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Abstract
Introduction: The CARES-310 randomized, open-label, 
international phase 3 trial reported improved overall 
survival and progression-free survival with camrelizumab- 
rivoceranib compared with sorafenib in adults with 
unresectable hepatocellular carcinoma (uHCC). Methods:
We performed a post hoc analysis of data from CARES-310 
to evaluate patient-reported outcomes (PROs), survival, and 
safety in adults <65 years and ≥65 years. PRO endpoints 
included time to deterioration with a ≥10-point decrease 

from baseline of health-related quality of life (HRQoL), 
physical functioning, role functioning, and symptoms.
Results: PRO data for these age cohorts demonstrated 
clinically meaningful benefits with camrelizumab- 
rivoceranib versus sorafenib in key aspects of the patient 
experience such as HRQoL, functioning, pain, and fatigue. 
Similarly, both age groups had a significant survival 
outcome advantage on camrelizumab-rivoceranib versus 
sorafenib. Although patients treated with camrelizumab- 
rivoceranib had higher rates of treatment-related adverse 
events versus sorafenib, this did not adversely affect HRQoL 
as assessed by PROs. The most common ≥20% 
grade ≥3 treatment-related adverse events in the 
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camrelizumab-rivoceranib arm were hypertension and 
increased AST versus palmar-plantar erythrodysesthesia 
syndrome in the sorafenib arm. Conclusion: These results 
support the favorable benefit-risk profile of camrelizumab- 
rivoceranib in patients <65 years and ≥65 years as a first-line 
therapy in patients with uHCC who have not received prior 
systemic therapy. © 2026 The Author(s). 

Published by S. Karger AG, Basel

Introduction

Globally, primary liver cancer ranks as the sixth most 
common cancer and the third leading cause of cancer- 
related deaths [1]. Unless the incidence and mortality rates 
improve, the number of new diagnoses and deaths from 
primary liver cancer may increase by over 50% in the next 2 
decades [2]. Most primary liver cancers (75% to 85%) are 
hepatocellular carcinoma (HCC) [1]. A recent analysis of 
US cancer statistics reported 5-year relative survival rates of 
33.6% for adults with localized HCC, 12.0% for regional 
disease, and 3.5% for distant disease [3]. The incidence of 
HCC is rising in Europe and North America and decreasing 
in part of Asia [4]. In addition to the risk of mortality, 
patients with advanced HCC are burdened by symptoms 
and comorbidities, primarily caused by liver cirrhosis and 
worsening liver function [5], that can severely impact their 
health-related quality of life (HRQoL) and psychosocial 
wellbeing. Also, the treatments patients receive for HCC 
can cause toxicities that can affect their physical health and 
quality of life (QOL). Thus, in the clinical trial setting, it is 
critical to assess the impact of investigational therapies on 
daily activities and QOL of patients with HCC. The re
sponses to HRQoL questionnaires provided by these pa
tients reflect the impact from their cancer, ensuing hepatic 
damage, and treatment-related toxicities [5].

Camrelizumab, an anti-programmed cell death-1 
humanized monoclonal antibody, has shown efficacy 
and a manageable safety profile in patients with ad
vanced HCC when used in combination with rivocer
anib, a vascular endothelial growth factor receptor ty
rosine kinase inhibitor also known as apatinib [6, 7]. In 
the CARES-310 trial, camrelizumab-rivoceranib com
bination therapy statistically significantly improved 
progression-free survival (PFS) and overall survival (OS) 
compared with sorafenib monotherapy in adults with 
unresectable HCC (uHCC), reducing the relative risk of 
progression by 36% and the risk of progression or death 
by 48% [8, 9].

As exploratory endpoints, CARES-310 assessed time 
to first deterioration (defined as a decrease of ≥10 points 

