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Abstract
Background Preclinical evidence suggests that the cyclo-
oxygenase-2 (COX-2) enzyme plays an important role in
breast cancer progression. The aim of the present phase II
study was to determine the activity and safety of the combi-
nation of the COX-2 inhibitor celecoxib with capecitabine
in metastatic breast cancer (MBC) patients pretreated with
anthracyclines and/or taxanes.
Methods Eligible patients received capecitabine
1,000 mg/m² twice daily on days 1–14 every 21 days and
celecoxib 200 mg twice daily, continuously, until disease
progression or unacceptable toxicity.
Results About 42 pretreated MBC patients were enrolled
into the study. Median number of previous chemotherapy
lines for metastatic disease was 2 (0–3). Seven patients

(19%) responded to treatment while disease stabilization
occurred in 17 patients (40.5%). Overall, 20 patients
(47.5%) achieved clinical beneWt [objective responses (CR)
plus stable disease (SD) ¸6 months]. Median time to pro-
gression (TTP) and median overall survival (OS) were 5.2
and 17.8 months, respectively. Treatment was very well
tolerated: grade 3 toxicities were observed in only Wve
patients, respectively, and no grade 4 adverse events were
reported. Celecoxib was never discontinued for toxicity.
Analysis of COX-2 expression in the 22 patients with avail-
able tissue revealed a signiWcantly longer TTP and OS for
patients whose tumors over-expressed COX-2.
Conclusions The combination of capecitabine and cele-
coxib is active and safe in far advanced MBC patients.
Interestingly, this association resulted in a lower-than-
expected toxicity, as compared to single-agent capecita-
bine. The clinical relevance of COX-2 as determinant of
sensitivity to treatment with celecoxib should be further
evaluated in larger series of patients.
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Introduction

Metastatic breast cancer (MBC) is an incurable disease
whose management often includes palliative systemic che-
motherapy, especially in patients with hormone receptor-
negative or endocrine-resistant tumors or in patients with
rapidly disseminating disease. Although recent progresses
have led to an increased number of treatment options for
breast cancer, best exempliWed by the introduction of the
anti-HER-2 drug trastuzumab as optimal standard of care
for HER-2 over-expressing tumors [1], improvements in
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survival of metastatic disease have been rather modest [2].
Thus, new approaches based on a deeper understanding of
breast cancer biology are mandatory.

Celecoxib (Celebrex, PWzer, New York, NY, USA) is a
selective inhibitor of isoform 2 of cyclo-oxygenase (COX),
the enzyme catalyzing the conversion of arachidonic acid
into prostaglandins. In contrast with COX-1, which is con-
stitutively expressed in most normal tissues, cyclo-oxygen-
ase-2 (COX-2) is usually up-regulated in response to
mitogens, growth factors, and cytokines. Preclinical evi-
dence indicates that COX-2 products, in addition to their
well-established pathophysiological role in inXammation,
are also involved at multiple points throughout the tumori-
genic process [3]. In fact, COX-2 is over-expressed in a
variety of malignancies including breast cancer, where it
has been found to associate with poor prognostic factors,
such as large tumor size, high histological grade, axillary
node metastases, receptor negative disease, and HER-2
ampliWcation [4]. More recently, elevated COX-2 expres-
sion in breast cancer has also been associated with the
presence of distant metastases [5]. Due to these Wndings, a
role for COX-2 in breast carcinogenesis has been sug-
gested and COX-2 inhibitors have been regarded as poten-
tial therapeutic agents for breast cancer. In support of this
hypothesis, celecoxib has been shown to inhibit prolifera-
tion of human breast cancer cell lines [6] and, more impor-
tantly, in xenograft models of mammary tumors the
administration of celecoxib led to signiWcant regression of
tumor growth in »90% of cases [7]. Interestingly, preclini-
cal studies have suggested that the addition of celecoxib to
standard cytotoxics may enhance the eVects of several anti-
cancer agents [8], especially 5-Xuorouracil (5-FU) [9]. In
clinical trials it has been demonstrated that celecoxib
administered concomitantly with infusional 5-FU does not
increase the expected toxicities of 5-FU alone [10, 11]. Of
note, a retrospective evaluation of metastatic colorectal
cancer patients treated with capecitabine and celecoxib
given for pain indications, suggested that celecoxib may
not only improve anti-tumor activity but also attenuate two
major capecitabine-related adverse events, namely hand-
foot syndrome (palmar-erythrodysestesia, HFS) and diar-
rhea [12, 13].

