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Abstract

Introduction Penpulimab is a PD-1 monoclonal antibody recommended for treating squamous non-small cell lung cancer
(sqNSCLC) in combination with paclitaxel and carboplatin. This study aimed to assess the cost-effectiveness of penpulimab
combined with paclitaxel and carboplatin against paclitaxel plus carboplatin as first-line treatment for locally advanced or
metastatic sgNSCLC in China.

Methods A three-state partitioned survival model was constructed using the efficacy outcomes obtained by digitizing the
AK105-302 trial and was extrapolated to the lifetime horizon. Data on direct medical costs and utilities was gathered from
the literature and commercial databases from the perspective of the Chinese healthcare system. Outcomes included quality-
adjusted life years (QALYs), life years (LYs), and the incremental cost-effectiveness ratio (ICER). Sensitivity analysis and
scenario analysis were performed to test the model robustness.

Results The incremental efficacy of penpulimab plus paclitaxel and carboplatin was 0.821 QALYs and 1.176 LYs with
an incremental cost of $20,335 compared with paclitaxel plus carboplatin combination therapy. The ICER was $24,778
per QALY, falling below the threshold of three times the per capita gross domestic product of China, a commonly applied
benchmark. The results of the one-way sensitivity analysis demonstrated that the ICER values were primarily influenced by
the utility of progression-free state and cost of penpulimab. Probabilistic sensitivity analysis showed that penpulimab plus
paclitaxel and carboplatin was cost-effective for 98.3% of the cases. Scenario analysis yielded results similar to those of the
base—case analysis.

Conclusions Our analysis suggests that penpulimab plus paclitaxel and carboplatin combination therapy is cost-effective for
patients with locally advanced or metastatic sSqNSCLC in China.
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This study evaluates the cost-effectiveness of
penpulimab combined with paclitaxel and carboplatin
against paclitaxel plus carboplatin as first-line treatment
for locally advanced or metastatic sSNSCLC within the
Chinese healthcare system, utilizing results from the
AK105-302 trial and incorporating China-specific cost
data.

Findings indicate substantial benefits in QALYs,
especially for the positive PD-L1 subgroup patients, with
an ICER of $24,778 per QALY for the general cohort
and $20,527 per QALY for the positive PD-L1 subgroup
patients.

The results provide insights to clinicians and
policymakers in optimizing treatment decisions for
locally advanced or metastatic sNSCLC within Chinese
healthcare system.

or immunotherapy to prolong survival. [5] The Guidelines
of the Chinese Society of Clinical Oncology (CSCO)
Non-Small Cell Lung Cancer (2023 version) recommend
therapies for treating patients with locally advanced or
metastatic sgNSCLC using chemotherapy with or without
pembrolizumab, camrelizumab, sintilimab, tislelizumab,
sugemalimab, serplulimab, and penpulimab [6]. Although
several immunotherapies are available, chemotherapy has
been the mainstay treatment for advanced NSCLC [4]
according to a 2020 survey on the treatment pattern of
NSCLC in China [7].

Different from other immunotherapies, Penpulimab, a
novel programmed cell death protein 1 (PD-1) monoclonal
antibody that uses the immunoglobulin G1 subtype with
fragment crystallizable region modifications, is currently
marketed in China [8]. It eliminates antibody-dependent
cell-mediated cytotoxicity and complement-dependent
cytotoxicity, abrogates antibody-dependent cellular
phagocytosis, and reduces antibody-dependent cytokine
release effects [8]. Moreover, patients with high programmed
cell death-ligand 1 (PD-L1) expression are predicted to
benefit more from the treatment. Cancer cells that highly
express PD-L1 bind more efficiently to the PD-1 protein
on T cells, thereby inhibiting their antitumor activity [9].
The results of a pivotal trial (AK105-302) demonstrated
that patients with locally advanced or metastatic sNSCLC
receiving penpulimab plus paclitaxel and carboplatin
combination therapy had superior median progression-free
survival (PFS) compared with those treated with paclitaxel
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plus carboplatin (7.6 months versus 4.2 months). Among
patients with a positive PD-L1 expression, there was a 63%
reduction in the risk of disease progression or death [10].

