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Abstract
Background  There are differences in the pharmacoeconomics of Immune checkpoint blocking (ICB) therapies 
for the treatment of lung squamous cell carcinoma (LSCC). However, no corresponding review studies have fully 
discussed the cost-effectiveness of ICBs in treating LSCC. The aim of this paper is to systematically review and evaluate 
all available pharmacoeconomic studies of ICBs for LSCC.

Method  The inclusion criteria were based on the population, intervention, comparator, outcomes, and study designs. 
An electronic search was conducted by June 2023, and the following databases were used: PubMed, EMBASE, 
Cochrane Library, and Web of Science. Search keywords included ‘Carcinoma’, Non-Small-Cell Lung’, ‘Immunotherapy’, 
and ‘Economics, Medical’. The primary outcome was the cost-effectiveness analysis of ICB therapy in LSCC patients. 
Drummond Checklist was used to assess quality problems and possible bias in the study design of included 
pharmacoeconomic studies.

Results  This review searched 15 articles on the economic evaluation of ICB treatment for LSCC. After a qualitative 
review of 15 studies, we concluded that nivolumab is more cost-effective as a monotherapy than chemotherapy 
alone. In the combination regimen, pembrolizumab combined with chemotherapy appears to be the most cost-
effective option at present, but for Chinese payers with LSCC, locally developed treatments such as sintilimab or 
toripalimab in combination with chemotherapy are more cost-effective.

Discussion  The inclusion of economic evaluation has heterogeneity in research design and outcomes, which can 
only support qualitative synthesis. Therefore, The results of this paper need to be treated with caution. For the Chinese 
market, instead of imported drugs, the possible cost-effectiveness of locally developed ICB therapies should be the 
focus of future research.
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Background
Lung cancer is the most common cancer in the world 
and the most common cause of cancer death [1]. About 
half of patients with non-small cell lung cancer (NSCLC) 
are diagnosed with advanced stage [2]. Lung adeno-
carcinoma (LUAD) and lung squamous cell carcinoma 
(LSCC) are the most common clinical subtypes, with 
the latter accounting for about 30% of NSCLC patients 
[3, 4]. Meanwhile, more than half of patients with LSCC 
are over the age of 70 years, and age-related multi-
organ decline changes the pharmacokinetics, which can 
increase the risk of local and systemic treatment com-
plications [5, 6]. Although platinum dual chemotherapy 
is still the standard first-line treatment for advanced 
lung cancer patients whose tumors lack operable gene 
changes, it cannot be denied that chemotherapy alone 
has long reached a plateau of efficacy, and immunother-
apy has changed the treatment regimen for some patients 
[7, 8].

Progression-free survival (PFS) and overall survival 
(OS) in LUAD patients are increasing with the deeper 
understanding of carcinogenic factors and the continu-
ous development of targeted drugs, but in contrast, early 
studies have shown that the use of targeted drugs is asso-
ciated with poor prognostic outcomes in patients with 
LSCC (grade 3 to 4 adverse events and even death were 
observed) [9–12].The Lung Master Protocol (Lung-MAP, 
S1400), based on next-generation gene sequencing tech-
nology, verified the efficacy of existing targeted drugs in 
LSCC patients through multiple sub-trials, and achieved 
an overall response rate of only 6-7% [11, 13, 14]. This 
changed after breakthroughs in the clinical translation of 
immunomodulatory antibodies, and immune checkpoint 
blocking (ICB) therapies, particularly those targeting the 
programmed death-1 pathway, have resulted in sustained 
immune efficacy, extended survival, and manageable 
adverse reactions in patients with NSCLC [15]. Currently, 
pembrolizumab and atezolizumab have been observed 
in randomized controlled trials with chemotherapy for 
longer OS and are approved by the U.S. Food and Drug 
Administration (FDA) as first-line agents for patients 
with advanced non-small cell lung cancer and PD-L1 
expression on at least 50% of tumor cells [16, 17]. More-
over, Longer OS and PFS can be obtained from the pem-
brolizumab plus chemotherapy regimen for previously 
untreated patients with LSCC [18]. So far, ICB therapies 
including nivolumab [19], ipilimumab [20], sugemalimab 
[21], sintilimab [22], camrelizumab [23], tislelizumab 
[24], and cemiplimab [25] have been observed to sig-
nificantly improve the prognosis of patients with LSCC. 
While the survival benefits these immunotherapies pro-
vide to patients with advanced LSCC are commendable, 
the financial strain and disease burden associated with 
the high price of ICB therapy cannot be ignored.

