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ABSTRACT

BACKGROUND: Hepatocellular carcinoma poses a significant public health burden in China, necessitating the economic evaluation of new
therapeutic strategies for policy-makers and clinicians. The international, randomized phase 3 trial CARES-310 revealed that camrelizumab
plus rivoceranib provided a substantial clinical benefit in patients with advanced hepatocellular carcinoma, but the economic outcome
remains unclear. This study aimed to evaluate the cost-effectiveness of camrelizumab plus rivoceranib versus sorafenib as first-line treat-
ment for unresectable hepatocellular carcinoma (CARES-310) from the perspective of the Chinese health care system.

METHODS: A partitioned survival model was developed to estimate the lifetime cost and clinical outcomes of camrelizumab plus rivocer-
anib versus sorafenib in first-line treatment of advanced hepatocellular carcinoma. Survival data from the CARES-310 trial were used to cre-
ate a hypothetical cohort of 543 patients with advanced hepatocellular carcinoma for modeling disease progression. The life-year,
quality-adjusted life-year (QALY), incremental cost-effectiveness ratio (ICER) was used to measure the model’s outcome, with the willing-
ness-to-pay threshold set at 3 times China’s gross domestic product (GDP) per capita (US$36 780). Univariate, multivariable probabilistic
sensitivity analyses, and subgroup analysis were performed to assess parameter uncertainty, complemented by a scenario analysis using
health utilities reported in literature.

RESULTS: The camrelizumab group yielded an additional 0.239 QALYs at an added cost of US$8340 compared with sorafenib, resulting
in an ICER of US$34897/QALY. Univariate sensitivity analysis indicated that the model results were most sensitive to the utility of progres-
sion-free survival in the camrelizumab group, sorafenib cost, and camrelizumab cost. Probabilistic sensitivity analysis revealed a 56% prob-
ability of cost-effectiveness of camrelizumab plus rivoceranib among all patients. The results of the subgroup analysis demonstrated
camrelizumab plus rivoceranib was the most cost-effective in the subgroup with albumin-bilirubin grade 2.

CONCLUSIONS: At a willingness-to-pay threshold of US$36 780/QALY, camrelizumab plus rivoceranib is likely to be a cost-effective option

compared with sorafenib as first-line treatment for advanced hepatocellular carcinoma in China.
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Introduction

Since 1998, China has been developing a public health care
system centered on basic medical insurance.! By 2011, this
insurance covered more than 95% of the population, with the
number of insured individuals reaching 1.334 billion.?® The
insurance fund is financed through contributions from employ-
ers, the government, and individuals, with treatment costs
shared between the insurance fund and patients. Medication
costs are a major component of cancer treatment expenses,
with anticancer drugs presenting the most severe insurance
coverage challenges. Since 2016, the National Healthcare
Security Administration has conducted annual negotiations
based on comprehensive value assessments with manufacturers
of innovative and anticancer drugs. These negotiations

establish standardized national prices and include successfully
negotiated drugs in the National Reimbursement Drug List
(NRDL), allowing the insurance fund to proportionally reim-
burse patients for these drugs. Prices for these drugs are re-
negotiated every 2years. Nevertheless, the inclusion of
high-priced antineoplastic drugs in the NRDL remains lim-
ited. Although China accounts for 18% of the world’s popula-
tion, it bears 30% of global cancer deaths, indicating a severe
cancer burden.* The high cost of cancer treatment drugs
imposes an enormous financial strain on both patients and the
limited medical insurance fund.

Primary liver cancer is the sixth most common cancer and
the third leading cause of cancer-related death worldwide.’
China has the largest number of primary liver cancer cases in
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the world, with hepatocellular carcinoma accounting for 75%
to 85% of these cases.”>® Hepatocellular carcinoma stands as the
second most common malignant tumor in China, claiming the
lives of more than 300000 patients annually.” Most patients are
diagnosed at the intermediate or advanced stages of hepatocel-
lular carcinoma, leading to a poor prognosis and an approxi-
mate 5-year survival rate of merely 18%.7# Tyrosine kinase
inhibitors (TKIs), such as sorafenib, have served as the stand-
ard first-line treatment for advanced hepatocellular carcinoma
for over a decade. Recent studies indicate that immune check-
point inhibitors (ICIs) like atezolizumab and sintilimab, com-
bined with targeted drugs, can effectively improve patients’
prognosis.”!® Thus, ICI-based combination therapies are
emerging as the standard first-line treatment for advanced
hepatocellular carcinoma.?

