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A B S T R A C T

Purpose
This randomized phase Il trial compared the efficacy and safety of capecitabine with or

without bevacizumab, a monoclonal antibody to vascular endothelial growth factor, in
patients with metastatic breast cancer previously treated with an anthracycline and a taxane.

Patients and Methods

Patients were randomly assigned to receive capecitabine (2,500 mg/m?/d) twice daily on day
1 through 14 every 3 weeks, alone or in combination with bevacizumab (15 mg/kg) on day 1.
The primary end point was progression-free survival (PFS), as determined by an independent
review facility.

Results
From November 2000 to March 2002, 462 patients were enrolled. Treatment arms were

balanced. No significant differences were found in the incidence of diarrhea, hand-foot
syndrome, thromboembolic events, or serious bleeding episodes between treatment
groups. Of other grade 3 or 4 adverse events, only hypertension requiring treatment (17.9%
v 0.5%) was more frequent in patients receiving bevacizumab. Combination therapy
significantly increased the response rates (19.8% v 9.1%; P = .001); however, this did not
result in a longer PFS (4.86 v4.17 months; hazard ratio = 0.98). Overall survival (15.1 v 14.5
months) and time to deterioration in quality of life as measured by the Functional
Assessment Of Cancer Treatment—Breast were comparable in both treatment groups.

Conclusion
Bevacizumab was well tolerated in this heavily pretreated patient population. Although the

addition of bevacizumab to capecitabine produced a significant increase in response rates,
this did not translate into improved PFS or overall survival.

J Clin Oncol 23:792-799. © 2005 by American Society of Clinical Oncology

ously untreated patients, response rates
decrease significantly in patients previ-

Metastatic breast cancer (MBC) remains a
devastating disease, claiming the lives of
more than 40,000 women in the United
States each year.' Though an expanding
array of active agents has become available
for the treatment of metastatic disease,
overall survival has changed little in the
last half century.” While response rates
= 30% are routinely achieved in previ-

ously exposed to chemotherapy.’

Further therapeutic advances require
new strategies that are based on an under-
standing of breast cancer biology. Invasion
and metastasis of breast cancer depends on
angiogenesis, the formation of new blood
vessels that nourish the tumor.”® Extensive
laboratory data suggest that angiogenesis
plays an essential role in breast cancer
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development, invasion, and metastasis.”'® Clinicopatho-
logic correlations confirm this role. Breast cancer vascular-
ity, quantified by tumor microvessel density, predicts
tumor shedding at the time of surgery,'' bone marrow
micrometastases,'* recurrence, and overall survival.'>"'?
This nascent vascular network provides a unique opportu-
nity for therapeutic intervention.

Vascular endothelial growth factor (VEGF) is among
the most potent stimulators of angiogenesis. In addition to
endothelial cell mitogenesis and migration, VEGF inhibits
endothelial cell apoptosis and supports maintenance of the
newly formed tumor vasculature. VEGF produces other
biologic effects, including induction of proteinases that re-
model extracellular matrix, increased vascular permeabil-
ity, vasodilation, and inhibition of antigen-presenting
dendritic cells.'®

Bevacizumab (Avastin; Genentech, South San Fran-
cisco, CA), a humanized monoclonal antibody (mAb) di-
rected against all isoforms of VEGF-A, inhibits growth of
human tumors in animal models.'” A phase II study of
bevacizumab monotherapy in 75 patients with previously
treated MBC reported a 9.3% objective response rate, with
17% of patients responding or stable at 22 weeks; four
patients continued therapy without progression for more
than 12 months.'® Bevacizumab, alone and in combination
with chemotherapy, was well tolerated, with hypertension,
proteinuria, thrombosis, and bleeding being the most com-
monly reported toxicities.'”** Given the efficacy and min-
imal toxicity in the phase II studies, this randomized phase
III study was initiated to compare capecitabine mono-
therapy with the combination of capecitabine plus bevaci-
zumab in patients with previously treated MBC.