from baseline) in global health status (GHS), physical 
functioning, and role functioning assessed using the 
validated and reliable European Organization for Re
search and Treatment of Cancer (EORTC) Quality-of- 
Life Questionnaire-Core 30 (QLQ-C30) and the EORTC 
Quality-of-Life Questionnaire Hepatocellular Carci
noma 18 (QLQ-HCC18) [8]. As previously published 
[8], at baseline, mean scores in both treatment arms, 
camrelizumab-rivoceranib and sorafenib, on the func
tioning, GHS/QOL, and symptom scales were compa
rable. Patients treated with camrelizumab-rivoceranib 
had numerically lower risk of deterioration in physical 
functioning (hazard ratio [HR] = 0.775) and role 
functioning (HR = 0.887) compared with patients in the 
sorafenib arm. GHS/QOL were maintained in the 
camrelizumab-rivoceranib arm, with the median time to 
deterioration (TTD) 11.2 months compared to sorafenib 
7.4 months. Treatment with camrelizumab-rivoceranib 
had a longer TTD in diarrhea (one-sided p = 0.0046) and 
had numerically lower risk of deterioration in fatigue 
(HR = 0.862) and pain (HR = 0.828) compared with 
sorafenib. The compliance rates for patient-reported 
outcome (PRO) questionnaires were high for both 
treatment arms. Analysis of symptoms showed statisti
cally significant less deterioration in pain (two-sided p = 
0.0262), diarrhea (two-sided p = 0.0350), and fatigue 
(two-sided p = 0.0068), favoring camrelizumab- 
rivoceranib. Physiological changes, the increased pres
ence of comorbidities, and frailty factors associated with 
aging expose patients with HCC to higher risk of drug 
toxicities. Older adults (age ≥65 years old) may have a 
lower tolerance for certain therapies. To evaluate the 
impact of age on outcomes with camrelizumab- 
rivoceranib treatment versus sorafenib in HCC pa
tients, we performed this post hoc analysis of PROs, 
survival, and safety in adults 18 to <65 years of age and 
adults ≥65 years enrolled in CARES-310.

Methods

Study Design
The CARES-310 study design, methods, and protocol 

were previously published [8]. An independent data 
monitoring committee regularly monitored safety and 
reviewed efficacy from all preplanned analyses. We 
performed post hoc analyses of PROs, survival, and 
safety to evaluate outcomes in 2 cohorts of adult patients 
enrolled in the CARES-310 study: adults 18 to <65 years 
old (referred to as <65 years in this manuscript) and 
adults ≥65 years old.
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Patients
The study design, methods, and results of primary, 

secondary, and some exploratory endpoints for the 
CARES-310 have been published [8]. In brief, the study 
included adults (≥18 years) with a cytologically or his
topathologically confirmed HCC diagnosis, Barcelona 
Clinic Liver Cancer (BCLC) stage B or C disease, Child- 
Pugh A5 and A6, Eastern Cooperative Oncology Group 
(ECOG) performance status 0–1, not amenable to sur
gical or locoregional therapy or with progression after 
such therapy, and no prior systemic therapy.

Randomization and Masking
As previously published [8], for randomization, patients 

were stratified based on the presence or absence of mac
rovascular invasion or extrahepatic metastasis, geographic 
region defined as Asia (i.e., China, Hong Kong, South 
Korea, Taiwan) or non-Asia (i.e., Belgium, Germany, Italy, 
Poland, Russia, Spain, Turkey, Ukraine, USA), and baseline 
alpha-fetoprotein (AFP) concentration <400 ng/mL 
or ≥400 ng/mL. Using a randomization sequence gener
ated by an independent third party, eligible patients were 
randomized 1:1 to treatment with camrelizumab- 
rivoceranib or sorafenib; the study was open label.

Procedures
As previously reported [8], patients in the CARES-310 

study received camrelizumab 200 mg intravenously 
every 2 weeks plus rivoceranib 250 mg orally once daily 
or sorafenib 400 mg orally twice daily in 28-day cycles. 
Treatment continued until unacceptable toxicity, with
drawal of informed consent, disease progression con
firmed by blinded independent review committee 
(BIRC) per Response Evaluation Criteria in Solid Tu
mors (RECIST) 1.1, or investigator’s decision. Treatment 
could continue beyond disease progression if the in
vestigator found that the patient had evidence of clinical 
benefit and tolerance to treatment. Dose modifications 
were allowed. Patients who experienced treatment- 
related adverse events (TRAEs) that led to dose modi
fication or permanent discontinuation of camrelizumab 
or rivoceranib could continue to receive the other agent 
as monotherapy.

Outcomes
As previously reported [8], the primary endpoints in 

the CARES-310 study were PFS (defined as time from 
randomization to the first radiographic tumor progres
sion or death assessed by the BIRC) per RECIST v1.1 and 
OS (defined as time from randomization to death from 
any cause). 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, v4.0.3.

The EORTC QLQ-C30 and QLQ-HCC18 were ad
ministered on day 1 of each 28-day cycle, at the end of 
treatment, and at the first safety follow-up visit which 
occurred 30 days after the last dose [8]. The EORTC 
QLQ-C30 asks patients to self-assess their functioning 
(i.e., physical, emotional, role, cognitive, and social), 
QOL, and general cancer symptoms (i.e., fatigue, nausea 
and vomiting, pain, dyspnea, insomnia, appetite loss, 
constipation, diarrhea, and financial difficulties) in the 
previous week [10, 11]. The EORTC QLQ-HCC18 asks 
patients to self-assess their HCC-specific symptoms 
(i.e., fatigue, body image, jaundice, nutrition, fever, pain, 
abdominal swelling, and sex life) in the previous week 
[12, 13].

