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Background: Maintenance treatment following efficient chemotherapy can improve the treatment
outcomes of patients with metastatic breast cancer (MBC). However, there are no studies for identifying
the prognostic factors for patients who could benefit from capecitabine maintenance. Therefore, this study
aimed to investigate the prognosis and risk factors of capecitabine maintenance therapy and analysed the
circulating tumour DNA (ctDNA) markers that may be related to the treatment response.

Methods: This study recruited 482 consecutive patients with MBC who achieved clinical benefit
from capecitabine-based chemotherapy from 2011 to 2019. A total of 256 patients received subsequent
capecitabine maintenance therapy. The baseline clinical factors included age at diagnosis, menopause,
neoadjuvant therapy, estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER2) status and subtypes, prior treatment lines, and prior capecitabine-based treatment
response. Treatment outcome (progression-free survival, PFS) was assessed by imaging tools according to
RSCIST 1.1 standard during the first two treatment cycles and every 3 weeks thereafter. Univariate and
multivariate Cox proportional hazards models were used to analysethe association between capecitabine
maintenance treatment and prognosis.

Results: The median PFS of patients receiving capecitabine maintenance treatment was 21.7 months [95%
confidence interval (CI): 15.1-36.3 months]. Capecitabine maintenance showed similar effects as endocrine
maintenance or anti-HER2 therapy in hormone receptor (HR)-positive or HER2-positive patients, with
adjusted HR of 1.17 (95% CI: 0.81-1.71, P=0.40). In patients with triple-negative breast cancer (TNBC),
capecitabine maintenance showed a marginal benefit in PFS. Compared to late-line (>2) capecitabine
maintenance, first-line capecitabine maintenance significantly prolonged median PFS. Compared to other
HR/HER? subtypes, patients with HR-positive and HER2-positive subtypes significantly benefited from
capecitabine maintenance treatment. Analysis of ctDNA revealed that among patients receiving capecitabine
maintenance, 7P53 aberrations were concentrated in patients with short PFS.

Conclusions: Capecitabine maintenance treatment is associated with longer PFS in patients with MBC,
especially those receiving first-line capecitabine-based chemotherapy and those with HR positivity/ HER2

positivity. TP53 aberrations may be responsible for the poor response to capecitabine maintenance treatment.
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Introduction

According to the 2020 cancer statistics report, breast
cancer (BC) is the most common malignancy in females
worldwide (1). Among patients with BC, 4-6% present with
advanced BC (ABC) at diagnosis (2). Moreover, 30-40%
of patients with early-stage cancer eventually progress to
metastatic BC (MBC) (3). While the survival rate of patients
with ABC has gradually improved over the past 30 years, the
S-year survival rate remains less than 20% (4). Currently,
MBC is incurable. The main focus of MBC treatment is to
optimize treatment modalities to relieve symptoms, improve
quality of life, and prolong progression-free survival (PES).

Maintenance treatment was first introduced for
leukaemia and subsequently approved for non-small cell
lung cancer and colon cancer. Meta-analyses have shown
that prolonging first-line chemotherapy duration can
significantly improve overall survival (OS) and PES (5,6).
In December 2017, the Beijing consensus for maintenance
therapy in BC recommended prolonging the duration of
chemotherapy treatment in patients with ABC who have
achieved disease control, including complete response
(CR), partial response (PR), and stable disease (SD), after
receiving standardized first-line chemotherapy (usually six to
eight cycles). For patients who tolerated and benefited from
first-line chemotherapy, continuous use of a combination
regimen may be considered; however, not all drugs that
are effective in combination chemotherapy are suitable for
long-term maintenance therapy (7,8). Ideal maintenance
medicine should be an effective single drug, well tolerated,
suitable for long-term use, and easy to administer, while
economic factors should also be considered. Candidate
drugs include taxanes, gemcitabine, capecitabine, and
vinorelbine (9,10).

