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Cost-effectiveness of immune checkpoint s
inhibitors as a first-line therapy for advanced
hepatocellular carcinoma: a systematic review
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Abstract

Since 2017, immune checkpoint inhibitors (ICls) have been available for the treatment of advanced hepatocellular
carcinoma (HCC) or unresectable HCC, but their adoption into national medical insurance programs is still limited.
Cost-effectiveness evidence can help to inform treatment decisions. This systematic review aimed to provide

a critical summary of economic evaluations of ICls as a treatment for advanced HCC and identify key drivers
(PROSPERO 2023: CRD42023417391). The databases used included Scopus, Web of Science, PubMed, Embase, and
Cochrane Central. Economic evaluations of ICls for the treatment of advanced HCC were included. Studies were
screened by two people. Of the 898 records identified, 17 articles were included. The current evidence showed that
ICls, including atezolizumab plus bevacizumab, sintilimab plus bevacizumab/bevacizumab biosimilar, nivolumab,
camrelizumab plus rivoceranib, pembrolizumab plus lenvatinib, tislelizumab, durvalumab, and cabozantinib plus
atezolizumab, are probably not cost-effective in comparison with tyrosine kinase inhibitors or other ICls. The most
influential parameters were price of anticancer drugs, hazard ratios for progression-free survival and overall survival,
and utility for health statest. Our review demonstrated that ICls were not a cost-effective intervention in advanced
HCC. Although ICls can significantly enhance the survival of patients with advanced HCC, decision-makers should
consider the findings of economic evaluations and affordability before adoption of new therapies.

Keywords Cost-effectiveness, Health technology assessment, Immune checkpoint inhibitors, Advanced
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Introduction

Liver cancer is the third most common cause of can-
cer death. Liver cancer caused 830,180 deaths globally
in 2020, with the most common form of liver cancer
being hepatocellular carcinoma (HCC) [1]. In East
Asia, North Africa, Micronesia, Southeast Asia, and
Melanesia, the age-standardized incidence and mortal-
ity rates of HCC are much higher than the world aver-
age (i.e., age-standardized incidence and the mortality
rate is 9.5 per 100,000 and 8.7 per 100,000 of the popu-
lation, respectively) [1]. There are many treatments
for early stage HCC, including surgery (liver resection
or liver transplantation), thermal ablation, intra-arte-
rial therapies, and stereotactic body radiotherapy, but
patients are often diagnosed with HCC in an advanced
stage or without the opportunity for localised treat-
ment [1-6].

While various treatment modalities exist for early-
stage HCC, the management of advanced HCC pre-
dominantly revolves around systemic therapy [7, 8].
Sorafenib, a tyrosine kinase inhibitor (TKI), emerged
as a pivotal first-line treatment following notable
clinical trials [9]. Subsequent studies have explored
alternative TKIs [10, 11] and, more recently, immune
checkpoint inhibitors (ICIs), which have revolution-
ized HCC treatment paradigms.

ICIs, such as PD-1/PD-L1 inhibitors, have demon-
strated remarkable efficacy in improving overall sur-
vival (OS) rates, as evidenced by numerous clinical
trials [8, 12, 13]. Notable among these are studies on
atezolizumab plus bevacizumab [14], cabozantinib
plus atezolizumab [15], sintilimab plus a bevacizumab
biosimilar (IBI305) [16], tislelizumab [17], camreli-
zumab plus rivoceranib [18], pembrolizumab plus len-
vatinib [19, 20], nivolumab [21], and durvalumab plus
tremelimumab [22]. However, despite their clinical
promise, the widespread adoption of ICIs is impeded
by significant financial implications for both individu-
als and healthcare systems.

The economic burden is exacerbated by the need
for advanced and costly treatments, such as immuno-
therapies, which are frequently part of the standard of
care for advanced HCC. Given the limited availability
of healthcare resources, cost-effectiveness analysis can
assist healthcare institutions and governmental agen-
cies in better resource allocation [23]. By evaluating
the cost-effectiveness of different medications, it can
determine which regimens can maximize health out-
comes within a given budget. The pharmacoeconomic
evidence on advanced HCC has been emerging in sev-
eral reviews which primarily focused on TKIs [24, 25].
Hence, aggregating the latest pertinent pharmacoeco-
nomic studies would be valuable to achieve a more
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thorough understanding of the currently approved
ICIs for advanced HCC.

Although ICIs have health benefits as a first-line
treatment for advanced HCC, their use is limited
because of the financial burden to individuals and
governments. This study aims to delve into the cost-
effectiveness of ICIs as first-line therapy for advanced
HCC. The objective of this present review is to outline
the essential features and outcomes of cost-effective-
ness evidence, aiming to furnish decision-makers with
pertinent information.

Methods

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement (Supplementary
Table 1) [26]. The systematic review was registered
on the international prospective register of systematic
reviews (PROSPERO) database (CRD42023417391).

Data sources and search strategy

We searched Scopus, Web of Science, PubMed,
Embase, and Cochrane Central databases. Addition-
ally, a comprehensive snowball manual search was
conducted, encompassing the perusal of citations
within eligible studies and pertinent reviews. The
search methodology employed both free texts and sub-
ject headings to explore about HCC, drug or therapy,
and pharmacoeconomic assessments. EndNote 20
software facilitated the systematic recording and orga-
nization of retrieved articles, streamlining the dedupli-
cation process and facilitating efficient screening. The
search spanned from January 1, 2010, to April 1, 2024,
with inclusion criteria limited to studies published in
the English language. Detailed search strategies for
each database can be found in Supplementary Table 2.

