as first-line therapy for
unresectable hepatocellular carcinoma, including the
global IMbravel50, COSMIC-312, and LEAP-002 trials"*
and the ORIENT-32 trial from China.” However, mixed
results were reported for combination therapies when
compared with sorafenib or lenvatinib monotherapies,
with significant improvement in overall survival reached
only with an ICI in combination with anti-VEGF antibody,
but not with multitargeted TKI." Oral TKIs are of interest
due to their convenient route of administration, improved
flexibility with dosing (ie, shorter halflife), and the

pembrolizumab-lenvatinib versus lenvatinib alone. The primary
endpoint of overall survival was met in HIMALAYA, but not in
CheckMate 459 with sorafenib as the control group.

Added value of this study

This phase 3 study on camrelizumab plus rivoceranib is the first
to report significant progression-free survival and overall
survival benefits with the combination of an anti-PD-1
antibody and an orally administered, small-molecule,
anti-angiogenic agent over sorafenib as first-line treatment for
unresectable hepatocellular carcinoma. To our knowledge, the
median overall survival of 22-1 months in the camrelizumab-
rivoceranib group was the longest one observed for any
systemic treatment in global phase 3 trials in unresectable
hepatocellular carcinoma. Survival benefits with camrelizumab-
rivoceranib were generally consistent across clinically relevant
subgroups. In addition, safety was manageable with no new
safety signals identified.

Implications of all the available evidence

Camrelizumab plus rivoceranib showed a positive benefit-to-
risk profile versus sorafenib and presents as a new first-line
treatment option for unresectable hepatocellular carcinoma.
The incorporation of an orally administered, anti-angiogenic
tyrosine-kinase inhibitor in the immune-combination regimen
could provide clinicians with more flexibility in treatment
selection in practice.

potential to spare screening gastroduodenoscopy (which
is required for bevacizumab in treating hepatocellular
carcinoma).” Alternatively, the dual immunotherapy of
tremelimumab plus durvalumab also showed improved
overall survival versus sorafenib in the phase 3
HIMALAYA trial.” However, with a median overall
survival of less than 2 years for all systemic treatments in
phase 3 trials in unresectable hepatocellular carcinoma,
there remains an unmet medical need for additional
effective first-line regimens." "

Camrelizumab is a humanised IgG4 monoclonal
antibody with high affinity for PD-1." Rivoceranib (also
known as apatinib) is a small-molecule, highly selective
VEGFR2-targeted TKI that exerts anti-tumour effects by
inhibiting tumour cell proliferation and neo-
vascularisation and by counteracting the immuno-
suppressive effects of the tumour microenvironment.”
Camrelizumab and rivoceranib have each shown efficacy
and safety in advanced hepatocellular carcinoma and
have been approved as monotherapy in the second-line
setting in China.*”® In a phase 1 study in pre-treated
hepatocellular carcinoma and gastric or gastro-
oesophageal junction cancer, camrelizumab plus
rivoceranib showed encouraging anti-tumour activity
and acceptable tolerability, with the recommended
phase 2 dose established as camrelizumab 200 mg every
2 weeks plus rivoceranib 250 mg once daily” In a
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subsequent phase 2 trial in advanced hepatocellular
carcinoma, camrelizumab plus rivoceranib as second-
line therapy showed improved clinical efficacy compared
with historical data of camrelizumab or rivoceranib
monotherapy.”? Additionally, the combination as first-line
treatment led to an objective response rate (ORR) of
34-3% (95% CI 23-3-46-6), a median progression-free
survival of 5-7 months (95% CI 5-4-7-4), and an
18-month overall survival rate of 58-1% (45-4-68-9).” In
this study, we assessed the efficacy and safety of
camrelizumab plus rivoceranib versus sorafenib as first-
line treatment for unresectable hepatocellular carcinoma.

Methods

Study design

This randomised, open-label, international phase 3 trial
(CARES-310) was done globally at 95 study centres across
13 countries and regions (appendix p 4). The study protocol
(appendix pp 28-228) and amendments were reviewed and
approved by local or central institutional review boards or
ethics committees. This study was conducted in compliance
with the ethical principles of the Declaration of Helsinki,
the guidelines of Good Clinical Practice, and local
regulatory requirements. All patients provided written
informed consent. An independent data monitoring
committee was established to monitor safety regularly and
to review efficacy from all preplanned analyses.

Patients

Eligible patients were aged 18 years or older with
histopathologically or cytologically confirmed hepato-
cellular carcinoma; had Barcelona Clinic Liver Cancer
stage B or C disease, which was not amenable to or had
progressed after surgical or locoregional therapy; and had
not previously received any systemic therapy. Other key
inclusion criteria were at least one measurable lesion per
Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST 1.1), Child-Pugh class A liver function, Eastern
Cooperative  Oncology Group (ECOG) performance
status of 0 or 1, a life expectancy of 12 weeks or more, and
adequate organ function. Patients with hepatitis B virus
infection, who had a viral load of hepatitis B virus DNA
lower than 500 IU/mL or less than 2500 copies per mL,
and patients testing positive for hepatitis C virus RNA
who had hepatic function meeting the eligibility criteria
could also be enrolled if they agreed to receive antiviral
therapy per local standard of care throughout the study.
Key exclusion criteria included hepatocholangio-
carcinoma, sarcomatoid hepatocellular carcinoma, mixed
cell carcinoma, and lamellar cell carcinoma; patients with
a history (ie, within 6 months before study treatment) of
gastrointestinal bleeding or at high risk of gastrointestinal
bleeding (eg, severe oesophagogastric varices, locally
active peptic ulcer, and persistent faecal occult blood);
uncontrolled hypertension; CNS metastases; metastatic
disease involving main airway or blood vessels (eg, vena
cava invasion or complete occlusion of the main trunk of

the portal vein, defined as the part between the union of
the splenic and superior mesenteric veins and the first
bifurcation into the left and right vein—patients with
partial occlusion of the main trunk or complete occlusion
of a branch portal vein were eligible); and active or history
of autoimmune disease. The full eligibility criteria are
provided in the protocol in the appendix (pp 106-10).
Participants self-reported their sex assigned at birth as
male or female.

Randomisation and masking

Patients were randomly assigned in a 1:1 ratio to receive
either camrelizumab-rivoceranib or sorafenib. The
randomisation was stratified by the presence of
macrovascular invasion or extrahepatic metastasis (yes vs
no), geographical region (Asia [ie, mainland China,
Hong Kong, Taiwan, and South Korea] vs non-Asia [ie,
Belgium, Italy, Germany, Poland, Russia, Spain, Tiirkiye,
Ukraine, and the USA]), and baseline alpha-fetoprotein
concentration (<400 ng/mL vs 2400 ng/mL). Investigators
registered patients by means of a centralised interactive
response technology system with a random block size of
four or six. The randomisation sequence was generated
by an independent third party. The study was open-label
and treatment administered to patients was unmasked.

