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arcomas represent a diverse

and relatively rare group of sol-

id tumors of mesenchymal cell

origin with distinct clinical and
histologic features. They can be catego-
rized into two broad groups: sarcomas
of soft tissues (including fat, muscles,
nerves, nerve sheaths, joints, blood ves-
sels, deep skin tissues, and other con-
nective tissues) and sarcomas of bone
(National Comprehensive Cancer Net-
work [NCCN], 2012). Over 50 subtypes
of soft-tissue sarcoma (STS) have been
identified; most develop in the extremi-
ties (60%) yet can also be found in the
trunk (19%), retroperitoneum (15%),
head and neck (9%), and internal or-
gans (American Cancer Society, 2012;
NCCN, 2012). The subtypes vary from
relatively indolent to highly aggressive
disease and commonly metastasize to
the lungs (NCCN, 2012).

An estimated 11,280 new cases and
3,900 deaths from STS occurred in the
United States in 2012 (Siegel, Naishad-
ham, & Jemal, 2012). Sarcomas ac-
count for about 1% of adult malignan-
cies and 15% of pediatric malignancies
(NCCN, 2012). Overall survival (OS) of
patients with metastatic STS is about
1 year and has not changed in the past
20 years; thus, new treatment op-
tions are needed to improve outcomes
(Schoffski, 2012).

Pazopanib (Votrient) is an oral,
multitargeted, tyrosine kinase inhibi-

tor (TKI) that was originally approved
by the US Food and Drug Administra-
tion (FDA) in 2009 for the treatment of
advanced renal cell carcinoma (RCC).
In April 2012 it gained approval for the
treatment of advanced STS in patients
who have received prior chemotherapy,
excluding those with adipocytic STS or
gastrointestinal stromal tumor (GIST)
since efficacy in these two patient groups
has not been demonstrated. Develop-
ment of pazopanib for the treatment of
STS is discussed in this article; see Table
1 for a summary of key information.

PHARMACOLOGY AND
MECHANISM OF ACTION
Tumor cells require nutrients
and oxygen from nearby blood ves-
sels to survive. Without a blood sup-
ply, the growth of a solid tumor is
limited to approximately 1 to 2 mm3
(Schoffski, 2012). Angiogenesis, the
development of new blood vessels, is
mediated mainly by vascular endothe-
lial growth factor (VEGF) and also by
platelet-derived growth factor (PDGF;
Schutz, Choueiri, & Sternberg, 2011).
Soft-tissue sarcomas are highly vascu-
larized and produce large amounts of
VEGF and VEGF receptors that medi-
ate angiogenesis (Pakos et al., 2005).
High tissue VEGF concentration in
patients diagnosed with STS has been
associated with poor OS and disease
progression (Yudoh et al., 2001).
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Table 1. Pazopanib: Key Information

Indication * Advanced renal cell carcinoma
« Advanced STS in patients who have received prior chemotherapy?

Dosage/administration * 800 mg orally once daily without food (at least 1 hr before or 2 hr after meal)
* Do not crush due to increased absorption

Dosage adjustment * Mild hepatic impairment (either total bilirubin WNL with ALT > ULN or bilirubin > 1x to 1.5%x ULN regardless

of ALT): No adjustment necessary

* Moderate hepatic impairment (total bilirubin > 1.5% to 3x ULN regardless of ALT): Consider an alternative
agent or reduce dose to 200 mg orally once daily

* Severe hepatic impairment (total bilirubin > 3x ULN regardless of ALT): Not recommended

* Development of elevated liver enzymes: Refer to package insert

* Renal impairment: No adjustment necessary

* See “Drug Interactions” below for adjustment with concomitant CYP3A4 use

Formulation 200-mg tablets (#120)

Contraindications None

Warnings and * Arterial thrombotic events: Can be fatal. Has not been studied in patients who have had an arterial
precautions® thrombotic event within the past 6 mo and should not be used in those patients.

* Cardiac dysfunction (e.g., congestive heart failure, decreased LVEF)

* Fatal hemorrhagic events: Has not been studied in patients who have a history of hemoptysis, cerebral, or
clinically significant Gl hemorrhage in the past 6 mo and should not be used in those patients.

* Fetal harm in pregnant women: Pregnancy category D.

» Gl perforation or fistula: Can be fatal.

* Impaired wound healing: No formal trials have been conducted. Stop at least 7 days prior to surgery.