Capecitabine, an oral fluorouracil, has demonstrated a
curative effect in the treatment of ABC. The ML25241
study showed the efficacy and safety of capecitabine
monotherapy following capecitabine-based first-line
chemotherapy in small-sample retrospective studies

in China (11-14). In addition, the IMELDA study
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demonstrated that capecitabine significantly improved the
efficacy of bevacizumab in maintenance treatment (15). The
CBCSGO10 trial also showed the benefit of capecitabine in
adjuvant maintenance in triple-negative BC (TNBC) (16).
In patients with early-stage TNBC who received standard
adjuvant treatment, low-dose capecitabine maintenance
therapy for 1 year significantly improved disease-free
survival (17). However, only few studies have focused on the
prognostic factors of capecitabine maintenance treatment.
Zhu et al. reported that patients with non-basal-like TNBC
could benefit from capecitabine maintenance therapy and
CK5/6 and EGFR were biomarkers (18).

This current investigation retrospectively recruited
482 consecutive patients with MBC who obtained clinical
benefits from capecitabine-based chemotherapy between
January 2011 and August 2019. The effect of capecitabine
maintenance therapy was evaluated and analysis of the
circulating tumour DNA (ctDNA) was performed to screen
for genetic aberrations responsible for poor treatment
response. We present the following article in accordance with
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3828/rc).

Methods
Study design

This was a retrospective cohort study conducted at Hunan
Cancer Hospital in China. The study cohort included
482 consecutive patients with MBC who received first-
line or late-line (>2) chemotherapy and obtained clinical
benefits (CR, PR, or SD) at Hunan Cancer Hospital,
the Affiliated Cancer Hospital of Xiangya School of
Medicine, Central South University from January 2011 to
August 2019. Two hundred and ninety-five received first-
line capecitabine-based chemotherapy following MBC
diagnosis, and 187 received late-line (>2) capecitabine-based
chemotherapy. Two hundred and fifty-six continued to
receive capecitabine maintenance therapy (1,000 mg, BID,
3-week cycle) alone [in TNBC and hormone receptor (HR)-
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Figure 1 Study design and treatment flowchart. Cap, capecitabine; TNBC, triple-negative breast cancer; HR, hormone receptor; HER2,

human epidermal growth factor receptor 2; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

positive/ human epidermal growth factor receptor 2 (HER2)-
negative patients] or in combination with anti-HER2 therapy
(in HER2-positive patients) (Figure I). The remaining 226
patients did not receive capecitabine maintenance therapy.
The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethics Committee at Hunan Cancer Hospital, the
Affiliated Cancer Hospital of Xiangya School of Medicine,
Central South University (No. KYJJ19033). Informed
consent was taken from all the patients. A retrospective
independent radiologic committee was used to confirm the
validity of the PFS end point findings.

Patients and baseline clinical features

The inclusion criteria were as follows: (I) patients
with measurable metastatic lesions with pathological
confirmation; (II) patients with available up-to-date HER2,
progesterone receptor (PR), and estrogen receptor (ER)
status; (III) patients who received prior capecitabine-
based chemotherapy following MBC diagnosis; and (IV)
patients with an Eastern Cooperative Oncology Group
(ECOQG) performance status of 0 to 1. The exclusion
criteria were as follows: (I) patients with no updated
available ER/PR/HER2/Ki-67 status; (II) patients with no
measurable metastatic lesions; (III) patients with an ECOG
performance status of 2—4; (IV) patients with heart disease
or heart abnormalities, such as cardiac infarction or severe
cardiac arrhythmia; and (V) patients with liver or renal
function disorders. The baseline clinical features included
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the age at diagnosis, menopause, neoadjuvant therapy, ER,
PR, HER? status and subtypes, prior treatment lines, and
prior capecitabine-based treatment response.

Study treatment group and follow up procedures

The data flow and treatment groups of this retrospective
observational study are shown in Figure 1. Among the 482
patients who achieved clinical benefit from capecitabine-
based chemotherapy, 295 received first-line capecitabine-
based chemotherapy following MBC diagnosis, and 187
received late-line (>2) capecitabine-based chemotherapy.
Image evaluation was performed after every two treatment
cycles. Adverse events were graded according to the
National Cancer Institute Common Toxicity Criteria version
4.0 (13). The capecitabine maintenance dose was 1,000 mg
bid (3-week cycle). For patients with grade 3 hand-foot
syndrome, the dose was decreased to 650 mg (19).

