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Aim: To evaluate the cost-effectiveness of palbociclib plus fulvestrant in the
second-line treatment of women with hormone receptor-positive and human
epidermal growth factor receptor 2-negative advanced breast cancer based on
the latest published follow-up data from the perspective of the Chinese
healthcare system.

Methods: In view of the PALOMA-3 trial, a Markov model was built for this
purpose, which included three health states: progression-free survival (PFS),
progressed disease (PD), and death. The cost and health utilities were mainly
derived from the published literature. One-way sensitivity analysis and probabilistic
sensitivity analysis were carried out to verify the robustness of the model.

Results: In the base case analysis, compared with the placebo plus fulvestrant
arm, the palbociclib plus fulvestrant arm yielded an additional 0.65 quality-
adjusted life years (QALYs) (2.56 QALYs vs. 1.90 QALYs) with an incremental
cost of $36,139.94 ($55,482.06 vs. $19,342.12), resulting an incremental cost-
effectiveness ratio (ICER) of $55,224.90/QALY, which was deeply higher than a
willingness-to-pay (WTP) threshold of $34,138.28 per QALY in China. The results
of one-way sensitivity analysis indicated that the utility of PFS, cost of palbociclib,
and cost of neutropenia had a great influence on the ICER.

Conclusions: Palbociclib plus fulvestrant is unlikely to be cost-effective in
comparison with placebo plus fulvestrant as second-line therapy of women
with HR+/HER2- advanced breast cancer.
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Introduction

Breast cancer is a type of cancer that is highly prevalent among
female cancer patients. The latest global cancer burden data for
2020 released by the World Health Organization’s International
Agency for Research on Cancer (IARC) shows that there are as
many as 2.26 million new cases of breast cancer worldwide (1),
accounting for 11.7% of all new cancer cases, which has surpassed
lung cancer as the world’s number one cancer. In 2020, the number
of new cases in China reaches 420,000, and the number of new
breast cancer patients is expected to increase year by year in the
future (2). Among them, hormone receptor-positive (HR+)/human
epidermal growth factor receptor 2-negative (HER2-) patients were
the most numerous. With medical advances, there have been
significant improvements in the way cancer is treated. Although
endocrine therapy has been tested and proven to be effective in
patients with progressive advanced breast cancer, the ensuing drug
resistance has become a major problem. The creation of cyclin-
dependent kinases 4/6 (CDK4/6) inhibitors has brought hope for
treatment. Clinical trials of CDK4/6 inhibitors have shown that
endocrine combination targeted therapy has better prognostic value
and effectively delays drug resistance (3).

Palbociclib is the first marketed cell CDK4/6 inhibitor that
exerts its antitumor effects by inhibiting the binding of CDK4/6 and
cell cycle protein D, interfering with retinoblastoma protein (RB)
phosphorylation, and reducing cell proliferation in breast cancer
cell lines (4). Fulvestrant is a selective estrogen receptor down-
regulator endocrine drug that can completely inhibit estrogen
receptor signaling and downstream signaling pathways,
preventing estrogen from binding to tumor cells (5). Fulvestrant
plus CDK4/6 inhibitors are recommended as the preferred second-
and subsequent-line treatment for HR+/HER2- advanced breast
cancer, subject to the most updated National Comprehensive
Cancer Network (NCCN) guideline 2020 (6). Recently, a clinical
trial (PALOMA-3) indicated that compared with placebo plus
fulvestrant, palbociclib plus fulvestrant significantly extended
progression-free survival [11.2 vs. 4.6 months; hazard ratio (HR)
0.50; 95% Cl,0.40-0.62; P<0.0001] (7). Because there was no
significant difference in overall survival, the researchers prolonged
the follow-up of the trial, with the latest data showing that after a
median follow-up of 73.3 months, the median overall survival was
34.8 months and 28.0 months in the palbociclib group and placebo
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group [stratified risk ratio 0.81; 95% Cl,0.65-0.99; P=0.0122]. The
six-year overall survival rates were 19.1% and 12.9% in the
palbociclib and placebo groups, respectively (8). Thus, palbociclib
in combination with fulvestrant was shown to have a conspicuous
median overall survival benefit with no obvious difference and
could be an option for second-line treatment of HR+/HER2-
advanced breast cancer (9).