Procedures
Patients received camrelizumab 200 mg intravenously
every 2 weeks plus rivoceranib 250 mg orally once daily
or sorafenib 400 mg orally twice daily. Treatment
continued in 28-day cycles until unacceptable toxicity,
withdrawal of informed consent, disease progression
confirmed by the blinded independent review committee
(BIRC) per RECIST 1.1 (unless criteria for treatment
beyond disease progression were met), or investigator’s
decision. Patients could continue to receive camrelizumab
(alone or with rivoceranib) or sorafenib beyond
progression if there was evidence of clinical benefit and
treatment tolerability as determined by the investigator.
Patients who temporarily or permanently discontinued
camrelizumab or rivoceranib due to treatment-related
adverse events (TRAEs) were allowed to continue to
receive a single agent of the combination regimen. Dose
reduction was permitted for rivoceranib and sorafenib,
but not for camrelizumab. Details regarding dose
modifications are available in the appendix (pp 118-26).
Tumour radiological examination was done using
enhanced CT or MRI at baseline, every 8 weeks for the
first 48 weeks, and every 12 weeks thereafter. Multiphase
liver imaging covering the arterial and portal venous
phases was required. RECIST 1.1 (assessed by the BIRC
and investigator), modified RECIST (assessed by the
BIRC), and immune-modified RECIST (assessed by the
investigator) were used for evaluation of tumour
response. Complete and partial responses were required
to be confirmed with a subsequent scan at 4 weeks or at
the next scheduled assessment timepoint after the initial
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documentation. During follow-up, survival data were
collected every 3 months. Safety was regularly monitored
until 90 days after the last dose of camrelizumab or
30 days after the last dose of rivoceranib or sorafenib.
Adverse events were graded by the investigators according
to the Common Terminology Criteria for Adverse Events,
version 4.0.3. Details on laboratory evaluation, patient-
reported outcomes, and PD-L1 testing are provided in the
appendix (p 2).

Outcomes

The dual primary endpoints were progression-free
survival (ie, time from randomisation to the first
radiographic progression or death) as assessed by the

| 842 patients assessed for eligibility |

o] 299 excluded for not meeting
eligibility criteria

A

| 543 randomly assigned |

v v

272 assigned to camrelizumab plus rivoceranib
272 received treatment

271 assigned to sorafenib
269 received treatment

247 discontinued treatment
124 disease progression by BIRC per
RECIST 1.1

51 withdrew consent*®

49 investigator decisiont

20 adverse events
2 death from any causet
1 lost to follow-up

220 discontinued camrelizumab
94 disease progression by BIRC per
RECIST1.1
49 adverse events
35 withdrew consent™
29 investigator decisiont
9 death from any causet
4 protocol deviation
222 discontinued rivoceranib
95 disease progression by BIRC per
RECIST1.1
50 adverse events
34 withdrew consent*
28 investigator decision
10 death from any causet
5 protocol deviation

4 v

| 42 treatment ongoing (both agents)§ |

v v

272 analysed for efficacy
272 analysed for safety

| 22 treatment ongoing

271 analysed for efficacy
269 analysed for safety

Figure 1: Trial profile at the interim analysis of overall survival

Per protocol, treatment beyond progression was allowed if there was evidence of clinical benefit per investigator.
40 (15%) patients in the camrelizumab-rivoceranib group and 23 (9%) in the sorafenib group were treated beyond
RECIST 1.1-defined disease progression as assessed by the BIRC. Two patients in the sorafenib group did not receive
treatment due to withdrawal of consent. BIRC=blinded independent review committee. RECIST=Response
Evaluation Criteria in Solid Tumors. *Most patients who discontinued study treatment due to withdrawal of
consent (ie, 17 patients for camrelizumab, 19 patients for rivoceranib, and 25 patients for sorafenib) had already
developed progressive disease as assessed by the investigator before they discontinued the study treatment.
‘tMost patients who discontinued study treatment due to investigator decision (ie, 19 patients for camrelizumab,
18 patients for rivoceranib, and 41 patients for sorafenib) had already developed progressive disease as assessed by
the investigator before they discontinued the study treatment. In the combination camrelizumab-rivoceranib
therapy group, seven deaths were attributed to disease progression and three to adverse events per investigator—
one death was deemed to be treatment related. In the sorafenib group, both deaths were attributed to adverse
events per investigator—one death was deemed to be treatment related. §18 patients were on single agent
camrelizumab (n=10) or rivoceranib (n=8).

BIRC per RECIST 1.1 and overall survival (ie, time from
randomisation to death from any cause). Secondary
endpoints were progression-free survival as assessed by
the investigator per RECIST 1.1 and by the BIRC per
modified RECIST; ORR (ie, proportion of patients with
complete or partial response as best overall response),
disease control rate (ie, proportion of patients with
complete or partial response or stable disease lasting for
=8 weeks), duration of response (ie, time from the first
record of objective response to the first radiographic
progression or death), and time to progression (ie, time
from randomisation to first radiographic progression),
each as assessed by the BIRC and investigator per
RECIST 1.1 and by the BIRC per modified RECIST;
pharmacokinetics of camrelizumab and rivoceranib and
immunogenicity of camrelizumab; and safety. Results of
pharmacokinetics and immunogenicity will be reported
elsewhere. Key exploratory endpoints included correlation
of PD-L1 expression with efficacy and time to first
deterioration (ie, a decrease of 210 points from baseline)
in global health status, physical functioning, and role
functioning on the European Organisation for Research
and Treatment of Cancer Quality-of-Life Questionnaire
Core 30 (EORTC QLQ-C30).

Statistical analysis
The study was designed to enrol approximately 510 patients
(appendix p 2). One progression-free survival analysis was
planned at the occurrence of 332 progression-free survival
events, and two overall survival analyses (one interim and
afinal) were plannedatthe occurrence of 251 (70% of 359 total
expected) deaths and 359 deaths, respectively. The overall
type 1 error was controlled at a one-sided a level of 0-025,
with an initial a level of 0-005 for progression-free survival
and 0-020 for overall survival, with an o-reallocation
approach (appendix p 3). The interim and final analyses of
the overall survival were controlled through a allocation
using the Lan-DeMets O’Brien-Fleming spending
function. A nominal o penalty of 0-00001 (independent of
the Lan-DeMets O’Brien-Fleming) was planned for an
administrative analysis (not formal) of overall survival with
less than 251 deaths at the progression-free survival
analysis. ORR as assessed by the BIRC per RECIST 1.1 was
planned to be sequentially tested at a one-sided
a level of 0-025 when both primary endpoints were
statistically significant. The actual primary analysis for
progression-free survival was performed at the occurrence
of 339 progression-free survival events, with the
corresponding  significance boundary of 0-005. The
interim analysis for overall survival was performed at
the occurrence of 262 (73% of 359 total expected) deaths,
with the corresponding significance boundary of 0-0087.
In this Article, we report the findings from the prespecified
primary analysis for progression-free survival and interim
analysis for overall survival.

