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ABSTRACT

The cost-effectiveness of conventional popula-
tion-based breast cancer screening strategies
(e.g. mammography) has been found contro-
versial, while evidence shows that genetic test-
ing for early detection of pathogenic variants is
cost-effective. We aimed to review the eco-
nomic evaluations of breast cancer screening in
China to provide an information summary for
future research on this topic. We searched the
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literature to identify the economic evaluations
that examined breast cancer screening and
testing in China, supplemented by hand-
searching the reference lists of the included
studies. We finally included five studies satisfy-
ing our inclusion criteria. Four articles exam-
ined mammography while the rest investigated
multigene testing. The existing breast cancer
screening programmes were found to be cost-
effective among urban Chinese women, but one
study concluded that they might cause harm to
women in rural areas. Contextual factors, such
as data absence, urban-rural disparity, willing-
ness-to-pay threshold, and model design,
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imposed barriers to cost-effectiveness analysis.
Multigene testing was found to be cost-effective
and has a promising population impact among
all women with breast cancer in China. Future
research should investigate the cost-effective-
ness of screening and identifying breast cancer
through precision medicine technologies,
including genetic testing, genome sequencing,
cascade testing, and the return of secondary
findings.

Keywords: Economic evaluation; Breast cancer;
Screening; Cost-effectiveness analysis; China;
Precision medicine

Key Summary Points

Why carry out this study?

The cost-effectiveness of conventional
population-wide breast cancer screening
programmes (e.g. mammography) is
controversial, while that of genetic testing
to identify pathogenic variants may
improve the cost-effectiveness. We aimed
to present an evidence summary to inform
policymakers in low- or middle-income
countries such as China on the cost-
effectiveness of different breast cancer
screening strategies.

What was learned from the study?

Through a review of economic evaluations
of breast cancer screening strategies in
China, we found that precision medicine
technologies may potentially improve the
cost-effectiveness of screening breast
cancer among Chinese women.

Future research may investigate screening
strategies through precision medicine
technologies in China, including genetic
testing, genome sequencing, cascade
testing, and the return of secondary
genomic findings.

INTRODUCTION

In 2020, the estimated number of new breast
cancer cases and deaths increased respectively
to 2.3 million and 685,000 globally, ranking as
the most diagnosed cancer (11.7% of all cancer
cases) and the fifth leading cause of death (6.9%
of all cancer deaths) among women in the
world [1, 2]. The incidence and deaths are rising
rapidly and disproportionately in low- and
middle-income countries (LMICs), among
which China ranked first in new cases and
deaths worldwide, accounting for approxi-
mately 18.4% of total new cases and 17.1% of
total deaths globally in 2020 [1, 3]. The high
incidence and mortality rate have imposed a
substantial burden on healthcare systems of
countries with low resources [4].

Population-based breast cancer screening for
early diagnosis and prognosis, such as mam-
mography, is widely argued to reduce mortality
and enhance patients’ health outcomes [5, 6].
Although such a screening programme has been
broadly implemented in high-income countries
and proved cost-effective [7], it was found to be
not economically attractive in China [8-10] and
some other LMICs such as India [11], Ghana
[12], and Egypt [13]. Screening tools such as
clinical breast examination and ultrasound are
less costly, yet the evidence of their feasibility
and economic impact in LMICs remains con-
troversial [14]. An alternative innovative
approach is screening through genetic testing.
Genetic testing is an established diagnostic tool
that identifies inherited variants associated with
breast cancer among family members, which
can facilitate family-focused management and
support physicians in making accurate clinical
suggestions [15, 16]. Emerging evidence indi-
cates that genetic testing for identifying
pathogenic variants is cost-effective compared
to routine screening strategies in some high-
income countries and has been recommended
in their national guidelines for breast cancer
management [17-19]. However, gene-based
testing services and the health economics evi-
dence on the associated health benefits given its
high cost are lacking in low-resource settings
(20, 21].
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With growing incidence and considerable
disease and economic burden, it becomes
urgent to assess current breast cancer screening
strategies regarding both costs and health out-
comes. Evidence from China could representa-
tively reflect the cost-effectiveness of breast
cancer screening strategies in low-resource
countries considering the highest incidence and
mortality rate. Systematic reviews of such evi-
dence may inform future economic evaluations
on breast cancer screening, and therefore
inform policymakers on screening strategies for
breast cancer control and management in
LMICs such as China. Therefore, we aim to
conduct a review to provide an up-to-date
description of the current literature on the cost-
effectiveness of breast cancer screening strate-
gies in China and the methodological approa-
ches’ characteristics. We aim to address the
following research questions: (1) What is known
from the literature about the cost-effectiveness
of breast cancer screening strategies in China
and the key drivers of cost-effectiveness out-
comes? (2) What are the methodological chal-
lenges to the evaluation of screening strategies?
(3) What methodological considerations can we
make for future economic evaluations of breast
cancer screening strategies in China.

METHODS

Search Strategy

We searched PubMed, MEDLINE, EMBASE,
CNKI, and WanFang for economic evaluations
that examined breast cancer screening inter-
ventions in China up to 10 ]July 2022. The
search strategy combined the following terms:
(1) “breast cancer”, “screening”, “prevention”,
“preventive”, “strategy”, “testing”, “genetic”; (2)
“economic evaluation”, “cost-effectiveness
analysis”, “cost-benefit analysis”, “cost-utility
analysis”, “health technology assessment”,
“modelling” or “economic models”; and (3)
“China” or “Chinese”. The search was supple-
mented by screening the reference lists of
included articles for the identification of addi-
tional studies. This article is based on previously
conducted studies and does not contain any

new studies with human participants or animals
performed by any of the authors.

Eligibility Criteria

Studies eligible for inclusion were economic
evaluations that assessed breast cancer screen-
ing strategies, including ultrasound screening,
mammography screening, clinical breast exam-
ination, and genetic testing, compared with
alternative strategies including the assessed
interventions, no screening, clinical diagnosis
on presentation of symptoms, or family history-
based testing for adults with or without risk of
developing breast cancer in China. We included
studies that measured the monetary value and
health outcomes of the assessed interventions
and comparators from all stakeholder perspec-
tives, including healthcare, societal, payer, and
third-party perspectives. Studies that were not
full-length articles (e.g. conference abstracts) or
did not focus on the Chinese context were
ineligible. Studies that did not report the details
of the model structure and parameters and the
cost-effectiveness outcomes were also excluded.
As a result of the different healthcare systems in
Hong Kong, articles that evaluated breast cancer
screening among women in Hong Kong were
not considered. We also screened the studies by
their reporting quality according to the Con-
solidated Health Economic Evaluation Report-
ing Standards (CHEERS) checklist (2022 version)
and excluded the studies with low quality [22].
The selection process included two rounds, first
by titles and abstracts of each document and
then by full text, cross-validated by two
reviewers independently (JJ] and SJ). A PRISMA
flow diagram was created to illustrate the
screening process. Patients or the public were
not involved in the design, conduct, reporting,
or dissemination plans of our research.