Patient Eligibility

Women with histologically or cytologically confirmed MBC
were eligible if they had received prior therapy with both an
anthracycline and a taxane, and at least one, but no more than two,
prior chemotherapy regimens for metastatic disease. If relapse
occurred within 12 months of completing adjuvant anthracycline
and taxane therapy, patients were eligible without intervening
chemotherapy. Patients with HER2-positive disease (3+ protein
expression by immunohistochemistry or gene amplification by
fluorescence in situ hybridization) must have progressed follow-
ing trastuzumab. Additional inclusion criteria included bidimen-
sionally measurable disease with at least one lesion measuring = 2
cm; Eastern Cooperative Oncology Group performance status of 0
or 1; and adequate renal, hepatic, and hematologic function.

Patients were excluded if they had any history or radio-
graphic evidence of CNS disease; screening head computed to-
mography or brain magnetic resonance image was required.
Patients could not have other primary malignancy except basal cell
carcinoma of the skin or in situ cervical cancer within 5 years,
major surgery within 4 weeks, other antitumor therapy within 21
days, nonhealing wound or fracture, infection requiring parenteral
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antibiotics, or clinically significant cardiovascular disease. Therapeu-
tic anticoagulation, regular nonsteroidal anti-inflammatory medica-
tion, and aspirin (> 325 mg/d) were prohibited, but prophylactic
anticoagulants to maintain a vascular access device were permitted.
Concurrent administration of bisphosphonates was allowed if initi-
ated at least 21 days before study entry. Women of reproductive
potential were required to use effective contraception.

Local institutional review boards approved the protocol, and
patients provided written informed consent before screening.

Treatment Plan

All patients received capecitabine 2,500 mg/m?*/d (1,875 mg/
m?/d if creatinine clearance 30 to 50 mL/min), orally twice daily
for 14 days followed by a 7-day rest period. Capecitabine was
interrupted for grade 2 or 3 toxicity and resumed at a reduced dose
(75% starting dose for first occurrence, 50% at second occurrence)
on resolution to less than grade 2. Capecitabine was discontinued
if toxicity = grade 2 recurred after two dose reductions, and for
grade 4 toxicity.

Patients randomized to the combination arm received bev-
acizumab (15 mg/kg) intravenously on day 1 of each 3-week cycle.
Initially, bevacizumab was infused over 90 minutes. If no infusion-
related reactions occurred, subsequent infusions were reduced to
60, then 30 minutes. Premedication was optional. Treatment was
interrupted for proteinuria = 2,000 mg per 24 hours and resumed
on resolution to less than 2,000 mg per 24 hours. Blood pressure
was monitored before and immediately after each bevacizumab
infusion; antihypertensive therapy was given at the investigator’s
discretion. Bevacizumab therapy was not withheld or discontin-
ued for capecitabine-related toxicities.

Patients continued therapy for a maximum of 35 cycles or
until disease progression or prohibitive toxicity. Patients without
progression at the completion of 35 cycles could continue the same
treatment on an extension study. Patients randomized to the
combination arm could continue bevacizumab, either alone or
with other therapies, after initial disease progression. Patients
randomly assigned to capecitabine monotherapy could not receive
bevacizumab at any time.

Safety and Efficacy Assessments

Patients were evaluated before each treatment cycle. Toxicity
was graded according to the National Cancer Institute Common
Toxicity Criteria (NCI-CTC), version 2.0. Disease status was as-
sessed at baseline, every 6 weeks until 24 weeks, then every 9 weeks
until progression. Contrast-enhanced spiral computed tomogra-
phy of the chest, abdomen, and pelvis was required at each evalu-
ation. In patients with known bone involvement, bone scans were
performed at baseline and were repeated as clinically indicated.
Visible cutaneous lesions were photographed. All images and clin-
ical information were forwarded to an independent review facility
(IRF; RadPharm, Princeton, NJ) for evaluation by radiologists and
oncologists blinded to treatment assignment and local response
designation. Response was characterized according to the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) criteria,>
with the following minor modifications: target lesions were re-
quired to be = 2 c¢m in diameter; unequivocal progression of
nontarget lesions required the lesion to be measured at base-
line when possible; if measurable, the lesion diameter must have
doubled to at least 2 cm; target lesions measured by physical
examination had to be clearly visible in good-quality photo-
graphs containing a ruler. All patients were monitored for
survival every 4 months.
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Pharmacokinetics