Efficacy was analysed in the intention-to-treat
population, comprising all randomised patients. Safety
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was analysed in patients who received at least one dose of
study medication. Median progression-free survival,
overall survival, time to progression, and duration of
response were estimated using the Kaplan-Meier method,
and the associated 95% Cls were estimated using the
Brookmeyer-Crowley method. Progression-free survival
and overall survival were compared between groups
using a logrank test stratified by the randomisation
stratification factors. HRs and the corresponding 95% Cls
were estimated using a stratified Cox proportional hazard
model. The proportional hazards assumption for
progression-free survival and overall survival was
evaluated and supported by visual inspection of log-log
plots (ie, Schoenfeld residuals; appendix p 22). Survival
rates at prespecified landmark timepoints were estimated
by the Kaplan-Meier method, and the corresponding
95% Cls were calculated using the normal approximation.
Hazard ratios (HRs) and 95% Cls for progression-free

Camrelizumab-  Sorafenib Camrelizumab-  Sorafenib
rivoceranib (n=271) rivoceranib (n=271)
(n=272) (n=272)
Age, years 58 (48-66) 56 (47-64) (Continued from previous column)
<65 191 (70%) 210 (77%) Macrovascular invasion, extrahepatic 200 (74%) 200 (74%)
>65 81 (30%) 61 (23%) metastasis, or both
Sex Macrovascular invasion¥ 40 (15%) 52 (19%)
Male 227 (83%) 230 (85%) Extrahepatic metastasis 175 (64%) 180 (66%)
Female 45 (17%) 41 (15%) Aetiology§
Geographical region Hepatitis B virus 208 (76%) 197 (73%)
Asia* 225 (83%) 224 (83%) Hepatitis C virus 22 (8%) 29 (11%)
Non-Asiat 47 (17%) 47 (17%) Non-viral{f 42 (15%) 45 (17%)
Race Previous local therapy for 161 (59%) 150 (55%)
Asian 226 (83%) 224 (83%) hepatocellular'carcmoma
White 44 (16%) 46 (17%) PD-L1 expression
Black or African American 1(<1%) 0 TPS <1% 220 (81%) 212(78%)
Other 1(<1%) 1(<1%) TP =1% 32 (12%) 39 (14%)
BT CPS<1 190 (70%) 180 (66%)
Hispanic or Latinx 4 (1%) 2 (<1%) CPS=1 62 (23%) 71(26%)
Eastern Cooperative Oncology Group performance status Unknown 20(7%) 20(7%)
0 120 (44%) 116 (43%) Data are median (IQR) or n (%). CPS=combined positive score. TPS=tumour
69 . proportion score. *Includes mainland China, Hong Kong, Taiwan, and South
1 152 (56%) 155 (57%) Korea. fIncludes Belgium, Italy, Germany, Poland, Russia, Spain, Tirkiye, Ukraine,
Alpha-fetoprotein and the USA. Patients with invasion of—or tumour thrombus in—the main trunk
<400 ng/mL 176 (65%) 171 (63%) of the portal vein (partial occlusion only), contralateral portal vein branch, or
. L 6 (359 160 G both, were included. SMain underlying cause of hepatocellular carcinoma per
= DSy 96.(35%) (37%) investigator. qfIncludes non-alcoholic fatty liver disease, alcohol cirrhosis,
Barcelona Clinic Liver Cancer stage aflatoxin exposure, and other non-hepatitis B virus and non-hepatitis C virus
Stage B 38 (14%) 40 (15%) causes (known or unknown).
Stage C 234 (86%) 231(85%) Table 1: Baseline characteristics
Child-Pugh score
Class A (5 points) 236 (87%) 230 (85%)
Class A (6 points) 36 (13%) 41 (15%) survival (per RECIST 1.1 by the BIRC) and overall survival
Albumin-bilirubin grade in prespecified and post-hoc subgroups were estimated
1 153 (56%) 165 (61%) using an unstratified Cox proportional hazard model.
2 117 (43%) 106 (39%) ORR and disease control rate (per RECIST 1.1 by the
3 2(<1%) 0 BIRC) were compared using the Cochran-Mantel-
(Table 1 continues in next column) Haenszel test stratified by randomisation stratification
factors, and the absolute differences between groups

were calculated. 95% ClIs for the rates were estimated
using the Clopper-Pearson method and 95% ClIs for
difference in rates were estimated using the normal
approximation. Prespecified subgroup analysis for ORR
were also performed. Prespecified time to deterioration
in health-related quality-oflife outcomes were analysed
using the same method as for other time-to-event
endpoints; changes from baseline in health-related
quality-of-life outcomes were analysed using the Mixed
Model for Repeated Measures. All statistical analyses
were done using SAS (version 9.4).

The trial is registered with ClinicalTrials.gov
(NCT03764293).

Role of the funding source

The study was sponsored by Jiangsu Hengrui Pharma-
ceuticals and was co-funded by Elevar Therapeutics.
Jiangsu Hengrui Pharmaceuticals collaborated with
academic authors regarding the study design, data

www.thelancet.com Published online July 24,2023 https://doi.org/10.1016/50140-6736(23)00961-3



Articles

collection, data analysis, data interpretation, and writing of
the report.

Results
Between June 28, 2019, and March 24, 2021, 842 patients
were assessed for eligibility and 543 were enrolled and
randomly assigned to either the camrelizumab-
rivoceranib group (n=272) or the sorafenib group (n=271).
All 543 patients were included in the efficacy analysis and
541 treated patients (two patients in the sorafenib group
did not receive any study medication) were included in
the safety analysis (figure 1). The patient baseline
characteristics are shown in table 1. Overall, 36% patients
had an alpha-fetoprotein concentration of 400 ng/mL or
more, 75% had hepatitis B virus aetiology, and 74% had
macrovascular invasion, extrahepatic metastasis, or both
(table 1).

