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ABSTRACT

Pazopanib is a recently approved, novel tyrosine kinase
inhibitor specifically designed to impair angiogenesis by
abrogating vascular endothelial growth factor receptor
2 (VEGFR-2) to exert its function. Pazopanib inhibits
VEGF-induced endothelial cell proliferation in vitro
and angiogenesis in vivo and demonstrates antitumor
activity in mouse models. Furthermore, the pazopanib
concentration resulting in maximal inhibition of
VEGFR-2 phosphorylation in vivo was in line with the
steady-state concentration required to inhibit growth of
tumor xenografts, suggesting that pazopanib’s mecha-
nism of action is indeed through VEGFR-2 inhibition.

In a phase I trial, a generally well-tolerated dose was
identified at which the majority of patients achieved pa-
zopanib plasma concentrations above the concentration

required for maximal in vivo inhibition of VEGFR-2
phosphorylation in preclinical models. Administered as
monotherapy, evidence of antitumor activity was ob-
served in phase II studies in several tumor types, includ-
ing soft tissue sarcoma, renal cell cancer (RCC), ovarian
cancer, and non-small cell lung cancer. Recently, the
U.S. Food and Drug Administration granted approval
for treatment with pazopanib in patients with RCC
based on the longer progression-free survival time ob-
served with this agent in a placebo-controlled, random-
ized trial. This review summarizes the preclinical and
clinical pharmacokinetics and pharmacodynamics of
pazopanib, as well as data on clinical activity, that ulti-
mately resulted in its recent approval. The Oncologist
2010;15:539–547

INTRODUCTION

The advent of tyrosine kinase inhibitors (TKIs) has con-
siderably changed the daily practice of oncology. This
type of anticancer agent can be classified within the
larger group of the so-called cancer(-cell)-specific ther-
apies, and several of these compounds also target infil-

trating host cells supporting tumor growth, such as
endothelial cells and fibroblasts. Over the last several
years, major advances have been made in elucidating the
pathogenesis of tumor growth and metastasis. This has
resulted in the identification of numerous tumor growth–
driving factors, such as vascular endothelial growth fac-
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tor receptor 2 (VEGFR-2) and platelet-derived growth
factor receptor (PDGFR). By inhibiting the activity of
these factors, it was aimed to specifically intervene in tu-
mor pathogenesis and to avoid untoward effects on nor-
mal cells.

After the introduction of imatinib, the first TKI used
in solid tumors, the therapeutic armamentarium in solid
malignancies was expanded by registration of several
other TKIs. These include the epidermal growth factor
receptor (EGFR) inhibitors erlotinib and gefitinib, the
dual EGFR and human epidermal growth factor receptor
(HER)-2 inhibitor lapatinib, and the VEGFR inhibitors
sunitinib, sorafenib, and, recently, pazopanib. Impor-
tantly, none of the TKIs are entirely specific for one tar-
get. In particular, the VEGFR inhibitors target a wide
spectrum of kinases, including the PDGFR and fibroblast
growth factor receptor (FGFR). Additionally, sorafenib
is also a strong Raf inhibitor.

In addition to different mechanisms of action with re-
gard to antitumor activity, TKIs are also characterized by
a toxicity pattern that is substantially different from that
of conventional cytotoxic agents. Furthermore, the need
to administer these agents more or less continuously ne-
cessitates a different assessment of tolerability than with
classic cytotoxic drugs. Compliance with anticancer
therapy, and therefore its success, is, to a large extent,
determined by its toxicity and tolerance. Therefore, get-
ting insight into the mechanisms accounting for TKI-
mediated toxicity and its manageability is of great
importance.

Pazopanib (GW786034), a synthetic indazolylpyrimi-
dine, is a novel multitargeted TKI targeting several tumor
and tumor environment factors thought to play an important
role in a broad spectrum of tumor types. The first outcomes
of several phase II studies have been reported, suggesting an-
titumor activity in patients with diverse tumor types and show-
ing that pazopanib is generally well tolerated. Recently, the
first phase III data became available, resulting in approval of
this agent by the U.S. Food and Drug Administration (FDA)
for the treatment of patients with renal cell cancer (RCC). Cur-
rently, phase III trials in other tumor entities are ongoing. As
described, multiple kinases are inhibited by pazopanib. How-
ever, the observation that bevacizumab, a pure VEGF inhibi-
tor, also has activity in patients with RCC strongly suggests
that pazopanib’s mechanism of action in RCC is largely
through VEGFR-2 inhibition. Importantly, it is conceivable
that its antitumor effect in other types of cancer depends on
inhibition of receptors other than VEGFR-2.