According to the Response Evaluation Criteria in Solid
Tumours1.1 standard (20-22), among patients who benefited
from capecitabine-based chemotherapy and achieved a
CR, PR, or SD, 256 continued to receive capecitabine
maintenance therapy (1,000 mg, BID, 3-week cycle) alone
(in TNBC and HR-positive/HER2-negative patients) or in
combination with anti-HER2 therapy (in HER2-positive
patients) (Figure I1). The remaining 226 patients did not
receive capecitabine maintenance therapy. Patients with
TNBC did not receive maintenance treatment. Patients
who were HR positive received endocrine therapy. Patients
with HER? positivity and HR negativity received anti-
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HER?2 treatment alone. Patients who were HER2 positive
and HR positive received endocrine therapy plus anti-
HER? treatment. Since most patients were lost after disease
progression, so the OS was not the treatment outcome
of this study. Treatment outcome (PFS) was assessed by
imaging tools according to RSCIST 1.1 standard during
the first two treatment cycles and every 3 weeks thereafter.
During the period of maintenance treatment, patients who
progressed were switched to late-line therapy.

Image surveillance and ctDNA testing

Baseline imaging and ctDNA evaluations were performed
3-7 days prior to the initiation of capecitabine-based
treatment. Image surveillance was performed in all patients
after every two treatment cycles. In total, 73 maintenance
patients voluntarily underwent commercial ctDNA testing.
The experimental protocols for bio-specimen and DNA
extraction, ctDNA capture, hybridization, sequencing, and
mutation identification have been previously described
in detail (23-26). To investigate the significant ctDNA
aberrations responsible for a poor or lack of response to
capecitabine-based treatment, the R package ‘Complex
Heatmap’ was applied to rank the high-risk genetic
aberrations in these patients. Genetic aberrations were
compared between subgroups. The ctDNA aberration
analysis was conducted using R 4.1.2 software. The ctDNA
study was performed based on a platform study (ACTDNA,
NCT05079074).

Statistical analyses

Categorical variables are summarised as counts (percentages)
for analysis of the demographic and clinical variables.
Differences in categorical variables between subgroups were
compared using the chi-squared test. The Mantel-Haenszel
chi-squared test was used when the number of subgroups
was greater than two. Quantitative variables are presented
as the mean + standard deviation or the median [interquartile
range (IQR)]. The differences in quantitative variables
between two subgroups were analyzed using the Student’s
t-test.

To evaluate the effect of capecitabine maintenance
on PFS and to reduce the potential bias between the
maintenance and non-maintenance groups, the propensity
score matching (PSM) analysis was applied. Kaplan-Meier
curves and a two-sided log-rank test were used to assess the
influence of HR/HER2 subtypes on PFS in capecitabine
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maintenance. Patients who did not progress were censored
on the date of their last follow-up. Univariate and
multivariate Cox proportional hazards models were used to
estimate the treatment effect. The SAS 9.4 (SAS Institute
Inc., Cary, NC, USA) and R 3.6.2 (https://www.r-project.
org/) software were used to perform statistical analyses.
All hypothesis tests were two-sided and conducted at a
significance level of 0.05.

Results
Patients and their demographic/clinical features

Of the recruited 482 patients, 256 were sensitive to
capecitabine-based chemotherapy and subsequently
received capecitabine maintenance therapy. Among the 256
patients who received capecitabine maintenance therapy,
46 patients with TNBC and 130 HR-positive and HER2-
negative patients received capecitabine maintenance alone
and 80 HER2-positive patients received capecitabine
maintenance plus anti-HER2 treatment. In total, 226
patients received endocrine maintenance (100 HR-positive
and HER2-negative patients), anti-HER2 treatment (21 HR-
negative and HER2-positive patients), anti-HER?2 treatment
plus endocrine maintenance (31 HR-positive and HER2-
positive patients), or no maintenance therapy (74 patients
with TNBC) (Figure 1). The median follow-up time was
8.6 months (IQR: 4.5-16.37 months)