Multiple studies have demonstrated that pembroli-
zumab monotherapy is a cost-effective treatment option 
compared to chemotherapy for PD-L1-positive NSCLC 
patients [26–28] The incremental cost-effectiveness ratio 
for pembrolizumab monotherapy in the United States 
was $97,621/quality-adjusted life-year (QALY) in 2017 
and $130,155/QALY in 2019 [26, 27]. In the cost-effec-
tiveness analysis of the combination treatment regimen, 
there was considerable heterogeneity in the cost-bene-
fit outcomes of nivolumab plus ipilimumab combined 
with or without chemotherapy [29–33] and pembroli-
zumab combined with chemotherapy [33–35] compared 
with platinum-doublet chemotherapy. In patients with 
advanced NSCLC characterized by either PD-L1 expres-
sion levels ≥ 50% or high TMB, Nivolumab + ipilimumab 
is more cost-effective as first-line treatment than che-
motherapy, with ICER of $107,403.72 and $133,732.20, 
respectively [30]. Pembrolizumab plus chemotherapy 
produces ICERs close to or well below 3 times the U.S. 
GDP per capita threshold, and ICERs outcomes from 
current studies average around $100,000/QALY, which 
is considered a cost-effective treatment option [33, 
34]; Other research contradicts this view [29, 31, 32, 
35]. Model analysis based on the willingness to pay of 
American patients showed that compared with che-
motherapy, the ICER of nivolumab plus Ipilimumab 
ranged from $202,275/QALY to $239,072 /QALY, and 
when the threshold was $150,000, the probability of 
being cost-effective was 2.6% [29, 31]. In addition, with 
ICER between $333,199 to $670,309.66 per QALY, the 
cost-effectiveness of atezolizumab, also a first-line treat-
ment for LSCC, has been negated by both US and Chi-
nese studies, and price reductions have been suggested 
[36–38]. Most of the published reviews in this area have 
targeted patients with non-small cell lung cancer [28] 
and have focused on a specific region [39] or compari-
son of two specific therapies [40]. Therefore, no studies 
have simultaneously compared the cost-effectiveness 
of all the immunotherapies in patients with LSCC. This 
study aimed to conduct a systematic review to summa-
rize the cost-effectiveness of all these immunotherapies 
in patients with LSCC using the pooled analysis of the 
primary data on these ICB therapies.

Methods
Research design
The present systematic review was performed accord-
ing to the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses statement) [41]. The 
protocol for the present systematic review was officially 
registered on PROSPERO (CRD42023421278).
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Search strategy and data sources
We searched PubMed, EMBASE, Cochrane, and Web 
of Science with a pre-designed search strategy in June 
2023 to retrieve all relevant clinical trials, using the 
MeSH terms ‘Carcinoma’, Non-Small-Cell Lung’, ‘Immu-
notherapy’, and ‘Economics, Medical’, as well as relevant 
keywords. The detailed search strategy for all databases is 
reported in Supplementary Table 1. Besides, we searched 
all references in relevant articles and reviews to get other 
eligible studies, and we also retrieved articles by manual 
screening. Each study was assessed by two independent 
reviewers and disagreements were resolved by discussion 
with a third reviewer.

Inclusion and exclusion criteria
Our selection criteria were generated based on the 
PICOS principle as follows.

Inclusion criteria

P	 Patients were clinically diagnosed with squamous 
non-small cell lung cancer.

I	 Intervention groups received any immunotherapy;
C	 No restriction on the intervention of control groups;
O	 Incremental cost per QALY or ICER of 

immunotherapy and control should be provided;
S	 Cost-effectiveness analysis published in the English 

language.

