BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘0T aunc uo /wod (wg uadolway//:diy wol) peapeojumod zZ0zZ J8qWaAON L U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer
from the perspective of Chinese healthcare system

Journal: | BMJ Open

Manuscript ID | bmjopen-2023-080846

Article Type: | Original research

Date Submitted by the

Author 16-Oct-2023

Complete List of Authors: | ying, ting; Anhui Medical University, School of Pharmacy, Anhui Medical
University, Hefei, Anhui, China; Anhui Medical University, Inflammation
and Immune Mediated Diseases Laboratory of Anhui Province, Anhui
Medical University, Hefei, Anhui, China

Xia, Runan; Anhui Medical University, Key Laboratory of Public Health
Social Governance, Philosophy and Social Sciences of Anhui Province;
Anhui Medical University, School of Pharmacy, Anhui Medical University,
Hefei

Zhang, Yuanyuan; Anhui Medical University, school of pharmacy

Dai, Jiahui; Anhui Medical University

Wang, Yadong; Anhui Medical University

Xie, Xuefeng; Anhui Medical University, Key Laboratory of Public Health
Social Governance, Philosophy and Social Sciences of Anhui Province

Keywords: | HEALTH ECONOMICS, Gastrointestinal tumours < ONCOLOGY, China

* (s3gv) Jnauadns juswaublasug

ONE™

‘saiIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloaloid
| @p anbiydeibollqig soushy 1e GZoz ‘0T sun uo /wod (wg uadolway//:diy wol) peapeojumod 20z J8qWaAON / U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado NG

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 1 of 19

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer

from the perspective of Chinese healthcare system

Ting Ying!#,Runan Xia'#Yuanyuan Zhang?, Jiahui Dai?, Yadong Wang?, Xuefeng
Xie!*
Abstract

Objectives: The purpose of this study was to evaluate the cost effectiveness of
Trifluridine/tipiracil(FTD/TPI) for heavily pretreated metastatic gastric cancer from
the perspective of Chinese healthcare system.

Designs: Based on the overall survival (OS) and progression-free survival (PFS) in

the TAGS experiment(NCT02500043). A partition survival model was constructed to

analyze the cost effectiveness analysis of FTD/TPI compared to the placebo in heavily
pretreated metastatic gastric cancer, and only direct medical costs were included in
the model. Then we did sensitivity analyses to assess the robustness of the model’s
findings.

Outcomes: The model results are mainly from Chinese medical and health system.

The output result is the Quality-Adjusted Life Years (QALYSs) and incremental cost-

effective ratio (ICER).

Results: According to the results of the model, compared with placebo, FTD/TPI

generated an additional cost of $25,922.48 and 0.8652 QALYSs, and ICER value of the

FTD/TPI and placebo is $29,963.45/QALY. Sensitivity analyses showed that the

utility value of the PFS stage and FTD/TPI adverse events costs were the main

influencing parameters, and the results were stable.

Conclusion: Compared with placebo, from the perspective of Chinese healthcare

system, FTD/TPI is a cost-effective choice for patients with heavily pretreated

metastatic gastric cancer.

Keywords: heavily pretreated metastatic gastric cancer; Trifluridine/tipiracil;
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Strengths and limitations of this study:1.This study used partition survival model to
analyze the cost-effectiveness analysis of Trifluridine/tipiracil(FTD/TPI)for the
treatment of heavily pretreated metastatic gastric cancer in China.

2. we had to extrapolate utility value based on the published article due to the lack of
the clinical trial data.

3.the cost of adverse event only takes into account the severe adverse events(AEs) of
grade 3 and above, and all adverse events are not considered

4. based on the population distribution of TAGS participants, the majority of

participants are Europeans, so there may be biases in real-world clinical efficacy in

China.
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1. Introduction

According to the latest statistics of the WTO in 2022, gastric cancer is the
fourth cause of global cancer death ['1. According to Chinese gastric cancer
statistics in 2020 21, the incidence rate and mortality of gastric cancer rank third
in all kinds of malignant tumors, about 1.2 million new cases of gastric cancer
occur worldwide every year, with China accounting for approximately 40% of
them. Many patients are in an advanced state of cancer cell metastasis when
gastric cancer is discovered [*), the treatment is usually limited to palliated
chemotherapy due to poor expected results.

At present, the guidelines of the Chinese Society of Clinical Oncology
(CSCO) and the National Comprehensive Cancer Network (NCCN) recommend
many treatment options for metastatic gastric cancer, such as combinate
chemotherapy and single-agent chemotherapy. Due to the generally poor physical
condition of patients with advanced third-line gastric cancer, the proportion of
patients who can receive combinate chemotherapy third-line chemotherapy is
extremely low, and single-agent treatment is mainly used. Patients have received
these chemotherapy treatments before received FTD/TPI treatment, but the effect
is always not satisfactory, and the price is also not negligible. According to
IQVIAM, Global spending on oncology drugs will continue to increase at a
double-digit rate, Therefore, it is a global question to find a well-effective and
inexpensive gastric cancer treatment.

NCCN recommended treatment of metastatic gastric cancer, FTD/TPI was a
dded to systematic second-line and back-line treatment plan for the first time. Acc
ording to the TAGS trial B, In 2021, Generic tablets of FTD/TPI, which was app
roved for listing by National Medical Products Administration (NMPA) for the fir
st time [°]. This greatly reduces the cost of FTD/TPI in China. Due to the lack of in
clusion of FTD/TPI in the CSCO guidelines for the treatment of metastatic gastric
cancer, the effectiveness and economics of FTD/TPI in the treatment of metastati

¢ gastric cancer can be demonstrated based on TAGS clinical data and the results
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of this study. Therefore, this study is to evaluate the cost-effectiveness analysis of
FTD/TPI in the treatment of patients with heavily pretreated metastatic gastric ca

ncer from the perspective of Chinese healthcare system.

2. Methods

2.1 Patient Population

The data selected from the clinical trial of the TAGS. This is a phase III
study with randomized, double-blind, placebo-controlled, and multinational. The
study began in July 2015 and ended in September 2021, in 17 countries
(including Japan, France, etc.), 110 academic hospitals. Evaluated the efficacy
and safety of FTD/TPI plus Best Supporting Treatment (BSC) (FTD/TPI) and
placebo plus BSC (Placebo) in metastatic gastric cancer. After screening and
excluding, a total of 507 patients participated in this clinical trial. These patients

had received at least two advanced gastric cancer treatment before. Eligible

patients will be concentrated randomly (2: 1) to FTD/TPI (337) or Placebo (170).

The main end of the experiment is overall survival(OS), and the secondary end

point is Progression-free Survival(PFS. The purpose is to explore whether the

patient's Quality of Life(QoL) can be improved to the maximum extent without

antitumor factors.

2.1.1 Inclusion and exclusion criteria

Inclusion criteria:
1. Patient age > 18 years.
2. Patient has histologically confirmed and unresectable metastatic
gastric cancer, ECOG score status is 0 or 1, and at least two
advanced gastric cancer treatment (at least one cycle for each
treatment plan)
3. Previous treatment schemes include Platinum based
chemotherapy drugs, Fluoropyridine and paclitaxel.
4. Patients progressed according to the image results after three
months or the last time.

Exclusion criteria:
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1. Patients with other severe diseases or infections.

2. Receive major surgery before random grouping, and have
received any anti -cancer therapy within three weeks.

3. Patients who have received FTD/TPI treatment.

4. Pregnant women and breastfeeding patients.

2.2 medication scheme

Participants received 35 milligrams per meter square (mg/m”2) of
FTD/TPI tablets orally twice daily (BID) for 5 days per week (from Days 1
to 5 and Days 8 to 12) for 2 weeks followed by 14 days rest in each 28-day
cycle along with BSC until the patient meets the drug suspension standard
(including participant withdrawal, disease progress, irreversible treatment
related to 4 non-hematological events, doctor’s decision, participants are

pregnant, or death)

2.3 Model parameter

A partition survival model was developed to simulate the disease
process of heavily pretreated metastatic gastric cancer by Treeage Pro 2019.
Including three disease status (Progression-free Survival (PFS), Progressed
Disease (PD), death (D)).Patients enter this model in PFS state and after
entering PD you cannot return to the previous level. According to the model,
the Markov cycle is 28 days. Since 99.9% of patients enter the state of death
(D)after 60 model cycles, and the overall 5-year survival rate of progressive
gastric cancer is only 35.1% [7], The model is limited to 5 years. The discount
rate is recommended according to the "Chinese Pharmaceutical Economics
Evaluation Guide" (2020) 8], and the discount rate of cost and utility value is

5%.

2.4 Input parameters

2.4.1 Probability of transferring

The OS and PFS curves were derived from TAGS trail. GetData
Graph Digitizer software was used to collect data points from OS and PFS

curves. then cleaned up the data and converted into a data format suitable
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for survival analysis. The data were analyzed by Kaplan-Meier through
R4.2.0 software, and the data were refitted using weibull, gamma,
lognormal, log-logistic, and exponential distributions (Table 1). According
to the Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC), the smaller the AIC and BIC values, The better the fit [°],
Therefore, the lognormal distribution was selected as the optimal
distribution according to AIC and BIC combined with a visual inspection
of FTD/TPI and Placebo. The p value and 0 value of each group of OS and
PFS curve parameters can be obtained to calculate the transfer probability
of transfer from PFS to PFS (PFTF). Assumed that the probability of
transfer from PFS to D (PFTD) is a per capita mortality rate of 7.37%o in
2022 19, From this, you can find PFTP =1-PFTF-PFTD. According to the
OS curve parameter, it can be obtained from the transfer probability
(PSTS) from the survival state to the survival state, which can calculate the
PSTD =1-PSTS. According to Zhou T [l the transfer probability (PPTP)
from PD to PD shall be corrected. Therefore, PPTP =
([nPFS+nPD]xPSTS-nPFSx PFTF- NPFSx PFTD]/nPD, PPTD=1-PPTP.
Among them, nPFS and nPD are the number of patients in PFS and PD

state in the previous cycle.
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Table 1 PFS and OS data fit results

Group Observation Distribution AIC BIC

PFS weibull 1,515.56 1,523.2
gamma 1,480.323 1,487.963
lognormal 1,424.173 1,431.813
log-logistic 1,649.843 1,657.483
FTD/TPI exponential 1,590.963 1,594.783
(0N} weibull 2,015.341 2,022.981
gamma 2,003.665 2,011.305
lognormal 1,993.852 2,001.492
log-logistic 2,156.712 2,164.352
exponential 2,064.761 2,068.581
PFS weibull 911.2514 917.5924

gamma 899.762 906.103
lognormal 853.3578 859.6987
log-logistic 1,025.024 1,031.365
Placebo exponential 916.1268 919.2973
oS weibull 1,098.377 1,104.718
gamma 1,091.463 1,097.804
lognormal 1,081.386 1,087.727
log-logistic 1,181.045 1,187.386
exponential 1117.249 1120.419

2.4.2 Cost input

From the perspective of the Chinese healthcare system, this study
determines and analyzes the following direct costs: drug costs,
management costs (including hospitalization costs, nursing costs, etc.),
adverse costs, image costs, and BSC costs. Among them, the cost of drugs
comes from Yaozhi.com [!%], taking the median bid price of the drugs in
each province as the price of the cost of drug (Table 2). Because the
dosage of the patient is based on the patient's body surface area (BSA) in
the TAGS clinical trial, the body surface area is 1.60m? based on the
Stevenson formula and the average height and weight of China. The cost of
disease control, image cost, and BSC costs all come from the price catalog
of the medical service project of the Anhui Provincial Medical Insurance
Bureau!'3l. According to TAGS traill*], laboratory examination is
performed every 1 cycle (including blood routine, urine routine, routine
feces, and hematic biochemical examinations), and every 2 cycles are

performed. The adverse treatment plan comes from the NCCN
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hematopoietic factors ['4l. The cost of adverse only takes into account the

severe adverse events(AEs) of grade 3 and above(grade >3) (such as

Neutropenia(34%), anemia (19%) and Leukopenia(9%) in the FTD/TPI,

bellyache(9%), anemia (8% )in the placebo). The willingness-to-pay (WTP)

in the cost-effectiveness analysis is 3 times $35,580.01 (¥257,094) of

Chinese Gross Domestic Product (GDP) in 2022(151. All costs are shown in

US dollars (1 US dollar = CNY 7.23).

Table 2 cost and utility values parameters

Variable Median Range Distribution  Source
cost Lower limit  Higher limit

FTD/TPI $2,112.50 $1,690 $2,535 gamma [10]
adverse (TAGS) $3,485.00 $2,788 $4,182 gamma Estimate
Neutropenia (34%) $3,448.75 $2,759 $4,138.5 gamma [12]
anaemia (19%) $24.62 $19.70 $29.54 gamma [12]
Leukopenia (9%) $11.62 $9.30 $13.94 gamma [12]
adverse (placebo) $27.33 $21.86 $32.80 gamma Estimate
bellyache (9%) $2.71 $2.17 $3.25 gamma Estimate
anaemia (8%) $24.62 $19.70 $29.54 gamma [12]
image $348.50 $278.8 $4182 gamma [11]
disease control cost $220.74 $176.59 $264.89 gamma [11]
BSC $553.57 $442.86 $664.28 gamma [11]
untility

PFS 0.74 0.592 0.888 Dbeta [16]

PD 0.58 0.464 0.696 beta [16]

D 0 0 0 beta [16]

2.4.3 Input of health utility values

Because the patient's Quality of Life (QoL) scoring data is not

counted in TAGS, this study uses the utility value of Al-Batran Se [16],

According to the results of research, the utility value of the patient in the

PFS state is 0.74, the utility value of the patient in the PD state is 0.58, and

the utility value of the patient in the death state is 0.

2.5 sensitivity analysis

In order to test the uncertainty of the partition survival model, one-way

sensitivity analysis and probabilistic sensitivity analysis(PSA) were used to

explore the effects of different parameters on basic analysis results and the
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range of data to + 20%. Sensitivity analysis is performed through the
TreeagePro 2019 software. One-way sensitivity analysis results are presented
in the form of a tornado diagram, which can reflect the size of multiple
uncertain factors on the result!!’l. The gamma distribution was selected for
the cost parameters, and the beta distribution was used for the transition
probability and utility parameters. Probabilistic sensitivity analysis (PSA)
was performed through 1000 Monte Carlo simulations, and the results were

presented in the form of cost-acceptability curve.

3. Result

3.1 Basic analysis results

According to the lognormal fitting, the median survival of OS for
FTD/TPI and placebo was 6 months and 3.6 months, and the median survival
for PFS was 2 months and 1.8 months, the simulated PFS curve and OS curve
were basically similar to the original data ,and the fit was acceptable and
reasonable.

Based on the partition survival model, from the perspective of Chinese
healthcare system, the total cost of the FTD/TPI was $29,340.17(¥212,006.2),
and the total cost of the placebo was $3,416.92(¥24,690). Compared with the
placebo, FTD/TPI provides more than 0.8652 QALY's value. At the same time,
the ICER value corresponding to each QALY is
$29,963.45(¥216,510.11)(Table 3), which is lower than the WTP threshold
$35,580.01 (¥257,094). Therefore, compared with the placebo, FTD/TPI treats

heavily pretreated metastatic gastric cancer is more economical.

Table 3 Basic Analysis Data

* (s3gv) Inauadns juswaublasug

Treatment cost Increase cost QALY Increase QALY ICER
FTD/TPI $29,340.17 NA 3.0376 NA NA
Placebo $3,416.92 $25,922.48 2.1724 0.8652 $29,963.45

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

3.2 sensitivity analysis
3.2.1 One-way sensitivity analysis

According to the tornado diagram in Fig 1, the utility value of PFS
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stage has the greatest effect on the ICER value, followed by the adverse
events cost of the FTD/TPI. The specific impact is: 1.The utility value of PFS
stage increase, ICER value decreases; its cost decreases, ICER value
increases. 2. The cost of adverse enters in FTD/TPI increases, the ICER
value increases; its cost decreases, and the ICER value decreases. 3. The cost
of FTD/TPI increases, and the ICER value increases; its cost decreases, and
the ICER value decreases. Individual parameter changes may slightly alter
the overall value associated with treatment, but they do not change the ICER-
based conclusion of FTD/TPI in the treatment of heavily pretreated
metastatic gastric cancer.
3.2.2 Probabilistic sensitivity analysis

According to the cost-acceptability curve (Fig 2), when WTP increases
with the 1-3 times threshold($11,860-$35,580.01) (¥85,698-¥257,094) of the
1-3 times threshold of GDP, FTD/TPI has an increase in economic
probability. When the WTP value is $29,650.01(¥214,245), FTD/TPI was
more economical than placebo. FTD/TPI treatment of heavily pretreated

metastatic gastric cancer is an acceptable choice.

4. Discussion

This study evaluates the cost effectiveness analysis of FTD/TPI for the trea
tment of heavily pretreated metastatic gastric cancer from the perspective of Chin
ese healthcare system. FTD/TPI can significantly improve the overall survival per
iod of heavily pretreated metastatic gastric cancer compared to placebo. FTD/TPI
is a novel oral cytotoxic chemotherapy ,which consisting of a thymidine-based nu
cleoside analogue, trifluridine, and a thymidine ['3]. As the main active ingredient,
Trifluridine inhibits cell proliferation by direct insertion into the DNA after phosp
horylation, leading to DNA dysfunction and cell death %191, Thereby playing an a
nti-tumor role when combined with trifluridine to form FTD/TPI, prevents the rap
id degradation of the trifluridine, allowing for the maintenance of adequate plasm

a levels of the active drug [1%-20],
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The current first-line combination chemotherapy regimen recommended in
CSCO and NCCN guidelines is trastuzumab plus fluorouracil and cisplatin. If firs
t-line chemotherapy fails, monotherapy (e.g., docetaxel or irinotecan), single-age
nt paclitaxel, or ramucirumab + paclitaxel may be used [2-*21. According to a Chin
ese survey literature [231, about 44% of cancer survivors over the age of 65 borrow
ed money or went into debt for cancer treatment, and more than 55% of young pa
tients (P<0.01) report cancer-related debt. And more than 65% of the borrowers b
orrowed more than 50,000 yuan, which seriously reduced the quality of life of pat
ients. Therefore, clinicians should combine the patient's condition and family situ
ation when choosing a treatment plan, and try to choose a treatment plan with a s
uitable price and good treatment effect

According to the analysis results of TAGS clinical data, compared to placeb
o, FTD/TPI can significantly improve the overall survival of patients with heavily
pretreated metastatic gastric cancer[FTD/TPI: median survival:5.7months(9
5%CI:4.8-6.2),placebo: median survival :3.6months(95%CI:3.1-4.1)(H
azard Ratio(HR):0.69(95%CI1:0.56-0.85)); p=0.00029]. This study shows
that under the condition of 3 times the GDP as a threshold, the total cost and utilit
y of the FTD/TPI was $29,340.17 and 3.0376QALYs, and the total cost and utilit
y of placebo was $3,416.92and 2.1724QALYs. This shows that the increase cost
was $25,922.48, and the increase utility value was 0.8652QALY's, the ICER valu
e was $29,963.45. The maximum value of the WTP that did not exceed the preset
$35,580.01. Therefore, it can be considered that under the perspective of the Chin
ese healthcare system, FTD/TPI treatment of heavily pretreated metastatic gastric
cancer is a cost-effectiveness choice. One-way sensitivity analysis results show th
at utility value of the PFS, FTD/TPI adverse events costs and FTD/TPI costs still
have great impacts on the model. When the WTP value is $29,650.01(¥214,245),
FTD/TPI was more economical than placebo.

At present, the only pharmacoeconomic studies on TAGS clinical trial data
at abroad are the cost-effectiveness analysis of the comparison of FTD/TPI and

nivolumab in Japan [?4! and the cost-effectiveness analysis of TAGS data from the
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significant impact on the results. Secondly, only considering the cost of adverse

1

2

2 US payer perspectivel?’] Takushima Y used partitioned survival model(PSM) to

Z compare FTD/TPI with nivolumab, evaluate the economic benefits between them.

; The partitioned survival model includes three health states (PFS, PD, D).

?O According to the results of the article, the ICER of nivolumab and FTD/TPI is

:; 32,352,489 yen/QALYs, and the WTP threshold is 7,500,000 yen. Therefore, the

:i analysis of FTD/TPI in Japanese public healthcare payment perspective is more 5 ‘
12 economical than nivolumab. This is consistent with the results of our study. % }
1; According to other article, Zhou K developed a Markov model, including three EE
;g health status (PFS, PD, D) to judge the cost effectiveness of FTD/TPI through the é ‘
;; perspective of the US payer. According to the results, compared with the placebo, % ‘
;i the increase in FTD/TPI is 0.06 QALYs, and the ICER value is $986,333, far §
;2 exceeding their WTP threshold ($50,000-150,000), so it can be obtained that §
;é FTD/TPI does not have cost benefits through the perspective of US payers. Their gm
gg results are not consistent with our study, which may be related to the different %é
31 prices of FTD/TPI in different countries. Chinese generic drugs are in a dominant g‘g |
gg position in the domestic drug market. The emergence of generic drugs can gé
gg reduce drug prices and increase drug accessibility[?%l. According to the datal?’], in ;gi%
g? 2020, the proportion of generic drugs in the domestic drug market was 63%. g’;
22 Moreover, domestic generic drug manufacturers have implemented price Porter's g:@
2(1) generic strategies. Resulting in an average profit margin of only 5% -10% for EJQ_>. ‘
jé generic drugs in China, which is far lower than the average profit margin of %:
jg international generic drugs (30%-60%)[?%]. Therefore, the cost of generic drugs in g
j? China is generally low compared to foreign drugs. g
jg At the same time, this study also has some limitations. The first utility value E:j ;
g? is derived from published article and is not obtained from TAGS clinical data. % ‘
gg Due to differences in regional race and other factors, sensitivity analysis is ‘g :
g;’ conducted to evaluate the impact of various parameters on the model. However, -
g? according to the sensitivity analysis results, utility value of the PFS, the cost of |
gg adverse reactions in the FTD/TPI group, and the cost of FTD/TPI have a
60 ¢
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reactions at level three or above, without considering all adverse reactions, may
result in bias in the data. Thirdly, according to the population distribution of
participants in the TAGS trial, the majority of participants are Europeans, so there

may be biases in real-world clinical efficacy in China.

