
A Phase II Study of Pazopanib in Patients with Recurrent or
Metastatic Invasive Breast Carcinoma: A Trial of the Princess

Margaret Hospital Phase II Consortium

SARA K. TAYLOR,a,b,c STEPHEN CHIA,a,d SUSAN DENT,a,e MARK CLEMONS,a,b,e MARK AGULNIK,a,b,f

PAMELA GRENCI,a,b LISA WANG,a,b AMIT M. OZA,a,b PERCY IVY,g KATHLEEN I. PRITCHARD,a,c,h

NATASHA B. LEIGHLa,b

aPrincess Margaret Hospital Phase II Consortium, Toronto, Canada; bPrincess Margaret Hospital/University
Health Network, Toronto, Canada; cSunnybrook Odette Cancer Centre, Toronto, Canada; dBritish Columbia
Cancer Agency, Vancouver, Canada; eThe Ottawa Hospital Cancer Centre, Ottawa, Canada; fNorthwestern

University, Feinberg School of Medicine, Chicago, Illinois, USA; gNational Cancer Institute Cancer Therapy
Evaluation Program, Bethesda, Maryland, USA; hDepartment of Medicine, University of Toronto,

Toronto, Canada

Key Words. Breast neoplasms • Pazopanib • Targeted therapy • Phase II

Disclosures: Sara K. Taylor: None; Stephen Chia: Consultant/advisory role: GlaxoSmithKline; Susan Dent: Honoraria:
GlaxoSmithKline; Mark Clemons: Consultant/advisory role: GlaxoSmithKline; Mark Agulnik: None; Pamela Grenci: None;
Lisa Wang: None; Amit M. Oza: None; Percy Ivy: None; Kathleen I. Pritchard: Consultant/advisory role: ASCO Board of
Directors; Expert testimony: AstraZeneca, Novartis. Natasha B. Leighl: None. This article discusses the investigational use of
pazopanib in breast cancer.

The content of this article has been reviewed by independent peer reviewers to ensure that it is balanced, objective, and free from
commercial bias. No financial relationships relevant to the content of this article have been disclosed by the independent peer
reviewers.

ABSTRACT

Purpose. Angiogenesis is an important hallmark of
breast cancer growth and progression. Pazopanib, an
oral small molecule inhibitor of vascular endothelial
growth factor receptor, platelet-derived growth fac-
tor receptor, and KIT, has activity across a range of
solid tumors. We evaluated the activity of single-
agent pazopanib in recurrent or metastatic breast
cancer (MBC).

Patients and Methods. Patients with recurrent breast
cancer or MBC, treated with up to two prior lines of
chemotherapy, were eligible to receive pazopanib, 800
mg daily until progression. The primary endpoint was

the objective response rate as measured by Response
Evaluation Criteria in Solid Tumors. Secondary end-
points included time to progression, the stable disease
rate, and toxicity. Using a two-stage design, confirmed
response in three of 18 patients was required to proceed
to stage 2.

Results. Twenty evaluable patients were treated,
with a median age of 56 years; 70% were estrogen re-
ceptor positive, all were human epidermal growth
factor receptor 2 negative. The majority had one or
two prior lines of chemotherapy. One patient (5%)
had a partial response, 11 (55%) had stable disease
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(SD) [four (20%) with SD >6 months], and seven
(35%) had progressive disease as their best response.
One (5%) was not evaluable. The median time to pro-
gression was 5.3 months. Pazopanib did not cause sig-
nificant severe toxicity aside from grade 3– 4
transaminitis, hypertension, and neutropenia in three
patients each (14% each) and grade 3 gastrointestinal

hemorrhage in one patient (5%).
Conclusion. Pazopanib provides disease stability in

advanced breast cancer. The activity seen is comparable
with that of other antiangiogenic agents in this setting.
Pazopanib may be of interest for future studies in breast
cancer, including in combination with other systemic
agents. The Oncologist 2010;15:810–818

INTRODUCTION

Breast cancer is a leading cause of cancer mortality in
women [1]. Metastatic breast cancer is considered incur-
able, with a median survival time of 20–24 months [2, 3].
Despite advances in systemic therapy, there has been only a
modest improvement in survival in the past few decades,
thus better agents are needed [3].