Camrelizumab (SHR-1210) is a humanized monoclonal
antibody against progressive disease (PD)-1."! Rivoceranib,
also known as apatinib, is a small-molecule TKI targeting
VEGFR2.? The randomized, open-label, phase 3 trial
CARES-310 assessed the efficacy and safety of camrelizumab
in combination with rivoceranib versus sorafenib as first-line
treatment for unresectable hepatocellular carcinoma. Results
showed that camrelizumab plus rivoceranib substantially pro-
longed the median progression-free survival (PFS) compared
with sorafenib (5.6 vs 3.7months, hazard ratio=0.52,
P<.0001) and median overall survival (OS=22.1 wvs
15.2months, hazard ratio=0.62, P<.0001). However, the
combination of camrelizumab and rivoceranib significantly
increased the risk of grade 3 or higher treatment-related
adverse events (81% vs 52%).13

Hepatocellular carcinoma poses an enormous public health
burden globally, especially in China, and effective and afforda-
ble treatment options are desperately needed for both policy-
makers and patients. The disparities in survival time, quality of
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life, incidence of adverse events, drug acquisition cost, and
treatment cost between the camrelizumab arm and sorafenib
arm led to uncertainty in the cost-effectiveness of the 2 groups
of patients. Despite 2 previous studies have conducted relevant
cost-effectiveness analyses,!#1> these evaluations lacked suffi-
cient inclusion of various cost parameters and clinical condi-
tions. In addition, their selection of utility values and the
methods for subgroup analysis may also have introduced con-
siderable bias into the results. Therefore, the aim of this study
was to provide a thorough and systematic evaluation of the
cost-effectiveness of camrelizumab plus rivoceranib versus
sorafenib as a first-line treatment for unresectable hepatocel-
lular carcinoma from the perspective of the Chinese health care
system.

Methods

Model overview

A 4-week cycle (28 days) partitioned survival model was devel-
oped in Microsoft Excel 2019 (Microsoft, Redmond,
Washington) to simulate a cohort of patients with advanced
hepatocellular carcinoma who are presenting for systemic ther-
apy. The model consisted of 3 mutually exclusive states: PFS,
PD, and death (Figure 1). The number of patients in each state
at each time point was calculated from the survival probabili-
ties depicted by the OS curve and the PFS curve. Notably, the
total number of patients in the 3 states remained constant dur-
ing the model simulation. The time horizon was approximately
13 years given that 99% of the cohort died. Two first-line regi-
mens were evaluated in this model: (1) camrelizumab plus rivo-
ceranib and (2) sorafenib. Costs and health outputs were
discounted in this study using a discount rate of 5% per year.1¢
The study was conducted from a health care system’s perspec-
tive and adhered to the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) guidelines!’.
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Figure 1. Cost-effectiveness model diagrams. (A) Decision tree; (B) Partitioned survival model conceptual diagram. The time shown in the partitioned
survival model in Figure B is for illustration only and is not the final time horizon for this study. PFS indicates progression-free survival; PD, progressive

disease; HCC, hepatocellular carcinoma; OS, overall survival.
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Patients and intervention

Patient data and treatment protocols for this study were primar-
ily derived from the CARES-310 trial, and patient baseline
characteristics were assumed to be consistent with those in the
CARES-310 trial (baseline characteristics of patients are shown
in Supplemental Table $1).13 In total, 543 adult patients
(=18years) with unresectable or metastatic hepatocellular car-
cinoma who had not received systemic therapy were rand-
omized in a 1:1 ratio to the camrelizumab group (n=272) and
the sorafenib group (n=271). Patients in the camrelizumab
group received camrelizumab 200mg intravenously every
2weeks plus rivoceranib 250mg orally once daily. In the
sorafenib group, patients received sorafenib 400 mg orally twice
daily. Both groups received 28-day cycles of therapy until death
or disease progression, and after disease progression, both
groups of patients received 5.6 months of second-line treatment
along with best supportive care. After completing second-line
treatment, patients continued to receive best supportive care
until death. The second-line therapy drugs used and patient
proportions were shown in Supplemental Table S2.

