Risk Management and Healthcare Policy Dove

ORIGINAL RESEARCH

Cost-Effectiveness Analysis of Tislelizumab Plus
Chemotherapy as First-Line Treatment for
Advanced or Metastatic Esophageal Squamous
Cell Carcinoma in China

Chongchong Zhou">*, Jingxuan Wei'*, Kai Xu', Yingtao Lin®>*, Lingli Zhang', Xin Li®"*>

'Department of Pharmaceutical Regulatory Science and Pharmacoeconomics, School of Pharmacy, Nanjing Medical University, Nanjing, People’s
Republic of China; 2Department of Research Management, Nanjing Stomatological Hospital, Affiliated Hospital of Medical School, Nanjing University,
Nanjing, People’s Republic of China; 3Department of Drug Clinical Trial Institution, Fujian Medical University Cancer Hospital, Fujian Cancer Hospital,
Fuzhou, People’s Republic of China; “Center for Global Health, School of Public Health, Nanjing Medical University, Nanjing, People’s Republic of
China; *Department of Health Policy, School of Health Policy and Management, Nanjing Medical University, Nanjing, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Xin Li; Lingli Zhang, School of Pharmacy, Nanjing Medical University, No. 10| Longmian Avenue, Jiangning District, Nanjing, Jiangsu,
211166, People’s Republic of China, Email xinli@njmu.edu.cn; zhanglingli@njmu.edu.cn

Background: Tislelizumab plus chemotherapy improved overall survival compared to chemotherapy alone, while maintaining an
acceptable level of safety. But it’s still unclear which strategy is the most cost-effective. The objective of the study was to compare the
cost-effectiveness of tislelizumab plus chemotherapy as first-line therapy for patients with advanced or metastatic esophageal
squamous cell carcinoma (ESCC) versus chemotherapy alone.

Methods: A partitioned survival model with three states was constructed based on the RATIONALE-306 trial. The model’s time
horizon was ten years, and its cycle was three weeks. Only direct medical costs were considered from the healthcare perspective in
China. Calculations were performed on total costs, quality-adjusted life years (QALYs), and incremental cost-effectiveness ratios
(ICERs). One-way sensitivity and probabilistic sensitivity analysis (PSA) were performed to determine the uncertainty regarding
model parameters.

Results: Tislelizumab plus chemotherapy provided 1.35 QALYs for $26,450.77, while chemotherapy alone provided 0.89 QALY for
$16,687.15. Compared to chemotherapy alone, tislelizumab had an ICER of $21,062.09/QALY. At the threshold of three times the
Chinese GDP per capita ($38,253/QALY), the PSA indicated that tislelizumab had a 96.4% likelihood of being designated cost-
effective. At the threshold of 1.5 times the Chinese GDP per capita ($19,126.5/QALY), the PSA indicated that tislelizumab had
a probability of 48.7% of being designated cost-effective.

Conclusion: Tislelizumab plus chemotherapy as the first treatment for patients with advanced or metastatic ESCC may be a cost-
effective option compared to chemotherapy alone at 3 times Chinese GDP per capita.

Keywords: esophageal squamous cell carcinoma, cost-effectiveness, partitioned survival model, tislelizumab

Introduction

Esophageal cancer (EC) is a malignancy originating from esophageal epithelial cells, recognized for its high incidence,
substantial mortality, and regional predilection. Globally, its incidence is ranked seventh amongst malignant tumors, with
mortality standing at sixth." On a histological level, EC can be subdivided into esophageal adenocarcinoma (EAC) and
esophageal squamous cell carcinoma (ESCC), with the latter making up around 90% of all EC cases.” China, in
particular, is an ESCC high-risk region;® data from 2020 reported 324,000 new ESCC cases, with both incidence and
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mortality rates surpassing the Asian and global averages.* Often, ESCC presents insidiously, with more than half of the
patients diagnosed in the mid to late stages of the disease, resulting in a poor prognosis.