Capecitabine (Xeloda, HoVman-LaRoche Inc., Nutley,
NJ, USA), a Xuoropyrimidine carbamate, is an orally
administered pro-drug which is converted into the active
compound 5-FU through a three-stage enzymatic process.
Capecitabine unique mechanism of action allows delivery
of 5-FU preferentially to the tumor, since thymidine phos-
phorylase, the enzyme responsible for the Wnal conversion
step, is predominantly localized within tumor tissue [14].
Prospective clinical studies of single agent capecitabine
established a role for this agent in MBC patients pretreated
with anthracyclines and/or taxanes [15–18]. However, at

the standard dosage of 2,500 mg/m² daily for 14 days every
3 weeks, dose reduction due to development of treatment-
related toxicity, mainly HFS, and diarrhea, was a common
event, being required in 37–50% of patients [16–18]. Inter-
estingly, in one of the pivotal trial of capecitabine mono-
therapy it was showed that a side eVect-driven dose
reduction to 2,000 mg/m² does not compromise the eYcacy
of treatment [16], suggesting that a starting lower dose of
2,000 mg/m² can provide equal beneWt because of its supe-
rior therapeuthic index [19, 20].

Based on these data we designed a phase II study in
order to investigate the clinical activity and tolerability of
capecitabine combined with celecoxib (CapCel) in MBC
patients previously treated with anthracyclines and/or
taxanes.

Materials and methods

Study design and treatment

Primary end-points of this mono-institutional, open-label,
single-arm phase II study were to determine the time to pro-
gression (TTP) and the safety of CapCel, while secondary
objectives were response rates and overall survival (OS).

The trial was conducted in full agreement with the
Declaration of Helsinki and International Committee on
Harmonization guidelines for good clinical practice. Before
initiation, the study protocol was approved by the local eth-
ics committee. Written informed consent was obtained
from all patients prior to study enrollment.

Capecitabine was administered orally in two daily doses
within 30 min after breakfast and dinner at the dose of
1,000 mg/m² twice daily for 14 days every 21 days starting
on day one. Celecoxib was administered at the dose of
200 mg twice daily, orally with food, starting on day 1,
throughout the treatment and rest periods. One cycle of
therapy consisted of 3 weeks of treatment. Prophylactic
oral proton-pump inhibitors (20 mg/d) were administered to
all patients starting on day one.

Study drugs were continued until disease progression,
unacceptable toxicity, or patient withdrawal.

Eligibility criteria

The study population included female patients with histo-
logically or cytologically conWrmed breast cancer and dis-
ease recurrence during or following treatment with
anthracyclines- and/or taxanes-including regimens. No
restriction was made on the basis of the number of prior
chemotherapeutic lines and/or endocrine therapies
received as well as radiotherapy provided that at least
4 weeks had elapsed since last treatment. Patients with
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HER-2-positive [3+ protein expression by immunohisto-
chemistry (IHC) or gene ampliWcation by Xuorescence in
situ hybridization] tumors were eligible for the study if
progressing following at least one prior trastuzumab-
based regimen for metastatic disease. Previous exposure
to 5-FU was not considered an exclusion criterion, with
the exception of prior history of severe and unexpected
reaction to Xuoropyrimidine therapy (with or without doc-
umented dihydropyrimidine dehydrogenase deWciency) or
hypersensitivity to 5-FU. To be eligible for the study,
patients were also required to have evaluable and/or bidi-
mensionally measurable disease in at least one site that
was outside a previously irradiated area. The following
were the other eligibility criteria: age ¸18 years, Eastern
Cooperative Oncology Group performance status (PS)
·2, estimated life expectancy of at least 12 weeks and
adequate renal, hepatic, and hematologic function.
Patients who were not able to swallow intact capecitabine
and celecoxib capsules were excluded from the study, as
were those with malabsorption syndromes or other condi-
tions that could potentially impair absorption of study
medications. The presence of clinically signiWcant cardio-
vascular disorders including angina pectoris, history of
congestive heart failure, myocardial infarction, and cere-
brovascular events precluded participation to the current
study. Patients were also excluded if they had history of
allergy to sulfa drugs or any other non-steroidal anti-
inXammatory drugs (NSAIDs) or were on continuous
therapy with NSAIDs for more than 30 days before
enrollment. While on study, patients were instructed to
avoid any NSAIDs other than the study drug celecoxib
(low-dose aspirin ·325 mg/day allowed). Documented
active peptic ulcer, history of gastrointestinal hemor-
rhage, symptomatic and/or uncontrolled brain metastases,
concomitant therapy with oral anti-coagulants, previous
diagnosis of other malignancy within 5 years of study
enrollment, with the exception of in situ carcinoma of the
cervix and adequately treated non-melanoma skin malig-
nancies, were among other exclusion criteria. Pregnant or
nursing women and those with reproductive potential not
using an eVective contraceptive method were excluded
from the study.

