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Abstract
Objective: Capecitabine is an antimetabolic fluoropyrimidine deoxynucleoside carbamate drug that can be
converted to 5-FU in vivo. Currently, the role of capecitabine in the treatment of advanced breast cancer has
been recognized. Also, Several meta-analyses have elucidated the role of capecitabine in the treatment of
breast cancer, indicating that taxane-based regimen with capecitabine may be an effective, convenient, and well
tolerated regimen in patients with early breast cancer. However, the correlation between capecitabine-based
combination first-line chemotherapy and breast cancer survival remains unclear. Here, we present a
meta-analysis to systematically evaluate the safety and effectiveness of capecitabine-based combination with
first-line chemotherapy treatment in breast cancer.
Methods: We searched Pubmed, Embase, and Medline for relevant studies evaluating pooled estimated hazard
ratios of capecitabine in breast cancer patients with the eligible criteria up to June 2018. Fixed and
random-effect meta-analyses were conducted based on heterogeneity of included studies.
Results: Overall, 10 articles with 12,872 patients were included in the meta-analysis. Capecitabine-based
combination first-line chemotherapy compared with non-combination had significant impacts on disease-free
survival (HR = 0.84, 95% CI: 0.76–0.93; P = 0.000) and overall survival (HR = 0.84, 95% CI: 0.74–0.94; P =
0.001). Also, according to the 3 articles concerning neoadjuvant chemotherapy which included 2534
participants, we found that the addition of capecitabine significantly improved OS (HR = 0.89, 95% CI:
0.63–0.86; P = 0.011). In the subgroup analysis, TNBC patients got significant benefits with the addition of
capecitabine in DFS (HR = 0.77, 95% CI: 0.65–0.92; P = 0.004) and OS (HR = 0.65, 95% CI: 0.51–0.81; P =
0.000). ER negative patients got significant benefits in OS (HR = 0.73, 95% CI: 0.57–0.93; P = 0.012). The
association of DFS with the addition of capecitabine in Her- patients (HR = 0.84, 95% CI: 0.71–0.99; P = 0.005)
was significant, as was OS (HR = 0.82, 95% CI: 0.70–0.95; P = 0.009),. Meanwhile, patients receiving
capecitabine-based combination first-line chemotherapy underwent less adverse effects especially the grade 3/4
leucopenia than patients with non-combination therapy (RR=0.72 95% CI: 0.59–0.86; P = 0.000).
Conclusion: Capecitabine combined with first-line chemotherapy in the treatment of breast cancer is an
effective and safe treatment option and is worthy of clinical application to improve survival of breast cancer
patients. In the future, we can continue to carry out relevant researches to explore the upmost appropriate
dose of capecitabine for breast cancer.
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Introduction
At present, the incidence of breast cancer has
ranked first in the malignancy of women. The

incidence of breast cancer in Western countries has
increased year by year, currently accounting for 30%
http://www.jcancer.org
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of all new female tumors [1]. Now, the treatment of
breast cancer has entered an era of the comprehensive
treatment, and it has formed a mode of treatment that
emphasizes both local treatments and systemic
treatments of breast cancer. With the development of
the systemic adjuvant chemotherapy, the survival
outcome of breast cancer patients has been
significantly improved.
The international guide with constant updates
lately suggests that for breast cancer treatment,
anthracycline plus cyclophosphamide, followed by
taxane (AC-T), epirubicin plus cyclophosphamide,
followed by paclitaxel (EC-P), docetaxel plus doxorubicin and cyclophosphamide (TAC), AC, EC, TC are
recommended as the first-line chemotherapy regimen.
Besides, among the neoadjuvant chemotherapy
regimens, we usually chose programs including both
anthracyclines (A) and taxanes (C) according to the
latest guide.
Capecitabine, also known as Xeloda, is an
antimetabolic fluoropyrimidine deoxynucleoside
carbamate drug that can be finally converted to
5-fluorouracil (5-FU) in vivo by thymidine phosphorylase (dThdPase) which can concentrate more in
tumour tissues than in normal tissues [2].
Capecitabine has been proven effective as an adjuvant
treatment in the metastatic or advanced breast cancer.
Namely, it can be used as a rescue treatment [3,4]. It
can be used alone or in combination with multiple
drugs [5,6]. Also, several meta-analyses have
elucidated the role of capecitabine in the treatment of
breast cancer. One indicated that taxane-based
regimen with capecitabine may be an effective,
convenient, and well tolerated regimen in patients
with early breast cancer [7]. Another meta-analysis
indicated that neoadjuvant chemotherapy involving
capecitabine can’t significantly improve outcomes in
breast cancer patients without distant metastasis [8].
However, if the addition of capecitabine in breast
cancer first-line chemotherapy can improve the
survival of breast cancer patients hasn’t been
convinced.
Recently, many phase III clinical trials have been
undertaken to evaluate the efficacy of capecitabine
combined with first-line chemotherapy. In the study
of Minckwitz in 2013, it suggested that disease-free
survival (DFS) was longer in early non-responders
receiving TAC-NX than in those receiving TAC, but it
did not significantly improve overall survival (OS) [9].
The trial of Joyce in 2015 found that AC-TX regimen
significantly improved the OS rather than DFS [10].
So, we present this meta-analysis to systematically
evaluate
the
safety
and
effectiveness
of
capecitabine-based combination first-line chemotherapy in breast cancer patients. We defined the
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outcomes of DFS and OS as the main endpoints in our
meta-analysis. Also, we performed a subgroup
analysis such as neoadjuvant and adjuvant chemotherapy results, hormone receptor (ER) and human
epidermal growth factor receptor 2 (HER2) status and
safety.