The disease and economic burdens imposed by ESCC are predicted to escalate significantly. Projections indicate that
by 2023, the incidence of ESCC in China will rise from 0.061% to 0.065%, with direct medical costs escalating from
$33.4 billion to $76.4 billion, reflecting a substantial increase of 128.7%.> EC treatment primarily hinges on the stage of
the disease, with the Programmed Cell Death Receptor 1 (PD-1) and Programmed Cell Death Ligand 1 (PD-L1)
inhibitors playing a crucial role in managing advanced ESCC. The use of these treatments in conjunction with
chemotherapy is now considered to be conventional therapeutic practice.® '

Tislelizumab, a novel humanized anti PD-1 monoclonal antibody, was created separately in China. Notably, it is
among the first domestic PD-1 monoclonal antibodies to undergo overseas clinical trials.''"* Tislelizumab possesses
a unique binding epitope, setting it apart from other PD-1 monoclonal antibodies. Although initially costly, its price
reduced by over 70% after being officially added to China’s medical insurance catalogue in March 2021. According to
the RATIONALE-306 clinical trial, Tislelizumab combined with chemotherapy displayed promising efficacy and safety
in treating ESCC. The trial reported a median overall survival (OS) of 17.2 months and progression-free survival (PFS)
of 7.3 months for patients with unresectable, locally advanced, recurrent or metastatic ESCC." In May 2023, the
tislelizumab plus chemotherapy was authorized by the National Drug Administration (NMPA) as a first-line treatment for
ESCC,'” based on the results of the RATIONALE-306 study. According to recent cost-effectiveness analyses, treating
advanced or metastatic ESCC with immunotherapeutic agents may not always be cost-effective when adding
immunotherapy.'® 2! With its superior efficacy and improved accessibility, this therapeutic approach promises to deliver
dual benefits, both clinical and economic, to a broader patient population. In March 2021, tislelizumab was officially
added to China’s National Health Insurance Drug List. Several rounds of negotiations have resulted in the Tislelizumab ‘s
price being comparatively low for its class, increasing the likelihood that it will be cost-effective. Therefore, we hypothe-
size that tislelizumab+chemotherapy is cost-effective compared to chemotherapy alone. As a first-line treatment option
for advanced or metastatic ESCC, tislelizumab in combination with chemotherapy will be assessed in this study to
determine its cost-effectiveness and provide useful insights for clinical practice and policy formation from a healthcare
system perspective in China.

Methods

Model Structure

To evaluate the cost-effectiveness of tislelizumab combined with chemotherapy as the primary treatment for advanced or
metastatic ESCC, we used a partitioned survival model (PSM) built in Microsoft Excel. As illustrated in Figure 1, the
PSM encompassed three distinct health states: PFES, progressed disease (PD), and death. It was initially postulated that
patients started in the PFS state, but they could either progress to PD, die, or remain in the PFS state.”* Transition
probabilities for PFS and OS in both the tislelizumab-chemotherapy group and the placebo-chemotherapy group were
sourced from the RATIONALE-306 clinical trial. These probabilities were extrapolated beyond the model’s time horizon
using conventional statistical techniques as detailed by Guyot.”® To ascertain the percentage of individuals in the PD
state, we employed the difference between the OS and PFS Kaplan-Meier curves. The PFS and OS curves were digitized

Tislelizumab plus chemotherapy
Advanced or @
metastatic esophageal
squamous cell carcinoma Partitioned PFS

=|_:| survival model

®
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Figure | The model structure of the partitioned survival model.
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using GetData Graph Digitizer (version 2.26) and fitted to the model using parametric survival functions: exponential,
gamma, Weibull, log-logistic, and log-normal via the R programming language. The Akaike information criterion (AIC)
and the Bayesian information criterion (BIC) were utilized to determine the survival functions with the best fit. (For
detailed model selection methods, refer to eTable 1).