As of the data cutoff for the primary analysis of
progression-free survival (May 10, 2021), the median

754

50

25

Progression-free survival (%)

Median progression-free
survival, months

—— Camrelizumab-rivoceranib 56 (95% CI 5-5-6-3)
— Sorafenib

3-7(95% C12:8-3-7)
Stratified HR 0-52 (95% Cl 0-41-0-65),
one-sided log-rank p<0-0001

0
0

Number at risk
Camrelizumab-rivoceranib 272
Sorafenib 271

75

50

Overall survival (%)
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Median overall survival,
months

—— Camrelizumab-rivoceranib
— Sorafenib

221(95% C119-1-27-2)
152 (95% C1 13-0-18-5)
Stratified HR 0-62 (95% Cl 0-49-0-80),
one-sided log-rank p<0-0001
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Time (months)

T T 1
24 26 28

265 250 231 224 215 190 165 118 80 57 34 25 18 5
268 232 214 198 171 149 124 91 70 53 31 22 17 5

Figure 2: Kaplan-Meier plot of progression-free survival at the primary analysis of progression-free survival
and overall survival at the interim analysis of overall survival

(A) Kaplan-Meier curve of progression-free survival as assessed by the blinded independent review committee
according to Response Evaluation Criteria in Solid Tumors 1.1. (B) Kaplan-Meier curve of overall survival.

HR=hazard ratio.

follow-up was 7-8 months (IQR 4-1-10-6). 158 (58%) of
272 patients in the camrelizumab-rivoceranib group and
181 (67%) of 271 in the sorafenib group had disease
progression as assessed by the BIRC per RECIST 1.1 or
had died. Progression-free survival was significantly
improved in the camrelizumab-rivoceranib group
compared with the sorafenib group (median 5-6 months
[95% CI 5-5-6-3] vs 3.7 months [95% CI 2-8-3.7];
HR 0-52 [95% CI 0-41-0-65]; one-sided p<0-0001;
figure 2A). Results of progression-free survival per
modified RECIST by the BIRC and per RECIST 1.1 by
investigator were consistent with the primary analysis
(appendix p 5). Exploratory analysis of progression-free
survival per immune-modified RECIST by investigator
are shown in the appendix (p 6). Overall survival was not
formally tested with 153 deaths recorded at this cutoff
point, because it was less than the number required for
simultaneous testing.

As of the data cutoff for the interim analysis of overall
survival (Feb 8, 2022), the median follow-up was
14-5 months (IQR 9-1-18-7). 42 (15%) of 272 patients in
the camrelizumab-rivoceranib group and 22 (8%) of
271 in the sorafenib group remained on study treatment
(figure 1). 72 (26%) patients in the camrelizumab—
rivoceranib group and 100 (37%) in the sorafenib group
discontinued at least one agent due to withdrawal of
consent or investigator decision. Among them, 42 (15%)
in the camrelizumab-rivoceranib group and 66 (25%) in
the sorafenib group discontinued at least one agent
after investigator-assessed disease progression (figure 1,
appendix p 7). Subsequent systemic anticancer therapy
was administered to 90 (33%) patients in the
camrelizumab-rivoceranib group and 130 (48%) in the
sorafenib group after end of study treatment (appendix
pp 8-9). The most common post-study treatment was
targeted therapy (81 [30%)] patients in the camrelizumab—
rivoceranib group and 107 [40%] patients in the sorafenib
group), followed by immunotherapy (40 [15%] in the
camrelizumab-rivoceranib group and 90 [33%] in the
sorafenib group).

At the data cutoff, 111 (41%) patients in the
camrelizumab-rivoceranib group and 151 (56%) patients
in the sorafenib group had died. Overall survival was
significantly extended with camrelizumab-rivoceranib
versus sorafenib (HR 0-62, 95% CI 0-49-0-80; one-sided
p<0-0001; figure 2B). Median overall survival
was 22-1 months (95% CI 19-1-27-2) in the
camrelizumab-rivoceranib group versus 15-2 months
(13-0-18-5) in the sorafenib group (figure 2B). The overall
survival rate was 76-5% (95% CI 71-0-81-1) in
the camrelizumab-rivoceranib group versus 60-8%
(54-6-66-4) in the sorafenib group at 12 months, and
60-9% (54-2-66-9) in the camrelizumab-rivoceranib
group versus 45-2% (38-8-51-4) in the sorafenib group at
18 months (figure 2B). Overall survival was more
favourable with camrelizumab-rivoceranib compared
with sorafenib in most predefined subgroups (figure 3B).
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Post-hoc analysis showed that overall survival consistently
favoured combination treatment in patients with
albumin-bilirubin grade 1 (HR 0-72, 95% CI 0-51-1-01)
and in patients with albumin-bilirubin grade 2 (HR 0-49,
95% CI 0-35-0-71) at baseline (appendix p 23).

As of Feb 8, 2022, 189 (69%) patients in the
camrelizumab-rivoceranib group and 202 (75%) patients
in the sorafenib group had disease progression based on
the BIRC assessment per RECIST 1.1 or had died. At the
updated analysis, median progression-free survival was
5.6 months (95% CI 5-5-7-4) in the camrelizumab-
rivoceranib group versus 3-7 months (3-1-3-7) in the
sorafenib group (HR 0-54, 95% CI 0-44-0-67). The
progression-free survival rate was 48-2% (95% CI
41-9-54-3) in the camrelizumab-rivoceranib group versus
25-3% (19-8-31-1) in the sorafenib group at 6 months and

29-8% (24-1-35-8) in the camrelizumab-rivoceranib
group versus 12-4% (8-3-17-3) in the sorafenib group at
12 months. Across all predefined and post-hoc subgroups,
HR for progression-free survival consistently favoured
camrelizumab-rivoceranib over sorafenib (figure 3A,
appendix p 23).

Given that results for both primary endpoints were
statistically significant, ORR as assessed by the BIRC per
RECIST 1.1 was sequentially tested.
69 (25%) of 272 (95% CI 20-31) patients in the
camrelizumab-rivoceranib group and 16 (6%) of 271
(3-9) in the sorafenib group had a confirmed objective
response (difference 19% [95% CI 14-25]; one-sided
p<0-0001), which was significantly higher for the patients
in the camrelizumab-rivoceranib group. The benefits in
ORR were generally consistent across predefined
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(Figure 3 continues on next page)
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Figure 3: Progression-free survival and overall survival in prespecified subgroups at the interim analysis of overall survival

(A) Forest plot of progression-free survival as assessed by the blinded independent review committee according to RECIST 1.1. (B) Forest plot of overall survival.
Subgroups with a sample size of less than ten patients in either treatment group are not shown. CPS=combined positive score. ECOG=Eastern Cooperative Oncology
Group. HR=hazard ratio. TPS=tumour proportion score. *Includes mainland China, Hong Kong, Taiwan, and South Korea. tIncludes Belgium, Italy, Germany, Poland,

Russia, Spain, Turkiye, Ukraine, and the USA.

