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Abstract

Background: Capecitabine has proven effective as a chemotherapy for metastatic breast cancer. Though several Phase II/Ill
studies of capecitabine as neoadjuvant chemotherapy have been conducted, the results still remain inconsistent. Therefore,
we performed a meta-analysis to obtain more precise understanding of the role of capecitabine in neoadjuvant
chemotherapy for breast cancer patients.

Methods: The electronic database PubMed and online abstracts from ASCO and SABCS were searched to identify
randomized clinical trials comparing neoadjuvant chemotherapy with or without capecitabine in early/operable breast
cancer patients without distant metastasis. Risk ratios were used to estimate the association between capecitabine in
neoadjuvant chemotherapy and various efficacy outcomes. Fixed- or random-effect models were adopted to pool data in
RevMan 5.1.

Results: Five studies were included in the meta-analysis. Neoadjuvant use of capecitabine with anthracycline and/or taxane
based therapy was not associated with significant improvement in clinical outcomes including: pathologic complete
response in breast (pCR; RR=1.10, 95% Cl 0.87-1.40, p=0.43), pCR in breast tumor and nodes (tnpCR RR=0.99, 95% Cl
0.83-1.18, p=0.90), overall response rate (ORR; RR=1.00, 95% Cl 0.94-1.07, p=0.93), or breast-conserving surgery (BCS;
RR=0.98, 95% Cl 0.93-1.04, p=0.49).

Conclusions: Neoadjuvant treatment of breast cancer involving capecitabine did not significantly improve pCR, tnpCR, BCS
or ORR. Thus adding capecitabine to neoadjuvant chemotherapy regimes is unlikely to improve outcomes in breast cancer
patients without distant metastasis. Further research is required to establish the condition that capecitabine may be useful
in breast cancer neoadjuvant chemotherapy.
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Introduction with taxane because the latter shows synergistic effects with
capecitabine [4]. Capecitabine is effective for salvage treatment of
patients with metastatic breast cancer [5,6,7]. Therefore, the
Breast Cancer Guidelines Committee of the National Compre-

in order to render the inoperable tumor operable, thereby hensive Cancer Network (NCCN) declared capecitabine/doce-
permitting definitive surgery [1,2]. While polychemotherapy

involving anthracycline or taxane remains the most widely used

Neoadjuvant therapy, also named preoperative therapy, was
initially introduced to reduce the size or the extent of breast cancer

taxel to be a preferred combined chemotherapy regimen for
recurrent or metastatic breast cancer [8].

Capecitabine has also been used in neoadjvant chemotherapy in
clinical practice. Several Phase II clinical studies assessing
capecitabine in neoadjuvant chemotherapy [9,10,11,12,13], and
several randomized controlled trials examining neoadjuvant
combinations containing capecitabine [14,15,16,17,18] have been
carried out. However, the results of these studies have been
controversial. Both the Austrian Breast and Colorectal Cancer
[3]. Furthermore, capecitabine works even better in combination Study Group Trial 24 trial (ABCSG 24) [18] and Keun et al trial

neoadjuvant regimen, an increasing number of new chemother-
apeutics are being tested in clinical studies of breast cancer
neoadjuvant therapy.

Capecitabine is one such chemotherapeutic. It is an oral
prodrug of 5'-deoxy-5-fluorouridine (5'-DFUR), which is effective
and convenient, both as a monotherapy and as an addition to
intravenous polychemotherapeutic to treat several types of cancers
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[17] found that adding capecitabine to neoadjuvant therapy led to
improvement in the pathologic complete response (pCR) of breast
cancer patients. Whereas, the NSABPB-40 trial [16] and
GEPARQUATTRO study [14] reported no significant difference
in pCR between neoadjuvant therapy with and without capeci-
tabine. In the ECTOII trial [15], pCR was more common in
patients with estrogen receptor-negative (ER ) breast cancer than
in patients with estrogen receptor-positive (ER™) breast cancer and
capecitabine was only associated with a higher frequency of pCR
only in ER' cancer patients who received only AT-CMX
neoadjuvant therapy. This study suggested that capecitabine
might have efficacy as a neoadjuvant therapy under certain
condition.

To update the results and clarify the uncertain efficacy of
capecitabine in neoadjuvant treatment for breast cancer patients,
we performed a meta-analysis of randomized controlled trials
comparing neoadjuvant therapies with and without the drug for
patients with breast cancer.

Methods

Publication Search

This meta-analysis was guided by the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
Statement issued in 2009 (Checklist S1). The following databases
were searched as recently as March 26, 2012. PubMed (1966 to
present), online abstracts from the proceedings of Annual Meetings
of the American Society of Clinical Oncology (ASCO 1992-2011)
www.asco.org and online abstracts from the San Antonio Breast
Cancer Symposium (SABCS 2004-2011) www.sabcs.org using the
following keywords: “‘capecitabine” or ‘“Xeloda” and ‘“neoadju-
vant or preoperative”, and the expanded MeSH term ‘“breast
neoplasms”. Manual searches were done by reviewing the
reference lists of retrieved studies, textbooks and review articles
to identify additional potentially eligible studies.