Safety and response assessment

Pretreatment evaluation included a medical history and
clinical examination, hematology, and blood chemistry
(performed within 7 days before treatment start), ECG,
chest X-rays, and tumor measurement based on standard
radiologic methods or physical examination. During the
treatment period, hematology, and blood chemistry were
performed every cycle. Safety was evaluated in all patients
who received at least one dose of study drugs. All adverse

events (including alterations in laboratory parameters) con-
sidered to be possibly, probably or deWnitely related to
study treatment were graded 1–4 according to NCI-
CTCAEv3 [21]. Hand-foot syndrome was graded 1–3 as
deWned in a previous trial of capecitabine [15]. In case of
capecitabine-related adverse events greater or equal than
grade 2, the standard dose modiWcation scheme of capecita-
bine, described in detail by Blum et al. [15], was applied.
Celecoxib, but not capecitabine was discontinued in case of
gastrointestinal bleeding or gastric/duodenal erosion or
ulcer documented at esophagogastroduodenoscopy
(EGDS).

Patients who received at least one cycle of treatment
were evaluable for eYcacy. Tumor assessments were per-
formed every three cycles according to standard WHO cri-
teria [22]. Objective responses (CR or PR) had to be
conWrmed for a minimum of 4 weeks after they were Wrst
observed. Clinical beneWt was deWned as the sum of CR or
PR plus stable disease (SD) ¸6 months. For patients
achieving a PR, duration of response was deWned as the
time elapsing between the Wrst day of treatment and the
date of observation of PD. TTP was calculated from
the start of treatment to the date of objective evidence of
progressive disease or death of the patient in the absence of
documented disease progression. OS was estimated from
the day of Wrst treatment administration to the date of the
death of the patient due to any cause. Survival data were
collected every 2 months after patients went oV study.

COX-2 analysis

Sections from paraYn-embedded tissue blocks containing
representative malignant cells obtained at the time of diag-
nosis of primary breast cancer were used for this analysis.
BrieXy, 5-�m-thick sections were pretreated in a thermo-
static bath at 96°C for 40 min in 10-mM-citrate buVer
(pH6) and incubated with COX-2 polyclonal antibody
(pAb, Cayman Chemical Co., SIAL, Rome, Italy; 125 ng/
�l) for 60 min at room temperature The immunoreactions
were revealed using the Super Sensitive Link-Label IHC
Detection System (BioGenex, Space, Milan, Italy) employ-
ing 3-amino-9-ethylcarbazole (AEC substrate chromogen,
Dako, Glostrup, Denmark) as chromogenic substrate. All
sections were slightly counterstained with Mayer’s Haema-
toxylin and mounted in aqueous mounting medium (Glyc-
ergel, Dako). Immunohistochemical staining was
performed at the Pathology Department of the Regina
Elena National Cancer Institute and the slides were inter-
preted by one investigator (M.M.), who was blinded to all
patient information.

