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Abstract: Epithelial ovarian cancer (EOC) is the most lethal gynecological cancer. Recently,
clinical trials have focused on novel antiangiogenic agents in combination with chemotherapy
or alone in women with primary and recurrent ovarian cancer. Antiangiogenic agents include
monoclonal antibodies, tyrosine-kinase inhibitors, and peptibodies. Many of these agents,
including bevacizumab, pazopanib, nintedanib, cediranib, and trebananib, have been evaluated
in randomized Phase III clinical trials, and all have demonstrated a progression-free survival
(PFS) benefit. Specifically, maintenance pazopanib was shown to improve PFS in women with
newly diagnosed EOC. Pazopanib, an oral TKI, inhibits several kinase receptors, including those
for vascular endothelial growth factor (-1,-2,-3), platelet-derived growth factor (-ot and -3), and
fibroblast growth factor. It also targets stem cell-factor receptor (c-kit), interleukin 2-inducible
T-cell kinase, lymphocyte-specific protein tyrosine kinase, and colony-stimulating factor 1
receptor. Pazopanib has been investigated in several Phase II and III clinical trials, with results
indicating a potential role in the management of EOC. This article provides an overview of
pazopanib in the treatment of EOC.
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Introduction

Worldwide, ovarian cancer is the third-most common gynecologic malignancy and
ninth overall, with an estimated 225,000 new diagnoses each year. Owing in part to
its late stage at diagnosis, it is the eighth-most common cancer cause of death for
women.! Carboplatin and paclitaxel have been used as the treatment backbone for
epithelial ovarian cancer (EOC) since the pivotal Gynecologic Oncology Group (GOG)-
158 and Arbeitsgemeinschaft Gynékologische Onkologie (AGO)-OVAR-3 trials.
Carboplatin/paclitaxel compared to cisplatin/paclitaxel demonstrated a noninferior
median progression-free survival (PFS) for the carboplatin/paclitaxel group (GOG,
20.7 versus 19.4, response rate [RR] 0.88, 95% confidence interval [CI] 0.75-1.03;
OVAR-3, 17.2 versus 19.1, hazard ratio [HR] 1.05, 95% CI 0.89—1.23) and median
overall survival (OS) (GOG, 57.4 versus 48.7, RR 0.84, 95% CI 0.7-1.02; OVAR-3,
43.3 versus 44.1, HR 1.045, 95% CI 0.869—1.257). Carboplatin/paclitaxel is easier
to administer and has a favorable toxicity profile compared to cisplatin/paclitaxel.>3
Despite these therapies, over 70% of patients develop recurrent disease and ultimately
die of progressive cancer,” thus the impetus to evaluate novel treatment strategies and
maintenance therapies for standard chemotherapy to improve disease control in women
with advanced ovarian cancer. Given the antitumor activity seen with antiangiogenesis
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therapies in preclinical studies and Phase II trials, these
agents have been added to frontline and/or maintenance
phases of treatment.

The management of ovarian cancer has changed dramati-
cally over the last few years as a result of several landmark
clinical trials*” (GOG172, Japanese Gynecologic Oncology
Group [JGOG]-3016, GOG218, International Collaborative
Ovarian Neoplasm [ICON]-7). GOG172 demonstrated that
intravenous (I'V) and intraperitoneal (IP) cisplatin and pacli-
taxel in women with optimally debulked, advanced-stage
disease resulted in a 16 month median survival benefit com-
pared to IV therapy (RR 0.75, 95% CI 0.58-0.97; P=0.03).*
More recently, the JGOG reported a significant PFS and OS
benefit in patients receiving a regimen with carboplatin and
dose-dense paclitaxel (80 mg/m? on days 1, 8, and 15 every
3 weeks) compared to the standard every-3-week carbo-
platin/paclitaxel regimen (PFS 28.2 versus 17.5 months, OS
100.5 versus 62.2 months).’ Several chemotherapeutic agents,
including paclitaxel, have been found to have an inhibitory
effect on angiogenesis, a phenomenon that is seen at lower
drug doses but necessitates more frequent dosing intervals.® 1
Weekly paclitaxel has even demonstrated antitumor activity
in patients with resistance to the standard 3-week paclitaxel
dosing interval.'" Multiple Phase II/III trials are ongoing to
evaluate the efficacy of dose-dense treatments in EOC."?