Data on patients who underwent subsequent therapy post-disease progression was sourced from the RATIONALE-306
trial. As the specific types of subsequent therapies administered in China were not recorded, we assumed that all patients
received second-line chemotherapy with paclitaxel and cisplatin, mirroring the proportion reported in the RATIONALE-306
trial. The average patient was assumed to have a body surface area of 1.72 m” and a weight of 65 kg. Essential clinical inputs
can be found in Table 1. The model adopted a three-week cycle length and a ten-year time horizon.

Table 1 Key Model Inputs

Variable Base Min Max Distribution Source

PFS survival model
Log-logistic-Tislelizumab+ chemotherapy 1=8.07, y=1.78
Lognormal-Chemotherapy alone Meanlog=4.53, sdlog=3.20

OS survival model

Log-logistic-Tislelizumab+ chemotherapy A=17.59, y=1.64
Log-logistic-Chemotherapy alone A=11.75, y=1.67
Cost input, $/per cycle
Tislelizumab (200mg) 409.92 327.93 409.92 Gamma Local charge
Paclitaxel(30mg) 23.96 19.17 23.96 Gamma Local charge
Cisplatin(30mg) 2.84 2.28 2.84 Gamma Local charge
Routine follow-up cost per cycle 27.42 21.93 32.90 Gamma Local charge
Administration per cycle 435.21 348.17 522.26 Gamma Local charge
Laboratory tests and radiological examinations/per cycle-pfs 84.76 67.81 101.71 Gamma Local charge
Laboratory tests and radiological examinations/per cycle-pd 10.06 8.05 12.07
Hospitalization and daily care 89.27 71.42 107.13 Gamma Local charge
Anemia’s treatment- 371.98 297.58 446.37 Gamma Local charge
Decreased neutrophil count ‘s treatment 462.19 369.75 554.62 Gamma Local charge
Decreased white blood cell count ‘s treatment 462.19 369.75 554.62 Gamma Local charge
Body surface area (meters2) 1.72 1.38 2.06 Normal [24]
Discount rate 0.05 0.00 0.08 Fixed [24]
Utility input
Utility of PFS 0.74 0.59 0.89 Beta [25]
Utility of PD 0.58 0.46 0.70 Beta [25]
Disutility due to AEs
Anaemia 0.07 0.06 0.08 Beta [26]
Decreased neutrophil count 0.20 0.16 0.24 Beta [26]
Decreased white blood cell count 0.20 0.16 0.24 Beta [26]
Risk for main AEs in tislelizumab plus chemotherapy group
Anaemia 0.15 0.12 0.18 Beta [14]
Decreased neutrophil count 0.31 0.248 0.372 Beta [14]
Decreased white blood cell count 0.11 0.088 0.132 Beta [14]
Risk for main AEs in chemotherapy alone group
Anaemia 0.13 0.104 0.156 Beta [14]
Decreased neutrophil count 0.33 0.264 0.396 Beta [14]
Decreased white blood cell count 0.16 0.128 0.192 Beta [14]

Abbreviations: OS, overall survival; PD, progressed disease; PFS, progression-free survival; AE, adverse event.
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The primary outcome measure was the incremental cost-effectiveness ratio (ICER). Costs, initially recorded in
Chinese Yuan (CNY), were converted to United States dollars (USD) using the 2022 average exchange rate: 1 USD =
6.72 CNY. The willingness-to-pay (WTP) threshold was established at 3 times 2022 Chinese GDP per capita to appraise
the probability of cost-effectiveness.

