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Background: Docetaxel (T; Taxotere) with capecitabine (X) is active against metastatic breast cancer (MBC);

bevacizumab (BV) has demonstrated efficacy with taxanes in the first-line setting. This study was conducted to assess

the safety and efficacy of TX-BV in patients with MBC.

Patients and methods: In this single-arm, multicenter phase II study, patients received first-line bevacizumab 15 mg/kg

and docetaxel 75 mg/m2 on day 1 and capecitabine 825 mg/m2 twice per day on days 1–14 every 21 days. Primary and

secondary end points were tumor response rate (RR), overall survival (OS), progression-free survival (PFS), and toxicity.

Results: A total of 45 assessable patients received TX-BV for a median of seven cycles. Two complete and 20 partial

responses were observed (overall RR 49%); nine patients had stable disease >6 months, for a clinical benefit rate of

69%. Median response duration was 11.8 months. Median OS and PFS were 28.4 and 11.1 months, respectively.

Grade 3/4 adverse events included hand–foot syndrome (29%), fatigue (20%), febrile neutropenia (18%), and diarrhea

(18%). In cycles 3–10, median dose levels of docetaxel and capecitabine were 60 mg/m2 and 660 mg/m2, respectively.

Conclusion: TX-BV demonstrated significant activity; dose modifications were required to manage drug-related toxic

effects.
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introduction

Despite advances with hormonal and chemotherapeutic agents,
the mean duration of survival from the time of diagnosis of
advanced or metastatic breast cancer (MBC) ranges from 2 to 4
years [1], and the 5-year survival rate is 26.7% [2].
Chemotherapy is recommended as first-line treatment of
patients with hormone receptor-negative tumors and for those
whose tumor burden necessitates a rapid objective response [3].
For patients with MBC who have received anthracyclines within
the course of adjuvant or neoadjuvant therapy, combination
treatment with capecitabine and docetaxel (Taxotere)
represents the current regulatory standard of care [4, 5].
Angiogenesis plays a critical role in the development and

progressionofmany solid tumors [6].Vascular endothelial growth
factor (VEGF) is the most potent driver of normal and pathologic
angiogenesis, is involved in the migration and mitogenesis of
endothelial cells, induction of extracellular matrix remodeling,

increased vascular permeability, andmaintenance ofnewly formed
blood vessels [7–9], and is also a negative prognostic indicator for
breast cancer relapse and survival [10, 11]. Inhibition of VEGF
signaling is an important strategy in the treatment of several
malignancies, including breast cancer [12–17].
Bevacizumab is a recombinant, humanized, anti-VEGF mAb

approved in combination with paclitaxel (Taxol) for the first-
line treatment of human epidermal receptor 2 (HER2)-negative
MBC [17]. The addition of bevacizumab to paclitaxel was
shown to significantly increase the response rate (RR), median
progression-free survival (PFS), and 1-year survival compared
with paclitaxel alone in patients with previously untreated
metastatic disease. More recently, a second phase III trial
confirmed the benefit of bevacizumab plus docetaxel in the
first-line treatment of MBC [18]. Given the antitumor activity
achieved with the combined use of taxane therapy and
bevacizumab, the addition of a VEGF inhibitor to the regimen
of docetaxel and capecitabine is reasonable for clinical testing.
This phase II study was designed to evaluate the efficacy and
safety of first-line therapy with docetaxel, capecitabine, and
bevacizumab in patients with MBC.
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patients and methods

patients
Study enrollment was limited to men and women ‡18 years with cytologic

or histologic confirmation of invasive breast cancer and clinical evidence of

metastatic disease. Patients were eligible if they had at least one measurable

lesion ‡2.0 cm in diameter by computed tomography (CT)/magnetic

resonance imaging or ‡1.0 cm by spiral CT (superficial, clinically

measurable lesions and clearly defined lesions on chest X-ray were also

acceptable), no stage III or IV invasive nonbreast malignancies for ‡5 years,
normal hematologic and general laboratory values, urinalysis £1+ protein,

life expectancy of ‡3 months, and Eastern Cooperative Oncology Group

performance status (ECOG PS) of zero or one. Patients with prior adjuvant

or neoadjuvant treatment that was not for metastatic disease were

permitted. Patients with HER2-positive tumors by immunohistochemistry

or amplified FISH were excluded unless their disease had progressed after

trastuzumab-containing therapy or trastuzumab was contraindicated.