The addition of bevacizumab, a monoclonal antibody with
pure anti-vascular endothelial growth factor (VEGF) activity,
was studied in GOG218 and ICON7. GOG 218 compared a
control arm of IV carboplatin (area under curve [AUC] 6)
and paclitaxel (175 mg/m?) for six cycles. The bevacizumab-
initiation arm used bevacizumab during cycles 2—6 followed
by placebo through cycle 22, while the bevacizumab-
throughout arm incorporated the drug during cycles 2-22.
Bevacizumab-throughout therapy prolonged median PFS
by 3.8 months compared to chemotherapy alone (HR 0.77,
95% CI 0.68-0.87). Notably, gastrointestinal perforations
(GIPs) occurred more frequently in patients treated with
this antiangiogenic agent (2.8% initiation, 2.6% throughout
versus 1.2% control), with hypertension occurring in nearly
23% of patients in the bevacizumab-throughout arm (7.2% in
control).®* ICON7 had similar aims, adding bevacizumab to a
backbone regimen of IV carboplatin/paclitaxel. In a subgroup
analysis, patients at highest risk of progression (International
Federation of Gynecology and Obstetrics'® stage IV disease
or FIGO stage III with >1.0 cm residual tumor at time of
debulking) experienced the greatest benefit.” Those random-
ized to bevacizumab had a 5.5-month increase in median
PFS (HR 0.73, 95% C1 0.6-0.93; P=0.002) and a 7.8-month

increase in median OS (HR 0.64, 95% CI1 0.48-0.85; P=0.002).
Grade 3 or 4 adverse events (AEs) in the bevacizumab group
included hypertension (6%), GIPs (1%), thrombolytic events
(7%), and neutropenia (17%).”

Based on these landmark trials, the current standard
of care for the treatment of women with newly diagnosed
EOC (stage 1I-1V) as per National Comprehensive Cancer
Network guidelines involves different treatment strategies:
IV/IP combination paclitaxel and cisplatin, IV paclitaxel and
carboplatin, IV docetaxel and carboplatin, dose-dense 1V
paclitaxel on days 1, 8, and 15 with carboplatin on day 1,
and a bevacizumab-containing regimen as per ICON7 or
GO0G218."

GOG262, a randomized Phase III trial in patients with
newly diagnosed EOC, fallopian tube cancer (FTC), or
primary peritoneal carcinoma (PPC), compared IV carbo-
platin/paclitaxel every 3 weeks to dose-dense paclitaxel
with carboplatin. Bevacizumab was optional. Initial results
indicated that weekly dose-dense paclitaxel does not increase
PFS (HR 0.97, 95% CI 0.79-1.18); however, a subgroup
analysis demonstrated a 4 month PFS benefit for those treated
with dose-dense paclitaxel who did not receive bevacizumab
(HR 0.60, 95% C1 0.37-0.96; P=0.033). OS data are not yet
available."

While bevacizumab is the most studied antiangiogenic
agent in EOC, there are other types of antiangiogenic agents,
including tyrosine-kinase inhibitors (TKIs) and peptibodies,
which have also been evaluated in ovarian cancer. Agents
such as pazopanib, nintedanib, cediranib, and trebananib
have been studied in randomized Phase III clinical trials and
have demonstrated a PFS benefit.'"'” The improvement in
PFS indicates a possible important role for the use of such
drugs in the treatment of EOC.

The landscape of the treatment of EOC has significantly
progressed throughout the last decade and continues to
advance with the findings from pivotal phase III trials indicat-
ing a PFS benefit with the use of antiangiogenic therapies. This
article reviews the role of angiogenesis in ovarian cancer and
the rationale for targeting angiogenic pathways, specifically
providing an overview of the preclinical and clinical develop-
ment of pazopanib, an oral TKI, in the treatment of EOC.

The role of angiogenesis

in epithelial ovarian cancer

Angiogenesis plays a major role in the progression and
metastasis of solid tumors. Tumor-related angiogenesis,
based on microvessel density, has been demonstrated to
have prognostic significance in patients with a variety of
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solid malignancies, including EOC.?*?” The regulation of
angiogenesis is complex, and involves multiple pathways
and targets (Figure 1). In normal ovarian tissue, this process
occurs conditionally stimulated by locally released growth
factors in response to various insults.”® VEGF is one of the
most potent proangiogenic factors. The VEGF family con-
sists of seven different ligands, and VEGF-A has emerged
as the dominant player in angiogenesis.”*° These different
isoforms bind preferentially to three different VEGF recep-
tors, known as VEGFR-1, -2 and -3, and appear to exert their
roles on multiple intracellular pathways. Expressed in both
normal and malignant ovaries, VEGF is notably upregulated

in ascites and peritoneal metastases.*'*? Binding of VEGF to
its receptor causes phosphorylation of the VEGFR, leading
to activation of downstream signaling pathways involved in
proliferation of endothelial cells.* High preoperative VEGF
levels correlate with tumor grade, disease stage, and OS.*
In vitro, carboplatin treatment induces VEGF expression by
endothelial cells, supporting a mechanism for chemotherapy
resistance and suggesting a need for VEGF inhibition in
combination with cytotoxic therapies.*

Other growth factors and chemokines are involved in
angiogenesis, and thus may be potential therapeutic targets.
These include fibroblast growth factor (FGF), angiopoietins,
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Figure | Inhibition of angiogenic pathways: targeting multiple angiogenic ligands and cell membrane receptors.