Clinical Data Inputs

The clinical data inputs for our model are aligned with those of the RATIONALE-306 clinical trial. This trial was
designed to evaluate the clinical efficacy and safety of a specified intervention. Executed using a randomized, double-
blind, parallel-arm, placebo-controlled approach, the study had a global reach with patient recruitment spanning 162
medical facilities across Asia, Europe, North America, and Oceania. Eligible participants were individuals aged 18 or
older, possessing an ECOG performance status of 1 or less, and having a pathological (histological) diagnosis of ESCC.
Furthermore, participants either were initially identified with stage IV unresectable ESCC or had unresectable, locally
advanced recurrent, or metastatic disease according to the AJCC 7th edition. A precondition for those who underwent
prior platinum-based neoadjuvant/adjuvant chemotherapy was a treatment-free period of at least 6 months. Patients were
excluded if they had received palliative radiotherapy for ESCC within 4 weeks prior to the study’s onset, had previous
systemic treatments for unresectable, locally advanced recurrent, or metastatic ESCC, manifested uncontrolled effusions
necessitating frequent interventions, demonstrated inoperable complete esophageal obstruction, received prior therapies
targeting PD-1, PD-L1, or PD-L2, or displayed unintentional weight loss of >5% within the month leading up to
randomization or had a Nutritional Risk Index (NRI) lower than 83.5.

Tislelizumab is administered at a dose of 200 mg intravenously (IV) on the first day of each 21-day cycle, alongside
one of three dual-chemotherapy regimens. Depending on specific criteria or standard protocols, the platinum compound
chosen can be either cisplatin or oxaliplatin, except in areas such as mainland China, Taiwan, Japan, and certain countries
where oxaliplatin is not approved. The outlined regimens are as follows: 1) cisplatin (60-80 mg/m?) or oxaliplatin
(130 mg/m?) IV on day 1, repeated every three weeks (Q3W), in conjunction with 5-FU (750-800 mg/m2/day) IV,
administered as a continuous 24-hour infusion from days 1-5, Q3W; 2) the aforementioned platinum dosages paired with
capecitabine (1000 mg/m?® orally, bi-daily) from days 1-14, Q3W; and 3) the indicated platinum dose combined with
paclitaxel (175 mg/m? IV) on day 1, Q3W. It’s crucial to highlight that cisplatin’s dosage can be divided over days 1-3,
but the total dosage per cycle must remain within the range of 60-80 mg/m”. Simultaneously, an equivalent placebo is
given on the first day of each 21-day cycle, paired with one of the three chemotherapy options. Within our model, we
posit that the primary co-administered chemotherapy regimen is the combination of cisplatin and paclitaxel, which is also

utilized in follow-up treatments after disease progression is detected.

Cost and Utility Inputs

We focused exclusively on direct medical costs. These encompassed the expenses for medications, management of
adverse events (AEs) of grade 3 or higher that had a frequency of 10% and manifested solely in the initial cycle. Costs
also factored in laboratory tests, radiological assessments, routine follow-up, administration, and hospital care. Tests
considered in these costs included routine blood screenings, biochemical assays, coagulation evaluations, urinalysis, and
a 12-lead ECG. Pricing data was sourced from the Fujian Cancer Hospital.

Absent critical quality-of-life data from the RATIONALE-306 study, utility values for PFS and PD were extrapolated
from prior research.”> A disutility metric was integrated to quantify the influence of AEs of grade 3 or higher, with
occurrences surpassing 10%, underscoring their detrimental effects on patient quality of life. Costs associated with
medications, utility values, AE risks, and other relevant parameters are detailed in Table 1.

The ICER was calculated by dividing the difference in costs by the difference in quality-adjusted life-years (QALYs)
acquired between the tislelizumab-plus-chemotherapy cohort and the standalone chemotherapy group. If the ICER was below
the pre-established willingness-to-pay benchmark ($38,253/QALY), the combined intervention (tislelizumab and chemother-
apy) was considered cost-effective as per the recommendation. Both costs and QALYs were discounted at a 5% annual rate.
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Sensitivity Analysis

