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Abstract 

Background: Capecitabine maintenance therapy is safe and efficacious for early‑stage triple‑negative breast cancer 
(TNBC) patients, but the cost‑effectiveness of its long‑term use has not been investigated. Here, we evaluated the 
cost‑effectiveness of capecitabine maintenance therapy, compared with routine follow‑up, in early‑stage TNBC 
patients after standard treatment from a perspective of Chinese society.

Methods: A three‑state Markov model based on the data from the SYSUCC‑001 trial was constructed to estimate the 
cost‑effectiveness of capecitabine maintenance therapy in a month cycle over a period of 30‑year time horizon. A 5% 
annual discount rate was set for all costs and benefits. One‑way and probabilistic sensitivity analyses were performed 
to explore the model uncertainties. The main outcomes include quality‑adjusted life years (QALYs), incremental cost‑
effectiveness ratio (ICER), and the number needed to treat (NNT) to prevent one additional event.

Results: Compared with routine follow‑up, 1‑year capecitabine maintenance therapy yielded an additional 1.29 qual‑
ity‑adjusted life years (QALYs) at an additional cost of $3391.70, with an ICER of $2630.53 (95% CI: $1159.81–$5090.12) 
per QALY gained. The ICER was considerably lower than the recommended willingness‑to‑pay (WTP) threshold (i.e., 
$28,130.00 per QALY). The results were sensitive to the discount rate, drug cost, and treatment cost after relapse. Fur‑
ther, the NNT to prevent one additional relapse case was 29.2 (95% CI: 13.2–196.6), 16.7 (95% CI: 8.4–111.6), and 12.0 
(95% CI: 5.7–82.6) at 1, 2, and 5 years, respectively.

Conclusions: One‑year capecitabine maintenance therapy for early‑stage TNBC after standard treatment, com‑
pared with routine follow‑up, was found to be highly cost‑effective with promising clinical benefits and acceptable 
increased costs. Real‑world studies are warranted to validate our findings in the future.
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Background
Breast cancer has become the most frequently diag-
nosed cancer worldwide in 2020, with an estimated 2.3 
million new cases globally [1]. A rapid increase in the 
incidence and burden of breast cancer has also been 
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observed in China [2, 3]. Currently, the medical costs of 
treating breast cancer remain a considerable economic 
burden for the Chinese medical insurance and health-
care system, and decision-making based on cost-effec-
tiveness analysis is warranted.

Triple-negative breast cancer (TNBC), character-
ized by negative expression of estrogen, progesterone, 
and human epidermal growth factor receptor-2 [4], is 
the most aggressive breast malignancy, accounting for 
19% of all types of breast cancer in Chinese patients [5]. 
TNBC is not sensitive to endocrine therapy or molec-
ular targeted therapy. Compared with other types of 
breast cancer, the treatment options of TNBC are still 
limited, with high recurrence and metastasis rates and 
poor prognosis [6, 7]. Adjuvant chemotherapy remains 
the main choice for early-stage TNBC patients, but the 
efficacy is poor [8, 9].

Two recent meta-analyses have shown the clinical 
benefits of adding adjuvant capecitabine concurrently 
with or sequentially after standard chemotherapy treat-
ment in improving the prognosis of early-stage TNBC 
patients [10, 11]. However, the efficacy was dependent on 
the duration of adjuvant capecitabine treatment, and the 
substantial improvement of disease-free survival (DFS) 
was only observed in three trials with adjuvant capecit-
abine for ≥ 6 cycles, including CREATE-X with 6–8 
cycles [12], CIBOMA/2004 with 8 cycles [13], and SYS-
UCC-01 with 1-year maintenance [14]. Thus, the SYSCC-
001 represents the multicenter trial with the longest 
duration of adjuvant capecitabine treatment [14]. The 
SYSUCC-001 trial evaluated the efficacy and safety of 
1-year low-dose capecitabine maintenance therapy com-
pared with routine follow-up recommended by clinical 
guidance as a control group in early-stage TNBC patients 
after standard treatment [15]. The trial showed a statis-
tically significant improvement in 5-year DFS by 9.8% in 
the capecitabine maintenance group compared with the 
observational group (routine follow-up). However, the 
improvement in 5-year overall survival (85.5% vs. 81.3%) 
and 5-year locoregional recurrence-free survival (85.0% 
vs. 80.8%) between the groups were not significantly dif-
ferent, which was similar to two previous trials [12, 13]. 
Further, it is observed that capecitabine maintenance 
therapy lasting for 1  year after standard treatment is 
associated with increased costs and additional toxicity.

Despite the evidence of potential efficacy in reduc-
ing relapse rate from capecitabine maintenance therapy 
in the adjuvant setting, its cost-effectiveness remains 
unclear but is necessary for policy-makers and clinical 
practice. In this study, we conducted a cost-effectiveness 
analysis to evaluate the costs and clinical benefits of 
1-year capecitabine maintenance therapy for early-stage 
TNBC patients from the perspective of Chinese society.

Results
Base‑case model
Patients in the capecitabine maintenance group yielded 
9.30 QALYs compared with 8.01 QALYs for patients in 
the observational group. The total cost was $9106.67 in 
the capecitabine maintenance group and $5714.96 in the 
observational group, respectively. The capecitabine main-
tenance therapy provided an additional 1.29 QALYs at 
an additional cost of $3391.70. The ICER was $2630.53 
(95% CI: $1159.81–$5090.12) per QALY gained, which 
was considerably lower than the recommended WTP 
threshold (i.e., $28,130 per QALY), indicating that 1-year 
capecitabine maintenance therapy as adjuvant treatment 
was highly cost-effective for early-stage TNBC patients 
after standard treatment, compared to routine follow-up. 
A sensitivity analysis was conducted to test the uncer-
tainty of ICER according to alternative survival functions 
(i.e., Exponential, Weibull, Log-logistic, and Gamma). 
The results showed that the ICERs were consistently 
lower than the recommended WTP with a range from 
$2176.91 per QALY gained on Gamma distribution to 
$2876.78 per QALY gained on exponential distribution, 
indicating the robustness of ICER results on survival 
functions (Additional file 1: Table S5).