Data Extraction

Data extraction of included studies was per-
formed by two reviewers (JJ and SJ) using a
bespoke form developed in Microsoft Excel. The
collected data included the year of publication,
study aim, studied population and the number
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of participants, assessed intervention and com-
parator(s), study design, model structure and
software used, perspective and time horizon,
discount rate, outcome measure, limitations,
and main findings. With a particular focus on
characteristics of cost components, we extracted
cost data, including inputs of direct medical
costs; direct non-medical costs; indirect costs,
cost data source, unit cost, total costs of baseline
strategy, and incremental costs. The modelling
approach adopted and cost estimation in each
study were then analyzed to present the
methodological challenges of economically
assessing breast cancer screening in China.

Quality of Reporting

Quality assessment was performed by two
authors (J] and JS), with disagreements addres-
sed by discussions with senior authors (LY and
YG). In line with our goal of compiling the
existing literature and bridging research gaps, a
formal quality appraisal was not conducted.
Instead, each included study was assessed for
completeness of reporting using the CHEERS
checklist [22]. There was no minimum thresh-
old set for inclusion. As no scoring mechanism
was outlined by CHEERS, we therefore used
different colours representing “reported”, “par-
tially reported”, and “not reported” by green,
light green, and red, respectively.

RESULTS

Search Results

The process of article selection is illustrated in
Fig. 1. The database search yielded 158 articles
after the removal of duplicates. Eighty-one
studies proceeded to full-text screening. Thirty-
three studies were not economic evaluations.
Nineteen articles were irrelevant to breast can-
cer screening interventions, nine studies were
outside of the Chinese context, and 15 articles
were excluded due to low quality of reporting.
As such, we included five articles in our review.

Breast Cancer Screening Strategies
and Cost-effectiveness

The major model characteristics, key study
outcomes, and conclusions of the five included
studies are presented in Tables 1 and 2 [23-27].
All eligible studies were published in recent
years, between 2018 and 2022 [23-27]. Four
articles assessed the cost-effectiveness of popu-
lation-based breast cancer screening strategies,
and the screening interval varied between 1 and
3 years [23, 24, 26, 27]. All articles focused on
women aged between 35 and 70 years. Three
studies [23, 26, 27] targeted urban settings and
one study [24] focused on rural areas. Only one
of five identified articles analyzed the cost-ef-
fectiveness of unselected multigene testing
strategies (BRCA1/BRCAZ2/PALB2 testing, family
history/clinical criteria-based BRCA testing) for
all Chinese patients with breast cancer [25]. The
main comparator in all studies was non-
screening. Four studies incorporated additional
comparators of varied screening intervals or
different target populations [23, 25-27]. The
sample size varied between 26,244 and
1,252,074, wherein two studies used 100,000
hypothetical cohorts in their model [26, 27].

Clinical Screening Strategies

Of the four studies focused on breast cancer
screening  strategies, three conducted a
cost—utility analysis (CUA), while one was a
cost-effectiveness analysis (CEA) which mea-
sured outcome as cost per life year gained. The
evaluated screening strategies were ongoing
cancer screening programmes in China,
including breast cancer screening.

Yang et al. investigated the cost-effectiveness
of a community breast cancer screening pro-
gramme that has been implemented in Tianjin,
China since 2009 [27]. They performed a deci-
sion-analytic Markov model to compare annual
community-based clinical breast examination
(CBE) coupled with further diagnosis undertak-
ing ultrasound and/or mammography if CBE
result yielded breast cancer suspicion, with no
screening, biennial, and triennial screening
strategy. The model considered eight health
states: healthy women could transit to ductal
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Fig. 1 Process of selection of eligible studies

carcinoma in situ (DCIS) or stagel or remain
healthy. Then patients could progress from
stagel to stagell, stagelll, and stagelV
sequentially. All modelled women could die
from non-cancer causes, but only stagelV
patients could die from breast cancer. The study
simulated a hypothetical cohort of 100,000
healthy women aged between 35 and 69 years.

c
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i5 eligibility _— - Not an economic
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w - Topic is not breast cancer
prevention (n= 19)
- Not study in Chinese
setting (n=9)
- Reporting quality is low (n
= 15)
5 Studies included in
3 scoping review
2 (n=5)

A 50-year time horizon was applied, and the
analysis was conducted from a societal per-
spective. The model outcome was the cost per
quality-adjusted life year (QALY) gained. Several
clinical outcomes were also reported, including
deaths from breast cancer and other causes,
invasive breast cancer deaths from other causes,
and the number of DCIS cases that died from
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Table 2 Key outcomes and study conclusions

Study Incremental costs Incremental QALYs/  Main conclusion
(year) LYG
Sun et al.  $235.76 (annual 0.0286 QALY (annual ~ The probability of the risk-based breast cancer
(2018) screening vs no screening vs no screening programme in urban China being cost-
(23] screening) screening) effective is nearly 100% at the threshold of
US $23,050/QALY, with an ICER of $8253/
QALY
Sun et al.  $186.7 (screening every  — 0.20 QALY Clinical breast examination and ultrasound as the
(2019) 3 years vs no screening)  (screening every 3 years  primary tool in rural China leads to higher costs and
[24] Vs no screening) poorer health with a discounted ICER of — $916/
QALY
Sun et al.  $132 (multigene testing  0.018 QALY (multigen ~ Family history/clinical-criteria-based BRCA testing
(2022) Vs no testing; payer testing vs no testing) was dominated. Unselected multigene testing had an
[25] perspective) ICER of $4506/QALY (societal perspective) and
$82 (societal perspective) $7266/QALY (payer perspective), which were well
below the threshold of $10,260/QALY and
significantly cost-effective
Wang Not reported Not reported At a threshold of $30,785/LYG, biennial
et al. mammography screening was cost-effective in urban
(2021) China with a discounted ACER of $17,309/LYG. It
[26] was also the optimal scenario with a discounted
ICER of $25,261/LYG compared to other scenarios
Yang et al. Per 100,000 simulated Per 100,000 simulated ~ Annual community-based breast cancer screening and
(2018) cohort cohort screening every 3 years were 100% cost-effective for a
[27] (1) $12.19 million (1) 1583 QALYs (annual WTP threshold of $20,272/QALY