Eligibility criteria

In accordance with the defined scope and objectives
of our study, eligibility criteria were pre-established as
delineated in Supplementary Table 3. Our focus pri-
marily centered on the inclusion of original compre-
hensive pharmacoeconomic evaluations concerning
IClIs as first-line treatment of advanced HCC.

Selection

According to the eligibility criteria, two reviewers
(Hongyu Gong and Zhengyou Jiang) independently
screened titles and abstracts to identify potentially rel-
evant studies. Subsequently, the full texts of articles
meeting the eligibility criteria were examined by both
reviewers to determine their final inclusion. Through-
out both phases of screening, reasons for exclusion
were documented. Any discrepancies in the inclusion
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of studies were resolved through thorough discussion
and mutual consensus between the two reviewers.

Data extraction

All outcome variables reported in the included stud-
ies were extracted into a pre-specified data extraction
Excel form. The selected articles were examined to
extract essential information, including participants,
interventions, comparators, outcomes, study types,
and funding sources. First, one reviewer conducted the
data extraction, which was subsequently reviewed and
verified by another reviewer to mitigate any potential
omissions or errors.

Synthesis of results

Given the heterogeneity of the available evidence, a
qualitative, descriptive approach was employed to
evaluate the aggregated findings from economic stud-
ies regarding ICIs as first-line treatment for advanced
HCC. The economic evaluation methodologies uti-
lized in each study were classified into four distinct
approaches. These include cost-minimization analysis
(CMA), cost-effectiveness analysis (CEA), cost-benefit
analysis (CBA), and cost-utility analysis (CUA) [27].
The costs analyzed in this systematic review were con-
verted into US dollars ($) using the CCEMG-EPPI-
Centre Cost Converter v.1.6, available online at https://
eppi.ioe.ac.uk/costconversion/.

A narrative synthesis of the data was conducted,
summarizing all findings through tables and figures.
Primary outcomes encompassed the incremental cost-
effectiveness ratio (ICER), and key drivers of economic
evaluations. Secondary outcomes examined the eco-
nomic evaluation type, scenario analysis, and the par-
ticularities of each study.

Quality assessment

The Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) Checklist [28] was
employed to assess the quality of the included studies
on the 28 items (Supplementary Table 4). The full-text
articles were evaluated against the 28 items with ‘yes’
if they reported the relevant information and ‘no; if
not. The percentages of the studies reporting the items
were calculated to obtain a general view of the com-
pleteness and quality of the studies.

Results

Selection of the included studies

A total of 898 records were identified through data-
base searching, and 359 records remained after
duplicates were removed. Of these, 261 records were
deemed ineligible based on their title and abstract. Of
the 62 records that qualified for a full-text review, 45
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full-text articles were excluded owing to wrong inter-
vention, not full economic evaluation and non-English
language. Finally, a total of 17 studies were selected for
this systematic review (Fig. 1) [29-41].

Quality assessment of the included studies

The quality assessment of the 17 full-text articles
included in the review was conducted using the
CHEERS Checklist. Percentages reflecting the report-
ing of the 28 checklist items computed and presented
in Supplementary Table 4. Each of the included stud-
ies provided a comprehensive depiction of their study
context and settings, outlined the objectives of the
economic evaluation, described the interventions or
strategies under investigation, outlined baseline char-
acteristics, selected a particular model structure and
offered a detailed description of the model. Further-
more, all full-text articles detailed the measurement
and estimation of health outcomes, resources, and
costs.

However, only 41.0% of the studies indicated that
a health economic analysis plan was developed, and
82.0% of the studies stated the time horizon for the
study. In the results section, a summary of the major
study parameters and main findings from the review
was provided. Additionally, the effect of uncertainty
was addressed and discussed in all studies. Limita-
tions and generalizability of the full-text studies were
explicitly clarified. Notably, 29% of the studies explic-
itly engaged patients or other stakeholders affected by
the study—a focus that is now emphasized in the latest
version of the CHEERS checklist. All full-text studies
both disclosed their funding sources and declared con-
flicts of interest. Further details of the quality assess-
ment are provided in Supplementary Table 5.

Baseline characteristics of the included studies

The general characteristics of the included studies are
presented in Table 1 (the details of the Baseline Char-
acteristics of the studies have been provided in Supple-
mentary Table 6). All studies included collation of a
cost-effectiveness analysis with quality-adjusted life-
years (QALYs) as the health outcome [29-45].

The majority of studies were carried out in the
United States (US) and China settings [29, 31-42,
44, 45], with an additional 2 studies conducted in
France [30], or Thailand [43]. 2 studies examined the
cost-effectiveness of ICIs as first-line treatment for
advanced HCC in both the US and China [36, 37]. 7
studies examined the costs and QALYs of atezoli-
zumab plus bevacizumab as an intervention for first-
line treatment of advanced HCC relative to sorafenib
or best supportive care [29, 30, 32, 35, 37, 38, 43]. The
cost-effectiveness of sintilimab plus bevacizumab/
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Fig. 1 Flow diagram of the selection process
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Citation identified
(n=898)
Embase n=276
Scopus n=129
Web of Science n=167
PubMed n=288

Cochrane n=38

Records after duplicates
removed
(n=359)
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Potentially eligible citations

Records excluded
(commentaries, review,
animal studies)
(n=36)