5. Conclusion

In summary, from the perspective of Chinese healthcare system, FTD/TPI is
cost-effectiveness choice in systematic second-line and back-line medication for
heavily pretreated metastatic gastric cancer. The results of this study can provide
an economically significant solution for doctors to treat heavily pretreated

metastatic gastric cancer.

Funding statement: This research was supported by The University Synergy
Innovation Program of Anhui Province (grant number: GXXT-2021-068).

Data recruitment statement: The original data used in this article comes from the
TAGS clinical trial (NCT02500043). If you need to query the specific original data,
please contact the original author.

Competing interests: None conflicts.

Provenance and peer review: Not commissioned; externally peer reviewed.

Patient and public involvement: Patients or the public WERE NOT involved in the
design, or conduct, or reporting, or dissemination plans of our research.

Patient consent for publication: Not applicable.

contributions: TY and RX are joint first authors. YZ, JD, YW were involved in

the data acquisition; TY, RX and YZ were involved in the statistical analysis. JD,YW
and XX were involved in the analysis and interpretation of the data; TY, RX, YZ and
JD were involved in the critical revision of the manuscript for important intellectual
content. All authors read and approved the final manuscript. TY and RX are the study
guarantors.

Open access: This is an open access article distributed in accordance with the

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 19

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

Page 15 of 19

oNOYTULT D WN =

BMJ Open

Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID ID: Ting Ying: https://orcid.org/0009-0007-9716-3146

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

References

[1TJWHO. World Health Organization; Geneva:2020. WHO mortality database. https://www.

who.int/zh/news-room/fact-sheets/detail/cancer

[2] National Health Commission of the PRC. Guidelines for the diagnosis and treatment of g
astric cancer(2022). https://caivd-org.cn/webfile/file/20220504/20220504234271207120.pdf

[3]Zhang T. Study on Analysis of clinicopathological features and prognostic factors of met
astatic or recurrent gastric cancer [D].Guangzhou University of Chinese Medicine, 2021.DO
1:10.27044/d.cnki.ggzzu.2021.000738.

[4]R. Zheng, S. Zhang, H. Zeng, S. Wang, K. Sun, R. Chen, L. Li, W. Wei, J. He, Cancer in
cidence and mortality in China, 2016, J. Natl. Cancer Center2(1)(2022)1-9.

[5]Shitara K, Doi T, Dvorkin M, et al. Trifluridine/tipiracil versus placebo in patients with h
eavily pretreated metastatic gastric cancer (TAGS): a randomised, double-blind, placebo-co
ntrolled, phase 3 trial [published correction appears in Lancet Oncol. 2018 Dec;19(12):e668]
. Lancet Oncol. 2018;19(11):1437-1448.

[6]National Medical Products Administration. On January 5, 2021, the information on the dr
ug approval certificate to be received was released[EB/OL] (2021.01.05) [2023.05.26].htt
ps://www.nmpa.gov.cn/zwfw/sdxx/sdxxyp/yppjth/20210105090210116.html

[7]Cao M, Li H, Sun D, etc. Epidemiological trend analysis of gastric cancer in China from
2000 to 2019[J]. Chin J Dig Surg, 2021, 20(1): 102-109.

[8]Liu G. China Guideline For Pharmacoeconomic Evaluations.2020[M].Beijing:China Mar
ket Publishing House,2020:27-46.

[9]Gao F, Languille C, Karzazi K, Guhl M, Boukebous B, Deguen S. Efficiency of fine scal
e and spatial regression in modelling associations between healthcare service spatial accessi
bility and their utilization. Int J Health Geogr. 2021;20(1):22.

[10] National Bureau of statistics. Statistical Bulletin of the People's Republic of China on N
ational Economic and Social Development 2022[EB/OL] (2023.02.28) [2023.05.29] http:/
/www.stats.gov.cn/sj/zxfb/202302/t20230228 191901 1.html

[11]Zhou T, Ma A, Fu L. Discussion on the Calculation of Markov Model Transition Probab

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 19

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://www.who.int/zh/news-room/fact-sheets/detail/cancer
https://www.who.int/zh/news-room/fact-sheets/detail/cancer
https://caivd-org.cn/webfile/file/20220504/20220504234271207120.pdf
https://www.nmpa.gov.cn/zwfw/sdxx/sdxxyp/yppjfb/20210105090210116.htm
https://www.nmpa.gov.cn/zwfw/sdxx/sdxxyp/yppjfb/20210105090210116.htm
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://bmjopen.bmj.com/

Page 17 of 19

oNOYTULT D WN =

BMJ Open

ility in Pharmacoeconomics Evaluation[J]. CHINESE HEALTH ECONOMICS,2017,(12):40
-42
[12]YaoZhi.com (2023) [2023.05.29]https://www.yaozh.com/[J]

[13]Anhui Provincial Medical Security Bureau. Notice of Anhui Provincial Medical Securit

y Bureau and Anhui Provincial Health Commission on Issuing the "Catalogue of Medical Se
rvice Price Items in Anhui Province (2022 Edition)" [EB/OL] (2022.03.29) [2023.05.29]ht
tp://ybj.ah.gov.cn/public/7071/146806461.html

[14]Griffiths EA, Roy V, Alwan L, et al. NCCN Guidelines® Insights: Hematopoietic Grow
th Factors, Version 1.2022. J Natl Compr Canc Netw. 2022;20(5):436-442.

[15]National Bureau of Statistics of China. Statistical Bulletin of National Economic and So

cial Development of the China in 2022[EB/OL] ( 2023.02.28 ) [2023.05.29] http://www.sta

ts.gov.cn/sj/zx{b/202302/t20230228 1919011.html
[16]Al-Batran SE, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, Hironaka S, et al. Quality

-of-life and performance status results from the phase I[Il RAINBOW study of ramucirumab
plus paclitaxel versus placebo plus paclitaxel in patients with previously treated gastric or ga
stroesophageal junction adenocarcinoma. Ann Oncol. 2016;27(4):673-9.

[17IWANG Lin, CHEN Zaiyu(School of International Pharmaceutical Business, China Phar
maceutical University, Nanjing 211198,China)Pharmacoeconomic evaluation of pyrotinib ¢
ombined with capecitabine in the second-line treatment of HER-2 positive patients with adv
anced breast cancer[J].China Pharmacy,2022,33(13):1624-1629.

[18]Kawazoe A, Shitara K. Trifluridine/tipiracil for the treatment of metastatic gastric cance
r. Expert Rev Gastroenterol Hepatol. 2020 Feb;14(2):65-70.

[19]Fostea RM, Arkenau HT. Trifluridine/tipiracil in the treatment of gastric cancer. Future
Oncol. 2022;18(12):1511-1517. doi:10.2217/fon-2021-0754

[20]Mayer RJ, Van Cutsem E, Falcone A, et al. Randomized trial of TAS-102 for refractory
metastatic colorectal cancer. N Engl J Med. 2015;372(20):1909-1919.

[21]Du Xiaohui, Yan Yang, Liu Baiyan.2022 edition of Chinese Society of Clinical Oncolo
gy gastric cancer diagnosis and treatment guidelines update interpretation[J].Journal of Clini
cal Surgery,2022,30( 9):805-808

[22] NCCN.NCCN Clinical Practice Guidelines in Oncology:Gastric Cancer(Version 1.202
3) [EB/OL].2023 [2023-05-26]. https://www.nccn.org/guidelines/guidelines-detail ?category
=1&id=1434

[23]Su M, Lao J, Zhang N, et al. Financial hardship in Chinese cancer survivors. Cancer. 20
20;126(14):3312-3321. doi:10.1002/cncr.32943

[24]Takushima Y, Igarashi A, Yoshihara H, Shitara K, Doi T. Cost-effectiveness of trifluridi
ne/tipiracil against nivolumab for heavily pretreated metastatic gastric cancer in Japan. Jpn J
Clin Oncol. 2021 Aug 30;51(9):1383-1390.

[25]Zhou K, Zhou J, Zhang M, Liao W, Li Q. Cost-effectiveness of trifluridine/tipiracil (TA

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://www.yaozh.com/%5bJ%5d
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

S102) for heavily pretreated metastatic gastric cancer. Clin Trans! Oncol. 2020;22(3):337-34
3.
[26] National Medical Products Administration. Drug Administration Policy Overview (Issu

e 37) Continuously Promoting the Consistency Evaluation of Generic Drugs.[EB/OL] (202

2.05.20) [2023.05.29]https://www.nmpa.gov.cn/xxgk/zhcjd/zhcjdyp/20220519155845177.
html

[27]China industry consulting leader. Analysis of current market situation and development
trend of China's generic drug industry in 2020 Consistency evaluation promotes the accelera
tion of Import substitution industrialization of domestic drugs.[EB/OL] (2022.04.10) [202
3.06.15] https://bg.qianzhan.com/trends/detail/506/200410-alcde6d9.html

[28]China National Pharmaceutical Industry Information Center. Bluebook of Chinese gener

ic drugs(2022) [M].Beijing: Peking Union Medical College Press.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 19

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://www.nmpa.gov.cn/xxgk/zhcjd/zhcjdyp/20220519155845177.html
https://www.nmpa.gov.cn/xxgk/zhcjd/zhcjdyp/20220519155845177.html
https://bg.qianzhan.com/trends/detail/506/200410-a1cde6d9.html
http://bmjopen.bmj.com/

Page 19 of 19

oNOYTULT D WN =

BMJ Open

Tornado Diagram - ICER
FTD/TPI vs. Placebo

P e utility of PFS (0.592 to 0.888)

| [ cost of adverse events(FTD/TPI) (2788 to 4182)
[ — cost of FTD/TPI (1690 to 2535)
- utility of PD (0.464 to 0.696)
] utility of discount (0.0033 to 0.005)

n cost of best support care (442.86 to 664.28)
n cost of disease control (176.59 to 264.89)
] cost of imaging (278.8 to 418.2)
] cost of discount (0.0033 to 0.005)
Ev 29963 45 cost of adverse events(Placebo) (21.86 to 32.8)

@@@@@@@@@@@@@@@@@@@@
SEFTFE ST ES T PSS B S S s

ICER

Fig 1 cost and utility range fluctuations £ 20%Plum order factors one-way tornado chart

1095x518mm (38 x 38 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘0T aunc uo /wod (wg uadolway//:diy wol) peapeojumod zZ0zZ J8qWaAON L U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

=
o

0.0
10

% Iterations Cost-Effective

BMJ Open

CE Acceptability Curve
AAAAAAAAAAAA,

A

A

& FTD/TPI
A-Placebo

Ap
000.00 15000.00 20000.00 25000.00 30000.00 35000.00 40000.00
Willingness-to-Pay

Fig 2 The cost of probability sensitivity analysis-effect acceptable curve

913x513mm (38 x 38 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘0T aunc uo /wod (wg uadolway//:diy wol) peapeojumod zZ0zZ J8qWaAON L U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg

Page 20 of 19


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer
from the perspective of Chinese healthcare system

Journal:

BMJ Open

Manuscript ID

bmjopen-2023-080846.R1

Article Type:

Original research

Date Submitted by the
Author:

28-Feb-2024

Complete List of Authors:

ying, ting; Anhui Medical University, School of Pharmacy; Anhui Medical
University, Inflammation and Immune Mediated Diseases Laboratory of
Anhui Province

Xia, Runan; Anhui Medical University, School of Pharmacy; Anhui Medical
University, Inflammation and Immune Mediated Diseases Laboratory of
Anhui Province,

Zhang, Yuanyuan; Anhui Medical University, Inflammation and Immune
Mediated Diseases Laboratory of Anhui Province; Anhui Medical
University, Anhui Provincial Drug Regulatory Scientific Research Center
Dai, Jiahui; Anhui Medical University, School of Pharmacy; Anhui Medical
University, Inflammation and Immune Mediated Diseases Laboratory of
Anhui Province

Wang, Yadong; Anhui Medical University, School of Pharmacy; Anhui
Medical University, Inflammation and Immune Mediated Diseases
Laboratory of Anhui Province

Xie, Xuefeng; Anhui Medical University, Anhui Provincial Drug Regulatory
Scientific Research Center; Anhui Medical University, Key Laboratory of
Public Health Social Governance, Philosophy and Social Sciences of Anhui
Province,

<b>Primary Subject
Heading</b>:

Health economics

Secondary Subject Heading:

Public health

Keywords:

HEALTH ECONOMICS, Gastrointestinal tumours < ONCOLOGY, China

ONE™

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘0T aunc uo /wod (wg uadolway//:diy wol) peapeojumod zZ0zZ J8qWaAON L U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

Page 1 of 20

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer

from the perspective of Chinese healthcare system

Ting Ying!?#,Runan Xia!* Yuanyuan Zhang?3, Jiahui Dai'-2, Yadong Wang!?,
Xuefeng Xie34*

Abstract

Objectives: The aim of this study was to evaluate the cost-effectiveness of
Trifluridine/tipiracil (FTD/TPI) for heavily pretreated metastatic gastric cancer from
the perspective of the Chinese healthcare system.

Designs: Based on the overall survival (OS) and progression-free survival (PFS) data
from the TAGS trial (NCT02500043). A Markov model was constructed to analyze
the cost-effectiveness of FTD/TPI compared to the placebo in heavily pretreated
metastatic gastric cancer. The model only included direct medical costs. We then
conducted sensitivity analyses to evaluate the robustness of the model's findings.

Outcomes: The model results are mainly from Chinese healthcare system. The output
result is the Quality-Adjusted Life Years (QALYs) and incremental cost-effective
ratio (ICER).

Results: According to the model results, FTD/TPI generated an additional cost of

$26,345.84 and 0.88 QALYs compared to the placebo. ICER value of FTD/TPI

compared to placebo is $39,915.79 per QALY. Sensitivity analyses revealed that the
utility value of the PFS stage and FTD/TPI adverse events costs were the main
influencing parameters, ensuring stable results.

Conclusion: From the perspective of Chinese healthcare system, FTD/TPI is a cost-

effective option for patients with heavily pretreated metastatic gastric cancer

compared to a placebo.

Keywords: heavily pretreated metastatic gastric cancer; Trifluridine/tipiracil;

Markov model; cost-effectiveness analysis
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Strengths and limitations of this study: 1. This study used a Markov model to
analyze the cost-effectiveness of Trifluridine/tipiracil (FTD/TPI) for the treatment of
heavily pretreated metastatic gastric cancer in China.

2. The model uncertainty concerning short-term survival rates is small owing to the
good fitness of the model. But the long-term benefits of FTD/TPI remain an open
question.

3.The cost of adverse events only takes into account the severe adverse events (AEs)
of grade 3 and above, and does not consider all adverse events.

4.Based on the population distribution of TAGS participants, the majority are
Europeans. This may introduce biases in assessing real-world clinical efficacy in

China.
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1. Introduction

According to the latest statistics from the World Health Organization
(WHO) in 2022, gastric cancer is the fourth leading cause of cancer-related
deaths worldwide[1]. About 1.2 million new cases of gastric cancer occur
worldwide every year, with China accounting for approximately 40% of them[2].
Many patients are in an advanced state of cancer cell metastasis when gastric
cancer is discovered[1].a)[3], the treatment is usually limited to palliated
chemotherapy due to poor expected results.

At present, the guidelines of the Chinese Society of Clinical Oncology (CSC
0O) and the National Comprehensive Cancer Network (NCCN) recommend severa
| treatment options for metastatic gastric cancer, including combination chemothe
rapy and single-agent chemotherapy. Due to the generally poor physical condition
of patients with advanced third-line gastric cancer, the proportion of patients who
can receive combination third-line chemotherapy is extremely low, and single-ag
ent treatment is mainly used. Patients who have received these chemotherapy trea
tments before receiving FTD/TPI treatment, but the results unsatisfactory, and the
cost is also significant. According to IQVIA[4], global spending on oncology dru
gs will continue to increase at a double-digit rate. Therefore, it is a global challen
ge to find a cost-effective and efficient treatment for gastric cancer.

In 2019, the European Commission (EC) and the Food and Drug Administra
tion (FDA) approved FTD/TPI for the treatment of adult patients with metastatic
gastric cancer who have received at least two prior systemic treatment regimens t
o manage advanced disease. FTD/TPI is a novel oral cytotoxic chemotherapy con
sisting of a thymidine-based nucleoside analogue, trifluridine, and thymidine[5].
As the main active ingredient, Trifluridine inhibits cell proliferation by direct inse
rtion into the DNA after phosphorylation, leading to DNA dysfunction and cell de
ath [5,6]. Thereby playing an anti-tumor role when combined with trifluridine to f
orm FTD/TPI, it prevents the rapid degradation of trifluridine, allowing for the m

aintenance of adequate plasma levels of the active drug [6,7]. In China, Trifluridi
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2.2 medication scheme

1

2

2 ne/tipiracil has been approved for metastatic colorectal cancer but not for gastric

Z cancer. In 2021, generic tablets of FTD/TPI were approved for listing by the Nati

; onal Medical Products Administration (NMPA) for the first time [8]. This greatly

?O reduces the cost of FTD/TPI in China. Although the current CSCO guideline does

:; not include FTD/TPI as a treatment option for metastatic gastric cancer, the analy

:i sis of TAGS clinical data and generic drugs launched in China suggests that FTD/ 5 ‘
12 TPI may be cost-effective in the treatment of metastatic gastric cancer within the % }
1; Chinese healthcare system, which provides the possibility of incorporating FTD/ EE :
;g TPI into the Chinese gastric cancer diagnostic and treatment guidelines. Therefor é ‘
;; e, this study will evaluate the cost-effectiveness analysis of FTD/TPI in treating a <£ij= ‘
;i significant number of heavily metastatic gastric cancer patients from the perspecti §
;2 ve of the Chinese healthcare system. The results of this study can provide clinicia §
;é ns, payers, and budget holders with economically viable options. gm
2 2. Methods % é
g; 2.1 Patient Population g% 1
33 The data were selected from the clinical trial of the TAGS (NCT02500043, g ‘:_l;
gg Taiho Oncology, Inc.). This is a Phase III study with randomized, double-blind, ;gi‘;g
g? placebo-controlled, and multinational. The study began in July 2015 and ended in g’;
22 September 2021, in 17 countries including Japan, France, among others, and g:@
2(1) involving 110 academic hospitals. The efficacy and safety of FTD/TPI plus Best EJQ_>. ‘
jé Supportive Care (BSC) (FTD/TPI) and placebo plus BSC (Placebo) in metastatic %:
jg gastric cancer. After screening and excluding, a total of 507 patients participated g
j? in this clinical trial. These patients had received at least two treatments for g
jg advanced gastric cancer before. Eligible patients will be randomly (2: 1) to either E:j ;
g? FTD/TPI (337) or Placebo (170). The main end of the experiment is overall % ‘
gg survival (OS), and the secondary endpoint is progression-free survival (PFS). The % :
g;’ purpose is to explore whether the patient's Quality of Life (QoL) can be improved -
g ? to the maximum extent without anti-tumor factors. Patients or members of the |
gg public were not involved in the design of this study.
60 ¢
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Participants received 35 milligrams per meter square (mg/m”2) of
FTD/TPI tablets orally twice daily (BID) for 5 days per week (from Days 1
to 5 and Days 8 to 12) for 2 weeks followed by 14 days rest in each 28-day
cycle along with BSC until the patient meets the drug suspension standard
(including participant withdrawal, disease progress, irreversible treatment
related to 4 non-hematological events, doctor’s decision, participants are

pregnant, or death)

2.3 Model parameter

A Markov model was developed to simulate the disease progression of
heavily pretreated metastatic gastric cancer by TreeagePro 2019. Including
three disease statuses (Progression-free Survival (PFS), Progressed Disease
(PD), death (D)). Patients enter this model in the PFS state, and after entering
PD, they cannot return to the previous state. According to the model, the
Markov cycle is 28 days. Since 99.9% of patients enter the state of death (D)
after 60 model cycles, and the overall 5-year survival rate of progressive
gastric cancer is only 35.1% [9], the model is limited to 5 years. The discount
rate of 5% for cost and utility value is recommended according to the

"Chinese Pharmaceutical Economics Evaluation Guide" (2020) [10].