This review summarizes the preclinical and clinical
pharmacokinetics (PK) and pharmacodynamics of pazo-
panib as well as data on its clinical activity.

PRECLINICAL DATA

Mechanism of Action
Angiogenesis plays a critical role in the progression of solid
malignancies from tumor volumes as small as 1–2 mm3 [1].
Numerous proangiogenic factors are involved in this pro-
cess, with the VEGF family being the most important. The
human VEGF family consists of VEGF-A (referred to as
VEGF), VEGF-B, VEGF-C, VEGF-D, and placenta
growth factor. Members of the VEGF family bind to the cell
surface receptors VEGFR-1, VEGFR-2, and VEGFR-3 on
endothelial cells to initiate cellular signaling. Of these,
VEGFR-2 is the primary tyrosine kinase receptor mediating
VEGF signaling.

Because of its central role in angiogenesis, VEGF is
considered a pivotal factor in the pathogenesis of many tu-
mor types. Increased expression of VEGF has been found in
many tumor types, including breast cancer (BC), colorectal
cancer (CRC), and lung cancer, and is associated with a
poor prognosis and response to therapy [2, 3]. Moreover,
inhibition of the VEGF pathway has been demonstrated to
exhibit antitumor activity in clinical studies in a wide range
of tumor types, including RCC, CRC, non-small cell lung
cancer (NSCLC), and BC [4–7].

Under physiological conditions, VEGFR is only acti-
vated by ligand binding. Subsequently, ATP is recruited
and binds in the so-called ATP-binding pocket of the ty-
rosine kinase region of the receptor. This is followed by the
transfer of a phosphate group from ATP to VEGFR itself
and to various other substrates in a process called phosphor-
ylation. Through phosphorylation, downstream signaling
pathways become activated, ultimately resulting in cellular
effects, including proliferation of endothelial cells and re-
cruitment of endothelial progenitor cells derived from the
bone marrow, both of which are pivotal for angiogenesis.

Inhibition of VEGF–VEGFR driven processes can be
achieved by several approaches. Monoclonal antibodies ei-
ther target the extracellular domain of the VEGFR or trap
VEGF, thereby preventing VEGF binding to VEGFRs. An-
other mechanism is through TKIs competitively binding to
the ATP-binding pocket of the intracellularly located ty-
rosine kinase domain of VEGFR. Consequently, the bind-
ing of ATP to VEGFR is hampered, resulting in inhibition
of the signal transduction from VEGFR.

Pazopanib is a TKI designed to inhibit angiogenesis by
abrogating VEGFR-2 function (Fig. 1). A widely used pa-
rameter reflecting the inhibitory effects of a drug on the ki-
nase activity of a certain factor is the inhibition of the
autophosphorylation of that factor in vitro. The pazopanib
concentration required to produce 50% inhibition (IC50) of
human VEGFR-2 kinase activity is 0.03 �M (Table 1) [8].
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In comparison, sorafenib and sunitinib, other TKIs inhibit-
ing VEGFR-2, have IC50 values of 0.09 and 0.009 �M for
inhibiting VEGFR-2 activity, respectively [9, 10]. Further-

more, pazopanib inhibited VEGF-induced proliferation in a
human umbilical vein endothelial cell (HUVEC) culture in
vitro (IC50, 0.02 �M). As observed with other TKIs, pazo-
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Figure 1. VEGFR-2 downstream pathway. By binding to the intracellular domain of VEGFR-2, pazopanib abrogates this pathway.
Abbreviations: BAD, Bcl-2-associated death promoter; Casp-9, caspase 9; cPLA2, cytosolic phospholipases A2; DAG, diacyl