(annual screening vs no  screening vs no

screening) screening)

(2) $6.2 million (biennial (2) 839 QALYs (biennial
screening vs no screening vs no

screening)

(3) $4.15 million

(triennial screening vs

screening)

(3) 1587 QALYs
(triennial screening vs

no screening) no screening)

ACER average cost-effectiveness ratio, JCER incremental cost-effectiveness ratio, LYG life year gained, QALY quality-
adjusted life year, WTP willingness-to-pay

other causes. The model excluded the biennial
screening strategy based on the principle of
extended dominance.

The Chinese government launched a cancer
screening programme, including breast cancer

screening in 14 cities in 2012. Sun and col-
leagues developed a natural history Markov
model to compare the lifetime costs and effects
between breast cancer screening strategies and
no screening for Chinese women aged
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40-69 years [23]. The same health states repor-
ted by Yang et al. were included in the model.
The programme participants were first catego-
rized by risk of developing breast cancer using a
risk assessment questionnaire as high-risk and
low-risk groups. Then age-specific assumptions
were included in the screening strategies for the
high-risk group. High-risk women aged 40—
44 years were given an annual ultrasound fol-
lowed by mammography if suspicious results
appeared. Additionally, it was assumed that
high-risk women aged 45-69 years underwent
both ultrasound and mammography screening
every year. Women with low risk were not
screened but only diagnosed on symptoms
presented. A total of 198,097 women partici-
pated in the risk assessment questionnaire
between 2012 and 2013, and 17,104 were
identified as high risk. A societal perspective was
adopted. The health outcome was measured as
QALYs, and the incremental cost-effectiveness
ratio (ICER) was reported as a model outcome.

The “two-cancer screening” (i.e. breast and
cervical cancer) programme for rural women in
31 Chinese provinces took place in 2009 [28].
Sun and colleagues adopted the same Markov
model structure to examine a breast cancer
screening strategy’s lifetime costs, health
effects, and cost-effectiveness compared with no
screening for women aged 35-64 years [24].
Participants underwent a CBE and ultrasound in
the screening programme, followed by mam-
mography screening if the primary result was
suspicious or unclear. The study obtained data
from 26,224 participants. Both life years and
QALYs were measured as health outcomes, and
the model outcome was presented as cost per
QALY gained at a discount rate of 3% for both
costs and QALYs. A societal perspective was
adopted. The ICER threshold was three times
China’s gross domestic product (GDP) in 2014.

Wang et al. conducted an economic evalua-
tion of the most recent breast cancer screening
strategy which was introduced in 2019—a
biennial mammography screening strategy for
urban Chinese women aged 45-70 years [26].
They adopted a micro-simulation model (Sim-
ulation Model on radiation Risk and breast
cancer Screening, SiMRiSc) to estimate the life-
time costs and benefits of the screening strategy

compared with no screening using patient-level
data. The model incorporated a series of risk
factors, including life expectancy, tumour
growth, tumour self-detection probability
depending on tumour size and mammographic
density, survival probability from breast cancer,
the introduction of false positives associated
with mammography specificity, and the proba-
bility of tumour induction due to ionizing
radiation from mammography. The study
modelled a hypothetical cohort of 100,000
women. Health outcomes from simulation
estimates, including averted tumour deaths,
screening-detected tumours, interval cancers,
and life years gained, were reported. Both aver-
age cost-effectiveness ratios (ACERs), defined as
the ratio of the cost to benefit of an interven-
tion without reference to a comparator [29],
when comparing the programme screening
with no screening and ICERs when comparing
alternative strategies were determined for
model outcomes. The analysis was performed
from a societal perspective. A discount rate of
5% for costs and health benefits was used.

Genetic Testing Strategies

Genetic testing for breast cancer diagnosis is an
effective technology for the early detection of
heritable variants and primary screening. Sun
et al. and colleagues were interested in BRCA1/
BRCA2/PALBZ2 genetic testing for breast cancer
and developed a microsimulation model to
assess the lifetime costs and QALYs of multigene
testing for Chinese women with breast cancer
[25]. The study compared strategy (1) BRCA1/
BRCAZ2/PALBZ2 genetic testing in all women with
breast cancer with strategy (2) BRCA genetic
testing only for women with breast cancer
family history clinical criteria and strategy (3)
no screening. The team employed individual-
level data from 8085 unselected patients with
breast cancer to estimate the age distribution of
patients with breast cancer and the total num-
ber of breast cancer cases by age group in the
Chinese population. Concerning those fulfilling
clinical criteria, first-degree relatives were tested
for variants in BRCA1/BRCA2/PALB2 genes and
then second-degree relatives underwent the
same testing if the variants were identified in
the first-degree relatives, known as cascade
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testing. The researchers also considered variants
of uncertain significance (VUS), whereby rela-
tives with a probability of 8.7% carrying VUS
were offered cascade testing. Following the
testing, unaffected and affected BRCA1/BRCA2/
PALB2 path vars and breast cancer path vars
carriers opted to minimize their breast cancer
and ovarian cancer (OC) risk through risk-re-
ducing interventions, e.g. risk-reducing mas-
tectomy and risk-reducing salpingo-
oophorectomy. The analysis was performed
from both payer and societal perspectives and
used a 3% discount rate. A more conservative
willingness-to-pay (WTP) threshold of one GDP
(10,260 USD per QALY in 2019) was adopted
compared to the other four studies. Health
outcomes, such as breast cancer incidence, OC
incidence, mortality, and life years gained were
also reported.