Inclusion Criteria

To be considered eligible for inclusion in our meta-analysis, the
study crieteria had to include:(a) a patient diagnosis of breast
cancer without metastasis; (b) being a controlled trial; (c) using
capecitabine in the neoadjuvant setting to treat breast cancer; (d)
reporting relative risk (RR) with a 95% confidence interval (CI); if
not, the reported data of outcomes pCR, BCS or ORR were
sufficient to calculate them; and (e) being written in the English
language.

Two authors (QYL and Y]J) independently carried out literature
searches and identified eligible articles based on the inclusion
criteria. In cases of disagreement, a consensus was reached
through discussion; when this did not work, a third author (JLL)
independently came to a final decision. If multiple publications
covering the same trial were retrieved, or if publications had
overlapping study publications, only the most recent publication
with the largest number of participants was included.

Data Extraction and Quality Assessment

Data extraction and quality assessment were conducted in-
dependently by two authors (QYL and Y]J). The following data
from each eligible trial was extracted: authors’ names, the journal,
year of publication, trial design, patient eligibility criteria, baseline
patient characteristics, dosing regimens, age range, clinical tumor
stage, clinical node stage, end-points and the adverse events(AE’s)
(NCI CTCAE Grades 3 to 4). Study quality was assessed using the
Jadad score [19], which assessed the trials according to the
following three questions: (1) does the study use an appropriate
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randomization method (0-2 scores)?; (2) does the study use an
appropriate blinding method (02 scores)?; and (3) and, does the
study report withdrawals and dropouts (0-1 scores)?.

Statistical Analysis

The primary study end-point was the pCR in breast. Secondary
endpoints were tnpCR, BCS and ORR. Outcomes measures were
based on the intention-to-treat (I'T'T) analysis. The adverse events
(AE’s) of neoadjuvant chemotherapy were analyzed using the NCI
Common Terminology Ciriteria of Adverse Events 3.0 (NCI
CTCAE Grades 3 to 4). RR and 95% CI were used to estimate the
efficacy of capecitabine in neoadjuvant therapy for breast cancer.
OR and 95% CI were used to estimate the drug-related toxicities.
A heterogeneity assumption was calculated using the chi-squared-
based Q-test (p<<0.10 was considered significant) or the I? statistic
to examine the extent of between-study heterogeneity. Data were
combined according to both the fixed-effect model (Mantel-
Haenszel’s method [20]) and the random-effect model (DerSimo-
nian and Laird’s method [21]).

Funnel plot and Egger’s test [22] were calculated to investigate
potential publication bias. Sensitivity analyses were used to
estimate the influence of individual studies on the overall effect.
All statistical analyses were performed using RevMan 5.1. All P-
values are two-sided.

Results

Description of Eligible Studies

A total of 5 trials [14,15,16,17,18] involving 3257 patients with
early or operable breast cancer without distant metastasis were
deemed to be eligible according to the inclusion criteria (Figure 1).
The study characteristics were summarized in Table S1.

For the NSABP B-40 study [16], data were reported for a group
receiving capecitabine as neoadjuvant therapy and for a group
receiving gemcitabine. Data for the latter group were excluded
from the meta-analysis based on the inclusion criteria. The
ABCSG24 trial [18] was available only as an abstract, while full
text was available for the remaining four trials. All five trials were
open-label and randomized, involving concurrent or sequential
use of anthracycline and/or taxane and capecitabine. The main
endpoint in all included studies was pCR and secondary endpoints
were tnpCR, BCS and ORR. Chemotherapy protocols of the
included trials were listed in Table S1.

Meta-analysis of the Primary Endpoint

Neoadjuvant chemotherapy with capecitabine, anthracycline
and/or taxane was not statistically significantly associated with
improved pCR in patients with breast cancer compared with
neoadjuvant chemotherapy usig anthracycline and/or taxane
(pooled RR=1.10, 95% CI 0.87-1.40, p=0.43, random-effect
model; Figure 2). There was significant heterogeneity among the
studies for this outcome (I =65%, p = 0.02).