glycerol; eNOS, endothelial nitric oxide synthase; Erk, extracellular signal–related kinase; FAK, focal adhesion kinase; FKHR,
forkhead box O1; Grb2, growth factor receptor-bound protein 2; IP3, inositol 1,4,5-trisphosphate; MEK, mitogen-activated protein
kinase/extracellular signal–related kinase kinase; mTOR, mammalian target of rapamycin; PG, prostaglandin; PIP2, phosphati-
dylinositol-bisphosphate; PI3K, phosphoinositide 3-kinase; PKC, protein kinase C; PLC-�, phospholipase C�; SOS, son of sev-
enless; VEGFR, vascular endothelial growth factor receptor.

Figure 2. Steady-state exposure to pazopanib in the individual patients in the phase I study. Reprinted from Hurwitz HI, Dowlati A,
Saini S et al. Phase I trial of pazopanib in patients with advanced cancer. Clin Cancer Res 2009;15:4220–4227, with permission of the
American Association for Cancer Research.
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panib is not entirely specific for one target. Besides VEGFR-2,
comparable inhibitory effects were found against VEGFR-1,
VEGFR-3, PDGFR-�, PDGFR-�, and c-Kit (Table 1) [8]. Pa-
zopanib inhibition of VEGF-induced proliferation of
HUVECs in vitro was more pronounced than that of basic
FGF–induced HUVEC proliferation (IC50, 0.72 �M). Fur-
thermore, VEGF-induced as well as basic FGF–induced an-
giogenesis in a mouse corneal micropocket model was
impaired by pazopanib, although the inhibition was more pro-
nounced when VEGF was used as the stimulant [8].

Preclinical PK Data
Pazopanib is orally available, with 49% bioavailability in
dogs [11]. In mice, the level needed for maximal inhibition
of VEGFR-2 phosphorylation occurs in vivo at approxi-
mately 40 �M [8]. The discrepancy between in vivo and in
vitro requirements can be attributed to �99.9% protein
binding for pazopanib. PK analysis showed that tumor
growth inhibition in a xenograft model using a CRC cell
line is correlated with the steady-state concentration
(Ctrough) and not with the peak plasma concentration (Cmax).
In addition, the Ctrough required for in vivo inhibition of tu-
mor growth in a xenograft model was almost equivalent to
the concentration required for in vivo inhibition of
VEGFR-2 phosphorylation (approximately 40 �M), sug-
gesting that the drug concentration of pazopanib required

for in vivo VEGFR-2 inhibition can predict the PK require-
ments for in vivo antitumor activity of pazopanib [8]. In
mice, a single dose of 30 mg/kg resulted in plasma concen-
trations �40 �M for �8 hours [8].

Preclinical Efficacy and Toxicity
The antitumor activity of pazopanib was demonstrated in
several human tumor xenograft models in mice, most prom-
inently in an RCC model but also in CRC, NSCLC, and
multiple myeloma (MM) models. Less potent inhibition was
observed in melanoma, BC, and prostate cancer models [8,
12]. Sunitinib and sorafenib, as antiangiogenic class members
of pazopanib, do share preclinical activity in several tumor
types, including RCC, thyroid cancer, pancreatic cancer, and
hepatocellular cancer (HCC). Furthermore, sorafenib has ac-
tivity in MM, melanoma, and osteosarcoma, whereas sunitinib
also exerts antitumor activity in small cell lung cancer, urothe-
lial cancer, and acute myeloid leukemia models.

After cessation of pazopanib, rapid regrowth of MM
cells was seen, underlining the importance of continuous
exposure [12]. Because pazopanib has no significant effect
on the proliferation of most tumor cell lines in vitro, inhi-
bition of angiogenesis is likely the mechanism underlying
the antitumor effects observed in vivo.

In addition to its preclinical efficacy as a single agent,
synergistic cytotoxic effects of low-dose pazopanib com-
bined with conventional chemotherapy (melphalan) or
other molecular targeted agents (bortezomib) were ob-
served in MM cell lines [12].

Currently, no published data are available on preclinical
toxicity with pazopanib.