Patients completed validated versions of both ques
tionnaires electronically at the clinic site on day 1 of 
treatment 28-day cycle one (i.e., baseline) and of each 
subsequent cycle, including the treatment discontinua
tion visit. Patients completed both questionnaires at the 
beginning of their visit before discussion of the patient’s 
health state, laboratory test results, or health record; 
before administration of study treatment; and before any 
other study assessments. After treatment discontinua
tion or disease progression, whichever came first, 
questionnaires were completed electronically or via 
telephone every 3 months for 1 year unless the patient 
withdrew consent.

Patient responses on all items of the EORTC QLQ- 
C30 and EORTC QLQ-HCC18 were scored according to 
the EORTC guidelines [13]. This scoring included lin
early transforming all raw scores onto a 100-point scale. 
A higher scale score (e.g., closer to 100) denotes better 
functioning and QOL, but worse symptoms. Thus, a 
higher QOL or function score relative to baseline reflects 
improved QOL or functioning, and a higher symptom 
score relative to baseline reflects worsening of symptoms. 
These analyses conformed with published international 
recommendations for analyses of PRO and QOL 
endpoints [14].

Statistical Analysis
Details of the primary analyses have been previously 

described [8]. Efficacy was analyzed in the intention-to- 
treat population (all randomized patients), and safety 
was analyzed in patients who received ≥1 dose of study 
drug. The Kaplan-Meier method was used for survival 
estimates and the log-rank test for survival distribution 

Camrelizumab/Rivoceranib versus Sorafenib: 
Age and Patient-Reported Outcomes 

Liver Cancer 
DOI: 10.1159/000551156 

3 



comparisons. Prespecified TTD in HRQoL outcomes 
was analyzed by the Kaplan-Meier method; changes 
from baseline in HRQoL outcomes were analyzed using 
the mixed model for repeated measures. Mean score 
change from baseline was assessed by a constrained 
longitudinal data analysis model with PRO score as the 
response variable, and treatment, time, treatment by 
time interaction, stratification factors used for ran
domization as covariates (two-sided). For time to true 
deterioration analyses, the magnitude of treatment dif
ference was assessed using a stratified Cox proportional 
hazard model with the Efron method of tie handling 
(two-sided). No formal hypothesis tests were performed 
for the PRO analyses, and all p values are nominal. SAS 
(v9.4) was used for all statistical analyses.

Results

Baseline Characteristics by Age Cohort
The CARES-310 trial recruited, screened, and 

randomized 543 patients between June 28, 2019, and 
March 23, 2021. For the primary analysis [8], all 272 
patients randomized to camrelizumab-rivoceranib 
received treatment and 269 of 271 patients random
ized to sorafenib received treatment. In this CARES- 
310 post hoc analysis, we used data from the 541 
patients who received ≥1 dose of study medication. 
The age <65-year cohort comprised 401 patients, 191 
randomized to camrelizumab-rivoceranib and 210 
randomized to sorafenib, and the age ≥65-year cohort 
comprised 140 patients, 81 randomized to 
camrelizumab-rivoceranib and 59 randomized to 
sorafenib. Although the age-treatment subgroups had 
similar baseline demographic characteristics and dis
tributions of ECOG performance status, AFP con
centrations, and prevalence of macrovascular invasion, 
there were differences in some other baseline disease 
characteristics (Table 1). For example, the hepatitis B 
virus etiology was more prevalent in the <65-year 
cohort than in the ≥65-year cohort for both the 
camrelizumab-rivoceranib (165 [86%] of 191 patients 
vs. 43 [53%] of 81 patients) and sorafenib (172 [82%] of 
210 patients vs. 25 [42%] of 59 patients) treatment 
arms, respectively. Conversely, the hepatitis C virus 
(HCV) and nonviral etiologies were less prevalent in 
the <65-year cohort than in the ≥65-year cohort for 
both the camrelizumab-rivoceranib (HCV: 9 [5%] vs. 
13 [16%]; nonviral: 17 [9%] vs. 21 [31%]) and sorafenib 
(HCV: 18 [9%] vs. 9 [15%]; nonviral: 20 [10%] vs. 25 
[42%]) treatment arms, respectively.