subgroups (appendix p 24). In responders, the median
duration of response was 14-8 months (95% CI 8-4-not
reached [NR]) with camrelizumab-rivoceranib and
9-2 months (5-3-NR) with sorafenib (data not mature),
and the median time to response was 1-9 months
(IQR 1-9-3.7) with camrelizumab-rivoceranib and
3.7 months (1-9-4-7) with sorafenib. The disease control
rate was 78% (95% CI 73-83) in the camrelizumab-
rivoceranib group and 54% (48-60) in the sorafenib
group (difference 24% [95% CI 17-32]). Tumour response
according to modified RECIST by the BIRC and
RECIST 1.1 by investigator was consistent with findings
according to RECIST 1.1 by the BIRC (appendix p 10). In

patients with a target lesion diameter value after baseline,
reduction of any magnitude in the sum of diameter in
the target lesion was seen in 182 (73%) of 250 patients in
the camrelizumab-rivoceranib group and in 84 (36%) of
236 patients in the sorafenib group as assessed by the
BIRC per RECIST 11. Additionally, reduction of
30% or more in the sum of diameter in the target lesion
was seen in 88 (35%) of 250 patients in the camrelizumab—
rivoceranib group and in 21 (9%) of 236 patients in the
sorafenib group (appendix p 25).

As of Feb 8, 2022, the median time to deterioration in
global health status was 11-2 months (95% CI 7-6-NR)
in the camrelizumab-rivoceranib group and NR (95% CI
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7-4-NR) in the sorafenib group (HR 1.02, 95% CI
0-77-1-36). The median time to deterioration in physical
function was not reached in both groups, with no
significant difference in risk of deterioration observed
with camrelizumab-rivoceranib (HR 0-78, 95% CI
0-58-1-06). The median time to deterioration in role
functioning was not reached (95% CI 11-5-NR) in the
camrelizumab-rivoceranib group and was 10-1 months
(95% CI 7-6-NR) in the sorafenib group (HR 0-88,
95% CI 0-66-1-18; appendix pp 11, 26). Results on
changes from baseline in the scores in functioning and
symptom domains on EORTC QLQ-C30 and EORTC
QLQ-HCCI18 scales up to week 57 are provided in the
appendix (p 12). A favourable trend in the camrelizumab-

rivoceranib group over the sorafenib group was seen in
all functioning and most symptom domains
(appendix p 12).

As of Feb 8, 2022, the median duration of treatment
was 6-9 months (IQR 3-6-13-4) for camrelizumab,
6-5 months (3-4-11-9) for rivoceranib, and 3-8 months
(1-9-7-4) for sorafenib. Overall, 271 (99%) of 272 treated
patients in the camrelizumab-rivoceranib group and
265 (99%) of 269 in the sorafenib group had at least
one adverse event. 238 (88%) patients in the
camrelizumab-rivoceranib group and 182 (68%) patients
in the sorafenib group had grade 3 or higher events
(appendix pp 13-14). The time-at-risk exposure-adjusted
incidence of adverse events was 261 per 100 person-months

Camrelizumab-rivoceranib (n=272)

Sorafenib (n=269)

Grade1-2  Grade3 Grade 4 Grade 5 Grade 1-2 Grade 3 Grade4  Grade5

Any treatment-related adverse event 45 (17%) 193 (71%) 26 (10%)  1(<1%) 128 (48%) 128 (48%) 12 (4%)  1(<1%)
Hypertension 87(32%) 100 (37%) 2 (1%) 0 76 (28%) 40 (15%) 0 0
Aspartate aminotransferase increased 102 (38%) 42 (15%) 3 (1%) 0 85 (32%) 14 (5%) 0 0
Proteinuria 118 (43%) 16 (6%) 0 0 67 (25%) 5(2%) 0 0
Alanine aminotransferase increased 92 (34%) 34 (13%) 1(<1%) O 72 (27%) 8 3%) 0 0
Platelet count decreased 94 (35%) 28 (10%) 4 (1%) 0 85 (32%) 4 (1%) 0 0
Blood bilirubin increased 92 (34%) 24 (9%) 0 0 71 (26%) 4 (1%) 0 0
Palmar-plantar erythrodysaesthesia syndrome 69 (25%) 33 (12%) 0 0 122 (45%) 41 (15%) 0 0
Diarrhoea 77 (28%) 6 (2%) 0 0 91 (34%) 14 (5%) 0 0
Reactive cutaneous capillary endothelial 72 (26%) 7 3%) 0 0 0 0 0 0
proliferation

Neutrophil count decreased 57 (21%) 14 (5%) 2 (1%) 0 24 (9%) 1(<1%) 2(1%) O
White blood cell count decreased 66 (24%) 7 (3%) 0 0 35 (13%) 3 (1%) 0 0
Gamma-glutamyltransferase increased 39 (14%) 25 (9%) 2 (1%) 0 29 (11%) 15 (6%) 52%) O
Hypothyroidism 58 (21%) 0 0 0 16 (6%) 0 0 0
Fatigue 46 (17%) 7 (3%) 0 0 20 (7%) 1 (<1%) 0 0
Blood alkaline phosphatase increased 44 (16%) 3 (1%) 0 0 30 (11%) 3 (1%) 0 0
Conjugated blood bilirubin increased 34 (13%) 10 (4%) 2 (1%) 0 28 (10%) 6 (2%) 2(1%) O
Rash 40 (15%) 5(2%) 0 0 47 (17%) 3(1%) 0 0
Anaemia 41 (15%) 4(1%) 0 0 19 (7%) 2 (1%) 0 0
Decreased appetite 39 (14%) 3(1%) 0 0 31(12%) 3(1%) 0 0
Unconjugated blood bilirubin increased 33 (12%) 2 (1%) 0 0 20 (7%) 1(<1%) 0 0
Hypoalbuminaemia 34 (13%) 0 0 0 21 (8%) 0 0 0
Weight decreased 28 (10%) 4 (1%) 0 0 33 (12%) 6 (2%) 0 0
Asthenia 29 (11%) 3(1%) 0 0 15 (6%) 0 0 0
Haematuria 31 (11%) 0 0 0 12 (4%) 0 0 0
Nausea 31(11%) 0 0 0 14 (5%) 0 0 0
Headache 28 (10%) 2 (1%) 0 0 4(1%) 1 (<1%) 0 0
Blood lactate dehydrogenase increased 26 (10%) 1(<1%) 0 0 29 (11%) 0 0 0
Lymphocyte count decreased 18 (7%) 8 (3%) 0 0 14 (5%) 3 (1%) 0 0
Amylase increased 15 (6%) 9 (3%) 1(<1%) O 6 (2%) 0 1(<1%) O
Hyponatraemia 13 (5%) 8 (3%) 0 0 8 (3%) 1(<1%) 0 0
Lipase increased 7 (3%) 7 (3%) 6 (2%) 0 6 (2%) 4 (1%) 1(<1%) O
Hypophosphataemia 17 (6%) 2 (1%) 0 0 27 (10%) 12 (4%) 0 0
Upper gastrointestinal haemorrhage 2 (1%) 6 (2%) 0 0 0 0 0 0
Alopecia 4(1%) 0 0 0 52 (19%) 0 0 0

Data are n (%). Treatment-related adverse events of grade 1-2 occurring in at least 10% of patients or of grade 3-5 occurring in at least 2% of patients in either group are reported.