2.4 Input parameters

2.4.1 Probability of transferring

The OS and PFS curves were derived from TAGS trail. GetData
Graph Digitizer software was used to collect data points from OS and PFS
curves. then cleaned up the data and converted into a data format suitable
for survival analysis. The data were analyzed by Kaplan-Meier through
R4.2.0 software, and the data were refitted using weibull, gamma,
lognormal, log-logistic, and exponential distributions (Table 1). According
to the Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC), the smaller the AIC and BIC values, The better the fit[11].
Therefore, the lognormal distribution was selected as the optimal

distribution according to AIC and BIC combined with a visual inspection

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 20

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

Page 7 of 20 BMJ Open

1

2

3

4 of FTD/TPI and Placebo. The p value and 0 value of each group of OS and

5

6 PFS curve parameters can be obtained to calculate the transfer probability

7

8 of transfer from PFS to PFS (PFTF). Assumed that the probability of

?O transfer from PFS to D (PFTD) is a per capita mortality rate of 7.37%o in

:; 2022[12]. From this, you can find PFTP =1-PFTF-PFTD. According to the

:i OS curve parameter, it can be obtained from the transfer probability

12 (PSTS) from the survival state to the survival state, which can calculate the

1273 PSTD =1-PSTS. According to Zhou T[13], the transfer probability (PPTP)

;g from PD to PD shall be corrected. Therefore, PPTP =

;; ([nPFS+nPD]xPSTS-nPFSx PFTF- NPFSx PFTD]/nPD, PPTD=1-PPTP.

;i Among them, nPFS and nPD are the number of patients in PFS and PD

25 state in the previous cycle.

26

27 Table 1 Progression-free survival and Overall survival data fit results

28

29 Group Observation Distribution AIC BIC

30 weibull 1,515.56 1,523.2

31 gamma 1,480.323 1,487.963

32 ion-

33 Progression lognormal 1,424.173 1,431.813

34 free survival

35 log-logistic 1,649.843 1,657.483

36 exponential 1,590.963 1,594.783

i FTD/TPI weibull 2,015.341 2,022.981

39 gamma 2,003.665 2,011.305

40

he Overall lognormal 1,093.852  2,001.492

4 survival

43 log-logistic 2,156.712 2,164.352

44 exponential 2,064.761 2,068.581

45 weibull 911.2514 917.5924

46 gamma 899.762 906.103

47 ion-

48 Progression- ) hormal 8533578 859.6987
free survival

Pt log-logistic 1,025.024 1,031.365

51 Placebo exponential 916.1268 919.2973

52 weibull 1,098.377 1,104.718

53 gamma 1,091.463 1,097.804

54

o Overall lognormal 1081386  1,087.727

survival

gg log-logistic 1,181.045 1,187.386

53 exponential 1,117.249 1,120.419

59 2.4.2 Cost input

60
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From the perspective of the Chinese healthcare system, this study
determines and analyzes the following direct costs: drug costs,
administration costs, adverse costs, imaging costs, and BSC costs. Among
them, the cost of drugs is sourced from Yaozhi.com [14], with the median
bid price of the drugs in each province considered as the cost of the drugs
(Table 2). In the TAGS clinical trial, the patient's dosage is determined by
their body surface area (BSA), which is calculated to be 1.60m? using the
Stevenson formula and the average height and weight of individuals in
China. Six provinces in China, including Hunan, Henan, Jiangsu, Anhui,
Shaanxi, and Shandong, were selected to estimate the administrative cost,
imaging cost, and BSC cost based on the prices listed in the price catalog
of medical services of the Medical Insurance Bureau of each province.
According to TAGS trail[15], laboratory examinations are conducted every
cycle (including blood routine, urine routine, routine feces, and hematic
biochemical examinations), while imaging tests such as CT, MRI, PET-
CT, and radiography are conducted every two cycles. Since there is no
standard treatment for a large number of pretreated metastatic gastric
cancer patients, the Best Supportive Care (BSC) cost was estimated based
on the possible monitoring components of palliative care outlined in the
2022 gastric cancer treatment guidelines[16]. This includes corresponding
administration measures such as the presence of bleeding, obstruction,
pain, and other factors. The estimation was made in conjunction with the
median prices listed in the medical services of the healthcare bureaus of six
provinces. It was assumed that patients would undergo BSC treatment after
PD. The adverse treatment plan is derived from the NCCN hematopoietic
factors [17]. The cost of adverse events only takes into account the severe
adverse events (AEs) of grade 3 and above (grade >3), such as Neutropenia
(34%), anemia (19%), and Leukopenia (9%) in the FTD/TPI group, and
bellyache (9%) and anemia (8%) in the placebo. The willingness-to-pay

(WTP) in the cost-effectiveness analysis is three times the Chinese Gross
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Domestic Product (GDP) in 2022[18], amounting to $35,559.34. All costs
are shown in US dollars (1 US dollar = CNY 7.23).

Table 2 cost and utility values parameters

[14]
Estimate
[17]
[17]
[17]
Estimate
Estimate
[17]
Estimate
Estimate

Estimate

Variable Median Range Distribution  Source
Lower limit ~ Higher limit
FTD/TPI $2,112.50 $1,690 $2,535 gamma
adverse (TAGS) $3,485.00 $2,788 $4,182 gamma
Neutropenia (34%) $3,448.75 $2,759 $4,138.5 gamma
Anaemia (19%) $24.62 $19.70 $29.54 gamma
Leukopenia (9%) $11.62 $9.30 $13.94 gamma
adverse (placebo) $27.33 $21.86 $32.80 gamma
Bellyache (9%) $2.71 $2.17 $3.25 gamma
Anaemia (8%) $24.62 $19.70 $29.54 gamma
Imaging $304.55 $243.64 $365.46 gamma
administration cost $353.22 $282.58 $423.86 gamma
Best Supportive Care $1,127.97 $902.38  $1,353.56 gamma
(BSC)
utility
progression-free survival 0.764 0.611 0.917 Dbeta
Progressed Disease 0.652 0.522 0.782 beta

0 0 0 Dbeta

2.4.3 Input of health utility values

In 2021, the health-related quality of life (HRQoL) was assessed in TAGS
using the European Organization for Research and Treatment of Cancer (EORTC)
QLQ-C30 questionnaire. Patients completed the EORTC QLQ-C30
questionnaire within 7 days prior to randomization, predose on Day 1 of at least
2 treatment cycles, and at the safety follow-up 30 days after the last dose (if not
performed within the previous 4 weeks). Leanne Hamerton ef al. [19] used a
published algorithm by Kontodimopoulos et al. to map the scores from EORTC
QLQ-C30. The resultant utility values applied within the model were 0.764 for
PFD and 0.652 for PD.

2.5 Model based results

The model results were mainly from the Chinese healthcare system. The
outputs included Quality-adjusted life years (QALYs) and Incremental Cost-
Effectiveness Ratio (ICER). When the ICER value was less than the set WTP
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threshold ($35,559.34), FTD/TPI was found to be more cost-effective than the

placebo.

2.6 sensitivity analysis

In order to test the uncertainty of the Markov model, one-way
sensitivity analysis and probabilistic sensitivity analysis (PSA) were used to
explore the effects of different parameters on basic analysis results and the
range of data to = 20%. Sensitivity analysis is conducted using the TreeagePro
2019 software. One-way sensitivity analysis results are typically presented in
the form of a tornado diagram, which can reflect the size of multiple uncertain
factors on the outcome [20]. The gamma distribution was chosen for the cost
parameters, while the beta distribution was used for the transition probability
and utility parameters. Probabilistic sensitivity analysis (PSA) was performed
using 1000 Monte Carlo simulations, and the results were presented in the form

of a cost-acceptability curve.

3. Result

3.1 Basic analysis results

According to the lognormal fitting, the median survival of OS for
FTD/TPI and placebo was 6 months and 3.6 months. The median survival for
PFS was 2 months and 1.8 months, the simulated PFS curve and OS curve
closely resembled the original data, indicating an acceptable and reasonable fit.

Based on the Markov model, from the perspective of Chinese healthcare
system, the total cost of the FTD/TPI was $32,234.26, while the total cost of
the placebo was $5,888.42. Compared with the placebo, FTD/TPI provides
more than 0.88 QALY in value. At the same time, the ICER value
corresponding to each QALY is $29,915.79 (Table 3), which is lower than the
WTP threshold of $35,559.34. Therefore, compared with the placebo, FTD/TPI
is a cost-effective treatment option for heavily pretreated metastatic gastric

cancer.
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1

2

2 Table 3 Basic Analysis Data

5

6 Treatment cost Increase cost QALY Increase QALY ICER
: FTD/TPI $32,234.26 NA 3.20 NA NA
9 Placebo $5,888.42 $26,345.84 2.32 0.88 $29,915.79
1(1) 3.2 sensitivity analysis

:g 3.2.1 One-way sensitivity analysis

12 According to the tornado diagram in Fig 1 Cost and utility value range
1? fluctuation £20% under the order factor sensitivity analysis tornado diagram,
:g the utility value of PFS stage has the greatest effect on the ICER value,
;‘1) followed by the adverse events cost of the FTD/TPI. The specific impact is as
;g follows: 1. The utility value of PFS stage increases, leading to a decrease in
;‘5‘ ICER value; as its cost decreases, the ICER value increases. 2. As the cost of
26 adverse events in FTD/TPI increases, the ICER value also increases;
3573 conversely, as the cost decreases, the ICER value decreases. 3. As the cost of
gg FTD/TPI increases, ICER value also increases; conversely, as the cost
2; decreases, the ICER value decreases as well. Individual parameter changes
2431 may slightly alter the overall value associated with the treatment, but they do
22 not change the ICER-based conclusion of FTD/TPI in the treatment of heavily
2573 pretreated metastatic gastric cancer.

23 3.2.2 Probabilistic sensitivity analysis

2; According to the cost-acceptability curve (Fig 2 Cost-Acceptability

22 Curve for Probabilistic Sensitivity Analysis), when WTP increases within the
o range of 1-3 times threshold($11,860-$35,559.34) of the GDP, the FTD/TPI
2; shows an increase in economic feasibility. When the WTP value is

gg $29,632.64, FTD/TPI was more cost-effective than the placebo. FTD/TPI

g; treatment for heavily pretreated metastatic gastric cancer is a viable option.

?i 4. Discussion

gg In the present study, the TAGS trial shows that compared with placebo,
;73 FTD/TPI provides a significant survival benefit for patients with heavily pretreated
Zg gastric cancer (FTD/TPI: median survival: 5.7 months (95% CI: 4.8-6.2), placebo:
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median survival: 3.6 months (95% CI: 3.1-4.1) (Hazard Ratio (HR): 0.69 (95% CI:
0.56-0.85); p = 0.00029). We intended to conduct a Markov model analysis of
FTD/TPI compared to a placebo in patients with metastatic gastric cancer from the
perspective of the Chinese healthcare system. According to our analysis, FTD/TPI
costs $26,345.84 more than the placebo but provides an additional 0.88 QALYs,
resulting in an ICER of $29,915.79 per QALY, which is below the defined WTP
of $35,559.34 per QALY gained. Therefore, it can be considered that from the
perspective of the Chinese healthcare system, FTD/TPI treatment for heavily
pretreated metastatic gastric cancer is a cost-effective option. The cost-effective
estimate remained stable in sensitivity analyses. The evidence from this study
emphasizes the value of FTD/TPI in clinical and pharmacoeconomic settings. It
supports FTD/TPI as a systematic second-line and back-line treatment option for
patients with metastatic gastric cancer in China, and provides a reference for the
dynamic adjustment of the catalog of medicines covered by the national medical
insurance system.

Since the study population consists of patients with metastatic gastric cancer
who have previously undergone two or more chemotherapy regimens for advanced
or metastatic disease with poor outcomes. Considering the entire treatment process
for diagnosed patients, a brief cost-effectiveness analysis of first-line and second-
line therapeutic agents for gastric cancer will be conducted. According to CSCO
guidelines, patients are initially treated with first-line and second-line therapies
after being diagnosed with advanced metastatic gastric cancer. The first-line
therapy includes doublet (fluorouracil plus platinum) or a triplet (fluorouracil plus
paclitaxel/anthracycline plus platinum). Jingjing Xie et al[21]. analyzed the cost-
effectiveness of the current first-line drug combination regimens for gastric cancer
(oxaliplatin plus capecitabine (51 cases), cisplatin plus capecitabine (49 cases), and
paclitaxel plus capecitabine (51 cases)) using real-world data. The study considered
one cycle of 21 days and a total of 4 cycles. According to the results, the cisplatin
plus capecitabine group was more cost-effective (cost-effectiveness ratio: ¥106.29),

but the paclitaxel plus capecitabine group had a better treatment outcome.
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Trastuzumab plus paclitaxel was preferred for second-line treatment. Chen Jia et
al[22]. explored the cost-effectiveness of trastuzumab from the perspective of the
Chinese healthcare system. They constructed a partitioned survival model using
data from the ToGA trial (NCT01041404, Hoffmann-La Roche), with one cycle
lasting 21 days and a total of 6 cycles. According to the results, the combination of
trastuzumab and chemotherapy increased 0.19 QALY over chemotherapy alone,
but required an additional cost of $65,352.42, which exceeded the willingness-to-
pay threshold (WTP). Therefore, the use of trastuzumab in combination with
chemotherapy for the treatment of HER-2 positive advanced gastric cancer is not a
cost-effective option from the perspective of the Chinese healthcare system. And
subsequent studies need to be further analyzed in conjunction with real-world data.

Several international publications currently use data from the TAGS trial to
compare the Pharmacoeconomics of FTD/TPI with a placebo in patients with
heavily pretreated metastatic gastric cancer. Takushima Y[23] used a partitioned
survival model to estimate the cost-effectiveness of FTD/TPI versus nivolumab
from the perspective of the Japanese public healthcare payer. According to the
results of the article, the ICER of nivolumab and FTD/TPI is ¥32,352,489
yen/QALYs, and the WTP threshold is 7,500,000 yen. Therefore, the analysis of
FTD/TPI from the Japanese public healthcare payment perspective shows that it is
more cost-effective than nivolumab. We cannot compare the results of Takushima
with this study due to the different comparator.

In a study by Leanne Hamerton et a/[19]. in Britain, a partitioned survival
model was used to compare FTD/TPI with BSC. They employed a lognormal
distribution to fit OS and a generalized gamma model to fit PFS and time-to-
treatment-discontinuation (TTD). According to the study results, FTD/TPI was
associated with an ICER of £37,907 per QALY gained compared with BSC.
Therefore, FTD/TPI is a cost-effective treatment for patients with pretreated
metastatic gastric cancer from a UK perspective.

Overall, published literature supports the findings of the present analysis,

except for the study by Zhou K et al[24]. They developed a Markov model to assess
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the cost-effectiveness of FTD/TPI from the perspective of the US payer. According
to the results, compared with the placebo, the increase in FTD/TPI is 0.06 QALYs,
and the ICER value is $986,333, which is far beyond their WTP threshold($50,000-
$150,000) concluded that FTD/TPI does not provide cost benefits from the
perspective of US payers. Their results are not consistent with our study, which
may be attributed to the varying prices of FTD/TPI in different countries. Chinese
generic drugs hold a dominant position in the domestic drug market. The
emergence of generic drugs can reduce drug prices and increase drug accessibility
[25]. According to the data [26], in 2020, the proportion of generic drugs in the
domestic drug market was 63%. Moreover, domestic generic drug manufacturers
have implemented Porter's generic strategies to adjust prices. Resulting in an
average profit margin of only 5% to 10% for generic drugs in China, which is
significantly lower than the average profit margin of international generic drugs
(30% to 60%) [27]. Therefore, the cost of generic drugs in China is generally lower
compared to foreign drugs.

However, our study also has some limitations. First, the model uncertainty
concerning the short-term survival rates is small owing to the excellent fit of the
model. But the long-term benefits of FTD/TPI remain an open question. The
model can be validated using long-term survival data once more mature data
becomes available in the future. Secondly, only considering the cost of adverse
reactions at level three or above, without taking into account all adverse
reactions, may lead to bias in the data. Thirdly, based on the population
distribution of participants in the TAGS trial, the majority are Europeans. This
could introduce biases in real-world clinical efficacy in China, potentially
impacting the trial's generalizability. Fortunately, there are already exploratory
studies on FTD/TPI for advanced unresectable gastric cancer in the Chinese
population registered in the Chinese Clinical Trial Registry
(ChiCTR2400080940) and clinical trial (NCT05029102). As data is continually

updated, this study will also be updated accordingly.
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5. Conclusion

In summary, from the perspective of the Chinese healthcare system, is a
cost-effective choice for systematic second-line and back-line medication for
FTD/TPI heavily pretreated metastatic gastric cancer. The results of this study
can offer an economically significant solution for clinicians, payers, and budget

holders to treat heavily pretreated metastatic gastric cancer.

Ethics Approval : This study is an economic evaluation analysis and does not

involve human subjects. Input data includes human material or human data derived
from other published studies conducted with the approval of an appropriate ethics
committee. Therefore, no ethics approval is required for conducting this cost-
effectiveness analysis.

Figure 1: Cost and utility value range fluctuation £20% under the order factor
sensitivity analysis tornado diagram

Figure 2: Cost-Acceptability Curve for Probabilistic Sensitivity Analysis
Acknowledgments: The author would like to thank the financial support of The
University Synergy Innovation Program of Anhui Province (grant number: GXXT-
2021-068) and we thank the associate editor and the reviewers for their useful
feedback that improved this paper.

Funding statement: This research was supported by The University Synergy
Innovation Program of Anhui Province (grant number: GXXT-2021-068).

Data recruitment statement: The original data used in this article comes from the
TAGS clinical trial (NCT02500043). If you need to query the specific original data,
please contact the original author.

Competing interests: None conflicts.

Provenance and peer review: Not commissioned; externally peer reviewed.
Patient and public involvement: Patients or the public WERE NOT involved in the

design, or conduct, or reporting, or dissemination plans of our research.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Patient consent for publication: Not applicable.

contributions: TY and RX are joint first authors. YZ, JD, YW were involved in

the data acquisition; TY, RX and YZ were involved in the statistical analysis. JD,YW

and XX were involved in the analysis and interpretation of the data; TY, RX, YZ and

JD were involved in the critical revision of the manuscript for important intellectual

content. All authors read and approved the final manuscript. TY and RX are the study

guarantors.

Open access: This is an open access article distributed in accordance with the

Creative Commons Attribution Non-Commercial (CC BY-NC 4.0) license, which

permits others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use

is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID ID: Ting Ying: https://orcid.org/0009-0007-9716-3146

(2]

[3]

References

WHO. World Health Organization; Geneva:2020. WHO mortality database. https:/www.w

ho.int/zh/news-room/fact-sheets/detail/cancer

National Health Commission of the PRC. Guidelines for the diagnosis and treatment of gas

tric cancer(2022). https://caivd-org.cn/webfile/file/20220504/20220504234271207120.pdf

Zhang T. Study on Analysis of clinicopathological features and prognostic factors of metas
tatic or recurrent gastric cancer [D].Guangzhou University of Chinese Medicine, 2021.DOI
:10.27044/d.cnki.ggzzu.2021.000738.

R. Zheng, S. Zhang, H. Zeng, S. Wang, K. Sun, R. Chen, L. Li, W. Wei, J. He, Cancer inci

dence and mortality in China, 2016, J. Natl. Cancer Center2(1)(2022)1-9.

Kawazoe A, Shitara K. Trifluridine/tipiracil for the treatment of metastatic gastric cancer. E
xpert Rev Gastroenterol Hepatol. 2020 Feb;14(2):65-70.

Fostea RM, Arkenau HT. Trifluridine/tipiracil in the treatment of gastric cancer. Future On

col. 2022;18(12):1511-1517. doi:10.2217/fon-2021-0754

Mayer RJ, Van Cutsem E, Falcone A, et al. Randomized trial of TAS-102 for refractory me
tastatic colorectal cancer. N Engl J Med. 2015;372(20):1909-1919.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 20

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://www.who.int/zh/news-room/fact-sheets/detail/cancer
https://www.who.int/zh/news-room/fact-sheets/detail/cancer
https://caivd-org.cn/webfile/file/20220504/20220504234271207120.pdf
http://bmjopen.bmj.com/

Page 17 of 20

oNOYTULT D WN =

BMJ Open

[8] National Medical Products Administration. On January 5, 2021, the information on the dru
g approval certificate to be received was released[EB/OL] (2021.01.05) [2023.05.26].http
s://www.nmpa.gov.cn/zwifw/sdxx/sdxxyp/yppifb/20210105090210116.html

[9] Cao M, Li H, Sun D, etc. Epidemiological trend analysis of gastric cancer in China from
2000 to 2019[J]. Chin J Dig Surg, 2021, 20(1): 102-109.

[10] Liu G. China Guideline For Pharmacoeconomic Evaluations.2020[M].Beijing:China Marke
t Publishing House,2020:27-46.

[11] Gao F, Languille C, Karzazi K, Guhl M, Boukebous B, Deguen S. Efficiency of fine scale a
nd spatial regression in modelling associations between healthcare service spatial accessibil
ity and their utilization. /nt J Health Geogr. 2021;20(1):22.

[12] National Bureau of statistics. Statistical Bulletin of the People's Republic of China on Natio
nal Economic and Social Development 2022[EB/OL] (2023.02.28) [2023.05.29] http://w
ww.stats.gov.cn/sj/zxfb/202302/t20230228 191901 1.html

[13] Zhou T, Ma A, Fu L. Discussion on the Calculation of Markov Model Transition Probabilit
y in Pharmacoeconomics Evaluation[J].CHINESE HEALTH ECONOMICS,2017,(12):40-
42

[14] YaoZhi.com (2023) [2023.05.29]https://www.yaozh.com/[J]

[15] Shitara K, Doi T, Dvorkin M, et al. Trifluridine/tipiracil versus placebo in patients with hea
vily pretreated metastatic gastric cancer (TAGS): a randomised, double-blind, placebo-cont
rolled, phase 3 trial [published correction appears in Lancet Oncol. 2018 Dec;19(12):e668].
Lancet Oncol. 2018;19(11):1437-1448.