Notes: Tumor and host endothelial cells release angiogenic ligands that interact in an autocrine and paracrine fashion. Bevacizumab targets the VEGF ligand and inhibits
VEGF-induction of VEGF receptors. Trebananib binds Angl and Ang2 ligands, inhibiting binding to the TIE receptor thus preventing activation of the angiopoietin pathway.
TKI target and inhibit the intracellular component of multiple cell membrane tyrosine kinase receptors (PDGF, VEGF, and FGF receptors).

Abbreviations: PDGF, platelet derived growth factor; VEGF, vascular endothelial growth factor; FGF, fibroblast growth factor; Angl, angiopoietin-|; Ang2, angiopoietin-2;
TIE, tyrosine kinase with immunoglobulin-like and EGF-like domains |; TKI, tyrosine kinase inhibitors.
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endothelins, interleukin (IL)-8, macrophage chemotactic
proteins, and platelet-derived growth factor (PDGF). Several
studies have shown correlations between the expression of
these factors and ascites* and OS in EOC.*”* The correla-
tion of these proangiogenic factors and survival makes them
attractive therapeutic targets.

Though tumors may have an initial response to antian-
giogenesis agents, resistance to these drugs can and does
occur. This phenomenon is unlike the classic mechanisms
for resistance against conventional chemotherapeutic
agents. As tumor endothelial cells are not prone to mutation,
they adapt to VEGF inhibition using secondary signaling
pathways (ie, PDGF, FGF) to recruit vasculature. Given
that VEGF is the principal angiogenic pathway, continued
blockade despite evidence of progression may confer an
advantage, a concept supported in several Phase II trials
of patients with metastatic colorectal cancer treated with
bevacizumab.?*%° Patients treated with bevacizumab who
continued treatment past their first progression experienced
a survival benefit compared to those not receiving beva-
cizumab postprogression (HR 0.48, P<<0.001).** A study
of patients with recurrent EOC who had previously expe-
rienced a complete response to a bevacizumab-containing
regimen indicated that those who received bevacizumab
at the time of recurrence had improved PFS compared
to those who did not (20 versus 6 months, P=0.0019).*
Theoretically, agents like pazopanib that can simulta-
neously inhibit both the VEGF pathway and ancillary
angiogenic pathways (ie, FGF, PDGF, c-kit) may overcome
resistance to VEGF blockade.

The remainder of this review focuses specifically on the
role of pazopanib in EOC.

Preclinical data

Pazopanib is an oral TKI of multiple kinase protein receptors,
including those for VEGF, PDGF, and FGF. It also targets
stem cell-factor receptor (c-kit), IL-2-inducible T-cell kinase,
lymphocyte specific tyrosine kinase, and colony-stimulating
factor 1 receptor.*> Pazopanib binds to intracellular adenosine
triphosphate-binding pockets, thus inhibiting the phospho-
rylation of these target receptors and impeding downstream
pathways.** Pharmacokinetic testing has shown pazopanib
tumor-growth inhibition to correlate with steady-state
concentration rather than peak plasma concentration. The
concentration required for inhibition of tumor growth in vivo
is approximately 40 pM.** TKIs target multiple angiogenic
pathways, which may provide more effective tumor growth
and metastatic inhibition.*

Multiple studies have evaluated the in vitro and in vivo
effects of pazopanib alone and in combination with cytotoxics
in a variety of different tumor types. Merritt et al assessed
the effects of metronomic topotecan and pazopanib in human
EOC lines. At high doses of single-agent pazopanib in vivo,
there was a noticeable decrease in VEGFR-2 phosphoryla-
tion in as early as 4 hours. In contrast, there was no effect
on phosphorylation with topotecan. Moreover, tumor growth
was significantly reduced by 79%—-84% in orthotopic murine
models treated with combination topotecan/pazopanib.
Similarly, mouse survival was significantly increased in the
group treated with metronomic topotecan and pazopanib,
compared to single-agent arms (P<<0.001).* Antitumor activ-
ity of pazopanib has been reported in several other types of
tumor xenografts.*3-4

Clinical experience with pazopanib
Since its discovery by Harris et al,*” pazopanib has received
US Food and Drug Administration approval for two
indications: renal cell carcinoma (RCC) and soft-tissue
sarcomas.*** Patients with EOC were included in the initial
Phase I/II studies of pazopanib (Table 1), and recently larger
Phase I1 and I1I trials have focused on gynecologic malignan-
cies (Table 2).