Although the PALOMA-3 trial has demonstrated the excellent
safety and efficacy of palbociclib plus fulvestrant, there are no
studies of the economic value of this treatment option with the
latest follow-up data (8). Therefore, the purpose of our analysis was
to explore the cost-effectiveness of palbociclib plus fulvestrant in the
second-line treatment of women with HR+/HER2- advanced breast
cancer based on a dynamic Markov model from the perspective of
the Chinese healthcare system.

Methods
Analytical overview

The target population enrollment criteria for this study were
derived from the PALOMA-3 trial (NCT01942135), an
international randomized, double-blind, placebo-controlled trial.
A total of 521 patients were randomized 2:1 to receive palbociclib
plus fulvestrant or placebo plus fulvestrant, of which palbociclib at a
dose of 125 mg orally for 3 weeks once daily, followed by 1 week off
for a total cycle of 28 days and fulvestrant at a dose of 500 mg
intramuscularly, every 2 weeks for the first three injections followed
by every 4 weeks (7).

Model structure

In this study, a Markov model was constructed to analyze health
and economic outcomes (10), which included three exclusive health
states: progression-free survival (PFES), progressed disease (PD), and
death (Figure 1). It was assumed that all patients were in the PES
state at entry into the model and entered the progression or death
state depending on the probability of metastasis, or stayed in the
PES state. Ultimately, death was an absorption state. In addition, we
performed a half-cycle correction to reduce the error. Model

O

Progressed
disease

O\

Progression-free
disease

—_—

M \ Death

The Markov model structure and the decision tree of palbociclib plus fulvestrant versus placebo plus fulvestrant as second-line therapy of women
with HR+/HER2- advanced breast cancer. HR+, Hormone receptor-positive; HER2-, Human epidermal growth factor receptor 2-negative
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transfer probabilities were obtained by Survival analysis. After 10
years, 99% of the patients were dead, so we chose 10 years as a
suitable time horizon. And the cycle length of the Markov model
was set to 28 days, which corresponded to the treatment cycle
length. The main model outcomes were the total cost, quality-
adjusted life years (QALYs), and incremental cost-effectiveness
ratios (ICERs). And the discount rate for both cost and utility
was 5%. The formula for calculating ICER was as follows (11):

[cost(palbociclib plus fulvestrant arm)-cost(placebo plus fulvestrant arm)]

ICER =
[effectiveness(palbociclib plus fulvestrant arm)-effectiveness(placebo plus fulvestrant arm))

Clinical data

The estimates of PFS and OS were obtained from the newly
published PALOMA-3 trial (8). Firstly, the GetData Graph Digitizer
software (version 2.26) was used to extract the survival data of
patients from the Kaplan-Meier (KM) survival curves. Secondly,
these data points were applied to fit several different parametric
survival functions including Weibull, exponential, log-normal, log-
logistic, Gompertz, and generalized gamma. On the basis of the
Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC), Weibull distributions were determined to be the

TABLE 1 Model parameters.

10.3389/fonc.2023.1068463

most reasonable functions to extrapolate the PFS and OS (12).
Finally, the scale parameter (1) and shape parameter (y) were
obtained using R software (version 4.1.0), detailed data were
demonstrated in Table 1. Survival function in terms of Weibull
distribution at t was S(f)=exp(-At¥) (t represents the number of cycle
in the Markov model). And then the transition probability was
calculated based on the following formula: P(f)=1-exp[A(t-1)"- Af"].
Moreover, we assumed that the transition probability from the PFS
state to the Death state is the natural mortality rate of the Chinese
population in 2021 (7.18%o) (17).