Pharmacokinetics (PK) were assessed in a subset of patients.
For patients in the combination arm, serum samples measured
bevacizumab during cycles 1, 3, 5, 7, and 9 (predose and 10
minutes following completion of infusion). Samples to measure
capecitabine and its metabolites 5'-deoxy-5-fluorouridine (5-
DFUR) and fluorouracil (FU) were drawn during cycles 1 and 3
(predose and 90, 150, and 240 minutes postdose). Exposure to
chemotherapy (area under the curve [AUC], 0 to 240 minutes)
was assessed for each of the three analytes (capecitabine, FU, and
5-DFUR) and was normalized to capecitabine dose.

Quality of Life

Quality of life (QOL) was assessed using the Functional As-
sessment Of Cancer Treatment—-Breast (FACT-B) questionnaire
at baseline, every 6 weeks until 24 weeks, and then every 9 weeks.
Time to deterioration in QOL (TDQ) as measured by the Trial
Outcome Index (TOI the sum of the physical well-being, func-
tional well-being, and breast cancer—specific questions in the
FACT-B) was the primary end point.** A decline in TOI of more
than five points from baseline, disease progression, or death was
considered a clinically meaningful deterioration in QOL. Formal
comparison of TDQ used the unstratified log-rank test.

Statistical Analysis

The primary end points were progression-free survival (PES)
as determined by the IRF, and safety of the combination in this
patient population. PFS was defined as time from randomization
to the date of IRF-documented disease progression or death. The
investigator (INV) assessment was used for three patients lacking
an IRF assessment. Patients without an event were treated as
censored at the time of the last tumor assessment. Secondary end
points included PFS based on INV assessment, objective response
rate and duration as determined by both IRF and INV, and QOL
and survival.

Sample size calculations assumed a two-sided log-rank test,
90% power at the 5% significance level, a hazard ratio of bevaci-
zumab versus control of 0.667 (improvement in median PFS from
4 to 6 months), and one interim analysis at 50% information time,
which required 265 events. Enrollment of 400 patients would
allow analysis when 66% of patients had progressed. The study
would stop at the interim analysis if the hazard ratio for PFS was
less than 0.5 (1-sided P < .0001) or greater than 1, corresponding
to an asymmetric stopping boundary (the efficacy interim analysis
was later cancelled due to delayed availability of IRF assessments).
An independent data monitoring committee reviewed all deaths,
and serious and targeted adverse events (grade 3 and 4 diarrhea,
grade 3 hand-foot syndrome, grade 3 and 4 bleeding, and any
thrombosis) monthly until December 2001. The protocol was
extended to enroll approximately 50 additional patients for PK
assessment. Data cutoff for this analysis was 28 June 2002—3
months after the last patient was randomly assigned.

Random assignment was stratified for Eastern Cooperative
Oncology Group performance status (0 or 1), number of prior
chemotherapy regimens for metastatic disease (0 or = 1), and
study site. All randomly assigned patients were included in the
efficacy (intent-to-treat) analysis. Safety analyses included only
treated patients (analyzed as treated). A two-sided stratified
log-rank test was performed at the 0.0498 level to determine
whether PFS was prolonged for the bevacizumab plus capecitab-
ine group compared with the capecitabine-alone group (type I
error of 0.01% was allocated for both the safety and can-
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celled efficacy interim analyses). An estimate of the hazard ratio
/A apecitabine With 95% Cls was determined
using a stratified Cox regression model with an indicator variable
for treatment group. Median PFS in each treatment group was
estimated using the Kaplan-Meier method. Because patients in the
bevacizumab treatment arm were permitted to remain on study if
capecitabine was discontinued for toxicity, tumor assessments
more than 42 days after discontinuation of capecitabine were
censored. Objective response rates were compared using the x*
test; overall survival comparisons used an unstratified log-rank
test. Exploratory analyses to gauge the impact of potential prog-
nostic factors on PFS were conducted using Cox regression to
estimate treatment effect within various subgroups.