Written informed consent was required. The protocol was approved by

the institutional review board of each investigational site and was

conducted in accordance with the Declaration of Helsinki, current USA

Food and Drug Administration Good Clinical Practice guidelines, and

institutional ethical and legal requirements.

study design and treatment
The North Central Cancer Treatment Group (NCCTG) study N0432 was

a prospective, multicenter, single-stage phase II trial of first-line

combination therapy with docetaxel, capecitabine, and bevacizumab in

patients with MBC. Patients received treatment on a 3-week cycle, with

dexamethasone 8 mg administered orally twice per day—the first dose

given 12 h before starting chemotherapy, the second on the morning of

chemotherapy, and the third on the evening of chemotherapy. Docetaxel 75

mg/m2 was given as a 250 ml i.v. infusion, using 5% dextrose as a diluent,

over 1 h on day 1; capecitabine 825 mg/m2 was given orally twice per day on

days 1 through 14; and bevacizumab 15 mg/kg was given i.v. on day 1. In

patients with moderate renal impairment at baseline, the dose of capecitabine

was reduced to 660 mg/m2. The initial bevacizumab dose was given over

90 min; if well tolerated, the second infusion was delivered over 60 min.

Subsequent bevacizumab infusions were given over 30 min. Cycles were

repeated every 3 weeks in the absence of disease progression or unacceptable

toxicity. Patients received at least two additional cycles of therapy after the

assessment of complete response (CR, Disappearance of all target lesions).

Dose reductions for adverse events were permitted. The doses of

docetaxel and capecitabine were reduced to 60 mg/m2 and 660 mg/m2,

respectively, in patients with related grade 2 or 3 adverse events after

resolution to grade 1 or less. In the event of a third occurrence of grade

2 toxicity, a second occurrence of grade 3 toxicity, or a first occurrence

of grade 4 toxicity, doses were reduced to 45 mg/m2 and 500 mg/m2,

respectively. No dose reductions of bevacizumab were allowed.

assessments
Before registration and during the study, patients underwent complete

medical examinations, including complete history and physical;

measurement of ECOG PS; measurement of blood pressure, indicator

lesions, and complete blood count; routine serum chemistry, including

levels of total bilirubin, liver transaminases, alkaline phosphatase, and

creatinine; urinalysis; and chest X-ray or CT. The primary end point was

confirmed tumor RR by RECIST; responses were confirmed on two

separate occasions at least 6 weeks apart. Secondary end points were PFS,

overall survival (OS), duration of response, and safety. PFS was defined as

the time from registration to documentation of disease progression. Disease

progression was assumed in patients who died before documentation of

progression, and patients who started treatment but were lost to follow-up were

censored on the last evaluation day.OSwasdefined as the time from registration

to death by any cause. Causes of death were classified as malignant disease,

toxicity, other causes, and unknown. Duration of response was defined as

the time from initial documentation of objective response to the first date of

documentedprogression.Adverse eventswere gradedusing theNationalCancer

Institute Common Terminology Criteria for Adverse Events, version 3.0.

statistical analysis
A minimum of 45 assessable patients were required to test the null hypothesis

that tumor RR [defined as CR + partial response (PR) per RECIST divided by

the number of assessable patients] was £40% (combination considered

ineffective) against the alternative hypothesis of RR of ‡60% for 6 weeks

(combination warrants further testing). The design yielded a 91% probability

of detecting a true response of ‡60% at a 0.09 level of significance.

Distributions of PFS and OS were estimated using the Kaplan–Meier method.

results

enrollment and baseline characteristics

Forty-six patients were recruited from 20 sites from December
2004 to September 2005. One patient, in whom treatment was
never initiated, was removed from the analysis. Baseline
characteristics of the 45 assessable patients are in Appendix A.
Thirty-three patients (73%) had received systemic therapy in
the adjuvant setting, including 25 (56%) with exposure to
anthracyclines. HER2 status was negative in all patients with
available data.

treatment

A median of seven treatment cycles (range 1 to 37 cycles) was
given. Fewer than 50% of patients received the prescribed
starting doses of docetaxel and capecitabine after cycle 2
(Appendix B). There were 45 docetaxel dose reductions in
30 patients. Reasons for docetaxel dose reductions included
hematologic toxicity (38%); neurologic toxicity (20%);
mucositis, stomatitis, and/or pharyngitis (11%); diarrhea (4%);
skin toxicity (4%); infection (4%); and other (13%). Other
reasons for docetaxel dose reduction were grade 3 nail changes
(one patient); multiple toxic effects, including grade 3 fatigue,
along with nail bed changes and watery eyes (one patient);
grade 3 hand–foot syndrome and neuropathy (one patient);
and hand–foot syndrome and primary investigator discretion
(one patient). There were 75 capecitabine dose reductions in
35 patients. Reasons for capecitabine dose reductions were
hand–foot skin reactions (48%); hematologic toxicity (13%);
mucositis, stomatitis, and/or pharyngitis (12%); diarrhea
(11%); infection (4%); and other (11%). Other reasons for
capecitabine dose reductions were primary investigator
discretion (three patients), hospitalization (two patients),
hypertension (one patient), and incorrect dosage (one patient).
Next-cycle treatment delays occurred 35 times in 21 patients.