Cost and utility inputs

This study was conducted from the perspective of the Chinese
healthcare system, only direct medical costs such as drug
acquisition costs, follow-up costs, drug administration costs,
supportive care costs, terminal care costs, and AEs management
costs were considered (Table 1). In addition, all costs were
calculated in United States dollars at an exchange rate of 7.116
RMB per the United States dollars (October 2022) (18) and
were adjusted, if necessary, based on the medical care consumer
price index (CPI). Drug acquisition costs were from
the median price of the bid-winning drug price from Menet

Parameter Base case Lower Upper Distribution References
Weibull survival model input
PFES in Palbociclib plus fulvestrant arm 55}13):::(?0965;9071 - - - (7, 8)
0S in Palbociclib plus fulvestrant arm SS}:IID::OISS::J - - - (7,8)
PFS in Placebo plus fulvestrant arm S;:f::gifg: - - - (7, 8)
OS in Placebo plus fulvestrant arm 58}23):::01(3(?762179 - - - (7, 8)
Direct cost, $
Palbociclib 640.39/125mg 525.12 768.49 Gamma Local charge
Fulvestrant 287.90/250mg 233.77 338.71 Gamma Local charge
Follow-up 166/cycle 132.8 193.02 Gamma (13)
Drug administration 33.56/cycle 28.27 40.27 Gamma (14)
Supportive care 807/cycle 690.39 953.34 Gamma (13)
Terminal care 1893/once 1533.33 2209.13 Gamma (13)
Cost of AEs, $
Neutropenia 412 333.72 468.18 Gamma (13)
Leukopenia 435.58 378.95 537.75 Gamma (15)
Infections 395.82 351.49 494.77 Gamma (15)
Fatigue 110 89.50 129.41 Gamma (13)
(Continued)
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TABLE 1 Continued

10.3389/fonc.2023.1068463

Parameter Base case Lower Upper Distribution References
Nausea 323 261.63 375.58 Gamma (13)
Incidence of palbociclib plus fulvestrant arm AEs (grade>3)
Neutropenia 0.577 0.467 0.704 Beta (7, 8)
Leukopenia 0.377 0.318 0.459 Beta (7, 8)
Infections 0.046 0.041 0.055 Beta (7, 8)
Fatigue 0.029 0.024 0.034 Beta (7, 8)
Nausea 0.006 0.005 0.007 Beta (7, 8)
Incidence of placebo plus fulvestrant arm AEs (grade>3)
Leukopenia 0.006 0.005 0.007 Beta (7, 8)
Infections 0.035 0.028 0.043 Beta (7, 8)
Fatigue 0.012 0.01 0.015 Beta (7, 8)
Nausea 0.006 0.005 0.007 Beta (7, 8)
Utility inputs
Utility of PFS 0.87 0.72 0.96 Beta (16)
Utility of PD 0.71 0.58 0.82 Beta (16)
Discount rate 0.05 0 0.08 Normal

PFS, Progression-free survival; OS, Overall survival; PD, Progressed disease.

(https://www.menet.com.cn/),China’s leading platform for
pharmaceutical and health information. Other costs for medical
services were obtained from previous literature. To demonstrate the
credibility of the costs, they were compared with the prices of
medical services published by Chinese government agencies, and no
significant differences were found. Moreover, we only considered
adverse events (grade>3), including neutropenia, leukopenia,
infections, fatigue, and nausea. The incidence rates of AEs came
from the PALOMA-3 trial (7, 8).

Since utility values were not reported in the PALOMA-3 trial,
the utility value data used in this paper are from the previously
published study (16), which used the EuroQoL 5-dimension 5-level
(EQ-5D-5L) scale to measure the health utility values of Chinese
breast cancer patients, and the utility values for PFS and PD were
0.87 and 0.71, respectively.

Willingness-to-pay threshold

There is no unified standard for willingness-to-pay (WTP)
thresholds worldwide, but WTP thresholds are evaluation criteria
for judging whether a treatment option is economic, and World
Health Organization (WHO) recommends using per capita gross
domestic product (GDP) as the threshold (19), considering the
uneven economic level of each country. Hence, this study refers to
the recommendations of WHO and China Guidelines for
Pharmacoeconomic Evaluation 2020 (20), three times the GDP
per capita of China in 2021 ($34,138.28) is set as the WTP
threshold (21).