Regarding the demographic and clinical features, there
were no significant differences in diagnostic age, menopause
history, stage at diagnosis, prior neoadjuvant therapy, nor
surgical intervention between the maintenance and non-
maintenance subgroups (7able I). However, the molecular
status of the biopsies was significantly different between the
groups. There was a greater number of HR-positive and
HER2-positive patients in the capecitabine maintenance
group compared to the non-capecitabine maintenance
group. In addition, significantly more patients with the
TNBC subtype were detected in the non-capecitabine
maintenance group. These findings suggested that
more HR-positive and HER2-positive patients received
capecitabine maintenance.

Risk factors for treatment outcomes

For patients who received capecitabine-based chemotherapy
and obtained clinical benefits (CR, PR, and SD), the risk
factors for subsequent PFS were evaluated using Cox
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Table 1 The clinical characteristics of MBC patients stratified by capecitabine maintenance treatment

Capecitabine maintenance

Variables Total (n=482) P value*
Yes (n=256) No (n=226)

Age at diagnosis (years)" 45.03+9.51/45 [39, 51]  44.66+9.23/45 [38, 51] 45.46+9.81/45 [39, 52] 0.36

Menopause, n (%) 0.81
No 325 (67.43) 174 (67.97) 151 (66.81%)
Yes 157 (32.57) 82 (32.03) 75 (33.19%)

Neo-adjuvant therapy, n (%) 0.26
Yes 98 (20.33) 57 (22.27) 41 (18.14)
No 384 (79.67) 199 (77.73) 185 (81.86)

Surgery, n (%) 0.74
Yes 456 (94.61) 243 (94.92) 213 (94.25)
No 26 (5.39) 13 (5.08) 13 (5.75)

ER, n (%) 0.03
Positive 281 (58.30) 161 (62.89) 120 (53.10)
Negative 201 (41.70) 95 (37.11) 106 (46.90)

PR, n (%) 0.03
Positive 251 (52.07) 145 (56.64) 106 (46.90)
Negative 231 (47.93) 111 (43.36) 120 (53.10)

HER2, n (%) 0.04
Positive 132 (27.39) 80 (31.25) 52 (23.01)
Negative 350 (72.61) 176 (68.75) 174 (76.99)

Subtype, n (%) 0.002
Triple negative 120 (24.90) 46 (17.97) 74 (32.74)
HR+/HER2- 230 (47.72) 130 (50.78) 100 (44.25)
HR-/HER2+ 55 (11.41) 34 (13.28) 21(9.29)
HR+/HER2+ 77 (15.98) 46 (17.97) 31 (13.72)

Prior chemotherapy lines, n (%) 0.21
1 384 (57.40) 163 (63.67) 132 (58.41)
2 206 (30.79) 71 (27.73) 71 (31.42)
>3 79 (11.81) 22 (8.59) 23 (10.17)

Prior chemotherapy response, n (%) 0.72
CR 18 (3.13) 8 (3.13) 10 (4.42)
PR 169 (35.06) 92 (35.94) 77 (34.07)
SD 295 (61.20) 156 (60.94) 139 (61.50)

*, P values were calculated using a Student’s t-test for continuous variables and a chi-square test (Mentel-Haenszel for >2 levels
comparison) or Fisher’s exact test (n<5) for categorical variables. Age at diagnosis (years)" represented as the average age at diagnosis
with standard deviation and the median age at diagnosis with IQR. MBC, metastatic breast cancer; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; CR, complete response; PR, partial
response; SD, stable disease; IQR, interquartile range.
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regression analysis. HR-positive and HER2-positive
subtypes were significant beneficial factors for PFS
[univariate: hazard ratio (HR) =0.50, 95% confidence
interval (CI): 0.30-0.86, P=0.01; multivariate: HR =0.48,
95% CI: 0.28-0.82, P=0.007; Table S1]. However,
capecitabine maintenance did not show any benefit in
HR-positive and HER2-positive patients, and only had a
marginal benefit on PFS in patients with TNBC (HR =0.57,
95% CI: 0.28-1.16, P=0.12).