Exclusion criteria

A.	Ineligible study design, such as case series, 
observational studies, commentary, and conference 
abstracts.

B.	 Essential data were absent from studies although 
emailed authors to obtain it.

C.	Older duplicate reports published by the same team 
based on the same group of participants.

D.	Studies included ineligible participants, such as 
participants with other cancer or not receive 
immunotherapy.

E.	 Cost-effectiveness analysis results not available.

Data extaction
We used a pre-designed Excel spreadsheet to extract data 
for the included studies. Independent researchers worked 
in pairs to extract data, and inconsistencies were resolved 
by discussion or by having a third reviewer. Where there 
was unreported data in the studies, the authors were con-
tacted for additional data; the rest of the data were pub-
licly available as reported in the paper. The characteristics 
of the included studies are summarized as follows: name 

of the first author, year of publication, study country, 
study design, cost-effectiveness model, model developed 
with health states, participant number and diagnosis, 
administration design of intervention groups and control 
groups, and main conclusion.

Quality assessment
Drummond Checklist was used to assess quality prob-
lems and possible bias in the study design of included 
pharmacoeconomic studies, inconsistencies were 
resolved by discussion or by having a third reviewer. The 
Drummond Checklist provides useful guidance applied 
to clarify the included studies with 10 answerable ques-
tions (yes, no, or not available), assuming the assessment 
result is strong, moderate, or weak [42].

Results
Results of study selection
In sum, 1976 articles were identified in electronic and 
manual searches. However, 301 articles were excluded 
for duplication. 900 records were excluded after review-
ing the title and abstract, and we excluded 5 records after 
reviewing the full text of 20 articles. The exclusion rea-
sons were full text not available. Finally, 15 articles [33, 
43–56] were included in this systematic review (Fig. 1).

Study characteristics
The basic characteristics of the 15 included full-text stud-
ies are shown in Table  1. Most of the studies were per-
formed in China (n = 9), other studies were conducted in 
Canada (n = 2), Sweden (n = 1), Australia (n = 1), United 
Kingdom (n = 1), and America (n = 1). All included study 
designs were model-based cost-effectiveness analysis. 
The models used mainly include Cohort-based, parti-
tioned survival model and Markov model. Two stud-
ies used both models to assess the cost-effectiveness of 
treatment options. Fourteen of the 15 studies selected 
progression-free (PF), progressed disease (PD), and death 
as health endpoints for model evaluation. Cheng et al. 
selected PFS, first disease progression, second disease 
progression, end-stage disease, and death as the health 
endpoints for model evaluation.

The target population of 9 studies was only patients 
with advanced or metastatic LSCC. In two of the 
included studies, the target population was restricted to 
failure of prior platinum doublet-based chemotherapy. 
The other two studies included patients with driver-
negative advanced or metastatic LSCC. There was one 
study required squamous metastatic NSCLC patients eli-
gible for first-line systemic chemotherapy. The remaining 
two studies included patients with a clinical diagnosis of 
metastatic NSCLC, and one of the studies required that 
the patients had not received any treatment. These two 
studies were included because patients with NSCLC were 
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grouped according to whether they had squamous cancer 
or not, therefore the cost-effectiveness analysis data for 
the LSCC group was available.

All studies compared the cost-effectiveness of immu-
notherapy monotherapy or combination regimens with 
other interventions. In the intervention group, the immu-
notherapy regimen included nivolumab (n = 5), Pem-
brolizumab (n = 2), and sintilimab(n = 1). The remaining 
seven immunocombination regimens included camreli-
zumab (n = 2), pembrolizumab(n = 1), toripalimab(n = 2), 
sugemalimab(n = 1), and Sintilimab(n = 1) in combination 
with chemotherapy. As the control groups, five studies 
selected chemotherapy monotherapy using Docetaxel. 
Three studies selected the combination chemotherapy 
administration regimen, including Platinum agents, 
cisplatin or carboplatin combined with gemcitabine, 
docetaxel, or paclitaxel and carboplatin and paclitaxel or 
nab-paclitaxel. The aim of three included studies was to 
compare the cost-effectiveness of different immunothera-
pies, so the control group still chose the immune drugs. 
The remaining four studies used placebos as controls.