Phase | experience

Given the encouraging preclinical activity of pazopanib,
a Phase I dose-escalation clinical trial in patients with
advanced, refractory solid tumors was conducted. Pazopanib
demonstrated a manageable toxicity profile and clinical activ-
ity in a range of solid tumors. No maximum tolerated dose
(MTD) was found, as steady-state plasma drug concentrations
plateaued above 800 mg daily. Drug-related AEs (all grades)
included hypertension (33%), diarrhea (33%), reversible
hair depigmentation (32%), and nausea (32%). Similar to
other angiogenesis inhibitors, hypertension was the most
frequent grade 3 toxicity. Of the 63 patients included, 17 had
a partial response (PR) or stable disease (SD) for more than
6 months. Confirming in vivo studies, the clinical activity of
pazopanib correlated with serum concentration =15 pg/mL
(34 uM/L), indicating the importance of steady-state rather
than peak concentration. Over 90% of patients were able to
achieve a drug concentration =15 pg/mL using a daily dose
of 800 mg.%

Several Phase I studies have evaluated MTD, AE profile,
and pharmacokinetics of pazopanib in combination with other
antitumor therapies.’’> The bioavailability of pazopanib
was notably increased by 50%—60% when used in concert
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Table | Completed Phase | trials of pazopanib in solid tumors, including epithelial ovarian cancer

Trial Setting Treatment RR,% SD,% Grade 3 or 4 adverse events
Hurwitz et al®® Advanced relapsed or Pazopanib monotherapy; 5 22 Hypertension (G3, n=16), diarrhea (G3, n=3),
(n=63, ovarian =1) refractory solid tumors  no MTD proteinuria (G3, n=2), nausea (G3, n=1I),
fatigue (G3, n=I), neutropenia (G3, n=2)
de Jonge et al* Advanced solid tumors ~ MTD: pazopanib 800 mg/day + 5 16 ALT increase (G3, n=I), neutropenia (G3, n=1),
(n=75, ovarian =3) lapatinib 1,500 mg/day fatigue (G3, n=1), GIB (G5, n=1), decreased
LVEF (G3, n=2), confusion (G3, n=I)
Kerklaan et al** Advanced solid tumors  Pazopanib 800 mg/day + oral 9 57 Anemia (G3, n=3), leukocytopenia (G3, n=2),
(n=28, ovarian =5) topotecan 10 mg (days |, 8, I5) neutropenia (G3, n=2), fatigue (G3, n=2),
hand foot syndrome (G3, n=1)
Dy etal® Advanced solid tumor MTD: pazopanib 600 mg/day + 12 38 Diarrhea (G3, n=2), hypertension (G3, n=1),
(n=33, ovarian =2)  after failing standard erlotinib 150 mg/day liver-enzyme elevation (G3, n=>5), nausea (G3,
therapy n=2), lymphopenia (G3, n=4), rash (G3, n=1)
Fasolo et al”! Advanced solid tumors ~ Pazopanib 200-800 mg days 12 31 Neutropenia (G3/4, n=35), nausea/vomiting
(n=53, ovarian =10)  with indication for |1-8 + epirubicin 75-90 mg/m? (G3/4, n=4), fatigue (G3/4, n=3), anemia
anthracycline treatment  every 3 weeks (G3/4,n=2)
Plummer et al*® Advanced solid tumor, MTD not determined; max 5 67 Neutropenia/thrombocytopenia (G4, n=7),
(n=22, ovarian =1) progressed on standard  dose pazopanib 800 mg/day + fatigue (G3, n=1I), increased ALT (G3, n=1),
therapy gemcitabine 1,250 mg/m? days | pneumonia (G5, n=1)
and 8 every 3 weeks
Tan et al® Metastatic solid tumor, ~ MTD: pazopanib 800 mg/day + 19 58 Diarrhea (G3/4, n=2), elevated liver

(n=26, ovarian =I) =3 prior regimens

15 every 28 days

paclitaxel 80 mg/m? days |, 8,

enzymes (G3/4, n=4), hypertension (G3/4,
n=1), neutropenia (G3/4, n=3), peripheral
neuropathy (G3/4, n=1)

Abbreviations: RR, response rate; SD, stable disease; MTD, maximum tolerated dose; ALT, alanine transaminase; LVEF, left ventricular ejection fraction.

with high-dose lapatinib in patients with advanced solid
tumors. This was considered to be the result of a decrease in
pazopanib metabolism secondary to inhibition of cytochrome
P450 (CYP) 3A4 by lapatinib. Despite this increase in drug
availability, only two of the 17 patients at the highest dose
studied (pazopanib 800 mg/lapatinib 1,500 mg) experienced
dose-limiting toxicities (DLTs) (grade 3 alanine transaminase
[ALT] increase, grade 2 abdominal pain/nausea). Diarrhea
was the most common AE, seen in 96% of study participants.
Hypertension occurred in 21% of study participants, though
it is difficult to assess drug effect, because poorly con-
trolled hypertension was not an exclusion criteria for study
participation.>