PROs by Age Cohort
As of the August 2023 data cutoff for the final analysis, 

the median OS and median follow-up for OS in the 
camrelizumab-rivoceranib arm were 23.8 months and 
22.1 months, respectively. In the sorafenib arm, the 
median OS was 15.2 months, with a median follow-up 
for OS of 14.9 months. Mean completion rates across 
PRO questionnaires from baseline through the ≥185- 
week study period ranged from 83.3% to 100% for pa
tients in the camrelizumab-rivoceranib arm (n = 272) 
and from 50.0% to 100% of patients in the sorafenib arm 
(n = 271). Treatment with camrelizumab-rivoceranib 
was associated with numerically lower risks of deterio
ration in physical functioning (HR 0.775; 95% CI: 
0.574–1.047) and role functioning (HR = 0.887; 95% CI: 
0.663–1.186) compared with sorafenib. Patients treated 
with camrelizumab-rivoceranib had numerically lower 
risks of deterioration in fatigue (EORTC QLQ-C30; 
HR = 0.862; 95% CI: 0.661–1.124) and pain (EORTC 
QLQ-C30; HR = 0.828; 95% CI: 0.621–1.105) compared 
with sorafenib. Patients treated with sorafenib had a 
longer TTD in jaundice (EORTC QLQ-HCC18; median 
not reached vs. 12.9 months; HR = 1.830; 95% CI: 
1.288–2.599; one-sided p = 0.0004) and a numerically 
lower risk of abdominal swelling (EORTC QLQ-HCC18; 
HR = 1.328; 95% CI: 0.875–2.015) compared with 
camrelizumab-rivoceranib.

As of the August 2023 data cutoff, mean completion 
rates across PRO questionnaires from baseline 
through ≥185 weeks of treatment for the respective 
camrelizumab-rivoceranib and sorafenib treatment arms 
were 96.8% and 98.9% for patients <65 years and 96.8% 
and 98.49% for patients ≥65 years. In the <65-year age 
cohort (Table 2), patients in the camrelizumab- 
rivoceranib arm had a numerically longer median 
TTD of fatigue measured by EORTC QLQ-C30 (HR = 
0.79; 95% CI: 0.57–1.08; p = 0.07), and a shorter median 
TTD of jaundice measured by EORTC QLQ-HCC18 
(HR = 1.61; 95% CI: 1.06–2.47; p = 0.01) compared with 
the sorafenib arm. In both treatment arms in this age 
cohort, the median TTD was not reached for appetite 
loss, assessed by EORTC QLQ-C30, and pain assessed by 
EORTC QLQ-HCC18.

In the ≥65-year age cohort (Table 2), patients in the 
camrelizumab-rivoceranib arm had a numerically 
shorter median TTD of fatigue measured by EORTC 
QLQ-C30 (HR = 1.01; 95% CI: 0.60–1.71; p = 0.48), a 
shorter median TTD of jaundice measured by EORTC 
QLQ-HCC18 (HR = 2.2; 95% CI: 1.15–4.05; p = 0.01), 
and a longer median TTD of pain measured by EORTC 
QLQ-HCC18 (HR = 0.50; 95% CI: 0.26–0.95; p = 0.02). 

4 Liver Cancer 
DOI: 10.1159/000551156 

Chan et al. 



Although not statistically significant, the median TTD of 
appetite loss numerically favored the camrelizumab- 
rivoceranib arm compared with the sorafenib arm 
(median, 8.3 vs. 6.8 months; HR = 0.83; 95% CI: 
0.48–1.46; p = 0.26).

Efficacy by Age Cohort
By Kaplan-Meier analyses, both age <65-year and ≥65-year 

cohorts showed similar patterns of deterioration-free survival 
with no significant differences between camrelizumab- 

rivoceranib and sorafenib treatment arms for GHS/ 
HRQoL (Fig. 1a, b), physical functioning (Fig. 1c, d), 
and role functioning (Fig. 1e, f). The TTD in physical 
functioning for the ≥65-year age cohort Kaplan-Meier 
plot was the only one to show consistent separation 
between the camrelizumab-rivoceranib and sorafenib 
deterioration-free survival curves starting around 
4 months (Fig. 1d). In the age <65-year cohort, patients 
in the camrelizumab-rivoceranib treatment arm had 
longer median PFS (5.6 vs. 3.7 months; HR = 0.56; 95% 

Table 1. Baseline characteristics (safety population)

Age <65 years Age ≥65 years p value*

camrelizumab-rivoceranib 
(n = 191)

sorafenib 
(n = 210)

camrelizumab-rivoceranib 
(n = 81)

sorafenib 
(n = 59)

Age, years 52 (23–64) 52 (23–64) 70 (65–83) 70 (65–82) <0.0001

Sex, n (%) 0.0896
Female 28 (15) 28 (13) 17 (21) 11 (19)
Male 163 (85) 182 (87) 64 (79) 48 (81)

Geographic region, n (%) <0.0001
Asia 172 (90) 187 (89) 53 (65) 36 (61)
Non-Asia 19 (10) 23 (11) 28 (35) 23 (39)

BCLC stage, n (%) 0.0469
B 22 (12) 28 (13) 16 (20) 11 (19)
C 169 (88) 182 (87) 65 (80) 48 (81)

ECOG PS, n (%) 0.5774
0 88 (46) 89 (42) 32 (40) 26 (44)
1 103 (54) 121 (58) 49 (60) 33 (56)