Main conclusion of the included studies
Basic scenario results on cost-effectiveness between ICBs 
and other anticancer therapy are presented in Table  2. 
A total of 15 incremental costs, 4 incremental costs per 
life-year gained (LYG), 9 incremental cost per quality-
adjusted life year (QALY), and 7 ICERs were available 
to compare ICBs with other anticancer drug groups 
(Table 2).

Based on the main conclusions of the included stud-
ies, 9 studies model analysis results showed that the ICB 
intervention groups was cost-effective compared to the 
control groups, but 4 study results indicated that the ICB 
intervention group could not be considered cost-effec-
tive. Two other studies comparing different ICB therapies 
indicated that second-line sintilimab and sintilimab plus 
chemotherapy was the more cost-effective option com-
pared to pembrolizumab or first-line sintilimab.

Specific analysis results were shown in Table 3 and the 
following systematic review section.

Fig. 1  Flowchart of the study selection
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ICB monotherapy VS Chemo-based monotherapy
There were 5 studies that compared the cost-effectiveness 
of ICB monotherapy versus chemo-based monotherapy, 
and nivolumab and docetaxel were selected as the study 
intervention and control. Four studies confirmed the 
cost-effectiveness of nivolumab.

The results of four of the five studies comparing 
nivolumab and docetaxel suggest that nivolumab has a 
cost-effectiveness or advantage. Two of the studies based 
their judgments on ICERs. The Hu 2023 [49] study results 
showed an increase of RMB ¥207,388 (US $31,537) per 
QALY for nivolumab versus docetaxel ICER in squamous 
aNSCLC. Rothwell 2021 showed ICERs of £33,134 for 
nivolumab in patients with LSCC compared to docetaxel. 
The other two studies chose incremental cost per QALY 
as a measure of cost-effectiveness. Chaudhary 2021 [43] 
includes two cost-benefit analyses based on 5-year data 
from Canada or Sweden, with ICERs of $140,753 per 
QALY for the Canadian LSCC patients and SEK 568,895 
per QALY for Sweden.

Gao 2018 [47] evaluated cost-effectiveness using parti-
tion survival (PS) and Markov models, respectively, and 
both showed that Nivolumab was associated with higher 
costs and benefits. The PS model showed an increase in 
the cost of treatment with nivolumab of $198,862 /QALY 
and $181,623 /LY. The ICER of nivolumab in Markov 
model is 220,029 AUD /QALY and 193,459 AUD /LY, 
respectively. Based on the willingness to pay a threshold 
of A $50,000 per QALY in Australia, the authors do not 
consider Nivolumab to be cost-effective.

ICB monotherapy VS Chemo-based combination therapy
Two included studies compared the cost-effectiveness of 
pembrolizumab and platinum agents or pembrolizumab 
combined chemotherapy, respectively. Incremental cost 
per QALY was used as the evaluation index. Two studies 
had conflicting results on whether pembrolizumab was 
cost-effective compared to the control group.

In the study by Chouaid et al. [46], ICER for patients 
with LSCC was €66,825 /LY for pembrolizumab and 
€84,097 /QALY for platinum-based dual agents. Assum-
ing a threshold of willingness to pay below €100,000 /
QALY, pembrolizumab is cost-effective in first-line treat-
ment of patients with PD-L1-positive (50%) metastatic 
NSCLC in France.

Liu 2021 [50] confirmed that compared to pembro-
lizumab monotherapy, pembrolizumab combined che-
motherapy could add 0.22 QALY to life expectancy in 
patients with LSCC, with a corresponding marginal 
incremental cost of $3,449, and $15,613 /QALY of ICER.
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ICB-Chemo combination therapy VS chemo-based 
combination therapy
Two studies showed that ICB-Chemo combination ther-
apy was cost-effective compared to Chemo-based combi-
nation therapy.

Insinga 2019 [34] shows that the pembrolizumab-
chemo combination (P + C) group had 1.95 years more 
life expectancy than the chemo-based combination 
group (3.86 versus 1.91), resulting in an ICER of $86,293 

/QALY. With ICER below $100,000/QALY as the maxi-
mum threshold, the P + C group is cost-effective. Mean-
while, with 2.513 LYs and 1.603 QALYs, Zhao 2023 [55] 
demonstrated camrelizumab plus platinum and paclitaxel 
chemotherapy as most cost-effective first-line choice.