CLINICAL DATA

PK Data
Clinical PK data on single-agent pazopanib are available
from 63 patients who were enrolled in a phase I study [13].
Three-times-a-week (50 mg), once-a-day (OD) (50–2,000
mg), and twice-a-day (BID) (300 mg or 400 mg) schedules
were evaluated at 13 dose levels. Pazopanib was absorbed
orally with median time to maximum concentration (tmax)
values in the range of 2.0–4.0 hours and 2.0–8.0 hours fol-
lowing single and multiple dosing, respectively. Although
of less relevance because preclinical data strongly suggest
that, for antitumor activity Ctrough levels are more impor-
tant, Cmax increased with higher doses of pazopanib. By
comparing Ctrough at day 22 with the concentration 24 hours
after a single dose, accumulation appeared to be 1.2- to 4.5-
fold [13]. The steady-state exposure was dependent on the
dose and frequency of administration (Figure 2). Steady-
state exposure plateaued at doses �800 mg/day and was

Table 1. IC50 of the indicated enzyme activity in a cell-
free assay

Enzyme Kinase IC50 (�M)

VEGFR-1 0.010

VEGFR-2 0.030

VEGFR-3 0.047

PDGFR-� 0.071

PDGFR-� 0.084

c-Kit 0.074

FGFR-1 0.14

FGFR-3 0.13

FGFR-4 0.8

c-Fms 0.146

Abbreviations: c-Fms, colony-stimulating factor receptor;
FGFR, fibroblast growth factor receptor; IC50, 50%
inhibitory concentration; PDGFR, platelet-derived growth
factor receptor; VEGFR, vascular endothelial growth
factor receptor.
Adapted from Kumar R, Knick VB, Rudolph SK et al.
Pharmacokinetic-pharmacodynamic correlation from
mouse to human with pazopanib, a multikinase
angiogenesis inhibitor with potent antitumor and
antiangiogenic activity. Mol Cancer Ther 2007;6:2012–
2021, with permission of the American Association for
Cancer Research.
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�15 �g/ml (�34 �M) in 93% of patients receiving a dose of
800 mg OD. This Ctrough plasma pazopanib concentration of
�15 �g/ml appeared to correlate with clinical activity in pa-
tients with RCC as well as with the pharmacodynamic effect
of hypertension [13]. A separate phase I, PK study was per-
formed in HCC patients, showing that, at the maximum-toler-
ated dose (MTD) of 600 mg daily (QD), Ctrough was �15
�g/ml in 67% of patients [14].

Pazopanib was eliminated slowly, with mean half-life
values in the range of 20.3–52.3 hours [13].

Drug–Drug Interactions
Two interaction studies are available exploring several
doses of pazopanib in combination with lapatinib and with
paclitaxel. Concurrent administration with lapatinib (750–
1,500 mg OD), an orally available potent ErbB-1 and
ErbB-2 TKI, alters the PK of pazopanib, given an increased
Ctrough of pazopanib. Lapatinib concentrations were similar
to those observed after monotherapy [15]. In contrast, pa-
zopanib administered concomitantly led to a higher mean
Cmax and area under the curve of paclitaxel, by approxi-
mately 40% and 45%, respectively [16]. Whether paclitaxel
affects the PK of pazopanib has not yet been reported.

Recommended Dose for Further Studies
In the phase I study, pazopanib was generally well tolerated
with continuous daily dosing of pazopanib �2,000 mg OD.
An MTD was not determined. Four patients experienced
dose-limiting toxicities (DLTs) at 50 mg OD (n � 2), 800
mg OD (n �1), and 2,000 mg OD (n � 1). The two DLTs
occurring at 50 mg OD were gastrointestinal hemorrhage
from a metastatic lesion in the small bowel in a patient with
RCC and grade 3 extrapyramidal involuntary movements
resulting from a potential drug–drug interaction between
trazadone and pazopanib. Grade 3 hypertension and subse-
quently recurring grade 3 proteinuria were seen at the
800-mg pazopanib OD dose despite dose reductions,
whereas a DLT comprising grade 3 fatigue occurred at the
2,000-mg OD dose, which improved to grade 1 after a dose
reduction to 800 mg OD [13]. Despite the DLTs at 50 mg
OD and 800 mg OD, dose escalation to 2,000 mg was fea-
sible. In the absence of a MTD, the choice of the 800-mg
dose as the recommended dose for further studies was based
on the observation of a plateau in Ctrough at doses �800 mg/
day, significant changes in dynamic contrast– enhanced
magnetic resonance imaging (DCE-MRI) at doses of 300–
400 mg BID, a threshold concentration that correlates with
preclinical activity in patients, and pharmacodynamic ef-
fects of hypertension, as discussed below. OD administra-
tion was recommended for further studies because the
fluctuation between Cmax and Ctrough with OD dosing was