Angiogenesis is a key process in the growth and survival
of breast cancer cells. A number of key proangiogenic fac-
tors, including vascular endothelial growth factor (VEGF)
and its receptors (VEGFRs) [4, 5] and the class III receptor
tyrosine kinases platelet-derived growth factor receptor
(PDGFR) [6, 7] and stem cell factor receptor (KIT), are
overexpressed in breast cancer [8–10]. Many of these are
associated with a poor prognosis [11–14] and a poor re-
sponse to systemic chemotherapy in advanced breast cancer
patients [13–15].

VEGF inhibitors have shown efficacy in cancer, includ-
ing breast cancer [16]. Combined targeting of both VEGFR
and PDGFR-� has shown promise in preclinical models
[17]. The growth factors VEGF and PDGF are also known
to promote lymphangiogenesis, thereby leading to nodal
metastasis [18]. Therefore, a combined approach directed at
multiple targets with a multikinase inhibitor to suppress an-
giogenesis and lymphogenesis is an attractive proposition
[19].

Pazopanib (Votrient™; GlaxoSmithKline, Philadel-
phia) is an oral small molecule tyrosine kinase inhibitor of
VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-�, PDGFR- �,
and KIT [20]. A phase I study of pazopanib in 63 patients
with relapsed or refractory solid tumors, including five with
breast cancer, reached doses up to 2,000 mg daily. The
maximum-tolerated dose was not reached [21]. Because the
steady-state exposure to pazopanib was saturated at doses
of 800–2,000 mg daily, the 2,000 mg/day cohort was not
fully evaluated. Antitumor activity was seen with daily
doses �800 mg, and this was well tolerated. No further in-
crease in plasma concentration of pazopanib was seen with
higher doses; therefore, the 800-mg dose was selected as
the recommended phase II dose for future trials. Pazopanib

has been approved by the U.S. Food and Drug Administra-
tion for the treatment of advanced renal cell carcinoma [22].

Here, we report the results of a multicenter, open-label,
single-arm, phase II trial to evaluate the safety and efficacy
of pazopanib in human epidermal growth factor receptor
(HER)-2 nonoverexpressing recurrent breast cancer or met-
astatic breast cancer (MBC) patients.

MATERIALS AND METHODS

Patients
The study population consisted of patients aged �18 years
with histologically or cytologically confirmed incurable re-
current breast cancer or invasive MBC. Patients were per-
mitted up to two lines of prior chemotherapy (including
neoadjuvant or adjuvant), had no limit on lines of endocrine
therapy, and were required to have adequate hematologic,
renal, and hepatic function, adequately controlled blood
pressure (�140/90 mmHg), an Eastern Cooperative Oncol-
ogy Group performance status score of 0 or 1, and measur-
able disease by the Response Evaluation Criteria in Solid
Tumors (RECIST) [23]. Patients were excluded for serious
comorbidities, known brain metastasis, and prior bevaci-
zumab or other angiogenesis inhibitor therapy.

Study Design
In this single-arm, open-label, phase II study, patients were
recruited from three Canadian cancer centers in the Princess
Margaret Hospital Phase II Consortium. The primary end-
point was antitumor efficacy measured by the objective re-
sponse rate (ORR) per the RECIST. Secondary endpoints
included the duration of response, rate and duration of sta-
ble disease (SD), 6-month progression-free survival (PFS)
rate, time to progression (TTP), overall survival, and safety
and tolerability of pazopanib. Duration of response was
measured from the date of first response to the date of pro-
gression as measured by the RECIST. SD duration was
measured from the start of treatment until progression. PFS
was measured from the date of study enrollment to disease
progression, death, or last contact, or last tumor assessment
before the start of further antitumor therapy. Prolonged SD
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(pSD), defined as SD lasting �6 months, and the clinical
benefit rate (CBR), defined as the rate of complete re-
sponse, partial response (PR), and pSD, were determined
but were not prospectively defined in the protocol.

This study was approved by the local institutional ethics
boards. All patients provided written informed consent.

Treatment
Patients self-administered pazopanib, 800 mg orally, daily
continuously in 28-day cycles, and kept a medication diary,
which was reviewed by a study nurse to confirm compli-
ance. Treatment was continued until disease progression,
unacceptable toxicity, or patient request to discontinue.
Dose reductions (200-mg increments to a minimum of 400
mg/day) or delays were instituted according to the occur-
rence of treatment-related adverse events as specified in the
protocol. The pazopanib dose was reduced (or held for up to
14 days) for grade �3 nonhematologic or grade �4 hema-
tologic adverse events related to pazopanib and lasting �5
days that persisted at grade �3 despite maximum support-
ive care for �48 hours. Patients were removed from the
study if the adverse event did not resolve to grade �2 after
treating at the lowest (e.g., 400 mg) dose reduction. Specific
additional measures included dose reductions for persistent
grade 2 hypertension and treatment delays for grade 2 hem-
orrhage until resolution to grade �1, and then treatment
was reinstituted at a reduced dose. Treatment was discon-
tinued for grade �3 hemorrhage.