Materials and Methods
Search Strategy
The following databases were searched for
relevant studies: Pubmed (from 1996 to April, 2018),
Embase(from 1947 to April, 2016), and Medline, and
Cochrane Central Register of Controlled Trials
(CENTRAL, from 2000 to April, 2016). We use the
following keywords for search: ‘‘capecitabine’’ or
‘‘Xeloda’’ and the expanded MeSH term ‘‘Breast
Neoplasms’’ “breast cancer”. We restricted the
language of literature to English.

Inclusion criteria
In our meta-analysis, studies should meet the
following inclusion criteria to be eligible: (a) studies
with breast cancer patients; (b) Patients receive
capecitabine-based combination with first-line
(neo)adjuvant treatment; (c) being a randomized,
open-label, phase III clinical trial; (d) studies that
evaluated the efficacy of capecitabine in the
neoadjuvant treatment; (e) the reported data of
outcomes DFS or OS were sufficient to calculate; (f)
reporting hazard risk [HR] with a 95% confidence
interval [CI]. Exclusion criteria included: (a) review,
meta-analysis, case report, editorial, conference
abstract; (b) the study use single capecitabine in the
adjuvant setting.
Two reviewers independently selected the
literatures according to the above criteria. In case of
disagreement, the third researcher participated in the
discussion.

Data extraction
Data was collected in a standardized form by
two independent reviewers. The production of form
includes author name; publication year; country;
number of patients allocated to each treatment arm;
follow-up time; grouping scheme of chemotherapy;
clinicopathological characteristics of patients; technique used to measure the efficacy of capecitabine and
the evaluation index, etc. The evaluation index of
efficacy was disease-free survival (DFS), overall
survival (OS). Survival data (hazard ratio [HR],
confidence interval [CI] and p value) were directly
taken and used from included studies. In subgroup
analysis, we considered ER>1% as positive, and her2
3+ or FISH+ as positive.
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Data analyses
Survival data were chosen as evaluation index.
Fixed and random-effect meta-analyses were conducted based on heterogeneity of included studies. Data
were analyzed using descriptive statistics.

Results
Characteristics of eligible trials
Based on the search strategy, we found a total of
1667 potentially relevant articles. After screening the
titles and abstracts of these articles, 42 articles were
retrieved for detailed evaluation, other 1625 studies
were excluded because they were duplicates or
irrelevant. After reading the full-text of the 42 articles,
11 articles met our inclusion criteria. However, two
articles were published at different times by the same
authors concerning different follow-up time, so we
selected the article with a longer follow-up of 10.3
years. Finally, 10 articles with 12,872 patients were
included in the meta-analysis [9-18]. In the 10 articles,
7 articles were associated with DFS and OS, 1 article

was only associated with DFS and 2 articles was only
associated with OS. Flowchart of literature selection
was presented in Figure 1. All the included articles
adopted first-line chemotherapy. Of the 12872
participants,
7,054
received
capecitabinebased combination (neo)adjuvant chemotherapy
regimens, and 7,018 received capecitabine-free
combination (neo)adjuvant chemotherapy regimens.
The range of median follow-up was 5 to 6.2 years.
Characteristics of studies are shown in Table 1.