[16] Bureau of Medical Administration, National Health Commission of the People’s Republic
of China. Standardization for diagnosis and treatment of gastric cancer (2022 edition) [J] .
Chinese Journal of Digestive Surgery, 2022, 21(9) : 1137-1164.

[17] Griffiths EA, Roy V, Alwan L, et al. NCCN Guidelines® Insights: Hematopoietic Growth
Factors, Version 1.2022. J Natl Compr Canc Netw. 2022;20(5):436-442.

[18] National Bureau of Statistics of China. Statistical Bulletin of National Economic and Social

Development of the China in 2022[EB/OL] ( 2023.02.28 ) [2023.05.29] http://www.stats.g

ov.cn/sj/zx1b/202302/t20230228 191901 1.html

[19] Hamerton L, Gomes K, Fougeray R, et al. A UK cost-effectiveness analysis of trifluridine/t
ipiracil for heavily pretreated metastatic gastroesophageal cancers. Future Oncol. 2023;19(
9):643-650. doi:10.2217/fon-2022-0662

[20] WANG Lin, CHEN Zaiyu (School of International Pharmaceutical Business, China Pharma
ceutical University, Nanjing 211198,China)Pharmacoeconomic evaluation of pyrotinib co
mbined with capecitabine in the second-line treatment of HER-2 positive patients with adva
nced breast cancer[J].China Pharmacy,2022,33(13):1624-1629.

[21] XIE Jingjing, GAO Yafen, GUO Qunyi. Cost-effectiveness Analysis of Chemotherapy Reg

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyaal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://www.nmpa.gov.cn/zwfw/sdxx/sdxxyp/yppjfb/20210105090210116.htm
https://www.nmpa.gov.cn/zwfw/sdxx/sdxxyp/yppjfb/20210105090210116.htm
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
https://www.yaozh.com/%5bJ%5d
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

imens for Advanced Gastric Cancer. Hospital Operation. 2020,37(12):20-23.

[22] CHEN lJia, LIU Lulu, WANG Shuangmei. Cost-effectiveness analysis of trastuzumab com
bined with chemotherapy in treatment of HER-2 positive advanced gastric cancer. Drug Ev
aluation Research. 2023,46(06):1286-1292.

[23] Takushima Y, Igarashi A, Yoshihara H, Shitara K, Doi T. Cost-effectiveness of trifluridine/
tipiracil against nivolumab for heavily pretreated metastatic gastric cancer in Japan. Jpn J C
lin Oncol. 2021 Aug 30;51(9):1383-1390.

[24] Zhou K, Zhou J, Zhang M, Liao W, Li Q. Cost-effectiveness of trifluridine/tipiracil (TAS1
02) for heavily pretreated metastatic gastric cancer. Clin Transl Oncol. 2020;22(3):337-343

[25] National Medical Products Administration. Drug Administration Policy Overview (Issue 37
) Continuously Promoting the Consistency Evaluation of Generic Drugs.[EB/OL] (2022.0
5.20) [2023.05.29]https://www.nmpa.gov.cn/xxgk/zhcjd/zhcjdyp/20220519155845177.ht

ml

[26] China industry consulting leader. Analysis of current market situation and development tre
nd of China's generic drug industry in 2020 Consistency evaluation promotes the accelerati
on of Import substitution industrialization of domestic drugs.[EB/OL] (2022.04.10) [2023
.06.15] https://bg.gianzhan.com/trends/detail/506/200410-alcde6d9.html

[27] China National Pharmaceutical Industry Information Center. Bluebook of Chinese generic

drugs(2022) [M].Beijing: Peking Union Medical College Press.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 20

‘salfojouyaal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublosug

e


https://www.nmpa.gov.cn/xxgk/zhcjd/zhcjdyp/20220519155845177.html
https://www.nmpa.gov.cn/xxgk/zhcjd/zhcjdyp/20220519155845177.html
https://bg.qianzhan.com/trends/detail/506/200410-a1cde6d9.html
http://bmjopen.bmj.com/

Page 19 of 20

oNOYTULT D WN =

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

* (s3gv) Inauadns juswaublasug

e

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Tornado Diagram - ICER
FTD/TPI vs. placebo

I I, it of PFS(0.611t0 0.917)

I cost of adverse event(FTD/TPI)(2,788 to 4,182)
I cost of FTD/TPI(1,690 to 2,535)
—-_—— utility of PD(0.522 to 0.782)
m cost of BSC(902.38 to 1,353.56)

n utility of discount(0.0033 to 0.005)

] cost of administation(282.58 to 423.86)
I cost of discount(0.0033 to 0.005)

] cost of imaging(243.64 to 365.46)

\ EV: 29915 79 cost of adverse events(placebo)(21.86 to 32.8)
: ; : : . ——
P P PSP S P e ®
QQQGQQQQQOQ@@@@@QQ@@@@
QQ@V@QQ;PQQ@QQQ0900@&@004@0%@% Q@Qo @QFP@"? b~° ¢§’ Q:“ '\"Q QPQ S Q°
I L G L L A S - L S ) oo

Cost and utility value range fluctuation £20% under the order factor sensitivity analysis tornado diagram

1095x601mm (38 x 38 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 20

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘0T aunc uo /wod (wg uadolway//:diy wol) peapeojumod zZ0zZ J8qWaAON L U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

Page 21 of 20 BMJ Open

v}
=
(&
1 2
2 S
3 =
4 a
> E
6 =2
o= )
7 CE Acceptability Curve =
8 o
1.0 AAAAAAANAAAA m )
9 v A " o
10 = A‘-\ T °
1 B \ . s &
w
12 £ A g 8
14 = A 2 3
15 8 - @ FTD/TPI g S
16 w \ A placebo g S
17 5 A g 8
18 ] (] = 8
19 o A 2 @
20 9 B A c o
21 ool pupnonsonsne® Aa 5 3
22 X 10000.00 15000.00 20000.00 25000.00 30000.00 35000.00 40000.00 Q ;
23 Willingness-to-Pay S 3
[
)
24 o33
25 Cost-Acceptability Curve for Probabilistic Sensitivity Analysis ; g_g
26 25N
27 913x513mm (38 x 38 DPI) 3%’ .§
28 ] % o
2 —

9 223
30 580
31 az8
32 s 3
33 533
34 EEE

>
35 5'@ =
36 &3

> )
37 = g

-~ 3
38 5 5
39 2 3
40 @ 3
41 2 3
42 o o
43 3 2
44 2 S
45 g <
46 > 3
47 ° 5
48 S
49 3 B
50 ]
51 Z
52 g
53 3
54 g
55 =
56 S
57 =
58 é
59 o
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml s


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer
from the perspective of Chinese healthcare system

Journal:

BMJ Open

Manuscript ID

bmjopen-2023-080846.R2

Article Type:

Original research

Date Submitted by the
Author:

31-May-2024

Complete List of Authors:

ying, ting; Anhui Medical University, School of Pharmacy; Anhui Medical
University, Inflammation and Immune Mediated Diseases Laboratory of
Anhui Province

Xia, Runan; Anhui Medical University, School of Pharmacy; Anhui Medical
University, Inflammation and Immune Mediated Diseases Laboratory of
Anhui Province,

Zhang, Yuanyuan; Anhui Medical University, Inflammation and Immune
Mediated Diseases Laboratory of Anhui Province; Anhui Medical
University, Anhui Provincial Drug Regulatory Scientific Research Center
Dai, Jiahui; Anhui Medical University, School of Pharmacy; Anhui Medical
University, Inflammation and Immune Mediated Diseases Laboratory of
Anhui Province

Wang, Yadong; Anhui Medical University, School of Pharmacy; Anhui
Medical University, Inflammation and Immune Mediated Diseases
Laboratory of Anhui Province

Xie, Xuefeng; Anhui Medical University, Anhui Provincial Drug Regulatory
Scientific Research Center; Anhui Medical University, Key Laboratory of
Public Health Social Governance, Philosophy and Social Sciences of Anhui
Province,

<b>Primary Subject
Heading</b>:

Health economics

Secondary Subject Heading:

Public health

Keywords:

HEALTH ECONOMICS, Gastrointestinal tumours < ONCOLOGY, China

ONE™

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollqig soushy 1e GZoz ‘0T aunc uo /wod (wg uadolway//:diy wol) peapeojumod zZ0zZ J8qWaAON L U0 9%8080-£202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

Page 1 of 20

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer

from the perspective of Chinese healthcare system

Ting Ying!?#,Runan Xia!* Yuanyuan Zhang?3, Jiahui Dai'-2, Yadong Wang!?,
Xuefeng Xie34*

Abstract

Objectives: The aim of this study was to evaluate the cost-effectiveness of
trifluridine/tipiracil (FTD/TPI) for heavily pretreated metastatic gastric cancer from
the perspective of the Chinese healthcare system.

Designs: Based on the overall survival (OS) and progression-free survival (PFS) data
from the TAGS trial (NCT02500043), a three-state Markov model (PFS , progressed
disease, and death) was constructed to analyze the cost-effectiveness of FTD/TPI
compared with the placebo in heavily pretreated metastatic gastric cancer. Cost was
from pricing records and the literature. The model was simulated for 5 years with
monthly cycles. Costs and health outcomes were discounted by 5%. We then
conducted sensitivity analyses to evaluate the robustness of the parameters.

Outcomes: The model results were mainly from the Chinese healthcare system. The
output results were the quality-adjusted life years (QALYs) and incremental cost-
effective ratio (ICER).

Results: According to the model results, FTD/TPI generated an additional cost of
$26,855.66 and 0.88 QALYs compared with the placebo. ICER of FTD/TPI
compared with the placebo was $30,494.89 per QALY Sensitivity analyses revealed
that the utility value of the PFS stage and FTD/TPI adverse event costs were the
main influencing parameters, ensuring stable results.

Conclusion: From the perspective of the Chinese healthcare system, FTD/TPI is a
more cost-effective option compared with the placebo for the treatment of heavily

pretreated metastatic gastric cancer in patients who have received at least two prior
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advanced treatment regimens.
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Strengths and limitations of this study: 1. This study used a Markov model to
analyze the cost-effectiveness of trifluridine/tipiracil (FTD/TPI) for the treatment of
heavily pretreated metastatic gastric cancer in China.

2. The cost of adverse events (AEs) only considers the severe AEs of grade 3 and
above and does not consider all AEs.

3. Based on the population distribution of TAGS participants, the majority are
Europeans. This limitation may introduce biases in assessing real-world clinical
efficacy in China.

4. The model uncertainty concerning short-term survival rates is small owing to the

good fitness of the model. But the long-term benefits of FTD/TPI remain an open

question.
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1. Introduction

According to the latest statistics from the World Health Organization in 202
2, gastric cancer is the fourth leading cause of cancer-related deaths worldwide [1
]. About 1.2 million new cases of gastric cancer occur worldwide every year, with

China accounting for approximately 40% of them [2]. Many patients are in an ad
vanced state of cancer cell metastasis when gastric cancer is discovered [3], and tr
eatment is usually limited to palliative chemotherapy because of poor expected re
sults.

At present, the guidelines of the Chinese Society of Clinical Oncology (CSC
0O) and the National Comprehensive Cancer Network (NCCN) recommend severa
| treatment options for metastatic gastric cancer, including combination chemothe
rapy and single-agent chemotherapy. As a result of the generally poor physical co
ndition of patients with advanced third-line gastric cancer, the proportion of patie
nts who can receive combination third-line chemotherapy is extremely low, and si
ngle-agent treatment is mainly used. Patients who have received these chemother
apy treatments before receiving trifluridine/tipiracil (FTD/TPI) treatment have re
ported unsatisfactory results, and the cost is also high. According to IQVIA [4], g
lobal expenditure on oncology drugs will continue to increase at a double-digit rat
e. Therefore, a cost-effective and efficient treatment for gastric cancer remains a
global challenge.

In 2019, the European Commission and the Food and Drug Administration a
pproved FTD/TPI for the treatment of adult patients with metastatic gastric cance
r who have received at least two prior systemic treatment regimens to manage adv
anced disease. FTD/TPI is a novel oral cytotoxic chemotherapy consisting of a th
ymidine-based nucleoside analog, trifluridine, and thymidine [5]. As the main acti
ve ingredient, trifluridine inhibits cell proliferation by direct insertion into DNA a
fter phosphorylation, leading to DNA dysfunction and cell death [5,6]. In addition
to its anti-tumor role when combined with trifluridine to form FTD/TPI, it preve

nts the rapid degradation of trifluridine, allowing for the maintenance of adequate
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plasma levels of the active drug [6,7]. In 2021, FTD/TPI generic tablets were firs
t approved for marketing by the State Drug Administration [8]. This move greatly
reduced the cost of using FTD/TPI in China. FTD/TPI has been approved for met
astatic colorectal cancer in the current CSCO guidelines, but it has not been appro
ved for gastric cancer. There is currently no cost-effectiveness analysis evaluating
FTD/TPI for the treatment of a significant number of patients with severe metast

atic gastric cancer from the perspective of the Chinese healthcare system. Therefo
re, this study conducted a cost-effectiveness analysis of FTD/TPI for treating a lar
ge number of patients with severe metastatic gastric cancer from the perspective o
f the Chinese healthcare system. The results of this study could offer clinicians an
d payers economic evidence to consider incorporating FTD/TPI into Chinese guid

elines for the diagnosis and treatment of gastric cancer.

2. Methods

2.1 Patients

The data were selected from the clinical trial of TAGS (NCT02500043, Taiho
Oncology, Inc.). This work is a phase III study with randomized, double-blind,
placebo-controlled, and multinational cases. The study began in July 2015 and
ended in September 2021, in 17 countries including Japan and France. It involved
110 academic hospitals. The efficacy and safety of FTD/TPI plus best supportive
care (BSC; FTD/TPI) and placebo plus BSC (placebo) in metastatic gastric
cancer were determined. After screening and excluding the cases, a total of 507
patients participated in this clinical trial. These patients had received at least two
treatments for advanced gastric cancer before. Eligible patients were randomly
classified (2: 1) into either the FTD/TPI group (337) or placebo group (170). The
main end of the experiment was overall survival (OS), and the secondary
endpoint was progression-free survival (PFS). The purpose of this work was to
explore whether the patient’s quality of life (QoL) can be improved to the
maximum extent without anti-tumor factors. Patients or members of the public
were not involved in the design of this study.

2.2 Treatment

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid
* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Participants received 35 mg/m? FTD/TPI tablets orally twice daily
(BID) for 5 days per week (from Days 1 to 5 and Days 8 to 12) for 2 weeks,
followed by 14 days of rest in each 28-day cycle along with BSC until the
patient met the drug suspension standard (including participant withdrawal,
disease progress, irreversible treatment related to four non-hematological

events, doctor’s decision, participants are pregnant, or death).

2.3 Model structure

A Markov model was developed to simulate the disease progression of
heavily pretreated metastatic gastric cancer by TreeagePro 2019. It included
three disease statuses (PFS, progressed disease [PD], and death [D]). Patients
entered this model in the PFS state, and they could not return to the previous
state after entering PD. The time of entry into the model for patients in this
study was set to the average age of patients in the TAGS trial (62.5 years).
According to the model, the Markov cycle was 28 days. Given that 99.9% of
patients entered the state of death (D) after 60 model cycles, and the overall
S-year survival rate of progressive gastric cancer was only 35.1% [9], the
model was limited to 5 years. The discount rate of 5% for cost and utility
value is recommended according to the Chinese Pharmaceutical Economics

Evaluation Guide (2020) [10].

2.4 Clinical inputs
2.4.1 Transition probability

The OS and PFS curves were derived from the TAGS trial. GetData
Graph Digitizer software was used to collect data points from OS and PFS
curves. The data were then cleaned and converted into a format suitable for
survival analysis. The data were analyzed by Kaplan—Meier analysis
through R4.2.0 software, and the survival curve extrapolation was
conducted using Standard Parametric Model (SPM) by using weibull,
gamma, lognormal, log-logistic, and exponential distributions (Table 1).
According to the Akaike information criterion (AIC) and Bayesian

information criterion (BIC), the smaller the AIC and BIC values, the better

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 20

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid
* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

Page 7 of 20

oNOYTULT D WN =

BMJ Open

the fit [11]. Therefore, the log-normal distribution was selected as the

optimal distribution according to AIC and BIC combined with a visual

inspection of FTD/TPI and placebo. We added both the original survival

curves compared to the simulated survival curves (Table 2). The p value

and 0 value of each group of OS and PFS curve parameters were obtained

to calculate the transfer probability of transfer from PFS to PFS (PFTF).

Assuming that the transition probability from PFS to D (PFTD) is a per

capita mortality rate of 7.37%o in 2022 [12], PFTP =1-PFTF-PFTD. The

OS curve parameter can be used to determine the transition probability

from the survival state to the survival state (PSTS) as follows: PSTD =1-

PSTS. According to Zhou T. [13], the transition probability from PD to PD

(PPTP) should be corrected. Therefore, PPTP = ([nPFS+nPD]xPSTS-

nPFSx PFTF- NPFSx PFTD]/nPD, PPTD=1-PPTP. Among them, nPFS

and nPD are the number of patients in PFS and PD state in the previous

cycle, respectively.

Table 1 Progression-free survival and Overall survival data fit results

Group Observation Distribution AIC BIC
weibull 1,515.56 1,523.2
gamma 1,480.323 1,487.963
Progression-— o srmal 1424173 1431813
free survival
log-logistic 1,649.843 1,657.483
exponential 1,590.963 1,594.783
FTD/TPI weibull 2,015.341 2,022.981
gamma 2,003.665 2,011.305
Overall lognormal 1,093.852  2,001.492
survival
log-logistic 2,156.712 2,164.352
exponential 2,064.761 2,068.581
weibull 911.2514 917.5924
gamma 899.762 906.103
Progression-— 0 ormal 8533578 859.6987
free survival
log-logistic 1,025.024 1,031.365
Placebo exponential 916.1268 919.2973
weibull 1,098.377 1,104.718
gamma 1,091.463 1,097.804
Overall lognormal 1081386  1,087.727
survival
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log-logistic 1,181.045 1,187.386
exponential 1,117.249 1,120.419

Table 2 Comparison of original survival curves with simulated survival curves

simulated survival curves original survival curves
OS follow-up Time 25.1 months 46 months
PFS follow-up Time 13.2 months 46 months
Statistical methods Kaplan-Meier Kaplan-Meier
P <0.0001 <0.0001

2.4.2 Costs

From the perspective of the Chinese healthcare system, this study
determined and analyzed the following direct costs (US dollar [US $]; 1
US dollar = CNY 7.23 [2023]): drug costs, administration costs, adverse
costs, imaging costs, and BSC costs. Costs were discounted by 5%. We
assumed that FTD/TPI was used continuously until death. Among them,
the cost of drugs was sourced from Yaozhi.com [14], with the median bid
price of the drugs in each province considered as the cost of the drugs
(Table 2). In the TAGS clinical trial, the patient’s dosage was determined
by their body surface area (BSA), which was calculated to be 1.60 m?
using the Stevenson formula and the average height and weight of
individuals in China. Six provinces in China [15-20], namely, Hunan,
Henan, Jiangsu, Anhui, Shaanxi, and Shandong, were selected to estimate
the administration cost, imaging cost, and BSC cost based on the prices
listed in the price catalog of medical services of the Medical Insurance
Bureau of each province. Administration cost was estimated based on the
province’s medical service price item catalog in six provinces. It included
the cost of accommodating patients during their hospital stay, standard
nursing care, and routine tests (including blood, urine, and fecal
examinations). Imaging tests such as CT, MRI, PET-CT, and radiography
were conducted every two cycles. Given the absence of standard treatment

for a large number of pretreated patients with metastatic gastric cancer, the
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BSC cost was estimated based on the possible monitoring components of
palliative care outlined in the 2022 gastric cancer treatment guidelines
[21]. This included corresponding administration measures such as the
presence of bleeding, obstruction, pain, and other factors. The estimation
was made in conjunction with the median prices listed in the medical
service price item catalog of the six provinces. We assumed that patients
would undergo BSC treatment after PD. The adverse treatment plan was
derived from the NCCN hematopoietic factors [22]. Of these, the cost of
adverse treatment was estimated based on the medical service price item
catalog in six provinces and Yaozhi.com. The cost of adverse events (AEs)
only takes into account the severe AEs of grade 3 and above (grade >3),
such as neutropenia (34%), anemia (19%), and leukopenia (9%) in the
FTD/TPI group, as well as bellyache (9%) and anemia (8%) in the placebo.
For a health intervention to be considered cost-effective, a willingness-to-
pay (WTP) threshold of $35,559.34 per QALY was used in the current
analysis. Published studies reported that a treatment should be considered
cost-effective if the ICER is between one and three times the GDP per
capita of that country, and a treatment is considered highly cost-effective at
less than one times the GDP per capita [23-25].