Assessments
Baseline investigations were performed within 4 weeks of
starting study treatment and included a history, physical ex-
amination, laboratory tests (CBC, international normalized
ratio, partial thromboplastin time, serum chemistry, serum
creatinine, urinary protein assessment), electrocardiogram,
and radiologic imaging of the tumor via computed tomog-
raphy or magnetic resonance imaging. Patients had a phys-
ical examination and blood tests every 4 weeks and tumor
imaging every 8 weeks until tumor progression. Patients
kept a diary of self-monitored blood pressure readings
twice daily, and blood pressure was recorded every other
week by the study nurse.

Adverse events were graded according to the National
Cancer Institute Common Terminology Criteria for Ad-
verse Events, Version 3.0. Patients removed from study for
unacceptable adverse events were followed until resolution
or stabilization of the adverse event.

Statistical Methods
A Simon two-stage phase II design with a null hypothesis of
an RR of 10% and an alternative hypothesis of an RR of

30% (� level, 0.047; � level, 0.098) was used [24]. In the
first stage, 18 evaluable patients were to be enrolled. If three
or more responses were observed, an additional 17 evalu-
able patients would be enrolled in stage 2 for a total of 35
evaluable patients. The drug would be considered active if
seven or more responses were seen in 35 patients (�20%
ORR). Survival estimates and time-to-event variables were
computed using the Kaplan–Meier method. All patients
were evaluable for toxicity from the time of their first dose
of pazopanib. As an exploratory analysis, RRs and time-to-
event variables were compared according to the develop-
ment of hypertension.

RESULTS

Patient Demographics and
Disease Characteristics
Twenty-one female patients were enrolled from August
2007 to June 2008. All received at least one dose of pazo-
panib and were included in the toxicity analysis. One was
nonevaluable because she was withdrawn during the first
week of treatment after the discovery of brain metastases.
Another withdrew early for toxicity, including grade 3
headache, hypertension, and chest pain, and did not have
tumor measurements for response, but she was included in

Table 1. Patient baseline demographics and disease
characteristics (n � 20)

Characteristic Value

Median age (range), yrs 56 (33–80)

Gender (female:male) 20:0

ECOG performance status score (0:1) 9:11

Estrogen receptor positive 14 (70%)

Human epidermal growth factor receptor
2/neu amplification/overexpression

0

Stage at study entry

Metastatic 17 (85%)

Incurable recurrent 3 (16%)

n of prior CT regimensa (0:1:2) 2:14:4

Prior therapy

Neoadjuvant CT 2 (11%)

Adjuvant CT 13 (65%)

Palliative CT 13 (65%)

Radiotherapy 16 (80%)

Prior anthracycline 14 (70%)

Prior taxane 9 (45%)
aCT given in any line (e.g., neoadjuvant, adjuvant, or
palliative).
Abbreviations: CT, chemotherapy; ECOG, Eastern
Cooperative Oncology Group.
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the response assessment as not evaluable. Because of si-
multaneous accrual, the target for stage I accrual was ex-
ceeded and 20 patients were ultimately evaluated for
response.

The baseline demographic and disease characteristics of
the evaluable patients are shown in Table 1. Three patients
(15%) presented with de novo MBC. Thirteen patients (65%)
had received prior chemotherapy for advanced disease.

Treatment
The median number of treatment cycles was three (range,
1–20) in the 20 evaluable patients (Table 2). Fifteen (75%)
discontinued treatment because of progressive disease and
five (25%) discontinued treatment because of adverse
events, including: grade 3 headache (n � 1), grade 3
transaminitis (n � 1), grade 2 dyspepsia and weight loss
(n � 1), grade 3 headache, hypertension, and chest pain
(n � 1), and grade 3 gastrointestinal hemorrhage (n � 1).
Two patients had treatment delays, and 12 had dose reduc-
tions (four to 600 mg, eight to 400 mg).

Efficacy
Two patients had a PR, but only one was confirmed (5%),
which did not meet the predefined criteria to expand to stage 2
of the study. Eleven (55%) had SD (four of whom had pSD,
20%) and seven (35%) had progressive disease (PD) as their
best response, and one (5%) was not evaluable. At 6 months,
22% of patients (95% confidence interval [CI], 8%–58%)
were progression free. The median overall survival time was
12.8 months (95% CI, 7.6 months to not reached) (Table 2).
The CBR was 25% (n � 5 patients). The median TTP was 5.3
months (95% CI, 1.8–9.0) (Fig. 1).