Meta-analysis of the Secondary Endpoints

For meta-analysis of tnpCR and ORR, the ABCSG24 trial [18]
was excluded because it did not provide necessary data. There was
no significant difference in tnpCR between neoadjuvant therapy
with and without capecitabine based on the fixed-effect model
RR =0.99, 95% CI 0.83-1.18, p =0.90, Figure 3). There was no
significant heterogeneity among studies for this outcome
(*=15%, p=0.32). Similarly, ORR was not significantly better
for the patients receiving capecitabine as neoadjuvant therapy
based on the random-effect model (RR =1.00, 95% CI 0.94-1.07,
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Potentially relevant studies identified in
PubMed, www.asco.org, www.sabcs.org

Studies excluded because they
were unrelated to breast cancer
(n=235)
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Studies excluded because they did
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Figure 1. Flow chart of study selection.
doi:10.1371/journal.pone.0053403.g001

Capecitabine  No capecitabine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H,RRandom, 95% CI M-H. Random, 95% CI
ABCSG24 2010 62 255 41 257 19.6% 1.521.07, 217
ECTOIIl 2011 50 207 26 103 17.1% 0.96 [0.63, 1.44)
GEPARQUATTRO 2010 189 950 105 4711 27.2% 0.94[0.76, 1.16)
Korean 2007 22 106 10 103 8.8% 2141.07, 4.29
NSABP B-40 2012 118 405 129 400 27.2% 0.90[0.73,1.11]
Total (95% CI) 1923 1334 100.0% 1.10 [0.87, 1.40]
Total events 451 3N
Heterogeneity: Tau®= 0.04; Chi*= 11.30, df= 4 P = 0.02); IF= 65% 0 o1 0=1 ] 140 100"
Test for overall effect: Z=0.80 P = 0.43) Favours experimental  Favours control

Figure 2. Forest plot to meta-analyze pCR outcomes for neoadjuvant therapy with or without capecitabine.
doi:10.1371/journal.pone.0053403.9002
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Capecitabine  No capecitabine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H.Random, 95% CI M-H. Random. 95% CI
ECTOIl 2011 44 207 21 103 13.3% 1.04 [0.66, 1.66)
GEPARQUATTRO 2010 177 350 89 471 43.0% 0.99[0.78, 1.24)
Korean 2007 15 106 7 103 4.2% 2.08[0.89, 4.90
NSABP B-40 2012 94 405 103 400  39.5% 0.90[0.71,1.19
Total (95% CI) 1668 1077 100.0% 0.99 [0.83, 1.18]
Total events 330 220
Heterogeneity: Tau®= 0.01; Chi"= 352, df = 3 (P = 0.32); "= 15% tu.m 0_11 : 1"] 1005
Test for overal effect Z=0.12 (P = 0.90) Favours capecitabine  Favours contral

Figure 3. Forest plot to meta-analyze tnpCR outcomes for neoadjuvant therapy with or without capecitabine.

doi:10.1371/journal.pone.0053403.9g003

p =0.93, Figure 4). There was significant heterogeneity among the
studies for this outcome (I =67%, p = 0.03).

For meta-analysis of BCS, the ECTOII [15] study was excluded
for lack of necessary data. Data pooled from the remaining four
studies showed no significant difference in BCS between groups
treated with or without capecitabine as neoadjuvant therapy,
based on the fixed-effect model (RR =0.98, 95% CI 0.93-1.04,
p = 0.49, Figure 5). No significant heterogeneity was found among
these studies for this outcome (I>= 2%, p = 0.38).

Toxicities

Data concerning AE’s were extracted from 3 trials [14,16,17]. A
summary of drug-related toxicities (NCI CTCAE Grades 3 to 4) is
shown in Table S2. The pooled ORs of each group, stratified for
toxicities greater than grade 3, indicated that a significant increase
in toxicity was associated with neoadjuvant chemotherapy using
capecitabine, anthracycline and/or taxane. Toxicities were
identified as febrile neutropenia(OR =1.54, 95% CI1.11-2.15
p=0.01), hand-foot syndrome(OR =7.26, 95% CI2.35-22.43,
p<0.01). However, heterogeneity among trials was found in this
analysis, possibly due to the use of different agents at various
dosage and the use of different control arms.

Publication Bias and Sensitivity Analysis

We performed funnel plot analysis and Egger’s test to assess
publication bias. This analysis showed no publication bias. As
a result, there was no publication bias in each test (p=0.109) for
the primary endpoint analysis and for the secondary endpoint
analysis (data not shown). Sensitivity analyses were used to
determine the influence of individual studies on the overall RR

estimates. No individual study affected the RR significantly for
pCR, tmnpCR, BCS, or ORR.

Discussion

Capecitabine has proven effective as an adjuvant treatment
against metastatic breast cancer. NCCN guidelines recommend
the combination of capecitabine and docetaxel for recurrent or
metastatic breast cancer. Although several Phasell/III studies
have suggested that capecitabine may also be highly active in the
neoadjuvant setting, various studies have given conflicting reports
of its efficacy in this context. In order to reassess the data already
present in the literature with the largest possible statistical power,
we carried out what is, to the best of our knowledge, the first meta-
analysis of the effects of including capecitabine as part of
neoadjuvant polychemotherapy in patients with breast cancer.