Reasons for delay included hand–foot skin reactions (14%);
infection (11%); elevated liver enzyme levels (9%); diarrhea (6%);
neurologic toxicity (6%); mucositis, stomatitis, and/or
pharyngitis (3%); skin toxicity (3%); hematologic toxicity (3%);
and other (46%). Other causes for treatment delays were personal
social reasons in four patients; chemotherapy holiday in two
patients; and grade 2 proteinuria, disease progression, drug
inventory issues, late-arriving capecitabine dosage, gastric biopsy
and colonoscopy, port placement, therapy discontinuation,
noncompliance with instructions, and surgical intervention in
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one patient each. All 45 patients have discontinued study
treatment. Reasons for treatment discontinuation included
disease progression (36%), adverse events (22%), patient refusal
(18%), alternate treatment (13%), and other (11%); Other
reasons were infection and open wound at breast implant incision
site, death on study (disease progression), complete radiologic
remission with grade 3 hand–foot syndrome, maximum benefit
after eight cycles, and maximum response and expected
mastectomy in one patient each.

response, survival, and disease progression

Tumor response data are available for all 45 assessable patients.
Twenty-two patients [49%; 95% confidence interval (CI) 34% to
64%] had confirmed PR (n = 20) or CR (n = 2). The median
duration of response was 11.8 months (range 2.4–38.9 months).
Of the 22 responders, 18 subsequently developed tumors; nine
patients had stable disease for >6 months for a clinical benefit
responding 69%. Nineteen of 31 (61%) patients with estrogen
receptor (ER)-positive disease responded (one CR and 18 PR),
and 3 of 13 (23%) patients with ER-negative disease responded
(one CR and two PR). The two patients with CR remained in
disease remission for 10.7 and 24.5 months, respectively. Patients
were followed until death or for a median of 36.2 months (range
27.9 to 41.8 months) for those patients who lived. The median
OS was 28.4 months (95% CI 20.2 to not reached), and the
median PFS was 11.1 months (95% CI 8.0–14.3 months) (Figure
1). The 1-year OS and PFS rates were 84% (95% CI 74% to 96%)
and 49% (95% CI 36% to 66%), respectively.

adverse events

Overall, 44 of 45 patients (98%) experienced at least grade 3
adverse events, and 31 of 45 patients (69%) experienced at least
grade 4 adverse events (Table 1). Neutropenia was the most
common grade 3 or 4 adverse event and was reported in 35
patients (78%). Other common severe adverse events included
hand–foot syndrome (29%), fatigue (20%), febrile neutropenia
(18%), diarrhea (no colostomy; 18%), nausea (13%), stomatitis
(11%), and pharyngitis (9%). Growth factor support was
required in 17 (38%) patients. Toxic effects specific to
bevacizumab, such as hemorrhage and hypertension, occurred
in a minority of patients and were primarily grade 1 or 2. One
patient (2%) suffered grade 3 lower gastrointestinal bleed, two
patients (4%) had grade 3 hypertension, and one patient (2%)
had grade 4 thrombosis. Grade 3 neuropathy was reported in
two patients (one case each of sensory and motor neuropathy).

discussion

The NCCTG N0432 study evaluated the efficacy and safety of
first-line docetaxel, capecitabine, and bevacizumab in patients
with MBC. Seventy-three percent of patients had received
systemic therapy in the adjuvant setting, and 58% had had
exposure to anthracycline-containing therapy. The
combination regimen produced an RR of 49%, with median OS
and PFS of 28.4 and 11.1 months, respectively. This level of
activity exceeded the predefined threshold for an ineffective
combination therapy (i.e. 40% RR). The clinical benefit rate
(responses plus stable disease >6 months) was 69%. The
regimen was moderately well tolerated, although

myelosuppression was notable. The occurrence of adverse
events necessitated growth factor support in 38% of patients as
well as dose reductions of docetaxel and/or capecitabine in
more than two-thirds of the patients in the study. There was,
however, no apparent increase in bevacizumab-related adverse
events and no augmentation of docetaxel- or capecitabine-
related adverse events with the addition of bevacizumab.
Regimens consisting of capecitabine and a taxane have shown

significant antitumor activity in phase II and III trials [4, 19–
22]. In a phase III study of women with anthracycline-
refractory MBC, the addition of capecitabine to docetaxel
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Figure 1. Kaplan–Meier plots for progression-free survival (A) and overall

survival (B).