Ten patients (50%) had at least some decrease in their tar-
get lesions, as seen in Figure 2 (waterfall plot demonstrating
the maximal tumor shrinkage). Two patients did not have tu-
mor measurements available—one because of PD based on
new lesions and the other withdrew from the study prior to the
first response assessment. Six of these 10 patients had one line
of prior chemotherapy for advanced disease.

The responding patient had estrogen receptor (ER)�

breast cancer with bone and visceral metastases, had prior
adjuvant chemotherapy only, and had completed four cy-
cles of treatment with pazopanib before stopping for toxic-
ity (grade 2 heartburn and weight loss). The patient who
was on treatment for 20 cycles had ER� locally advanced
breast cancer, and had received prior docetaxel only for ad-
vanced disease. That patient had ongoing hypertension
(maximum, grade 3), requiring two dose reductions to 400
mg, and later her disease progressed.

Of the 12 patients who had SD or a PR, nine (75%) devel-
oped hypertension, whereas three of the seven (43%) who had

PD developed hypertension (p � .33). Development of hyper-
tension was associated with a longer TTP—5.3 months (95%
CI, 3.7 months to not reached), versus 1.7 months (95% CI, 1.6
months to not reached) in those without hypertension.
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Figure 1. Time to progression of single-agent pazopanib in
metastatic or recurrent breast cancer (median, 5.3 months;
95% confidence interval (CI), 1.8–9.0).

Table 2. Results (n � 20)

Measure Result

Median n of cycles/patient (range) 3 (1–20)
Median n of cycles in patients
with SD or PR (range)

6 (2–20)

Reason for treatment
discontinuation

PD 15 (75%)
Adverse event 5 (25%)

Best response
CR 0
PR 1 (5%)
SD 11 (55%)
PD 7 (35%)
NE 1 (5%)

Median duration of response
and/or SD (range)

5.3 mos (2–20
mos)

Progression free at 6 mos
(95% CI)

22% (8%–58%)

Median time to progression
(95% CI)

5.3 mos (1.8–
9.0 mos)

Median overall survival
(95% CI)

12.8 mos (7.6
to not reached)

Clinical benefit rate (CR, PR, or
SD �6 mos)

5 (25%)

Abbreviations: CI, confidence interval; CR, complete
response; NE, not evaluable; PD, progressive disease; PR,
partial response; SD, stable disease.
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Safety
Tables 3 and 4 list the common adverse events deemed at
least possibly related to pazopanib and include all 21 pa-
tients who received at least one dose of study drug. The
most common grade 3 events were elevations in aspartate
aminotransferase (n � 3, 14%), hypertension (n � 3, 14%),
and neutropenia (n � 3, 14%).

There were no grade 5 adverse events, but there was one
grade 4 adverse event. Grade 4 alanine aminotransferase
(ALT) elevation was seen in one patient, during cycle 2 of
study treatment; treatment was held and the dose was re-
duced with improvement, and the ALT later normalized
when the patient stopped therapy at her request.

In contrast to effects observed in other studies with pa-
zopanib, there were no arterial thromboembolic events ob-
served.

DISCUSSION

Here, we report the safety and efficacy of single-agent pa-
zopanib in advanced recurrent breast cancer or MBC. Al-
though dose reductions resulting from adverse events were
often required, pazopanib did not cause significant severe
toxicity, with a low incidence of grade 4 events and no treat-
ment-related deaths. The trial did not meet the predefined
response criteria for proceeding to stage 2, and was there-
fore terminated. The majority of the toxicities seen are in

keeping with those reported with other drugs causing
VEGF inhibition (hypertension, gastrointestinal hemor-
rhage in one patient), KIT inhibition (skin hypopigmenta-
tion), and transaminitis and gastrointestinal toxicity, as
commonly seen with other small molecule tyrosine kinase
inhibitors.

In our study, there was evidence of disease stabilization
(rate, 55%) with pazopanib, with a median TTP of 5.3
months (95% CI, 1.8–9.0). Half of the patients had a de-
crease in their target lesion size. A PR or SD occurred in 12
patients (60%), with prolonged SD in four patients (20%),
for a total CBR of 25%. These results suggest that there
may be cytostatic activity of pazopanib in advanced
breast cancer.