Table 3 cost and utility values parameters

Variable

Median Range

Distribution Source

cost

FTD/TPI (per cycle)

Lower limit ~ Higher limit
$2,112.50 $1901.25 $2323.75 gamma

adverse (TAGS) $3,485.00 $3136.5 $3833.5 gamma

Neutropenia (34%)

$3,448.75 $3103.88 $3793.63 gamma

(per cycle)
A ia (19%)
naemia o $24.62 $22.16 $27.08 gamma
(per cycle)
Leukopenia (9%)
eukopenia 0 $11.62 $10.64 $12.78 gamma
(per cycle)
adverse (placebo) $27.33 $24.6 $30.06 gamma
Bellyache (9%)
ellyache (9% $2.71 $2.44 $2.98 gamma
(per cycle)
A ia (8%)
naemia {&7o $24.62 $22.16 $27.08 gamma
(per cycle)
Imaging $304.55 $274.1 $335.01 gamma
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(per cycle)
dministrati t
aé?ff‘yﬁ;;’““ $353.22 $317.9 $388.54 gamma
Best S rtive C
f;er;‘sgz)we e $1,127.97  $101517  $1240.77 gamma
utility
progression-free survival 0.764 0.688 0.841 beta
Progressed Disease 0.652 0.587 0.717 Dbeta
Death 0 0 0 Dbeta

Page 10 of 20

[15-20]

[15-20][21]

[19]

[19]
[19]

2.4.3 Utilities
In 2021, the health-related quality of life was assessed in TAGS using the
European Organization for Research and Treatment of Cancer (EORTC) QLQ-
C30 questionnaire. Patients completed the EORTC QLQ-C30 questionnaire
within 7 days prior to randomization, predose on Day 1 of at least two treatment
cycles, and at the safety follow-up 30 days after the last dose (if not performed
within the previous 4 weeks). Leanne Hamerton et al. [26] used a published
algorithm by Kontodimopoulos ef al. to map the scores from EORTC QLQ-C30.
The resulting utility values applied within the model were 0.764 for PFD and
0.652 for PD.
2.5 Model based results
The model results were mainly from the Chinese healthcare system. The
outputs included Quality-adjusted life years (QALYs) and Incremental Cost-
Effectiveness Ratio (ICER). When the ICER value was less than the set WTP
threshold ($35,559.34), FTD/TPI was found to be more cost-effective than the
placebo.
2.6 sensitivity analysis
To test the uncertainty of the Markov model, we performed one-way
sensitivity analysis and probabilistic sensitivity analysis (PSA) to explore the
effects of different parameters on the basic analysis results and determine the
range of data with an accuracy of £10%. Sensitivity analysis was conducted
using TreeagePro 2019 software. One-way sensitivity analysis results are

typically presented in the form of a tornado diagram, which can reflect the size
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of multiple uncertain factors on the outcome [27]. The gamma distribution was
chosen for the cost parameters, whereas the beta distribution was used for the
transition probability and utility parameters. PSA was performed using 1000
Monte Carlo simulations, and the results were presented in the form of a cost-

effectiveness acceptability curve.

3. Result

3.1 Base-case analysis

According to lognormal fitting, the median survival of OS for FTD/TPI
and placebo was 6 and 3.6 months, respectively. The median survival for PFS
for FTD/TPI and placebo was 2 and 1.8 months, respectively. The simulated
PFS curve and OS curve closely resembled the original data (the median
survival of OS for FTD/TPI and the placebo was 5.7 and 3.6 months,

respectively. whereas the median survival for PFS for FTD/TPI and the placebo
was 2 and 1.8 months, respectively), indicating an acceptable and reasonable

fit.

Based on the Markov model, from the perspective of Chinese healthcare
system, the total cost of the FTD/TPI was $32,234.26, while the total cost of
the placebo was $5,378.6. Compared with the placebo, FTD/TPI provides more
than 0.88 QALYs in value. At the same time, the ICER value corresponding to
each QALY is $30,494.89 (Table 3), which is lower than the WTP threshold of
$35,559.34. Therefore, compared with the placebo, FTD/TPI is a cost-effective

treatment option for heavily pretreated metastatic gastric cancer.

Table 4 Basic Analysis Data

* (s3gv) Inauadns juswaublasug

Treatment cost Increase cost QALY Increase QALY ICER
FTD/TPI $32,234.26 NA 3.20 NA NA
Placebo $5,378.6 $26,855.66 2.32 0.88 $30,494.89
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3.2 sensitivity analysis

3.2.1 One-way sensitivity analysis

The tornado diagram in Fig. 1 shows that the cost and utility value
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range fluctuated by +£10% in the order factor sensitivity analysis. The utility
value of the PFS stage had the greatest effect on the ICER value, followed by
the AE cost of FTD/TPI. The specific impact is as follows: 1. The utility value
of the PFS stage increases, leading to a decrease in ICER value; as its cost
decreases, the ICER value increases. 2. As the cost of AEs in FTD/TPI
increases, the ICER value also increases; conversely, as the cost decreases, the
ICER value decreases. 3. As the cost of FTD/TPI increases, ICER value also
increases; conversely, as the cost decreases, the ICER value decreases as well.
FTD/TPI remained a cost-effective treatment given that the ICER per QALY
gained remained below the threshold of $35559.34 per QALY gained.
Individual parameter changes may slightly alter the overall value associated
with the treatment, but they do not change the ICER-based conclusion of
FTD/TPI in the treatment of heavily pretreated metastatic gastric cancer.
3.2.2 PSA

According to the cost-effectiveness acceptability curve (Fig. 2 Cost-
effectiveness Acceptability Curve for Probabilistic Sensitivity Analysis),
when WTP increased within the range of 1-3 times threshold ($11,860—
$35,559.34) of the GDP, the FTD/TPI showed an increase in economic
feasibility. The analysis showed that FTD/TPI had a probability of 99.2% of
being a cost-effective option compared with the placebo, at a WTP threshold
of $35559.34. When the WTP value was $30,494.89, FTD/TPI was more
cost-effective than the placebo. Thus, FTD/TPI treatment for heavily
pretreated metastatic gastric cancer is a viable option. At a threshold of 2.5
times per capita GDP, FTD/TPI’s cost-effectiveness probability dropped to

34.1%, whereas that of the placebo increased to 65.9%.

4. Discussion

The study population consisted of patients with metastatic gastric cancer who

have previously undergone two or more chemotherapy regimens for advanced or

metastatic disease with poor outcomes. Recent studies have demonstrated that
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FTD/TPI has a relatively clear efficacy in the treatment of second- and back-line
metastatic gastric cancer. Although it has not yet been included in the CSCO
guidelines, the decrease in the price of the drugs used makes studying their
effectiveness in the treatment of metastatic gastric cancer valuable. This is
important from an economic standpoint, for the patients’ physiological and
psychological health, and in terms of the social significance of the disease.

In this study, the TAGS trial showed that FTD/TPI provided a significant
survival benefit for patients with heavily pretreated gastric cancer compared with
the placebo. We aimed to conduct a Markov model analysis of FTD/TPI compared
with the placebo in patients with metastatic gastric cancer from the perspective of
the Chinese healthcare system. According to our analysis, FTD/TPI cost
$26,855.66 more than the placebo but provided an additional 0.88 QALYs,
resulting in an ICER of $30,494.89 per QALY, which was below the defined WTP
of $35,559.34 per QALY gained. The analysis showed that FTD/TPI had a
probability of 99.2% of being a cost-effective option compared with the placebo at
a WTP threshold of $35559.34. Therefore, from the perspective of the Chinese
healthcare system, FTD/TPI treatment for heavily pretreated metastatic gastric
cancer is a cost-effective option. The cost-effective estimate remained stable in
sensitivity analyses. The evidence from this study emphasized the value of
FTD/TPI in clinical and pharmacoeconomic settings. This work supports FTD/TPI
as a systematic second-line and back-line treatment option for patients with
metastatic gastric cancer in China, and it provides a reference for the dynamic
adjustment of the catalog of medicines covered by the national medical insurance
system.

Several international publications currently use data from the TAGS trial to
compare the pharmacoeconomics of FTD/TPI in patients with heavily pretreated
metastatic gastric cancer. Takushima Y. [28] used a partitioned survival model to
estimate the cost-effectiveness of FTD/TPI versus nivolumab from the perspective
of the Japanese public healthcare payer. According to their results, the ICER of
nivolumab and FTD/TPI is ¥32,352,489 yen/QALYs, and the WTP threshold is
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7,500,000 yen. Therefore, the analysis of FTD/TPI from the Japanese public

healthcare payment perspective shows that it is more cost-effective than nivolumab.

However, as a result of differences in the controlled drugs, we could not compare
the results of Takushima with this study due to the different factors involved. In
Britain, a partitioned survival model was used to compare FTD/TPI with BSC in
the UK. A lognormal distribution to fit OS and a generalized gamma model to fit
PFS and time-to-treatment-discontinuation were employed. According to the study
results, FTD/TPI was associated with an ICER of £37,907 per QALY gained
compared with BSC. Therefore, FTD/TPI is a cost-effective treatment for patients
with pretreated metastatic gastric cancer from a UK perspective. In Greece, George
Gourzoulidis et al. analyzed the TAGS data through a partitioned survival model
from the perspective of the Greek public payer. They reported an ICER of €47,144
per QALY gained and €28,112 per LY gained compared with BSC. Therefore,
FTD/TPI was estimated to be a cost-effective treatment option for eligible third-
line treatment of patients with metastatic gastric cancer in Greece. The results of
both are consistent with the results of our study.

Overall, the published literature supported the findings of the present
analysis, except for the study by Zhou K et al. [29]. They developed a Markov
model to assess the cost-effectiveness of FTD/TPI from the perspective of the US
payer. According to the results, compared with the placebo, the increase in
FTD/TPI is 0.06 QALYs, and the ICER value is $986,333, which is far beyond
their WTP threshold ($50,000— $150,000). They found that FTD/TPI does not
provide cost benefits from the perspective of US payers. Their results were not
consistent with our study, which may be attributed to the varying prices of
FTD/TPI in different countries. Chinese generic drugs hold a dominant position
in the domestic drug market. The emergence of generic drugs can reduce drug
prices and increase drug accessibility [30]. Domestic generic drug manufacturers
have implemented Porter’s generic strategies to adjust prices, resulting in an
average profit margin of only 5% to 10% for generic drugs in China, which is

significantly lower than the average profit margin of international generic drugs
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(30% to 60%) [31]. Therefore, the cost of generic drugs in China is generally
lower compared with the cost of foreign drugs.

However, our study also had some limitations. First, the model uncertainty
concerning the short-term survival rates was small due to the excellent fit of the
model. The long-term benefits of FTD/TPI remain an open question. The model
could be validated using long-term survival data once more mature data become
available in the future. Second, only considering the cost of AEs at level three or
above, without taking into account all AEs, may lead to bias in the data. Third,
based on the population distribution of participants in the TAGS trial, the
majority were Europeans. This could introduce biases in real-world clinical
efficacy in China, potentially impacting the trial’s generalizability. Fortunately,
exploratory studies on FTD/TPI for advanced unresectable gastric cancer in the
Chinese population registered in the Chinese Clinical Trial Registry
(ChiCTR2400080940) and clinical trial (NCT05029102) are currently underway.

As data are continually updated, this study will also be updated.

5. Conclusion

In summary, from the perspective of the Chinese healthcare system,
FTD/TPI is a cost-effective choice for systematic second-line and back-line
medication for heavily pretreated metastatic gastric cancer. The results of this
study offer an economically significant solution for clinicians, payers, and budget

holders to treat heavily pretreated metastatic gastric cancer.

Ethics Approval : This study is an economic evaluation analysis and does not

involve human subjects. Input data includes human material or human data derived
from other published studies conducted with the approval of an appropriate ethics
committee. Therefore, no ethics approval is required for conducting this cost-
effectiveness analysis.

Figure 1: Cost and utility value range fluctuation £10% under the order factor
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sensitivity analysis tornado diagram

Figure 2: Cost-Acceptability Curve for Probabilistic Sensitivity Analysis
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Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer

from the perspective of Chinese healthcare system

Ting Ying!?#,Runan Xia!* Yuanyuan Zhang?3, Jiahui Dai'-2, Yadong Wang!?,
Xuefeng Xie34*

Abstract

Objectives: The aim of this study was to evaluate the cost-effectiveness of

trifluridine/tipiracil (FTD/TPI) for heavily pretreated metastatic gastric cancer from

the perspective of the Chinese healthcare system.

Designs: Based on the overall survival (OS) and progression-free survival (PFS) data

from the TAGS trial (NCT02500043), a three-state Markov model (PFS , progressed
disease, and death) was constructed to analyze the cost-effectiveness of FTD/TPI
compared with the placebo in heavily pretreated metastatic gastric cancer. Cost and
Utility were from pricing records and the literature. The model was simulated for 5
years with monthly cycles. Costs and health outcomes were discounted by 5%. We
then conducted sensitivity analyses to evaluate the robustness of the parameters. The
model results were from the Chinese healthcare system. The output results were the

quality-adjusted life years (QALY's) and incremental cost effectiveness ratio (ICER).

Results: According to the model results, FTD/TPI generated an additional cost of

$26,855.66 and 0.88 QALYs compared with the placebo. ICER of FTD/TPI
compared with the placebo was $30,494.89 per QALY. Sensitivity analyses revealed
that the utility value of the PFS stage and FTD/TPI adverse event costs were the
main influencing parameters, ensuring stable results. At a threshold of three times
per capita GDP of China ($35,559.34 in 2022), the probability of FTD/TPI being

cost-effective compared to placebo was 99.2%.

Conclusion: From the perspective of the Chinese healthcare system, FTD/TPI is a

more cost-effective option compared with the placebo for the treatment of heavily
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pretreated metastatic gastric cancer in patients who have received at least two prior
advanced treatment regimens.

Keywords: Heavily pretreated metastatic gastric cancer; Trifluridine/tipiracil;
Markov model; Cost-effectiveness analysis; Placebo; Economic evaluation

Word count: 3608 words

Correspondence to: Xuefeng Xie: xuefengxie@ahmu.edu.cn

Strengths and limitations of this study: 1. This study used a Markov model to
analyze the cost-effectiveness of trifluridine/tipiracil (FTD/TPI) for the treatment of
heavily pretreated metastatic gastric cancer in China.

2. The cost of adverse events (AEs) only considers the severe AEs of grade 3 and
above and does not consider all AEs.

3. Based on the population distribution of TAGS participants, the majority are
Europeans. This limitation may introduce biases in assessing real-world clinical
efficacy in China.

4. The model uncertainty concerning short-term survival rates is small owing to the

good fitness of the model. But the long-term benefits of FTD/TPI remain an open

question.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

1. Introduction

According to the latest statistics from the World Health Organization in 202
2, gastric cancer is the fourth leading cause of cancer-related deaths worldwidel6
[1].)[1] . About 1.2 million new cases of gastric cancer occur worldwide every y
ear, with China accounting for approximately 40% of them[1].a)[2][2]. Many pati
ents are in an advanced state of cancer cell metastasis when gastric cancer is disc
overed[3], and treatment is usually limited to palliative chemotherapy because of
poor expected results.

At present, the guidelines of the Chinese Society of Clinical Oncology (CSC
0O) and the National Comprehensive Cancer Network (NCCN) recommend severa
| treatment options for metastatic gastric cancer, including combination chemothe
rapy and single-agent chemotherapy. As a result of the generally poor physical co
ndition of patients with advanced third-line gastric cancer, the proportion of patie
nts who can receive combination third-line chemotherapy is extremely low, and si
ngle-agent treatment is mainly used. Patients who have received these chemother
apy treatments before receiving trifluridine/tipiracil (FTD/TPI) treatment have re
ported unsatisfactory results, and the cost is also high. According to IQVIA [4], g
lobal expenditure on oncology drugs will continue to increase at a double-digit rat
e. Therefore, a cost-effective and efficient treatment for gastric cancer remains a
global challenge.

In 2019, the European Commission and the Food and Drug Administration (
FDA) approved FTD/TPI for the treatment of adult patients with metastatic gastri
¢ cancer who have received at least two prior systemic treatment regimens to man
age advanced disease. FTD/TPI is a novel oral cytotoxic chemotherapy consisting

of a thymidine-based nucleoside analog, trifluridine, and thymidine[5]. As the m
ain active ingredient, trifluridine inhibits cell proliferation by direct insertion into
DNA after phosphorylation, leading to DNA dysfunction and cell death[6]. In add
ition to its anti-tumor role when combined with trifluridine to form FTD/TPI, it pr

events the rapid degradation of trifluridine, allowing for the maintenance of adeq
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secondary endpoint was progression-free survival (PFS). The purpose of this

1

2

2 uate plasma levels of the active drug [7].

Z In 2015, FTD/TPI was first approved by FDA and expanded globally includ

; ing European Union and China for the treatment of patients with metastatic color

?O ectal cancer[8]. In 2021, FTD/TPI generic tablets were first approved for marketi

:; ng by National Medical Products Administration[9]. This move greatly reduced t

:i he cost of using FTD/TPI in China. FTD/TPI has been approved for metastatic co 5 ‘
12 lorectal cancer in the current CSCO guidelines, but it has not been approved for g % }
1; astric cancer. There is currently no cost-effectiveness analysis evaluating FTD/TP EE
;g I for the treatment of a significant number of patients with severe metastatic gastri é ‘
;; ¢ cancer from the perspective of the Chinese healthcare system. Therefore, this st % ‘
;i udy conducted a cost-effectiveness analysis of FTD/TPI for treating a large numb § |
;2 er of patients with severe metastatic gastric cancer from the perspective of the Chi §
;é nese healthcare system. The results of this study could offer clinicians and payers gm
gg economic evidence to consider incorporating FTD/TPI into Chinese guidelines fo %é
31 r the diagnosis and treatment of gastric cancer and guide the pricing of the origina g‘g |
gg tor for metastatic colorectal cancer and other indications. g é
gg 2. Methods é’%
36 as
37 2.1 Patients 55
22 The data were selected from the clinical trial of TAGS[10](NCT02500043, g:@
2(1) Taiho Oncology, Inc.). This work is a phase III study with randomized, double- &;' |
jé blind, placebo-controlled, and multinational cases. The study began in July 2015 %:
jg and ended in September 2021, in 17 countries including Japan and Israel. It g

j? involved 110 academic hospitals. The efficacy and safety of FTD/TPI plus best g
jg supportive care (BSC; FTD/TPI) and placebo plus BSC (placebo) in metastatic E:j ;
g? gastric cancer were determined. After screening and excluding the cases, a total % ‘
gg of 507 patients participated in this clinical trial. These patients had received at % :
g;’ least two treatments for advanced gastric cancer before. Eligible patients were -
g ? randomly classified (2: 1) into either the FTD/TPI group (337) or placebo group |
gg (170). The main end of the experiment was overall survival (OS), and the
60 ¢
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work was to explore whether the patient’s quality of life (QoL) can be improved
to the maximum extent without anti-tumor factors. Patients or members of the
public were not involved in the design of this study.
2.2 Treatment
Participants received 35 mg/m? FTD/TPI tablets orally twice daily
(BID) for 5 days per week (from Days 1 to 5 and Days 8 to 12) for 2 weeks,
followed by 14 days of rest in each 28-day cycle along with BSC until the
patient met the drug suspension standard (including participant withdrawal,
disease progress, irreversible treatment related to four non-hematological
events, doctor’s decision, participants are pregnant, or death).
2.3 Model structure
A Markov model was developed to simulate the disease progression of
heavily pretreated metastatic gastric cancer by TreeagePro 2019. It included
three disease statuses (PFS, progressed disease [PD], and death [D]). Patients
entered this model in the PFS state, and they could not return to the previous
state after entering PD. The time of entry into the model for patients in this
study was set to the average age of patients in the TAGS trial (62.5 years).
According to the model, the Markov cycle was 28 days. Given that 99.9% of
patients entered the state of death (D) after 60 model cycles, and the overall
S5-year survival rate of progressive gastric cancer was only 35.1% [11], the
model was limited to 5 years. The discount rate of 5% for cost and utility
value is recommended according to the Chinese Pharmaceutical Economics
Evaluation Guide (2020)[12].
2.4 Transition probability
The OS and PFS curves were derived from the TAGS trial. GetData
Graph Digitizer software was used to collect data points from OS and PFS
curves. The data were then cleaned and converted into a format suitable for
survival analysis. The data were analyzed by Kaplan—Meier analysis
through R4.2.0 software, and the survival curve extrapolation was

conducted using Standard Parametric Model (SPM) by using weibull,
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gamma, lognormal, log-logistic, and exponential distributions (Table 1).
According to the Akaike information criterion (AIC) and Bayesian
information criterion (BIC), the smaller the AIC and BIC values, the better
the fit [13]. Therefore, the log-normal distribution was selected as the

optimal distribution according to AIC and BIC combined with a visual

inspection of FTD/TPI and placebo. We added both the original survival

curves compared to the simulated survival curves (Table 2). The p value

and 0 value of each group of OS and PFS curve parameters were obtained

to calculate the transfer probability of transfer from PFS to PFS (PFTF).

Assuming that the transition probability from PFS to D (PFTD) is a per

capita mortality rate of 7.37%o in 2022 [14], PFTP =1-PFTF-PFTD. The

OS curve parameter can be used to determine the transition probability

from the survival state to the survival state (PSTS) as follows: PSTD =1-

PSTS. According to Zhou T. [15], the transition probability from PD to PD

(PPTP) should be adjusted. Therefore, PPTP = ([nPFS+nPD]xPSTS-

nPFSx PFTF- NPFSx PFTD]/nPD, PPTD=1-PPTP. Among them, nPFS

and nPD are the number of patients in PFS and PD state in the previous

cycle, respectively.