low (�2), rendering drug exposure similar to that with con-
tinuous infusion [13].

In contrast to pazopanib, for which no MTD has been
defined based on toxicity, the MTD of sunitinib was set at
50 mg daily for 28 days every 6 weeks, given an excess in
toxicity (grade 3 asthenia and grade 3 hypertension) ob-
served at doses �50 mg/day [17]. For sorafenib, skin and
gastrointestinal toxicities were dose limiting, rendering an
MTD of 400 mg BID [18].

The MTD of pazopanib in patients with HCC has been
determined to be 600 mg QD, although the observed toxic-
ity has not been reported yet [19].

Antitumor Activity
One phase III trial showed a beneficial effect of pazopanib
in patients with RCC [19] and resulted in approval by the
FDA. In other tumor types, some interesting signs of anti-
tumor activity with pazopanib were observed, though it
should kept in mind that activity data from phase I/II trials
should be interpreted with extreme caution.

In the phase I study, of the 63 patients included, a partial
response (PR) was observed in three patients and 14 pa-
tients achieved stable disease (SD) for �6 months (Table 2)
[13]. Of interest is the activity seen in the 10 included pa-
tients with RCC: two patients achieved a PR (at the 300-mg
BID and 1,400-mg OD doses), SD was observed in four pa-
tients (at the 300-mg BID, 800-mg OD [n � 2], and
2,000-mg OD doses), and progressive disease (PD) oc-
curred in four patients, all at doses �400 mg OD. A Ctrough

�15 �g/ml was achieved in 83% of patients with RCC who
achieved a PR or SD, whereas all four patients experiencing
PD had a Ctrough �15 �g/ml [13].

In a randomized discontinuation phase II trial, 225 pa-
tients who had received, maximally, one prior line of sys-
temic therapy for RCC received pazopanib at a dose of 800
mg OD for 12 weeks. Pazopanib was continued if a re-
sponse was achieved at 12 weeks, but in cases of SD at 12
weeks, patients were randomized between placebo and con-
tinuation of pazopanib. Following an interim analysis by
the independent data monitoring committee that showed a
high response rate (38%) in the first 60 patients at week 12,
all randomized patients were unblinded and allowed to
cross over to pazopanib [20]. Sixty-nine percent of patients
had received no prior systemic therapy and 31% had failed
one prior systemic therapy (cytokine- or bevacizumab-
based therapy) [20]. In all 225 patients, the complete re-
sponse (CR) � PR rate at 12 weeks was 35%, whereas an
additional 45% of patients achieved SD [20]. Subsequently,
a placebo-controlled, randomized phase III trial (n � 435)
was conducted in therapy-naïve or cytokine-pretreated pa-
tients with RCC [18]. At the interim analysis, a significantly
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longer progression-free survival (PFS) interval was ob-
served (9.2 months versus 4.2 months). The response rate
(CR � PR) was also more favorable in the pazopanib-
treated patients (30% versus 3%), and a response had a me-
dian duration of 59 weeks [19]. The difference in overall
survival was statistically not significant, given the interim
O’Brien-Fleming boundary [19]. Furthermore, clean sur-
vival data will most likely not become available because pa-
tients on placebo could, upon progression, receive
pazopanib. No worsening of quality of life was observed in
the patients treated with pazopanib, versus placebo [19].