* Hepatotoxicity (Black Box Warning): May be severe and fatal. Increases in serum transaminase levels and
bilirubin have been observed. Monitor serum liver tests before initiation of treatment and at least once
every 4 wk for at least the first 4 mo of treatment or as clinically indicated. Periodic monitoring should be
continued after this time period.

* Hypertension: Including hypertensive crisis. Blood pressure should be well-controlled prior to initiating
pazopanib.

* Hypothyroidism: Confirm based on simultaneous rise in TSH and decline of T4.

 Serious infection with or without neutropenia: Can be fatal. Treat active infections promptly.

* Prolonged QT intervals and torsades de pointes

* Proteinuria: Interrupt treatment for 24-hr urine protein = 3 g and discontinue for repeat episodes despite
dose reductions.

* RPLS: Symptoms include headache, seizure, lethargy, confusion, blindness, other visual and neurologic
disturbances, mild to severe hypertension; diagnose by MRI.

¢ VTE, including PE: Can be fatal

Monitoring parameters Recommended: Consider in select patients:
* Blood pressure « Urinalysis
* Serum liver tests « Electrocardiogram and electrolytes
* Signs and symptoms of VTE, « LVEF
PE, active infection, and RPLS « 24-hr urine protein
*Thyroid function tests
Adverse effects The most common adverse effects in advanced STS (= 20%):
» Decreased appetite and weight » Hypertension
e Diarrhea ¢ Musculoskeletal pain
* Distorted taste « Nausea
* Dyspnea « Skin hypopigmentation
° ::at_lguel - » Tumor pain
* Hair color changes o Vel
* Headache ¢
Drug interactions * CYP3A4 inhibitors (e.g., ketoconazole, itraconazole, clarithromycin, atazanavir, nefazodone, saquinavir,

telithromycin, ritonavir, indinavir, nelfinavir, voriconazole): Avoid use of strong inhibitors or reduce
pazopanib dose to 400 mg.

* CYP3A4 inducers (e.g., phenytoin, carbamazepine, rifampin, and phenobarbital): Consider an alternate
concomitant medication or avoid pazopanib.

* CYP substrates: Concomitant use of pazopanib with agents with narrow therapeutic windows that are
metabolized by CYP3A4, CYP2D6, or CYP2C8 is not recommended.

* Concomitant use with simvastatin increases the risk of ALT elevations. Insufficient data with other statins.

Note. WNL = within normal limits; ALT = alanine aminotransferase; ULN = upper limits of normal; LVEF = left ventricular ejection frac-
tion; TSH = thyroid-stimulating hormone; RPLS = reversible posterior leukoencephalopathy syndrome; VTE = venous thromboembolism;
PE = pulmonary embolism; STS = soft-tissue sarcoma. Information from GlaxoSmithKline (2012).

aExcludes adipocytic STS or gastrointestinal stromal tumor.

PMonitor and use with caution in at-risk patients.
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As a TKI, pazopanib binds to the VEGF recep-
tor, PDGF receptor, and other proteins found on
the cells of blood and lymphatic vessels to inhibit
angiogenesis (Schoffski, 2012). This agent is most-
ly hydrophobic, so it can pass through the double
lipid layer of the cell membrane to interact with
the intracellular domain of the tyrosine kinase re-
ceptor and compete with adenosine triphosphate
(ATP) by binding to a target near the ATP-binding
cleft of the kinase (Gotink & Verheul, 2010). This
inhibits downstream signaling pathways that are
involved in angiogenesis, and in doing so, tumor
growth and metastasis are inhibited.

CLINICAL TRIALS
Phase |

The safety and clinical activity of pazopanib
were evaluated in a multicentered, dose-finding
phase I clinical trial in 63 patients with advanced,
refractory solid tumors, including 6 patients with
sarcomas. Patients received doses and sched-
ules ranging from 50 mg and 100 mg three times
weekly, 50 to 2,000 mg once daily, and 300 mg
and 400 mg twice daily.