Clinical efficacy data inputs

The survival data of patients in this study were mainly derived
from the results of the CARES-310 trial and the extrapolation
of survival curves. WebPlotDigitizer software 4.6 was used to
extract the survival data of the Kaplan-Meier survival curve,
and R software 4.3.0 was used to generate the pseudo-individ-
ual patient data to reconstruct the Kaplan-Meier survival curve.
Then, the exponential, Weibull, gamma, Gompertz, log-logis-
tic, and lognormal distributions were fitted to the Kaplan-
Meier curve. Based on the Akaike information criterion and
Bayesian information criterion as well as visual inspection, the
best-fitting distribution for each Kaplan-Meier curve was
selected (Supplemental Table S3), and the reconstructed
Kaplan-Meier curves and model-fitted curves for the first
100 months are shown in Figure 2. Survival curves were extrap-
olated to 99% of patient deaths using the best-fitting distribu-
tion. In this study, survival data from the results of the
CARES-310 trial were used for the first 28 months of the par-
titioned survival model, and survival data extrapolated from the
parametric model were used for the subsequent 128 months.
The parameters of the best-fitting distribution were presented
in Supplemental Table S4.

Cost inputs

We estimated the lifetime direct medical costs of the simu-
lated patients from the health care system’s perspective, costs
of drugs, enhanced computed tomography (CT), laboratory
testing, disease management, best supportive care, adverse
event costs, and cost of end-of-life care were included. The
drug price was obtained from the average national drug bid-
ding and purchase price in 2023 on the YAOZH database.’

Laboratory tests comprised hematology, urinalysis, blood bio-
chemistry, coagulation parameters, thyroid function test, and
alpha-fetoprotein test. The average price of several provinces
in China in the literature was used for the laboratory tests, and
the test cycles adhered to the schedule used in the CARES-
310 trial.-23 In addition, tumor imaging evaluation were con-
ducted using enhanced CT every 8 weeks for the first 48 weeks
and every 12 weeks thereafter, focusing on the chest, abdomen,
and pelvic.??2 Drug administration costs were inclusive of the
costs of diagnosis, intravenous fluids, and beds. Grade 3 or
higher adverse events with an incidence of =5% were consid-
ered in the model; the incidence of adverse events was shown
in Supplemental table S5. The cost of adverse events was
derived from the literature.?>* The cost of drug administra-
tion, best supportive care, and end-of-life care were derived
from the recently published literature.?’,222425 A mean patient
weight of 65 kg was assumed for this study. The exchange rate
between the US dollar and the Chinese yuan used for this
calculation was 1 US dollar to 6.99 Chinese yuan.?¢ Detailed

costs are presented in Table 1.

Quality of life inputs

Utility values ranging from 0 to 1 were assigned to each health
state based on the results of the EuroQol-5D 5-level
(EQ-5D-5L) questionnaire analysis of the CARES-310 trial.
The utility values of PFS and PD in the camrelizumab group
were 0.93 and 0.87, respectively, while those in the sorafenib
group were 0.92 and 0.82, respectively.!3 Meanwhile, based on
the published literature, we assigned utility values of 0.76 and
0.68 for the PFS and PD states of the 2 groups in the scenario
analysis.?03132 As adverse events affect the quality of life of
patients, we also considered the disutility of grade 3 and higher
adverse events, which was derived from the published litera-
ture.?1:2327-30 To measure patients’ health outcomes, we calcu-
lated the initial QALYs by multiplying the duration each
patient spent in each health state by the corresponding utility
value and then summing these values. We then subtracted the
QALY losses from all adverse events to obtain the final QALY's
for each patient. Health outcomes were discounted at an annual
rate of 5% during the calculation process. The utility parame-
ters were specified in Table 1.

Cost-effectiveness analysis

The ICER was calculated as the incremental cost per addi-
tional QALY gained between the camrelizumab group and the
sorafenib group. The willingness-to-pay (WTP) threshold
was set at 3 times gross domestic product (GDP) per capita,
that is, 36780 US dollars per QALY, and this study also
explored the cost-effectiveness of the camrelizumab group
versus sorafenib group for the first-line treatment of hepato-
cellular carcinoma under the WTP thresholds of 1 time and 2
times GDP per capita (US$12260/QALY and US$24520/
QALY). Data visualization in this study was performed in
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Figure 2. Reconstructed Kaplan-Meier curves and model-fitted curves. ALBI indicates albumin-bilirubin; OS, overall survival; PFS, progression-free

survival.

Microsoft Excel 2019, Microsoft PowerPoint 2019, R soft-
ware 4.3.0, and GraphPad Prism 10.