To comprehensively address parameter uncertainty in our study, we undertook a one-way sensitivity analysis. By
selecting a 20% variation range, we factored in uncertainties pertaining to utilities, AE incidence, body surface area,
and associated financial costs. This range was especially pertinent when considering drug costs: pharmaceutical pricing
in China is under tight regulatory scrutiny, limiting drastic price alterations. Consequently, we adjusted the drug cost
parameters to range from 80% to 100% of the originally set value. To further ensure a holistic analysis, the annual
discount rate was systematically varied from 0% to 8%. A tornado diagram, instrumental in such analyses, was designed
to visually represent and identify the most influential parameters on the study outcomes. Further reinforcing our
analytical rigor, we employed the Monte Carlo simulation method, involving 1000 iterations, for the probabilistic
sensitivity analysis. This method allowed us to assign a unique distribution to each parameter, as explicitly cataloged
in Table 1. The outcomes of this intricate analysis were then communicated via an ICER scatterplot and the creation of
cost-effectiveness acceptability curves, offering a nuanced understanding of cost versus efficacy.

Subgroup Analysis

Recognizing the heterogeneity within patient populations, our research further engaged in subgroup analyses. These were
performed on the complete patient dataset. The analyses were bolstered by integrating subgroup-specific hazard ratios
which were sourced directly from the RATIONALE-306 trial. Our primary intent was twofold: firstly, to probe into the
treatment’s effect across different subgroups, and secondly, to dissect the outcomes across patient subgroups that were
differentiated by distinct clinical or demographic characteristics. This granular analysis facilitates a deeper understanding
of treatment efficacy and offers potential insights for personalized therapeutic approaches.

Scenario Analysis

In the ever-evolving landscape of drug pricing and economic evaluations, simulating various scenarios that might impact
the cost-effectiveness of tislelizumab became imperative. Our scenario analyses explored the implications of applying
different price discounts to the drug’s cost. Central to our evaluation was the pivotal role tislelizumab’s pricing plays in
determining the ICER. By adjusting its price discount, we could extrapolate and gauge its wider impact on the
overarching cost-effectiveness framework. This consideration is particularly relevant in the Chinese context, where
negotiations on medical insurance pricing can result in reduced drug prices, especially when new therapeutic indications
are introduced. Another crucial element of our scenario analysis was establishing the WTP threshold. We strategically
aligned this with China’s economic benchmarks, setting it at 1 and 1.5 times the 2022 Chinese GDP per capita. This
equates to a financial range of $12,751 to $19,126.5 per QALY, enabling stakeholders to evaluate the economic viability
of tislelizumab within these parameters.

Results

Base-Case Results

In the base-case scenario, the combined regimen of tislelizumab and chemotherapy yielded 1.35 QALYs at a cost of
$26,450.77, whereas chemotherapy monotherapy resulted in 0.89 QALY's for $16,687.15. This indicates that tislelizumab
in combination with chemotherapy conferred an incremental benefit of 0.46 QALY relative to chemotherapy alone, with
an associated incremental cost of $9763.62. Consequently, the ICER was computed at $21,062.09 per QALY gained.
Given a WTP threshold set at 3 times the 2022 Chinese GDP per capita (equivalent to $38,253/QALY), the combination
of tislelizumab and chemotherapy emerges as a cost-effective intervention, as detailed in Table 2.

Sensitivity Analysis

The tornado diagram (Figure 2) illustrated the parameters that exerted the most significant impact on ICER. These
variables encompassed the utility value of PFS, the cost of tislelizumab, the cost of laboratory tests and radiological
examinations for PFS, the incidence of AEs of decreased neutrophil count, the utility value of PD, etc. Despite these
parameters’ values varying, the ICER stayed below the predetermined WTP threshold.
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Table 2 Summary of Cost and Outcome Results in the Base-Case Analysis

Strategy Cost QALY Incr Cost | Incr QALY ICER
Tislelizumab + chemotherapy $26,450.77 1.35 $9763.62 0.46 21,062.09
Chemotherapy alone $16,687.15 0.89 - -

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

A probabilistic sensitivity analysis with monte carlo simulations revealed that combination of tislelizumab and
chemotherapy had a 96.4% chance of being cost-effective in China considering a WTP threshold of $38,253/QALY
(Figure 3). The cost-effectiveness acceptability presented in Figure 4, further supported this finding.