Cost-effectiveness Results
Yang et al. reported that compared to no
screening, the deterministic ICER of the annual,
biennial, and triennial community-based
screening strategy was 7701.68 USD per QALY,
7392 USD per QALY, and 7075.77 USD per
QALY, respectively. The probabilistic sensitivity
analysis (PSA) observed that 100% of the itera-
tions of screening every year and every 3 years
were cost-effective at a cost-effectiveness
threshold (CET), defined as three times the
annual Chinese gross domestic product (GDP),
and the annual screening strategy remained
acceptable at a lower threshold value of two
times the GDP [27]. The results of the scenario
analysis showed that the probability of the
annual screening strategy being cost-effective
was over 95% when the attendance rate was
greater than 50%. If 10% of stagel tumours
could be detected by screening, the probability
of the annual screening strategy being cost-ef-
fective could reach 95% at a greater CET (more
than three times the GDP). When the compli-
ance rate for receiving diagnostic tests was over
80%, the probability of the annual screening
strategy being cost-effective would be up to 95%
at a CET of two times the GDP.

Sun et al. estimated an ICER of 8253 USD per
QALY gained, resulting in nearly 100% cost-ef-
fectiveness of the annual risk-based screening

strategy at the threshold of three times the GDP
[23]. The result was robust in the sensitivity
analysis. Multiple scenario analyses were con-
ducted and indicated that screening every 3
years was the most cost-effective strategy, which
yielded an ICER of 6671 USD per QALY. The
cost-effectiveness of the annual screening
strategy was observed to decrease if not all the
diagnosed women received treatment. Further,
compared to mammography alone, the cost-ef-
fectiveness of both women aged 45-69 years
receiving ultrasound and mammography
remained uncertain.

Sun and colleagues predicted that the CBE
and ultrasound screening strategy led to no
benefit but harm to women’s health in rural
China, yielding a negative ICER of — 916 USD
per QALY gained [24]. The result was robust to
one-way sensitivity analyses and scenarios
analysis, wherein varied screening intervals,
compliance rate, age-specific incidence, and
utility loss due to false positives were explored.

Wang et al. reported that compared to no
screening, the biennial mammography screen-
ing strategies with a 100% participation rate
were cost-effective with a discounted ACER of
17,305 USD per life year gained at the WTP of
30,785 USD per life year gained (three times the
GDP in 2019) [26]. The researchers subsequently
explored seven alternative strategies by varying
the screening interval and age span in scenario
analyses concluding that the base case was the
most cost-effective and robust to sensitivity
analysis. On top of the CEA, a budget impact
analysis was performed using a 10-year time
horizon and showed that the screening pro-
gramme would yield a cost of USD 38.1 million
for a medium city with one million citizens.

In the multigene testing study, the strategy
based on family history and clinical criteria was
ruled out. It was revealed that multigene testing
was cost-effective compared with no screening,
yielding an ICER of 4506 USD per QALY gained
from the societal perspective and an ICER of
7266 USD per QALY gained from the payer
perspective; 94.2% and 86.6% of PSA iterations
were cost-effective from the societal and payer
perspective, respectively [25]. The results were
reported to be robust to multiple scenario
analysis. Concerning population impact, the
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study estimated that 7868 cases and 5164
deaths by both breast cancer and OC could be
averted annually in China.

Study Assessment

Variations in Interventions and Comparators
Most studies compared different breast cancer
screening strategies by varying intervention
intervals, age range, or a combination of them
[23, 24, 26, 27]. All included studies compared
the assessed breast cancer screening strategy or
strategies with “no screening” [23-27]. Of the
five included studies, four studies compared
different breast cancer screening strategies (such
as ultrasound, CBE, and mammography)
[23, 24, 26, 27] and one study compared
multigene testing strategies with “no screening”
[25]. In addition to “no screening” as the pri-
mary comparator, different breast cancer
screening strategies with varied age ranges were
compared in two studies [23, 26], and strategies
with varied screening intervals were compared
in two studies [26, 27]. Sun et al. compared
multigene testing in all patients with breast
cancer with no genetic testing and multigene
testing in patients fulfilling family history or
clinical criteria [25].

Variations in Perspectives and Time Horizon
The costs and study outcomes are determined
by the perspective and time horizon applied. All
studies adopted a societal perspective, although
not all included indirect costs. Four of the five
studies [23-26] used a lifetime time horizon,
while a 50-year time horizon was applied in the
fifth study [27]. The latter was justified consid-
ering that S50years with a starting age of
35 years old was long enough to capture the
differences in costs and outcomes between the
intervention and comparators, as survival
probability was less than 10% for Chinese
women at 85 years old.

Variations in Model Assumptions

All five studies were model-based economic
evaluations [23-27]. Three articles incorporated
the same Markov model structure consisting of
eight health states as described above

[23, 24, 27]. Two studies [25, 26] adopted a
patient-level model to predict the expected
costs and outcomes, of which one study [26]
evaluated a breast cancer screening strategy and
another study [25] evaluated genetic testing.
Screening effectiveness and attendance rate are
important indicators to reflect the screening
programme performance. Of the screening-fo-
cused studies, all four studies [23, 24, 26, 27]
considered screening sensitivity and specificity
in their model, whereas the attendance rate was
explored in two studies [26, 27]. Three studies
included DCIS in the model to assess screening
efficiency, which ultimately could affect the
cost-effectiveness results [23, 24, 27]. However,
Wang et al. excluded DCIS from their model
because of the harm associated with the over-
diagnosis and overtreatment of DCIS and its
extra costs [26]. Disutility was considered in
three studies, with two breast cancer screening-
focused studies [23, 24] incorporating disutility
of false positive results and the multigene test-
ing study incorporating disutility of risk-reduc-
ing surgery and development of heart disease
[25]. In the microsimulation model of the
multigene testing study, family members and
associated cascade testing were considered to
extend the benefits of genetic testing to the
population.