(n=323)
Records not meeting
selection criteria based on
title/abstract
" (n=261)
Full-text articles assessed
for eligibility
(n=62)
Records excluded
(n=45)
Wrong intervention n=36
No full economic evaluation
n=6
Studies included in the Wrong language n=3
review
(n=17)




Gong et al. Health Economics Review

Table 1 Overview of published economic evaluations of immune checkpoint inhibitors as a first-line therapy for advanced
hepatocellular carcinoma
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First au- Country Interventions Comparator Perspective Funding Model Dis- Ef- Trial name Trial
thor, year source count ficacy setting
(country) rate  source
(%)
Zhao, M, 2022  China Sintilimab Sorafenib Healthcare The gov- Parti- 5% No IMbrave150, RCTs
(China) - Bevaci- system ernment tioned REFLECT, ORI-
zumab, and (China) sur- ENT-32, and
Atezolizumab vival /GDH3
- Bevacizumab model
Zhou,T, 2022  China Sintilimab Lenvatinib Healthcare Manu- Parti- 5% No ORIENT-32 and RCTs
(China) - IBI305 system facturing  tioned REFLECT
company  sur-
and the vival
govern- model
ment
(China)
Su, D, 2021 The US Atezolizumab  Sorafenib Payer The gov- Parti- 3% No IMbrave150 RCTs
(us) - Bevacizumab perspective ernment tioned
(China) sur-
vival
model
Zhang, X, The US Atezolizumab  Sorafenib Payer The gov- Parti- 3% No IMbrave150 RCTs
2021 (China) - Bevacizumab perspective ernment tioned
(China) sur-
vival
model
Gaugain, L, France Atezolizumab  Sorafenib Healthcare Manu- Parti-  2.50% Yes IMbrave150 RCTs and
2023 (France) - Bevacizumab system facturing tioned the real-
company  sur- life long-
vival term
model data.
Chiang, C. L, The US Atezolizumab  Sorafenib Payer None Mar- 3% No IMbrave150 RCTs
2021 (China, - Bevacizumab perspective kov
Hongkong) model
Sun, K. X, 2022 Chinaand Sintilimab Donafenib Payer The gov- Mar- In No NR RCTs
(China) the US - Bevaci- perspective ernment kov China:
zumab, and (China) model 5%
Atezolizumab In the
- Bevacizumab, Unit-
Nivolumab, ed
Donafenib States:
3%
Li, L, 2022 China Sintilimab - Sorafenib Healthcare None Parti- 5% No ORIENT-32 and RCTs
(China) IBI305, and system tioned IMbrave 150
Atezolizumab sur-
- Bevacizumab vival
model
Li,Y, 2022 The US Nivolumab Sorafenib Third- The gov- Parti- 3% No CheckMate 459 RCTs
(China) party payer ernment tioned
perspective (China) sur-
vival
model
Li,Y, 2022 The US Atezolizumab  Nivolumab Societal The gov- Parti- 3% No IMbrave150 and  RCTs
(China) - Bevacizumab perspective ernment tioned CheckMate 459
(China) sur-
vival
model
Wen, F, 2021 Chinaand Atezolizumab  Sorafenib Payer The gov- Mar- 3% No ORIENT-32 RCTs
(China) the US - Bevacizumab perspective ernment kov
(China) model
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Table 1 (continued)
First au- Country Interventions Comparator Perspective Funding Model Dis- Ef- Trial name Trial
thor, year source count ficacy setting
(country) rate  source
(%)
Zhou,T,2022  China Sintilimab Sorafenib Healthcare Manu- Parti- 5% No ORIENT-32 RCTs
(China) - Bevacizumab system facturing tioned
company  sur-
vival
model
Liu, K. 2023 China Sintilimab Sorafenib Payer The univer- Mar- 3% No ORIENT-32; RCTs
(China) - |BI305, perspective sity fund kov IMbrave150;
Atezolizumab (China) model CheckMate 459;
- Bevacizumab, RATIONALE-301;
Camrelizumab SHR-1210-11-310;
- Rivoceranib, and LEAP-002
Pembrolizum-
ab-Lenvatinib,
Nivolumab,
Tislelizumab,
Durvalumab,
Cabozantinib
- Atezolizumab
Zheng, Z 2024 China Tslelizumab Sorafenib Payer None Parti- 5% No RATIONALE-301  RCTs
(China) perspective tioned
sur-
vival
model
Sriphoo- Thailand ~ Atezolizumab  Best support-  Societal Manu- Mar- 3% No IMbrave150 RCTs
sanaphan, - Bevacizumab ive care perspective facturing kov
2024, company  model
(Thailand) and the
univer-
sity fund
(Thailand)
LangW, 2024, China Camrelizumab  Sorafenib Healthcare None Mar- 5% No CARES-310 RCTs
(China) - rivoceranib system kov
model
Gong H, 2023, China Atezolizumab  Sorafenib Chinese patient  The gov- Parti- 5% No IMbrave150, ORI-  RCTs
(China) - Bevacizumab, rspective ernment tioned ENT-32, REFLECT,
Sintilimab (China) sur-
- Bevacizumab vival
model

RCTs: randomized controlled trials; IBI305: bevacizumab biosimilar; the US: the United States

bevacizumab biosimilar was evaluated in 2 studies
[40, 41]. The cost-effectiveness analysis compared
nivolumab [33], tslelizumab [42] and camrelizumab
plus rivoceranib [44] with sorafenib, respectively. 5
studies conducted cost-effectiveness analysis of vari-
ous ICIs, including atezolizumab plus bevacizumab,
sintilimab plus bevacizumab/bevacizumab biosimilar,
camrelizumab plus rivoceranib, pembrolizumab plus
lenvatinib, nivolumab, tislelizumab, durvalumab, or
cabozantinib plus atezolizumab [31, 34, 36, 39, 45].