In January 2023, the National Medical Products
Administration (NMPA) approved the use of penpulimab
plus paclitaxel and carboplatin combination therapy as
first-line treatment for patients with locally advanced or
metastatic sqQNSCLC. In the same year, the CSCO released
the Guidelines of CSCO Non-Small Cell Lung Cancer
(2023 version), which assigned a level I recommendation
to penpulimab plus paclitaxel and carboplatin combination
therapy as a first-line treatment [6]. However, the clinical
application of penpulimab is still in its early stages, and
further comprehensive evaluations of its efficacy, safety, and
economic burden are needed [8].

Considering the growing use of immunotherapy within
Chinese healthcare system and the limited healthcare
resources [11], the high treatment cost of immunotherapy
may impact the adequate distribution of healthcare resources.
Therefore, the assessment of the efficacy and the economic
burden of newly approved immunotherapies for advanced
sqNSCLC treatment is crucial. To the best of our knowledge,
the penpulimab plus paclitaxel and carboplatin combination
therapy in China has not been evaluated yet. The absence of
cost-effectiveness analysis from the Chinese perspective has
partially impeded the utilization of penpulimab [12]. Hence,
this study was conducted to evaluate the cost-effectiveness
of penpulimab plus paclitaxel and carboplatin combination
therapy as first-line treatment for locally advanced or
metastatic SQNSCLC from the perspective of the Chinese
healthcare system.

2 Methods
2.1 Model Structure

We used the partitioned survival model (PSM) to simulate
the health status of patients with locally advanced or
metastatic sSQNSCLC at different timepoints, including,
PFS progressive disease (PD), and death. Since paclitaxel
plus carboplatin is the most frequently utilized treatment
for first-line therapy of sqNSCLC, it was used as a
comparator [13]. Therefore, the following two compared
regimens were compared: (1) penpulimab plus paclitaxel
and carboplatin combination therapy (penpulimab strategy)
and (2) paclitaxel plus carboplatin combination therapy
(chemotherapy strategy). In each cycle, the population in
each health state was represented by the area under the curve
(AUC) of non-mutually exclusive populations drawn from
the PFS and overall survival (OS) curves. At the onset of
the simulation, all patients were in the PFS state. They had



Cost-effectiveness of Penpulimab for sqNSCLC

285

three options at the end of each therapy cycle: remaining in
the PFS state, deteriorate to the progressive disease state,
or die. Patients could stay in the progressive disease state
or enter the death state. However, they could not return to
the PFS state.

The cycle length followed the approved treatment
schedule for penpulimab, which is 21 days, and the time
horizon was the lifetime. The time horizon spanned the
entire lifetime to ensure that the number of survivors was less
than 1% from the OS curve of the chemotherapy strategy,
which was 8 years. The costs and effectiveness in this study
were modified by applying a 5% annual discount rate in
accordance with the Guidelines for Pharmacoeconomic
Evaluation in China [14]. This study utilized Microsoft
Excel 2019 software to construct the PSM and perform a
cost-effectiveness analysis.

2.2 Patient Cohort

The target population included adults with locally advanced
(stage IIIb or IIlc) or metastatic (stage IV) sqNSCLC who
had not previously received systemic therapy. The patients
in our study were derived according to eligibility criteria
from the AK105-302 trial. The patients were assumed to
have a negative subtype of epidermal growth factor receptor
(EGFR)-sensitive mutations or anaplastic lymphoma kinase
translocation. They received 200 mg of penpulimab [15]
plus 175 mg/m? of paclitaxel [16] and 625 mg of carboplatin
(target AUC: 5) [17] in the penpulimab strategy, and 175
mg/m? of paclitaxel and 625 mg of carboplatin in the
chemotherapy strategy. The regimens were assumed to be
continued until disease progression, death, or the completion
of 24 months of treatment.

In the PD state, patients were assumed to receive 75 mg/
m? of docetaxel as second-line treatment in both groups on
the basis of clinical guidelines [18] and published literature
[19,20].

2.3 Model Probabilities

OS and PFS curves were obtained by digitizing the results
of the AK105-302 trial using WebPlotDigitizer software
version 4.8. Following the approach outlined by Guyot
et al. [21] individual patient data were reconstructed from
Kaplan—Meier (KM) survival curves using the R software
(version 4.1.3). The reconstructed KM curves were visually
inspected and compared with those reported in the literature
to assess the reliability of median OS and median PFS. To
determine the long-term effectiveness over a lifetime, the
parametric method was applied to calculate the survival
function.