Frontiers in Oncology

Sensitivity analysis

The robustness of the model parameters and assumptions was
verified by deterministic sensitivity analysis (DSA) and probabilistic
sensitivity analysis (PSA) so that the uncertainty in the model could
be justified to the maximum extent. In the one-way sensitivity
analysis, we kept the other parameters fixed at the baseline values
and assumed that a single parameter varies within a certain range,
usually taking 20% of the baseline value as the upper and lower
limits. For the sake of considering uncertainty, the effect of
parameter changes on the ICER was calculated. For the
probabilistic sensitivity analysis, we performed 1000 Monte Carlo
simulations to evaluate the parameter uncertainty by setting a
specific probability distribution for each parameter. Gamma
distribution was used for costs and Beta distribution was used for
utilities and probabilities (22). The results of 1000 Monte Carlo
simulations were presented as cost-effectiveness scatter plots and
cost-effectiveness acceptability curves.

Results
Base case results

The results of the base case were shown in Table 2, where the
palbociclib plus fulvestrant arm had higher costs and utilities compared
to the placebo plus fulvestrant arm after ten years of model simulation.
In comparison with the placebo plus fulvestrant arm, the incremental
cost of the palbociclib plus fulvestrant arm was $36,139.94 ($55,482.06

frontiersin.org
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TABLE 2 Base case results.

10.3389/fonc.2023.1068463

Treatment Costs (S) Incremental Costs ($) QALYs Incremental QALYs ICER($/QALY)
Palbociclib plus fulvestrant arm 55482.06 36139.94 2.56 0.65 55224.90
Placebo plus fulvestrant arm 19342.12 1.90
QALY, Quality-adjusted life year; ICER, Incremental cost-effectiveness ratio.
vs. $19,342.12) and the incremental utility was 0.65 QALYs (2.56 Discussion

QALYs vs. 1.90 QALYs), resulting in the ICER of $55,224.90/QALY,
which indicated that palbociclib plus fulvestrant was not economical at
the WTP threshold of $34,138.28 per QALY in China.

Sensitivity analysis

The outcomes of one-way sensitivity analysis shown in tornado
diagram (Figure 2), revealed that the utility of PFS, cost of
palbociclib, and cost of neutropenia had a great impact on the
results of the ICER. On the contrary, the other parameters made a
mild difference in the ICER. However, no matter how the
parameters were changed, they did not cause the ICER to be
lower than the WTP threshold ($34,138.28). Palbociclib
prolonged the PES of patients, improved quality of life, and had
superior clinical outcomes, so the utility value of PFS played a vital
role in outcomes. To summarize, none of these parameters
substantially changed the economic results.

The probabilistic sensitivity analysis reflected that the
probability of the palbociclib plus fulvestrant arm being cost-
effective was 0 when using 3 times the GDP per capita of China
in 2021 ($34,138.28) as the willingness-to-pay threshold (Figure 3).
Cost-effectiveness acceptability curves (Figure 4) showed that the
probability of having a cost-effective advantage increased with
growing WTP thresholds. When the WTP thresholds were
$59,581.59/QALY and $78,048.90/QALY, in contrast to placebo
plus fulvestrant, the probabilities of the cost-effectiveness of
palbociclib plus fulvestrant were 50% and 100%, respectively.

ICER(S/QALY)

50000
Utility of PFS
Palbociclib cost
Cost of neutropenia
Cost of leukopenia
Utility of PD
Supportive care cost
Fulvestrant cost
Follow-up cost
Discount rate
Cost of infections
Drug administration cost
Cost of fatigue
Cost of nausea
Temminal care cost

52000 54000 56000 58000 60000 62000 64000

Low variation ¥ High variation

FIGURE 2

Tornado diagram of one-way sensitivity analysis. ICER, Incremental
cost-effectiveness ratio; QALY, Quality-adjusted life year; PFS,
Progression-free survival; PD, Progressed disease.
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HR+/HER2- advanced breast cancer accounts for
approximately 70% of all breast cancer patients, and disease
progression in this group is dependent on sex hormone
regulation, making endocrine therapy the preferred option (23). If
the disease progresses after endocrine therapy, the drug used for
endocrine therapy can usually be changed or endocrine therapy
combined with targeted therapy. The successive emergence of
palbociclib, ribociclib, and abemaciclib has shown good
therapeutic effects of CDK4/6 inhibitors (24, 25). Consequently, it
is necessary for patients to choose treatment options that are more
effective and less costly in accordance with their conditions (26).