Subgroup Analysis

Across all analyzed subgroups, the ICER for tislelizumab in comparison to placebo consistently remained beneath the WTP
threshold of $38,253/QALY. Notably, there were variations in the ICER among the subgroups, spanning from $13,036.34/
QALY (exhibiting a 100% probability of cost-effectiveness) in patients with locally advanced disease status at study entry to
$23,222.93/QALY (possessing a 94.2% probability of cost-effectiveness) in those who have never smoked. When adjusting
the WTP to 1.5 times the Chinese GDP per capita, the ICER for the tislelizumab-chemotherapy combination remained below
the WTP threshold of $19,126.5/QALY for the majority of the subgroups. This ranged from $13,036.34/QALY (with a 99.1%
probability of cost-effectiveness) in female patients to $19,004.34/QALY (exhibiting a 63.5% probability of cost-
effectiveness) in patients who had not undergone prior definitive therapy. However, in specific subgroups — those aged
under 65 years, male, never smokers, selected by investigators to receive platinum with paclitaxel chemotherapy, with an
ECOG status of 0, hailing from the Asian region (excluding Japan), of Asian or other racial backgrounds, and having
metastatic disease status at study commencement — the ICER for the tislelizumab and chemotherapy combination exceeded
the WTP threshold of $19,126.5/QALY. These findings are comprehensively detailed in Table 3.
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Figure 2 Tornado diagram of one-way sensitivity analyses of tislelizumab plus chemotherapy versus placebo plus chemotherapy in order of magnitude of the association.
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Figure 3 ICER scatter plot of tislelizumab plus chemotherapy vs placebo plus chemotherapy.
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Figure 4 Cost-effectiveness acceptability curves for tislelizumab plus chemotherapy vs placebo plus chemotherapy.

Scenario Analysis

As depicted in Table 4, our scenario analysis revealed that a 55% reduction in the cost of chemotherapy led to
a corresponding decline in the ICER to $12,445.71 per QALY. Intriguingly, this value is marginally below the threshold
of 1 times the Chinese GDP per capita, which stands at $12,751. Under this revised cost structure, the combination of
tislelizumab and chemotherapy demonstrated a 100% likelihood of being deemed cost-effective. Upon adjusting the
WTP to 1.5 times the Chinese GDP per capita, the combination treatment’s probability of cost-effectiveness in China
stood at 48.7%. However, when the WTP was further reduced to align with 1 times the Chinese GDP per capita, this
probability dwindled to a mere 5%.

Discussion

Our team’s research explores the cost-effectiveness of tislelizumab in combination with chemotherapy from a healthcare
system perspective based on the RATIONALE-306 clinical trial. The combination of PD-1 inhibitor into the EC
treatment paradigm represents a significant breakthrough.'”?’? Efficacy and safety have been notably corroborated
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Table 3 Results of Subgroup Analyses Under the WTP Set as 1.5 Times and 3 Times Chinese GDP per Capita

Subgroup HR for OS | ICER, US$/QALY Cost-Effectiveness Probability (%)
3 Times GDP per Capita | 1.5 Times GDP per Capita