The MTD and toxicity profile of concomitant paclitaxel
and pazopanib were studied in a Phase [ trial of 26 patients
with metastatic solid tumors. Twelve patients had received
prior taxane treatment. Dose titration was performed, achiev-
ing maximum levels of 800 mg daily pazopanib and 80 mg/m?
weekly paclitaxel. A 26% increase in mean plasma paclitaxel
AUC (36% increase in peak concentration) was noted with
the combination, including the highest dose of both drugs.
As expected from previous studies, fatigue, nausea, and
diarrhea were the most common AEs (most grade 1 or 2).
Previously not seen in other studies, one gastrointestinal hem-
orrhage occurred in a patient with hepatocellular carcinoma,

portal hypertension, and esophageal varices. Of 17 patients
receiving the MTDs (800 mg, 80 mg/m?), five achieved a PR.
The most common reason for dose reduction or interruption
was hepatic enzyme elevation. With drug discontinuation
and subsequent resumption at reduced doses, these changes
were found to be reversible.”> Dose-dense paclitaxel with
pazopanib has not yet been studied specifically in patients
with EOC; however, these early Phase I results indicate the
combination has tolerable side effects.

Another Phase I/II trial evaluated daily pazopanib at
800 mg with paclitaxel 175 mg/m? and carboplatin AUC 5.
Two of six patients experienced DLTs: one GIP in a patient
with extensive small-bowel tumor involvement, and grade 3
abdominal cramping. Subsequent participants were treated
with 400 mg pazopanib daily, and two of six had DLTs: one
GIP and one grade 2 skin necrosis. A planned arm using
pazopanib with standard paclitaxel and carboplatin with
AUC 6 was not performed given these toxicities; the trial was
subsequently discontinued.'’ In a separate trial of pazopanib
with carboplatin and paclitaxel in advanced solid tumors,
an MTD was reached (pazopanib 200 mg daily, carbopla-
tin AUC 35, and paclitaxel 175 mg/m?). Despite this lower
MTD, 30% of patients experienced a treatment response.”'
Further studies are needed to define the role of pazopanib in
combination with cytotoxic agents to improve the side-effect
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Table 2 Completed Phase Il/Ill trials of pazopanib in epithelial ovarian carcinoma

Trial Setting Treatment RR,% SD,% PFS, oS, Grade 3/4 adverse events
months months
Friedlander et al,**  Recurrent EOC, Pazopanib 800 mg/day 31 56 NR NR Hypertension (G3, n=1),
Phase Il (n=36) PPC, or FTC; diarrhea (G3, n=3), fatigue
=2 prior regimens (G3, n=4), elevated liver
enzymes (G3, n=8),
peripheral edema (G4, n=I)
duBois et al,"? New diagnosis, Pazopanib 800 mg/day + NR NR NR NR GIP (G4/5, n=2), abdominal
Phase /Il (n=12)* advanced gynecologic carboplatin (AUC 5) + cramps (G3, n=1)
tumors paclitaxel (175 mg/m?)
every 3 weeks
Oaknin et al,® Recurrent, platinum Pazopanib 800 mg/day 4 36 1.83 NR Hypertension (G3, n=6),
Phase Il (n=25) resistant EOC, FTC, or elevated liver enzymes
PPC; =2 prior regimens (G3, n=3), asthenia (G3,
n=2), DVT (G3, n=1), fistula
(G3, n=1), anemia (G3, n=I)
duBois et al,"” Advanced stage Pazopanib 800 mg/day NR NR 17.9 versus  NR Hypertension (G3/4, n=147),
Phase Il (n=940) EOC, PPC, or FTC versus placebo as 12.3 liver toxicity (G3/4, n=45),
maintenance after neutropenia (G3/4, n=47),
first-line chemotherapy diarrhea (G3/4, n=39),
fatigue (G3/4, n=13),
thrombocytopenia (G3/4,
n=12), hand—foot syndrome
(G3/4,n=9)
Zang et al,* Asian women; Pazopanib 800 mg/day NR NR 18.1 versus  NR Hypertension (G3, n=13),
Phase Il (n=145) advanced stage EOC, versus placebo as 18.1 neutropenia (G3, n=9),

PPC, or FTC maintenance after

first-line chemotherapy

diarrhea (G3, n=5),
thrombocytopenia (G3, n=3),
elevated liver enzymes (G3,
n=2), leukopenia (G3, n=1I)

Note: *Study discontinued given significant dose-limiting toxicities.