For analytic purposes the scoring system previously
described by Ristimaki et al. was used to evaluate COX-2
expression [4] (Fig. 1a, b).
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Statistical considerations

A single stage phase II design proposed by A’Hern [23]
was employed. Assuming that the hypothesis of interest
was a 3-month progression-free survival of 60%, and wish-
ing to exclude from further evaluation treatment with a pro-
gression-free survival of 40%, a total of 24 of 42 patients
free from progression at 3 months had to be observed.
These Wgures ensured a signiWcance level of 0.05 at a
power of 80%. Data were analyzed according to the intent-
to-treat (ITT) principles and reported with the 95% conW-
dence intervals. Time to events was estimated with the
Kaplan-Meier method. The Cox proportional-hazard model
was used to identify independent prognostic factors of
survival.

Results

Patients characteristics

Forty-two women were enrolled into the trial between
February 2004 and December 2006. All patients were
evaluable for safety and activity. Patient characteristics are
listed in Table 1. The median age was 57 years (range 33–82),
and nearly half of the patients (n = 19, 45%) had an ECOG
PS of 0 (range 0–2). The majority of patients (n = 31,
73.5%) had visceral disease as predominant metastatic
localization, with ten patients (24%) suVering from
asymptomatic brain metastases. All patients had received
prior anthracycline-containing chemotherapy. Thirty-three
patients (78.5%) had also received prior chemotherapy with
taxanes. The median number of previous chemotherapy
lines received for metastatic disease was 2 (range 0–3). The
four patients who were treated with Wrst-line chemotherapy
had been exposed to both anthracyclines and taxanes in the
adjuvant setting.

Fig. 1 Examples of immuno-
histochemical expression of 
COX-2 (original ampliWcation 
£20). COX-2 stained either as 
negative (a) or positive (b)

Table 1 Characteristics of patients

ER estrogen receptor, FISH Xuorescence in situ hybridization, IHC
immunohistochemistry, PgR progesterone receptor

Total number of patients 42

Age, median years (range) 57 (33–82)

ECOG performance status

0 19 (45%)

1 17 (40.5%)

2 6 (14.5%)

Receptor status

ER and/or PgR positive 26 (62%)

ER and PgR negative 12 (28.5)

Unknown 4 (9.5%)

HER-2 expression by IHC

HER-2 negative 24 (57%)

HER-2 2+ and FISH positive 5 (12%)

HER-2 3+ 6 (14.5%)

Unknown 7 (16.5%)

Up-front metastatic presentation 6 (14.5%)

Predominant metastatic sites

Liver 20 (47.5%)

Lung 11 (26%)

Bone 10 (24%)

Soft tissues 1 (2.5%)

Brain involvement 10 (24%)

Prior exposure to anthracyclines 42 (100%)

Anthracyclines in the neoadjuvant/adjuvant setting 23 (55%)

Anthracyclines in the metastatic setting 19 (45%)

Prior exposure to taxanes 33 (78.5%)

Prior chemotherapy lines for metastatic disease 38 (90.5%)

0 4 (9.5%)

1 13 (31%)

2 17 (40.5%)

3 8 (19%)

Median number of prior chemotherapy 
lines for metastatic disease (range)

2 (0–3)
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Anti-tumor activity

Table 2 shows the activity of the CapCel combination. In
the ITT analysis, eight patients (19%) obtained a PR (95%
CI 7.2–30.9), while a further 17 patients achieved disease
stabilization (40.5%). Twenty patients (47.5%) experienced
a clinical beneWt. The median duration of response was
13 months (95% CI 12–14) and median TTP was
5.2 months (95% CI 2.9–7.5) (Fig. 2a). At 3 months 29 of
42 patients (69%) were free from progression and the
6- and 12-month progression-free survival rates were 43.6
and 25.7%, respectively. At a median follow up of
15 months (range 2–28) median OS was 17.8 months (95%
CI 12.2–23.3) (Fig. 2b) and the corresponding 1- and
2-year survival rates were 62.3 and 31.1%, respectively.
Tables 3 and 4 show the results of univariate and multivariate

analysis of TTP and OS. In the multivariate analysis a poor
PS (1–2 vs. 0), no response to therapy and younger age
(<50 years) were independent prognostic factors for shorter
TTP, while only poor PS was an independent prognostic
factor for OS.