AFP, n (%) 0.0286
<400 ng/mL 119 (62) 126 (60) 57 (70) 43 (73)
≥400 ng/mL 72 (38) 84 (40) 24 (30) 16 (27)

Extrahepatic metastasis or macrovascular invasion, n (%)
Extrahepatic 
metastasis

134 (70) 143 (68) 41 (51) 36 (61) 0.0026

Macrovascular 
invasion

24 (13) 43 (20) 16 (20) 8 (14) 0.9058

Etiology, n (%) <0.0001
HBV 165 (86) 172 (82) 43 (53) 25 (42)
HCV 9 (5) 18 (9) 13 (16) 9 (15)
Nonvirala 17 (9) 20 (10) 25 (31) 25 (42)

Hepatic cirrhosis, 
n (%)

7 (4) 8 (4) 6 (7) 3 (5) 0.1836

Child-Pugh score in patients with hepatic cirrhosis, n (%)
Class A (5 points) 4 (57) 6 (75) 6 (100) 3 (100)
Class A (6 points) 3 (43) 2 (25) 0 0

Data are median (range) or n (%). AFP, alpha-fetoprotein; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B virus; 
HCV, hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; PS, performance status. aIncludes alcohol cirrhosis, genetic disorders, 
metabolic disorders (e.g., nonalcoholic steatohepatitis/alcoholic fatty liver disease), and others. *p values were calculated using 
the chi-square test for categorical variables and t test for continuous variables.
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CI: 0.44–0.71; p < 0.0001; Fig. 2a) and median OS (23.8 
vs. 15.6 months; HR = 0.65; 95% CI: 0.51–0.84; p = 
0.0003; Fig. 2c) compared with sorafenib. Patients 
aged <65 years in the respective camrelizumab- 
rivoceranib and sorafenib treatment arms had 1-year 
PFS of 28.6% versus 13.8% (Fig. 2a) and 1-year OS of 
78.9% versus 60.9% (Fig. 2c). Similarly, in the age ≥65- 
year cohort, patients in the camrelizumab-rivoceranib 
treatment arm had longer median PFS (5.7 vs. 3.6 
months; HR = 0.49; 95% CI: 0.32–0.75; p = 0.0005; 
Fig. 2b) and median OS (23.9 vs. 13.6 months; HR = 
0.57; 95% CI: 0.37–0.89; p = 0.0059; Fig. 2d) compared 
with sorafenib. Patients aged ≥65 years in the re
spective camrelizumab-rivoceranib and sorafenib 
treatment arms had 1-year PFS of 36.7% versus 8.8% 
(Fig. 2b) and 1-year OS of 71.2% versus 61.0% 
(Fig. 2d).

Safety by Age Cohort
In the age <65-year cohort, the three most common 

grade 3–4 TRAEs were hypertension (38.2%), aspartate 
aminotransferase (AST) increased (14.7%), and alanine 
aminotransferase increased (12.6%) in the camrelizumab- 
rivoceranib arm, and palmar-plantar erythrodysesthesia 
syndrome (16.2%), hypertension (12.4%), gamma- 
glutamyl transferase increased (7.1%) in the sorafenib 
arm (Table 3). In the age ≥65-year cohort, the three most 
common grade 3–4 TRAEs were hypertension (38.3%), 
AST increased (24.7%), and alanine aminotransferase 
increased (17.3%) in the camrelizumab-rivoceranib arm, 
and hypertension (23.7%), palmar-plantar eryth

rodysesthesia syndrome (15.3%), and AST and gamma- 
glutamyl transferase increased (both 8.5%) in the 
sorafenib arm.

Camrelizumab discontinuation due to TRAEs was 
reported in 29 (15.2%) of patients in the age <65-year 
cohort and 29 (35.8%) patients in the age ≥65-year 
cohort. Rivoceranib discontinuation due to TRAEs 
was reported in 32 (16.8%) of patients in the age <65- 
year cohort and 24 (29.6%) patients in the age ≥65-year 
cohort. Sorafenib discontinuation due to TRAEs was 
reported in 16 (7.6%) in the age <65-year cohort and 6 
(10.2%) patients in the age ≥65-year cohort.