Whether the parametric distributions should be fitted
dependently or independently of the OS and PFS curves

was assessed using the proportional hazard (PH) assumption
[22]. The KM curves of both OS and PFS violated the PH
assumption in graphical analysis using log-cumulative
hazard plots and goodness-of-fit tests [23,24]. Therefore,
the best-fitting distribution for each KM curve was selected
independently.

To infer the long-term OS and PFS curves after the
follow-up period, various standard parametric distributions,
such as exponential, Weibull, gamma, Gompertz, log-
logistic, log-normal, and generalized gamma, were fitted to
the reconstructed KM curves. Some literature insists that
these models frequently lack the necessary flexibility to
accurately capture the long-term outcomes expected with
immune checkpoint inhibitors (ICIs) [25,26]. Therefore, we
included a 2-knot restricted cubic spline on the table. The
restricted cubic spline model allows further representation
of the complexity underlying hazards in a unique time-
course of the treatment response [27]. They enable hazard
and survival functions with complex shapes to be accurately
modeled [28]. Spline models with 2-knots on the PH, the
proportional odds (PO), and the probit were adapted using
the automatic knot placement. [29] The best-fit distribution
was selected by assessing the Akaike information criterion,
Bayesian information criterion, and visual examination
(Supplementary Table S1).

The OS curve for the penpulimab strategy was simulated
using log-logistic and gamma distributions for the OS of the
chemotherapy strategy. The PFS curves of the penpulimab
strategy employed a 2-knot spline distribution, and a 2-knot
spline PO distribution was used for the PFS curve of the
chemotherapy strategy (Fig. 1). For the PFS of the posi-
tive PD-L1 subgroup, the penpulimab strategy employed a
2-knot spline distribution, and a 2-knot spline PH distribu-
tion was used for the chemotherapy strategy.

2.4 Cost

From the perspective of the Chinese healthcare system,
our analysis included direct medical costs related to the
treatment and care of locally advanced or metastatic
sqNSCLC patients in China. These included drug costs,
follow-up costs, drug administration costs, subsequent
treatment costs (after disease progression), adverse events
(AEs) costs, and end-of-life care costs. All costs were
converted from Chinese yuan (CNY) to US dollars (USD)
using the 2023 exchange rate (1 USD = 7.0467 CNY) [30].

Drug costs were determined according to the approved
dosing regimens. Since penpulimab was not listed on the
current National Reimbursement Drug List (NRDL), the
cost of penpulimab was determined using the mean local
bid-winning price [31]. The prices of all other drugs used the
mean price from the national centralized drug procurement
[32]. The glomerular filtration rate (GFR) of 100 mL/min,

A\ Adis



286

M. Han et al.

1.00 4

0.75 1

Survival Probability
g

0.25

0.00

50 75 100

Time (months)

=== OS for chemotherapy (Gamma)

= OS for chemotherapy (Kaplan-Meier) === OS for penpulimab (Kaplan-Meier)

=== (OS for penpulimab (Log-logistic)

PFS for chemotherapy (2-knot PO) PFS for penpulimab (2-knot probit)

PFS for chemotherapy (Kaplan-Meier) PFS for penpulimab (Kaplan-Meier)

Fig. 1 PES Curve and OS Curve Fitting and Extrapolation in the Penpulimab Strategy and Chemotherapy Strategy. PFS progression-free sur-

vival, PO proportional odds, OS overall survival

which is the median value of the normal range of 80—120
mL/min, and a body surface area of 1.72 m? were considered
to calculate the costs of paclitaxel and carboplatin. These
assumptions were based on the average height of 164 cm and
weight of 65 kg in the Chinese population [33-35].
Follow-up costs included regular enhanced computed
tomography and laboratory tests (vital signs, 12-lead
electrocardiogram, routine blood tests, urine tests,
biochemistry tests, and thyroid function tests). Drug
administration costs included consultation fees, intravenous
infusion fees, bedding fees and nursing fees. The follow-up
and drug administration costs used the mean value of each
item in the healthcare price lists across 15 provinces [36-50].
Subsequent treatment costs following disease progression
included docetaxel and related drug administration costs.
Regarding AE costs, this study involved grade 3 to higher
AEs with an incidence rate exceeding 3% from the AK105-
302 trial. These AEs includes neutrophil count decreased,
white blood cell decreased, hypertriglyceridemia, alanine
aminotransferase increased and platelet count decreased.
The cost of AEs was determined by multiplying the cost of
AEs per cycle by their incidence. On the basis of clinical
practice, white blood cell decreased and neutrophil count
decreased are considered moderate AEs and typically do not
require additional treatment [51]. Hence, the costs of AEs
costs were not included in the overall cost. Management
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strategies for other AEs were based on the AK105-302 trial
or guidelines [10,52,53]. AE-related drugs, diagnosis fees,
follow-up fees, and administration fees were obtained from
national centralized drug procurement [32]. The cost of end-
of-life care was obtained from a previous study conducted in
the Chinese cancer population [54]. The detailed costs are
listed in Table 1.