To reduce the potential bias between the capecitabine
maintenance and non-maintenance subgroups, PSM
was performed. Table S2 shows that the patients were
balanced between the capecitabine maintenance and
non-maintenance groups after PSM. Patients with HR-
positive and HER2-positive MBC still showed a significant
protective effect on the PFS (univariate: HR =0.53, 95%
CI: 0.30-0.94, P=0.03; multivariate: HR =0.49, 95% CI:
0.27-0.89, P=0.02; Table S3) in the PMS-matched cohort.
Capecitabine maintenance still did not show a significant
benefit in PFS in the matched cohort.

Clinical risk factors for capecitabine maintenance
treatment

In the capecitabine maintenance group, both univariate
and multivariate Cox regression analyses showed that first-
line therapy and HR-positive/HER2-positive subtypes
were significant protective factors for PFS (Table 2).
First-line capecitabine-based chemotherapy followed by
capecitabine maintenance resulted in a significantly lower
risk of progression compared with late-line capecitabine-
based chemotherapy followed by capecitabine maintenance
(univariate: HR =0.67, 95% CI: 0.46-0.97, P=0.03;
multivariate: HR =0.67, 95% CI: 0.45-1.00, P=0.05). HR-
positive and HER2-positive subtypes were also favourable
clinical factors (univariate: HR =0.34, 95% CI: 0.18-0.65,
P=0.001; multivariate: HR =0.33, 95% CI: 0.17-0.63,
P=0.0008).

Survival analysis was performed for patients who received
different lines of capecitabine-based chemotherapy and for
those with different HRZHER?2 subtypes. The results are
shown in Figure 2. Generally, patients who received first-
line capecitabine-based chemotherapy had a significantly
longer PFS than those who received late-line (>2)
chemotherapy (log-rank P=0.0309; Figure 2A). In addition,
in the capecitabine maintenance group, HR-positive and
HER?2-positive patients showed the greatest benefit from
capecitabine maintenance, whereas patients with TNBC
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had the poorest PFS (log-rank P=0.0068; Figure 2B). This
difference was significant in both the first-line and late-line
capecitabine-based chemotherapy groups, followed by the
capecitabine maintenance group (Figure 2C,2D).

Genetic risk factors for capecitabine maintenance
treatment

In addition to pathological HR/HER2 subtypes and
treatment timing, genetic aberrations can also influence
the treatment response and outcome in capecitabine
maintenance MBC patients (23). To evaluate influential
genetic aberrations, 57 patients in the capecitabine
maintenance group underwent commercial ctDNA testing.
As shown in Figure 34, the incidence rates of PIK3CA and
TP53 aberrations in the capecitabine maintenance group
were 39% and 30%, respectively.

To further investigate the genetic aberrations that
may influence the treatment outcome of capecitabine
maintenance, we divided the capecitabine maintenance
group into two subgroups: the long-PFS subgroup (PFS
>15 months) and the short-PFS subgroup (PFS <15 months).
As shown in Figure 3B,3C, 13/30 (43%) patients in the
short-PFS subgroup had TP53 aberrations, whereas only
4/27 (15%) patients in the long-PFS subgroup had TP53
aberrations (chi-squared test, P=0.04). These results
indicated that the incidence of 7P53 aberrations correlates
with patient resistance to capecitabine maintenance. In
addition, in comparison with patients resistant to prior
capecitabine-based chemotherapy who had the highest
TP53 aberration rate (63%, Figure S1), the short PFS
subgroup of the capecitabine maintenance group had a
relatively lower TP53 aberration rate (43%), and patients
with a long PFS in the capecitabine maintenance group had
the lowest 7P53 aberrant rate (Mantel-Haenszelchi-squared
test P<0.0001, Table S4), suggesting that 7P53 aberration is
negatively correlated with patient response to capecitabine-
based chemotherapy and maintenance.