Table 1 Progression-free survival and Overall survival data fit results

Group Observation Distribution AIC BIC
weibull 1,515.56 1,523.2
gamma 1,480.323  1,487.963

Progression-free survival lognormal 1,424.173 1,431.813
log-logistic 1,649.843 1,657.483
exponential 1,590.963 1,594.783
FTD/TPI weibull 2,015.341  2,022.981
gamma 2,003.665  2,011.305
Overall survival lognormal 1,993.852  2,001.492
log-logistic 2,156.712  2,164.352
exponential 2,064.761 2,068.581
weibull 911.2514 917.5924
gamma 899.762 906.103
Progression-free survival lognormal 853.3578 859.6987
log-logistic 1,025.024 1,031.365
Placebo exponential 916.1268 919.2973
weibull 1,098.377  1,104.718
gamma 1,091.463  1,097.804
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Overall survival lognormal 1,081.386 1,087.727
log-logistic 1,181.045  1,187.386
exponential 1,117.249  1,120.419

Table 2 Comparison of original survival curves with simulated survival curves

simulated survival curves original survival curves
OS follow-up Time 60 months 46 months
PFES follow-up Time 60 months 46 months
Statistical methods Kaplan-Meier Kaplan-Meier
P <0.0001 <0.0001

2.5 Costs

From the perspective of the Chinese healthcare system, this study
determined and analyzed the following direct costs (US dollar [US $]; 1
US dollar = CNY 7.23 [2023]): drug costs, administration costs, adverse
costs, imaging costs, and BSC costs. Costs were discounted by 5%. We
assumed that FTD/TPI was used continuously until the patient met the
drug suspension standard. Among them, the cost of drugs was sourced
from Yaozhi.com [16], with the median bid price of the drugs in each
province considered as the cost of the drugs (Table 2). In the TAGS
clinical trial, the patient’s dosage was determined by their body surface
area (BSA), which was calculated to be 1.60 m? using the Stevenson
formula and the average height and weight of individuals in China. Six
provinces in China [17], namely, Hunan, Henan, Jiangsu, Anhui, Shaanxi,
and Shandong, were selected to estimate the administration cost, imaging
cost, and BSC cost based on the prices listed in the price catalog of
medical services of the Medical Insurance Bureau of each province.
Administration cost was estimated based on the province’s medical service
price item catalog in six provinces. It included the cost of accommodating
patients during their hospital stay, standard nursing care, and routine tests
(including blood, urine, and fecal examinations). Imaging tests such as CT,

MRI, PET-CT, and radiography were conducted every two cycles. Given
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the absence of standard treatment for a large number of pretreated patients
with metastatic gastric cancer, the BSC cost was estimated based on the
possible monitoring components of palliative care outlined in the 2022
gastric cancer treatment guidelines [23]. This included corresponding
administration measures such as the presence of bleeding, obstruction,
pain, and other factors. The estimation was made in conjunction with the
median prices listed in the medical service price item catalog of the six
provinces. We assumed that patients would undergo BSC treatment after
PD. The adverse treatment plan was derived from the NCCN
hematopoietic factors [24]. Of these, the cost of adverse treatment was
estimated based on the medical service price item catalog in six provinces
and Yaozhi.com. The cost of adverse events (AEs) only takes into account
the severe AEs of grade 3 and above (grade >3), such as neutropenia
(34%), anemia (19%), and leukopenia (9%) in the FTD/TPI group, as well
as bellyache (9%) and anemia (8%) in the placebo.

Table 3 cost and utility values parameters

Variable Median Range Distribution Source
cost Lower limit Higher limit
FTD/TPI (per cycle) $2,112.50 $1901.25 $2323.75 gamma [14]
adverse (TAGS) $3,485.00 $3136.5 $3833.5 gamma [15-20] [22]
Neut ia (34%)
(per cycle)
A ia (19%)
naemia 0 $24.62 $22.16 $27.08 gamma [15-20] [22]
(per cycle)
Leuk ia (9%)
eukopenia () $11.62 $10.64 $12.78 gamma [15-20] [22]
(per cycle)
adverse (placebo) $27.33 $24.6 $30.06 gamma [15-20] [22]
Bellyache (9%)
ellyache 0 $2.71 $2.44 $2.98 gamma [15-20] [22]
(per cycle)
A ia (8%)
naemia (8% $24.62 $22.16 $27.08 gamma [15-20] [22]
(per cycle)
Imaci
maging $304.55 $274.1 $335.01 gamma [15-20]
(per cycle)
administration cost
(per cycle) $353.22 $317.9 $388.54 gamma [15-20]
Best Supportive Care (per cycle) $1,127.97 $1015.17 $1240.77 gamma [15-20][21]
utility

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 10 of 20

BMJ Open
progression-free survival 0.764 0.688 0.841 beta [1
Progressed Disease 0.652 0.587 0.717 beta [1
Death 0 0 0 beta [1

2.6 Utilities

In 2021, the health-related quality of life was assessed in TAGS using the

European Organization for Research and Treatment of Cancer (EORTC) QLQ-
C30 questionnaire. Patients completed the EORTC QLQ-C30 questionnaire
within 7 days prior to randomization, predose on Day 1 of at least two treatment
cycles, and at the safety follow-up 30 days after the last dose (if not performed
within the previous 4 weeks). Leanne Hamerton et al. [25] used a published
algorithm by Kontodimopoulos et al. to map the scores from EORTC QLQ-C30.
The resulting utility values applied within the model were 0.764 for PFD and
0.652 for PD.

2.7 Model based results

The model results were from the Chinese healthcare system. The outputs
included Quality-adjusted life years (QALYs) and Incremental Cost-
Effectiveness Ratio (ICER). When the ICER value was less than the set WTP
threshold ($35,559.34), FTD/TPI was found to be more cost-effective than the
placebo. For a health intervention to be considered cost-effective, a
willingness-to-pay (WTP) threshold of $35,559.34 per QALY was used in the
current analysis. Published studies reported that a treatment should be
considered cost-effective if the ICER is between one and three times the GDP
per capita of that country, and a treatment is considered highly cost-effective

at less than one times the GDP per capita [26].

2.8 sensitivity analysis

To test the uncertainty of the Markov model, we performed one-way
sensitivity analysis and probabilistic sensitivity analysis (PSA) to explore the
effects of different parameters on the basic analysis results and determine the
range of data with an accuracy of +10%. Sensitivity analysis was conducted

using TreeagePro 2019 software. One-way sensitivity analysis results are
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typically presented in the form of a tornado diagram, which can reflect the size
of multiple uncertain factors on the outcome [25]. The gamma distribution was
chosen for the cost parameters, whereas the beta distribution was used for the
transition probability and utility parameters. PSA was performed using 1000
Monte Carlo simulations, and the results were presented in the form of a cost-

effectiveness acceptability curve.

3. Result

3.1 Base-case analysis
According to lognormal fitting, the median survival of OS for FTD/TPI
and placebo was 6 and 3.6 months, respectively. The median survival for PFS
for FTD/TPI and placebo was 2 and 1.8 months, respectively. The simulated
PFS curve and OS curve closely resembled the original data (the median
survival of OS for FTD/TPI and the placebo was 5.7 and 3.6 months,

respectively. whereas the median survival for PFS for FTD/TPI and the placebo
was 2 and 1.8 months, respectively), indicating an acceptable and reasonable

fit.

Based on the Markov model, from the perspective of Chinese healthcare
system, the total cost of the FTD/TPI was $32,234.26, while the total cost of
the placebo was $5,378.6. Compared with the placebo, FTD/TPI provides more
than 0.88 QALYs in value. At the same time, the ICER value corresponding to
each QALY is $30,494.89 (Table 3), which is lower than the WTP threshold of
$35,559.34. Therefore, compared with the placebo, FTD/TPI is a cost-effective

treatment option for heavily pretreated metastatic gastric cancer.

Table 4 Basic Analysis Data

Treatment cost Increase cost QALY Increase QALY ICER
FTD/TPI  $32,234.26 NA 3.20 NA NA
Placebo $5,378.6  $26,855.66 2.32 0.88 $30,494.89

3.2 sensitivity analysis

3.2.1 One-way sensitivity analysis
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The tornado diagram in Fig. 1 shows that the cost and utility value
range fluctuated by £10% in the order factor sensitivity analysis. The utility
value of the PFS stage had the greatest effect on the ICER value, followed by
the AE cost of FTD/TPI. The specific impact is as follows: 1. The utility value
of the PFS stage increases, leading to a decrease in ICER value; as its cost
decreases, the ICER value increases. 2. As the cost of AEs in FTD/TPI
increases, the ICER value also increases; conversely, as the cost decreases, the
ICER value decreases. 3. As the cost of FTD/TPI increases, ICER value also
increases; conversely, as the cost decreases, the ICER value decreases as well.
FTD/TPI remained a cost-effective treatment given that the ICER per QALY
gained remained below the threshold of $35,559.34 per QALY gained.
Individual parameter changes may slightly alter the overall value associated
with the treatment, but they do not change the ICER-based conclusion of
FTD/TPI in the treatment of heavily pretreated metastatic gastric cancer.
3.2.2 PSA

According to the cost-effectiveness acceptability curve (Fig. 2 Cost-
effectiveness Acceptability Curve for Probabilistic Sensitivity Analysis),
when WTP increased within the range of 1-3 times threshold ($11,860—
$35,559.34) of the GDP, the FTD/TPI showed an increase in economic
feasibility. The analysis showed that FTD/TPI had a probability of 99.2% of
being a cost-effective option compared with the placebo, at a WTP threshold
of $35,559.34. Thus, FTD/TPI treatment for heavily pretreated metastatic
gastric cancer is a viable option. At a threshold of 2.5 times per capita for
GDP, FTD/TPI’s cost-effectiveness probability dropped to 34.1%, whereas

that of the placebo increased to 65.9%.

4. Discussion

The study population consisted of patients with metastatic gastric cancer who

have previously undergone two or more chemotherapy regimens for advanced or

metastatic disease with poor outcomes. Recent studies have demonstrated that
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FTD/TPI has a relatively clear efficacy in the treatment of second- and back-line
metastatic gastric cancer. Although it has not yet been included in the CSCO
guidelines, the decrease in the price of the drugs used makes studying their
effectiveness in the treatment of metastatic gastric cancer valuable. This is
important from an economic standpoint, for the patients’ physiological and
psychological health, and in terms of the social significance of the disease.

In this study, the TAGS trial showed that FTD/TPI provided a significant
survival benefit for patients with heavily pretreated gastric cancer compared with
the placebo. We aimed to conduct a Markov model analysis of FTD/TPI compared
with the placebo in patients with metastatic gastric cancer from the perspective of
the Chinese healthcare system. According to our analysis, FTD/TPI cost
$26,855.66 more than the placebo but provided an additional 0.88 QALYs,
resulting in an ICER of $30,494.89 per QALY, which was below the defined WTP
of $35,559.34 per QALY gained. The analysis showed that FTD/TPI had a
probability of 99.2% of being a cost-effective option compared with the placebo at
a WTP threshold of $35,559.34. Therefore, from the perspective of the Chinese
healthcare system, FTD/TPI treatment for heavily pretreated metastatic gastric
cancer is a cost-effective option. The cost-effective estimate remained stable in
sensitivity analyses. The evidence from this study emphasized the value of
FTD/TPI in clinical and pharmacoeconomic settings. This work supports FTD/TPI
as a systematic second-line and back-line treatment option for patients with
metastatic gastric cancer in China, and it provides a reference for the dynamic
adjustment of the catalog of medicines covered by the national medical insurance
system.

Several international publications currently use data from the TAGS trial to
compare the pharmacoeconomics of FTD/TPI in patients with heavily pretreated
metastatic gastric cancer. Takushima Y. [29]used a partitioned survival model to
estimate the cost-effectiveness of FTD/TPI versus nivolumab from the perspective
of the Japanese public healthcare payer. According to their results, the ICER of
nivolumab and FTD/TPI is ¥32,352,489 yen/QALYs, and the WTP threshold is
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7,500,000 yen. Therefore, the analysis of FTD/TPI from the Japanese public

healthcare payment perspective shows that it is more cost-effective than nivolumab.

However, as a result of differences in the controlled drugs, we could not compare
the results of Takushima with this study due to the different factors involved. In
Britain, Hamerton used a partitioned survival model to compare FTD/TPI with
BSC in the UK[25]. A lognormal distribution to fit OS and a generalized gamma
model to fit PFS and time-to-treatment-discontinuation were employed. According
to the study results, FTD/TPI was associated with an ICER of £37,907 per QALY
gained compared with BSC. Therefore, FTD/TPI is a cost-effective treatment for
patients with pretreated metastatic gastric cancer from a UK perspective. In Greece,
Tzanetakos ef al. [30]analyzed the TAGS data through a partitioned survival model
from the perspective of the Greek public payer. They reported an ICER of €47,144
per QALY gained and €28,112 per LY gained compared with BSC. Therefore,
FTD/TPI was estimated to be a cost-effective treatment option for eligible third-
line treatment of patients with metastatic gastric cancer in Greece. The results of
both are consistent with the results of our study.

Overall, the published literature supported the findings of the present
analysis, except for the study by Zhou K et al. [31]. They developed a Markov
model to assess the cost-effectiveness of FTD/TPI from the perspective of the US
payer. According to the results, compared with the placebo, the increase in
FTD/TPI is 0.06 QALYs, and the ICER value is $986,333, which is far beyond
their WTP threshold ($50,000— $150,000). They found that FTD/TPI does not
provide cost benefits from the perspective of US payers. Their results were not
consistent with our study, which may be attributed to the varying prices of
FTD/TPI in different countries. Chinese generic drugs hold a dominant position
in the domestic drug market. The emergence of generic drugs can reduce drug
prices and increase drug accessibility [32]. Domestic generic drug manufacturers
have implemented Porter’s generic strategies to adjust prices, resulting in an
average profit margin of only 5% to 10% for generic drugs in China, which is

significantly lower than the average profit margin of international generic drugs
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(30% to 60%) [33]. Therefore, the cost of generic drugs in China is generally
lower compared with the cost of foreign drugs.

However, our study also had some limitations. First, the model uncertainty
concerning the short-term survival rates was small due to the excellent fit of the
model. The long-term benefits of FTD/TPI remain an open question. The model
could be validated using long-term survival data once more mature data become
available in the future. Second, only considering the cost of AEs at level three or
above, without taking into account all AEs, may lead to bias in the data. Third,
based on the population distribution of participants in the TAGS trial, the
majority were Europeans. This could introduce biases in real-world clinical
efficacy in China, potentially impacting the trial’s generalizability. Fortunately,
exploratory studies on FTD/TPI for advanced unresectable gastric cancer in the

Chinese population registered in the Chinese Clinical Trial Registry

(ChiCTR2400080940) and clinical trial (NCT05029102) are currently underway.

As data are continually updated, this study will also be updated.

5. Conclusion

In summary, from the perspective of the Chinese healthcare system,
FTD/TPI is a cost-effective choice for systematic second-line and back-line
medication for heavily pretreated metastatic gastric cancer. The results of this
study offer an economically significant solution for clinicians and payers to treat

heavily pretreated metastatic gastric cancer.

Ethics Approval : This study is an economic evaluation analysis and does not

involve human subjects. Input data includes human material or human data derived
from other published studies conducted with the approval of an appropriate ethics
committee. Therefore, no ethics approval is required for conducting this cost-
effectiveness analysis.

Figure 1: Cost and utility value range fluctuation £10% under the order factor
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sensitivity analysis tornado diagram

Figure 2: Cost-Acceptability Curve for Probabilistic Sensitivity Analysis
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Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer

from the perspective of Chinese healthcare system

Ting Ying!?#,Runan Xia!* Yuanyuan Zhang?3, Jiahui Dai'-2, Yadong Wang!?,
Xuefeng Xie34*

Abstract

Objectives: The aim of this study was to evaluate the cost-effectiveness of

trifluridine/tipiracil (FTD/TPI) for heavily pretreated metastatic gastric cancer from

the perspective of the Chinese healthcare system.

Designs: Based on the overall survival (OS) and progression-free survival (PFS) data

from the TAGS trial (NCT02500043), a three-state Markov model (PFS, progressed
disease, and death) was constructed to analyze the cost-effectiveness of FTD/TPI
compared with the placebo in heavily pretreated metastatic gastric cancer. Cost and
utility were from pricing records and the literature. The model was simulated for 5
years with monthly cycles. Costs and health outcomes were discounted by 5%. We
then conducted sensitivity analyses to evaluate the robustness of the parameters. The
model results were from the Chinese healthcare system. The output results were the

quality-adjusted life years (QALY's) and incremental cost effectiveness ratio (ICER).

Results: According to the model results, FTD/TPI generated an additional cost of

$26,855.66 and 0.88 QALYs compared with the placebo. ICER of FTD/TPI
compared with the placebo was $30,494.89 per QALY. Sensitivity analyses revealed
that the utility value of the PFS stage and FTD/TPI adverse event costs were the
main influencing parameters, ensuring stable results. At a threshold of three times
per capita GDP of China ($35,559.34 in 2022), the probability of FTD/TPI being

cost-effective compared to placebo was 99.2%.

Conclusion: From the perspective of the Chinese healthcare system, FTD/TPI is a

more cost-effective option compared with the placebo for the treatment of heavily
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pretreated metastatic gastric cancer in patients who have received at least two prior
advanced treatment regimens.

Keywords: Heavily pretreated metastatic gastric cancer; Trifluridine/tipiracil;
Markov model; Cost-effectiveness analysis; Placebo; Economic evaluation

Word count: 3540 words

Correspondence to: Xuefeng Xie: xuefengxie@ahmu.edu.cn

Strengths and limitations of this study: 1. This study used a Markov model to
analyze the cost-effectiveness of trifluridine/tipiracil (FTD/TPI) for the treatment of
heavily pretreated metastatic gastric cancer in China.

2. The cost of adverse events (AEs) only considers the severe AEs of grade 3 and
above and does not consider all AEs.

3. Based on the population distribution of TAGS participants, the majority are
Europeans. This limitation may introduce biases in assessing real-world clinical
efficacy in China.

4. The model uncertainty concerning short-term survival rates is small owing to the

good fitness of the model. But the long-term benefits of FTD/TPI require further

analysis.
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1. Introduction

According to the latest statistics from the World Health Organization in
2022, gastric cancer is the fourth leading cause of cancer-related deaths
worldwide160 . About 1.2 million new cases of gastric cancer occur worldwide
every year, with China accounting for approximately 40% of them00. Many
patients are in an advanced state of cancer cell metastasis when gastric cancer is
discovered0, and treatment is usually limited to palliative chemotherapy because
of poor expected results.

At present, the guidelines of the Chinese Society of Clinical Oncology
(CSCO) and the National Comprehensive Cancer Network (NCCN) recommend
several treatment options for metastatic gastric cancer, including combination
chemotherapy and single-agent chemotherapy. As a result of the generally poor
physical condition of patients with advanced third-line gastric cancer, the
proportion of patients who can receive combination third-line chemotherapy is
extremely low, and single-agent treatment is mainly used. Patients who have
received these chemotherapy treatments before receiving trifluridine/tipiracil
(FTD/TPI) treatment have reported unsatisfactory results, and the cost is also
high. According to IQVIA 0, global expenditure on oncology drugs will continue
to increase at a double-digit rate. Therefore, a cost-effective and efficient
treatment for gastric cancer remains a global challenge.

In 2019, the European Commission and the Food and Drug Administration
(FDA) approved FTD/TPI for the treatment of adult patients with metastatic
gastric cancer who have received at least two prior systemic treatment regimens
to manage advanced disease. FTD/TPI is a novel oral cytotoxic chemotherapy
consisting of a thymidine-based nucleoside analog, trifluridine, and thymidine0.
As the main active ingredient, trifluridine inhibits cell proliferation by direct
insertion into DNA after phosphorylation, leading to DNA dysfunction and cell
death0. In addition to its anti-tumor role when combined with trifluridine to form

FTD/TPI, it prevents the rapid degradation of trifluridine, allowing for the
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maintenance of adequate plasma levels of the active drug 0.

In 2015, FTD/TPI was first approved by FDA and expanded globally
including European Union and China for the treatment of patients with heavily
pretreated metastatic colorectal cancer(. In 2021, FTD/TPI generic tablets were
first approved for marketing by National Medical Products Administration
(NMPA)O. This move greatly reduced the cost of using FTD/TPI in China.
FTD/TPI has been approved for metastatic colorectal cancer in the current CSCO
guidelines, but it has not been approved for metastatic gastric cancer. There is
currently no cost-effectiveness analysis evaluating FTD/TPI for the treatment of a
significant number of patients with heavily pretreated metastatic gastric cancer
from the perspective of the Chinese healthcare system. Therefore, this study
conducted a cost-effectiveness analysis of FTD/TPI for treating a large number of
patients with heavily pretreated metastatic gastric cancer from the perspective of
the Chinese healthcare system. The results of this study could provide clinicians
and payers with economic evidence to consider incorporating FTD/TPI into
Chinese guidelines for the diagnosis and treatment of heavily pretreated
metastatic gastric cancer and guide the pricing of the originator for metastatic

colorectal cancer and other indications.