Sensitivity analysis

Univariate and probabilistic sensitivity analyses were per-
tformed to evaluate the robustness of the model and the impact
of uncertainty in the variables. To investigate the effect of
changes in individual parameters on ICER values, we con-
ducted a univariate sensitivity analysis for all parameters in the
model. Parameters such as lenvatinib cost, laboratory testing

costs and drug administration costs, end-of-life care cost, and
utilities varied within the actual range. Specifically, we set the
time horizon range from the survival time reported in the
CARES-310 trial’s Kaplan-Meier curve to the time when 99%
of patients in the model had died, that is, 2.33 to 12.99 years. In
addition, the discount rate varied within the range of 0% to 8%.
The lower limit of sorafenib cost was the lowest price of generic
sorafenib (US$0.73/200 mg), and the upper limit was the price
of brand-name sorafenib (US$13.59/200 mg). Other parame-
ters varied by =30% of the expected value, as shown in Table 1.
In the probabilistic sensitivity analysis, 1000 Monte Carlo
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Table 1. Model input parameters including costs and utilities.

PARAMETER EXPECTED LOWER UPPER DISTRIBUTION SOURCE
VALUE LIMIT LIMIT

Drugs costs (US$)
Camrelizumab per 200mg 368.62 258.03 479.20 Gamma YAOZH'®
Rivoceranib per 250mg 14.98 10.48 19.47 Gamma YAOZH'®
Sorafenib per 200mg 3.17 0.73 13.59 Gamma YAOZH'®
Lenvatinib per 4mg 6.78 0.46 15.45 Gamma YAOZH'®
Regorafenib per 40mg 24.68 17.27 32.08 Gamma YAOZH'®
Sintilimab per 100mg 154.51 108.15 200.86 Gamma YAOZH1®

Drug administration costs per unit (US$)

Intravenous injection 0.72 0.36 1.58 Gamma Qiu et al??
Diagnosis and examination 1.45 0.58 4.35 Gamma Meng et al?!
Bed 4.93 1.01 9.33 Gamma Qiu et al??

Laboratory test costs per unit (US$)

Hematology 3.10 1.90 4.60 Gamma Zhang et al'®
Blood biochemistry 24.27 13.76 38.02 Gamma Zhou et al?®
Urinalysis 0.62 0.29 2.58 Gamma Rui et al23
Thyroid function 20.80 8.61 33.02 Gamma Qiu et al??
Coagulation parameters 5.80 2.83 8.70 Gamma Meng et al?!
Alpha-fetoprotein 2.87 1.08 7.90 Gamma Qiu et al??
Enhanced CT cost per unit (US$) 95.76 43.08 431.04 Gamma Qiu et al??
Best supportive care cost per cycle (US$) 265.08 185.56 344.60 Gamma Zhao et al®
End-of-life care cost per event (US$) 2132.67 888.10 6108.44 Gamma Zhou et al>*

Cost of adverse events per event (US$)

Hypertension 18.01 12.61 23.41 Gamma Qiu et al??
Aspartate aminotransferase increased 122.64 85.85 159.43 Gamma Qiu et al??
Proteinuria 22.10 15.47 28.73 Gamma Zhou et al?*
Alanine aminotransferase increased 55.72 39.00 72.44 Gamma Qiu et al??
Platelet count decreased 176.55 123.59 229.52 Gamma Zhou et al?*
Blood bilirubin increased 113.53 79.47 147.59 Gamma Zhou et al?®
Hand-foot syndrome 4215 29.51 54.80 Gamma Zhou et al?®
Diarrhea 28.72 20.10 37.34 Gamma Qiu et al??
Neutrophil count decreased 115.00 80.50 149.50 Gamma Rui et al23
Gamma-glutamyltransferase increased 112.47 78.73 146.21 Gamma Qiu et al??
Conjugated blood bilirubin increased 113.53 79.47 147.59 Gamma Zhou et al?®
Health utility
Utility of PFS in the camrelizumab group 0.930 0.760 1.000 Beta Qin et al'®

(Continued)



6 Clinical Medicine Insights: Oncology

Table 1. (Continued)