8 studies were from the payer perspective, whereas
the third-party payer perspective was used in one
study [29, 33-38, 42]. The costs for the perspec-
tive were direct costs, including the costs of drugs,
costs attributed to the patient’s health state, costs for

the management of adverse drug reactions, and costs
for end-of-life care. 6 studies were conducted from a
health system perspective [30, 31, 39-41, 44], and only
the direct medical cost of the patient was considered. 2
studies used the societal perspective [32, 43]. In addi-
tion to formal healthcare sector costs, the societal per-
spective model incorporated informal healthcare costs,
such as patient time and/or salary, transportation, and
caregiver costs. A study used the patient’s perspective,
where the cost was calculated based on medical insur-
ance reimbursement [45].

All of the studies, through their full-text research
articles, either disclosed their funding sources, con-
flicts of interest, or both. 4 of these 13 studies were
not funded [29, 31, 42, 44], whereas the rest received
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funding from several sources. The majority of studies
were funded by the Chinese government or university
funds [32-39, 45], with four involving relevant phar-
maceutical companies (such as Roche, Innovent Bio-
logics, etc.) in different capacities [30, 40, 41, 43].

Different decision-analytic methodologies were
identified in the modeling-based research. In terms of
model structure, 11 studies involved construction of
a partitioned survival model based on three mutually
exclusive health states: progression-free survival (PFS),
progressive disease, and death [30-33, 35, 38-42, 45].
6 studies of three-state Markov models were developed
based on the disease progression of advanced HCC:
PES, progressive disease, and death [29, 34, 36, 37,
43, 44]. The hypothetical target population for these
analyse was assumed to be consistent with the patient
characteristics of randomized controlled trials (RCTs).
Discount rates ranged from 2.5 to 5%.

Local data were used in cases where they were avail-
able. In all studies, clinical data for PFS and OS were
obtained from phase III clinical trials, except for one
study from France that integrated survival data using
additional ATHENOR data [46]. ATHENOR is a data-
base related to population characteristics, manage-
ment, and survival of French individuals with HCC
[46]. 10 phase III clinical trials were direct head-to-
head comparisons based on survival data [29, 30, 33,
35, 37, 38, 40, 42-44]. Owing to the inclusion of multi-
ple drug cost-effectiveness comparisons, 7 studies used
an indirect comparison method to calculate the hazard
ratios (HRs) of PFS and OS for the regimens [31, 32,
34, 36, 39, 41, 45]. For the aspect of utility, country-
specific utility data for cost-effectiveness were used in
the French study [30]. For the Chinese and US studies,
the utilities of different advanced HCC first-line treat-
ments were mainly obtained from the literature [31,
34, 36, 37, 39-41]. In all cost studies, the prices were
derived from individual national data.

Study results

Outcomes of cost-effectiveness analysis

The modelling-based studies adopted various time
horizons, among which 4 stretched the evaluation to
a lifetime [35, 40, 41, 45], 10 studies projected the out-
comes in a period of 5 to 10 years [29, 32, 33, 36-39,
42-44], 2 studies selected a time horizon 15 years [30,
31] (Table 2).

In 10 studies, despite the better health effects of
ICIs, TKIs were still the most cost-effective first-line
drugs in advanced HCC because of the low prices [29—
31, 33, 35, 37-39, 43, 45] (Table 2). In 5 studies, ICIs
were considered to be cost-effective [34, 40-42, 44].
One study found that the use of ICIs in China was not
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cost-effective, while the opposite was found in the US
[36].

In 8 studies, a cost-effectiveness threshold of 1-3
times per capita gross domestic product (GDP) was
stated based on the cost per QALY gained, according
to Chinese guidelines for pharmacoeconomic evalua-
tion [31, 34, 39-42, 44, 45, 47]. In 5 studies, individ-
ual country-specific thresholds of $150,000 per QALY
gained in the US [32, 33, 35], $133,775 per QALY
gained in France [30], and $4,678 per QALY gained
in Thailand [43] were used to perform the analysis.
2 cost-effectiveness studies were conducted using
$100,000 per QALY and $150,000 per QALY gained in
the US [29, 38]. In one study, the threshold was set at
1 time per capita GDP in China and $69,375 in the US
[36]. In another study, the threshold was set at 3 times
per capita GDP in China and $150,000 in the US [37].