Meta-analysis of the primary endpoint
Disease-free survival was the primary endpoint.
Fixed-effect meta-analyses were conducted based on
heterogeneity of included studies (p=0.058, I2=46.8%).
The HRs for DFS were reported in eight RCTs that
included 11,081 participants. We found that DFS was
significantly improved in the capecitabine arm versus
the non-capecitabine arm (HR = 0.84, 95% CI:
0.76–0.93; P ≈ 0.000) (Figure 2). No publication bias
was found.

Figure 1. Flow chart of literature selection

Table 1. Characteristics of studies
1
2
3
4
5
6
7
8
9
10

Author
Minckwitz
Joyce
Mo¨bus
Minckwitz
Joensuu
N. Masuda
Joensuu
Furlanetto
Furlanetto
Ohno
Hatschek

Year
2014
2015
2017
2013
2011
2017
2017
2016
2016
2013
2011

Country
Germany
American
Germany
Germany
Finland
Japan
Finland
Germany
Germany
Japan
Sweden

Number of patients
1408
2611
2994
622
1500
887
1500
173
382
504
291

Follow-up year
5y
6.2y
5y
62m
59m
5y
10.3y
5y
5y
5y
3.5y

Primary endpoint
DFS,OS
DFS,OS
DFS,OS
DFS,OS
DFS
DFS,OS
OS
DFS,OS
DFS,OS
DFS,OS
OS

Neo/cho
Neo

Neo

Neo

Arms of the study
EC-T,EC-TX,EC-T-X
AC-T,AC-XT
EPC,EC-PwX
TAC-NX,TAC
T-CEF,TX-CEX
ATX,AT
T-CEF,TX-CEX
ECT,ECT-X
ECT,ECT-X
neo-FEC+T,FEC+T-X
ET,TEX

DFS: Disease-free survival; OS: Overall survival; Neo: Neoadjuvant chemotherapy; cho:; E: Epirubicin; A: Adriamycin; C: Cyclophosphamide; T: Taxol; P: Paclitaxel; X:
Capecitabine
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Figure 2. Forest plot and funnel chart of meta-analysis on the disease-free survival for the addition of capecitabine to first-line chemotherapy

Figure 3. Forest plot and funnel chart of meta-analysis on the overall survival for the addition of capecitabine to first-line chemotherapy

Meta-analysis of the second endpoint
Overall survival was the second endpoint.
Fixed-effect meta-analyses were conducted based on
heterogeneity of included studies (p=0.275, I2=18.3%).
The HRs for OS were reported in nine RCTs that
included 11,372 participants. In terms of the
comparison between the capecitabine arm and the
non-capecitabine arm, there was significant
differences in OS (HR = 0.84, 95% CI: 0.74–0.94; P =
0.001) (Figure 3). No publication bias was found.

Subgroup analysis
In the subgroup analysis, we divided them into
capecitabine combined with adjuvant chemotherapy
and capecitabine combined with neoadjuvant
chemotherapy.

In the 3 articles of neoadjuvant chemotherapy
which included 2534 participants, we found that the
benefit in capecitabine group was the same as
non-capecitabine group in DFS (HR = 0.76, 95% CI:
0.41–0.90; P = 0.167) by random effect model(p=0.032,
I2=70.8%) ,but it significantly improved OS (HR =
0.89, 95% CI: 0.63–0.86; P = 0.011) by fixed effect
model (p=0.662, I2=0.00%) (Figure 4, 5). No publication bias was found.
In addition, the rest articles were concerning
about capecitabine combined with adjuvant chemotherapy. The fixed-effect model demonstrated that
capecitabine elicited great benefits in DFS (HR = 0.88,
95% CI: 0.78–0.97; P = 0.011) and OS (HR = 0.83, 95%
CI: 0.73–0.94; P = 0.002) (Figure 6, 7). No publication
bias was found.
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Figure 4. Forest plot and funnel chart of meta-analysis on the disease-free survival for neoadjuvant chemotherapy

Figure 5. Forest plot and funnel chart of meta-analysis on the overall survival for neoadjuvant chemotherapy