Safety

Patients received a total of 306 cycles throughout the study
with a median of six cycles (range 2–18) per patient. Treat-
ment-related adverse events (all grades, maximum toxicity
per patient reported) are summarized in Table 5. The
majority of treatment-related adverse events were mild
(grade 1) or moderate (grade 2) in intensity. The predomi-
nant grade 2 treatment-related toxicities were, in decreasing
order of frequency, HFS (14.5%), neutropenia (12%), and
diarrhea (9.5%). Two patients experienced grade 2 heart-
burn, with no signs or symptoms of gastrointestinal bleed-
ing or EGDS-documentation of active peptic ulcer/erosion
or hemorrhage of the upper gastrointestinal tract. Both
patients promptly recovered after increasing the daily dose
of oral proton-pump inhibitors to 40 mg/day. None of the
patients discontinued celecoxib due to toxicity.

Only Wve grade 3 adverse events were observed, consist-
ing of HFS, mucositis, nail changes, neutropenia, and

Table 2 Activity of the capecitabine and celecoxib combination

Total number of patients 42

Complete response 0

Partial response 8 (19%) (95% CI 7.2–30.9)

Stable disease ¸6 months 12 (28.5%)

Stable disease <6 months 5 (12%)

Progressive disease 17 (40.5%)

Fig. 2 Time to progression (a) 
and overall survival (b) in the 
intention-to-treat analysis

Table 3 Univariate and 
multivariate analysis of time 
to progression

TTP Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (<50 vs. ¸50) 2.31 (1.13–4.75) 0.02 3.10 (1.41–6.80) 0.005

Performance status (1–2 vs. 0) 2.11 (1.08–4.12) 0.03 2.10 (1.01–4.39) 0.05

Pretreatment with Taxanes (yes versus no) 2.20 (0.95–5.07) 0.07

Adjuvant anthracyclines (yes versus no) 1.01 (0.51–2.01) 0.99

Predominant metastatic site 
(visceral versus non-visceral)

1.78 (0.78–4.05) 0.17

Capecitabine treatment (>2 lines vs. ·2 lines) 1.56 (0.79–3.07) 0.20

Response to treatment (no versus yes) 3.32 (1.27–8.65) 0.01 2.71 (1.00–7.33) 0.05

HR and CI can only be calcu-
lated for two variables

CI conWdence interval, 
HR hazard ratio, TTP time to 
progression
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anemia. The latter condition occurred in a heavily pretreated
patient who had also been extensively irradiated for bone
metastases. In view of the fact that anemia was present prior
to study entry and that hemoglobin levels were stable after
an initial worsening (from grades 2 to 3 after cycle 1), also
considering that no signs or symptoms of active bleeding
were present, this patient was managed conservatively with
intensive hematologic monitoring and without red blood cell
transfusion. No treatment-related grade 4 toxicities were
observed and no cardiovascular events or deaths were
reported as being related to the study medications. Treat-
ment was discontinued due to toxicity in only one patient
(grade 3 mucositis occurring after two cycles).

The dose of capecitabine was reduced to 75% of the
starting dose in ten patients (24%). The adverse events
leading to dose reduction were HFS (Wve patients), labora-
tory abnormalities (hyperbilirubinemia and elevation of
transaminases in one patient each), mucositis, diarrhea, and
neutropenia (one patient each, respectively). The median

time to Wrst dose reduction and HFS onset was 3 months,
corresponding to the fourth treatment cycle. The mean
delivered dose intensity of capecitabine was 634 mg/m2/wk
(planned 667 mg/m2/wk) corresponding to 95% of the
planned dose intensity.

Outcome according to COX-2 expression

Cyclo-oxygenase-2 expression was successfully evaluated
in tumors from 22 individuals. According to the scoring
system adopted, COX-2 positivity was observed in 12
patients (54.5%). Among the 22 patients evaluated for
COX-2 expression, CB was achieved in 11 patients, eight
of whom resulted COX-2 positive (73%). Patients with
COX-2 positive tumors had a signiWcantly longer TTP than
COX-2 negative patients (5.4 months vs. 3.1 months,
P = 0.04). Median OS also signiWcantly favored COX-2
positive patients compared to COX-2 negative ones
(27.9 months vs. 7.6 months, P = 0.02) (Fig. 3a–b).