Abbreviations: RR, response rate; SD, stable disease; PFS, progression-free survival; OS, overall survival; EOC, epithelial ovarian cancer; AUC, area under the curve; PPC,
primary peritoneal carcinoma; FTC, fallopian tube cancer; DVT, deep vein thrombosis; GIP, gastrointestinal perforation; NR, not reported.

profile while maximizing drug efficacy. However, pazopanib
therapy in combination with carboplatin and paclitaxel may
not be a feasible regimen.

Preliminary data suggest that daily pazopanib in combina-
tion with weekly oral topotecan is tolerable, though with an
increase in topotecan exposure compared to monotherapy.
DLTs included hand—foot syndrome, neutropenia, and
fatigue. Expansion studies of these agents are ongoing.>
Early studies suggest pazopanib may also be used in combi-
nation with gemcitabine at monotherapy doses with a similar
AE profile*’; a randomized Phase II study of gemcitabine
with or without pazopanib in women with platinum-resistant
EOC is ongoing.*

Combinations of pazopanib with antiangiogenic agents
are also being investigated. A Phase I study of pazopanib
with bevacizumab in patients with advanced solid tumors
was conducted. The reported MTD was 400 mg/day
pazopanib with 7.5 mg/kg bevacizumab every 2 weeks.
In this study, bevacizumab administration did not affect

pazopanib pharmacokinetics.’” Other Phase I studies of
pazopanib in combination with a variety of chemotherapeutic
and biologic agents are ongoing (Table 3).

Phase Il experience of pazopanib

in epithelial ovarian cancer

A Phase II trial evaluated single-agent pazopanib in patients
with recurrent EOC, FTC, or PPC. All patients had small-
volume (=4 cm on imaging) disease, had received no more than
two previous chemotherapy regimens, and had had a complete
cancer antigen (CA)-125 response to prior platinum-based
therapy. Participants received 800 mg daily oral pazopanib
until clinical or radiologic evidence of disease progression.
The primary outcome was biochemical response rate (defined
as =50% decrease in CA-125 from baseline level). Overall
response rate, SD rate, and PFS were included as secondary
outcomes. All participants had elevated baseline CA-125,
while 47% had measurable disease at enrollment. Eleven
of 36 patients (31%, 95% CI 16%-48%) had a CA-125

submit your manuscript

294

Dove

International Journal of Women’s Health 2014:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Pazopanib in epithelial ovarian cancer

Table 3 Pazopanib and epithelial ovarian carcinoma: clinical trials actively recruiting patients

Trial Phase Estimated Regimen Setting Primary objective
enrollment
NCTO01608009%  Phase | 17 Pazopanib — pazopanib + IV Recurrent, platinum- Change in '8F-fluciclatide-
paclitaxel — pazopanib maintenance resistant EOC retention parameters
NCTO01600573¢ Phase I/l 68 Pazopanib + topotecan Recurrent, platinum- I: MTD
resistant EOC IIl: PFS
NCTO01238770%°  Phase I/II 57 Pazopanib + cyclophosphamide Recurrent, platinum- I: MTD
resistant EOC, PPC, Il: RR
or FTC
NCTO014022718¢ Phase I/ll 96 Pazopanib + carboplatin + paclitaxel Recurrent, platinum- I: MTD
resistant EOC, PPC, II: PFS
or FTC
NCTO01644825¢ Phase Il 72 IV paclitaxel + pazopanib Recurrent, platinum- PFS
resistant EOC
NCTO01392352%*  Phase Il 52 Pazopanib Solid tumors, including Change in endothelial
ovarian cancer dependent function
NCTO01610206% Phase Il 142 Gemcitabine + pazopanib Recurrent EOC, FTC, PFS
or PPC

Abbreviations: MTD, maximum tolerated dose; PFS, progression free survival; RR, response rate; EOC, epithelial ovarian cancer; PPC, primary peritoneal carcinoma; FTC,

fallopian tube carcinoma; IV, intravenous.

response to pazopanib. Twenty patients (56%) had SD, with
amedian duration of response of 80 days. Patients with mea-
surable disease at baseline achieved a less robust response to
treatment. Three of 17 patients experienced a PR by CA-125
criteria, but failed to reach Response Evaluation Criteria in
Solid Tumors criteria for response.’®* Interestingly, 86%
of all study patients achieved serum levels greater than 34
uM/L compared with 100% of CA-125 responders.’® Given
differences in metabolism across individuals, certain patients
may require increased daily doses to achieve this serum
concentration. Identifying these patients may improve overall
response and outcomes with pazopanib. The most common
grade 3 AEs were diarrhea (8%), ALT elevation (8%), fatigue
(11%) and y-glutamy! transpeptidase elevation (11%). Of
the ten patients on antihypertensive regimens prior to study
enrollment, four required an increase in their medications
during the study period. Ten patients experienced AEs that
resulted in drug discontinuation.™