PARAMETER EXPECTED LOWER UPPER DISTRIBUTION SOURCE
VALUE LIMIT LIMIT
Utility of PFS in the sorafenib group 0.920 0.760 1.000 Beta Qin et al'®
Utility of PD in the camrelizumab group 0.870 0.850 0.890 Beta Qin et al'®
Utility of PD in the sorafenib group 0.820 0.800 0.850 Beta Qin et al'®
Health disutility
Hypertension 0.016 0.011 0.021 Beta Liu et al?”
Proteinuria 0.120 0.084 0.156 Beta Kim et al?8
Platelet count decreased 0.110 0.077 0.143 Beta Rui et al?®
Hand-foot syndrome 0.116 0.081 0.151 Beta Meng et al?!
Diarrhea 0.047 0.033 0.061 Beta Nafees et al?®
Neutrophil count decreased 0.090 0.063 0.117 Beta Gu et al?®
Time horizon (years) 12.99 2.33 12.99 Fixed Qin et al®
Discount rate 0.05 0.08 Fixed Chinese Pharmaceutical

Association'®

Abbreviations: PFS, progression-free survival; PD, progressive disease; CT, computed tomography.

simulations were performed to explore the impact of simulta-
neous changes in all parameters on the model, in which the
cost parameters followed a gamma distribution, and the utility
and the incidence of adverse events followed a beta
distribution.?3

Scenario and subgroup analysis

The albumin-bilirubin (ALBI) grade is a measure of liver func-
tion in patients with hepatocellular carcinoma.3* A subgroup
analysis of patients with ALBI grade 1 and ALBI grade 2
hepatocellular carcinoma was performed to explore the cost-
effectiveness of camrelizumab versus sorafenib in different
ALBI grade subgroups. Furthermore, because the utility values
set in the base-case analysis may have overestimated the quality
of life for PFS and PD states, we assigned utility values of 0.76
and 0.68 for PFS and PD states, respectively, to the 2 treatment
groups in the scenario analysis.?%31:32 The cost-effectiveness of
camrelizumab versus sorafenib under this utility value scenario
was analyzed. In addition, we explored the cost-effective price
of camrelizumab in the scenario analysis.

Results

Base-case analysis

For all patients with hepatocellular carcinoma, the expected
survival times for the sorafenib and camrelizumab groups were
2.150 and 2.323 life-years, respectively, and the camrelizumab
group gained 0.173 more life-years than the sorafenib group.
The lifetime treatment costs were US$13 154 and US$21494,

respectively. The camrelizumab group resulted in 0.239 more

QALY:s than the sorafenib group after accounting for quality
of life, with an ICER of US$34897 per QALY. The results of

the base-case analysis were shown in Table 2.

Sensitivity analysis

The results of the univariate sensitivity analysis for the base
case were given in Figure 3. For all patient populations, the
ICER values for the camrelizumab plus rivoceranib regimen
versus the sorafenib regimen varied in the range of US$28 646/
QALY to US$74237/QALY as the parameter values changed.
The ICER values were most sensitive to the utility value of
PFS in the camrelizumab arm, followed by the price of
sorafenib and the price of camrelizumab. When the utility
value for PFS in the camrelizumab group decreased to 0.76
from the baseline value, the ICER wvalue increased to
US$72255/QALY (Figure 3). When the cost of sorafenib was
set at US$13.59/200 mg, the ICER in the camrelizumab group
was significantly lower than the WTP threshold at US$9004/
QALY.

The results of the probabilistic sensitivity analysis were
shown in Figures 4 and 5. The cost-effectiveness acceptability
curves showed that the sorafenib regimen was more cost-eftec-
tive in all patients under the WTP thresholds of 1 to 2 times
GDP per capita. At the WTP threshold of US$36 780/QALY,
the probability of camrelizumab regimen being cost-effective
was 56%. The incremental cost-effectiveness scatter plot
showed the incremental cost and incremental effectiveness
results of 1000 Monte Carlo simulations. For most simulations,

ICER values fell within the first quadrant and below the WTP
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Table 2. Results of the base-case and scenario analyses.