In addition to TP53 aberrations, PIK3CA aberrations may
also play a role in the effect of capecitabine maintenance.
Figure S1 shows that patients who had progressive disease
(PD) in capecitabine-based chemotherapy displayed a similar
PIK3CA aberration rate to those who were sensitive (37%
vs. 39%, Figure 34). Additionally, patients in the short-
PFS subgroup also had a similar rate of PIK3CA aberration
to those in the long-PFS subgroup (37% wvs. 41%, Figure
3B,3C). Survival analysis showed TP53 alterations to
be a significant risk factor for poor PFS (log-rank test,
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Table 2 The effects of clinical factors on PFS in MBC patients on capecitabine maintenance (n=256)

Univariate Cox regression Multivariate Cox regression

Covariates
Hazard ratio (95% Cl) P value Hazard ratio (95% Cl) P value

Age at diagnosis” 1.002 (0.983, 1.022) 0.82 1.016 (0.984, 1.048) 0.33
Menopause

No Ref Ref

Yes 0.91 (0.61,1.35) 0.63 0.75 (0.41,1.40) 0.37
Neo-adjuvant therapy

Yes Ref Ref

No 0.90 (0.58, 1.41) 0.65 0.94 (0.59, 1.51) 0.80
Surgery

Yes Ref Ref

No 0.79 (0.35, 1.79) 0.57 0.93 (0.40, 2.20) 0.87
ER

Positive Ref Ref

Negative 0.85 (0.59, 1.22) 0.38 1.03 (0.65, 1.63) 0.91
PR

Positive Ref Ref

Negative 0.65 (0.45, 0.92) 0.02 0.53 (0.34, 0.84) 0.007
HER2

Positive Ref Ref

Negative 0.70 (0.47, 1.04) 0.08 0.65 (0.43, 1.00) 0.05
Subtype

Triple negative Ref Ref

HR+/HER2- 0.59 (0.37,0.92) 0.02 0.51(0.32,0.82) 0.005

HR-/HER2+ 0.66 (0.37, 1.17) 0.16 0.64 (0.35, 1.20) 0.16

HR+/HER2+ 0.34 (0.18, 0.65) 0.001 0.33 (0.17, 0.63) 0.0008
Prior chemotherapy lines

1 0.67 (0.46, 0.97) 0.03 0.67 (0.45, 1.00) 0.05

>2 Ref Ref
Prior chemotherapy response

CR Ref Ref

PR 0.86 (0.59, 1.25) 0.42 0.90 (0.61, 1.31) 0.58

SD 0.41(0.10, 1.67) 0.21 0.51(0.12, 2.20) 0.37

Age at diagnosis (years)* represented as the average age at diagnosis with standard deviation and the median age at diagnosis with IQR.
PFS, progression-free survival; MBC, metastatic breast cancer; Cl, confidence interval; ER, estrogen receptor; PR, progesterone receptor;
HER2, human epidermal growth factor receptor 2; HR, hormone receptor; CR, complete response; PR, partial response; SD, stable
disease; IQR, interquartile range.
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chemotherapy. Dashes and plus signs (+) on the curves represent censored patients. PFS, progression-free survival; HR, hormone receptor;

HER2, human epidermal growth factor receptor 2.

P=0.008, Figure 4). However, PIK3CA aberrations were not
a significant risk factor for poor PFS in the capecitabine
maintenance group.

Side effects

In general, the survival benefit and treatment-related
toxicity of drug therapy must be balanced. According to
the literature (13,27,28), capecitabine is a suitable agent
for maintenance treatment. Herein, 60-80% of patients in
the maintenance group experienced neutropenia and had a
decreased white blood cell count, but none were grade 3 or
4 events. The incidence rates of adverse skin reactions in
the maintenance and non-maintenance groups were 1.17%
and 0.44%, respectively. Compared to the non-maintenance
group, the maintenance group showed a higher incidence of
hand-foot syndrome (9.07% wvs. 0%; Table S5). Only 3.52%
of patients were grade 3. Barely intolerable side effects were
detected during capecitabine maintenance treatment. Only

© Annals of Translational Medicine. All rights reserved.