Variations in Cost Estimation

To better understand the cost discrepancy
among breast cancer screening strategies, we
summarised the key characteristics of cost esti-
mation for the five included studies (Table 3).
The inclusion of cost categories varied across
studies. All five studies included direct medical
costs. Direct non-medical costs were included
but not specified in three studies [23, 24, 27],
described in one study [26], and not included in
one study [25]. Three of the five articles inclu-
ded productivity loss as an indirect cost [23-25],
and two studies did not include indirect cost
[26, 27]. Two studies reported all three cost
categories [23, 24]. Medical cost inputs were
similar across the three screening-focused stud-
ies that adopted the same Markov model struc-
ture, including the cost of screening, diagnosis,
treatment of breast cancer in four stages, and
DCIS [23, 24, 27]. On the other hand, Wang
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Table 3 Characteristics of cost estimation

Study Direct costs Indirect costs Cost data source Intervention Total cost of
(year) Medical costs Non-medical cost (unit) baseline
strategy
costs
Sun etal. (1) Questionnaire Not specified Productivity loss Cancer Screening Screening: $85.5  $335.43
(2018) (2) Screening Programme
23] . .
(3) Biopsy for diagnosis in Urban China;
literature
(4) Treatment
DCIS
Stage I-IV
Sun etal. (1) Screening Not specified Productivity loss Rural breast cancer ~ Screening: $22.7  $230
(2019) (2) Biopsy for diagnosis sereening
[24] programme;
(3) Treatment literature
DCIS
Stage I-IV
Sun et al. (1) Genetic testing Not included Productivity loss Urban Basic Medical ~ Genetic testing: ~ $4686 (payer
(2022) (2) Minimizing breast cancer and (temporary and Insurance $367 perspective)
[25] OC risk permanent Database in $6808 (socictal
disability, China; Word crspective)
RRSO (and HRT and o perspectiv
premature Bank; literature
osteoporosis prevention) .
mortality)

RRM (and reconstruction and

complications)

CPM (and reconstruction and

complications)

Breast cancer Screening for non-

carriers

Breast cancer screening for

mutation carriers
Chemoprevention
(4) Diagnosis and treatment

Ovarian cancer diagnosis and

initial and follow-up treatment

Breast cancer diagnosis and initial

and follow-up treatment
(5) Terminal care
Opvarian cancer
Breast cancer with fatal CHD

Breast cancer with excess CHD
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Table 3 continued

Study Direct costs

(year)

Medical costs Non-medical

costs

Indirect costs

Cost data source Intervention Total cost of

cost (unit) baseline

strategy

Wang (1) Screening (1) Additional Not included Tianjin Mammography: ~ $79.1 million
et al. @) Biopsy for diagnosis meals and Development and $34 per 100,000
(2021) nutrition Reform imulated

(3) Medical treatment during . simulate
[26] @ Commission; hort
2 months before and 10 months i cohor
. . Transportation lterature
frer d P
after diagnosis
3)
Accommodation
(4) Informal
nursing
(5) Other out-of-
pocket costs

Yangetal. (1) Clinical breast examination Not specified Not included Project management  CBE: $4.3 Per 100,000
(2018) (2) Community health service of rural women Mammography: simulated
[27] “Two Cancers” in $29.0 cohort

(3) Evaluating abnormal s ’

2010; literature $108.27
resuls(ultrasound and Ultrasound: ’
mammography) $10.2 million

(annual

(4) Biopsy of diagnosis

(5) Primary treatment (inpatient
and outpatient cost of treating

invasive cancer and DCIS)

(6) Follow up treatment
(outpatient cost of follow-up
screening test, radiotherapy,
chemotherapy and targeted

therapy)

screening vs
no

screening)

$102.28
million
(biennial
screening vs
no

screening)

$100.23
million
(triennial
screening vs
no

screening)

DCIS ductal carcinoma in situ, CPM contralateral prophylactic mastectomy, RRSO risk-reducing salpingo-oophorectomy, RRM risk-reducing mastectomy,

CHD coronary heart disease

et al. [26] considered treatment costs depending
on the tumour size and excluded DCIS in their
microsimulation model. The genetic testing
study considered a wide range of medical costs,
including genetic testing, prevention to mini-
mize breast cancer and OC risk, diagnosis, and

treatment for both breast cancer and OC, as well
as palliative care [25]. It is worth noting that the
costs were estimated in different years, which
could affect the costs comparison between
studies regarding price change of the interven-
tion as well as treatments and inflation [23-26].
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Table 4 CHEERS quality results

Green: Yes

Light green: Partially reported

Red: Not reported

The most commonly used data sources were the
corresponding programme-related publication
and literature.

The unit cost of the screening interventions
varied greatly in the five studies. The unit cost
of genetic testing is significantly higher than
breast cancer screening in China, costing over
ten times more than the cost of mammography

Title
Title Identify the study as an and specify the i i being
compared.
Abstract
Abstract 2 [ Provide a structured summary that highlights context, key methods, results and
alternative analyses.
Introduction
Background and objectives Give the context for the study, the study question and its practical relevance for
decision making in policy or practice.
Methods
Health economic analysis plan 4 | Indicate whether a health economic analysis plan was developed and where
available.
Study population 5 | Describe characteristics of the study population (such as age
range, i i ic, or clinical char isti
Setting and location 6 | Provide relevant contextual information that may influence findings. _—
Comparators 7 | Describe the interventions or strategies being compared and why chosen. 11 1 ]
Perspective 8 | State the perspective(s) adopted by the study and why chosen. _—
Time horizon 9 | State the time horizon for the study and why appropriate. ‘ ‘ ‘ _
Discount rate 10 | Report the discount rate(s) and reason chosen. _—
Selection of outcomes 11 | Describe what outcomes were used as the measure(s) of benefit(s) and harm(s). 11 1 1]
Measurement of outcomes 12 | Describe how outcomes used to capture benefit(s) and harm(s) were measured. -
Valuation of outcomes 13 | Describe the population and methods used to measure and value outcomes. _—
Measurement and valuation of
resources and costs 14 | Describe how costs were valued.
Currency, price date, and Report the dates of the estimated resource quantities and unit costs, plus the
conversion 15 | currency and year of conversion.
Rationale and description of 16 | If modelling is used, describe in detail and why used. Report if the model
model is publicly available and where it can be accessed.
Analytics and assumptions 17 | Describe any methods for analysing or statistically transforming data, any
extrapolation methods, and approaches for validating any model used.
Characterizing heterogeneity 18 | Describe any methods used for estimating how the results of the study vary for
sub-groups.
Characterizing distributional 19 | Describe how impacts are distributed across different individuals
effects or adjustments made to reflect priority populations.
Characterizing uncertainty 20 | Describe methods to characterize any sources of uncertainty in the analysis.
Approach to engagement with Describe any approaches to engage patients or service recipients, the general
patients and others affected by the | 21 | public, communities, or stakeholders (e.g., clinicians or payers) in the design of the
study study.
Results
Study parameters 22 | Report all analytic inputs (e.g., values, ranges, references) including uncertainty or
distributional assumptions.
Summary of main results 23 | Report the mean values for the main categories of costs and outcomes of interest
and summarise them in the most appropriate overall measure.
Describe how uncertainty about analytic judgments, inputs, or projections
Effect of uncertainty 24 | affect findings. Report the effect of choice of discount rate and time horizon, if
applicable.
Effect of engagement with Report on any difference patient/service recipient, general public, community, or
patients and others affected by the | ,5 | stakeholder involvement made to the approach or findings of the study
study
Discussion
Study findings, limitations, 26 . o . . N .
generalizability, and current Report key findings, limitations, ethical or equity considerations not captured, and
knowledge how these could impact patients, policy, or practice.
Other relevant information
Source of funding 27 | Describe how the study was funded and any role of the funder in the identification,
design, conduct, and reporting of the analysis
Conflicts of interest 28 | Report authors conflicts of interest according to journal or International
Committee of Medical Journal Editors requirements.