ICB-Chemo combination therapy VS placebo-chemo 
combination therapy
Four Chinese studies compared the cost-effectiveness of 
locally developed ICB-Chemo combination therapy and 
placebo-Chemo combination therapy, and the cost-effec-
tiveness of two toripalimab plus chemotherapy studies 
was demonstrated. Two other studies based on suge-
malimab and camrelizumab showed that the ICB group 
was not cost-effective.

For Chnese patients with LSCC, comparing toripalimab 
combination therapy with chemotherapy, Zhou 2023 
[56] showed an ICER of $18,369/QALY (threshold US 
$37,653/QALY), a higher ICER was obtained by Zhang 
2023 [54] $32,237/QALY (threshold value ($37,654/
QALY). Toripalimab plus chemotherapy was confirmed 
as an optimal choice for LSCC first-line treatment.

In contrast, the Li 2022 [52] analysis showed that with 
$37,663/QALYs as the threshold, the ICER of suge-
malimab-Chemo therapy compared with placebo-Chemo 
combination therapy was $96,230.83/QALYs. Shao 2022 
[53] found that camrelizumab combined with chemo-
therapy increased by 0.47 QALYs and 0.91 LYs compared 
to chemotherapy, with a corresponding incremental cost 
of $6,347.81 and $13,572 /QALY for ICER. Camreli-
zumab combined with chemotherapy was not considered 
cost-effective in the Chinese medical system.

ICB-based therapy VS ICB-based therapy
Two Chinese studies comparing the cost-effectiveness 
of different ICB regimens showed that local developed 
sintilimab as second-line treatment for LSCC and sin-
tilimab plus chemotherapy were the more cost-effective 
regimens.

Results from Cheng 2022 [45] showed that sintilimab 
retained for second-line use had a higher efficacy and 
medical cost than first-line treatment (US $12,203 vs. US 
$14,045), with a corresponding ICER of $12,693 /QALY, 
which was cost-effective. Compared with pembrolizumab 
plus chemotherapy, sintilimab combined chemotherapy 
also been confirmed by Chen 2022 [44] as a lower life-
time cost, fewer QALYs cost-effective option, with ICER 
of $1,314,208/QALY.

Study sites subgroup analysis
Nine of the 15 studies were conducted in China. In 
addition to the two ICB vs. ICB studies, 4 of the 7 stud-
ies (57.14%) concluded that ICB therapy was cost-effec-
tive, and 3 studies concluded that ICB therapy was not 

Table 2  Cost-Effectiveness analysis results of the included 
studies
Study Main Conclusion
Chaudhary 
(2021)

Trial data demonstrated that nivolumab is associated 
with increased OS and response rates compared with 
docetaxel in patients with advanced pre-treated squa-
mous, and suggested that nivolumab generates more 
favorable ICERs

Gao (2018) The treatment with nivolumab cannot be considered 
cost-effective.

Goeree 
(2016)

For patients with advanced squamous NSCLC, nivolumab 
was found to have the highest expected per patient cost, 
but also higher LYs and QALYs compared to docetaxel.

Chouaid 
(2019)

Pembrolizumab appears cost-effective versus chemo-
therapy for first-line treatment of PD-L1positive (50%) 
metastatic NSCLC patients

Rothwell 
(2021)

Nivolumab versus docetaxel is cost effective for treating 
locally advanced/metastatic squamous NSCLC

Hu (2023) Nivolumab yielded survival and quality-adjusted survival 
benefits at incremental cost versus docetaxel in aNSCLC.

Zhao (2023) Paclitaxel and platinum combined with camrelizumab 
are the cost-effective treatment

Cheng 
(2022)

For Chinese patients with driver-negative advanced or 
metastatic sqNSCLC, reserving the use of sintilimab until 
the second-line represents a cost-effective treatment 
strategy compared with the first-line treatment.