Age

<65 years 0.73 21,126.44 97.0% 48.2%

265 years 0.62 16,988.55 99.9% 80.2%

Sex

Male 0.72 20,662.67 99.8% 51.5%

Female 0.46 13,368.01 100% 98.4%

Smoking status

Current or former smoker 0.65 17,935.24 99.5% 74.3%

Never 0.77 23,222.93 94.2% 37.3%

Investigator-chosen chemotherapy*

Platinum with fluoropyrimidine 0.66 18,276.94 99.4% 70.8%

Platinum with paclitaxel 0.69 19,391.89 98.8% 61.9%

ECOG

0 0.72 20,662.67 99.8% 51.5%

| 0.66 18,276.94 99.4% 70.8%

Geographical region analysis |

Asia 0.67 18,633.01 99.3% 70.0%

Other regions 0.66 18,276.94 99.4% 70.8%

Geographical region analysis 2

Asia (excluding Japan) 0.70 19,796.68 98.6% 60.1%

Japan 0.49 13,906.40 100% 97.4%

Other regions 0.66 18,276.94 99.4% 70.8%

Race

Asian and other races’ 0.69 19,391.89 98.8% 61.9%

White 0.6l 16,696.79 100% 83.5%

Disease status at study entry

Metastatic 0.72 20,662.67 98.0% 51.5%

Locally advanced 0.44 13,036.34 100% 99.1%

Previous definitive therapy*

Yes 0.67 18,633.01 99.3% 70.0%

No 0.68 19,004.34 99.2% 63.5%

Notes: *Per case report form. TOther races include American Indian, Alaska Native, not reported, and unknown.
Abbreviations: HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Table 4 ICER for Tislelizumab Price Reduction
in Scenario Analyses

Price Reduction

ICER ($/QALY)

10%
20%
30%
40%
50%
55%
60%

19,495.48
17,928.86
16,362.25
14,795.63
13,229.02
12,445.71
11,662.40

Abbreviations: ICER, incremental cost-effectiveness ratio;
QALY, quality-adjusted life-year.
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through international multicenter clinical trials evaluating PD-1 combined with chemotherapy first-line treatment for this
disease. Despite these advancements, the drug’s accessibility and cost-effectiveness still pose considerable challenges.
Health economics researchers have underscored that pembrolizumab, serplulimab, camrelizumab and toripalimab when
combined with chemotherapy, does not represent a cost-effective strategy for treating late-stage ESCC in contrast to
chemotherapy alone.'®?' The long-term financial implications of immunotherapy could inflict substantial strain on
families with average income levels. Our research indicates that the ICER of tislelizumab combined with chemotherapy,
compared to chemotherapy alone, stands at $21,062.09/QALY. This is significantly lower than three times the average
GDP per capita in China ($38,253/QALY) and marginally surpasses 1.5 times this value ($19,126.5/QALY). Probability
sensitivity analysis suggests that at a WTP threshold of $ 38,253/QALY, tislelizumab combined with chemotherapy
exhibits a 96.4% probability of being cost-effective compared to chemotherapy alone. At a WTP threshold of $ 19,126.5/
QALY, this probability is 48.7%. In a parallel vein, the ORIENT-15 study,”* spearheaded by Chinese scholars, examined
the efficacy of sintilimab in combination with chemotherapy versus chemotherapy alone for first-line treatment of
advanced ESCC. This combination therapy improved median survival time by 4.2 months, with a HR of 0.63.
Following this study, certain researchers published pharmacoeconomic results indicating sintilimab, combined with
chemotherapy, as a cost-effective treatment strategy compared to chemotherapy alone at a WTP threshold of three
times China’s average GDP per capita.***°

The cost-effectiveness of tislelizumab in combination with chemotherapy is largely due to China’s drug pricing
policies. After tislelizumab was officially incorporated into China’s National Health Insurance Drug List in March 2021,
its price reduced from $1590.48/100mg to $204.96/100mg, marking a 32% decrease from its previous price.*® The
competitive pricing of tislelizumab was corroborated through our scenario analysis and univariate sensitivity analysis.
Significant influence on the model results was noted with fluctuations in the price of tislelizumab. As per our scenario
analysis, when the cost of tislelizumab dipped below $327.93/cycle, the ICER was found to be lower than the per capita
GDP ($12,751), making it more advantageous for patients with ESCC. Moreover, the lower price point of tislelizumab
not only renders its combination with chemotherapy as a cost-effective first-line treatment for ESCC, but it also bolsters
the cost-effectiveness of tislelizumab in treating a diverse range of cancers. Some investigators posit that tislelizamab is
a cost-effective treatment strategy for the second-line treatment of advanced ESCC,*” first- and second-line treatment of
advanced non-small cell lung cancer (NSCLC),>® ** and the first-line treatment of inoperable hepatocellular carcinoma
(HCC).* Consistently, sensitivity analyses from these studies have underscored that the price advantage of tislelizumab
is a key determinant of its cost-effectiveness.