Discussion

To evaluate the potential impact of older age on 
outcomes in the CARES-310 trial, we performed a post 
hoc analysis of PROs, survival, and safety data for 
adults <65 years and ≥65 years randomized to 
camrelizumab-rivoceranib or sorafenib treatment for 
uHCC. PRO data in adults <65 years and ≥65 years 
demonstrated clinically meaningful benefits with 
camrelizumab-rivoceranib compared with sorafenib in 
key aspects of the patient experience such as HRQoL, 
functioning, pain, and fatigue. Patients in both the <65- 
year and ≥65-year age cohorts had improved PFS and OS 
with camrelizumab-rivoceranib compared with sor
afenib, consistent with the findings of the primary 
analysis [8]. In both age cohorts, although patients 
treated with camrelizumab-rivoceranib had higher rates 

Table 2. TTD in symptoms by age cohort

Median (95% CI) TTD, months HR (95% CI), p value

Camrelizumab-rivoceranib Sorafenib

Age <65 years n = 191 n = 210
Fatiguea 13.3 (6.5–NR) 6.4 (3.6–NR) 0.79 (0.57–1.08), p = 0.07
Appetite lossa NR (15.0–NR) NR 0.88 (0.60–1.28), p = 0.25
Jaundiceb 20.2 (12.9–NR) NR (15.7–NR) 1.61 (1.05–2.47), p = 0.01
Painb NR NR (11.1–NR) 1.11 (0.75–1.66), p = 0.30

Age ≥65 years n = 81 n = 61
Fatiguea 3.7 (1.9–10.2) 4.6 (1.8–NR) 1.01 (0.60–1.71), p = 0.48
Appetite lossa 8.3 (4.6–17.4) 6.8 (2.8–12.1) 0.83 (0.48–1.46), p = 0.26
Jaundiceb 6.7 (4.6–9.4) 11.1 (6.4–NR) 2.15 (1.15–4.05), p = 0.01
Painb 12.9 (8.3–NR) 6.8 (3.8–NR) 0.50 (0.26–0.95), p = 0.02

Data are median (95% CI). EORTC, European Organization for Research and Treatment of Cancer; NR, not 
reached; QLQ-C30, Quality-of-Life Questionnaire-Core 30; QLQ-HCC18, Quality-of-Life Questionnaire He
patocellular Carcinoma 18; TTD, time to deterioration. aEORTC QLQ-C30. bEORTC QLQ-HCC18.
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of some TRAEs compared with sorafenib, the combi
nation therapy did not adversely impact HRQoL as 
indicated by comparable PROs.

Considering the limitations of cross-trial compari
sons, the PRO results from the CARES-310 OS primary 
analysis [8] align with those reported in other first-line 
phase 3 trials in patients with uHCC (Table 4). The 
IMbrave150 trial (NCT03434379) of atezolizumab- 
bevacizumab versus sorafenib used the EORTC QLQ- 
C30 to assess PROs [15–17]. For QOL, the median TTD 
was 11.2 months for atezolizumab-bevacizumab versus 
3.6 months for sorafenib (HR = 0.63; 95% CI: 
0.46–0.85). For physical functioning, the median TTD 

was 13.1 versus 4.9 months for atezolizumab- 
bevacizumab versus sorafenib (HR = 0.53; 95% CI: 
0.39–0.73), respectively. For role functioning, the me
dian TTD was 9.1 versus 3.6 months for atezolizumab- 
bevacizumab versus sorafenib, respectively (HR = 0.62; 
95% CI: 0.46–0.84). A post hoc analysis of IMbrave150 
evaluated results in adults aged 18 to <65 years, ≥65 
to <75 years, and >75 years [18]. Similar to the CARES- 
310 post hoc analysis, hepatitis B virus infection was 
more common in the 18 to <65-year age cohort than in 
the older age cohorts in IMbrave150. For all three age 
cohorts, patients in the atezolizumab-bevacizumab arm 
compared with the sorafenib arm had longer TTDs for 

a

b

1
(Figure continued on next page.)
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PROs assessed by EORTC QLQ-C30 and EORTC QLQ- 
HCC18.

The HIMALAYA (NCT03298451) trial compared 
tremelimumab-durvalumab (STRIDE regimen) versus 
sorafenib in terms of superiority and durvalumab single- 
agent versus sorafenib in terms of non-inferiority [19, 23, 
24]. For GHS or QOL evaluated by EORTC QLQ-30, the 
median TTD was 7.5 months (HR = 0.76; 95% CI: 
0.61–0.96), 7.4 months (HR = 0.77; 95% CI: 0.62–0.96), 
and 5.7 months (HR not reported) for STRIDE, dur
valumab, and sorafenib, respectively [20]. For physical 
functioning and role functioning, the respective median 
TTDs were 12.9 months (HR = 0.68; 95% CI: 0.53–0.87) 

and 9.3 months (HR = 0.70; 95% CI: 0.55–0.88) for 
STRIDE, 14.1 months (HR = 0.66; 95% CI: 0.51–0.83) for 
durvalumab, and 7.4 months (HR not reported) and 
7.1 months (HR not reported) for sorafenib.