Table 1. Severe Adverse events experienced in at least 9% of patients

Adverse event Grade

3 4

Number of

patients (%)

Number of

patients (%)

Neutropenia 6 (13) 29 (64)

Leukopenia 22 (49) 9 (20)

Skin reaction—hand–foot 13 (29) 0 (0)

Fatigue 7 (16) 2 (4)

Febrile neutropenia 6 (13) 2 (4)

Diarrhea—no colostomy 7 (16) 1 (2)

Nausea 5 (11) 1 (2)

Stomatitis 4 (9) 1 (2)

Vomiting 3 (7) 1 (2)

Pharyngitis 4 (9) 0 (0)
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significantly improved the overall RR (42% versus
30%; P = 0.006), median time to progression (6.1 versus 4.2
months; P = 0.0001), and median OS (14.5 versus 11.5 months;
P = 0.0126) compared with single-agent docetaxel [4]. Despite
the associated toxic effects, the relative benefit to risk of
docetaxel plus capecitabine was considered appropriate for
approval in patients with anthracycline-pretreated disease.
The ongoing phase III study AVADO is evaluating first-

line docetaxel 100 mg/m2 with placebo or bevacizumab (7.5 mg/
kg or 15 mg/kg) every 3 weeks in patients with HER2-negative,
locally recurrent breast cancer or MBC [18]. In the unstratified
interim analysis, the addition of bevacizumab 7.5 or 15 mg/kg to
docetaxel significantly increased the RR (55% and 63%,
respectively, versus 44%; P £ 0.030) and median PFS (8.7 and
8.8 months, respectively, versus 8.0 months; P £ 0.032)
compared with docetaxel plus placebo. The rate of febrile
neutropenia was 12.0%–16.6% across the study arms.
Capecitabine has also been evaluated with bevacizumab in

the treatment of patients with advanced breast cancer [23–25].
Interim data from a phase II study of first-line capecitabine
1000 mg/m2 twice per day plus bevacizumab demonstrated an
RR of 38%, a median PFS of 5.7 months (95% CI 4.9–8.4
months), and a median OS of 16.0+ months (95% CI 12.9 to
not reached) in 106 assessable patients [24]. The RIBBON-1
Study provided similar results [25].
Alternate schedules and/or lower doses of docetaxel and

capecitabine have been used to reduce treatment-related
adverse events without compromising efficacy of the
combination [20, 26]. Doses of capecitabine and docetaxel in
the present study were initially on the basis of adjuvant
treatment in US Oncology trial 01-062. The rate of grade 3 or 4
neutropenia (78%) was nevertheless higher than anticipated
but within the rate (83%) previously reported in a phase II trial
of neoadjuvant capecitabine and docetaxel in patients with
stage II or III invasive breast cancer [27]. In total, hematologic
toxicity accounted for 38% and 13% of the dose reductions of
docetaxel and capecitabine, respectively. The incidence of other
grade 3 or 4 chemotherapy-related adverse events was similar to
that reported previously with docetaxel and capecitabine [4].
The use of bevacizumab in the combination regimen did not

result in any unexpected safety signals, and adverse events
specific to bevacizumab were mild. It is notable that grade 3 or
4 hypertension occurred in only 4.4% of patients.
In summary, the overall RR, clinical benefit rate, median PFS,

and median OS observed with docetaxel, capecitabine, and
bevacizumab in the present study demonstrate that the
combination has promising antitumor activity as a frontline
regimen. Although the docetaxel and capecitabine doses that
were tested required reductions or discontinuation, lower starting
doses of docetaxel and/or capecitabine may provide a reasonable
option. These preliminary data indicate that, with appropriate
provisions for the management of associated toxic effects, the
combination merits further study in patients suitable for first-line
doublet chemotherapy regimens in a phase III setting.
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Appendix 1: Baseline characteristics (N = 45)

Characteristic Number of patients %

Median age, years (range) 52 (36–73)

Race

White 43 96

Asian 1 2

Not reported 1 2

ECOG PS

0 30 67

1 15 33

Predominant site of disease

Soft tissue 11 24

Osseous 5 11

Visceral 28 62

Unknown 1 2

Number of metastatic sites

3–5 7 16

6 13 29

7 13 29

8–9 11 24

Unknown 1 2

Estrogen receptor

Positive 31 69

Negative 13 29

Unknown 1 2

Progesterone receptor

Positive 23 51

Negative 20 44

Unknown 2 4

Previous adjuvant systemic therapy

Yes 33 73

No 11 24

Unknown 1 2

Previous hormone therapy

Yes 14 31

No 30 67

Unknown 1 2

Prior anthracycline

Adjuvant 25 56

Neoadjuvant 1 2

None 19 42

Prior taxane

Adjuvant 17 38

Neoadjuvant 1 1 (2)

None 27 60

HER2 method of detection

Immunohistochemistry 27 60

FISH 15 33

Not done 3 7

HER2 status

Negative 33 73

Not done 4 9

Missing 8 18

ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human

epidermal receptor 2.
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