Our research delves into an extensive analysis of cost-effectiveness across distinct subgroups. At a WTP threshold
equating to 1.5 times Chinese GDP per capita, the combination of tislelizumab and chemotherapy not only holds a greater
than 50% probability of being cost-effective compared to chemotherapy alone in subgroups such as patients over 65, female
patients, smokers, recipients of either platinum with fluoropyrimidine or platinum with paclitaxel, patients with an ECOG
performance status of 1, patients with locally advanced disease status, and patients with previous definitive therapy but also
exhibits cost-effectiveness within the aforementioned WTP threshold across specific subgroups. These subgroups remain
unaffected by race, choice between platinum and fluorouracil or platinum and paclitaxel chemotherapy regimens, and
geographical location, encompassing regions such as Asia, Europe, North Africa, and Oceania. It’s worth emphasizing that
the cost-effectiveness of tislelizumab in combination with chemotherapy as a first-line treatment for EC is unparalleled
amongst other domestic PD-1 inhibitors because of different races or regions. This trial demonstrates more extensive
representation compared to the ORIENT-15,** JUPITER-06,* and ESCORT-1st’ studies, in which the vast majority or
entirety of the patient population were from China. Patients of varying geographical origin and ethnicity can potentially
achieve clinical and economic benefits from the treatment regimen combining tislelizumab with chemotherapy. Furthermore,
the RATIONALE-306 study'* incorporated chemotherapy regimens reflecting the established medication practices of
various nations and regions, a feature absent in the KEYNOTE 590,46 ORIENT—IS,44 JUPITER-O6,45 and ESCORT-1st’
studies regardless of the chosen chemotherapy regimen, the tislelizumab combination treatment consistently exhibits clinical
and economic benefits. This constitutes a clinically effective approach for patients from diverse regions and ethnicities in the
world, aligning with traditional chemotherapy practices across varied nations and regions, and presents a cost-effective
treatment solution. This novel evidence-based medical value has the potential to guide treatment options and economic
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benefits for foreign populations residing, working, or studying in China. Moreover, it provides valuable references for foreign
patients considering treatment for ESCC in China, thereby fostering greater hope for patients worldwide.

This study had a few restrictions. Firstly, without long-term survival data, we extrapolated the survival curve beyond
the observed time horizon using a common survival distribution to fit the data, which may not accurately represent real-
world conditions.*” Secondly, the cost information obtained from hospitals and reference materials may vary marginally
between hospitals. Thirdly, we use utility values from available literature because Rationale-306 clinical trials did not
report them. To simplify the model, we assumed that all chemotherapies used cisplatin and paclitaxel and that subsequent
therapies all used chemotherapy, as there was no way to obtain the exact proportion from the literature which may not
reflect current clinical practice. We only considered adverse events of grade 3 or higher with probabilities over 10%. The
sensitivity analysis revealed that the economic outcomes were unaffected by SAE-related and utility values. We did not
consider the cost of best supportive care and end-of-life care. Therefore, considering the method limitations in the current
study, more head-to-head clinical and economic real-world data are needed. Whereas several drugs have shown cost-
effectiveness in the treatment of ESCC, there is currently a lack of direct comparisons to determine which drug is the
most cost-effective. Future studies should be conducted to compare these drugs and establish the optimal treatment,
which would provide valuable references for clinical practice and health insurance reimbursement.

Conclusion

The findings of this study demonstrated that tislelizumab in conjunction with chemotherapy is cost-effective compared to
chemotherapy alone for patients with advanced or metastatic ESCC from the perspective of the Chinese healthcare
system. As a result, tislelizumab exhibits potential for future recommendation as a suitable pharmacological intervention
for advanced or metastatic ESCC patients in China.
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