The phase II European Organization for Research and
Treatment of Cancer 62043 trial explored pazopanib (800
mg OD) in patients with relapsing or refractory soft tissue
sarcoma (STS) [21]. The primary endpoint of that study
was the 12-week progression-free rate (PFR12wk), because
the response rate is thought to not adequately reflect the an-
titumor activity of many drugs in STS [22]. An interesting
PFR12wk, meeting the predefined criteria of a potentially ac-
tive agent, was found in patients with leiomyosarcomas, pa-
tients with synovial sarcomas, and the group of patients
with other eligible STSs (44%, 49%, and 39%, respec-
tively). In contrast, there was insufficient activity in adipo-
cytic STS [21].

Furthermore, preliminary data from a small phase II

study in women with progressive, platinum-pretreated
ovarian cancer showed a cancer antigen 125 response (de-
fined as a confirmed decrease �50% from baseline) in 11
(31%) patients, with a median duration of response of 113
days [23].

In preliminary data from a proof-of-concept phase II
study evaluating preoperative treatment with pazopanib
(800 mg OD; median duration, 18 days) in stage I–II
NSCLC patients, 87% of patients had a reduction in tumor
volume, with volume changes in the range of �86% to
�17%, whereas three patients achieved a PR [24].

In patients with advanced HCC, signs of activity were
observed at the MTD, with six of 10 patients achieving pro-
longed SD and one of 10 patients achieving a PR. Further-
more, using DCE-MRI, a decline of 40% in imaging
markers was seen in those 10 patients [15].

No data on single-agent pazopanib in BC patients are
available. However, the combination of pazopanib (400 mg
OD) and lapatinib (1000 mg/day) was recently compared
with single-agent lapatinib (1,500 mg/day) in a random-
ized, phase II trial in patients with advanced or metastatic
HER-2-positive BC. Previous chemotherapy or HER-2–
directed therapy for advanced or metastatic disease was not
allowed. A predefined interim analysis after 62 patients
were accrued showed PD rates at 12 weeks, the primary

Table 2. Signs of activity of single-agent pazopanib

Tumor type
n of
patients Outcome

Phase I

Solid malignancy [13] 63 3 patients with PR—2 RCC, 1 pancreatic islet cell
tumor; 14 patients with SD �6 mos

HCC [14] 17 SD in 6 of 10 patients treated at MTD;
PR in 1 of 10 patients treated at MTD

Phase II

Advanced or metastatic RCC [20] 225 Response at 12 wks—CR/PR, 35%; SD, 45%;
PD, 11%; unknown 10%

Relapsing STS after or during chemotherapy [21] 142 PFR12wk—leiomyosarcoma, 44%; synovial sarcoma,
49%; adipocytic STS, 26%; other STS, 39%

Advanced ovarian cancer [23] 36 CA-125 response in 11 patients (31%)

Stage I–II NSCLC (preoperative treatment) [24] 35 Median treatment duration, 18 days;
PR, 9%; SD, 89%; PD, 3%;
20 (87%) patients had a reduction in tumor volume

Relapsed or refractory multiple myeloma [26] 21 Median TTP, 52 days; at 6 wks: SD, 47%; PD, 53%

Phase III

Advanced or metastatic RCC [19] 435 Pazopanib versus placebo: PFS, 9.2 mos versus 4.2
mos (p � .001); RR (CR � PR), 30% versus 3%

Abbreviations: CA, cancer antigen; CR, complete remission; HCC, hepatocellular carcinoma; MTD, maximum-tolerated
dose; NSCLC, non-small lung cancer; PD, progressive disease; PFR, progression-free rate; PFS, progression-free survival;
PR, partial response; RCC, renal cell cancer; RR, response rate; SD, stable disease; STS, soft tissue sarcoma; TTP, time to
progression.
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endpoint, of 19% versus 27%, whereas the response rates
were 44% versus 30%, both favoring the combination [26].

Insufficient activity of pazopanib in patients with MM,
as shown by a complete lack of response at 6 weeks and a
median time to progression of 52 days, resulted in the early
termination of the phase II trial [25].

Adverse Events
The most common adverse events in the phase I study were
hypertension, diarrhea, hair depigmentation, and nausea
[13]. A similar toxicity profile was seen in the phase II and
phase III studies [19, 20, 21, 23, 24].