Table 2: Treatment-related adverse events in the safety analysis set at the interim analysis for overall survival
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in the camrelizumab-rivoceranib group and 320 per 100
person-months in the sorafenib group (appendix p 15).
The adjusted rate of grade 3 or higher events was
29 per 100 person-months for the camrelizumab—
rivoceranib group and 20 per 100 person-months for the
sorafenib group (appendix p 15).

TRAEs occurred in 265 (97%) of 272 patients in the
camrelizumab-rivoceranib group and 249 (93%) of
269 in the sorafenib group. Of these TRAEs, grade 3 or
higher events occurred in 220 (81%) patients in the
camrelizumab-rivoceranib group and 141 (52%) patients
in the sorafenib group. The most common grade 3 or 4
TRAEs were hypertension, palmar-plantar erythro-
dysaesthesia syndrome, increased aspartate amino-
transferase, and increased alanine aminotransferase
(table 2). TRAEs led to discontinuation of any study
medication in 66 (24%) patients in the camrelizumab—
rivoceranib group and 12 (4%) in the sorafenib group
(appendix p 16); ten (4%) patients discontinued both
study medications in the camrelizumab-rivoceranib
group. Dose reduction due to TRAEs was required by
128 (47%) patients in the camrelizumab-rivoceranib
group and 87 (32%) in the sorafenib group. Treatment-
related serious adverse events were reported for 66 (24%)
patients in the camrelizumab-rivoceranib group and
16 (6%) in the sorafenib group. The most common
serious adverse events in the camrelizumab-rivoceranib
group included increased aspartate aminotransferase
(nine [3%] patients), increased blood bilirubin (eight
[3%]), upper gastrointestinal haemorrhage (eight [3%)]),
and increased alanine aminotransferase (seven [3%];
appendix p 17). Treatment-related deaths occurred in one
patient each in the camrelizumab-rivoceranib group
(multiple organ dysfunction syndrome) and sorafenib
group (respiratory failure and circulatory collapse).

Immune-related adverse events of any grade as assessed
by the investigator occurred in 154 (57%) of 272 patients
in the camrelizumab-rivoceranib group. Of these
immune-related adverse events, grade 3 or higher events
occurred in 45 (17%) patients (appendix p 18). The most
common immune-related adverse events of any grade
were reactive cutaneous capillary endothelial proliferation
(79[29%] patients) and hypothyroidism (35[13%]; appendix
p 18). The most common events of grade 3 or 4 were
increased aspartate aminotransferase (ten [4%)] patients)
and increased alanine aminotransferase (nine [3%)]).
44 (16%) patients in the camrelizumab-rivoceranib group
required systemically administered corticosteroids for the
management of immune-related adverse events. TRAEs
of special interest for camrelizumab and rivoceranib are
provided in the appendix (p 19). Overall, grade 3 or higher
hepatotoxicity (a medical category composed of grouped
terms) was reported in 90 (33%) patients in the
camrelizumab-rivoceranib group and 32 (12%) in the
sorafenib group. The most frequent clinical diagnosis-
related grade 3 or higher events in the camrelizumab-
rivoceranib group were immune-mediated hepatitis

(five patients [2%]), hepatic encephalopathy (four [1%]),
and autoimmune hepatitis (four [1%)]). Post-hoc analysis
showed that mean albumin-bilirubin score was stable
over the treatment period in both groups (appendix p 27).
Across frequently reported medical categories (with an
incidence =10%), 25-70% of events for camrelizumab
(appendix p 20) and 40-81% of events for rivoceranib
(appendix p 21) resolved in the combination therapy
group by data cutoff.

Discussion

This is the first phase 3 study to report significant
benefits in both progression-free survival and overall
survival with the combination of an anti-PD-1/PD-L1
antibody and an orally administered, small-molecule
TKI over standard TKI for unresectable hepatocellular
carcinoma in the first-line setting. The dual primary
endpoints were met with camrelizumab-rivoceranib,
showing an improvement of 6-9 months in median
overall survival and 1-9 months in median progression-
free survival (per RECIST 1.1 by the BIRC), and a
corresponding reduction in risk of death by 38% and of
progression or death by 48% compared with the
sorafenib group. The survival benefits with the
combination therapy were supported by a significantly
higher response rate and more durable response, as well
as a higher rate of disease control than that seen in the
sorafenib group.

To our knowledge, the median overall survival of
22-1 months in the camrelizumab-rivoceranib group
was the longest one observed for any systemic treatment
in phase 3 trials in wunresectable hepatocellular
carcinoma ****" and supported the findings from the
phase 2 trial of this combination.”? The overall survival in
the sorafenib group was in line with contemporary global
trials in hepatocellular carcinoma,**™" but longer than
thosereportedin the earlier SHARP and REFLECT trials.**
Notably, a high proportion of patients in both the
camrelizumab-rivoceranib (33%) and sorafenib (48%)
groups received subsequent systemic treatments.
Additionally, patients with viral aetiology were required
to receive adequate antiviral treatment for both hepatitis B
virus and hepatitis C virus infections throughout the
study period per the recommendation of American
Association for the Study of Liver Diseases and Infectious
Diseases Society of America guidelines. Strict viral
control is reportedly associated with improved survival
outcomes in patients with hepatocellular carcinoma.”?
The extended overall survival in the sorafenib group
compared with that seen in the SHARP? and REFLECT*
trials might reflect the evolution in practice patterns for
treating hepatocellular carcinoma with the availability of
newly approved second-line or later therapy and the
improvement in supportive care for the underlying liver
disease. Alternatively, despite a high rate of post-study
treatment administration in the sorafenib group,
separation of Kaplan-Meier curves of overall survival
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sustained in favour of camrelizumab-rivoceranib at
12 months and 18 months, strongly supporting long-
term clinical benefits with the combination therapy in
the first-line setting.