Sensitivity analyses
Results of the one-way sensitivity analysis are presented 
in the tornado diagram (Fig. 1). The parameters that con-
siderably impacted ICER estimates included the annual 
discount rate, monthly drug cost, and treatment cost 
after relapse. Within the range of each parameter speci-
fied in Table 2, the ICER was consistently below the rec-
ommended WTP threshold.

The cost-effectiveness acceptability curve indicated 
that 1-year capecitabine maintenance therapy was more 
likely to be cost-effective compared with routine follow-
up when the WTP threshold was above $2610.00 per 
QALY gained (Fig.  2). The probability that capecitabine 
maintenance therapy was cost-effective was 100%, indi-
cating that capecitabine maintenance therapy was domi-
nantly cost-effective, compared with routine follow-up, 
in improving the prognosis of early-stage TNBC patients 
after standard treatment. If the monthly capecitabine 
cost was 50% and 10% in the base-case model, the WTP 
threshold that capecitabine maintenance therapy could 
be treated as cost-effective was decreased to $1406.2 and 
$482.7 per QALY gain, respectively (Fig. 2A).

Number needed to treat
The absolute risk reduction of relapse rate at the 1, 2, 
and 5  years since the date of the randomization in the 
capecitabine maintenance group, compared with routine 
follow-up, were 3.4%, 6.0%, and 8.4%, and the NNTs to 
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prevent one additional relapse event was 29.2 (95% CI: 
13.2–196.6), 16.7 (95% CI: 8.4–111.6), and 12.0 (95% CI: 
5.7–82.6), respectively (Fig.  3A). The additional costs of 
capecitabine maintenance therapy, compared with rou-
tine follow-up, to prevent one additional relapse were 
$138,361.75, $79,131.55, and $56,860.99 at 1, 2, and 
5  years, respectively. However, compared with routine 
follow-up, the NNT to prevent one additional death of 
capecitabine maintenance therapy was not statistically 
significant (Fig. 3B).

Discussion
Substantial survival benefits of adjuvant capecitabine 
therapy for early-stage TNBC have been demonstrated 
in previous literature [10, 14, 16]. The evidence of its 
cost-effectiveness is a pivotal consideration for treatment 
decision-making in developing countries, especially for 
those with limited health resources. To the best of our 
knowledge, this is the first study to evaluate the eco-
nomic outcomes of adjuvant capecitabine therapy for 
early-stage TNBC patients after they complete standard 
treatment based on the latest clinical evidence from a 
multicenter, randomized controlled trial in China.

Our findings showed that 1-year capecitabine mainte-
nance therapy was highly cost-effective as compared to 
the currently recommended routine follow-up among 
early-stage TNBC patients. The ICER of $2630.53 per 
QALY gained was considerably lower than the WTP 
threshold from a Chinese societal perspective. One-way 
sensitivity analysis consistently demonstrated the robust-
ness of cost-effectiveness results in the model’s uncer-
tainty. The PSA revealed that capecitabine maintenance 
therapy was a dominated option under the WTP thresh-
old. In addition, the results from NNTs further confirmed 
the clinical benefits of adjuvant capecitabine therapy in 
preventing relapse of early-stage TNBC patients.

The tornado diagram revealed that capecitabine cost 
was a substantially influential parameter for the robust-
ness of the model. However, the ICERs were consistently 
lower than the WTP threshold at a varying parameter 
range, with ICER ranging from $375.36 to $2630.54 per 
QALY gained. Drug price has a considerable impact on 
ICER in China [17]. If the unit price of capecitabine is 
reduced to 50% and 10% of the base-case value, capecit-
abine maintenance therapy could be cost-effective 
with a WTP of $1406.2 and $482.7 per QALY gained, 
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Fig. 1 Tornado diagram of one‑way sensitivity analysis. DFS, disease‑free survival; ICER, incremental cost‑effectiveness ratio; QALY, quality‑adjusted 
life year
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Fig. 2 Probabilistic sensitivity analyses for capecitabine maintenance therapy. A Cost‑effectiveness acceptability curves at different discounts of 
monthly capecitabine cost. B Cost‑effectiveness plane
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respectively. Therefore, it could be beneficial to further 
reduce the ICER by decreasing the marketing price of 
capecitabine.

Individuals’ WTP plays an important role in the Chi-
nese healthcare system [18]. Currently, there is no unani-
mously agreed cost-effectiveness threshold in China. Our 
results suggest that capecitabine maintenance therapy is 
highly cost-effective if the WTP is above $2610.00 per 
QALY gained. The WHO suggested that an interven-
tion could be considered highly cost-effective when its 
ICER is less than per-capita GDP, cost-effective when 
its ICER is between one to three times per-capita GDP, 
and not cost-effective when its ICER is over three times 
per-capita GDP [19, 20]. In our study, the WTP threshold 
was set as three times the per-capita GDP of China (i.e., 
$28,130). There is a huge gap in per-capita GDPs across 
different regions of mainland China—from the lowest of 
$5566.4 in Gansu province to the highest of $25,499.0 in 
the Beijing municipality in 2020 (with an exchange rate 
of $1 = ¥6.4665) [21]. However, the ICER of capecitabine 
maintenance therapy is consistently less than per-capita 
GDP even in the least developed region of China, sug-
gesting that the added cost of capecitabine maintenance 
therapy could be entirely cost-effective for general Chi-
nese breast cancer patients.

The per-capita GDP and WTP thresholds vary widely 
worldwide [22, 23]. Our results suggest that adjunct 
capecitabine maintenance therapy could be treated as 
cost-effective when the per-capita GDP is above $876.7 
(i.e., one-third of ICER), while only 24 out of 190 coun-
tries/regions (12.6%) are with per-capita GDP less than 

$876.7 [23]. Although the present study focused on Chi-
nese society, given the relatively low ICER values in our 
study, we believe that the findings might have reference 
values for policy-making of using adjunct capecitabine 
maintenance therapy worldwide, in the developed coun-
tries with higher WTP thresholds (e.g., the USA) [24] and 
in other developing countries with relatively lower WTP 
thresholds (e.g., South Africa) [25].