To our knowledge, this current study is the first cost-
effectiveness analysis of palbociclib plus fulvestrant for the
second-line treatment of HR+/HER2- advanced breast cancer
from the Chinese healthcare system based on the newly published
data. According to our base case analysis, the palbociclib plus
fulvestrant provided 2.56 QALYs, with a total cost of $55482.06.
The placebo plus fulvestrant provided 1.90 QALYs at a total cost of
$19342.12. Causing an ICERs of $55,224.90 per QALY, which
extremely exceeds a WTP threshold of $34,138.28 per QALY in
China. The results of sensitivity analysis found that the utility value
of PFS had the greatest effect on ICER, then the cost of palbociclib,
neutropenia treatment cost, and leukopenia treatment cost also had
greater impacts on findings. Nevertheless, the analysis was relatively
good in terms of robustness. Probabilistic sensitivity analysis
suggested that the palbociclib plus fulvestrant arm had zero
chance to be cost-effective in China.

45000
40000
35000
30000
25000
20000
15000

10000

Incremental costs

5000

0.0 0.1 0.2 0.4

Incremental QALYs

03 05 0.6 0.7 0.8

FIGURE 3
Cost-effectiveness scatter plot. WTP, Willingness-to-pay; QALY,
Quality-adjusted life year.
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Palbociclib plus fulvestrant arm

Placebo plus fulvestrant am

Probability of cost-effectiveness

0 20000 40000 60000 80000
Willingness-to-pay threshold ($/QALY)

100000

FIGURE 4
Cost-effectiveness acceptability curves. QALY, Quality-adjusted life
year.

China’s antineoplastic drug market has been on a steady growth
trend in recent years. From the outcomes of medical insurance
negotiations announced by National Healthcare Security
Administration in 2021, the average price reduction of drugs
outside the medical insurance catalog was 61.71%, which bagged
a national record haul (27). Among them, antineoplastic drugs
became the most insured drugs. Eribulin mesylate and neratinib for
the treatment of breast cancer also entered the medical insurance
catalog. The average price reduction for these antineoplastic drugs
was 64.88%, exceeding the overall level. Although China has
launched a series of measures such as centralized drug
procurement and national drug price negotiation, the accessibility
and affordability of antineoplastic drugs for patients have been
improved, but there were still many drugs that were expensive and
patients faced greater financial pressure.

In recent years, the medical level has advanced and developed
rapidly, and we have made great breakthroughs in cancer treatment
modalities, such as targeted drugs and immunotherapy, which have
effectively improved the quality of patients’ survival, but the
expensive medical costs have also imposed a heavy financial
burden on many patients. Besides, in addition to the
antineoplastic drugs being added to China’s national medical
insurance catalog by national medical insurance system, in order
to improve the affordability of drugs and to reduce the burden on
patients, the Patient Assistance Program (PAP) is often launched in
China after new drugs come into the market. PAP is a program
where low-income or poor cancer patients who meet the medical or
financial criteria of the program can apply to receive free
medication and free medication after purchase (28). For example,
in an assistance program implemented by the Cancer Foundation of
China in 2021, patients who measure up the criteria can pay for up
to six out-of-pocket payments of Nivolumab in the application year
and receive assistance for all remaining drugs in that application
year, reducing the annual cost of treatment to ¥110,000, the drop
was more than 75%. It is clear that PAP is an initiative that benefits
the majority of patients and effectively alleviates their poverty due to
cancer. As can be seen from the sample given, there would be an
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excellent cost-effectiveness advantage if the palbociclib was covered
by PAP.

In this study, we used three times the GDP per capita of China
in 2021 ($34,138.28) as the cost-effectiveness threshold, considering
that China’s regional development level was uneven and there were
large differences in GDPs. For example, Beijing’s triple the GDP per
capita in 2021 was $77,529.51, Shanghai’s triple the GDP per capita
was $73,271.50, and Jiangsu’s triple the GDP per capita was
$57,883.64 (21). It was perfectly cost-effective to use three times
the GDP per capita of these three provinces and cities as the
threshold. As a consequence, the choice of the threshold was
crucial, and it directly affected the last economy.