per screening. CBE was the cheapest option,
with a unit cost of $4.3 [27]. The annual
multigene testing strategy showed the lowest
incremental cost compared to no screening
among included studies [25]. Wang et al. did
not report incremental costs [26]. However, it
should be noted that a higher discount rate
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(5%) was adopted by Wang et al., which could
result in a relatively lower incremental cost.

Variation in Outcome Measurement

Most of the included studies used QALYs gained
as the main outcome measure [23-25, 27]. Two
studies reported outcomes as life years gained
[25, 26]. Sun et al. (2018) [23] obtained the
utility scores for patients at stages I-IV from a
cross-sectional survey performed using the
EuroQol five-dimension (EQ5D) questionnaire
that was conducted alongside the programme.
Sun et al. (2019) adopted the same utility values
[24]. Sun et al. (2022) and Yang et al. (2018)
sourced the utility scores from literature
[25, 27].

Some studies also reported clinical out-
comes. For example, Yang et al. reported the
number of deaths from breast cancer and other
causes, invasive breast cancer deaths from other
causes, and the number of DCIS cases that died
from other causes [27]. Wang et al. reported
averted tumour deaths, screening-detected
tumours, interval cancers, and life years gained
[26]. Sun et al. reported the incidence of breast
cancer and OC and related cases and deaths
prevented [25].

Variation in Conclusions

Four studies concluded the assessed breast can-
cer screening strategies to be cost-effective, with
three breast cancer screening-focused studies
[23, 26, 27] reporting that the strategies were
cost-effective at a threshold of three times GDP
per capita. Sun et al. concluded that multigene
testing was significantly cost-effective at a one
GDP per capita threshold [25]. Sun et al. repor-
ted that clinical breast examination and ultra-
sound led to higher costs and fewer benefits for
rural Chinese women [24].

Key Drivers for Cost-effectiveness

The factors influencing the cost-effectiveness of
the current breast cancer screening interven-
tions were seen distinctively due to the different
study designs and model structures. The key
influential parameters include the cost of breast
cancer screening/genetic testing, screening

accuracy, compliance rate, and participation
rate.

Cost of Breast Cancer Intervention
Intervention cost was underlined as one of the
most influential factors on the ICER among the
included studies. Sun et al. noted that varying
screening costs drove the ICER to fluctuate the
most [23]. Wang et al. predicted that ACER and
the budget impact analysis were most sensitive
to the cost of mammography screening [26].
The unit cost of multigene testing was esti-
mated to be one of the most influential
parameters to the ICER from both payer and
societal perspectives [25]. Nevertheless, it is
important to note that the cost of breast cancer
screening and intervention continues to
decrease, directly affecting the medical costs
and leading to a greater population impact.
Although the costs varied considerably among
included studies, none of them identified that
the cost-effectiveness conclusion was averted as
a result of the variation in costs.

Compliance Rate for Treatment

Some studies highlighted that the treatment
compliance rate influenced the examined
strategies’ cost-effectiveness. Sun et al. esti-
mated that the annual ultrasound followed by a
mammography programme among high-risk
women was less cost-effective if not all diag-
nosed cases received treatment [23]. Sun et al.
underlined that rural patients were less likely to
seek treatment because of the high out-of-
pocket costs compared to urban patients [24].
This could result in poorer prognosis and higher
costs, which may reduce the cost-effectiveness
of the screening programme. Therefore, the
researchers suggested further examining the
cost-effectiveness result if sufficient data on
treatment costs of rural patients was available.
Additionally, the compliance rate for receiving
a diagnostic test was also identified as having a
certain impact on the study result. Yang et al.
found that a compliance rate of at least 50% was
required to maintain the 95% probability of the
community-based screening programme being
cost-effective [27]. Wang et al. validated their
model using data from Japan and revealed that
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a lower cancer detection rate was associated
with a decreased compliance rate [26].

Accuracy of Screening

The accuracy of screening was another impor-
tant factor that impacted the cost-effectiveness.
Yang et al. predicted that the community-based
screening programme remained highly cost-ef-
fective at a lower WTP threshold (two times the
GDG) if 20% of early-stage tumours were
detected [27]. Another study noted that a lower
mammographic density and a higher specificity
could result in a more favourable ICER [26].

Attendance Rate

The proportion of participants undertaking the
breast cancer screening was recognized as hav-
ing influenced the ICER. Yang et al. estimated
that the community-based screening pro-
gramme was not cost-effective with a 30%
attendance rate but became highly effective
when the attendance rate increased to 50% [27].
Conversely, Wang et al. predicted that a
decreased attendance rate could lead to a
favourable ACER of the biennial mammography
screening programme [26]. However, this was at
the cost of a substantial reduction in averted
deaths, screening-detected cancers, and
life years gained.

Other Factors

There were additional factors that affected the
cost-effectiveness outcome. For example, the
community-based screening programme was
predicted to be more cost-effective with a later
starting age of 40 rather than 35 [27]. Compared
to ultrasound plus mammography, mammog-
raphy alone was found to be more cost-effective
for high-risk Chinese women aged 45-69 years
[23]. Sun et al. (2019) [24] predicted that low
breast cancer incidence among rural Chinese
women might lead to a less favourable cost-ef-
fectiveness outcome of the assessed screening
programme.

Reporting

A summary of the reporting quality assessment
for the included articles is presented in Table 4.

All studies had an acceptable reporting quality,
though some studies did not clearly specify the
target population [30], or the model assump-
tions [18, 26].