It is of note that the use of RR as a primary endpoint in
breast cancer clinical trials of molecularly targeted agents
may have limited utility. Tumor shrinkage is often modest
and the majority of the activity may be through disease sta-
bilization. Therefore setting ORR as the primary endpoint
may result in stopping the development of a potentially
clinically important drug. Higher RRs also do not necessar-
ily translate into a survival benefit, the gold standard for
endpoints in oncology trials [25]. Conversely, VEGF inhib-
itors can yield a survival advantage when added to cyto-
toxic chemotherapy in solid tumors, with only a modest
improvement in response, as demonstrated in colorectal
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+This patient had a nadir of < 30% but had only stable disease on confirmatory imaging
∆ Of the 20 evaluable patients, only 18 had follow-up measurements of their target tumors 

Figure 2. Target lesion response to pazopanib in metastatic or recurrent breast cancer (n � 18�).
Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease.
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cancer patients [26]. Therefore, the use of time-to-event
endpoints such as TTP or PFS may be more appropriate in
clinical trials of angiogenesis inhibitors [27].

Pazopanib appears to have single-agent activity, includ-
ing the CBR and TTP, similar to that of other targeted in-
hibitors of angiogenesis in advanced pretreated breast
cancer, such as sunitinib (6-month CBR, 16%; median
TTP, 2.3 months) [28], bevacizumab (5-month CBR, 17%;
median TTP, 2.4 months) [29], and sorafenib (6-month
CBR, 10%–13%; median TTP, 1.9 months) [30, 31]. The
PFS rate was also similar in our study, with 22% of patients
progression free at 6 months (sunitinib, 15%; bevacizumab at
5 months, 16%; sorafenib, 10%). There were obvious differ-
ences in the patient populations and definitions of endpoints
among these studies. Our study of single-agent pazopanib was
powered to detect an RR of �20%, a larger difference than in
the other trials. Despite these factors, pazopanib had a higher
CBR (25%). However, one must interpret intertrial compari-
sons with great caution given differences in design, patient
characteristics, and sample size.

Although pazopanib did not demonstrate efficacy in in-
ducing response as a single agent, it may be useful in studies
of combination therapy, although the dose may need to be
reduced when used in combination to improve tolerability.
Bevacizumab has demonstrated superior RRs and PFS rates

in phase III trials when combined with taxanes, anthracy-
clines, or capecitabine as first-line therapy in MBC patients
[32–34]. A phase III study of the addition of bevacizumab
to capecitabine in MBC patients also demonstrated a signif-
icantly higher RR [35].

The future of therapy in breast cancer may include com-
binations of targeted agents based on multiple biological
pathway activation, redundancy in pathways, and crosstalk
between pathways. Pazopanib and lapatinib (an oral inhib-
itor of epidermal growth factor receptor and HER-2) have
been combined for dual signaling pathway blockade in
HER-2� advanced breast cancer or MBC patients [36, 37].
In a randomized phase II study, patients received daily
treatment with pazopanib, at 400 mg, plus lapatinib (1,000
mg) (n � 69) or lapatinib (1,500 mg) alone (n � 72). The
primary endpoint, the 12-week PD rate, was 36.2% in the
combination arm versus 38.9% (p � .37) in the lapatinib
arm. The estimated PFS rate at 12 weeks was 84.1% in the
combination arm versus 63.2% in the lapatinib arm (hazard
ratio, 0.41; p � .0091). The ORR at week 12 was 44.9%
versus 27.8% (p-value not reported), in favor of the combi-
nation. Almost all patients in the combination arm had a de-
crease in their target lesions [36]. These results suggest that

Table 3. Laboratory adverse events at least possibly
related to pazopanib (n � 21a)

Toxicity

n of
patients,
any
grade

n of
patients,
grade 1
or 2

n of
patients,
grade 3
or 4b

Leukopenia 14 (67%) 12 (57%) 2 (10%)

Lymphopenia 13 (62%) 11 (52%) 2 (10%)

Alanine
aminotransferase

11 (52%) 9 (43%) 2 (10%)

Neutropenia 10 (48%) 7 (33%) 3 (14%)

Aspartate
aminotransferase

10 (48%) 7 (33%) 3 (14%)

Alkaline phosphatase 5 (24%) 5 (24%) 0

Bilirubinemia 5 (24%) 5 (24%) 0

Hypoglycemia 5 (24%) 4 (19%) 1 (5%)

Anemia 4 (19%) 4 (19%) 0

Hypokalemia 4 (19%) 3 (14%) 1 (5%)

Thrombocytopenia 3 (14%) 3 (14%) 0

Hyperglycemia 2 (10%) 1 (5%) 1 (5%)

Hypophosphatemia 2 (10%) 1 (5%) 1 (5%)
aIncludes all patients who received at least one dose of
study treatment.
bThe only grade 4 event was alanine aminotransferase
elevation in one patient.