Economic evaluation results were shown in Table 2.
The cost-effectiveness thresholds were 1-3 times per
capita GDP in the Chinese studies [31, 34, 36, 37,
39-42, 44, 45]. When the threshold was $11101.70 per
QALY gained (1 time the per capita GDP) in China,
the ICI was not cost-effective in a 2021 study [36]. A
similar outcome was observed in the study of a ICI,
where the regimen was not considered cost-effective
when the threshold was set at 1 time the per capita
GDP in 2021 ($12,516), but became cost-effective at 3
times the per capita GDP ($37,547) [41]. In 4 studies,
when the willing to pay (WTP) thresholds was 3 times
the per capita GDP ($28,527 per QALY gained in 2019
[37], $33,521 per QALY gained in 2020 [39], $33,500
per QALY gained in 2020 [31] and $36,600 per QALY
gained in 2023 [45], respectively), ICIs were not con-
sidered as an economical option. However, there were
4 other studies that indicated ICIs could be considered
cost-effective choices at 3 times the per capita GDP
with WTP thresholds in China being set at $33,592
per QALY in 2021 [40], $37,653 per QALY gained in
2022 [34], $37,304.34 per QALY gained in 2022 [42],
and $35,864.61 per QALY gained in 2024 [44]. In the
US studies, the cost-effectiveness thresholds were
$69,375 per QALY gained, $100,000 per QALY gained,
or $150,000 per QALY gained [29, 32, 33, 35-38]. In
one US study, ICIs were not the favorite choice when
the threshold was $69,375 per QALY gained [36]. No
study considered ICIs as a cost-effective option when
the threshold was $100,000 per QALY gained [29, 38].
When the threshold was $150,000 per QALY gained,
four studies considered that ICIs were not cost-
effective [29, 33, 35, 38], but one study considered
ICIs as cost-effective [32]. The threshold of $133,775
per QALY gained was studied in France [30]. In base
case analysis, ICI vs. TKI led to an incremental cost-
effectiveness ratio of $166,221/QALY, which is over
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Table 2 Results of base-case analysis of advanced hepatocellular carcinoma

First author, year (country) Cost- Timehori- Cost (USD, QALY Life-years ICER ($/QALY) WTP (USD,$) Cost-effective-
ing zon (years) $) ness
year
Zhao, M, 2022 (China) 2021 10 3% GDP: 33,521 per
QALY gained
Sorafenib 16,614.86 091 1.38 / /
Sintilimab - Bevacizumab 43,195.21 142 233 51,877.36 Not cost-effective
Atezolizumab - Bevacizumab 129,281.72 1.77 2.84 130,508.44 Not cost-effective
Zhou, T, 2022 (China) 2021 Lifetime 1% GDP: 12,516 per
QALY gained
; 3% GDP: 37,547 per
QALY gained
Lenvatinib 21,037 0938 132 / /
Sintilimab - IBI305 33,102 1431 2.04 24,462 1* GDP: Not cost-

effective; 3* GDP:
Cost-effective

Su, D, 2021 (US) 2019  Lifetime 150,000 per QALY
gained
Sorafenib 202,973 1.021 1.736 / /
Atezolizumab - Bevacizumab 292,780 1.551 3.033 169,223 Not cost-effective
Zhang, X, 2021 (China) 2020 6 100,000 per QALY
gained
Sorafenib 156,984 0.928 1.218 / /
Atezolizumab - Bevacizumab 313,193 1412 1.840 322,500 Not cost-effective
Gaugain, L., 2023 (France) 2017 15 133,775 per QALY
gained
Sorafenib 30,189 135 157 / /
Atezolizumab - Bevacizumab 129,363 1.95 226 163,651 Not cost-effective
Chiang, C. L, 2021 (China, 2020 5 100,000 per QALY
Hongkong) gained; 150,000 per
QALY gained
Sorafenib 634,668 0.987 1.51 / /
Atezolizumab - Bevacizumab 713,742 1426 2.02 179,729 Not cost-effective
Sun, K. X, 2022 (China) 2021 10
China 1*GDP: 11,101.70
per QALY gained
Donafenib 5,604.64 8.77 / / /
Atezolizumab - Bevacizumab 4474451 9.23 / 85,607.88 Not cost-effective
Sintilimab - Bevacizumab 20,697.68 10.02 / 12,109.27 Not cost-effective
The United States 69,375 per QALY
gained
Nivolumab 119,603.30 9.86 / / /
Atezolizumab - Bevacizumab 299,542 13.61 / 47,896.93 Cost-effective
Li, L, 2022 (China) 2020 15 3* GDP: 33,500 per
QALY gained
Sorafenib 18,567.66 1.11 1.59 / /
Sintilimab - IBI305 43,109.99 173 247 39,766.86 Not cost-effective
Atezolizumab - 79,965.01 1.71 245 103,037.66 Not cost-effective
Bevacizumab
Li,Y, 2022 (China) 2022 10 150,000 per QALY
gained
Sorafenib 320,536 127 1.95 / /
Nivolumab 390,298 1.59 245 220,864 Not cost-effective
Li,Y, 2022 (China) 2022 10 150,000 per QALY
gained
Nivolumab 390,220 1.59 245 / /

Atezolizumab - Bevacizumab 468,500 227 3.58 113,892 Cost-effective
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Table 2 (continued)

First author, year (country) Cost- Time hori- Cost(USD, QALY Life-years ICER($/QALY) WTP (USD,$) Cost-effective-
ing zon (years) $) ness
year

Wen, F, 2021 (China) 2020 10
China 3* GDP: 28,527 per

QALY gained
Sorafenib 1883334 087 122 / /
Atezolizumab - Bevacizumab 95,972.83 1.40 1.96 145,546.21 Not cost-effective
The United States 150,000 per QALY

gained
Sorafenib 194,248.14  0.87 1.22 / /
Atezolizumab - Bevacizumab 283,304.15 140 1.96 168,030.21 Not cost-effective
Zhou, T, 2022 (China) 2021 Lifetime 3* GDP: 33,592 per

QALY gained
Sorafenib 23,294 0928 / / /
Sintilimab - Bevacizumab 33,766 1428 / 20,968 Cost-effective
Liu, K. 2023 (China) 2022 15 3* GDP: 37,653 per