STRATEGIES AND SCENARIOS ICER (US$/ ICER (US$/

LIFE-YEAR) QALY)

Base-case analysis

All patients
Sorafenib 13154 2.150 1.780 NA NA
Camrelizumab + rivoceranib 21494 2.323 2.019 47987 34897
ALBI grade 1
Sorafenib 15281 2.604 2.161 NA NA
Camrelizumab + rivoceranib 26895 2.897 2.511 39635 33231
ALBI grade 2
Sorafenib 10291 1.367 1.151 NA NA
Camrelizumab + rivoceranib 24783 2.539 2.204 12364 13761
Scenario analysis
All patients
Sorafenib 13154 2.150 1.473 NA NA
Camrelizumab -+ rivoceranib 21494 2.323 1.595 47987 68103
ALBI grade 1
Sorafenib 15281 2.604 1.788 NA NA
Camrelizumab + rivoceranib 26895 2.897 1.986 39635 58623
ALBI grade 2
Sorafenib 10291 1.367 0.951 NA NA
Camrelizumab -+ rivoceranib 24783 2.539 1.744 12364 18257

Abbreviations: QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio; ALBI, albumin-bilirubin.

line of US$36780/QALY, indicating that the camrelizumab
regimen had a higher probability of cost-effectiveness at a
threshold of 3 times GDP per capita (Figure 5). The cost-
effectiveness probabilities for the camrelizumab regimen and
the sorafenib regimen at different payment thresholds were

presented in Supplemental Table S6.

Subgroup analysis

Camrelizumab plus rivoceranib yielded ICERs of US$33231/
QALY and US$13761/QALY in ALBI grade 1 and ALBI
grade 2 subgroups, respectively, compared with sorafenib mon-
otherapy. Thus, the ICERs of the camrelizumab group versus
sorafenib group were below the WTP threshold of US$36 780/
QALY for all patients and both subgroups. Patients with ALBI
grade 2 had the smallest ICER, which was below 2 times GDP
per capita (Table 2). In the ALBI grade 1 and ALBI grade 2
subgroups, in addition to the utility value of the PFS of the

camrelizumab group and the price of sorafenib, time horizon

also had a pronounced impact on the ICER as well. Notably, in
the ALBI grade 1 subgroup, the camrelizumab regimen would
no longer be cost-effective when the time horizon was less than
7.20years (Figure 3B and C). Probabilistic sensitivity analysis
showed that the probability of cost-effectiveness for the ALBI
grade 1 and ALBI grade 2 subgroups was 58% and 100%,
respectively, at the willing-to-pay threshold of US$36780/
QALY (Supplemental Table S6). The results of 1000 Monte
Carlo iterations showed that most ICER results of the 2 sub-
groups were below the WTP threshold of 3 times GDP per
capita [Figures 4 and 5).

Scenario analysis

When utility values were set at 0.76 for PFS and 0.68 for PD
in both the camrelizumab and sorafenib groups, the results of
the scenario analysis showed a substantial increase in the ICER

value of the camrelizumab regimen compared with the base-
case analysis (Table 2). More specifically, the ICER of all
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Figure 3. Tornado diagram of the univariate sensitivity analysis of the ICER of camrelizumab plus rivoceranib over sorafenib. (A) For all patient
populations; (B) For ALBI grade 1 subgroup; (C) For ALBI grade 2 subgroup. ICER indicates incremental cost-effectiveness ratio; QALY, quality-adjusted
life-year; EV, expected value; PFS, progression-free survival; PD, progressive disease; CT, computed tomography; ALBI, albumin-bilirubin.

patients and ALBI grade 1 subgroup in the scenario analysis
rose to US$68103/QALY and US$58 623/QALY, respectively,
both above the WTP threshold of US$36780/QALY and no
longer cost-effective. Only in the ALBI grade 2 subgroup, the
ICER value of camrelizumab regimen was lower than that of
WTP, indicating that camrelizumab was cost-effective.

The results of the univariate sensitivity analysis for this sce-
nario showed that the parameters that had a great impact on
the model were mainly utility of PFS, sorafenib cost, camreli-
zumab cost, utility of PD, and time horizon, and that the
ICERs were inversely proportional to the utility of PFS, and
sorafenib cost (Supplemental Figure S1). The ICER of
sorafenib ranged from US$79925/QALY to US$17572/
QALY when the cost of sorafenib ranged from US$0.73/200 mg
to US$13.59/200 mg. At the W'TP threshold of US$36 780 per
QALY, the probability of the camrelizumab regimen being
cost-effective was 1% for all patients, 3% for ALBI grade 1
subgroup, and 100% for ALBI grade 2 subgroup (Supplemental
Figure S2). The incremental cost-effectiveness scatter plot
showed that the ICER of camrelizumab versus sorafenib was
less than 3 times GDP per capita only in the ALBI grade 2
subgroup (Supplemental Figure S3).