2.5 Health Utility

Health utility values were derived from the study conducted
by Nafees et al. [55] in the Chinese population. The utility
values for the PFS are 0.804, and the utility value for the PD
states are 0.321.

2.6 Cost-Effectiveness Analysis

Outcomes included life years (LYs), quality-adjusted life
years (QALYs), and the incremental cost-effectiveness
ratio (ICER). ICER is the ratio of the incremental cost to
the incremental effectiveness of treatment [56]. According
to the willingness-to-pay (WTP) outlined in the Guidelines
for Pharmacoeconomic Evaluation in China [14], we used
three times per capita gross domestic product (GDP) of
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Table 1 Key Model Parameters

Model inputs Expected value(range) Distribution Source
Survival model for penpulimab strategy
Log-logistic model for OS Scale = 32.012, shape = 1.458 Log-logistic [10]
2-knot probit model for PFS gamma( = —2.245, gammal = 0.836, Log-normal [10]
gamma?2 = —0.461, gamma3 = 0.575
Survival model for chemotherapy strategy
Gamma model for OS Rate = 0.062, shape = 1.523 Gamma [10]
2-knot PO model for PFS gamma(0 = —4.202, gammal = 1.010, Log-logistic [10]
gamma?2 = —19.023, gamma3 = 19.318
Quality of life
Utility of PFS 0.804 (0.643-0.965) Beta [55]
Utility of progressed disease 0.321 (0.257-0.385) Beta [55]
Drug costs $/cycle
Penpulimab 1226.02 (1013.24-1383.63) Gamma [31]
Paclitaxel 490.98 (392.89-589.10) Gamma [32]
Carboplatin 63.75(50.99-76.46) Gamma [32]
Subsequent treatment cost 64.17 (32.74-96.00) Gamma [32]
Follow-up costs, $/event
Enhanced computed tomography 118.86 (57.47-289.50) Gamma Healthcare price list?
Vital signs 0.78 (0.14-1.42) Gamma
12-lead electrocardiography 347 (1.42-5.11) Gamma
Blood chemistry 27.37 (16.75-48.11) Gamma
Thyroid function 14.52 (7.38-26.25) Gamma
Urinalysis 1.00 (0.43-2.55) Gamma
Hematology 2.55 (1.06-3.83) Gamma
Coagulation parameters 4.44 (1.06-6.39) Gamma
Drug administration costs, $/event
Diagnosis 1.93 (0.57-7.10) Gamma Healthcare price list*
IV injection 0.85 (0.64-1.14) Gamma
Nursing 2.16 (0.85-4.26) Gamma
Bedding 4.93 (1.42-8.52) Gamma
Adverse events costs, $/event
Hypertriglyceridaemia 15.16 (7.94-24.14) Gamma [32]
Platelet count decreased aminotransferase 681.20 (621.13-763.91) Gamma
Alanine aminotransferase increased 400.91 (168.63-634.55) Gamma
End-of-life care cost 2085.00 (2019.00-2522.00) Gamma [54]
Discount rate 0.05 (0.00-0.08) Beta (1146011

PF'S progression-free survival, OS overall survival, PO proportional odds, IV intravenous

*Healthcare price list: from the list of medical service price items of 15 provinces (average value). The 15 provinces are Zhejiang, Beijing,

Shaanxi, Shanghai, Tianjin, Sichuan, Shandong, Jiangsu, Guangdong, Hunan, Hubei, Anhui, Henan, Hebei, and Jilin

China in 2023 ($38,071 per QALY) as the WTP threshold

[57].

2.7 Subgroup Analysis

We conducted a subgroup analysis on patients with positive
PD-L1 expression (PD-L1 tumor proportion score > 1%).