1.56% and 2.73% of patients in the maintenance group
had tolerable neurotoxicity and nausea, respectively. These
results suggested that capecitabine maintenance alone or in
conjunction with anti-HER2 agents is well tolerated.

Discussion

Clinical guidelines state that after first-line treatment, the
treatment should continue until the disease progresses or the
toxicity is intolerable. The use of a single drug in an effective
first-line maintenance regimen not only avoids the toxic
effects of combined regimen maintenance but also reduces
the risk of cross-resistance. Capecitabine is the standard
treatment for MBC following anthracycline or taxane
treatment failure and is also an ideal maintenance treatment
for BC. Capecitabine maintenance therapy has been shown
to improve PFS in ABC (11), and when used for metronomic
chemotherapy, it can improve survival in patients with
BC (29). Our hospital also concurs with the administration

Ann Transl Med 2022;10(17):924 | https://dx.doi.org/10.21037/atm-22-3828
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of capecitabine in patients with MBC. The incidence rates of
severe adverse events in the liver, kidney, skin, gastrointestinal
tract, and haematological and nervous systems were low.
The occurrence of hand-foot syndrome can be reduced and
controlled by prevention and early intervention.

In comparison with other immunohistochemical (IHC)
4 subtypes, HR-positive/HER2-positive patients had the
most favourable PFS. This demonstrated the efficacy of
capecitabine maintenance in HR-positive/HER2-positive
patients, but also implied a synergic action of capecitabine
and anti-HER2 agents. Other combinations have been
identified in clinical trials. The IMELDA and GINECOA-
TaXel trials suggested that capecitabine plus bevacizumab
maintenance significantly improved PFS and OS following
first-line bevacizumab plus taxane and capecitabine
chemotherapy (15,28). In patients with MBC with HR
positivity and HER2 negativity, sequential endocrine
therapy in combination is the preferred therapeutic option,
with the exception of patients with visceral crisis (30,31).
Among HR-positive and HER2-positive patients, HER2-
targeted therapy plus an aromatase inhibitor could be
effective for those who are unsuitable for chemotherapy (30).
In comparison with other maintenance strategies,
capecitabine maintenance showed comparable performance.

After prior chemotherapy, the optimization of the
maintenance strategy should involve several factors,
including endocrine-sensitive status, prior use of drugs, and
other prognostic risk factors, such as genetic aberrations.
Previous reports have shown that 7P53 mutations in BC
can induce resistance to chemotherapy and systematic
therapies (32-36). Our current study suggested that TP53
aberrations were most prevalent in patients with PD during

© Annals of Translational Medicine. All rights reserved.
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capecitabine-based chemotherapy (63 %, Figure S1). In the
short-PFES subgroup, TP53 aberrations were moderately
prevalent (43%, Figure 3C). In the long-PFS subgroup,
only 15% of the patients had TP53 aberrations (Figure
3B). Survival analysis showed that TP53 was significantly
associated with poor PFS in the capecitabine maintenance
group (Figure S2).

The present study clarified the clinical and genetic factors
associated with the treatment outcomes of capecitabine
maintenance. Prior first-line chemotherapy and the HR-
positive/HER2-positive subtypes were significant beneficial
factors, whereas TNBC and late-line chemotherapy were
detrimental factors. TP53 alterations are significant genetic
issues related to drug resistance.

This study had several limitations. There were relatively
small numbers of patients in each subgroup. Some patients
who responded to first- or second-line capecitabine but who
did not continue onto maintenance therapy, were recruited
in this study. This was not a selection bias. Consecutive
patients who received capecitabine-based chemotherapy
at the center were recruited and some did not continue
capecitabine therapy because they selected to use other
maintenance drugs, such as tamoxifen or trastuzumab. Some
patients with TNBC were reluctant to receive continuous
chemotherapy maintenance because of their internal
resistance and conservative ideas.
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