Apevacizumab + capecitabine

Patient Population

A total of 462 patients were randomly assigned between
November 2000 and March 2002 at 96 US centers: 230 to
capecitabine alone and 232 to combination treatment. Fif-
teen patients randomly assigned to capecitabine alone and
three patients randomized to combination treatment never
received study treatment and were not included in the safety
analysis. Overall, 93 (20%) of the treated patients failed to
meet one or more of the eligibility criteria; major reasons
for ineligibility included prior therapy within 21 days
(n = 27), more than two regimens for metastatic disease
(n = 19), CNS involvement (n = 10), laboratory values out
of range (n = 10), no chemotherapy for metastatic disease
with relapse more than 12 months from adjuvant therapy
(n = 4), and no prior anthracycline or taxane (n = 3).
Analysis of major end points excluding ineligible patients
did not affect the outcome (data not shown); therefore,
results presented include all randomized patients. Baseline
demographic and tumor characteristics were well balanced
between treatment groups (Table 1).

Efficacy

The objective response rate (ORR) significantly im-
proved with addition of bevacizumab, as determined by
both the IRF (19.8% [95% CI, 14.7% to 25.0%] v 9.1%
[95% CI, 5.4% to 12.9%]; P = .001) and the investigators
(30.2% [95% CI, 24.3% t0 36.1%] v 19.1% [95% CI, 14.1%
t024.2%]; P = .006). The IRF and investigator disagreed on
disease progression in 105 patients (22.7%): investigator-
determined progression was not confirmed by the IRF in 79
patients, most commonly when progression was deter-
mined by physical examination. In 26 patients, progression
was determined by IRF review but not investigator review.
The combination of capecitabine and bevacizumab did
not increase PFS as determined by the IRF (hazard ratio,
0.98 [95% CI, 0.77 to 1.25]; P = .857; Figure 1A) or the
investigator (data not shown). The median duration of
response and the proportion of subjects with responses of
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Table 1. Patient Characteristics
Capecitabine +
Capecitabine  Bevacizumab
(n = 230) (n = 232)
Characteristic No. % No. %
Age, years
Mean 52 51
Range 30-77 29-78
Race
Black 25 109 30 12.9
White 185 80.4 187 80.6
Other 20 8.7 15 6.5
ECOG PS
0 115 50.0 117 50.4
1 115 50.0 114 49.1
2 0 0 1 0.4
Estrogen receptor—positive 119 517 97 41.8
Progesterone receptor—positive 96 41.7 75 32.3
HER2-positive™ 47 204 61 26.3
Duration of metastatic disease, years
Median 1.3 1.0
Range 0-19.3 0-13.2
Visceral disease 184 80.0 180 77.6
= 3 sites of disease 116  50.4 114 49.1
Prior chemotherapy regimens for MBC
0 37 16.1 35 15.1
1 98 426 107 46.1
2 87 378 79 34.1
3-5 8 3.5 1 4.7
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; MBC, metastatic breast cancer.
*"HER2-positive = 3+ by immunohistochemistry or amplification by
fluorescence in situ hybridization.

more than 4 months’ duration were similar in the two
treatment groups (Fig 1B)

At data cutoff, 38% of patients had died. The majority
of deaths (95.2%) were due to progressive disease. Two
patients in the capecitabine-alone group died while on ther-
apy: one patient suffered a cardiopulmonary arrest shortly
after initiating treatment, and a second died from a pre-
sumed pulmonary embolus during cycle 2. No treatment-
related deaths occurred during initial therapy in the
combination arm. Median overall survival was similar in
the two treatment groups (Fig 1C).

Safety

The addition of bevacizumab did not affect the fre-
quency or severity of capecitabine toxicities (Table 2). Di-
arrhea (grade 3; 10.7% in the capecitabine-alone treatment
group v 11.8% in the capecitabine plus bevacizumab treat-
ment group), hand-foot syndrome (grade 3; 24.2% in the
capecitabine alone v 27.5% in the combination therapy
group), and need for dose modifications were similar in the
two treatment groups. The mean delivered dose-intensity for
capecitabine (80%) was similar to the combination therapy of
capecitabine plus bevacizumab (75%). A total of 140 (65%) of

WWW.jco.org
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Fig 1. (A) The median progression-free survival by independent review
facility (IRF) assessment, (B) median duration of IRF-assessed objective
response, and (C) median duration of overall survival in both treatment
groups. The investigator assessment was used for three patients lacking an
IRF assessment. CAP, capecitabine; BV, bevacizumab.