Figure 6. Forest plot and funnel chart of meta-analysis on the DFS for adjuvant chemotherapy
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Figure 7. Forest plot and funnel chart of meta-analysis on the OS for adjuvant chemotherapy

Figure 8. Forest plot and funnel chart of meta-analysis on the disease-free survival for ER+ patients

Also, we performed subgroup analysis of DFS
and OS according to ER and HER2 status. We defined
ER>1% was positive, her2 3+ or FISH+ was positive
and we found significant difference in this subgroup.
We extracted the included literature data and found
that 6 articles analyzed subgroup data. For the ER
positive status, no benefit was observed with the
addition of capecitabine in DFS (HR = 0.85, 95% CI:
0.70–1.02; P = 0.073) and OS (HR = 0.86, 95% CI:
0.73–1.02; P = 0.079) (Figure 8, 9). In ER negative
patients, the addition of capecitabine also didn’t
significantly improve DFS (HR = 0.89, 95% CI:
0.77–1.02; P = 0.098), however, significant benefit was
observed in OS (HR = 0.73, 95% CI: 0.57–0.93; P =
0.012) (Figure 10, 11). In the subgroup according to
Her2 status, the the addition of capecitabine had no
significant benefit in Her2+ patients for DFS (HR =

0.86, 95% CI: 0.71–1.03; P = 0.096) and OS (HR = 0.86,
95% CI: 0.62–1.19; P = 0.359) (Figure 12, 13). No
publication bias was found. However, In Herpatients, the association with DFS (HR = 0.84, 95% CI:
0.71–0.99; P = 0.005) was significant, as was OS (HR =
0.82, 95% CI: 0.70–0.95; P = 0.009) (Figure 14, 15). In
triple negative patients, the analysis revealed that
capecitabine improved the DFS (HR = 0.77, 95% CI:
0.65–0.92; P = 0.004) and OS (HR = 0.65, 95% CI:
0.51–0.81; P = 0.000) (Figure 16, 17). No publication
bias was found.

Safety analysis
In all included articles, 4 articles compared safety
differences between the capecitabine group and the
non-capecitabine group. So we analyzed 8 common
hematological and non-hematological toxicities,
http://www.jcancer.org
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including febrile neutropenia grade3/4, neutropenia
grade 3/4, leucopenia grade 3/4, thrombocytopenia,
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anemia grade 3/4, diarrhea, vomiting and hand–foot
syndrome.

Figure 9. Forest plot and funnel chart of meta-analysis on the overall survival for ER+ patients

Figure 10. Forest plot and funnel chart of meta-analysis on the disease-free survival for ER- patients

Figure 11. Forest plot and funnel chart of meta-analysis on the overall survival for ER- patients
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Figure 12. Forest plot and funnel chart of meta-analysis on the disease-free survival for Her2+ patients

Figure 13. Forest plot and funnel chart of meta-analysis on the overall survival for Her2+ patients

Figure 14. Forest plot and funnel chart of meta-analysis on the disease-free survival for Her2- patients
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Figure 15. Forest plot and funnel chart of meta-analysis on the overall survival for Her2- patients

Figure 16. Forest plot and funnel chart of meta-analysis on the disease-free survival for TNBC patients

Figure 17. Forest plot and funnel chart of meta-analysis on the overall survival for TNBC patients

In non-hematologic toxicity, the adverse event
diarrhea had significant difference in cap and non-cap
group. It occured more frequently in capecitabine
group than the non-capecitabine group (RR=2.17 95%
CI: 1.10-4.69; P = 0.048) (Figure 18). No publication
bias was found.

In hematologic toxicity, we found that grade 3/4
leucopenia was the most frequent serious adverse, it
occurred more often in non-cap group than in cap
group (RR=0.72 95% CI: 0.59–0.86; P = 0.000) (Figure
19). No publication bias was found.
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Figure 18. Forest plot and funnel chart of meta-analysis on the Incidence rate for diarrhea

Figure 19. Forest plot and funnel chart of meta-analysis on the Incidence rate for leucopenia

The frequency of grade 3/4 febrile neutropenia
(RR=0.83 95% CI: 0.35–1.96; P = 0.670), grade 3/4
neutropenia (RR=0.91 95% CI: 0.55–1.50; P = 0.700),
thrombocytopenia (RR=0.86 95% CI: 0.02–30.17; P =
0.935), vomiting (RR=0.89 95% CI: 0.61–1.30; P =
0.561), anemia (RR=0.65 95% CI: 0.36–1.20; P = 0.168),
hand–foot syndrome (RR=10.87 95% CI: 0.03–4082.9; P
= 0.430) was similar in the cap and non-cap arms,
respectively.