The CheckMate 9DW (NCT04039607) trial compared 
nivolumab-ipilimumab with investigator’s choice of 
lenvatinib or sorafenib monotherapy [21]. Compared 
with the monotherapy arm, patients in the combination 
arm had reduced risk of HRQoL deterioration evaluated 
by Functional Assessment of Cancer Therapy Hep
atobiliary Cancer (FACT-Hep) total score (HR = 0.69; 
95% CI: 0.55–0.87) and FACT-Hep hepatobiliary cancer 
subscale (HR = 0.71; 95% CI: 0.55–0.92), and reported a 

c

d

1
(Figure continued on next page.)
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lesser impact from side effects (odd ratio 0.56; 95% CI: 
0.44–0.71) [22].

The CARES-310 trial used the EORTC QLQ-C30 and 
the EORTC QLQ-HCC18 scales to assess QOL of pa
tients with HCC [8]. The median TTD of GHS was 
11.2 months (95% CI: 7.6–not reached) in the 

camrelizumab-rivoceranib treatment arm and not 
reached (95% CI: 7.4–not reached) in the sorafenib arm 
(HR = 1.02; 95% CI: 0.77–1.36). For physical func
tioning, median TTD was not reached in both treatment 
arms and there was no significant difference in risk of 
deterioration with camrelizumab-rivoceranib (HR = 

e

f

Fig. 1. Kaplan-Meier plots of TTD of GHS/HRQoL, physical functioning, and role functioning by age cohort. 
a GHS/HRQoL <65 years. b GHS/HRQoL ≥65 years. c Physical functioning <65 years. d Physical func
tioning ≥65 years. e Role functioning <65 years. f Role functioning ≥65 years.
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0.78; 95% CI: 0.58–1.06). For role functioning, the 
median TTD was not reached (95% CI: 11.5–not 
reached) for camrelizumab-rivoceranib and was 
10.1 months (95% CI: 7.6–not reached) for sorafenib 
(HR = 0.88; 95% CI: 0.66–1.18). Compared with sor
afenib, camrelizumab-rivoceranib showed an improve
ment in most symptoms and nonstatistically significant 
numerical trends in improved physical and role 
functioning.

This post hoc analysis of CARES-310 PRO data was 
not powered to detect significant differences between the 

two age cohorts. Thus, the reported p values are nominal. 
It is important to note that the age <65-year cohort was 
nearly 3 times the size of the age ≥65-year cohort (401 vs. 
140 patients, respectively). Another study limitation is 
that there were imbalances in PRO survey completion 
rates between the treatment groups (minimum com
pletion rate: 50% with sorafenib vs. 83% with 
camrelizumab-rivoceranib) that could have affected 
overall estimates.

The analysis of CARES-310 PRO data for the <65 and 
≥65-year cohorts revealed clinically meaningful benefits 

a

b

2
(Figure continued on next page.)
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with camrelizumab-rivoceranib versus sorafenib in key 
aspects of the patient experience such as HRQoL, 
functioning, pain, and fatigue. Although patients treated 
with camrelizumab-rivoceranib had higher rates of some 

TRAEs versus sorafenib, this did not adversely impact 
their HRQoL as indicated by comparable PRO results. 
These PRO results provide evidence supporting the fa
vorable clinical benefit of camrelizumab-rivoceranib 

d

c

Fig. 2. Kaplan-Meier plots of PFS and OS by age cohort. a PFS age <65 years. b PFS age ≥65 years. c OS age <65 
years. d OS age ≥65 years.
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Table 4. Summary of PRO outcomes reported in CARES-310, IMbrave150, and HIMALAYA studies

CARES-310 
(NCT03764293) [8]

IMbrave150 (NCT03434379) 
[16–18]

HIMALAYA 
(NCT03298451) [19, 20]

CheckMate 9DW 
(NCT04039607) [21, 22]

Study design Randomized (1:1), open- 
label, phase 3 trial

Randomized (2:1), open- 
label, phase 3 trial

Randomized (1:1:1), open- 
label, phase 3 trial

Randomized (1:1), open- 
label, phase 3 trial

Key inclusion 
criteria

Age ≥18 years Age ≥18 years Age ≥18 years Age ≥18 years
HCC (confirmed 
histologically or 
cytologically)

Locally advanced metastatic 
and/or uHCC (confirmed 
histologically, cytologically, 
or clinical features per 
AASLD criteria)

HCC (confirmed 
histologically or 
cytologically)

Advanced HCC 
(histologically confirmed) 
ineligible for curative surgical 
or locoregional therapy or 
progressed after such 
therapy

BCLC stage B or C disease 
not amenable to or 
progressing after surgical 
or locoregional therapy

No previous systemic 
therapy for liver cancer

Ineligible for locoregional 
therapy

No previous systemic 
therapy for advanced HCC

No previous systemic 
therapy

Measurable disease per 
RECIST v1.1 not amenable 
to curative or locoregional 
therapies or progressed 
despite them