Similar to other agents targeting the VEGF–VEGFR
pathway, hypertension is frequently reported during pazo-
panib treatment [6, 13]. In the phase I study, a study-spe-
cific hypertension definition was used in order to not
underestimate the incidence: �15 mmHg rise from baseline
in mean arterial blood pressure on three separate occasions
and/or the initiation or escalation of antihypertensive med-
ications. Antihypertensive medications were started or in-
creased if blood pressure exceeded 160/100 mmHg on three
occasions over any 2-week period. By this definition, the
incidence was 62%; according to National Cancer Institute
Common Toxicity Criteria, version 2.0, 29% had grade 3
hypertension. The overall incidence of hypertension was
similar in patients with and without a history of hyperten-
sion (71% versus 62%) [13]. All episodes of hypertension
in the phase I study were easily manageable with antihyper-
tensive medication; however, temporary interruption or
dose reduction because of hypertension was needed in two
patients [13]. Hypertension seems to be correlated with a
Ctrough �15 �g/ml, because 77% of the patients above this
cutoff developed hypertension, versus only 39% of the pa-
tients below this level [14]. In the three largest studies con-
ducted to date, the incidence of hypertension was 37%–
40% (grade 3 or 4, 4%– 8%) [19 –21]. Of interest,
cumulative incidence analysis revealed that, in general,
patients develop hypertension within 4 weeks after treat-
ment initiation, and only a few patients develop it there-
after [21].

Hair depigmentation, as reported for other agents target-
ing c-Kit, was observed in 32%–38% of patients and seen at
pazopanib doses �600 mg/day [13, 19, 27]. Other frequent,
mostly mild, toxicities comprised fatigue, anorexia, diar-
rhea, and skin discoloration. Laboratory findings show mild
and infrequent bone marrow suppression, whereas eleva-
tions in aspartate aminotransferase and/or alanine amino-
transferase are relatively common but rarely a reason for
treatment discontinuation (Table 3). Moreover, pazopanib-
induced isolated hyperbilirubinemia is, in most cases, a be-
nign manifestation of Gilbert’s syndrome, as shown by

UGT1A1 polymorphism in 84% of patients [28]. Collec-
tively, it appears that pazopanib is generally well tolerated,
which is important given the necessity of administering this
agent for prolonged periods of time. In the two largest phase
II studies of pazopanib, 6%–15% of patients discontinued
treatment because of adverse events [20, 21].

DISCUSSION

Pazopanib is one of the novel drugs belonging to the rapidly
expanding class of TKIs and was recently approved for pa-
tients with advanced RCC. Although other mechanisms
may contribute, the main mechanism underlying its antitu-
mor activity in RCC is thought to be the inhibition of

Table 3. Reported toxicity in studies on single-agent
pazopanib in patients with solid tumors [13, 14, 19–21,
23, 24, 26]

Incidence (%)

Toxicity All grades Grade 3 or 4

Nausea 26–42 0–2

Vomiting 17–24 0–2

Anorexia 22–25 0–2

Diarrhea 30–63 4–8

Abdominal cramps/pain 11–16 0–3

Fatigue 19–46 2–11

Headache 10–20 0

Hemorrhage 13 2

Hypertension 40–62a 3–29a

Dysgeusia 13–24 0

Hair discoloration 32–43 1

Skin hypopigmentation 8–37 0

Rash 6–16 �1

Alopecia 8–10 0

Dizziness 5–12 �1

Neutropenia 21–34 1–4

Lymphopenia 19–46 4–14

Thrombocytopenia 10–32 1–2

Bilirubin 13–38 0–6

Aspartate aminotransferase 38–54 2–8

Alanine aminotransferase 24–53 0–19

Creatinine 13–32 0–4

Hypoglycemia 17–33 0–5

Hyperglycemia 33–41 0–3

Hypocalcemia 33–38 0–3

Hyperkalemia 17–26 3–5

Hypophosphatemia 16–34 2–4
aStudy-specific criteria in one trial resulting in the highest
incidences.
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VEGFR-2, although other inhibited factors will play a role
as well and might even be of greater relevance in tumor
types other than RCC. In vivo, a threshold for inhibition of
VEGFR-2 by pazopanib has been established, a level parallel-
ing its antitumor activity in vivo in preclinical models. Further-
more, it was revealed that a Ctrough above the threshold
associated with VEGFR-2 inhibition, rather than Cmax, is as-
sociated with antitumor activity. In humans, a comparable
Ctrough level is reached in the majority of patients treated at pa-
zopanib doses of 800 mg/day. Based on the finding that doses
�800 mg do not result in higher Ctrough values, increasing the
dose to �800 mg is unlikely to yield better outcomes.