215 patients in the capecitabine group required drug dose
reduction, while 181 (79%) of 229 patients in the combination
therapy group had their drug dose lowered. Twenty-nine pa-
tients (12.6%) in the capecitabine group and 28 patients
(12.2%) in the combination group discontinued treatment
due to toxicity. Eleven patients (4.8%) in the combination arm
discontinued capecitabine but continued bevacizumab alone
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Table 2. Common Capecitabine Toxicities

Capecitabine

Capecitabine + Bevacizumab

(n = 215) (n = 229)
Grade 2 Grade 3 Grade 4 Grade 2 Grade 3 Grade 4
Toxicity No. % No. % No. % No. % No. % No. %
Diarrhea 34 15.8 23 10.7 0 0 37 16.2 27 11.8 0 0
Stomatitis 1 5.1 0 0 1 0.5 16 7.0 4 1.7 0 0
Hand-foot syndrome 77 35.8 52 24.2 0 0 97 42.4 63 27.5 0 0

NOTE. National Cancer Institute Common Toxicity Criteria worst grade experienced per patient.

for at least two cycles. There were no clinically significant
infusion reactions.

Hypertension was more common in the combination
arm but was generally managed with medical therapy; no
patient experienced grade 4 hypertension (Table 3). Four
patients discontinued bevacizumab because of hyperten-
sion. Changes in preinfusion mean systolic and diastolic
blood pressure were —2.6 and —0.7 mmHg, respectively, in
the capecitabine alone group, compared with +5.5 and
+4.6 mmHg in the combination group. The risk for devel-
oping hypertension correlated only with bevacizumab
treatment; no relationship was observed with duration of
therapy or pre-existing hypertension.

Proteinuria was more common in patients receiving
combination therapy but was rarely clinically significant.
Two patients discontinued treatment because of grade 3
proteinuria. One patient subsequently developed nephrotic
syndrome; renal biopsy revealed collapsing glomerulopa-
thy. She had mild renal insufficiency at baseline (creatinine
clearance 41 mL/min) and had received pamidronate, a
drug known to be associated with collapsing glomerulopa-
thy,*>?° for nearly 2 years. The incidence of proteinuria in
patients receiving concurrent bevacizumab and pamid-
ronate was 33.9%, compared with 18.5% in patients receiv-
ing bevacizumab without pamidronate (P = .026).
Additionally, patients on the combination arm with pro-
teinuria were more likely to report hypertension (47.1% v
16.9%). Proteinuria was rare in patients receiving capecit-

abine monotherapy, and there was no increase with pam-
idronate treatment.

Bevacizumab clearly increased minor mucosal bleed-
ing. There were no grade 3 or 4 episodes of epistaxis in either
patient group. However, a difference between treatment
arms did occur for grades 1 or 2 epistaxis, with three events
(1.4%) in the capecitabine treatment arm and 36 events
(15.7%) in the capecitabine plus bevacizumab arm. Grade 3
or serious bleeding was rare and not different between
treatment groups. Grade 4 hemorrhage was not reported.
The incidence of thromboembolic events was infrequent
and similar in the two treatment groups.

Nine patients in the study developed grade 3 or 4
congestive heart failure or cardiomyopathy: two in the
capecitabine-alone group and seven in the combination
group (Table 4). Baseline left ventricular ejection fraction
(LVEF) was measured in 418 patients. Mean LVEF and
number of patients with baseline LVEF less than 50%
(14.9% capecitabine alone v 12.2% combination) were sim-
ilar in the two treatment groups. LVEF was less than 50% at
baseline in three of six bevacizumab-treated patients who
developed congestive heart failure or cardiomyopathy
(baseline LVEF not measured in one), and in one of two
control patients. Cardiac symptoms improved with medical
management in all but one patient. Two of seven affected
patients continued to receive bevacizumab therapy.