NNT is an effective index to express results in a clini-
cally meaningful way. Our results showed that, to prevent 
one relapse event over a 2-year and 5-year period, 16.7 
and 12.0 TNBC patients would have to be treated with 
adjuvant capecitabine, respectively. The NNT of DFS at 
5-year in our study was slightly higher than that in the 
CREATE-X trial [12], which was 7.3 of adjuvant capecit-
abine versus observation among HER2-negative residual 
invasive breast cancer after neoadjuvant chemotherapy, 
but lower than that in GEICAM-CIBOMA trial [13], 
which was 35.7 of capecitabine versus observation among 
operable triple-negative breast cancers. Apart from the 
discrepancies concerning the study design, population, 
and adjuvant treatment strategies, the differences might 
be partially attributed to the lower rate of neoadjuvant 
chemotherapy in the SYSUCC-001 trial (i.e., only 5.8%) 
[14] and the short duration of capecitabine therapy (i.e., 
24 weeks) in GEICAM-CIBOMA trial [13]. However, our 
findings revealed non-added clinical benefits of capecit-
abine maintenance compared with routine follow-up for 
NNT to prevent one additional death, which was con-
sistent with the results of the SYSUCC-001 trial whereby 
OS was not significantly improved by capecitabine 

Fig. 3 Risk difference and number needed to treat for (A) disease‑free survival and (B) overall survival. Blue lines represented point estimates and 
red lines represented 95% confidence intervals estimated using the bootstrapping method
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maintenance therapy [14]. The reason might be that sur-
vival after relapse was multifactorial, consisting of contri-
butions from clinical factors and subsequent treatment 
modalities (e.g., chemotherapy, immunotherapy, targeted 
therapy, or their combination) apart from capecitabine 
therapy [26].

The major advantage of this study was that the find-
ings were based upon a recent phase III, multicenter, 
randomized clinical trial in China, and the survival proba-
bilities over the study period were extrapolated using indi-
vidual-level data from the SYSUCC-001 trial, rather than 
extracting the survival probability from published Kaplan–
Meier curves by digitizer software [27]. In addition, the 
30-year time horizon used in this study could capture the 
long-term impacts of capecitabine maintenance therapy 
for early-stage TNBC patients after standard treatment, 
and the findings could provide lifetime evidence both for 
clinical practice of selecting long-term maintenance treat-
ment and Chinese medical insurance policy-making.

However, the findings should be interpreted cautiously 
due to the following limitations. First, information from 
clinical trials might not fully represent real-world clinical 
consultations, considering that patients who did not ful-
fill the eligibility criteria for clinical trials were excluded. 
Real-world studies are warranted to validate the find-
ings in our study. Second, because data were missing on 
quality of life from the SYSUCC-001 trial, the utilities for 
the state of DFS and relapse and the disutility for severe 
adverse events were extracted from previous reports. 
However, the model outcomes were robust when vary-
ing the utility/disutility values in the sensitivity analyses. 
Third, it is assumed that all patients in the interven-
tional group adhered to 1-year capecitabine maintenance 
therapy without interruption, representing an idealized 
scenario and a source of uncertainty. However, the SYS-
UCC-001 trial reported a high completion rate of 1-year 
therapy (82.8%) and a very low rate of treatment inter-
ruption (4.1%) due to unacceptable toxicity (i.e., hand-
foot syndrome). Furthermore, the impact of treatment 
discontinuation was uncertain and difficult to estimate. 
Based on the considerations, the influence of treatment 
interruption on cost-effectiveness was not considered in 
the proposed model, which might be a source of uncer-
tainty for the results. Fourth, this study did not consider 
other potential direct non-medical costs except for travel 
costs. However, as capecitabine was orally administered, 
the impact of other direct non-medical costs seemed 
small. Fifth, the cost-effectiveness estimates at different 
durations of low-dose capecitabine maintenance therapy 
were unclear and require further exploration, consid-
ering that relapse mainly occurred within the first 2 to 
3  years since diagnosis [28, 29]. Fifth, the international 
generalizability of our findings should be cautious, given 

that costs and WTP might vary substantially across dif-
ferent regions/countries. Although the medical costs 
based on the price charged at the Sun Yat-sen University 
Cancer Center could represent circumstances of the cur-
rent standard treatment situation in China, the potential 
variation of medical costs across regions in China should 
be considered. Sixth, some cost parameters (i.e., cost of 
managing severe hand-foot syndrome and treatment 
after relapse) were estimated based on a small sample 
or consultation with oncologists from Sun Yat-sen Uni-
versity Cancer Center rather than applying the Delphi 
panel method, which might be a source of bias. In addi-
tion, a few studies have evaluated the cost-effectiveness 
of capecitabine in combination with other agents (e.g., 
docetaxel, ixabepilone, lapatinib) among advanced/met-
astatic breast cancer [30–33]. Their cost-effectiveness 
merits further exploration among early-stage breast can-
cer patients.

Conclusions
Capecitabine maintenance therapy was found to be 
highly cost-effective compared with routine follow-up in 
reducing the relapse risk of early-stage TNBC patients 
after standard treatment from the perspective of Chinese 
society. The findings could be helpful to guide clinicians 
in making an optimal decision for treating early-stage 
TNBC patients and be useful for medical policy-mak-
ing in China. Further evidence from real-world studies 
is warranted to validate the efficacy of long-term sur-
vival and its safety, as well as the health economics of 
this therapy in early-stage TNBC patients after standard 
treatment.