A Phase II trial of pazopanib in patients with recurrent
platinum-resistant EOC, FTC, or PPC evaluated clinical
benefit rate (CBR; complete response + PR + SD). Median
PFS was 1.83 months (95% CI 1.67-2) with a 40% CBR
(ten of 25). The most frequent AEs were asthenia (56%),
hypertension (36%), and diarrhea, nausea, and anorexia (20%
each). Six patients required a dose reduction to 600 mg due to
toxicities. The study was discontinued because the observed
CBR did not meet the planned statistical hypothesis.*

PACOVAR (A Phase I/II Study of Pazopanib [GW786034]
and Cyclophosphamide in Patients with Platinum-Resistant
Recurrent, Pre-treated Ovarian Cancer) is currently

enrolling patients to evaluate the activity and feasibility of
pazopanib in combination with metronomic cyclophosph-
amide in patients with recurrent, platinum-resistant EOC
(NCTO01238770).% Other trials are evaluating pazopanib in
combination with paclitaxel, gemcitabine, or liposomal doxo-
rubicin NCT01600573,°' NCT01644825,2NCT01610206,%
NCT01035658%). Another trial is evaluating mechanisms of
pazopanib-induced hypertension, specifically the relation-
ship between nitric oxide bioavailability and blood pressure
(NCT01392352).%

Phase Ill experience of pazopanib

in epithelial ovarian cancer

Given the promising Phase I results, maintenance pazopanib
in women with advanced newly diagnosed EOC was evaluated.
AGO-OVAR-16 was a double-blinded, multicenter Phase III
study that randomized 940 women with advanced-stage
EOC, FTC, or PPC to receive maintenance pazopanib versus
placebo for 24 months. All patients had previously achieved
a clinical complete response with first-line platinum-based
therapy. Fifty-eight percent of patients had been previously
debulked to no macroscopic residual disease. Median PFS
was significantly longer in the pazopanib group (17.9 versus
12.3, HR 0.77, 95% CI 0.64-0.91, P=0.0021). The first OS
interim analysis (20% of OS events) showed no difference
between arms. Not unlike Phase I/II studies of pazopanib,
hypertension was the most commonly reported AE, with
grade 3 or 4 events occurring in 31% of the study group (com-
pared to 6% in the control arm).!” Other toxicities included
diarrhea (29% grade 24,2 8% grade 3/4), liver-related
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toxicities (grade 3/4, 9%) and neutropenia (grade 3/4, 10%)."”
Dose reductions were required in 58% of patients random-
ized to pazopanib; the median daily dose for these patients
was 607.4 mg. Mean time on the study drug was 8.9 months.
Three fatal AEs were reported: two in the pazopanib group
and one patient on placebo. Overall, 11% of patients were
withdrawn from the study protocol: 14% and 8% for those
receiving pazopanib and placebo, respectively.!” Given these
data, maintenance pazopanib appears to extend the time to
progression in patients with advanced disease and delays the
need for second-line chemotherapy.

An AGO-OVAR-16 extension study evaluated pazopanib
maintenance after first-line chemotherapy specifically in Asian
women with EOC, FTC, or PPC. Three-quarters of Asian
women required a dose reduction, compared to only 53% of
their non-Asian counterparts.'” There was a higher incidence
of both hypertension (76%) and neutropenia (64%) in women
on pazopanib maintenance.®® A study of pazopanib versus
sunitinib in patients with metastatic RCC demonstrated an
increased incidence of hematologic toxicity, hypertension,
hand—foot syndrome, proteinuria, and abnormal liver function
tests increase in Asian women compared to their North Ameri-
can and European counterparts.®” The mechanisms behind
these racial differences have not yet been determined.

Quality of life (QOL), treatment efficacy and health
care-related toxicity were also evaluated in AGO-OVAR-16.
Though a decrement in QOL was noted in patients random-
ized to pazopanib, progression of disease resulted in an
even larger decrease in QOL. Quality-adjusted PFS sup-
ports the net value of pazopanib maintenance therapy in
this population.®®

Potential toxicities
Inhibition of angiogenesis can lead to a constellation of
AEs, including hypertension, GIP, and vascular thrombi.
Liver-related toxicities (9%—20%), diarrhea (4%—8%), and
hypertension (1.4%-31%) are the most commonly reported
Grade 3 or 4 AEs associated with pazopanib.'*° A meta-
analysis of pazopanib-related hypertension found that nearly
35% of patients develop blood pressure issues during the
course of treatment. Most blood pressure elevations can be
controlled with antihypertensive dosage adjustment or an
additional agent.” The mechanism of pazopanib-induced
hypertension is still etiologically unclear, and a Phase II trial
is currently recruiting patients to better elucidate this process
(NCT01392352).%