QALY gained
Sorafenib 28,746 1.289 1.837 / /
Cabozantinib - Atezolizumab 56,396 1410 1.994 228,512 Not cost-effective
Durvalumab 33,972 1.498 2128 25,005 Cost-effective
Tislelizumab 26,808 1.509 2.149 —8,809 Cost-effective
Nivolumab 32,703 1515 2148 17,509 Cost-effective
Pembrolizumab - Lenvatinib 44,731 1.594 2.260 52,410 Not cost-effective
Camrelizumab - Rivoceranib 40,307 1.795 2.603 22,848 Cost-effective
Atezolizumab - Bevacizumab 73457 1870 2646 76,955 Not cost-effective
Sintilimab - I1BI305 56,259 2076 2.950 34,959 Cost-effective
Zheng, Z 2024 (China) 2022 10 3% GDP: 37304.34 per

QALY gained
Sorafenib 14306.87 1.06 / / /
Tislelizumab 16181.24 1.24 / 1041317 Cost-effective
Sriphoosanaphan, 2024, 2024 5 4,678 per QALY
(Thailand) gained
Best supportive care 3312 04051 / / /
Atezolizumab - Bevacizumab 48,669 08401 / 54,589 Not cost-effective
Lang W, 2024, (China) 2024 10 3* GDP: 35,864.61

per QALY gained
Sorafenib 16,800.92 152 / / /
Camrelizumab plus 30,485.76 1.93 / 33,619.98 Cost-effective
Rivoceranib
Gong H, 2023, (China) 2023  Lifetime 3% GDP: 36,600 per

QALY gained
Sorafenib 16,109.80 1.30 / / /
Sintilimab-Bevacizumab 39,406.40 161 / 75,150.32 Not cost-effective
Atezolizumab-Bevacizumab 141,836.73 217 / 144,513.71 Not cost-effective

QALY: quality-adjusted life-year; ICER: incremental cost effectiveness ratio; IBI305: bevacizumab biosimilar; GDP: per capita gross domestic product; USD: United
States Dollar;

the threshold; however, ICI was considered as a cost-  Sensitivity and uncertainty analysis

effective strategy after adjusting for survival. In 2024, All studies included both one-way sensitivity and

with a Thai threshold of $4,678 per QALY gained, the  probabilistic sensitivity analyses (Table 3 and Supple-

ICER of the ICI continued to exceed the threshold as  mentary Table 7). Cost of drug was consistently iden-

well [43]. tified as a significant driver across multiple studies,
indicating its substantial impact on the cost-effective-
ness of treatments [31-37, 39-45, 48]. The HRs for
OS and PES emerged as crucial drivers affecting the
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Table 3 Sensitivity analyses performed in economic evaluations of the first-line treatment of advanced hepatocellular carcinoma

First author, year Sensitivity Important drivers Type of scenario analysis Outcomes of
(country) analyses 1st 2nd 3rd scenario analysis
Zhao, M, 2022 1-way SA, PSA, HRfor OS  HR for PFS Costofdrug  Patients receive active treatment until Not cost-effective
(China) scenario analysis death.
Zhou, T, 2022 (China) 1-way SA, PSA, HRforOS  Costofdrug  Cost of A reduced dose of bevacizumab andits ~ 1* GDP: Cost-
scenario analysis subsequent  biosimilar is administered due to treat- effective; 3* GDP:
treatment ment intolerance. Cost-effective
Su, D, 2021 (US) 1-way SA, PSA HRfor OS  Costofdrug  Body weight / /
Zhang, X, 2021 T-way SA, PSA HRfor OS  Body weight  HR for PFS / /
(China)
Gaugain, L, 2023 1-way SA, PSA, Discount Discountrate Percentage Integration of survival using additional Cost-effective
(France) scenario analysis  rate for for costs of patients ATHENOR data.
benefits receiving
subsequent
treatment
Chiang, C. L, 2021 1-way SA, PSA, HR for OS Body weight  Costofdrug  In the pessimistic scenario, the survival Pessimistic
(China, Hongkong)  scenario analysis estimates of the US population with ad-  scenario: Not
vanced HCC from the SEER database. In cost-effective;
the optimistic scenario, all patients “alive”  Optimistic scenar-
at 17 months were “cured,’ with their jo: Cost-effective
risk of death equal to their age-adjusted
background mortality rate.
Sun, K. X, 2022 1-way SA, PSA, Discount ~ Costofdrug  Utility of PFS  Drug donation programs in Chinese low-  Not cost-effective
(China) scenario analysis  rate income patients.
Li, L, 2022 (China) 1-way SA, PSA, HRfor OS  Utilityof PD  Costofdrug  Patient assistance program Sintilimab - IBI305:
scenario analysis Cost-effective;
Atezolizumab -
Bevacizumab: Not
cost-effective
Li,Y, 2022 (China) T-way SA, PSA Cost of Utility of PD Utility of PFS ~ / /
drug
Li,Y, 2022 (China) 1-way SA, PSA HRfor PFS  Costofdrug  Body weight  / /
Wen, F, 2021 (China)  1-way SA, PSA Cost of Utility of PD Utility of PFS  The price of atezolizumab was 30% of the Cost-effective
drug primary price.
Zhou, T, 2022 (China) 1-way SA, PSA, Cost of Costofdrug ~ Utility of PFS A reduced dose of bevacizumab and its  Cost-effective
scenario analysis  subse- biosimilar is administered due to treat-
quent ment intolerance.
treatment
Liu, K. 2023 (China) 1-way SA, PSA HRforOS  Costofdrug  HRfor PFS / /
Zheng, Z, 2024 1-way SA, PSA Cost of Costofdrug  Utilityof PD  / /
(China) subse-
quent
treatment
Sriphoosanaphan, T-way SA, PSA, HR for OS HR for PFS Costofdrug ~ The WTP threshold raises to $60,819 per  Cost-effective
2024, (Thailand) scenario analysis QALY gained.
Lang W, 2024, 1-way SA, PSA, Cost of Percentage of Utility of PFS  Patients with albumin-bilirubin grade 1, ALBI grade 1: The
(China) scenario analysis  drug subsequent and grade 2 ICER was close
treatment to the WTP
threshold;
ALBI grade 2:
Cost-effective
Gong H, 2023, 1-way SA, PSA Drugreim- Costofdrug  Utility of PFS  / /
(China) bursement
ratio