Methods
Trial background
The target population of the present study was from the 
SYSUCC-001 trial conducted in 13 academic centers 
and clinical sites in mainland China [14]. Briefly, eligible 
patients were women who had pathologically confirmed 
invasive breast ductal carcinoma, were hormone recep-
tor and ERBB2 negative, were early stage with T1b-3N0-
3cM0, and completed standard adjuvant chemotherapy. 
Eligible patients were randomly assigned (1:1) into either 
the capecitabine maintenance (interventional) group or 
the observational (control) group within 4  weeks after 
completion of standard adjuvant chemotherapy. In the 
observational group, patients were routinely followed up 
according to the clinical guidance. In the capecitabine 
maintenance group, patients received oral capecitabine 
at 650  mg/m2 twice daily continuously for 1  year with-
out interruption. Capecitabine was given to patients via 
monthly prescriptions at the hospital. Patients in the 
capecitabine maintenance group had their blood, liver, 
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and renal function tests taken monthly to monitor the 
safety of the medication. In both groups, patients were 
followed up by physical examination, assessment of 
menopausal status, breast ultrasound, and abdominal 
ultrasound by trained oncologists every 3  months dur-
ing years 1 to 2, every 6 months during years 3 to 5, and 
yearly thereafter. Mammography and chest x-ray were 
performed yearly in both groups.

Clinical data
In SYSUCC-001 [14], a total of 434 patients (median age: 
46, range: 24–70) were included in the analysis, includ-
ing 221 in the capecitabine maintenance group and 213 
in the observational group; the median age was 45 for the 
capecitabine maintenance group and 48 for the obser-
vational group. After a median follow-up of 61 months, 
there were 93 recurrence events and 72 death events. The 
5-year DFS was 82.8% in the capecitabine group vs. 73.0% 
in the observational group, and the 5-year OS was 85.5% 
in the capecitabine group vs. 81.3% in the observational 
group, respectively.

Model structure
A Markov state-transition model, using the TreeAge Pro 
2005 software (TreeAge Software Inc, Williamstown, 
MA), was developed to evaluate the costs and effective-
ness of 1-year capecitabine maintenance therapy for 
early-stage TNBC patients who had completed standard 
adjuvant chemotherapy compared with routine follow-up 
from the perspective of Chinese society. The three mutu-
ally exclusive health states of DFS, relapse, and death 
were included in the state-transition model (Fig.  4A). 
The abbreviated decision tree and Markov model are 
presented in Fig. 4B. All simulated patients started from 

the DFS state and could stay in the DFS state or move to 
the relapse or death state at the next cycle length due to 
corresponding transition probabilities; patients who pro-
gressed to the relapse state could only stay in the relapse 
state or move to the death state. Death was referred to 
as the absorbing state. The Markov model parameters 
were collected from the SYSUCC-001 trial and literature. 
Considering that the age peak of breast cancer incidence 
was around 45–49  years in China [34], and the median 
age of the capecitabine maintenance group was 45 in the 
SYSUCC-001 trial [14], the simulation was conducted 
from the age of 45 in a monthly cycle. The 1-month 
cycle length was used in line with the drug schedule. A 
30-year time horizon was selected to capture the lifetime 
impacts of capecitabine maintenance therapy for early-
stage TNBC patients [35]. During the 30-year period, the 
majority of patients would die. Transition probabilities 
were estimated based on individual-level data from the 
SYSUCC-001 trial. The study complied with the Con-
solidated Health Economic Evaluation Reporting Stand-
ards 2022 (CHEERS 2022) statement (Additional file  1: 
Table S1) [36].

Transition probability
The time horizon in the Markov model is beyond the 
period of the SYSUCC-001 trial. It is generally preferred 
to apply a fitted parametric distribution over using raw 
survival data in cost-effectiveness studies when the simu-
lated time horizon is much longer than the trial. To opti-
mally extrapolate the survival probabilities over a 30-year 
time horizon, five common parametric distributions with 
Exponential, Weibull, Log-normal, Log-logistic, and 
Gamma were fit to the original individual-level data from 
the SYSUCC-001 trial (Additional file  1: Table  S2). The 

Fig. 4 Markov model structure. A Model states and transitions. B Schematic of decision tree and Markov model. DFS, disease‑free survival; TNBC, 
triple‑negative breast cancer
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selection of optimal parametric distribution for survival 
function was based on the recommended criteria [37, 
38], including the lower values of Akaike information cri-
terion (AIC), Bayesian information criterion (BIC), abso-
lute of –2log-likelihood, and the sum of the squared 
errors (SSE) of predictions of survival curve over the 
observed time span, along with the visual comparison of 
modeled against Kaplan–Meier survival curves. The 
goodness-of-fit results indicated that log-normal distri-
bution had a better fit for individual-level data of both 
DFS and OS (Additional file 1: Table S3, and Figure S1) 
and was finally selected for the cost-effectiveness analy-
sis. The internal validation of the Log-normal distribu-
tion was confirmed by the agreement of modeled clinical 
outcomes with trial data in terms of the 5-year DFS and 
OS (Fig. 5). The estimated parameters of Log-normal dis-
tribution in Table 1 were applied to fit the 30-year time 
horizon survival curves of the two groups (Fig. 5). Time-
dependent state-transition probabilities in each cycle 
were calculated using the formula P(t → 1) = 1

S(t+1)
S(t)

 at 
a given cycle t in the Markov model, where 
S(t) = 1−�

lnt−µ
σ

 represents the survival probability 
at time t using parameters (μ, σ) of Log-normal in Table 1 
[37, 39, 40]. The transition probability from DFS to death 
was set as the age-specific natural mortality rate of the 
general Chinese women population in 2020 [41], accord-
ing to previous literature [42, 43]. A time-dependent 
transition probability matrix sample is presented in 
Table S4 (Additional file 1).