Elevated liver enzymes are frequently reported in patients
receiving pazopanib,'”%%® though it appears that patients with

baseline mild liver dysfunction (bilirubin >1.5-3X upper
limit of normal (ULN), ALT > ULN) may be dosed at the
typical 800 mg daily dose without significant alterations in
hepatic enzyme profile. Those with moderate-to-severe dys-
function may require lower daily doses, with the possibility of
subtherapeutic serum levels and lower likelihood of clinical
drug activity.”' Other laboratory abnormalities reported with
pazopanib use include hypothyroid, hypophosphatemia, and
hyperglycemia.®®

Dermatologic toxicities are increasingly reported
with the use of TKIs. Hair hypopigmentation is the most
common pazopanib-related cutaneous manifestation,*
although diffuse skin hypopigmentation has been described
in patients treated with pazopanib.>*”> Cytopenias appear to
be slightly increased in patients treated with pazopanib,'”’
and become more common when used in combination with
chemotherapy.>>7

Though rare, reversible posterior leukoencephalopathy,
a serious complication of poorly controlled hypertension, has
been reported in patients treated with pazopanib. A loss of
cerebral vascular autoregulation, reversible posterior leukoen-
cephalopathy may present with headaches, seizures, or vision
changes, and has characteristic magnetic resonance imaging
findings.”*" Though much less common, GIP is a serious com-
plication of antiangiogenic therapy. The mechanism is unclear,
though several hypotheses have been suggested including the
presence of bowel micrometastases that undergo necrosis with
treatment, leading to bowel-wall weakening.”’” Definitive risk
factors have not been elucidated, however, and patients with
prior abdominal radiotherapy, significant tumor involvement
of the bowel, and recent surgery may be predisposed to this
potentially fatal complication.” GIP with pazopanib appears
to be less common than that of other anti-VEGF agents.™

These AEs are rarely clinically significant; pazopanib
appears to have an overall acceptable tolerability. In studies
of pazopanib in RCC, the most common AE requiring drug
discontinuation was ALT increase (2%). Diarrhea, proteinu-
ria, and aspartate transaminase increase were also reasons for
discontinuation (all 1%).” In a Phase II trial of pazopanib
in EOC, 14 of 36 patients experienced AEs that led to drug
discontinuation, the most common of which were aspartate
transaminase and ALT increase (8% each).’®

Patients must also be counseled on pazopanib—drug
interactions. As a substrate of CYP 3A4,% pazopanib metabo-
lism may be altered by certain antifungals, antivirals, or
macrolide antibiotics. Pazopanib may lower the serum levels
of dexamethasone, certain antiepileptics, and rifampin.*?
Increased hepatotoxicity has been reported in patients taking
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simvastatin and pazopanib.®' Grapefruit juice should also be
avoided, as it can inhibit drug metabolism.*

Future directions
Phase II and III trials indicate that pazopanib may have a role
in the treatment of select women with EOC. Questions remain
regarding the duration of pazopanib therapy, optimal timing, the
efficacy of combination therapy with cytotoxic agents and other
biologics, use in women with bevacizumab-resistant disease,
sequencing with other antiangiogenic agents, and the ideal
patient population. Identification of biomarkers or nomograms
to predict treatment outcomes will be necessary to rationally
direct therapy to women most likely to benefit from therapy.
Angiopoietin-1 and -2, stromal cell-derived factor, osteopontin,
and IL-6 have all been reported to be either predictive of response
to antiangiogenic therapies, prognostic for survival, or involved
in ovarian carcinogenesis.®** Soluble VEGFR-2, baseline cir-
culating tumor cells, IL-8, and may predict pazopanib efficacy
and prove to be useful biomarkers to direct therapy.?”8
Specimens were obtained from women who participated in
the AGO-OVAR-16 trial, and may identify predictive biomark-
ers to better target those who will achieve the most benefit.
In addition, Kattan et al reported on an internally validated
nomogram used to predict 12-month OS in patients with RCC
treated with pazopanib. The clinical predictors used included
neutrophil and platelet counts, lactate dehydrogenase, alkaline
phosphatase, corrected calcium, albumin, hemoglobin, East-
ern Cooperative Oncology Group performance status, months
from diagnosis to treatment, number of metastatic sites, and
presence of lung, liver, and bone metastases. Albumin, fol-
lowed by corrected calcium and months from diagnosis to
treatment, were the strongest predictors of survival.¥ Future
research is ongoing to develop a nomogram and identify bio-
markers in women with EOC to direct pazopanib therapy.
Of paramount importance is patient preference as they
weigh the risks and benefits of their available treatment
options. As an oral agent requiring only once-daily dosing,
pazopanib is a convenient option, yet cost and safety profile
remain significant considerations. Future studies will hope-
fully include comparative and/or cost-effectiveness compo-
nents in an effort to improve the care of patients with EOC.
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