The PFS curves of the subgroups from a pivotal trial were
reconstructed and their long-term efficacy was extrapolated.
Since no published KM curve of OS for the patients with
positive PD-L1 existed, the OS was presumed to be equiva-

lent to the base—case population.
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Table 2 Results of Base—Case Analysis

Cost QALYs LYs ICER

Base—case
$27,189 1.752
0.932

3.089 $24,778/QALY
1.913

Penpulimab strategy

Chemotherapy strategy $6855
Positive PD-L1 subgroup
$27,654 1.892
0.875

3.089 $20,527/QALY
1.913

Penpulimab strategy
Chemotherapy strategy $6772

LYs life-years, ICER incremental cost-effectiveness ratio, QALYs
quality-adjusted life-years, PD-LI programmed cell death ligand 1

2.8 Sensitivity Analysis

We performed sensitivity analyses to examine model
uncertainty. In the one-way sensitivity analysis, data
from the original research report served as the foundation
for determining the range of parameter variations in the
analysis. All parameters were sequentially modified to their
original data sources or predefined lower and upper values to
identify those parameters significantly influencing the model
outputs. An assumption of plus or minus 20% was made
for the time horizon parameter [58]. The annual discount
rates vary from O to 8% [14]. One-way sensitivity analysis
results are depicted using tornado diagrams, with parameters
ranked according to their decreasing influence on evaluation
outcomes.

In the probabilistic sensitivity analysis (PSA), a Monte
Carlo simulation with 1000 iterations was conducted,
where each simulation involved random sampling of all
parameter distributions. The utility parameters have a beta
distribution whereas the cost parameters have a gamma
distribution [59]. A cost-effectiveness acceptability curve
(CEAC) was constructed to illustrate the probability of the
intervention being considered cost-effective across varying
WTP thresholds.

Additionally, we conducted scenario analyses using
a 2-knot PO model to evaluate the impact of alternative
distributions on the ICER. When fitting distributions to
PFS curves, both the 2-knot probit and 2-knot PO models
were found to be ranked first (Supplementary Fig. S1). On
the basis of visual inspection, the 2-knot PO model was
considered a reasonable alternative to the 2-knot probit
model in the PFS curves for the penpulimab strategy.
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3 Results
3.1 Base-Case Analysis

Table 2 presents the base—case results of the PSM. During
the simulated timeframe, patients in the penpulimab strategy
gained an additional 0.821 QALYs (1.752 versus 0.932)
and 1.176 LYs (3.089 versus 1.913) compared with those
in the chemotherapy strategy. The incremental cost was
$20,335 ($27,189 versus $6855), yielding an ICER value of
$24,778 per QALY. These findings indicate that the ICER
was below the willingness-to-pay threshold, highlighting
that first-line treatment with the penpulimab plus paclitaxel
and carboplatin combination therapy for the patients with in
locally advanced or metastatic sqNSCLC is cost-effective.

3.2 Subgroup Analysis

In the positive PD-L1 subgroup analysis, patients in the
penpulimab strategy gained an additional 1.017 QALY
(1.892 versus 0.875) and 1.176 LYs (3.089 versus
1.913) compared with the chemotherapy strategy. The
incremental cost was $20,882 ($27,654 versus $6772).
Therefore, penpulimab plus paclitaxel and carboplatin
combination therapy in the positive PD-L1 subgroup
remained cost-effective compared with paclitaxel and
carboplatin combination therapy and showed even lower
ICER, with a value of $20,527 per QALY (Table 2).

3.3 Sensitivity Analysis

In the one-way sensitivity analysis (Fig. 2), the most influ-
ential factors for the base—case analysis were found to be
the utility values of the PFS state, cost of penpulimab, and
time horizon.

The PSA results (refer to Fig. 3) indicated that the
probability of cost-effectiveness for the penpulimab plus
paclitaxel and carboplatin combination therapy was 98.3%
at a WTP threshold of three times the per capita GDP.
Furthermore, the CEAC presented in Fig. 4 illustrates the
cost-effectiveness of the penpulimab strategy as the first-
line treatment of locally advanced or metastatic sqNSCLC
increased as the WTP value increased. At a WTP value of
$24,746 per QALY, the penpulimab strategy and chemo-
therapy strategy have an equal probability of being cost-
effective. The probability of penpulimab strategy being
cost-effective approaches 100% when the WTP is $45,685
per QALY.