Four patients experienced dose-limiting tox-
icities at 50 mg once daily (n = 2, GI hemorrhage
and extrapyramidal involuntary movements),
800 mg once daily (n = 1, hypertension and sub-
sequently recurring proteinuria), and 2,000 mg
once daily (n = 1, fatigue). A maximum tolerated
dose was not determined, but steady-state ex-
posure plateaued at doses = 800 mg once daily;
increasing the dose to > 800 mg once daily was
not likely to result in consistently greater plasma
concentrations with a once-daily schedule. In
addition, at 800 mg once daily, 93% of patients
achieved a plasma concentration that correlated
with hypertension. Thus, 800 mg once daily was
chosen for study in phase II trials based on tol-
erable safety profile, saturation in exposure, and
achievement of concentrations that seemed to
correlate with clinical activity.

With regard to clinical effectiveness, 17 pa-
tients had significant clinical benefit, including
3 with a partial response (2 with RCC and 1 with
pancreatic islet cell tumor) and 14 with stable
disease for more than 6 months (in various solid
tumors; Hurwitz et al., 2009). In this trial, pa-
zopanib was generally well tolerated, with an-
titumor activity observed across various tumor
types, including sarcomas.

Phase Il

The safety and efficacy of pazopanib were
evaluated in a multicentered, open-label, nonran-
domized phase II clinical study in patients with
relapsed or refractory high- or intermediate-
grade STS who were ineligible for chemotherapy
or had received no more than two prior cytotoxic
agents sequentially administered as single agents
or no more than one prior combination regimen
for advanced disease. Patients were treated with
pazopanib 800 mg once daily until disease pro-
gression, unacceptable toxicity, or withdrawal
of consent occurred. The primary endpoint was
progression-free rate at 12 weeks (PFR, . ) af-
ter treatment started. This endpoint was used be-
cause response rate (RR) does not adequately re-
flect the antitumor activity of many drugs in STS.
A study by Van Glabbeke et al. (2002) supported
the use of progression-free rate as the principal
endpoint for phase II trials in STS and deter-
mined the PFR ,  thatis associated with active
and nonactive agents. Secondary endpoints were
progression-free survival (PFS), OS, RR, duration
of response, and safety.

The study divided 142 patients into 4 groups:
adipocytic sarcomas, leiomyosarcomas, synovial
sarcomas, and other eligible STSs. A progression-
free rate at 12 weeks that met the predefined cri-
teria of a potentially active agent was found in pa-
tients with leiomyosarcomas, synovial sarcomas,
and other eligible STSs (44%, 49%, and 39%, re-
spectively). The adipocytic sarcoma group dem-
onstrated insufficient activity (PFR, . of 26%),
so accrual was stopped. No complete responses
were noted, but partial responses occurred in 9
patients: 1 with leiomyosarcoma, 5 with synovial
sarcoma, and 3 with other eligible STSs. Com-
pared with historical controls, PFS and OS were
prolonged in the three groups that met the pri-
mary endpoint.

The most common adverse effects (AEs) were
hypertension (40.1%), fatigue (36.6%), hypopig-
mentation (36.6%), and nausea (35.9%). Most AEs
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were grades 1 to 2. The most frequent grades 3/4
toxicities were hyperbilirubinemia (6.3%), hy-
pertension (7.7%), and fatigue (7.7%). For patients
who developed hypertension and fatigue, the
first incidence usually occurred during the first
4 weeks of treatment. The incidence of diarrhea
and hypopigmentation increased with treatment
duration (Sleijfer et al., 2009). Based on these
findings, further investigation in pazopanib activ-
ity in leiomyosarcomas, synovial sarcomas, and
other eligible STSs was warranted.

Phase IlI

PALETTE, a multicentered, international,
double-blind, placebo-controlled phase III clini-
cal trial, was the landmark study for pazopanib’s
FDA approval for use in STS. The study popula-
tion included patients with metastatic STS (ex-
cluding adipocytic STS and GIST) who had at
least one anthracycline-based chemotherapy reg-
imen and had a maximum of four previous lines
of systemic therapy (no more than two lines of
a combination regimen). Patients (n = 369) were
randomized in a 2:1 ratio to either pazopanib 800
mg once daily (n = 246) or placebo (n =123), and
treatment was continued until disease progres-
sion, unacceptable toxic effects, withdrawal of
consent, or death. The primary endpoint was PFS.

Pazopanib significantly prolonged median
PFS (4.6 vs. 1.6 months for placebo; p < .0001)
across all histologic subtypes that were included.
Despite these favorable findings, the difference in
OS was not statistically significant (12.5 vs. 10.7
months for placebo; p = .25). Clinical benefit was
observed in 73% (6% partial response and 67%
stable disease) of the pazopanib group, compared
with 38% (stable disease only) of the placebo
group. Progression occurred in 23% of patients on
pazopanib and 57% of patients on placebo. Favor-
able prognostic factors in patients treated with
pazopanib were a good performance status and
low or intermediate tumor grade.