Publication bias
A funnel plot was applied to evaluate possible
publication bias. Priority in positive results were
reported concerning the addition of cap in the breast
cancer therapies and more studies were needed to
alleviate publication bias.

Discussion
The role of capecitabine in the treatment of
advanced breast cancer has been recognized.
However, it has not been confirmed that capecitabine
combined with first-line chemotherapy can improve
the survival of breast cancer patients. Our

meta-analysis is the first to be combined with 10 phase
3 clinical controlled trials to assess the efficacy of
addition of capecitabine with first-line chemotherapy
in breast cancer. Also, we conducted subgroup
analysis to compare the efficacy of capecitabine-based
versus capecitabine-free combination neoadjuvant
chemotherapy and adjuvant chemotherapy. Meanwhile, there are 6 articles included in each subanalysis of
ER and Her2 status, which make the study of different
subtype patients. However, there are a limited
number of studies included in each sub-analysis.
Consequently, our meta-analysis indicates that
capecitabine-based combination first-line chemotherapy might provide survival benefits in BC
compared with capecitabine-free regimens, the
endpoint DFS and OS have significant improvements.
In the past few decades, the importance of
neoadjuvant therapy for breast cancer in the treatment
of breast cancer has become increasingly clear.
Clinical experts have conducted extensive research on
the choice of neoadjuvant chemotherapy regimens,
and whether capecitabine is a part of the standard
neoadjuvant therapy is not yet clear [19]. Our
http://www.jcancer.org
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meta-analysis delivered that even in the neoadjuvant
and adjuvant subgroups, the survival benefit still has
significant improvements in DFS and OS.
In a meta-analysis that evaluated the efficacy
results of capecitabine with anthracycline- and
taxane-based adjuvant therapy in early breast cancer,
they pointed out that the addition of capecitabine at a
HR of 0.83 (95% CI: 0.71 - 0.98) can significantly
improve survival. Our meta-analysis find that the
addition of capecitabine can improve disease-free
survival (HR = 0.84, 95% CI: 0.76–0.93; P ≈ 0.000) and
overall survival (HR = 0.84, 95% CI: 0.74–0.94; P =
0.001), this is in consistent with the previous
meta-analysis [20].
Also, the classification of tumors was analyzed
for the three subgroups based on ER and HER2 status.
Both in the ER-group, her2- group and TNBC group,
the addition of capecitabine significantly improve
DFS or OS. In conclusion, the addition of capecitabine
in first-line chemotherapy prolonged disease-free
survival and overall survival in patients with
ER-negative or HER2-negative breast cancer. Worth
emphasizing is the fact that the adjuvant capecitabine
therapy showed effectiveness among patients in
triple-negative subgroup which was complicated with
treatment. However, the other two articles mentioned
the significant benefit of capecitabine group in the
triple negative subgroup by RFS, which cannot be
combined with DFS [11,14].
In terms of duration of treatment, the GeparQuattro study found that there was no difference in
outcome for patients receiving 24 weeks or 36 weeks
of chemotherapy (P = 0.818 for DFS and P = 0.825) for
OS [12].
Capecitabine is an oral, tumor-targeted drug,
which was different from intravenous medication. In
the safety of capecitabine combination therapy, only
the incidence of some complications will increase such
as diarrhea. The most frequent serious adverse event
was febrile neutropenia, Grade 3 hand–foot
syndrome, grade 3/4 stomatitis and grade 3/4
diarrhea, which were the same as non-combination
first-line chemotherapy. However, the grade 3/4
leucopenia occurred more often in non-cap group
than in cap group (RR=0.72 95% CI: 0.59–0.86; P =
0.000) [10-13], this may be related to the reduced
dosage of docetaxel in capecitabine group [14].
Above all, our meta-analysis indicates that the
addition of capecitabine in breast cancer first-line
chemotherapy can significantly improve the survival
of breast cancer patients regardless of neoadjuvant
and adjuvant chemotherapy. In ER-, Her2- and TNBC
patients, the addition of capecitabine will result in
great benefits. We are looking forward to more
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clinical trials to explore the most appropriate dose of
capecitabine for breast cancer.
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