Admittedly, there were several limitations in this analysis. First,
this study was performed by fitting parameter distributions to
obtain PFS and OS data of patients, which led to uncertainty in
the results and reflected on the robustness of the model despite the
fact that the parameters have been validated. Second, the utility
value data in this analysis were derived from a study of Chinese
breast cancer patients with health utility value measures, which
included patients with similar sociodemographic and clinical
characteristics as in this paper. However, there was no standard
utility score system for the EQ-5D-5L scale in China, and this study
used the British utility score conversion system (29). Since there
were differences in culture, race, attitude, and preference in each
country, which may affect the ultimate utility value. Although the
outcomes of the one-way sensitivity analysis showed that the utility
value of PFS made the greatest difference in the ICER, we could see
from the tornado diagram that changes in the PFS did not cause the
final results to flip. Third, the drug costs in this study were derived
from the median drug prices in Jiangsu Province, China, which
varied slightly by province. Most of the other parameters were from
published literature and not real-world data. Clinical practice
tended to be more diverse, and the parameters we used were a
summary of general patterns for most patients. The actual situation
needed to be studied in depth with the real-world data. Fourth, we
only included grade three or four adverse events and ignored the
adverse events below grade three, which might underestimate the
total cost of the treatment (30).

Our analysis is informative for palbociclib to enter the medical
insurance catalog or be covered by the PAP, and we hope to conduct
more real-world clinical studies in the future so that our economic
evaluation will be more accurate.

Conclusions

As described, although palbociclib plus fulvestrant showed
wonderful clinical efficacy as second-line therapy of women with
HR+/HER2- advanced breast cancer, these estimates suggested that
palbociclib plus fulvestrant arm, compared with placebo plus
fulvestrant arm, is unlikely to be cost-effective from the
perspective of the Chinese healthcare system at the WTP
threshold of $34,138.28 per QALY in China.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1068463
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhu et al.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary files, further inquiries can be directed
to the corresponding author/s.

Author contributions

WZ and AS conceived the experiments. WZ, MZ, PX, and AS
developed the economic model and performed the analyses. WZ,
WH, and GM collected and reviewed the data. WZ and MZ wrote
the first draft of the manuscript. PX, WH, and GM performed first
draft refinement. All authors contributed to the article and
approved the submitted version.

References

1. Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Pifieros M, Znaor A, et al.
Cancer statistics for the year 2020: An overview. Int J Cancer (2021). doi: 10.1002/
ijc.33588

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209-49. doi: 10.3322/
caac.21660

3. Spring LM, Wander SA, Andre F, Moy B, Turner NC, Bardia A. Cyclin-
dependent kinase 4 and 6 inhibitors for hormone receptor-positive breast cancer:
past, present, and future. Lancet. (2020) 395(10226):817-27. doi: 10.1016/S0140-6736
(20)30165-3

4. Rocca A, Farolfi A, Bravaccini S, Schirone A, Amadori D. Palbociclib (PD
0332991): Targeting the cell cycle machinery in breast cancer. Expert Opin
Pharmacother. (2014) 15(3):407-20. doi: 10.1517/14656566.2014.870555

5. Boér K. Fulvestrant in advanced breast cancer: evidence to date and place in
therapy. Ther Adv Med Oncol (2017) 9(7):465-79. doi: 10.1177/1758834017711097

6. Gradishar WJ, Anderson BO, Abraham J, Aft R, Agnese D, Allison KH, et al.
Breast cancer, version 3.2020, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw (2020) 18(4):452-78. doi: 10.6004/jnccn.2020.0016

7. Turner NC, Slamon D], Ro J, Bondarenko I, Im SA, Masuda N, et al. Overall
survival with palbociclib and fulvestrant in advanced breast cancer. N Engl ] Med (2018)
379(20):1926-36. doi: 10.1056/NEJMoal810527

8. Cristofanilli M, Rugo HS, Im SA, Slamon DJ, Harbeck N, Bondarenko I, et al.
Overall survival with palbociclib and fulvestrant in women with HR+/HER2- ABC:
Updated exploratory analyses of PALOMA-3, a double-blind, phase III randomized
study. Clin Cancer Res (2022) 28(16):3433-42. doi: 10.1158/1078-0432.CCR-22-0305

9. Masuda N, Inoue K, Nakamura R, Rai Y, Mukai H, Ohno §, et al. Palbociclib in
combination with fulvestrant in patients with hormone receptor-positive, human
epidermal growth factor receptor 2-negative advanced breast cancer: PALOMA-3
subgroup analysis of Japanese patients. Int J Clin Oncol (2019) 24(3):262-73.
doi: 10.1007/s10147-018-1359-3