We varied the cost of camrelizumab while keeping other
parameters constant to determine the cost-effective price of
camrelizumab in the scenario analysis. The results showed that
only when the cost of camrelizumab was reduced from
US$368.62/200 mg (baseline price) to US$155.51/200 mg did
the ICER equal the WTP threshold of US$36780/QALY.
This indicated that camrelizumab needed to be discounted by
58% from its baseline price to be cost-effective for all patients

(Supplemental Figure S4).

Discussion

Based on the CARES-310 trial, we developed a partitioned
survival model to assess the lifetime costs and effectiveness of
camrelizumab plus rivoceranib as first-line therapy for patients
with advanced hepatocellular carcinoma. The results indicated
that patients in the camrelizumab group and the sorafenib
group had expected survival times of 2.323 and 2.150years,
respectively. Compared with sorafenib monotherapy, camreli-
zumab plus rivoceranib cost US$8340 more but allowed
patients to gain an additional 0.239 QALYs. Consequently, the
cost per QALY gained for patients in the camrelizumab group
was US$34897, which was below the WTP threshold of
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US$36780/QALY. This finding suggested that camrelizumab
in combination with rivoceranib was cost-effective as first-line
treatment for advanced hepatocellular carcinoma in China and
was even more cost-effective in patients with ALBI grade 2.
Nevertheless, the results of the scenario analysis differed sig-
nificantly from the base-case results, showing that camreli-
zumab plus rivoceranib was cost-effective only in patients with
ALBI grade 2. Furthermore, the camrelizumab regimen would
only be cost-effective for all patients if the price of camreli-
zumab is reduced by 58% from its current value.

Our study found that, in addition to the health utilities of
PFS and PD, the costs of sorafenib and camrelizumab signifi-
cantly impacted the model. ICERs decrease with increasing
health utilities, and enhanced supportive care for hepatocellular
carcinoma patients may improve their quality of life. The camre-
lizumab arm had a marked cost-effectiveness advantage over the
sorafenib originator in both the base case and scenario, but it
would no longer be cost-effective if sorafenib was priced below
US$2.43/200 mg. At present, there are 4 major generic versions
of sorafenib sold in China, all of which have passed therapeutic
equivalence evaluations and have been added to the National
Centralized Drug Procurement List, with prices as low as
US$0.73 per 200 mg, which makes generics an alternative to the
originator.'® This fact also suggests that there is still a large room
for price reduction for sorafenib originator. Probabilistic sensi-
tivity analysis showed that at a WTP threshold of 3 times GDP
per capita, camrelizumab plus rivoceranib had a 56% and 100%
probability of cost-effectiveness in all patients and ALBI grade 2
subgroups, respectively. In scenario analysis, the cost-effective-
ness probability of camrelizumab plus rivoceranib dropped to 1%
in all patients but remained 100% in the ALBI grade 2 subgroup.
Therefore, camrelizumab combined with rivoceranib may be
more cost-effective for the first-line treatment of advanced
hepatocellular carcinoma patients with ALBI grade 2, whereas
sorafenib might be more cost-effective for patients with ALBI
grade 1. For patients with poor affordability, generic sorafenib
can be considered at a price of less than US$2.43/200 mg.

Currently, ICIs targeting PD-1/L1 in combination with
targeted drug regimens, such as atezolizumab plus bevaci-
zumab and sintilimab plus bevacizumab, have been approved
in China for the first-line treatment of advanced hepatocel-
lular carcinoma. Several studies have evaluated the cost-
effectiveness of atezolizumab plus bevacizumab compared
with sorafenib from the perspective of the Chinese health
care system. The results showed that the ICERs for atezoli-
zumab plus bevacizumab ranged from US$61613/QALY to
US$160049/QALY, all of which were higher than the WTP
of 3 times China’s GDP per capita.?53°3% Three studies
reported ICERs of US$20968 and US$51877.36 per QALY
for sintilimab plus bevacizumab compared with sorafenib,
while another reported an ICER of US$75150/QALY from
the Chinese patient’s perspective.?02%3¢ In addition, other
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investigations indicated that the ICERs of sintilimab plus
bevacizumab biosimilar (IBI305) compared with sorafenib
were US$23352 per QALY, US$39766 per QALY, and
US$115760/QALY.38-40 Most studies concluded that sintili-
mab plus bevacizumab or bevacizumab biosimilar was not
cost-effective. The ICER of camrelizumab plus rivoceranib
compared with sorafenib was US$34897 per QALY, which
was below the WTP threshold of US$36780 per QALY.
Moreover, our study found that the lifetime treatment cost of
US$21 494 per patient in the camrelizumab group was lower
than the cost of US$59018 for patients treated with the
abovementioned cost-effective regimens (sintilimab plus
bevacizumab biosimilar, US$59 018; and sintilimab plus bev-
acizumab, US$33766).2040 Therefore, compared with ate-
zolizumab plus bevacizumab, sintilimab plus bevacizumab, or
a bevacizumab biosimilar, camrelizumab plus rivoceranib
remained a potentially cost-effective treatment option for
advanced hepatocellular carcinoma in China. As this study is
based on the perspective of the Chinese health care system,
we did not evaluate the cost-effectiveness from the perspec-
tives of European and American countries. However, several
studies have assessed the cost-effectiveness of first-line treat-
ments for hepatocellular carcinoma in different countries.
These studies found that, compared with classic small-mole-
cule targeted therapies, novel anticancer drugs produced by
multinational pharmaceutical companies still need to reduce
their prices to be considered cost-effective.32#