Several Phase II trials have suggested that capecitabine holds
promise as a component in neoadjuvant chemotherapy, helping
patients to achieve high pCR rates (19%—22%) and ORRs (72%—
97.6%) [9,10,11,23,24,25]in the neoadjuvant setting. Similarly
high pCR rates and ORRs were reported in randomized-
controlled trials, including the trial by Keun etal [17] and
ABCGS24 trial [18]. However, our meta-analysis of five studies
showed that including capecitabine in neoadjuvant therapy did not
improve pCR in a broad population of stage I1I/1II breast cancer
subjects. This result should be interpreted with caution since
strong heterogeneity was detected for this outcome across the five
studies.

Several factors may explain the lack of capecitabine effect as
a part of neoadjuvant therapy. First, all of the patients included in
the meta-analysis did not have distant metatasis and had not
received previous chemotherapy. The NCCN guideline for these

Capecitabine  No capecitabine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
ECTOIl 2011 193 207 99 103 31.3% 0.97 [0.82,1.02]
GEPARQUATTRO 2010 757 950 383 471 31.2% 0.98 [0.93, 1.03]
Korean 2007 86 106 66 103 10.0% 1.27 [1.07, 1.50]
NSABP B-40 2012 323 405 325 400 27.4% 0.98 [0.92, 1.09)
Total (95% Cl) 1668 1077 100.0% 1.00 [0.94, 1.07]
Total events 1359 873
Heterogeneity: Tau®=0.00; Chi*= 9.14, df = 3 (P = 0.03); 1= 67% n o 051 ] 1"0 mn"
Testtoriveral efect 2= 0.0s = U9 Favours experimental  Favours control

Figure 4. Forest plot to meta-analyze ORR for neoadjuvant therapy with or without capecitabine.

doi:10.1371/journal.pone.0053403.9g004
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Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI MH. Fixed. 95% Cl
NSABP B-40 2012 171 405 182 400 21.0% 0.93[0.79, 1.09

GEPARQUATTRO 2010 619 950 319 471 49.0% 0.96 [0.89, 1.04]

Karean 2007 74 106 69 103 8.0% 1.04 [0.87, 1.29)

ABCSG24 2010 200 285 192 257 22.0% 1.05[0.95, 1.16)

Total (95% CI) 1716 1231 100.0% 0.98 [0.93, 1.04]

Total events 1064 762

Heterogeneity: Chi*= 3.07, df =3 (P=0.38); = 2%
Test for averall effect: Z=0.68 (P = 0.49

001 01 1 10 100
Favours experimental Favours control

Figure 5. Forest plot to meta-analyze BCS outcomes for neoadjuvant therapy with or without capecitabine.

doi:10.1371/journal.pone.0053403.g005

patients recommends treatment with anthracycline and/or taxane
chemotherapy which usually proceduces a marked effect. There-
fore, the addition of capecitabine to the anthracycline and/or
taxane therapies may not show a significant further improvement
in clinical efficacy. Second, the capecitabine dosing regimen
recommended by NCCN is 1000-1250 mg/m2, twice a day, but
several trials included in our meta-analysis reduced this by 14%
[14] to 28% [16]. Finally, including capecitabine in the
anthracycline and/or taxane therapy resulted in an increase in
adverse effects (toxicities), including febrile neutropenia and hand-
foot syndrome. The increase in toxicities when capecitabine was
included may have led to reduced compliance with therapy.

Although our meta-analysis did not demonstrate an advantage
of adding capecitabine to neoadjuvant therapy for breast cancer,
some interesting results did emerge from the included studies. The
Keun et al trial [17] and ABCSG24 trial [18] reported much
higher pCR and ORR when capecitabine was included at
a regimen of 1000 mg/m? twice a day. Since this is at the low
end of the NCCN recommended dose range, these results suggest
that capecitabine can be therapeutically useful at doses that
minimize toxic effects. However, this conclusion could not be
definitively confirmed because of less data on capecitabine
available in the study. The ABCSG24 [18] trial also found that
an addition of capecitabine to epirubicin and docetaxel was
associated with a greater chance of achieving pCR when the
cancer was estrogen receptor negative (ER ™), not when the cancer
was estrogen receptor positive (ER*) receiving AT-CMX. Un-
fortunately we could not perform meta-analysis based on hormone
receptor status for lack of sufficient data. Future studies should
address this potentially clinically important relationship between
capecitabine and hormone receptors.

Our meta-analysis contains some important limitations. First,
our study was based on statistical data instead of individual patient
data (IPD), which may not provide robust estimation for the
association. Second, the characteristics of the included trials were
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