In the scenario analysis, applying 2-knot spline PO
model fit to the PFS curve of the penpulimab strategy
resulted in a lower ICER ($24,778 per QALY versus
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Costof penpulimab s20,770 | 527,747
Time horizon $22,154 — $27,306
Discount rate 522,047 [ Y 26414
Follow-up costs $24,308 [ 525,829
Utility of progressed disease $24,288 - $25,288
Drug administration costs $24,643 - $25,090
Subsequent treatment cost $24,606 - $24,952
Body surface area $24,707 ' $24,850
End-of-life care cost $24,690 I $24,791
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ICER ($/QALY)

mmin.ICER = max.ICER

Fig.2 One-way sensitivity analysis of cost-effectiveness comparison of penpulimab strategy and chemotherapy strategy. /CER incremental cost-
effectiveness ratio, PFS progression-free survival, AEs adverse events, GFR glomerular filtration rate

Fig.3 ICER Scatterplot. QALY's
quality-adjusted life-years, WTP
willingness-to-pay, /CER incre-
mental cost-effectiveness ratio,
GDP gross domestic product
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$24,423 per QALY) compared with the base—case analysis.  Taple3 Results of Scenario Analysis
Table 3 presents the results of the scenario analysis.
Cost LYs QALYs ICER
Penpulimab strategy $27,165 3.089 1.763 $24,423/QALY

4 Discussion Chemotherapy strategy $6855  1.913 0.932

The utilization of immune checkpoint inhibitors has
significantly improved the outcomes of patients with
advanced NSCLC who do not harbor gene mutations [61,62].
The Food and Drug Administration and the NMPA of China
have approved several PD-1/PD-L1 inhibitors for first- or
second-line immunotherapy in the treatment of advanced
NSCLC [63,64]. Given the vital importance of controlling
drug spending for healthcare system sustainability, cost-
effectiveness evaluations become particularly crucial for
immunotherapeutic agents in high-incidence malignancies
such as lung cancer [65]. Our study revealed that, from the
perspective of the Chinese healthcare system, penpulimab
plus paclitaxel and carboplatin combination therapy resulted
in an 0.821 incremental QALY and $20,335 incremental
costs, leading to an ICER of $24,778 per QALY compared
with paclitaxel and carboplatin combination therapy. With a
threshold of three times the per capita GDP, penpulimab plus
paclitaxel and carboplatin combination therapy was found
to be cost-effective.

Studies have shown variability in the cost-effectiveness of
immunotherapies across different healthcare systems. Sev-
eral studies have revealed that some approved immunothera-
pies are cost-effective in the European healthcare system
[66]. Conversely, analyses within the Chinese healthcare
system have indicated that some of these treatments may
not be cost-effective, highlighting the influence of regional
economic factors and healthcare policies on the value
assessment of these therapies [67—69]. As immunotherapies
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LYs life-years, QALYs quality-adjusted life-years, ICER incremental
cost-effectiveness ratio

contribute significant improvement in QALY'S, further stud-
ies identifying factors contributing to the discrepancy in the
cost-effectiveness should be conducted.

In addition, evaluating the cost-effectiveness of
cancer drugs is imperative to address the rising medical
expenditures and retain budget affordability. Owing to the
substantial economic burden imposed by cancer treatment,
China spent more than $30 billion on medical expenditures in
2015 [70]. The amount is anticipated to rise to $40.4 billion
by 2025 [71]. This study assessed the cost-effectiveness of
penpulimab plus paclitaxel and carboplatin combination
therapy as a first-line treatment for locally advanced or
metastatic sqNSCLC. Our study is based on clinical trial
data entirely derived from the Chinese population, thereby
providing high-level evidence of economic evaluation fit for
Chinese clinical and healthcare practice.

Our findings indicated that penpulimab plus paclitaxel
and carboplatin combination therapy showed better long-
term clinical efficacy compared with paclitaxel and carbo-
platin combination therapy. Compared with other first-line
immunotherapies recommended by clinical Chinese guide-
lines for the treatment of sqNSCLC, such as sugemalimab
(median PFS of 4.1 months) [72] and sintilimab (median
PFS of 5.5 months) [73], penpulimab had longer median
PES of 7.6 months. In estimating long-term clinical efficacy,
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most cost-effectiveness analyses for sgNSCLC had been
using only standard parameter distributions [67,69,74-77].
However, studies have shown that flexible parametric dis-
tributions of the PO and probit models generally predict
10-year survival rates more accurately than standard param-
eter distributions [22,78]. Therefore, we employed a more
flexible parametric distribution, which is a restricted cubic
spline to enhance the accuracy of capturing nuances in sur-
vival curve dynamics, thereby achieving better fitting long-
term clinical efficacy outcomes. By visual inspection and
comparison of the long-term extrapolated survival curves,
it was found that the PFS extrapolation effect of penpulimab
was also better than that of sugemalimab and sintilimab.