Table 4 Univariate and 
multivariate analysis of overall 
survival

OS Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (<50 vs. ¸50) 1.40 (0.62–3.15) 0.42

Performance status (1–2 vs. 0) 2.17 (1.00–4.84) 0.05 2.17 (1.00–4.84) 0.05

Pretreatment with Taxanes (yes versus no) 1.26 (0.42–3.80) 0.68

Adjuvant anthracyclines (yes versus no) 1.02 (0.46–2.28) 0.96

Predominant metastatic site 
(visceral versus non-visceral)

1.01 (0.40–2.54) 0.98

Capecitabine treatment (>2 lines vs. ·2 lines) 1.07 (0.46–2.50) 0.88

Response to treatment (no versus yes) 3.58 (0.84–15.18) 0.08

HR and CI can only be 
calculated for two variables

CI conWdence interval, 
HR hazard ratio, OS overall 
survival

Table 5 Summary of 
treatment-related adverse  
events

Laboratory parameter Number of patients (%)

Grade 1 Grade 2 Grade 3 Grade 4

Leucopenia 8 (19%) 3 (7%) 0 0

Neutropenia 6 (14.5%) 5 (12%) 1 (2.5%) 0

Anemia 10 (24%) 2 (5%) 1 (2.5%) 0

Thrombocytopenia 1 (2.5%) 0 0 0

Hyperbilirubinemia 2 (5%) 2 (5%) 0 0

AST and/or ALT elevation 5 (12%) 1 (2.5%) 0 0

Non-hematological Grade 1 Grade 2 Grade 3 Grade 4

Nausea/vomiting 7 (16.5%) 3 (7%) 0 0

Mucositis 6 (14.5%) 0 1 (2.5%) 0

Diarrhea 6 (14.5%) 4 (9.5%) 0 0

Hand-foot syndrome 6 (14.5%) 6 (14.5%) 1 (2.5%) –

Sensory/motor neuropaty 3 (7%) 0 0 0

Erythematous rash 2 (5%) 1 (2.5%) 0 0

Nail changes 3 (7%) 3 (7%) 1 (2.5%) –

Heartburn/dyspepsia 6 (14.5%) 2 (5%) 0 –

Fatigue 5 (12%) 3 (7%) 0 0
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Discussion

To our knowledge, this is the Wrst clinical study evaluating
the combination of chemotherapy, namely capecitabine,
with celecoxib in MBC. Previous experience of celecoxib
and chemotherapy in breast cancer refers to the neoadju-
vant setting, where celecoxib appeared to increase the
response rate observed with chemotherapy alone by
approximately to 20% [24]. Although limited to a small
series of patients, clinical experience and the preclinical
evidence of the potentiating eVects of celecoxib on chemo-
therapy [8, 9] provided a strong rationale to evaluate
whether an enhancement of the clinical activity of chemo-
therapy would also be observed in the metastatic setting.

The response rate of 19% achieved with CapCel in the
present study is not inferior to that of phase II studies of
capecitabine monotherapy where response rates ranging
from 15 to 28% were observed in anthracycline- and taxane-
pretreated MBC patients [15–18]. Of note, CapCel therapy
achieved a median TTP of 5.2 months and a median OS of
17.8 months. These results should be regarded as very inter-
esting, especially when considering that they were obtained
in a heavily pretreated population with unfavorable prog-
nostic factors, such as the presence of visceral and brain
metastases in approximately three-quarters and one-quarter
of cases, respectively. Moreover, such results compare
favourably with those reported in the literature by prospec-
tive studies of single-agent capecitabine, where median TTP
ranges from 3 to 4.9 months and median OS ranges from
10.1 to 15.2 months [15–18]. This study also conWrms the
clinical data in support of the use of a lower starting dose of
capecitabine (2,000 mg/m²) because of its preserved
eYcacy and lower toxicity [16, 19, 20].