For other global phase 3 studies evaluating first-line
immunotherapy with anti-angiogenic therapy for unre-
sectable hepatocellular carcinoma,’™ superior progres-
sion-free survival (6-8 vs 4-3 months; HR 0-59 [95% CI
0-47-0-76]) and overall survival (19-2 vs 13-4 months;
HR 0-66 [95% CI 0-52-0-85]) were observed with
atezolizumab-bevacizumab in IMbravel50,"? whereas
only progression-free survival (6-8 vs4-2 months; HR 0-63
[95% CI 0-44-0-91]) but not overall survival (interim
analysis, 15-4 vs 15-5 months; HR 0-90 [95% CI
0-69-1-18]) was significantly improved with atezolizumab—
cabozantinib in COSMIC-312 with sorafenib as the
comparator.” No significant improvement in progression-
free survival (8-2 vs 8-1 months; HR 0-83 [0-71-0-98]) or
overall survival (21-2 ws 19-0 months; HR 0-84
[95% CI 0-71-1-00]) was found with pembrolizumab—
lenvatinib versus lenvatinib alone in the LEAP-002 trial.*
Apart from the different combination therapy regimens,
the factors that could contribute to the various outcomes
across these studies included the inherent differences in
study setting, comparator (lenvatinib vs sorafenib, although
non-inferiority has been previously established’), eligibility
criteria, and patient characteristics. Our study used
relatively less stringent eligibility criteria among phase 3
trials of unresectable hepatocellular carcinoma and
included patients with main trunk portal vein thrombosis
(partial occlusion only; excluded in LEAP-002) and had no
mandatory requirement on gastroduodenoscopy before
study entry (required in LEAP-002 and IMbrave150)."* Of
note, in the HIMALAYA trial of tremelimumab plus
durvalumab in unresectable hepatocellular carcinoma,
there was also no requirement on screening
gastroduodenoscopy, but any main trunk portal vein
thrombosis was excluded. At baseline, a higher proportion
of patients had poor prognostic factors (including an
ECOG performance status of 1, Barcelona Clinic Liver
Cancer stage C, and extrahepatic metastasis) and hepatitis
B virus-related hepatocellular carcinoma than patients
enrolled in contemporary trials of hepatocellular
carcinoma."**? Although findings from other randomised
trials*™ and meta-analysis® suggest that hepatocellular
carcinoma of non-viral aetiology (eg, non-alcoholic fatty
liver disease) might derive less survival benefits from
immunotherapy than hepatocellular carcinoma of viral
aetiology, our study revealed generally consistent
progression-free survival and overall survival benefits
across clinically relevant subgroups with the combination
therapy. Favourable survival outcomes were also seen for
dual immunotherapy in patients with non-viral
hepatocellular carcinoma in the HIMALAYA trial, similar
to the ICI-TKI combination in our study.” However, all
subgroup findings are hypothesis-generating, and
comprehensive evaluation of the efficacy in patients with

viral versus non-viral aetiology is beyond the scope of this
study. Given the potentially differential characteristics of
anticancer immunity in viral and non-viral hepatocellular
carcinoma,” further research is needed to clarify the role of
aetiology on the effect of immune-combination therapy in
treating hepatocellular carcinoma. Similarly, progression-
free survival and overall survival benefits with
camrelizumab-rivoceranib were persistent across Asian
and non-Asian subgroups, which was supported by the
consistent benefits seen across different hepatocellular
carcinoma aetiology and the universal availability of
multitargeted TKIs (eg, sorafenib, lenvatinib and
regorafenib) and anti-PD-1/PD-L1 ICIs across the regions
during the study period. In this study, survival outcomes
were consistently more favourable with the combination
therapy versus sorafenib regardless of baseline albumin—
bilirubin grade. Additional analysis of albumin-bilirubin
will be reported in a subsequent publication.

Tumour objective response as evaluated by the BIRC
per RECIST 1.1 was consistent with that evaluated by the
BIRC per modified RECIST and by the investigator per
RECIST 1.1. The magnitude of improvement in the ORR
with  camrelizumab-rivoceranib ~ versus  sorafenib
(25% vs 6% per RECIST 1.1 by the BIRC) was in line with
that reported for atezolizumab-bevacizumab (30% vs 11%)
in IMbravel50" and compared favourably with
atezolizumab—cabozantinib (11% vs 4%) in COSMIC-312.%
Moreover, 78% of all patients allocated camrelizumab—
rivoceranib attained disease control and 35% of patients
with post-baseline assessment of the target lesion showed
tumour shrinkage of 30% or more in the combination
therapy group, highlighting the broad range of patients
who could derive clinical benefits.

The optimal companion TKI for ICI in the treatment of
unresectable hepatocellular carcinoma deserves further
exploration. TKIs such as cabozantinib and lenvatinib not
only show potent VEGFR2 inhibitory activity (half
maximal inhibitory concentration [IC,)] of 0-035 nM for
cabozantinib and 3 nM for lenvatinib) at protein kinase
level but also strongly inhibit other subclasses of receptor
tyrosine kinases (eg, MET, KIT, RET, AXL, TIE2, and
FILT3) at IC,, values of less than 100 nM.*? Rivoceranib
also suppresses several receptor tyrosine kinases including
RET, KIT, and C-SRC with IC,, values of 13 nM, 429 nM,
and 530 nM, respectively, but it is a more potent and
selective inhibitor against VEGFR2 with an IC,; of 1 nM.*
Additionally, camrelizumab has a unique binding epitope
compared with other anti-PD-1 antibodies. Camrelizumab
bounds to PD-1 via its heavy chain and blocks PD-1/PD-L1
interaction via its light chain, and the glycosylation of
asparagine 58 promotes the interaction of camrelizumab
with PD-1, which is different with the binding of nivolumab
or pembrolizumab to PD-1." Taken together, we speculate
that the potent and selective VEGFR2 activity of
rivoceranib and the distinct binding epitope of
camrelizumab might be contributing factors for the
robust clinical efficacy of camrelizumab-rivoceranib.
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Currently, no recognised biomarker has been established
for immunotherapy-based regimens in advanced
hepatocellular carcinoma. In this study, patients given
camrelizumab-rivoceranib showed improved progression-
free survival and ORR versus those given sorafenib across
the PD-L1 positive and negative subgroups, consistent with
the findings for the combination therapy in IMbrave150.”
There appeared a trend for an increased response rate with
PD-L1 enrichment in the camrelizumab-rivoceranib
group, as seen in patients receiving immunotherapy-based
regimens in other trials in advanced hepatocellular
carcinoma.”®” Nevertheless, due to the exploratory nature
of the analysis and the reported interassay heterogeneity in
the detection of PD-L1 expression,” further research is
needed to fully assess the utility of PD-L1 expression for
predicting outcome to immunotherapy in hepatocellular
carcinoma. Alternatively, markers of pre-existing T-cell
immunity at baseline were strongly associated with clinical
activity of atezolizumab plus bevacizumab in hepatocellular
carcinoma and the potential of these markers also merits
further investigation.”