10. Williams C, Lewsey JD, Mackay DF, Briggs AH. Estimation of survival
probabilities for use in cost-effectiveness analyses: A comparison of a multi-state
modeling survival analysis approach with partitioned survival and Markov decision-
analytic modeling. Med Decis Making (2017) 37(4):427-39. doi: 10.1177/
0272989X16670617

11. Cheng LJ, Loke L, Lim EH, Pearce F, Aziz MIA, Ng K. Cost-effectiveness of
pertuzumab and trastuzumab biosimilar combination therapy as initial treatment for
HER2-positive metastatic breast cancer in Singapore. Expert Rev Pharmacoecon
Outcomes Res (2021) 21(3):449-56. doi: 10.1080/14737167.2021.1880323

12. Hoyle MW, Henley W. Improved curve fits to summary survival data:
application to economic evaluation of health technologies. BMC Med Res Methodol
(2011) 11:139. doi: 10.1186/1471-2288-11-139

13. YangJ, HanJ, Zhang Y, Muhetaer M, Chen N, Yan X. Cost-effectiveness analysis
of trastuzumab deruxtecan versus trastuzumab emtansine for HER2-positive breast
cancer. Front Pharmacol (2022) 13:924126. doi: 10.3389/fphar.2022.924126

14. Bao Y, Zhang Z, He X, Cai L, Wang X, Li X. Cost-effectiveness of pyrotinib plus
capecitabine versus lapatinib plus capecitabine for the treatment of HER2-positive

metastatic breast cancer in China: A scenario analysis of health insurance coverage.
Curr Oncol (2022) 29(9):6053-67. doi: 10.3390/curroncol29090476

Frontiers in Oncology

10.3389/fonc.2023.1068463

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

15. Wang Y, Rui M, Guan X, Cao Y, Chen P. Cost-effectiveness analysis of
abemaciclib plus fulvestrant in the second-line treatment of women with HR
+/HER2- advanced or metastatic breast cancer: A US payer perspective. Front Med
(Lausanne). (2021) 8:658747. doi: 10.3389/fmed.2021.658747

16. Xu X, Wang M, Li S, Chen G. A study on the measurement of health utility
values of breast cancer patients. China Health Economy (2016) 35:21-4. doi: 10.7664/
CHE20160305

17. National Bureau of Statistics. The national economic and social development
statistical bulletin of the people’s republic of China in 2021. Available at: https://data.
stats.gov.cn/easyquery.htm?cn=C01&zb=A0302&sj=2021.

18. The People’s Bank of China. Exchange rate. Available at: www.pbc.gov.cn
(Accessed October 1, 2022).

19. Murray CJ, Evans DB, Acharya A, Baltussen RM. Development of WHO
guidelines on generalized cost-effectiveness analysis. Health Econ (2000) 9(3):235-51.
doi: 10.1002/(sici)1099-1050(200004)9:3<235::aid-hec502>3.0.c0;2-0

20. Gulen L. Chinese Guidelines for pharmacoeconomics evaluation 2020. China:
China Market Press (2020).

21. Statistical communique of the people's republic of China on the 2021 national
economic and social development (Accessed September 23, 2022).

22. Zhang H, Zhang Y, Huang C, Wang J. Cost-effectiveness analysis of trastuzumab
emtansine as second-line therapy for HER2-positive breast cancer in China. Clin Drug
Investig (2021) 41(6):569-77. doi: 10.1007/s40261-021-01035-4

23. Harbeck N, Bartlett M, Spurden D, Hooper B, Zhan L, Rosta E, et al. CDK4/6
inhibitors in HR+/HER2- advanced/metastatic breast cancer: A systematic literature
review of real-world evidence studies. Future Oncol (2021) 17(16):2107-22.
doi: 10.2217/fon-2020-1264

24. DeMichele A, Cristofanilli M, Brufsky A, Liu X, Mardekian J, McRoy L, et al.
Comparative effectiveness of first-line palbociclib plus letrozole versus letrozole alone
for HR+/HER2-metastatic breast cancer in US real-world clinical practice. Breast
Cancer Res (2021) 23(1):37. doi: 10.1186/s13058-021-01409-8