The most common AEs were fatigue (65% vs.
49% for placebo), diarrhea (58% vs. 16%), nausea
(54% vs. 28%), weight loss (48% vs. 20%), and hy-
pertension (41% vs. 7%). The most common grade
3/4 AEs included fatigue (13%) and hypertension
(7%), with rare events of venous thromboembo-
lism, pneumothorax, and decreased left ventricu-
lar ejection fraction. The main reasons for dose
reductions were hypertension, fatigue, diarrhea,

anorexia, nausea and vomiting, hand-foot syn-
drome, and increased concentration of liver en-
zymes (Van der Graaf et al., 2012).

ADVERSE EFFECTS

In a study evaluating the safety of pazopanib
in 382 patients with advanced STS, the most com-
monly observed AEs (= 20%) were fatigue, diar-
rhea, nausea, decreased weight, hypertension,
decreased appetite, vomiting, tumor pain, hair
color changes, musculoskeletal pain, headache,
dysgeusia, dyspnea, and skin hypopigmentation
(GlaxoSmithKline, 2012).

Toxicities consistently reported with TKIs
are hand-foot skin reaction, hypertension, renal
dysfunction, bleeding, fatigue, hypothyroidism,
and diarrhea. Nonetheless, differences do exist
between pazopanib and other TKIs. For instance,
phase II and III trials of pazopanib have shown
that the incidence of drug-related rash, hand-foot
skin reaction, epistaxis, mouth ulceration, and sto-
matitis are low and of low grade. Although com-
parisons between trials of pazopanib, sunitinib
(Sutent), and sorafenib (Nexavar) should be inter-
preted cautiously due to limitations in comparing
different populations across trials, pazopanib ap-
pears to have a slightly higher incidence of high-
grade alanine aminotransferase and aspartate
aminotransferase elevation and a lower incidence
of myelosuppression, rash, mucositis, hand-foot
syndrome, and fatigue/asthenia (Schutz, Choueiri,
& Sternberg, 2011). Pazopanib has a black box
warning for severe and fatal hepatotoxicity that
requires monitoring of hepatic function and inter-
ruption, reduction, or discontinuation of dose as
recommended by the package insert.

ROLE IN THERAPY FOR SOFT-TISSUE
SARCOMA

For advanced, unresectable, or metastatic
STSs, single-agent or combination therapy with
an anthracycline or ifosfamide backbone remains
the standard of care. Current guidelines from
the NCCN recommend pazopanib as an alterna-
tive single agent for STSs in the extremity/trunk,
head/neck, retroperitoneal, and intra-abdominal
regions. It is recommended only for palliative
therapy and should not be used for treatment
of adipocytic sarcomas (NCCN, 2012). These
are category 2A recommendations based on the
phase IT and III trials reviewed in this article.
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IMPLICATIONS FOR THE ADVANCED
PRACTITIONER

Pazopanib is a convenient, well-tolerated,
oral treatment option for patients with advanced
STS subtypes except for adipocytic sarcomas and
GIST. As the utility of pazopanib expands based
on findings from clinical trials, it is imperative that
the oncology advanced practitioner be familiar
with pazopanib. The monthly cost of pazopanib is
$7,778.57, which is the average wholesale price of
a 120-count bottle of 200-mg tablets (Thomas Re-
uters, 2012). A patient assistance program is avail-
able through GlaxoSmithKline; advanced practi-
tioners can refer patients to www.caresbygsk.com/
patients-caregivers.html for details.

SUMMARY

The efficacy of pazopanib in patients with
STS who have failed prior chemotherapies pro-
vides a new addition to the armamentarium of
active drugs in this difficult-to-treat and hetero-
geneous group of diseases. This TKI has been
shown to increase PFS in heavily pretreated pa-
tients and is currently recommended as an option
for palliative therapy for patients with advanced,
unresectable, or metastatic nonadipocytic sarco-
mas. Information obtained from ongoing studies
of pazopanib in the earlier treatment of STS, in
combination regimens, and for other cancers will
help us understand the unique features of STS
subtypes and allow us to select therapeutic ap-
proaches using disease-tailored, targeted therapy.
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