DISCUSSION

This review outlined the economic evaluations
of the current practice of breast cancer screen-
ing in China. A small number of studies were
identified as eligible. There were two main study
categories: four articles examined the cost-ef-
fectiveness of breast cancer screening strategies
for high-risk women aged 35-70 years, includ-
ing wultrasound, mammography, and CBE
[23, 24, 26, 27]; and one article performed an
economic evaluation of genetic testing [25].
A Markov model was used in three studies
[23, 24, 27], and the other two developed a
microsimulation model [25, 26]. Lifetime time
horizon and societal perspective were com-
monly adopted to weigh up the long-term costs
and effects. Three of the studies evaluating
breast cancer screening programmes deemed
the intervention to be cost-effective but only for
women living in urban areas [23, 26, 27]. Con-
versely, the CBE coupled with the ultrasound
programme resulted in decreased QALYs with
additional costs compared to no screening in
women residing in rural China, indicating
apparent harm to rural women [24]. Despite the
high cost, multigene testing was estimated to
have promising health benefits for all Chinese
women [25]. All studies were of high reporting
quality, yet most failed to provide disaggregated
costing details.

Challenges

The evidence on assessing the current breast
cancer screening and intervention on an eco-
nomic basis remains limited. This is mainly
restricted because of several key challenges.

Data Absence

Data scarcity and accessibility have been the key
challenges in economic evaluations in LMICs
[31]. Indeed, data absence for model inputs and
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validation was recognized as the major chal-
lenge for the included studies in this review.
Consequently, main model inputs had to be
obtained from other countries or determined
upon assumptions. For example, in the absence
of the attendance rate, two studies assumed that
all programme participants received breast
cancer screening in their baseline analysis but
failed to give the assumption’s rationale nor
explored its uncertainty [23, 24]. Wang et al.
[26] justified an attendance rate of 60-80%
among urban Chinese women on the basis of an
estimation of a higher than 70% attendance
rate in Asian countries [32]. However, much
lower attendance rates (21.7-52.1%) have been
reported in other studies in some Chinese cities
[33, 34]. From the programme perspective,
although varied attendance rates may not
change the cost-effectiveness, it could influence
policy recommendations on such interventions
as a key indicator of screening performance.

Similar to the attendance rate, an assump-
tion of a 70-100% uptake rate of treatment was
adopted in the reviewed studies without a ref-
erence. Additionally, most studies did not
specify what type of treatment was provided to
patients at each disease stage. The lack of data
on treatment, including treatment uptake rate
and treatment options, increased the uncer-
tainty of the overall cost-effectiveness outcomes
as receiving treatment accounted for substantial
costs. Although the robustness of the model
results with varied treatment costs was con-
firmed, it should be noted that the treatment
pathway and costs vary considerably between
urban and rural areas.

Challenges were observed in incorporating
productivity loss in the CEA, mostly due to a
lack of methodological guidance and appropri-
ate data on productivity loss in the Chinese
context [35, 36]. Three reviewed studies con-
sidered productivity loss, but no detailed pro-
cess description was presented [18, 23, 23].
Including productivity loss as the main part of
indirect costs is recommended in China’s cur-
rent national guideline for health economic
evaluation considering its effect on total costs
that may ultimately influence the ICER from a
societal perspective [35, 37, 38]. However,

further research on this topic is warranted to
address this challenge.

Other commonly observed challenges
include the paucity of data on transition prob-
abilities, utility values, risk index, long-term
follow-up data, and ancillary costs (i.e. admin-
istration, training, or other clinical support).
This was partly explained by population-based
breast cancer screening programmes that were
only implemented in China in the recent dec-
ade, and long-term data is still lacking. In
practice, some essential programme data were
not well documented and reported to ensure
data consistency and transparency [23-25]. To
address this challenge, some instruments, such
as the Client Services Receipt Inventory, can be
adopted and redesigned alongside the pro-
gramme to plan and collect data on healthcare
resource use that can particularly serve subse-
quent economic evaluations [39].

Urban-Rural Discrepancies

Urban-rural discrepancies in women with
breast cancer and the associated resource use
have been reported. Rural women generally
have lower breast cancer incidence, poorer
treatment adherence, fewer treatment choices
due to scarce healthcare resources, and higher
indirect medical costs (i.e. potentially higher
travelling costs for rural patients) compared to
urban women [40, 41]. Sun et al. (2019) [18]
concluded that breast cancer screening pro-
grammes cause harm to rural Chinese women
but also pointed out the need to review the
results when more data is available for rural
women. The urban-rural discrepancy also
complicates the economic modelling process by
impacting the generalizability of the cost-effec-
tiveness outcomes at the whole country level
[42].

Willingness-to-Pay Threshold

A clearly defined threshold is not available in
China currently, though some health econo-
mists have made empirical estimations [43, 44].
Four of the five included studies adopted three
times the GDP per capita as the WTP threshold.
This was based on the suggestion by the World
Health Organization on wusing disability-
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adjusted life year (DALY) as an outcome index,
indicating that interventions with an ICER
lower than three times GDP per capita per DALY
averted were considered cost-effective and lower
than one GDP per capita per DALY averted was
considered very cost-effective [37]. Recently, a
study estimated a threshold of 63% (5540, 2017
USD) GDP per capita per DALY averted, reflect-
ing health opportunity costs when judging cost-
effectiveness in China [45]. However, the GDP-
based threshold has received extensive criticism
and the World Health Organization has alerted
its limited use in decision-making, which
means that adopting three times the GDP could
be problematic regarding cost-effectiveness evi-
dence that informs policymakers on the value
of money [46]. Some countries have published
explicit CET ranges, but the values vary con-
siderably from country to country [47]. To
promote the health technology assessment on
healthcare interventions, the Netherlands con-
siders disease severity when setting a WTP
threshold, indicating the threshold ranges from
€10,000 per QALY for diseases with a severity of
0.10 to €80,000 per QALY for diseases with a
severity of 1.0 [48]. This approach resulted in
much higher WTP thresholds for life-threaten-
ing diseases, with breast cancer at an estimated
severity of 0.86 [48]. In this review, Yang et al.
[27] addressed this challenge by investigating
the cost-effectiveness outcome and uncertainty
around some key parameters, such as cancer
incidence, attendance rate, the compliance rate
for diagnosis, and detection of the tumour at
the early stage through threshold analysis, and
Sun et al. (2022) adopted a one GDP threshold
in their baseline analysis to mitigate the
uncertainty around the WTP threshold [25]. To
which level the WTP threshold should be
determined in general or for different diseases
in China is a topic that remains to be addressed.
Other than the WTP thresholds, it is equally
important to consider local policies and stake-
holders that determine the programme imple-
mentation plan and budget deployment, which
may influence the intervention effects at the
population level.