Seventy patients continued bevacizumab, either alone
or in combination with other therapies, after initial pro-

Table 3. Common Bevacizumab Toxicities
Capecitabine Capecitabine + Bevacizumab
(n = 215) (n = 229)
Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4
Toxicity No. % No. % No. % No. % No. % No. % No. % No. %
Hypertension 4 1.9 0 0 1 0.5 0 0 9 3.9 4 1.7 41 17.9 0 0
Proteinuria 14 6.5 2 0.9 0 0 0 0 42 18.3 7 3.1 2 0.9 0 0
Bleeding 19 8.8 4 1.9 1 0.5 0 0 60 26.2 5 2.2 1 0.4 0 0
Thrombotic event 0 0 4 1.9 5 2.3 3 1.4 1 0.4 3 1.3 9 3.9 4 1.7
Pulmonary embolism 0 0 0 0 0 0 3 1.4 0 0 0 0 0 0 8 1.3
NOTE. National Cancer Institute Common Toxicity Criteria worst grade experienced per patient.

796

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from jco.ascopubs.org on March 22, 2014. For personal use only. No other uses without permission.
Copyright © 2005 American Society of Clinical Oncology. All rights reserved.



Bevacizumab/Capecitabine in Breast Cancer

Table 4. Other Common Toxicities
Capecitabine Capecitabine + Bevacizumab
(n = 215) (n = 229)
Grade 2 Grade 3 Grade 4 Grade 2 Grade 3 Grade 4
Toxicity No. % No. % No. % No. % No. % No. %
Hematologic
Anemia 8 3.7 1 0.5 0 0 12 5.2 4 1.7 0 0
Leukopenia 10 4.7 3 1.4 3 1.4 15 6.6 6 2.6 0 0
Thrombocytopenia 2 0.9 1 0.5 0 0 4 1.7 3 1.3 1 0.4
Gastrointestinal
Nausea 30 14.0 4 1.9 0 0 33 14.4 6 2.6 0 0
Anorexia 17 7.9 5 2.3 0 0 25 10.9 2 0.9 0 0
Constipation 11 5.1 0 0 0 0 14 6.1 1 0.4 0 0
Cardiac
Congestive heart failure 0 0 0 0 1 0.5 0 0 5 2.2 0 0
Cardiomyopathy 0 0 0 0 1 0.5 0 0 1 0.4 1 0.4
Infectious
Infection 24 11.2 1 0.5 0 0 27 11.8 2 0.9 0 0
Fever 6 2.8 2 0.9 0 0 3 1.3 1 0.4 0 0
Miscellaneous
Asthenia 35 16.3 10 4.7 4 1.9 58 25.3 14 6.1 3 1.3
Headache 9 4.2 1 0.5 0 0 26 1.4 4 1.7 0 0
Pain 20 9.3 4 1.9 0 0 24 10.5 7 3.1 0 0
NOTE. National Cancer Institute Common Toxicity Criteria worst grade experienced per patient.

gression. There were no new toxicities observed or safety
issues that emerged in any of the patients.

PK

Bevacizumab PK parameters were estimated in 35 pa-
tients. Consistent with prior studies, bevacizumab had a
long terminal half-life (23.1 day) and a mean clearance
value of 2.08 mL/kg/d. Concentration increased with mul-
tiple doses and reached steady-state by week 18. Capecitab-
ine AUC was determined in approximately 20 patients per
arm. Dose-normalized AUCs for the three capecitabine-
related moieties were similar in the two groups.

QoL

A total of 370 subjects completed baseline, and at least
one subsequent QOL assessment (176 controls, 194 combi-
nation therapy subjects). Time to deterioration in QOL did
not differ between treatment groups (2.86 v 2.92 months;
P = .633). Detailed QOL analysis will be reported separately.

We report the first completed phase III trial of antiangio-
genic therapy in patients with MBC. The patients enrolled
had received prior anthracycline and taxane therapy; most
had visceral involvement. Treatment was based on capecit-
abine, the only US Food and Drug Administration—ap-
proved chemotherapeutic in this refractory population.