At a dose of 800 mg, pazopanib is well tolerated, even
with long-term use. The side-effect profile seems consistent
with the tyrosine kinases inhibited. In several phase II trials
conducted in STS, RCC, relapsing ovarian cancer, and
NSCLC, early hints of antitumor activity of pazopanib were
seen. In the first phase III study, a longer PFS time was ob-
served in patients with RCC, resulting in the FDA approval
of pazopanib.

Putting pazopanib into perspective and comparing it
with other VEGFR TKIs that have been approved for a
longer time are difficult and have to be done on the basis of
indirect comparisons, given the lack of data from compar-
ative trials among the several treatment options. With re-
spect to the first-line treatment of patients with RCC, with
the clear cell subtype and belonging to the so-called good
and intermediate prognostic groups, according to the Me-
morial Sloan-Kettering Cancer Center classification [29],
three treatment options are currently approved: sunitinib,
pazopanib, and the combination of bevacizumab and inter-
feron. Sorafenib failed to show superiority relative to inter-
feron-� in treatment-naïve patients [30]. Approval of all
three treatment options was granted on the basis of longer
PFS times; however, in the meantime, sunitinib was shown
to lead to longer overall survival than with interferon-�
(26.4 months versus 21.8 months) [31]. The two pivotal tri-
als on the combination of bevacizumab and interferon-�
showed superiority over monotherapy interferon-� as a re-
sult of a longer PFS time, 8.5 months versus 5.2 months and
10.2 months versus 5.4 months, respectively [32, 33]. An
indirect comparison was made between sunitinib and the
combination of bevacizumab and interferon-�, suggesting
superiority for sunitinib; however, no firm conclusions can
yet be drawn [34]. In contrast to the other two treatment op-

tions, pazopanib has not been compared with interferon-�
but with placebo, hindering a direct comparison. This issue
soon will be clarified because a phase III study comparing
pazopanib with sunitinib is currently enrolling patients. Al-
together, based on the current data, pazopanib can be re-
garded as an alternative first-line therapy for these patients,
in particular for those not tolerating sunitinib or the combi-
nation of bevacizumab and interferon-�.

For second-line treatment of RCC patients following
cytokine-based therapy, three treatment options have
gained approval: sunitinib, sorafenib, and pazopanib. Ap-
proval for sunitinib was based on two single-arm studies
[35, 36], whereas sorafenib and pazopanib were approved
on the basis of placebo-controlled trials rendering longer
PFS intervals with these agents [19, 37].

In the two single-arm studies of sunitinib in RCC pa-
tients pretreated with cytokine-based therapy, sunitinib re-
sulted in objective response rates of 34%–40% and a PFS
time of 8.3–8.7 months [35, 36]. Pazopanib in second-line
treatment was tested in the placebo-controlled trial that also
examined first-line treatment; the proportion of patients
who were cytokine pretreated (47%) had a longer PFS du-
ration, 7.4 months versus 4.2 months, while receiving pa-
zopanib as compared to placebo [19]. Sorafenib treatment
led to a longer PFS interval, 5.5 months versus 2.8 months,
in a cytokine-pretreated population [37]. Indirectly com-
paring these two trials, neither agent is clearly superior to
the other with regard to survival, making arguments like
differences in the toxicity profiles more important.

In conclusion, the recent approval of pazopanib for pa-
tients with advanced RCC is a result of a rational stepwise
development using translational research. Based on pre-
clinical and early clinical data on pazopanib, further explo-
ration of pazopanib is warranted in tumor types other than
RCC. The currently ongoing phase III studies and studies
examining the feasibility of pazopanib in combination with
other antitumor agents will be instrumental in defining the
place of pazopanib as a novel antitumor agent.
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