Cost estimates
Costs were calculated from the perspective of Chinese 
society. Direct medical costs included capecitabine, imag-
ing, and laboratory tests for monitoring treatment safety 
and routine follow-up, managing severe adverse events 
(grade 3/4), and subsequent treatment after relapse. 
Since capecitabine (500 mg/piece) was only obtained by 
overseas importation to China at the beginning of the 
SYSUCC-001 trial (2010) and its generic was available 
in China at the end of 2013; Thus, its cost in the base-
case model was therefore estimated on the imported unit 
price. Capecitabine has now entered the centralized drug 
procurement list in China; its price range was obtained 
from the Chinese Drug Bidding Database [44]. The unit 
costs of imaging, laboratory tests, and routine follow-
up were based on the price charged at the Sun Yat-sen 
University Cancer Center (Guangzhou, China) in 2020. 
As the grade 1/2 adverse events were manageable with 
standard monitoring, we only involved the costs of grade 
3 or above adverse events related to capecitabine mainte-
nance therapy with a significant group difference in inci-
dence rate, including hand-foot syndrome and diarrhea 

[11]. The incidence rates of severe adverse events were 
estimated from the SYSUCC-001 [14] and two relevant 
RCTs [12, 13]. The costs of managing severe adverse 
events were derived from the Sun Yat-sen University 
Cancer Center (for hand-foot syndrome) and literature 
(for diarrhea) [45]. For relapsed patients, chemotherapy, 
targeted therapy, immunotherapy, or surgery were given 
at the discretion of the oncologists. The average monthly 
treatment cost after relapse was estimated for individual 
total treatment cost by dividing his/her survival months 
after relapse, based on 16 dead cases (9 patients in the 
observation group and 7 patients in the capecitabine 
maintenance group) that occurred in Sun Yat-sen Uni-
versity Cancer Center. The reasonability of the estimated 
monthly treatment cost after relapse was confirmed by 
consulting an oncologist. Given that capecitabine was 
orally administered, we only involved the travel fee for 
drug collection and/or routine follow-up. Other direct 
non-medical costs were not considered in this study. The 
travel fee was set as $12.37 per hospital visit based on lit-
erature [46]. In addition, time costs (i.e., those incurred 
due to absenteeism) were considered in both groups due 
to drug collection and/or routine follow-up, estimated at 
$49.97 per day based on the average monthly salary from 
the Chinese National Bureau of statistics in 2020 [21]. 
The time cost was involved in the Markov model until 
55 years old, which is the mandatory age for retirement 
in China. The costs for each input variable are presented 
in Table 2. All costs in the Markov model were converted 
to US dollars based on an exchange rate of $1 = ¥6.4665 
(as of 9 July 2021). In the model, a 5% annual discount 
rate was considered for all costs and benefits [47].

Utilities and outcome measures
Effectiveness was measured in quality-adjusted life 
years (QALYs), calculated as the survival time of one 
patient in a certain health state multiplied by the 
healthy utility value (quality of life weight) during the 
same period. According to a previous report [48], the 
utility values in the DFS, relapse, and death state were 
set to 0.8, 0.73, and 0 in this study, respectively. Disu-
tility values due to grade 3/4 adverse events were set 
to 0.12 for hand-foot syndrome and 0.10 for diarrhea, 
respectively [49]. All adverse events were assumed to 
have been incurred in the first cycle [43].

The cost-effectiveness of capecitabine maintenance 
therapy versus routine follow-up was assessed by the 
incremental cost-effectiveness ratio (ICER), which is 
expressed as the incremental cost between two groups 
per QALY gained. Capecitabine maintenance therapy 
was considered cost-effective if the ICER was less than a 
willingness-to-pay (WTP) of $28,130 per QALY gained 
[50], which was three times that of China’s per-capita 
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Fig. 5 The fitted survival curves of log‑normal distribution and original Kaplan–Meier curves for capecitabine maintenance group and 
observational group. A Disease‑free survival. B Overall survival. DFS, disease‑free survival; OS, overall survival
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gross domestic product (GDP) according to the WHO 
guideline [20, 51].

Sensitivity analyses
One-way and probabilistic sensitivity analyses were per-
formed to evaluate the uncertainty of model parameters 
on ICER. In one-way sensitivity analysis, the param-
eters varied once at a time by their ranges specified in 
Table  2. A tornado chart was present to rank-order the 

Table 1 The input parameters of the log‑normal survival model

Best fitting model μ σ

Disease‑free survival

 Capecitabine Log‑normal 6.400 0.908

 Observation Log‑normal 5.437 0.753

Overall survival

 Capecitabine Log‑normal 6.074 0.627

 Observation Log‑normal 5.555 0.505

Table 2 Parameters input in the model and their ranges used in the sensitivity analyses

-, not applicable
a The range of capecitabine cost was set as the lowest and highest unit price from the Chinese Drug Bidding Database
b The monthly cost after relapse was estimated based on the monthly average treatment cost of relapsed cases in Sun Yat-sen University Cancer Center
c The distributions were applied in the probabilistic sensitivity analysis

95% CI 95% confidence interval, DFS Disease-free survival

Base‑case values Range

Capecitabine Observation Lower Upper Rule Distributionc

Capecitabine for the first year ($/month) 306.48 0 26.84 306.48 Rangea Gamma

Monitoring safety of capecitabine 
therapy in the first year ($/month)

46.83 0 37.46 56.20  ± 20% Gamma

Treatment after relapse ($/month)b 1546.43 0 773.22 2319.65  ± 50% Gamma

Routine follow‑up ($/month)

  < 3 years 38.39 30.71 46.07  ± 20% Gamma

 3–5 years 21.32 17.06 25.58  ± 20% Gamma

  > 5 years 12.78 10.22 15.34  ± 20% Gamma

Time cost ($/month)

  < 1 year 49.97 16.66 39.97 (capecitabine)
13.33 (observation)

59.96 (capecitabine)
19.99 (observation)

 ± 20% Gamma

 1–2 years 16.66 13.33 19.99  ± 20% Gamma

 3–5 years 8.33 6.66 10.0  ± 20% Gamma

  > 5 years 4.16 3.33 4.99  ± 20% Gamma

Travel cost ($/month)

  < 1 year 12.37 4.12 9.90 (capecitabine)
3.30 (observation)

14.84 (capecitabine)
4.94 (observation)

 ± 20% Gamma

 1–2 years 4.12 3.30 4.94  ± 20% Gamma

 3–5 years 2.06 1.65 2.47  ± 20% Gamma

  > 5 years 1.03 0.82 1.24  ± 20% Gamma

Management of grade 3/4 adverse events ($/case)