Insinga 
(2019)

The addition of pembrolizumab to chemotherapy is 
projected to approximately double life expectancy, and 
can be a cost-effective first-line treatment for eligible 
metastatic squamous NSCLC patients for whom chemo-
therapy is currently administered.

Liu (2022) For the squamous NSCLC patient population, the first-
line Pembro + Chemo as a cost-effective treatment.

Zhou (2023) Toripalimab plus chemotherapy was an optimal choice 
as first-line treatment.

Li (2022) Sugemalimab plus chemotherapy was not cost-effective 
in comparison to placebo plus chemotherapy as first-line 
treatment for NSCLC, regardless of PD-L1 tumor expres-
sion level and pathological subtype.

Chen (2022) Compared with pembrolizumab + chemotherapy, 
sintilimab + chemotherapy is more cost-effective for 
first-line treatment in Chinese patients with advanced or 
metastatic squamous NSCLC.

Shao (2022) Camrelizumab plus chemotherapy was unlikely to be 
cost-effective compared with chemotherapy in the 
first line therapy of sq-NSCLC from a perspective of the 
Chinese healthcare system

Zhang 
(2023)

Toripalimab plus chemotherapy was cost-effective 
compared to chemotherapy for patients with advanced 
NSCLC in China.
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cost-effective. At the same time, four of the seven studies 
examined the cost-effectiveness of domestic ICBs com-
pared with placebo, and three compared the cost-effec-
tiveness of imported ICBs compared with chemotherapy. 
50% of domestic ICB studies (n = 2) found ICBs to be 
cost-effective relative to placebo, and about 66% (n = 2) 
of imported ICB studies found ICBs to be cost-effective 
relative to chemotherapy.

There were 83% non-Chinese studies evaluated ICBs as 
cost-effective in patients with squamous NSCLC in the 
country. Two of the included studies were conducted in 
European countries, including the UK and France. Both 
studies compared the cost-effectiveness of ICB mono-
therapy and chemotherapy and showed that ICB therapy 
was cost-effective. Two studies examined the cost-effec-
tiveness of ICB monotherapy or combination chemo-
therapy for payers in the Americas. Both of the results 
confirmed the cost-effectiveness of ICB monocular or 
combined chemotherapy. Only one study, from Austra-
lia, compared the cost-effectiveness of Nivolumab 3 mg/
kg per 2 weeks with Docetaxel, and the model analysis 
showed that treatment with opdivo could not be con-
sidered cost-effective at a threshold of US $50,000 [47]. 
A multicentre cost-benefit analysis was performed on 
both Canadian and Swedish payers to compare the cost-
effectiveness of nivolumab and docetaxel. Among payers 
of squamous NSCLC in Canada, the ICERs of nivolumab 
were CAN$140,753/QALY and in Swedish squamous 
patients, the ICERs were SEK568,895/QALY. This assess-
ment led to the approval of nivolumab in Canada and 
Sweden for previously treated NSCLC patients [43].

The average threshold selected for the Chinese studies 
was $39,275.25 /QALY and the average threshold for the 
non-Chinese studies was $102,000 /QALY, which may be 
the reason for the lower proportion of Chinese studies 
that considered ICB therapy to be cost-effective.

Study quality
Table  4 shows the methodological quality assessment 
results of the included studies. All included studies can 
be considered as strong quality evidence from the per-
spective of study design. Based on the 10 evaluation 
criteria of the Drummond Checklist, 13 of the 15 cost-
effectiveness analyses were evaluated with perfect scores. 
The remaining two studies, Liu 2022 [50] and Shao 2022 
[53], received a score of 9 for not providing a calculation 
method of the cost discount rate over time.