WWW.jco.org

The addition of bevacizumab to capecitabine therapy
was generally well tolerated, with no significant increase in
capecitabine-related toxicities. Though the majority of pa-
tients required capecitabine dose modification, excellent
dose-intensity was maintained. The incidence of grade 3
hand-foot syndrome in our study (approximately 25%) is
higher than in previous reports (approximately 10% to
13%).%*” This difference may be attributed to increased
investigator awareness of hand-foot syndrome and the dif-
ferent toxicity grading scales used. We assessed toxicity
according to NCI-CTC criteria, which defines skin changes
with pain interfering with function as a grade 3 toxicity. In
contrast, previous studies used the NCIC-CTC (National
Cancer Institute of Canada CTC) scale, which defines pain
interfering with function as a grade 2 toxicity.

Bevacizumab-associated toxicities were well pre-
dicted by the phase II experience and rarely limited
therapy.'®?*?® Hypertension requiring initiation or ad-
justment of prior antihypertensive therapy occurred in
18% of patients. Proteinuria developed in 22% of pa-
tients (predominantly grade 1). An apparent association
between hypertension and proteinuria was noted in the
combination arm: patients with proteinuria were more
likely to develop hypertension (47.1% v 16.9%; P < .001)
than patients who did not develop proteinuria. Throm-
boembolic events were infrequent and similar in the
two treatment arms. Bleeding was primarily limited to
minor mucosal oozing that did not require medical
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intervention; serious hemorrhage was rare and was not
increased in bevacizumab-treated patients.

An apparent increase (two v seven cases) in congestive
heart failure and cardiomyopathy occurred in the
bevacizumab-treatment arm, but the small number of
events makes this association uncertain. All patients had
prior anthracycline exposure, three of seven had received
left chest wall radiation, and three had an LVEF less than
50% at study entry. In a previous phase II study, two of 75
breast cancer patients treated with bevacizumab mono-
therapy also developed congestive heart failure. Both had
received prior anthracyclines and chest wall radiation; one
had metastatic involvement of the pericardium."® The asso-
ciation between the cardiac dysfunction, prior anthracy-
cline exposure, and bevacizumab therapy is unclear.

The addition of bevacizumab to capecitabine clearly
increased response rates, whether assessed by the IRF or the
investigators, without significantly adding to the overall
toxicity of the treatment regimen. Despite improvement in
ORR, the duration of the responses was short with respect to
PES, and the proportion of long-term responders was similar
in the two groups. The challenge now is to better understand
how to exploit this activity. While it is possible that a negative
interaction occurred between bevacizumab and capecitabine,
the increased ORR and absence of augmented capecitabine
toxicity makes this an unlikely explanation.

There are several possible explanations why the study
did not meet its primary end point. This study used bevaci-
zumab as a general therapy given on a population basis,
rather than as a targeted therapy given to patients with a
specific molecular phenotype. Methods to select those pa-
tients most likely to benefit from VEGF-directed therapies
need to be developed. Analysis of primary tumor samples
for pathologic factors correlating with response to bevaci-
zumab is ongoing. Initial results were limited by the small
number of patients contributing samples, and did not
clearly identify a patient subset more likely to benefit from
combined therapy.* Full results of correlative pathology
studies will be reported separately.

The results of this study suggest that the optimal time
to intervene with an antiangiogenic agent may be earlier in
the course of disease. Angiogenic pathways become more
numerous and redundant as breast cancer progresses.””
Thus, it is unlikely that inhibition of a single factor or
pathway would produce a sustained clinical effect in pa-
tients with previously treated, highly refractory disease. It is
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also unlikely that advanced breast cancer is VEGE-
independent, but increased expression of other angiogenic
factors render VEGF less critical for continued tumor growth.
As such, future trials should focus on patients with less ad-
vanced disease when fewer redundant angiogenic pathways
exist. In a recently completed study, addition of bevacizumab
to first-line chemotherapy (irinotecan, FU/leucovorin) in pa-
tients with metastatic colorectal cancer increased ORR, ex-
tended the duration of response, and prolonged PES and
overall survival.’! The increased ORR in our study and the
results of the metastatic colorectal cancer trial further support
the investigation of bevacizumab in patients with less refrac-
tory breast cancer. A phase 111 trial evaluating bevacizumab in
combination with paclitaxel in chemonaive MBC patients
(E2100) completed accrual in May 2004.
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