2. Methods

2.1 Patients

The data were selected from the TAGS trial. 0(NCT02500043, Taiho
Oncology, Inc.). This work is a phase III study with randomized, double-blind,
placebo-controlled, and multinational cases. The study began in July 2015 and
concluded in September 2021, including 17 countries and involving 110
academic hospitals, evaluating the efficacy and safety of FTD/TPI plus BSC
versus placebo plus BSC in participants with heavily pretreated metastatic gastric
cancer. After screening and excluding certain cases, a total of 507 patients
participated in this clinical trial. These patients had received at least two
treatments for advanced gastric cancer before. Eligible patients were randomly

assigned in a 2:1 ratio to either the FTD/TPI group (337 patients) or the placebo
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group (170 patients). The primary endpoint of the study was overall survival

(OS), while the secondary endpoint was progression-free survival (PFS). The

objective of this research was to investigate whether the quality of life (QoL) of

patients could be maximized without the influence of anti-tumor factors. Patients

or members of the public were not involved in the design of this study.

2.2 Treatment

Participants received 35 mg/m? FTD/TPI tablets orally twice daily
(BID) for 5 days per week (from Days 1 to 5 and Days 8 to 12) for 2 weeks,
followed by 14 days of rest in each 28-day cycle along with BSC until the
patient met the drug suspension standard (including participant withdrawal,
disease progress, irreversible treatment related to four non-hematological
events, doctor’s decision, participants are pregnant, or death).
2.3 Model structure
A three-state Markov model was constructed to simulate the cost-
effectiveness differences between FTD/TPI plus BSC and placebo plus BSC
for treating heavily pretreated metastatic gastric cancer using TreeagePro
2019. Including progression-free survival(PFS), progressed disease(PD), and
death(D) states. Patients entered this model in the PFS state, and could not
return to the previous state after entering PD. The entry point into the model
for patients in this study was established at the average age of participants in
the TAGS trial (62.5 years). According to the model, the Markov cycle was
28 days. Given that 99.9% of patients entered the death (D) state after 60
model cycles, and the overall 5-year survival rate for progressive gastric
cancer is only 35.1% [11], the model was limited to a duration of 5 years. A
discount rate of 5% for both cost and utility values are recommended
according to the Chinese Pharmaceutical Economics Evaluation Guide
(2020) [12].
2.4 Transition probability
The OS and PFS curves were derived from the TAGS trial. GetData

Graph Digitizer software was used to collect data points from OS and
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PFS survival curves. The data were then cleaned and converted into a
format suitable for survival analysis. The data were analyzed by Kaplan—
Meier analysis through R4.2.0 software, and survival curve extrapolation
was conducted using the Standard Parametric Model (SPM) with
Weibull, Gamma, Lognormal, Log-logistic, and Exponential
distributions (Table 1). According to the Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC), the smaller the AIC
and BIC values, the better the fit 0. Therefore, the log-normal
distribution was selected as the optimal distribution based on AIC and
BIC, along with a visual inspection of the FTD/TPI and placebo data.
We included both the original survival curves and the simulated survival
curves (Table 2). The parameters p and 6 for each group of OS and PFS
curve parameters were obtained to calculate the transition probability
from PFS to PFS (PFTF). Assuming that the transition probability from
PFS to D (PFTD) corresponds to a per capita mortality rate of 7.37%o in
2022 [14], PFTP =1-PFTF-PFTD. The OS curve parameters can be used
to determine the transition probability from the survival state to the
survival state (PSTS) as follows: PSTD =1-PSTS. According to Zhou T.
[15], the transition probability from PD to PD (PPTP) should be

adjusted. Therefore, PPTP = ([nPFS+nPD]*PSTS-nPFSx PFTF- NPFSx

PFTD]/nPD, PPTD=1-PPTP. Among them, nPFS and nPD are the
number of patients in the PFS and PD states in the previous cycle,
respectively.

Table 1 Progression-free survival and Overall survival data fit results

Group Observation Distribution AIC BIC
Weibull 1,515.56 1,523.20
Gamma 1,480.32 1,487.96
Progression-free survival Lognormal 1,424.17 1,431.81
Log-logistic 1,649.84 1,657.48
Exponential 1,590.96 1,594.78
FTD/TPI Weibull 2,015.34  2,022.98
Gamma 2,003.67 2,011.31
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Overall survival Lognormal 1,993.85 2,001.49
Log-logistic 2,156.71 2,164.35
Exponential 2,064.76 2,068.58
Weibull 911.25 917.59
Gamma 899.76 906.10
Progression-free survival Lognormal 853.36 859.70
Log-logistic 1,025.02 1,031.36
Placebo Exponential 916.12 919.30
Weibull 1,098.38 1,104.72
Gamma 1,091.46 1,097.80
Overall survival Lognormal 1,081.39 1,087.73
Log-logistic 1,181.05 1,187.39
Exponential 1,117.25 1,120.42
Table 2 Comparison of simulated survival curves with original survival curves
Simulated survival curves Original survival curves
OS follow-up Time 60 months 46 months
PFS follow-up Time 60 months 46 months
Statistical methods Kaplan-Meier Kaplan-Meier
P <0.0001 <0.0001
2.4 Costs

From the perspective of the Chinese healthcare system, this study
determined and analyzed the following direct costs (US dollar [US $]; 1
US dollar = CNY 7.23 [2022]): drug costs, administration costs, adverse
event costs, imaging costs, and BSC costs. All costs were discounted by
5%. We assumed that FTD/TPI was used continuously until the patients
met the drug suspension standard. The cost of the drugs was sourced from
Yaozhi.com [16], with the median bid price of the drugs in each province
considered as the cost of the drugs (Table 3). In the TAGS trial, the
patient's dosage was determined based on their body surface area (BSA),
which was calculated to be 1.60 m? using the Stevenson formula and the
average height and weight of individuals in China. Six provinces in China
0, including Hunan, Henan, Jiangsu, Anhui, Shaanxi and Shandong, were
selected to estimate the administration cost, imaging cost and BSC cost

based on the prices listed in the price catalog of medical services of the
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1

2

2 Medical Insurance Bureau of each province. Administration costs include

Z the expenses associated with patient accommodation during

; hospitalization, nursing fees, and routine examinations, such as blood

?O routine, urine routine and stool routine. Imaging tests such as CT, MRI,

:; PET-CT, and radiography were conducted every two cycles. Given the

:i absence of standard treatment for a large number of pretreated patients

12 with heavily pretreated metastatic gastric cancer, the cost of BSC was

1; estimated based on the potential monitoring components of palliative care

;g outlined in the 2022 gastric cancer treatment guidelines [23]. This included

;; corresponding administrative measures such as the presence of

;i hemorrhage, obstruction, pain, and other relevant factors. The estimation

;2 was conducted in conjunction with the median prices listed in the medical

;é service price item catalog of the six provinces. We assumed that patients

29 would receive BSC treatment after PD. The adverse events treatment was

2(1) derived from the NCCN guidelines for hematopoietic factors [24]. The cost

gg of adverse events treatment was estimated based on the medical service

gg price item catalog of the six provinces and Yaozhi.com. The cost of

g? adverse events (AEs) only considers severe AEs of grade 3 and above

38

ig (grade 23), including neutropenia (34%), anemia (19%), and leukopenia

2; (9%) in the FTD/TPI group, as well as bellyache (9%) and anemia (8%) in

ji the placebo group.

22 Table 3 Costs and utilities values parameters

47 Variable Median Range Distribution Source
jg Costs Lower limit Higher limit

50 FTD/TPI(per cycle) $2,112.50 $1,901.25 $2,323.75 gamma [14]

; Adverse events(TAGS) $3,485.00 $3,136.50 $3,833.5 gamma [15-20] [22]
- Ne“tglszéiyase‘;%) $3,448.75 $3,103.88 $3,793.63 gamma  [15-20][22]
gg Anae(r;ﬁi;(cl}?;’f)e)) $24.62 $22.16 $27.08 gamma [15-20] [22]
o Le“kz’g:rnggoe/;) $11.62 $10.64 $12.78 gamma  [15-20][22]
Zg Adverse events(placebo) $27.33 $24.60 $30.06 gamma [15-20] [22]
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Bellyache(9%)
(per cycle) $2.71 $2.44 $2.98 gamma [15-20] [22]
Anaemia(8%)
(per cycle) $24.62 $22.16 $27.08 gamma [15-20] [22]
Imaging $304.55 $274.1 $335.01 gamma  [15-20]
(per cycle)
Administration cost
(per cycle) $353.22 $317.9 $388.54 gamma [15-20] [22]
Best supportive care
(per cycle) $1,127.97 $1,015.17 $1,240.77 gamma [15-20][21]
Utilities
Progression-free survival 0.764 0.688 0.841 beta [19]
Progressed disease 0.652 0.587 0.717 beta [19]
Death 0 0 0 beta [19]

2.5 Utilities

In 2021, the health-related quality of life in the TAGS study was evaluated

using the European Organization for Research and Treatment of Cancer

(EORTC) QLQ-C30 questionnaire. Patients completed the EORTC QLQ-C30

questionnaire within 7 days prior to randomization, before dosing on Day 1 of at

least two treatment cycles, and during the safety follow-up 30 days after the last

dose (if not conducted within the previous 4 weeks). Leanne Hamerton et al. [25]

used a published algorithm by Kontodimopoulos et al. to map the scores from

the EORTC QLQ-C30. The resulting utility values applied within the model

were 0.764 for PFS and 0.652 for PD.

2.7 Model based results

The output results were the quality-adjusted life years (QALYs) and

incremental cost effectiveness ratio (ICER). When the ICER value was less

than the set willingness-to-pay (WTP) threshold ($35,559.34), FTD/TPI was

found to be more cost-effective than the placebo. For a health intervention to

be considered cost-effective, a WTP threshold of $35,559.34 per QALY was

used in the current analysis. Published studies reported that a treatment should

be considered cost-effective if the ICER is between one and three times the

GDP per capita of that country, and a treatment is considered highly cost-

effective at less than one times the GDP per capita 0.

2.8 sensitivity analysis
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To evaluate the robustness of the Markov model, we performed one-way
sensitivity analysis and probabilistic sensitivity analysis (PSA) to assess the
impact of different parameters on the basic analysis results. The range of each
variable was floated by 10% based on the base value. Sensitivity analysis was
performed using TreeagePro 2019 software. One-way sensitivity analysis
results are typically presented in the form of a tornado diagram, which can
reflect the size of multiple uncertain factors on the outcome [25]. In the PSA,
we set the cost parameter as the gamma distribution and the utility value as the
beta distribution, extracting values from the corresponding distribution for
1,000 Monte Carlo simulations, and the results were presented as a cost-

effectiveness acceptability curve.

3. Result

3.1 Base-case analysis

According to lognormal fitting, the median survival of OS for FTD/TPI
and placebo was 6 and 3.6 months, and the median survival for PFS for
FTD/TPI and placebo was 2 and 1.8 months, respectively. The simulated PFS
curve and OS curve closely resembled the original data (the median survival of

OS for FTD/TPI and the placebo was 5.7 and 3.6 months, whereas the median
survival for PFS for FTD/TPI and the placebo was 2 and 1.8 months),

indicating an acceptable and reasonable fit.

Based on the Markov model, from the perspective of Chinese healthcare
system, the total treatment for FTD/TPI was $32,234.26, while that for placebo
was $5,378.6. Compared with the placebo, FTD/TPI provides more than 0.88
QALYs in value. At the same time, the ICER value corresponding to each
QALY is $30,494.89 (Table 4), which is lower than the WTP threshold of
$35,559.34. Therefore, compared with the placebo, FTD/TPI is a cost-effective

treatment option for heavily pretreated metastatic gastric cancer.
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Table 4 Results of the base-case analysis

Treatment cost Increase cost QALY Increase QALY ICER

FTD/TPI  $32,234.26 NA 3.20 NA NA
Placebo $5,378.6  $26,855.66  2.32 0.88 $30,494.89

3.2 sensitivity analysis

3.2.1 One-way sensitivity analysis

The tornado diagram in Fig. 1 shows that the cost and utility value
range fluctuated by +10% in the order factor sensitivity analysis. The utility
value of the PFS stage had the greatest effect on the ICER value, followed by
the AE cost of FTD/TPI. The specific impact is as follows: 1. The utility value
of the PFS stage increases, leading to a decrease in ICER value; as its cost
decreases, the ICER value increases. 2. As the cost of AEs in FTD/TPI
increases, the ICER value also increases; conversely, as the cost decreases, the
ICER value decreases. 3. As the cost of FTD/TPI increases, ICER value also
increases; conversely, as the cost decreases, the ICER value decreases as well.
FTD/TPI remained a cost-effective treatment given that the ICER per QALY
gained remained below the threshold of $35,559.34 per QALY gained.
Individual parameter changes may slightly alter the overall value associated
with the treatment, but they do not change the ICER-based conclusion of
FTD/TPI in the treatment of heavily pretreated metastatic gastric cancer.
Fig 1: Cost and utility value range fluctuation +10% under the order factor sensitivity

analysis tornado diagram
3.2.2 PSA
According to the cost-effectiveness acceptability curve (Fig. 2), when

WTP increased within the range of 1-3 times threshold ($11,860—
$35,559.34) of the GDP, the FTD/TPI showed an increase in economic
feasibility. The analysis showed that FTD/TPI had a probability of 99.2% of
being a cost-effective option compared with the placebo, at a WTP threshold
of $35,559.34. Thus, FTD/TPI treatment for heavily pretreated metastatic

gastric cancer is a viable option. At a threshold of 2.5 times per capita for
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GDP, FTD/TPI’s cost-effectiveness probability dropped to 34.1%, whereas
that of the placebo increased to 65.9%.

Fig 2 Cost-Acceptability Curve for Probabilistic Sensitivity Analysis

4. Discussion

Recent research has shown that FTD/TPI has a relatively clear efficacy in the
treatment of heavily pretreated metastatic gastric cancer. Although it has not yet
been included in the CSCO guidelines, the decrease in the price of the drugs used
makes studying their effectiveness in the treatment of metastatic gastric cancer
valuable. This is important from an economic standpoint, for the patients'
physiological and psychological health, and in terms of the social significance of
the disease.

In this study, the TAGS trial showed that FTD/TPI provided a significant
survival benefit for patients with heavily pretreated gastric cancer compared with
the placebo. We aimed to conduct a Markov model analysis of FTD/TPI compared
with the placebo in patients with heavily pretreated metastatic gastric cancer from
the perspective of the Chinese healthcare system. According to our analysis,
FTD/TPI cost $26,855.66 more than the placebo and provided an additional 0.88
QALYs, resulting in an ICER of $30,494.89 per QALY, which was below the
defined WTP of $35,559.34 per QALY gained. The analysis showed that FTD/TPI
had a probability of 99.2% of being a cost-effective option compared with the
placebo at a WTP threshold of $35,559.34. Therefore, from the perspective of the
Chinese healthcare system, FTD/TPI treatment for heavily pretreated metastatic
gastric cancer is cost-effective compared to placebo.

Several international publications currently use data from the TAGS trial to
compare the pharmacoeconomics of FTD/TPI in patients with heavily pretreated
metastatic gastric cancer. Takushima Y.0 used a partitioned survival model(PSM)
to estimate the cost-effectiveness of FTD/TPI versus nivolumab from the
perspective of the Japanese public healthcare payer. According to their results, the

ICER of nivolumab and FTD/TPI is ¥32,352,489 yen/QALYs, and the WTP
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threshold is 7,500,000yen. Therefore, the analysis of FTD/TPI from the Japanese
public healthcare payment perspective shows that it is more cost-effective than
nivolumab. However, as a result of differences in the controlled drugs, we could
not compare the results of Takushima with this study due to the different factors
involved. In Britain, Hamerton used a partitioned survival model to compare
FTD/TPI with BSC in the UKO. A lognormal distribution to fit OS and a
generalized gamma model to fit PFS and time-to-treatment-discontinuation were
employed. According to the study results, FTD/TPI was associated with an ICER
of £37,907 per QALY gained compared with BSC. Therefore, FTD/TPI is a cost-
effective treatment for patients with heavily pretreated metastatic gastric cancer
from a UK perspective. In Greece, Tzanetakos et al. Oanalyzed the TAGS data
through a partitioned survival model from the perspective of the Greek public
payer. They reported an ICER of €47,144 per QALY gained and €28,112 per LY
gained compared with BSC. Therefore, FTD/TPI was estimated to be a cost-
effective treatment option for eligible third-line treatment of patients with
metastatic gastric cancer in Greece. The results of both are consistent with the
results of our study.

Overall, the published literature supported the findings of the present
analysis, except for the study by Zhou K et al. 0. They developed a Markov
model to assess the cost-effectiveness of FTD/TPI from the perspective of the US
payer. According to the results, compared with the placebo, the increase in
FTD/TPI is 0.06 QALYs, and the ICER value is $986,333, which is far beyond
their WTP threshold ($50,000— $150,000). They found that FTD/TPI does not
provide cost benefits from the perspective of US payers. Their results were not
consistent with our study, which may be attributed to the varying prices of
FTD/TPI in different countries. Chinese generic drugs hold a dominant position
in the domestic drug market. The emergence of generic drugs can reduce drug
prices and increase drug accessibility 0. Domestic generic drug manufacturers
have implemented Porter’s generic strategies to adjust prices, resulting in an

average profit margin of only 5% to 10% for generic drugs in China, which is
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significantly lower than the average profit margin of international generic drugs
(30% to 60%) 0. Therefore, the cost of generic drugs in China is generally lower
compared with the cost of foreign drugs.

However, our study also had some limitations. First, the model uncertainty
concerning the original survival rates was small due to the excellent fit of the
model. The long-term benefits of FTD/TPI require more analysis. Second, only
considering the cost of AEs at level three or above, without taking into account
all AEs, may lead to bias in the data. Third, based on the population distribution
of participants in the TAGS trial, the majority were Europeans. This could
introduce biases in real-world clinical efficacy in China, potentially impacting the
trial’s generalizability. Fortunately, exploratory studies on FTD/TPI for heavily
pretreated metastatic gastric cancer in the Chinese population registered in the
Chinese Clinical Trial Registry (ChiCTR2400080940) and clinical trial
(NCT05029102) are currently underway. As data are continually updated, this

study will also be updated.

5. Conclusion

In summary, from the perspective of the Chinese healthcare system,
FTD/TPI is a cost-effective choice for heavily pretreated metastatic gastric
cancer. The results of this study could provide clinicians and payers with
economic evidence to consider incorporating FTD/TPI into CSCO guidelines for
the diagnosis and treatment of heavily pretreated metastatic gastric cancer and
guide the pricing of the originator for metastatic colorectal cancer and other

indications.

Figure 1: Cost and utility value range fluctuation £10% under the order factor
sensitivity analysis tornado diagram

Figure 2: Cost-Acceptability Curve for Probabilistic Sensitivity Analysis
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Cost-effectiveness analysis of Trifluridine/tipiracil in the
treatment of heavily pretreated metastatic gastric cancer

from the perspective of Chinese healthcare system

Ting Ying!?#,Runan Xia!* Yuanyuan Zhang?3, Jiahui Dai'-2, Yadong Wang!?,
Xuefeng Xie34*

Abstract

Objectives: The aim of this study was to evaluate the cost-effectiveness of
trifluridine/tipiracil (FTD/TPI) for heavily pretreated metastatic gastric cancer from
the perspective of the Chinese healthcare system.

Designs: Based on the overall survival (OS) and progression-free survival (PFS) data
from the TAGS trial (NCT02500043), a three-state Markov model (PFS, progressed
disease, and death) was constructed to analyze the cost-effectiveness of FTD/TPI
compared with the placebo in heavily pretreated metastatic gastric cancer. Cost and
utility were from pricing records and the literature. The model was simulated for 5
years with monthly cycles. Costs and health outcomes were discounted by 5%. We
then conducted sensitivity analyses to evaluate the robustness of the parameters. The
model results were from the Chinese healthcare system.

Outcome measures: The output results were the quality-adjusted life years (QALYSs)
and incremental cost effectiveness ratio (ICER).

Results: According to the model results, FTD/TPI generated an additional cost of
$26,855.66 and 0.88 QALYs compared with the placebo. ICER of FTD/TPI
compared with the placebo was $30,494.89 per QALY. Sensitivity analyses revealed
that the utility value of the PFS stage and FTD/TPI adverse event costs were the
main influencing parameters, and the results were stable. At a threshold of three
times per capita GDP of China ($35,559.34 in 2022), the probability of FTD/TPI
being cost-effective compared to placebo was 99.2%.

Conclusion: From the perspective of the Chinese healthcare system, FTD/TPI is a

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 20

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid
* (s3gv) Inauadns juswaublasug


http://bmjopen.bmj.com/

Page 3 of 20

oNOYTULT D WN =

BMJ Open

more cost-effective option compared with the placebo for the treatment of heavily
pretreated metastatic gastric cancer in patients who have received at least two prior
advanced treatment regimens.

Keywords: Heavily pretreated metastatic gastric cancer; Trifluridine/tipiracil;
Markov model; Cost-effectiveness analysis; Placebo; Economic evaluation

Word count: 3396 words

Correspondence to: Xuefeng Xie: xuefengxie@ahmu.edu.cn

Strengths and limitations of this study: 1. This study used a Markov model to
analyze the cost-effectiveness of trifluridine/tipiracil (FTD/TPI) for the treatment of
heavily pretreated metastatic gastric cancer in China.

2. The cost of adverse events (AEs) only considers the severe AEs of grade 3 and
above and does not consider all AEs.

3. Based on the population distribution of TAGS participants, the majority are
Europeans. This limitation may introduce biases in assessing real-world clinical
efficacy in China.