In the present study, celecoxib was administered at
200 mg twice daily based on a previous experience from
our group, where celecoxib at the dose of 200 mg twice

daily in combination with infusional 5-FU as second-line
therapy for advanced pancreatic cancer was associated with
a 18% of early treatment discontinuation due to the devel-
opment of gastrointestinal toxicity (two cases of EGDS-
documented duodenal ulcer and one grade 2 heartburn)
[10]. Moreover, chemoprevention trials conducted in colo-
rectal cancer suggested no diVerence in eYcacy between
the 200 and 400-mg twice-daily dose of celecoxib [25].
However, it is presently unclear whether greater anti-tumor
activity would be achieved in advanced cancer patients by
increasing the dose of this experimental drug. On the other
hand, trials on the use of celecoxib as chemopreventive
agent have also suggested that patients on continuous treat-
ment with celecoxib are at increased risk of developing car-
diovascular events [26]. In the present study no
cardiovascular events were reported, indicating that short-
term use of celecoxib in MBC has a good safety proWle in
terms of cardiac toxicity. Remarkably, celecoxib in combi-
nation with capecitabine also showed good gastrointestinal
tolerability, since the only two patients developed grade 2
heartburn (with no documentation of ulcer at EGDS) and
both recovered promptly after increasing therapy with pro-
ton-pump inhibitors without discontinuation of celecoxib.

Overall, the CapCel combination proved extremely safe
in this population of pretreated MBC patients. Grade 3
adverse events were observed in only Wve patients and were
easily manageable with treatment delays and/or capecita-
bine dose reductions. No grade 4 toxicities were reported
and only one patient (2.5%) underwent early treatment dis-
continuation due to toxicity. Interestingly, retrospective
clinical data suggest that celecoxib, by inhibiting COX-2-
mediated inXammation, might attenuate or even prevent
two peculiar capecitabine-related side eVects potentially
due to COX-2 activation such as HFS and diarrhea [12, 13].
Although this trial was not designed to answer this ques-
tion, it is interesting to note that CapCel was associated

Fig. 3 Time to progression (a) 
and overall survival 
(b) according to COX-2 
expression (22 patients)
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with a low occurrence of both HFS and diarrhea, as com-
pared to historical data coming from prospective studies of
single agent capecitabine [15–18, 27–29]. Although the
starting dose of capecitabine was higher (2,500 or
2,510 mg/m²/die) in most of these studies, we cannot rule
out that the low incidence of capecitabine-related HFS and
diarrhea observed in our study might be due to the concom-
itant administration of celecoxib. This hypothesis is sup-
ported by the retrospective evidence that a lower
capecitabine starting dose (2,000 mg/m²/die) is still associ-
ated with a 14 and 6% incidence of grade 3/4 HFS and diar-
rhea, respectively, even in chemonaïve MBC patients [30].

In a subset analysis of 22 patients who had primary tis-
sue available for analysis, signiWcantly longer TTP and OS
were observed for COX-2 positive patients, as compared to
COX-2 negative ones. Although limited by the small num-
ber of patients on which this analysis was carried out, the
favorable outcome observed in COX-2 positive patients
should be regarded as a relevant Wnding and supports COX-
2 evaluation as a potential biomarker of sensitivity to cele-
coxib. In fact, COX-2 over-expression might predict
response to treatment, as it has been recently shown for
aspirin in the chemoprevention of colorectal cancer [31].

In conclusion, this study shows that capecitabine in com-
bination with celecoxib is an active regimen for pretreated
MBC patients resulting in a 47.5% of CB in a poor-progno-
sis population. Our results also indicate that this association
has a very manageable toxicity proWle, which compares
favorably with that expected with single-agent capecita-
bine, thus corroborating retrospective data coming from
studies on metastatic colorectal cancer patients on the
potential role that celecoxib might play in lessening or even
preventing capecitabine-related HFS and diarrhea. Only the
ongoing National Cancer Institute randomized phase III
study comparing celecoxib versus placebo in patients with
advanced colorectal and breast cancers will lead to conclu-
sive results on the true impact of celecoxib on capecitebine-
related adverse events [32]. Finally, the improved clinical
outcome observed in patients with COX-2 positive tumors
supports the inclusion of tissue evaluation of COX-2
expression in future clinical trials of celecoxib given as
anti-cancer therapy.
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