 Hand‑foot syndrome 15.46 ‑ 12.37 18.55  ± 20% Gamma

 Diarrhea 44.30 ‑ 28.50 54.60 [45] Gamma

Incidence rate of grade 3/4 adverse events, %

 Hand‑foot syndrome 13.45 0 11.44 15.47 95% CI Beta

 Diarrhea 3.19 0 2.15 4.22 95% CI Beta

Utility

 DFS 0.80 0.73 0.87 [48] Beta

 Relapse 0.73 0.66 0.8 [48] Beta

Disutility of grade 3/4 adverse events

 Hand‑foot syndrome 0.12 ‑ 0.096 0.144  ± 10% Beta

 Diarrhea 0.10 ‑ 0.08 0.12  ± 10% Beta

 Annual discount rate, % 5 0 10 ‑

 Transition probability, % Model fit ‑ ‑ 5% Uniform
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parameters based on their potential impact on ICER. In 
probabilistic sensitivity analysis (PSA), a Monte Carlo 
simulation with 10,000 iterations was conducted by 
simultaneously sampling the model parameters from the 
distributions of each parameter. The sampling methods 
were set as gamma distribution for costs parameters, 
beta distribution for the incidence rate of severe adverse 
events, utility and disutility parameters, and uniform dis-
tribution for time-dependent state-transition probabili-
ties parameters (Table 2). The PSA results were expressed 
as incremental cost-effectiveness scatter plots and cost-
effectiveness acceptability curves.

Calculation of number needed to treat
The number needed to treat (NNT) to prevent one addi-
tional relapse or death at a specific time point was calcu-
lated by fitting Cox proportional hazard model using the 
individual-level data of the SYSUCC-001 trial [52, 53], 
after adjustment of age, menopausal status, tumor size, 
node status, Ki67 index, surgery type, and treatment 
group. The NNT could be used to evaluate the treatment 
benefits of certain therapy in an absolute manner. A lower 
NNT indicated a higher clinical impact as fewer patients 
received the treatment without deriving a survival ben-
efit from it. The costs to prevent one additional relapse 
were calculated based on the cost differences between the 
capecitabine maintenance and observational group.

Abbreviations
DFS: Disease‑free survival; GDP: Gross domestic product; ICER: Incremental 
cost‑effectiveness ratio; NNT: Number needed to treat; OS: Overall survival; 
PSA: Probabilistic sensitivity analysis; QALYs: Quality‑adjusted life years; TNBC: 
Early‑stage triple‑negative breast cancer; WTP: Willingness‑to‑pay.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916‑ 022‑ 02516‑9.

Additional file 1: Table S1. CHEERS 2022 Checklist. Table S2. Parameters 
used to fit survival curves in the five parametric models. Table S3. The 
results of goodness‑of‑fit to the individual‑level data from the SYSUCC‑001 
trial. Figure S1. The fitted survival curves by five parametric distributions 
for the capecitabine maintenance and observational groups. Table S4. 
Time‑dependent transition probabilities matrix of two groups. Table S5. 
The cost‑effectiveness of capecitabine maintenance therapy based on 
alternative survival functions.

Acknowledgements
All authors would like to appreciate Professor Zhong‑Yu Yuan from Sun Yat‑sen 
University Cancer Center for his sharing the individual‑level data of the SYS‑
UCC‑001 trial. No compensation was provided for this contribution.

Authors’ contributions
JBL conceived and administered the study. JBL and ZCL conducted the 
analysis and drafted the manuscript. JBL, ZCL, MCSW, and HHXW interpreted 
the results. MCSW, HHXW, ML, and SL substantively revised the manuscript. All 
authors read and approved the final manuscript.

Funding
This study was partially funded by the Natural Science Foundation of Guang‑
dong Province (No. 2021A1515011792). The funding sources had no role in 
the design of the study; the collection, analysis, and interpretation of the data; 
and writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent participate
This article does not contain any studies with human participants or animals 
performed by any of the authors. The original trial was approved by the 
SYSUCC ethics committee, together with the ethics committees at each 
participating institution/center.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Clinical Research, Sun Yat‑Sen University Cancer Center, 
Guangzhou, People’s Republic of China. 2 State Key Laboratory of Oncol‑
ogy in South China, Collaborative Innovation Center for Cancer Medicine, 
Guangzhou, People’s Republic of China. 3 Department of Medical Records, The 
First Affiliated Hospital, Sun Yat‑Sen University, Guangzhou, People’s Republic 
of China. 4 The Jockey Club School of Public Health and Primary Care, Faculty 
of Medicine, The Chinese University of Hong Kong, Hong Kong SAR, People’s 
Republic of China. 5 Chinese Academy of Medical Sciences and Peking Union 
Medical College, Beijing, People’s Republic of China. 6 School of Public Health, 
The Peking University, Beijing, People’s Republic of China. 7 School of Pub‑
lic Health, Sun Yat‑Sen University, Guangzhou, People’s Republic of China. 
8 Department of Cancer Prevention Research, Sun Yat‑Sen University Cancer 
Center, Guangzhou, People’s Republic of China. 

Received: 17 November 2021   Accepted: 4 August 2022

References
 1. 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.

 2. Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer 
burden worldwide and in China: a secondary analysis of the global 
cancer statistics 2020. Chin Med J (Engl). 2021;134(7):783–91.

 3. Jiang D, Zhang L, Liu W, Ding Y, Yin J, Ren R, et al. Trends in cancer mortal‑
ity in China from 2004 to 2018: a nationwide longitudinal study. Cancer 
Commun (Lond). 2021;41(10):1024–36.

 4. Rastelli F, Biancanelli S, Falzetta A, Martignetti A, Casi C, Bascioni R, 
et al. Triple‑negative breast cancer: current state of the art. Tumori. 
2010;96(6):875–88.

 5. Lin Y, Yin W, Yan T, Zhou L, Di G, Wu J, et al. Site‑specific relapse pattern of 
the triple negative tumors in Chinese breast cancer patients. BMC Cancer. 
2009;9:342.

 6. Agarwal G, Nanda G, Lal P, Mishra A, Agarwal A, Agrawal V, et al. 
Outcomes of triple‑negative breast cancers (TNBC) compared 
with non‑TNBC: does the survival vary for all stages? World J Surg. 
2016;40(6):1362–72.