No prior systemic therapy ≥1 measurable lesion per 
RECIST v1.1

≥1 measurable lesion per 
RECIST v1.1

≥1 measurable lesion per 
RECIST v1.1

Child-Pugh class A liver 
function

Child-Pugh class A liver 
function

Child-Pugh class A liver 
function

Child-Pugh score of 5 or 6

ECOG PS 0–1 ECOG PS 0–1 ECOG PS 0–1 ECOG PS 0–1

Treatment 
groups

Camrelizumab plus 
rivoceranib (n = 272) vs. 
sorafenib (n = 271)

Atezolizumab plus 
bevacizumab (n = 336) vs. 
sorafenib (n = 165)

Tremelimumab plus 
durvalumab (n = 393) vs. 
durvalumab (n = 389) vs. 
sorafenib (n = 389)

Nivolumab plus ipilimumab 
(n = 335) vs. investigator’s 
choice of lenvatinib or 
sorafenib (n = 333)

Primary 
endpoints

PFS and OS PFS and OS OS for tremelimumab plus 
durvalumab vs. sorafenib

OS

PRO 
measures

GHS, function, and QOL: 
EORTC QLQ-C30

EORTC QLQ-C30 EORTC QLQ-C30 QOL: FACT-Hep total score 
and HCS, and EQ-5D-3L 
utility index

Symptoms: EORTC QLQ- 
C30, EORTC QLQ-HCC18

Symptom TTD: HCS 
FACT-Hep

Selected PRO 
results (TTD), 
months

GHS: 11.2 (7.6–NR) vs. NR 
(7.4–NR) (HR = 1.02; 95%: 
CI, 0.77–1.36)

QOL: 11.2 (6.0–NE) vs. 3.6 
(3.0–7.0) (HR = 0.63; 95% CI: 
0.46–0.85)

GHS/QOL: 7.5 (5.8–10.8) vs. 
7.4 (5.7–9.3) vs. 5.7 
(4.8–7.4) (combination 
HR = 0.76; 95% CI: 
0.61–0.96)

QOL total score: favored 
combination therapy (HR = 
0.71; 95% CI: 0.55–0.92)

Physical functioning: NR 
(12.0–NR) vs. NR (8.3–NR) 
(HR = 0.78; 95% CI: 
0.58–1.06)

Physical functioning: 13.1 
(9.7–NE) vs. 4.9 (3.5–6.2) 
(HR = 0.53; 95% CI: 
0.39–0.73)

Physical functioning: 12.9 
(9.2–16.8) vs. 14.1 
(9.2–18.5) vs. 7.4 (5.7–10.2) 
(combination HR = 0.68; 
0.53–0.87)

QOL HCS: favored 
combination therapy (HR = 
0.71; 95% CI: 0.55–0.92)

Role functioning: NR 
(11.5–NR) vs. 10.1 
(7.6–NR) (HR = 0.88; 95% 
CI: 0.66–1.18)

Role functioning: 9.1 
(6.5–NE) vs. 3.6 (2.2–6.0) 
(HR = 0.62; 95% CI: 
0.46–0.84)

Role functioning: 9.3 
(7.4–13.9) vs. 9.1 (6.3–11.3) 
vs. 7.1 (5.6–9.2) 
(combination HR = 0.70; 
0.55–0.88)

Median symptom TTD, 
months: 2.6 (95% CI: 2.0–3.9) 
vs. 2.1 (95% CI: 1.6–2.8) (HR = 
0.76; 95% CI: 0.62–0.93)

Data are median (95% CI) or HR (95% CI). AASLD, American Association for the Study of Liver Diseases; BCLC, Barcelona Clinic Liver 
Cancer; ECOG, Eastern Cooperative Oncology Group; EORTC, European Organization for Research and Treatment of Cancer; EQ-5D-3L, 
European Quality-of-Life 5 Dimensions 3 Level; FACT-Hep, Functional Assessment of Cancer Therapy Hepatobiliary Cancer; GHS, global 
health status; HCC, hepatocellular carcinoma; HCS, hepatobiliary cancer subscale; NE, could not be evaluated; NR, not reached; OS, 
overall survival; PFS, progression-free survival; PRO, patient-reported outcome; PS, performance status; QLQ-HCC18, Quality-of-Life 
Questionnaire Hepatocellular Carcinoma 18; QOL, quality of life; RECIST, Response Evaluation Criteria in Solid Tumors; TTD, time to 
deterioration; v, version.
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treatment in adults, including those ≥65 years, with 
uHCC who have not received prior systemic therapy. 
Because many patients with HCC are >60 years, we 
encourage inclusion of this type of analysis as a sec
ondary objective in future HCC clinical trials.
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