Model Design

Another common challenge in CEA is to choose
a decision-analytic framework that would most
accurately reflect the expected health costs and
consequences associated with clinical care
pathways of the interventions and alternative
options [36]. Three studies developed a Markov
model to weigh the long-term costs and benefits
of breast cancer screening programmes
[23, 24, 27]. However, Markov models fail to
track patients’ relevant history to reflect the
benefits of screening programmes over no
screening or alternative strategies. To mitigate
this issue, the other two studies adopted a
patient-level simulation model that overcame
this issue by incorporating a range of risk factors
and tracking the clinical events of each patient
with breast cancer as well as applied health
services [25, 26]. This raises another challenge:
microsimulation demands high quantities of
data, which is mostly unavailable in China,
leading to studies relying on international data
[36]. It is important to note that risk factors of
breast cancer in other countries could lead to
substantial bias as disparities between countries
exist regarding the characteristics of the breast
cancer population. For example, compared to
women of European descent, Chinese women
are often diagnosed at a younger age (around
10 years earlier) and advanced stage and have
less possibility of strong breast cancer family
history [49-51]. Of particular concern is that
individuals may follow different clinical path-
ways based on age, medical conditions, and
socioeconomic characteristics, which raises
challenges in identifying and incorporating all
potential factors into the simulation. Numerous
risk factors for breast cancer (e.g. polygenic risk
score, hormonal factors, other family history
factors) could be considered in future models to
increase the precision of CEA.

Suggestions for Future Economic
Evaluation

Overall, the cost-effectiveness of current breast
cancer screening presented uncertainty among
women across China. Comparably, genetic
testing has shown significant cost-effectiveness
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among all Chinese women and promising
health benefits in averting breast cancer cases
and deaths. Genetic testing promotes the early
detection process by identifying genetic vari-
ants associated with a high risk of breast cancer
in patients and family members who usually are
missed by using age and clinical-based screen-
ing approaches. For example, women with dis-
ease-causing variants receive more frequent
surveillance than those without variants. This
allows early diagnosis and timely treatment for
the variant carriers and, from a societal per-
spective, could reduce the disease burden of
society. Those favourable outcomes need fur-
ther research to be confirmed.

Sun et al. (2021) only focused on the most
common variants (i.e. BRCA1/BRCA2/PALB2)
associated with high breast cancer risk. To
maximize breast cancer detection, it is sug-
gested that future CEA should also consider
other genes associated with a high or moderate
risk of developing breast cancer, such as TP53,
PTEN, CDH1, and STK11 [52-55]. If established
multigene testing could precisely identify those
with disease-causing variants, policymakers
may consider a tailored surveillance approach
for women with high/moderate/low level of
cancer risk. That implies a screening strategy
with risk-adapted starting age for women with
different levels of risk [56]. The risk-adapted
starting age of screening could ensure the fair-
ness and effectiveness of breast cancer
screening.

Cascade testing extends genetic testing
among family members after identifying the
first person in the family with particular genetic
variants. This aids in the surveillance and care
management of family members. Evidence
supported that covering family members with
cascade testing improved the cost-effectiveness
of genetic testing in women with breast cancer
[57]. Sun et al. (2021) considered cascade testing
among the relatives of patients with breast
cancer. However, an elaboration of the
assumptions upon cascade testing, including
but not limited to the costs of testing, its sen-
sitivity and specificity, relatives’ age, the
respective uptake rate among the first- and sec-
ond-degree  relatives, and  downstream

interventions and health consequences, should
be considered in future research.

Moreover, it would further increase the value
of economic evaluations to consider secondary
findings (SFs) in future models [S8]. This refers
to genetic testing results irrelevant to the pri-
mary indication for genome sequencing but
that may have potential clinical importance.
There has been an intense debate on returning
SFs to patients [58, 59]. The American College of
Medical Genetics and Genomics (ACMG)
developed a list of SFs considered medically
actionable and having high penetrance. They
recommended that these SFs be returned to
patients receiving genomic sequencing based
on their consent [60]. By allowing the disclosure
of SFs to patients, the ACMG is expecting to
maximize the screening effects in the popula-
tion. However, some scientists have concerns
about its potentially increased downstream
healthcare costs relevant to diagnosis and pro-
phylactic treatments, as well as associated
information overload and psychological distress
[61-63]. Nevertheless, Bennette and colleagues
reported that returning SFs was considered cost-
effective for certain patient populations, such as
patients with cardiomyopathy, patients with
colorectal cancer, or healthy individuals [64].
Internationally, some studies examined the
cost-effectiveness of genetic testing with
extensive cascade testing covering family
members for breast cancer and OC, but SFs have
not been considered in their model [19, 65-67].
Further search is warranted to fill in this gap in
cost-effectiveness evidence on cascade testing
and SFs, which is needed to support developing
national guidelines for advanced breast cancer
screening and management in China.

Strengths and Limitations

This is the first review summarizing the up-to-
date evidence on economic evaluations of
breast cancer screening strategies in China. We
also assessed the analytic approaches and out-
lined the factors that influenced the cost-effec-
tiveness outcomes and potential
methodological challenges to identify research
gaps and provide suggestions for future work.
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This review is also subject to certain limitations.
The exclusion of non-English studies may have
introduced language bias. However, this may be
mitigated by the small number of non-English
studies excluded. Since grey literature searching
was not conducted, some eligible studies could
be missed out.

CONCLUSION

This review described the current literature on
the cost-effectiveness of breast cancer screening
strategies in China as representative of low-re-
source settings. The included studies examined
the current breast cancer screening strategies
including genetic testing. The conventional
strategies were cost-effective among urban
Chinese women but not among rural women.
The genetic testing strategy was found to be
economically  attractive among Chinese
women, indicating a potentially promising
direction. Context-specific and methodological
challenges impose barriers to evaluating the
cost-effectiveness of breast cancer screening.
Given that genetic testing may improve the
cost-effectiveness of screening, we suggest that
future research explores the feasibility of
genetic testing as a screening approach for
breast cancer and its value for money, which
may mitigate the disease and financial burden
to society.
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