PSA: probabilistic sensitivity analysis; SA: Sensitivity analysis; OS: Overall survival; PFS: progression-free survival; HR: Hazard rate; PD: Progressive disease; GDP: per
capita gross domestic product; SEER: Surveillance, Epidemiology, and End Results;
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economic outcomes, underscoring their importance in
determining treatment efficacy and cost-effectiveness
[29, 31, 32, 34, 35, 38, 39, 41, 43]. Other important
drivers included the utility of different health states
(e.g., PES, and progression disease) [31, 33, 36, 37,
40, 44, 45], body weight [29, 32, 35, 38], cost of sub-
sequent treatment [40—42], discount rates for benefits
and costs [30, 36], and percentage of patients receiving
subsequent treatment [30, 44]. Table 4 shows the influ-
ential parameters reported in each study of economic
evaluations of first-line treatment of advanced HCC.
Scenario analyses were carried out in 11 studies
[29-31, 35-37, 39-41, 43, 44]. Two scenario analyses
turned out to demonstrate the cost-effectiveness of
combining sintilimab with a reduced dosage of bevaci-
zumab, which was set at 7.5 mg/kg instead of the stan-
dard 15 mg/kg due to treatment intolerance [40, 41].
Gaugain et al. concluded that the inclusion of primary
conditional survival based on ATHENOR after 20
months resulted in the ICI being deemed cost-effec-
tive [30]. Furthermore, The ICI will be considered as a
cost-effective strategy when the scenario assumed that
all patients who were “alive” at 17 months were con-
sidered “cured,” with their risk of death equal to their
age-adjusted background mortality rate, which corre-
sponds to a 3-year survival rate of 60.7% [29]. At the
same time, providing a patient assistance program [31],
setting the price of atezolizumab at 30% of the primary
price [37], and raising the WTP threshold to $60,819
per QALY gained [43] can all potentially change some
base-case analyses from being not cost-effective to
cost-effective in the scenario analyses. However, cer-
tain scenario analyses, such as “Patients received
active treatment until death [39]” and “Drug donation
programs in Chinese low-income patients [36],” still
indicate that ICI treatment is not cost-effective.

Discussion

Quality assessment using the latest CHEERS check-
list reveals that all aspects of reporting are addressed
in the majority of studies, with some variations in
adherence to specific guidelines. Notably, the title,
abstract, introduction, comparators, perspective,
selection of outcomes, measurement and valuation
of outcomes, and study parameters were consistently
reported in 100% of the studies. However, there are
lower adherence rates for certain aspects, such as the
development of a health economic analysis plan (41%),
characterizing heterogeneity (52%), and describing
the approach to engagement with patients or stake-
holders in the study design (29%). Currently, world-
wide efforts toward Patient and Public Involvement
and Engagement (PPIE), broader community engage-
ment, and stakeholder involvement in health economic
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evaluation are still in the early stages, with the goal
of bolstering the relevance, acceptability, and appro-
priateness of research, thereby enhancing its overall
quality [28, 49]. These findings suggest overall robust
reporting practices but also indicate areas for improve-
ment, particularly in addressing heterogeneity and
engaging stakeholders in the research process.

The current review comprehensively consolidated
the pharmacoeconomic evidence relevant to first-line
regimens of ICIs for advanced HCC. To the best of
our knowledge, no comprehensive review of the cost-
effectiveness of ICIs for the treatment of advanced
HCC has been published that evaluates quality assess-
ment and methodological approaches. We included
17 complete ICI economic evaluations in this system-
atic review. A study showed that nivolumab was not
cost-effective in the US [33]. 2 studies have demon-
strated that atezolizumab plus bevacizumab is likely
considered cost-effective as a first-line treatment for
advanced HCC in the US [32, 36]. However, 4 stud-
ies indicate that the combination of atezolizumab
and bevacizumab is not cost-effective [29, 35, 37, 38].
At the same time, atezolizumab and bevacizumab are
not regarded as a cost-effective regimen in France and
Thailand. In China, there are many regimens available,
including sintilimab plus bevacizumab/bevacizumab
biosimilar [34, 40, 41], durvalumab [34], tislelizumab
[34, 42], nivolumab [34], and camrelizumab plus rivo-
ceranib [34, 44], all of which are considered cost-effec-
tive. Nonetheless, some studies have also found that
the combination of sintilimab plus bevacizumab [31,
36, 39, 45], atelizumab plus bevacizumab [31, 34, 36,
37, 39, 45], and cabozantinib plus atezolizumab [34]
are not cost-effective in China.