25. Xi J, Ma CX. Sequencing endocrine therapy for metastatic breast cancer: What
do we do after disease progression on a CDK4/6 inhibitor? Curr Oncol Rep (2020) 22
(6):57. doi: 10.1007/s11912-020-00917-8

26. Zhang Y, Zeng X, Deng H, Ma F, Peng Y, Yi L, et al. Cost-effectiveness analysis
of adding palbociclib as a second-line endocrine therapy for HR"/HER2" metastatic
breast cancer from the US and Chinese perspectives. Clin Ther (2019) 41(6):1175-85.
doi: 10.1016/j.clinthera.2019.04.033

27. Central People's Government of the People's Republic of China. Notice on printing
and distributing the catalogue of drugs for national basic medical insurance, industrial injury
insurance and maternity insurance (2021). Available at: http://www.gov.cn/zhengce/
zhengceku/2021-12/03/content_5655651.htm (Accessed September 25, 2022).

28. Cancer foundation of China odive patient assistance program. Available at:
http://www.cfchina.org.cn/show.php?contentid=2213 (Accessed September 22, 2022).

29. Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B. Valuing health-related
quality of life: An EQ-5D-5L value set for England. Health Econ (2018) 27(1):7-22.
doi: 10.1002/hec.3564

30. Tang Z, Xu X, Gao J, Chen L, Zhu Q, Wang J, et al. Economic evaluation of
margetuximab vs. trastuzumab for pretreated ERBB2-positive advanced breast cancer in the
US and China. Front Public Health (2022) 10:942767. doi: 10.3389/fpubh.2022.942767

frontiersin.org


https://doi.org/10.1002/ijc.33588
https://doi.org/10.1002/ijc.33588
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(20)30165-3
https://doi.org/10.1016/S0140-6736(20)30165-3
https://doi.org/10.1517/14656566.2014.870555
https://doi.org/10.1177/1758834017711097
https://doi.org/10.6004/jnccn.2020.0016
https://doi.org/10.1056/NEJMoa1810527
https://doi.org/10.1158/1078-0432.CCR-22-0305
https://doi.org/10.1007/s10147-018-1359-3
https://doi.org/10.1177/0272989X16670617
https://doi.org/10.1177/0272989X16670617
https://doi.org/10.1080/14737167.2021.1880323
https://doi.org/10.1186/1471-2288-11-139
https://doi.org/10.3389/fphar.2022.924126
https://doi.org/10.3390/curroncol29090476
https://doi.org/10.3389/fmed.2021.658747
https://doi.org/10.7664/CHE20160305
https://doi.org/10.7664/CHE20160305
https://data.stats.gov.cn/easyquery.htm?cn=C01&zb=A0302&amp;sj=2021
https://data.stats.gov.cn/easyquery.htm?cn=C01&zb=A0302&amp;sj=2021
http://www.pbc.gov.cn
https://doi.org/10.1002/(sici)1099-1050(200004)9:3%3C235::aid-hec502%3E3.0.co;2-o
https://doi.org/10.1007/s40261-021-01035-4
https://doi.org/10.2217/fon-2020-1264
https://doi.org/10.1186/s13058-021-01409-8
https://doi.org/10.1007/s11912-020-00917-8
https://doi.org/10.1016/j.clinthera.2019.04.033
http://www.gov.cn/zhengce/zhengceku/2021-12/03/content_5655651.htm
http://www.gov.cn/zhengce/zhengceku/2021-12/03/content_5655651.htm
http://www.cfchina.org.cn/show.php?contentid=2213
https://doi.org/10.1002/hec.3564
https://doi.org/10.3389/fpubh.2022.942767
https://doi.org/10.3389/fonc.2023.1068463
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Cost-effectiveness of palbociclib plus fulvestrant as second-line therapy of women with HR+/HER2- advanced breast cancer - A Chinese healthcare system perspective
	Introduction
	Methods
	Analytical overview
	Model structure
	Clinical data
	Cost and utility inputs
	Willingness-to-pay threshold
	Sensitivity analysis

	Results
	Base case results
	Sensitivity analysis

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