Wei et al'* and Lang et al® have conducted cost-effective-
ness analyses of camrelizumab for the treatment of advanced
hepatocellular ~ carcinoma, obtaining ICER values of
US$30410.56/QALY and US$33619.98/QALY, slightly
lower than the results of this study. Both studies concluded that
camrelizumab plus rivoceranib is cost-effective as a first-line
treatment for advanced hepatocellular carcinoma in China, and
this supports our findings. However, compared with Wei and
Lang et al’s research, our study used derived survival data from
the Kaplan-Meier curve during the trial follow-up period and
extrapolated data beyond the follow-up period. We also con-
ducted subgroup analyses based on subgroup survival data
reported from the CARES-310 trial, avoiding assumptions
about subgroup survival data when the proportional hazards
assumption is violated. This approach reduced errors in both
overall and subgroup survival data. Following progression after
first-line treatment, patients in our model received treatments
such as lenvatinib, regorafenib, and sintilimab, closely aligning
with the trial protocol. In addition, this study included end-of-
life care costs, drug administration costs, and major laboratory
tests mentioned in the trial protocol to comprehensively reflect
the real-world costs that patients might incur. We also
accounted for the disutility of all adverse events with an inci-
dence greater than 5%, enhancing the reliability of our results.
Furthermore, we conducted scenario analyses with different
utility values and explored the impact of time horizons on the

model results, thereby enriching the cost-effectiveness analysis
and enhancing its practical relevance.

This study has several limitations. First, as the CARES-310
trial only reported 28 months of survival data, we used mathe-
matical modeling to extrapolate the survival curves and esti-
mate survival data beyond 28 months. This was necessary to
simulate the lifetime health outcome and costs for patients.
However, the extrapolated survival data may differ from real-
world outcomes, potentially leading to an ICER deviation.
Future cost-effectiveness analyses using real-world data are
needed to validate these results. Then, because the CARES-
310 trial did not report the duration of the various subsequent
regimens, we assumed a mean duration of subsequent therapy
of 5.6 months, which may have been inconsistent with trial and
thus biased the model results. In addition, we only considered
grade 3 and higher adverse events with an incidence =5% in
our study. Moreover, we only took into account subsequent
treatment regimens where the proportion of treated patients
was at least 5%. These restrictions could lead to an underesti-
mation of treatment costs and an overestimation of the health
outputs for both treatment groups. Finally, due to the large
number of tests in the CARES-310 trial, only the main tests
were included in this study, which may also underestimate the
total cost of treatment and yield inaccurate results.

Conclusions

From the perspective of the Chinese health care system, cam-
relizumab plus rivoceranib is a cost-effective regimen com-
pared with sorafenib for the first-line treatment of unresectable
hepatocellular carcinoma at a WTP threshold of US$36780
per QALY. The ALBI grade 2 subgroup is more likely to be
cost-effective after considering the ALBI scores of patients
with hepatocellular carcinoma. When the cost of sorafenib
drops below US$2.43/200 mg, camrelizumab plus rivoceranib
is no longer cost-effective. For Chinese hepatocellular carci-
noma patients with poor affordability, low-priced generic
sorafenib that has completed the therapeutic equivalence eval-
uation may be a therapeutic alternative.
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