WTP is one of the important indicators for mea-
suring pharmacoeconomic results. It represents the
amount of money the health care system or society is
willing to pay to improve a person’s quality of life [50].
The level of WTP directly affects the results of cost-
benefit analysis. In Zhou et al’s research [41], when
the WTP threshold is one time the GDP per capita in
China, sintilimab plus bevacizumab is not considered
cost-effective. Conversely, when the WTP threshold is
three times the GDP per capita, sintilimab plus beva-
cizumab is considered cost-effective. Therefore, the
impact of WTP on pharmacoeconomic results is sig-
nificant, and it can influence decision-makers’ choices
of different treatment options. When developing
policy and guiding practice, consideration of changes
in WTP is critical to determining optimal medical
decisions.

Drug prices are a major obstacle to the implemen-
tation of advanced HCC immunotherapy. In our
review, atezolizumab prices ranged from $3,885.42 to
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$9,419.16 per 1,200 mg in cost-effectiveness studies
[32, 36]. In a study conducted from a US payer per-
spective using atezolizumab prices of approximately
$9,419.16 per 1,200 mg, atezolizumab treatment was
not cost-effective [38]. In contrast, for sintilimab,
most studies used prices of approximately $166.57 to
$439.41 per 100 mg for analysis, but one study used
a price of $656 per 100 mg [34]. This was one of the
major factors causing unfavorable cost-effectiveness
results.

Cost-effectiveness analyses of any type of ICI (such
as sintilimab plus bevacizumab/bevacizumab bio-
similar, atezolizumab plus bevacizumab, nivolumab,
or tislelizumab) have the same key drivers of cost-
effectiveness results, namely, the utility for PES or OS,
price, burden of disease, and fund resources. Most of
the utility values are derived from the phase III clini-
cal trials [14, 51], other literature data [52, 53], or the
National Institute for Health and Care Excellence tech-
nology appraisal guidance [54, 55], since no country-
specific utility data are available for countries except
for France. Therefore, we do not deny that using a
country-specific utility value may result in a deviation
in the results [56, 57].

10 of 17 studies [29, 31-35, 38, 39, 41, 45] incor-
porate HRs for PFS and OS into models. Some stud-
ies use indirect comparisons because there are no
direct randomized controlled trials between/among
the drug groups. Most studies used a common control
drug as a bridge and used the constant HR hypothesis
[17, 58-60]. A subgroup analysis conducted by vary-
ing the HRs for PFS found that atezolizumab plus
bevacizumab was associated with primarily negative
incremental net health benefits, and the probability of
cost-effectiveness was lower than 50% in most of the
subgroups [35]. Indirect treatment comparisons may
lead to a more optimistic/pessimistic survival rate in
the experimental group when the HRs for the PFS and
OS survival values are altered.

Furthermore, model structural uncertainty can
potentially lead to substantial changes in cost-effec-
tiveness results. The economic evaluations of tumor
diseases have been shifted from Markov models to
partitioned survival models, with some increasing
[61, 62] while the rest decreasing [63, 64] the incre-
mental QALY values. Specifically, Edward et al’s study
contrasts a partitioned survival model with a Markov
model in the context of advanced cancer [61]. The dif-
ference in ICUR between the Markov model and the
partitioned survival model led to a reversal of the
final economic conclusion. According to National
Institute for Health and Clinical Excellence Techni-
cal Support Document Technical Support Document
19 mentioned that additional investigation is needed
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to determine the potential biases associated with par-
titioned survival models and Markov models, as well
as to understand how these biases may vary depending
on the specific context in which these approaches are
applied [65]. In our review, 6 of the 17 studies used a
Markov model, of which one study concluded that the
ICJ, tislelizumab, was cost-effective.

Some studies summarize the results of pharmaco-
economic scenario analyzes for ICIs as first-line treat-
ment of advanced HCC. Through different scenario
analyses, the researchers considered the impact of
multiple factors on treatment options and assessed the
cost-effectiveness of regimens. Among them, in some
scenarios, strategies such as reducing drug dosage [40,
41] or price [37] and improving patient survival expec-
tations [30] are adopted, and the treatment shows good
cost-effectiveness. However, there are scenarios where
treatment is less cost-effective when factors such as
drug donation programs [36] and active treatment
[39] are taken into account. In addition, studies have
considered changes in treatment effectiveness under
pessimistic and optimistic survival scenarios [29], as
well as cost-effectiveness for different patient groups.
Taken together, these studies provide an important
reference for the development of first-line treatment
options for advanced HCC, but multiple factors need
to be considered comprehensively to formulate the
best treatment strategy.

The results of this review are limited by our search
strategy, inclusion criteria, the databases searched,
and the time period of the search. Our study focused
on literature published in the English language only.
Even in the published literature, the effect sizes of
the economic impact of the ICI programs may vary
depending on the methodological quality of the study.
Furthermore, our investigation encompassed eco-
nomic assessments from varied national perspec-
tives, including those of the US, China, Thailand, and
France. It is important to note that certain data within
the model, such as clinical data and utility values, were
not exclusively sourced from country-specific datasets.
Thus, the results should be interpreted with caution.
At last, different cost-effectiveness thresholds, bud-
get impact analysis, equity, and healthcare policies in
each country can all affect the outcomes of economic
evaluations. Despite these limitations, we believe we
have identified and synthesized the relevant articles
on the cost-effectiveness of ICls as first-line therapy in
advanced HCC.

Conclusion

In the current context, the use of ICIs in advanced
HCC treatment is unlikely to be cost-effective
from social, healthcare system, payer, and patient
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perspectives. The findings are sensitive to price,
improved survival, and utility values. National deci-
sion-makers can provide superior cost-effectiveness
programs for patients by setting better drug prices.
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