 7. Yi Z, Ma F, Rong G, Guan Y, Li C, Xu B. Clinical spectrum and prognostic 
value of TP53 mutations in circulating tumor DNA from breast cancer 
patients in China. Cancer Commun (Lond). 2020;40(6):260–9.

https://doi.org/10.1186/s12916-022-02516-9
https://doi.org/10.1186/s12916-022-02516-9


Page 12 of 12Li et al. BMC Medicine          (2022) 20:320 

 8. Denkert C, Liedtke C, Tutt A, von Minckwitz G. Molecular alterations 
in triple‑negative breast cancer‑the road to new treatment strategies. 
Lancet. 2017;389(10087):2430–42.

 9. Yin L, Duan JJ, Bian XW, Yu SC. Triple‑negative breast cancer molecular 
subtyping and treatment progress. Breast Cancer Res. 2020;22(1):61.

 10. Natori A, Ethier JL, Amir E, Cescon DW. Capecitabine in early breast 
cancer: a meta‑analysis of randomised controlled trials. Eur J Cancer. 
2017;77:40–7.

 11. Liu M, Fang H, Qian S. Adjuvant capecitabine for early triple‑negative 
breast cancer: a meta‑analysis of randomized controlled trials. Asian J 
Surg. 2022;45(9):1748–50.

 12. Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. Adjuvant 
capecitabine for breast cancer after preoperative chemotherapy. N Engl J 
Med. 2017;376(22):2147–59.

 13. Lluch A, Barrios CH, Torrecillas L, Ruiz‑Borrego M, Bines J, Segalla J, et al. 
Phase III trial of adjuvant capecitabine after standard neo‑/adjuvant 
chemotherapy in patients with early triple‑negative breast cancer (GEI‑
CAM/2003‑11_CIBOMA/2004‑01). J Clin Oncol. 2020;38(3):203–13.

 14. Wang X, Wang SS, Huang H, Cai L, Zhao L, Peng RJ, et al. Effect of capecit‑
abine maintenance therapy using lower dosage and higher frequency 
vs observation on disease‑free survival among patients with early‑stage 
triple‑negative breast cancer who had received standard treatment: the 
SYSUCC‑001 randomized clinical trial. JAMA. 2021;325(1):50–8.

 15. Runowicz CD, Leach CR, Henry NL, Henry KS, Mackey HT, Cowens‑
Alvarado RL, et al. American cancer society/American society of clinical 
oncology breast cancer survivorship care guideline. CA Cancer J Clin. 
2016;66(1):43–73.

 16. Zhou W, Cao Y, Gou P, Zeng X, Hu X, Lin Z, et al. Additional adjuvant 
capecitabine in early breast cancer patients: a meta‑analysis of rand‑
omized controlled trials. Future Oncol. 2021;17(35):4993–5002.

 17. Liao M, Jiang Q, Hu H, Han J, She L, Yao L, et al. Cost‑effectiveness analysis 
of utidelone plus capecitabine for metastatic breast cancer in China. J 
Med Econ. 2019;22(6):584–92.

 18. Hougaard JL, Osterdal LP, Yu Y. The Chinese healthcare system: structure, 
problems and challenges. Appl Health Econ Health Policy. 2011;9(1):1–13.

 19. WHO Commission on Macroeconomics and Health. Macroeconomics 
and health: investing in health for economic development / report of 
the Commission on Macroeconomics and Health. Geneva: World Health 
Organization; 2001.

 20. Tan‑Torres Edejer T, Baltussen R, Adam T, Hutubessy R, Acharya A, Evans 
DB, et al. Making choices in health: WHO guide to cost‑effectiveness 
analysis. Geneva: World Health Organization; 2003.

 21. National Bureau of Statistics of China. Annual statistics of Per Capita Gross 
Regional Product by Province in 2020. Available from: https:// data. stats. 
gov. cn/ engli sh/ easyq uery. htm? cn= E0103. Accessed 21 March 2022.

 22. Yong ASJ, Lim YH, Cheong MWL, Hamzah E, Teoh SL. Willingness‑to‑pay 
for cancer treatment and outcome: a systematic review. Eur J Health 
Econ. 2022;23(6):1037–57.

 23. World Bank. GDP by Country. Available from: https:// www. world omete rs. 
info/ gdp/ gdp‑ by‑ count ry/. Accessed 19 May 2022.

 24. Neumann PJ, Cohen JT, Weinstein MC. Updating cost‑effectiveness–the 
curious resilience of the $50,000‑per‑QALY threshold. N Engl J Med. 
2014;371(9):796–7.

 25. Edoka IP, Stacey NK. Estimating a cost‑effectiveness threshold for 
health care decision‑making in South Africa. Health Policy Plan. 
2020;35(5):546–55.

 26. Lee C, Lee H, Cho H, Kim S, Choi I, Hwang YS, et al. Combination of anti‑
PD‑L1 antibody with peptide MEL‑dKLA targeting M2 tumor‑associated 
macrophages suppresses breast cancer metastasis. Cancer Commun 
(Lond). 2022;42(4):345–9.

 27. Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced secondary analysis 
of survival data: reconstructing the data from published Kaplan‑Meier 
survival curves. BMC Med Res Methodol. 2012;12:9.

 28. Foulkes WD, Smith IE, Reis‑Filho JS. Triple‑negative breast cancer. N Engl J 
Med. 2010;363(20):1938–48.

 29. Guven DC, Taban H, Dizdar O. Adjuvant capecitabine in triple 
negative breast cancer: the earlier, the better? J Oncol Pharm Pract. 
2022;28(1):203–4.

 30. Le QA, Hay JW. Cost‑effectiveness analysis of lapatinib in HER‑2‑positive 
advanced breast cancer. Cancer. 2009;115(3):489–98.

 31. Reed SD, Li Y, Anstrom KJ, Schulman KA. Cost effectiveness of ixabepilone 
plus capecitabine for metastatic breast cancer progressing after anthra‑
cycline and taxane treatment. J Clin Oncol. 2009;27(13):2185–91.