Discussion
This review searched 15 articles published between 
the establishment of the database and June 2023 on the 
economic evaluation of ICB treatment for LSCC. The 
15 studies included in this study compared the cost-
effectiveness of ICB monotherapy vs. Chemo-based St
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monotherapy, ICB monotherapy VS Chemo-based com-
bination therapy, ICB-Chemo combination therapy VS 
Chemo-based combination therapy, ICB-Chemo combi-
nation therapy VS placebo-Chemo combination therapy, 
and ICB-based therapy VS ICB-based therapy in patients 
with LSCC. In the included full articles, more than 69% 
of the comparisons showed that ICB-based monotherapy 
or combination therapy was cost-effective or advanta-
geous compared to chemotherapy monotherapy or com-
bination therapy and placebo combination chemotherapy 
in patients with LSCC. At the same time, although 31% 
of studies concluded that ICB therapy was not cost-effec-
tive, these studies confirmed that ICB therapy resulted in 
higher costs and greater benefits (LYs and QALYs) com-
pared to the control group. The reason for determining 
that it is not cost-effective depends mainly on the willing-
ness-to-pay thresholds in specific countries (i.e., cost per 
QALY gained).

In the field of ICB monotherapy, current results show 
that nivolumab has the potential to offer significant cost 
benefits to patients compared to standard chemotherapy 
regimens. The likely reason is that nivolumab offers an 
unprecedented survival benefit compared to the poorly 
tolerated and moderately effective nature of current 
chemotherapy regimens. There were clinically and sta-
tistically significant improvements in OS observed by 
Checkmate 017 (HR 0.59; 95% ci 0.44–0.79; The observed 
1-year survival rate was 42% in the opdivomab group and 
24% in the docetaxel group [19]. In addition, Nivolumab 
was associated with a lower incidence of AE, and the 
study showed that fewer drug-related AE were reported 
in the Nivolumab group compared to the docetaxel group 
[19]. Significant efficacy and better prognosis, while 
increasing QALY and LY, reduce the cost of follow-up 
health maintenance and improve patients’ willingness to 
pay. For the reasons outlined above, although Gao2018’s 
assessment of nivolumab for patients with advanced or 
metastatic LSCC cannot be considered cost-effective 
based on the WTP/QALY thresholds commonly cited in 
Australia, given the unmet clinical needs of Australian 
patients, funding may be made available to the public 
through special arrangements to support clinical use of 
nivolumab [47].

Based on current evidence, pembrolizumab mono-
therapy is more cost-effective as first-line treatment in 
patients with LSCC than combination chemotherapy [46], 
and pembrolizumab + chemotherapy has been shown to 
be more cost-effective than Pembrolizumab alone [50]. 
Sensitivity analysis of model parameters showed that in 
addition to first-line pembrolizumab + chemotherapy vs. 
pembrolizumab quantitative measures such as hazard 
ratios and AE that reflect the efficacy and safety of can-
cer therapy, drug price also had a considerable impact on 
our cost-effectiveness results. Previous studies have also 

indicated that the factor most likely to reverse the results 
of cost-benefit analysis is the cost difference between two 
competing treatments [57, 58]. Deterministic sensitiv-
ity analysis (DSA) results from the Liu et al. [50] showed 
that for the LSCC patient population, pembrolizumab’s 
price per mg ranked first among all drugs in the DSA. 
However, the model still affirmed the cost-effectiveness 
of pembrolizumab + Chemo because of the inclusion of 
first-line treatment disruptions due to AE and decreased 
effectiveness due to AE in this analysis.

In addition to the imported immunotherapies men-
tioned above, the clinical trial data of domestic inhibitors 
in recent years are also expected. In terms of the clinical 
efficacy of LSCC, analysis of OS in patients with LSCC 
treated with toripalimab combination showed no signifi-
cant difference compared to placebo, but a median OS 
increase of 3.4 years was observed (21 vs. 17.6) [59]. The 
antitumor effect of sintilimab in combination with plati-
num plus gemcitabine for squamous NSCLC was evalu-
ated in ORIENT-12/NCT03629925. The results showed 
that the median PFS was 5.5 months in the cintizumab 
group and 4.9 months in the placebo group (P < 0.00001) 
[60]. GEMSTONE-302, a double-blind, randomized, 
phase 3 clinical trial results found sugemalimab versus 
placebo, in combination with platinum-based chemo-
therapy compared with the placebo group, progression-
free survival was significantly longer in the sugemalimab 
group (median 7.8 months [95% CI 6.9-9·0] vs. 4.9 
months [4.7-5.0]; stratified hazard ratio [HR] 0·50 [95% 
CI 0.39–0.64], p < 0.0001) [21]. Results from the Phase 
3 double-blind randomized controlled trial of camreli-
zumab plus chemotherapy (NCT03668496) showed a sig-
nificant extension of PFS in patients with LSCC (median, 
8.5 months vs. 4.9 months; P < 0.0001) [61].