The safety profile of camrelizumab-rivoceranib was
generally consistent with the toxicity spectrum reported
for each agent and the underlying hepatocellular
carcinoma disease, with no new safety signals identified.””
The most common grade 3 or 4 TRAE associated with the
combination therapy was hypertension (grade 4, n=2),
which occurred in approximately half of the patients who
had a grade 3 or 4 event and presented as a driving event
for the relatively high incidence of grade 3 or 4 TRAEs
with the regimen compared with approved non-TKI
containing regimens for unresectable hepatocellular
carcinoma.”™” Hypertension was mostly manageable, and
rarely resulted in treatment discontinuation. An increased
incidence of hypertension was also observed in pivotal
studies of other ICI-TKI combinations, which led to their
approval in other tumour types** Additionally,
hepatotoxicities of grade 3 or higher, predominantly
manifested as hepatic laboratory abnormalities (with
scarce clinical events such as hepatic encephalopathy and
ascites), were more frequent with the combination therapy
versus sorafenib, which could result from the overlapping
hepatoxicities of the individual agents. Despite this
observation, liver function (as measured by albumin-
bilirubin score) remained stable throughout the treatment
period with the combination therapy. Notably, the
incidence of grade 3 or 4 TRAEs in the sorafenib group in
our study was higher than that reported in other global
phase 3 trials in unresectable hepatocellular carcinoma
(52% vs 32-46%).""*” Our study population consisted of
patients who were potentially more vulnerable to adverse
events, with an elevated proportion having an ECOG
performance status of 1 and having received previous
locoregional therapy at baseline. This factor might have
contributed to the increased risk of overall and hepatic
toxicities with both sorafenib and, in particular,
camrelizumab-rivoceranib (with long-term exposure) in

our study.” Reactive cutaneous capillary
endothelial ~proliferation is a well characterised
camrelizumab-related skin adverse event that is mostly of
low grade and self-limited, as observed in this study.”**
Consistent with previous reports,”* the incidence of
reactive cutaneous capillary endothelial proliferation was
markedly reduced with the camrelizumab-rivoceranib
combination compared with camrelizumab monotherapy,
implying that the development of reactive cutaneous
capillary endothelial proliferation on skin might be
inhibited via blockade of the VEGF/VEGFR signalling
pathway.® Treatment-related serious adverse events were
more frequent in the camrelizumab-rivoceranib group
and the incidence was in line with that observed with
other ICI-TKI combinations in advanced cancers
(18-36%).2#* Notably, treatment duration of study
medication in the camrelizumab-rivoceranib group was
nearly double that in the sorafenib group and the safety
follow-up period after end of treatment was also longer
(up to 90 days vs 30 days). Thus, the safety of the
combination therapy should be interpreted within this
context. Most TRAEs with the camrelizumab-rivoceranib
combination were adequately managed using standard
supportive care, dose modification, and discontinuation of
either agent as clinically appropriate, and the rate of
discontinuation of all study treatments due to TRAEs was
low and similar between the two groups, suggesting that
most patients could tolerate the combination therapy or
monotherapy after one drug withdrawal. The tolerability
and overall benefit-to-risk profile of camrelizumab-
rivoceranib was also supported by the preserved health-
related quality of life compared with sorafenib during the
treatment period. Alternatively, the generally increased
rate of TRAEs and need for dose modification with ICI-
TKI combinations® imply that physicians might require
additional education and hands-on experience to optimise
toxicity management for this treatment strategy. In our
study, concomitant direct-acting antiviral agents were
permitted for hepatitis C virus control. With infrequent
use of agents with known drug—drug interaction potential
with the study medications, no significant effects on
overall safety outcomes were anticipated.

The study recorded a high treatment discontinuation
rate due to consent withdrawal or investigator decision,
mainly after investigator-assessed disease progression.
With a specific reporting rule for end of treatment reason,
these rates were largely attributed to the patients or
physician refusing to wait for disease progression
confirmation by the BIRC, or patients having clinical or
radiographic progression during continuous study
treatment following BIRC-assessed progression. After
excluding patients who discontinued after investigator-
assessed disease progression, the rate of treatment
discontinuation due to consent withdrawal in the
combination group (7%) and sorafenib group (10%) was
in broad accordance with other phase 3 trials of
hepatocellular carcinoma."""”

www.thelancet.com Published online July 24, 2023 https://doi.org/10.1016/50140-6736(23)00961-3



Articles

A main limitation of this study was its open-label design.
The use of overall survival and BIRC-assessed progression-
free survival as dual primary endpoints, as well as other
BIRC-assessed radiographic outcomes, could serve to
limit the potential for open-label bias. Notably, a higher
treatment discontinuation rate due to consent withdrawal
or investigator decision was observed in the sorafenib
group than in the camrelizumab-rivoceranib group. This
difference was driven by the increased proportion of
patients and physicians (out of ethical consideration) who
refused to wait for disease progression confirmation by
the BIRC in the sorafenib group after investigator-assessed
progression, possibly due to faster disease deterioration or
less clear clinical benefits of treatment beyond progression
with sorafenib. Nevertheless, the overall rate of censoring
of patients due to start of new-anticancer therapy before
BICR-assessed disease progression (12 [4%)] of 272 with
camrelizumab-rivoceranib and 18 [7%] of 271 with
sorafenib) or study withdrawal (two [1%] and one [<1%)],
respectively) in the primary progression-free survival
analysis and censoring due to study withdrawal (six [2%)]
and eight [3%)], respectively) in overall survival analysis
was generally low and balanced between the treatment
groups. Since the imbalanced treatment discontinuation
rates were mostly not associated with premature or
unbalanced censoring, their influence on study outcome
might be low. Another limitation of this study was that
most participants enrolled were in Asia (and had
hepatocellular carcinoma of viral aetiology), partly due to
the high prevalence of hepatocellular carcinoma in Asia
and low prevalence in the non-Asia region, and because of
the delayed initiation of patient enrolment in some
European and North American countries resulting from
the COVID-19 pandemic. Although our subgroup analysis
revealed consistent clinical benefits with camrelizumab—
rivoceranib across geographical region, race, and aetiology
subgroups, some patient subgroups (eg, Black and
Hispanic racial and ethnic groups) were of a small sample
size, necessitating further investigation to substantiate the
treatment effect in these populations.

In conclusion, camrelizumab plus rivoceranib was
associated with a statistically significant and clinically
meaningful improvement in progression-free survival
and overall survival compared with sorafenib and had a
manageable safety profile. The overall favourable benefit-
to-risk profile supports camrelizumab with rivoceranib
as a new first-line treatment option for patients with
unresectable hepatocellular carcinoma who have not
previously received any systemic therapy.
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