 32. Jones L, Hawkins N, Westwood M, Wright K, Richardson G, Riemsma R. 
Systematic review of the clinical effectiveness and cost‑effectiveness 
of capecitabine (Xeloda) for locally advanced and/or metastatic breast 
cancer. Health Technol Assess. 2004;8(5):1–143 (iii, xiii‑xvi).

 33. Foster TS, Miller JD, Boye ME, Blieden MB, Gidwani R, Russell MW. The 
economic burden of metastatic breast cancer: a systematic review of 
literature from developed countries. Cancer Treat Rev. 2011;37(6):405–15.

 34. Chen C, Sun S, Yuan JP, Wang YH, Cao TZ, Zheng HM, et al. Characteristics 
of breast cancer in Central China, literature review and comparison with 
USA. Breast. 2016;30:208–13.

 35. World health statistics. monitoring health for the SDGs, sustainable devel‑
opment goals. Geneva: World Health Organization; 2021. p. 2021.

 36. Husereau D, Drummond M, Augustovski F, de Bekker‑Grob E, Briggs AH, 
Carswell C, et al. Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) 2022 explanation and elaboration: a report of the 
ISPOR CHEERS II good practices task force. Value Health. 2022;25(1):10–31.

 37. Ishak KJ, Kreif N, Benedict A, Muszbek N. Overview of parametric survival analy‑
sis for health‑economic applications. Pharmacoeconomics. 2013;31(8):663–75.

 38. Latimer NR. Survival analysis for economic evaluations alongside clinical 
trials–extrapolation with patient‑level data: inconsistencies, limitations, 
and a practical guide. Med Decis Making. 2013;33(6):743–54.

 39. Black WC, Nease RF Jr, Welch HG. Determining transition probabilities from 
mortality rates and autopsy findings. Med Decis Making. 1997;17(1):87–93.

 40. Diaby V, Adunlin G, Montero AJ. Survival modeling for the estimation of tran‑
sition probabilities in model‑based economic evaluations in the absence of 
individual patient data: a tutorial. Pharmacoeconomics. 2014;32(2):101–8.

 41. National Bureau of Statistics. China population and employment statistics 
tearbook‑2020. Beijing: China Statistics Press; 2020.

 42. Wu Q, Liao W, Zhang M, Huang J, Zhang P, Li Q. Cost‑effectiveness of tucatinib 
in human epidermal growth factor receptor 2‑positive metastatic breast 
cancer from the US and Chinese perspectives. Front Oncol. 2020;10:1336.

 43. Durkee BY, Qian Y, Pollom EL, King MT, Dudley SA, Shaffer JL, et al. Cost‑
effectiveness of pertuzumab in human epidermal growth factor receptor 
2‑positive metastatic breast cancer. J Clin Oncol. 2016;34(9):902–9.

 44. MENET. Chinese Drug Bidding Database. Available from: https:// shuju. 
menet. com. cn/. Accessed 19 May 2022.

 45. Weng X, Huang X, Li H, Lin S, Rao X, Guo X, et al. First‑line treatment with 
atezolizumab plus nab‑paclitaxel for advanced triple‑negative breast 
cancer: a cost‑effectiveness analysis. Am J Clin Oncol. 2020;43(5):340–8.

 46. Yang Q, Zhong X, Zhang W, Luo T, He P, Zheng H. Cost‑effectiveness of 
different surgical treatment approaches for early breast cancer: a retro‑
spective matched cohort study from China. BMC Cancer. 2021;21(1):107.

 47. Haacker M, Hallett TB, Atun R. On discount rates for economic evaluations 
in global health. Health Policy Plan. 2020;35(1):107–14.

 48. van Nuland M, Vreman RA, Ten Ham RMT, de Vries Schultink AHM, Ros‑
ing H, Schellens JHM, et al. Cost‑effectiveness of monitoring endoxifen 
levels in breast cancer patients adjuvantly treated with tamoxifen. Breast 
Cancer Res Treat. 2018;172(1):143–50.

 49. Lloyd A, Nafees B, Narewska J, Dewilde S, Watkins J. Health state utilities 
for metastatic breast cancer. Br J Cancer. 2006;95(6):683–90.

 50. Xin W, Ding H, Fang Q, Zheng X, Tong Y, Xu G, et al. Cost‑effectiveness of 
pembrolizumab for treatment of platinum‑resistant recurrent or meta‑
static head and neck squamous cell carcinoma in China: an economic 
analysis based on a randomised, open‑label, phase III trial. BMJ Open. 
2020;10(12): e038867.

 51. Bertram MY, Lauer JA, De Joncheere K, Edejer T, Hutubessy R, Kieny MP, 
et al. Cost‑effectiveness thresholds: pros and cons. Bull World Health 
Organ. 2016;94(12):925–30.

 52. Altman DG, Andersen PK. Calculating the number needed to treat for tri‑
als where the outcome is time to an event. BMJ. 1999;319(7223):1492–5.

 53. Zhang Z, Ambrogi F, Bokov AF, Gu H, de Beurs E, Eskaf K. Estimate risk dif‑
ference and number needed to treat in survival analysis. Ann Transl Med. 
2018;6(7):120.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://data.stats.gov.cn/english/easyquery.htm?cn=E0103
https://data.stats.gov.cn/english/easyquery.htm?cn=E0103
https://www.worldometers.info/gdp/gdp-by-country/
https://www.worldometers.info/gdp/gdp-by-country/
https://shuju.menet.com.cn/
https://shuju.menet.com.cn/

	A cost-effectiveness analysis of capecitabine maintenance therapy versus routine follow-up for early-stage triple-negative breast cancer patients after standard treatment from a perspective of Chinese society
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Results
	Base-case model
	Sensitivity analyses
	Number needed to treat

	Discussion
	Conclusions
	Methods
	Trial background
	Clinical data
	Model structure
	Transition probability
	Cost estimates
	Utilities and outcome measures
	Sensitivity analyses
	Calculation of number needed to treat

	Acknowledgements
	References