At present, the cost-effectiveness studies of tori-
palimab, sugemalimab, and camrelizumab combined 
chemotherapy are still in a relatively preliminary stage, 
and the control group is placebo combined chemother-
apy. Among these, sintilimab in combination with che-
motherapy may be the most promising option based on 
current evidence. Compared with chemotherapy alone, 
the ICER of toripalimab plus chemotherapy was $32,237 
/QALY, which was lower than Chinese WTP threshold 
($37,654 /QALY). The health utility value of progres-
sion-free survival, the price of topalizumab and the cost 
of the best supportive treatment were significant fac-
tors influencing ICER [44]. Zhou 2023 mentioned in her 
study that previous studies based on imported inhibitors 
in China have not achieved satisfactory cost-effective-
ness. However, compared to imported drugs, Chinese 
ontologic developed inhibitors such as camrelizumab, 
sintilimab and toripalimab achieve greater accessibil-
ity and cost-effectiveness at a lower price while balanc-
ing efficacy [56]. The study included in this review by 
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Zhao et al. (2023) also confirmed the cost-effectiveness 
of camrelizumab in combination with chemotherapy 
in the treatment of patients with metastatic LSCC [55]. 
Similarly, although the amount of supporting evidence is 
limited, Chen 2022 [44] also showed that it is not pem-
brolizumab + chemotherapy that is more cost-effective 
for Chinese payers, but the locally developed regimen of 
sintilimab + chemotherapy [44]. The cost-benefit analysis 
depends heavily on the WTP threshold. While thresholds 
vary from country to country, reducing the cost of new 
drugs, for example through local research and develop-
ment, is the most fundamental way to increase patient 
benefits and promote new drugs.

Limitation
This systematic review incorporates most of the avail-
able literature and uses the Drummond checklist crite-
ria for quality assessment, but some potential limitations 
remain. First of all, the language of the included study 
was limited to English, and the results of the cost-benefit 
analysis were significantly affected by regions, which may 
lead to insufficient comprehensive review results. Second, 
the conference abstracts that appear more frequently in 
cancer studies are excluded, so some of the most recent 
analytical results may be missed. Therefore, the conclu-
sions given in this paper should be treated with caution. 
Third, the included economic assessment has heteroge-
neity in research design, such as model, viewpoint, tar-
get population and time range, which does not support 
quantitative synthesis of analysis results, and this study 
only makes a qualitative summary of evidence. Fourthly, 
our study primarily focused on LSCC and might not fully 
encapsulate the cost-effectiveness landscape for LUAD 
or the broader spectrum of NSCLC subtypes. Further 
research specifically targeting LUAD and other NSCLC 
subtypes is warranted to provide a more comprehen-
sive understanding of the cost-effectiveness of treatment 
options across the NSCLC spectrum. Finally, although 
9 of the included studies were from China, and certain 
conclusions were drawn based on the review analysis, the 
intervention methods used in the studies were still rela-
tively scattered, and no uniform answer could be reached 
on the best cost-effective choice of ICB for the treat-
ment of LSCC. However, it cannot be denied that the 
future prospect of cost-effectiveness research on locally 
developed ICB drugs is worth looking forward to. Future 
research should incorporate a broader array of studies 
from different regions.

Conclusion
This systematic review brings together as many phar-
macoeconomic studies on ICB treatment of LSCC as 
possible to date. After a qualitative review of 15 studies, 
we concluded that nivolumab is more cost-effective as a 

monotherapy than chemotherapy alone. In the combina-
tion regimen, pembrolizumab combined chemotherapy 
appears to be the most cost-effective option at present, 
but for Chinese payers with LSCC, locally developed 
treatments such as sintilimab or toripalimab in combina-
tion with chemotherapy are more cost-effective.
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