Table 4. Clinical adverse events at least possibly related
to pazopanib (n � 21a)

Toxicity

n of
patients,
any
grade

n of
patients,
grade 1
or 2

n of
patients,
grade 3b

Diarrhea 13 (62%) 12 (57%) 1 (5%)

Fatigue 12 (57%) 11 (52%) 1 (5%)

Skin/hair
hypopigmentation

12 (57%) 12 (57%) 0

Hypertension 11 (52%) 8 (38%) 3 (14%)

Nausea 10 (48%) 10 (48%) 0

Headache 9 (43%) 8 (38%) 1 (5%)

Anorexia 8 (38%) 8 (38%) 0

Vomiting 7 (33%) 7 (33%) 0

Proteinuria 7 (33%) 7 (33%) 0

Blurred vision 3 (14%) 2 (10%) 1 (5%)

Gastrointestinal
hemorrhage

1 (5%) 0 1 (5%)

Esophagitis 1 (5%) 0 1 (5%)

Fever 1 (5%) 0 1 (5%)

Glaucoma 1 (5%) 0 1 (5%)

Pneumonitis 1 (5%) 0 1 (5%)
aIncludes all patients who received at least one dose of
study treatment.
bThere were no grade 4 clinical adverse events.
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pazopanib has activity when administered with HER-2–
directed therapy as combined targeted therapy, but this
strategy may be limited by toxicity.

Given that traditional endpoints such as RR may not be
useful with agents such as pazopanib, biomarkers for re-
sponse to VEGF-directed therapy are needed to identify pa-
tients most likely to benefit from such treatment. Currently,
there are no such validated predictive clinical biomarkers
[38, 39].

Clinical trials in various solid tumors have shown that
a higher RR or PFS rate when treating with angiogenesis
inhibitors (including pazopanib) is associated with vari-
ous markers, such as plasma VEGF levels and other an-
giogenic factors, circulating endothelial cells, and
monocytes [40 – 43]. Correlative studies of biomarkers
were not performed in the current trial. Recent studies
have also examined class side effects of anti-VEGF ther-
apy as possible predictive markers. When patients with
various solid tumors were treated with axitinib, develop-
ment of diastolic hypertension was associated with a sig-
nificantly higher RR and lower risk for death [44].
Comparable findings were seen with cediranib in ad-
vanced non-small cell lung cancer, whereby patients who
developed hypertension had a significantly higher RR
and PFS rate [45]. In a phase III study of paclitaxel with
or without bevacizumab in advanced breast cancer, pa-
tients in the bevacizumab arm who developed hyperten-
sion survived longer than those who did not [46].

In our study of pazopanib, nine of the 12 patients
(75%) who had SD or a PR developed hypertension,
whereas only three of the seven (43%) who had PD de-
veloped hypertension (p � .33). Similarly, the TTP was
longer in patients who developed hypertension—5.3
months (95% CI, 3.7 months to not reached), versus 1.7
months (95% CI, 1.6 months to not reached) in those who
did not. These observations are exploratory and are not
powered to draw any significant conclusions. Hyperten-
sion as a predictive marker of response to antiangiogenic
therapy needs to be further validated in prospective
phase III studies. Furthermore, an understanding is re-
quired of the mechanism by which hypertension impacts

response to antiangiogenic therapy, whether it be by
pharmacokinetics, pharmacodynamics, pharmacog-
enomics, duration of therapy, or any combination of
these possible factors.

In conclusion, this multicentre phase II study of single-
agent pazopanib in advanced breast cancer or MBC patients
did not meet the predefined criteria for efficacy and there-
fore the trial was closed to accrual after stage I. However,
based on the suggestion of cytostatic activity demonstrated
in this trial, the clinical benefit of pazopanib in breast can-
cer should be explored further in combination with sys-
temic therapy and/or other targeted agents. Clinical trials of
similar targeted agents in breast cancer should consider us-
ing more relevant endpoints that take into account the
mechanism of action of the agent and intrinsic biology of
the breast cancer. Doing so may prevent the early dismissal
of a compound that has some potential benefit in the treat-
ment of MBC.
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