For patients with positive PD-L1 taking up to 51.8% of
the entire sqNSCLC in China, we conducted a subgroup
analysis focusing on patients with positive PD-L1 [79]. In
treatment decision-making, the integration of PD-L1 levels
is essential. Studies have indicated that the cost-effectiveness
of medications could differ on the basis of PD-L1 expression
levels [80]. Two economic evaluations conducted on
Chinese patients with positive PD-L1 expression indicated
that pembrolizumab and atezolizumab might not be cost-
effective choices as first-line treatment for patients with
positive PD-L1 expression in China [81,82]. Our study
showed that penpulimab is cost-effective in patients with
PD-L1 > 1% as well as the base—case population, suggesting
its potential as a novel therapeutic alternative for patients
with positive PD-L1 expression.

In the one-way sensitivity analysis, the tornado
diagrams emphasized the critical factors affecting the
model outcomes, with a specific focus on the utility
values of PFS state and the cost of penpulimab. In the
cost-effectiveness studies of pembrolizumab, tislelizamab,
and sugemalimab, the utility value of PFS was also
identified as parameters exerting a significant influence
on the ICER [68,69,74]. Our study selected the utility
value observed in a Chinese population with NSCLC,
which has been cited in multiple publications [67,75-77].
Although our one-way sensitivity analysis results show
that the utility value of PFS has a significant impact on
ICER, the confidence interval was consistently lower than
WTP. The cost of penpulimab was another contributing
factor. We observed in other literature that drug cost is
commonly a most sensitive factor influencing the ICER
in other literatures [67,83]. In recent years, the Chinese
government has integrated several anticancer medications
into the NRDL, resulting in price reductions ranging from
30 to 70% [67]. Conversely, penpulimab is not included
in the NRDL, necessitating that patients bear the entire
treatment cost, which could lead to a substantial medical
burden. Given the cost-effectiveness of the penpulimab
strategy demonstrated in this study, we suggest an active
movement toward the listing of penpulimab in the NRDL.

In addition, to enhance the affordability of medication
for patients in need and to compensate for the cost of
research and development, the Chinese government should
consider value-based pricing policies such as risk-sharing
agreements [84].

This study had some limitations. First, at the time of
data cutoff in the AK105-302 trial, the OS curves for
penpulimab plus paclitaxel and carboplatin combination
therapy were not mature (the median OS was not
achieved). In addition, a lack of survival data existed for
patients in the positive PD-L1 subgroup. Thus, the OS was
assumed to be consistent with the base—case population.
Updating OS through long-term follow-up may strengthen
this evidence in future studies. Second, for second-line
treatment after disease progression, docetaxel was
considered for both groups. While there may be several
other second-line treatment options to take in practice,
docetaxel monotherapy has been recommended for
second-line therapy to patients who had immunotherapy
or chemotherapy in the prior line of therapy according to
clinical guideline [18]. Future studies incorporating real-
world data should be conducted to better capture actual
clinical practices. Third, this study exclusively focused
on the Chinese data. The efficacy was drawn from a
clinical trial involving Chinese participants, while the
cost relies on Chinese data. The generalizability to other
countries may be constrained, but we believe this study
constitutes crucial evidence for decision-making in China.
Moreover, the results may offer insights for researchers
in various global settings. Despite these limitations, the
cost-effectiveness analysis provides valuable information
for future treatment and healthcare decisions.

5 Conclusions

For patients with locally advanced or metastatic sSgNSCLC
and those in the positive PD-L1 subgroup, ICERs were
below three times the per capita GDP of China. Penpulimab
plus paclitaxel and carboplatin combination therapy is
anticipated to improve the life expectancy and quality of life
of patients. From the perspective of the Chinese healthcare
system, penpulimab plus paclitaxel and carboplatin
combination therapy can be deemed a cost-effective choice
compared with paclitaxel and carboplatin in patients with
locally advanced or metastatic sNSCLC. Our research
underscores the need for policymakers in China to formulate
pricing strategies that align drug prices with their intrinsic
value. Additionally, we fill a gap in the current literature by
providing new evidence for lung cancer treatment.
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