4. The model uncertainty concerning short-term survival rates is small owing to the

good fitness of the model. But the long-term benefits of FTD/TPI require further

analysis.
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1. Introduction

According to the latest statistics from the World Health Organization in
2022, gastric cancer is the fourth leading cause of cancer-related deaths
worldwide16[1]. About 1.2 million new cases of gastric cancer occur worldwide
every year, with China accounting for approximately 40% of themO[2]. Many
patients are in an advanced state of cancer cell metastasis when gastric cancer is
discovered[3], and treatment is usually limited to palliative chemotherapy
because of poor expected results.

At present, the guidelines of the Chinese Society of Clinical Oncology
(CSCO) and the National Comprehensive Cancer Network (NCCN) recommend
several treatment options for metastatic gastric cancer, including combination
chemotherapy and single-agent chemotherapy. As a result of the generally poor
physical condition of patients with advanced third-line gastric cancer, the
proportion of patients who can receive combination third-line chemotherapy is
extremely low, and single-agent treatment is mainly used. Patients who have
received these chemotherapy treatments before receiving trifluridine/tipiracil
(FTD/TPI) treatment have reported unsatisfactory results, and the cost is also
high. According to IQVIA[4], global expenditure on oncology drugs will
continue to increase at a double-digit rate. Therefore, a cost-effective and
efficient treatment for gastric cancer remains a global challenge.

In 2019, the European Commission and the Food and Drug Administration
(FDA) approved FTD/TPI for the treatment of adult patients with metastatic
gastric cancer who have received at least two prior systemic treatment regimens
to manage advanced disease. FTD/TPI is a novel oral cytotoxic chemotherapy
consisting of a thymidine-based nucleoside analog, trifluridine, and thymidine[5].
As the main active ingredient, trifluridine inhibits cell proliferation by direct
insertion into DNA after phosphorylation, leading to DNA dysfunction and cell
death[5,6]. In addition to its anti-tumor role when combined with trifluridine to

form FTD/TPI, it prevents the rapid degradation of trifluridine, allowing for the
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maintenance of adequate plasma levels of the active drug[6,7].

In 2015, FTD/TPI was first approved by FDA and expanded globally
including European Union and China for the treatment of patients with heavily
pretreated metastatic colorectal cancer[8]. In 2021, FTD/TPI generic tablets were
first approved for marketing by National Medical Products Administration
(NMPA)[9]. This move greatly reduced the cost of using FTD/TPI in China.
FTD/TPI has been approved for metastatic colorectal cancer in the current CSCO
guidelines, but it has not been approved for metastatic gastric cancer. There is
currently no cost-effectiveness analysis evaluating FTD/TPI for the treatment of a
significant number of patients with heavily pretreated metastatic gastric cancer
from the perspective of the Chinese healthcare system. Therefore, this study
conducted a cost-effectiveness analysis of FTD/TPI for treating a large number of
patients with heavily pretreated metastatic gastric cancer from the perspective of
the Chinese healthcare system. The results of this study could provide clinicians
and payers with economic evidence to consider incorporating FTD/TPI into
Chinese guidelines for the diagnosis and treatment of heavily pretreated
metastatic gastric cancer and guide the pricing of the originator for metastatic

colorectal cancer and other indications.

2. Methods

2.1 Patients

The data were selected from the TAGS trial.[10] (NCT02500043, Taiho
Oncology, Inc.). This work is a phase III study with randomized, double-blind,
placebo-controlled, and multinational cases. The study began in July 2015 and
concluded in September 2021, including 17 countries and involving 110
academic hospitals, evaluating the efficacy and safety of FTD/TPI plus best
support care (BSC) versus placebo plus BSC in participants with heavily
pretreated metastatic gastric cancer. After screening and excluding certain cases,
a total of 507 patients participated in this clinical trial. These patients had
received at least two treatments for advanced gastric cancer before. Eligible

patients were randomly assigned in a 2:1 ratio to either the FTD/TPI group (337
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patients) or the placebo group (170 patients). The primary endpoint of the study
was overall survival (OS), while the secondary endpoint was progression-free
survival (PFS). The objective of TAGS trial was to investigate whether the
quality of life (QoL) of patients could be maximized without the influence of
anti-tumor factors. Patients or members of the public were not involved in the
design of this study.
2.2 Treatment
Participants received 35 mg/m? FTD/TPI tablets orally twice daily
(BID) for 5 days per week (from Days 1 to 5 and Days 8 to 12) for 2 weeks,
followed by 14 days of rest in each 28-day cycle along with BSC until the
patient met the drug suspension standard (including participant withdrawal,
disease progress, irreversible treatment related to four non-hematological
events, doctor’s decision, participants are pregnant, or death).
2.3 Model structure
A three-state Markov model was constructed to simulate the cost-
effectiveness differences between FTD/TPI plus BSC and placebo plus BSC
for treating heavily pretreated metastatic gastric cancer using TreeagePro
2019. Including progression-free survival(PFS), progressed disease(PD), and
death(D) states. Patients entered this model in the PFS state, and could not
return to the previous state after entering PD. The entry point into the model
for patients in this study was established at the average age of participants in
the TAGS trial (62.5 years). According to the model, the Markov cycle was
28 days. Given that 99.9% of patients entered the death (D) state after 60
model cycles, and the overall 5-year survival rate for progressive gastric
cancer is only 35.1%[11], the model was limited to a duration of 5 years. A
discount rate of 5% for both cost and utility values are recommended
according to the Chinese Pharmaceutical Economics Evaluation Guide
(2020) [12].
2.4 Transition probability
The OS and PFS curves were derived from the TAGS trial. GetData
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Graph Digitizer software was used to collect data points from OS and
PFS survival curves. The data were then cleaned and converted into a
format suitable for survival analysis. The data were analyzed by Kaplan—
Meier analysis through R4.2.0 software, and survival curve extrapolation
was conducted using the Standard Parametric Model (SPM) with
Weibull, Gamma, Lognormal, Log-logistic, and Exponential
distributions (Table 1). According to the Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC), the smaller the AIC
and BIC values, the better the fit[13]. Therefore, the log-normal
distribution was selected as the optimal distribution based on AIC and
BIC, along with a visual inspection of the FTD/TPI and placebo data.
We included both the original survival curves and the simulated survival
curves (Table 2). The parameters p and 0 for each group of OS and PFS
curve parameters were obtained to calculate the transition probability
from PFS to PFS (PFTF). Assuming that the transition probability from
PFS to D (PFTD) corresponds to a per capita mortality rate of 7.37%o in
2022[14], PES to PD (PFTP) =1-PFTF-PFTD. The OS curve parameters
can be used to determine the transition probability from the survival state
to the survival state (PSTS) . and the survival state to D (PSTD)=1-

PSTS. According to Zhou T.[15], the transition probability from PD to

PD (PPTP) should be adjusted. Therefore, PPTP = ([nPFS+nPD]XPSTS-

nPFSx PFTF- NPFSx PFTD]/nPD, PPTD=1-PPTP. Among them, nPFS

and nPD are the number of patients in the PFS and PD states in the
previous cycle, respectively.

Table 1 Progression-free survival and Overall survival data fit results

Group Observation Distribution AIC BIC
Weibull 1,515.56 1,523.20
Gamma 1,480.32 1,487.96
Progression-free survival Lognormal 1,424.17 1,431.81
Log-logistic 1,649.84 1,657.48
Exponential 1,590.96 1,594.78
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FTD/TPI Weibull 2,015.34 2,022.98
Gamma 2,003.67 2,011.31
Overall survival Lognormal 1,993.85 2,001.49
Log-logistic 2,156.71 2,164.35
Exponential 2,064.76 2,068.58
Weibull 911.25 917.59
Gamma 899.76 906.10
Progression-free survival Lognormal 853.36 859.70
Log-logistic 1,025.02 1,031.36
Placebo Exponential 916.12 919.30
Weibull 1,098.38 1,104.72
Gamma 1,091.46 1,097.80
Overall survival Lognormal 1,081.39 1,087.73
Log-logistic 1,181.05 1,187.39
Exponential 1,117.25 1,120.42
Table 2 Comparison of simulated survival curves with original survival curves
Simulated survival curves Original survival curves
OS follow-up Time 60 months 46 months
PFS follow-up Time 60 months 46 months
Statistical methods Kaplan-Meier Kaplan-Meier
P <0.0001 <0.0001
2.4 Costs

From the perspective of the Chinese healthcare system, this study

determined and analyzed the following direct costs (US dollar [US $]; 1

US dollar = CNY 7.23 [2023]): drug costs, administration costs, adverse

event costs, imaging costs, and BSC costs. All costs were discounted by
5%. We assumed that FTD/TPI was used continuously until the patients
met the drug suspension standard. The cost of the drugs was sourced from
Yaozhi.com [16], with the median bid price of the drugs in each province
considered as the cost of the drugs (Table 3). In the TAGS trial, the
patient's dosage was determined based on their body surface area (BSA),
which was calculated to be 1.60 m? using the Stevenson formula and the
average height and weight of individuals in China. Six provinces in
China[17-22], including Hunan, Henan, Jiangsu, Anhui, Shaanxi and

Shandong, were selected to estimate the administration cost, imaging cost
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1

2

2 and BSC cost based on the prices listed in the price catalog of medical

Z services of the Medical Insurance Bureau of each province. Administration

; costs include the expenses associated with patient accommodation during

?O hospitalization, nursing fees, and routine examinations, such as blood

:; routine, urine routine and stool routine. Imaging tests such as CT, MRI,

:i PET-CT, and radiography were conducted every two cycles. The cost of

12 BSC was estimated based on the potential monitoring components of

1; palliative care outlined in the 2022 gastric cancer treatment guidelines[23].

;g The estimation was conducted in conjunction with the median prices listed

;; in the medical service price item catalog of the six provinces.

;i We assumed that patients would receive BSC treatment after PD.

;2 Treatment options for adverse events were derived from the NCCN

;é guidelines [24]. The cost of adverse events treatment was estimated based

29 on the medical service price item catalog of the six provinces and

2(12) Yaozhi.com. The cost of adverse events (AEs) only considers severe AEs

2431 of grade 3 and above (grade 23), including neutropenia (34%), anemia

22 (19%), and leukopenia (9%) in the FTD/TPI group, as well as bellyache

;73 (9%) and anemia (8%) in the placebo group.

23 Table 3 Costs and utilities values parameters

41 Variable Median Range Distribution Source
jé Costs Lower limit Higher limit

245‘ FTD/TPI(per cycle) $2,112.50 $1,901.25 $2,323.75 gamma [14]

a0 é‘ilggs events cost $3,485.00 $3,136.50 $3,833.5 gamma  [15-20][22]
4 AR §3,448.75 $3,103.88 $3,793.63 gamma  [15-20] [22]
g? Anaef;;(clszf’e)) $24.62 $22.16 $27.08 gamma  [15-20] [22]
gg Leukz););n(i:;a]((j"e/;) $11.62 $10.64 $12.78 gamma  [15-20] [22]
g;‘ a‘)?::ggz)evems cost $27.33 $24.60 $30.06 gamma  [15-20] [22]
g? Belly&)ﬁe‘g%’g) $2.71 $2.44 $2.98 gamma  [15-20] [22]
gg A?;;“g;fg’) $24.62 $22.16 $27.08 gamma  [15-20] [22]
60
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Imaging cost

(per cycle) $304.55 $274.1 $335.01 gamma [15-20]
Administration cost

(per cycle) $353.22 $317.9 $388.54 gamma [15-20] [22]
Best supportive care cost

(per cycle) $1,127.97 $1,015.17 $1,240.77 gamma [15-20][21]
Utilities
Progression-free survival 0.764 0.688 0.841 beta [19]
Progressed disease 0.652 0.587 0.717 beta [19]
Death 0 0 0 beta [19]

2.5 Utility

In 2021, the health-related quality of life in the TAGS study was evaluated

using the European Organization for Research and Treatment of Cancer

(EORTC) QLQ-C30 questionnaire. Patients completed the EORTC QLQ-C30

questionnaire within 7 days prior to randomization, before dosing on Day 1 of at

least two treatment cycles, and during the safety follow-up 30 days after the last

dose (if not conducted within the previous 4 weeks). To obtain EQ-5D utility

weights to populate the model. Leanne Hamerton et al. [25] used a published

algorithm by Kontodimopoulos ef al. to map the scores from the EORTC QLQ-

C30. The resulting utility values applied within the model were 0.764 for PFS

and 0.652 for PD.

2.7 Model based results

The output results were the quality-adjusted life years (QALYs) and

incremental cost effectiveness ratio (ICER). Willing-to-pay (WTP) is

suggested as three times per capita GDP in China. When the ICER value was

less than Willing-to-pay (WTP) ($35,559.34). FTD/TPI was found to be more

cost-effective than the placebo. For a health intervention to be considered cost-

effective, a WTP threshold of $35,559.34 per QALY was used in the current

analysis. Published studies reported that a treatment should be considered cost-

effective if the ICER is between one and three times the GDP per capita of that

country, and a treatment is considered highly cost-effective at less than one

times the GDP per capita[26-28].

2.8 Sensitivity analysis
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To evaluate the robustness of the Markov model, we performed one-way
sensitivity analysis and probabilistic sensitivity analysis (PSA) to assess the
impact of different parameters on the basic analysis results. The range of each
variable was floated by 10% based on the base value. Sensitivity analysis was
performed using TreeagePro 2019 software. One-way sensitivity analysis
results are typically presented in the form of a tornado diagram, which can
reflect the size of multiple uncertain factors on the outcome [25]. In the PSA,
we set the cost parameter as the gamma distribution and the utility value as the
beta distribution, extracting values from the corresponding distribution for
1,000 Monte Carlo simulations, and the results were presented as a cost-

effectiveness acceptability curve.

3. Result

3.1 Base-case analysis

According to lognormal fitting, the median survival of OS for FTD/TPI
and placebo was 6 and 3.6 months, and the median survival for PFS for
FTD/TPI and placebo was 2 and 1.8 months, respectively. The simulated PFS
curve and OS curve closely resembled the original data (the median survival of

OS for FTD/TPI and the placebo was 5.7 and 3.6 months, the median survival
for PFS for FTD/TPI and the placebo was 2 and 1.8 months), indicating an

acceptable and reasonable fit.

Based on the Markov model, from the perspective of Chinese healthcare
system (Table 4), the total treatment cost for FTD/TPI was $32,234.26, while
that for placebo was $5,378.6. Compared with the placebo, the ICER value for
FTD/TPI was $30,494.89 per QALY gained, with an incremental cost of
$26,855.66 and an incremental QALY of 0.88, which was lower than WTP.
Therefore, compared with the placebo, FTD/TPI is a cost-effective treatment

option for heavily pretreated metastatic gastric cancer.
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Table 4 Results of the base-case analysis

Page 12 of 20

Treatment cost Incremental cost QALY Incremental QALY ICER
FTD/TPI  $32,234.26 NA 3.20 NA NA
Placebo $5,378.6 $26,855.66 2.32 0.88 $30,494.89

3.2 Sensitivity analysis

3.2.1 One-way sensitivity analysis

The tornado diagram in Fig. 1 shows the rank order of the impact
degree of each variable on the results. The utility value of the PFS stage had
the greatest effect on the ICER value, followed by the AE cost of FTD/TPI.
FTD/TPI remained a cost-effective treatment given that the ICER per QALY
gained remained below the threshold of $35,559.34 per QALY gained.
Individual parameter changes may slightly alter the overall value associated
with the treatment, but they do not change the ICER-based conclusion of
FTD/TPI in the treatment of heavily pretreated metastatic gastric cancer.
Fig 1: Cost and utility value range fluctuation +£10% under the order factor sensitivity

analysis tornado diagram
3.2.2 PSA
According to the cost-effectiveness acceptability curve (Fig. 2), when

WTP increased within the range of 1-3 times threshold ($11,860—
$35,559.34) of the GDP, the FTD/TPI showed an increase in economic
feasibility. The analysis showed that FTD/TPI had a probability of 99.2% of
being a cost-effective option compared with the placebo, at a WTP threshold
of $35,559.34. Thus, FTD/TPI treatment for heavily pretreated metastatic
gastric cancer is a cost-effective option. At a threshold of 2.5 times per capita
for GDP, FTD/TPTI’s cost-effectiveness probability dropped to 34.1%,
whereas that of the placebo increased to 65.9%.

Fig 2 Cost-Acceptability Curve for Probabilistic Sensitivity Analysis

4. Discussion
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Recent research has shown that FTD/TPI has an obvious effect on heavily
pretreated metastatic gastric cancer. Although it has not yet been included in the
CSCO guidelines, with the discovery of the value of FTD/TPI in the treatment of
heavily pretreated metastatic gastric cancer, the use of FTD/TPI can be considered
for the treatment of patients in the clinic. This has significant implications for the
physiological and psychological well-being of patients, and has significant social
implications.

In this study, the TAGS trial showed that FTD/TPI provided a significant
survival benefit for patients with heavily pretreated gastric cancer compared with
the placebo. We aimed to conduct a Markov model analysis of FTD/TPI compared
with the placebo in patients with heavily pretreated metastatic gastric cancer from
the perspective of the Chinese healthcare system. According to our analysis,
FTD/TPI cost $26,855.66 more than the placebo and provided an additional 0.88
QALYs, resulting in an ICER of $30,494.89 per QALY, which was below the
defined WTP of $35,559.34 per QALY gained. The analysis showed that FTD/TPI
had a probability of 99.2% of being a cost-effective option compared with the
placebo at a WTP threshold of $35,559.34. Therefore, from the perspective of the
Chinese healthcare system, FTD/TPI treatment for heavily pretreated metastatic
gastric cancer is cost-effective compared to placebo.

Several international publications currently use data from the TAGS trial to
compare the cost-effectiveness of FTD/TPI in patients with heavily pretreated
metastatic gastric cancer. Takushima Y.[29] used a partitioned survival
model(PSM) to estimate the cost-effectiveness of FTD/TPI versus nivolumab from
the perspective of the Japanese public healthcare payer. According to their results,
the ICER of nivolumab and FTD/TPI is ¥32,352,489 yen/QALYs, and the WTP
threshold is 7,500,000yen. Therefore, the analysis of FTD/TPI from the Japanese
public healthcare payment perspective shows that it is more cost-effective than
nivolumab. However, as a result of differences between nivolumab and placebo,
we could not compare the results of Takushima with this study due to the different

factors involved. In Britain, Hamerton used a partitioned survival model to
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compare FTD/TPI with BSC in the UK[25]. A lognormal distribution to fit OS
and a generalized gamma model to fit PFS and time-to-treatment-discontinuation
were employed. According to the study results, FTD/TPI was associated with an
ICER of £37,907 per QALY gained compared with BSC. Therefore, FTD/TPI is a
cost-effective treatment for patients with heavily pretreated metastatic gastric
cancer from a UK perspective. In Greece, Tzanetakos et al. [30]analyzed the TAGS
data through a partitioned survival model from the perspective of the Greek public
payer. They reported an ICER of €47,144 per QALY gained and €28,112 per LY
gained compared with BSC. Therefore, FTD/TPI was estimated to be a cost-
effective treatment option for eligible third-line treatment of patients with
metastatic gastric cancer in Greece. The results of both are consistent with the
results of our study.

Overall, the published literature supported the findings of the present
analysis, except for the study by Zhou K et al.[31]. They developed a Markov
model to assess the cost-effectiveness of FTD/TPI from the perspective of the US
payer. According to the results, compared with the placebo, the increase in
FTD/TPI is 0.06 QALYs, and the ICER value is $986,333, which is far beyond
their WTP threshold ($50,000— $150,000). They found that FTD/TPI does not
provide cost benefits from the perspective of US payers. Their results were not
consistent with our study, which may be attributed to the varying prices of
FTD/TPI in different countries. Chinese generic drugs hold a dominant position
in the domestic drug market. The emergence of generic drugs can reduce drug
prices and increase drug accessibility[32]. Domestic generic drug manufacturers
have implemented Porter’s generic strategies to adjust prices, resulting in an
average profit margin of only 5% to 10% for generic drugs in China, which is
significantly lower than the average profit margin of international generic drugs
(30% to 60%)[33]. Therefore, the cost of generic drugs in China is generally
lower compared with the cost of foreign drugs.

However, our study also had some limitations. First, the model uncertainty

concerning the original survival rates was small due to the excellent fit of the
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model. The long-term benefits of FTD/TPI require more analysis. Second, only
considering the cost of AEs at level three or above, without taking into account
all AEs, may lead to bias in the data. Third, based on the population distribution
of participants in the TAGS trial, the majority were Europeans. This could
introduce biases in real-world clinical efficacy in China, potentially impacting the
trial’s generalizability. Fortunately, exploratory studies on FTD/TPI for heavily
pretreated metastatic gastric cancer in the Chinese population registered in the
Chinese Clinical Trial Registry (ChiCTR2400080940) and clinical trial
(NCT05029102) are currently underway. As data are continually updated, this
study will also be updated.

5. Conclusion

In summary, from the perspective of the Chinese healthcare system,
FTD/TPI is a cost-effective choice for heavily pretreated metastatic gastric
cancer. The results of this study could provide clinicians and payers with
economic evidence to consider incorporating FTD/TPI into CSCO guidelines for
the diagnosis and treatment of heavily pretreated metastatic gastric cancer and
guide the pricing of the originator for metastatic colorectal cancer and other

indications.

Figure 1: Cost and utility value range fluctuation £10% under the order factor
sensitivity analysis tornado diagram

Figure 2: Cost-Acceptability Curve for Probabilistic Sensitivity Analysis
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