Drug Design, Development and Therapy Dove

3

REVIEW

Spotlight on olaratumab in the treatment of soft-
tissue sarcoma: design, development, and place

in therapy

Elizabeth ] Davis'
Rashmi Chugh?

'Department of Internal Medicine,
Division of Hematology/Oncology,
Vanderbilt University Medical Center,
Nashville, TN, 2Department of Internal
Medicine, Division of Hematology/
Oncology, University of Michigan,

Ann Arbor, MI, USA

Correspondence: Elizabeth | Davis
Department of Internal Medicine,
Division of Hematology/Oncology,
Vanderbilt University Medical Center,
2220 Pierce Avenue, PRB 777,
Nashville, TN 37232, USA

Tel +1 615 936 8422

Fax +1 615 343 7602

Email elizabeth.j.davis@vanderbilt.edu

This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

Abstract: Soft-tissue sarcoma (STS) is a heterogeneous group of tumors that arise from
mesenchymal tissue. The prognosis of metastatic STS is poor with a life expectancy of
12—-18 months. The mainstay of treatment is chemotherapy with an anthracycline. The addi-
tion of other chemotherapeutic agents to an anthracycline has been studied with limited suc-
cess in improving outcomes for STS patients. Olaratumab is a fully human IgG1 monoclonal
antibody that binds to platelet-derived growth factor receptor oo (PDGFR-) preventing bind-
ing of its ligands and receptor activation. This drug recently received the US Food and Drug
Administration’s accelerated approval for the treatment of advanced STS when combined with
doxorubicin. This approval was based upon an improvement in overall survival of patients
receiving the combination of doxorubicin and olaratumab compared to those receiving doxo-
rubicin alone. In this review, we have analyzed the available literature on the development of
olaratumab, its clinical utility, and its place in therapy. Based on early-phase clinical trials,
olaratumab appears to be a promising agent for the treatment of STS.
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Introduction

Soft-tissue sarcoma (STS) is a rare and heterogeneous group of malignancies.
Approximately, 12,000 cases occur annually in the United States, accounting for
less than 1% of all cancer diagnoses.! Within STS, there are more than 50 different
histologic subtypes, with variability in their demographics, natural history, and clinical
outcomes.? Treatment for localized disease typically includes surgical resection and
radiation therapy, while the role of chemotherapy remains controversial. However,
in metastatic STS, systemic treatment is the mainstay of therapy. For the majority
of STS histologies, first-line treatment is generally an anthracycline, potentially in
combination with another agent.

Until a recent Phase II study evaluating doxorubicin and the platelet-derived growth
factor receptor oo (PDGFR-0) antibody, olaratumab, numerous drugs have been added
to anthracyclines with limited success in improving outcomes for metastatic STS
patients. Other cytotoxic agents such as ifosfamide and dacarbazine are often added to
improve response rates but at the cost of increased toxicity. A myriad of other agents
have been combined with doxorubicin in Phase I, II, and III studies in metastatic STS,
such as ifosfamide analogues (palifosfamide,® evofosfamide*) and targeted agents
(bevacizumab,’ cixutumumab®). All studies have shown varying degrees of benefit and
toxicity, including prohibitive toxicity, but until recently, no study has demonstrated
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a significant survival advantage. Thus, the prognosis for
metastatic STS has remained poor with overall survival
(OS) averaging 12—18 months.”? Novel treatment strategies
to improve outcomes for patients with STS are desired, and
olaratumab appears promising in its early study.

Olaratumab (formerly IMC-3G3) is a fully human IgG1
monoclonal antibody that selectively binds to PDGFR-o..
This binding prevents the platelet derived growth factor
(PDGF) ligands, PDGF-AA, PDGF-BB, PDGF-AB, and
PDGF-CC, from attaching to the receptor and thus prevents
receptor activation. It also prevents ligand-induced phos-
phorylation of downstream signaling molecules, AKT and
mitogen-activated protein kinase (MAPK).!” Olaratumab
has been studied in the treatment of advanced malignancies
and was granted its first global approval in October 2016.
Under its Accelerated Approval Program, the US Food and
Drug Administration approved olaratumab for the treatment
of advanced STS when used in combination with doxoru-
bicin. In November 2016, the European Medicines Agency
granted conditional approval for the same indication.'" In
this review, we will analyze the design and development of
olaratumab and discuss its place in the treatment of STS as
well as future directions.

Design
PDGF/PDGFR pathway in cancer
PDGF is a serum growth factor for fibroblasts, smooth muscle
cells, and glial cells. The PDGF ligands include four inactive
monomeric polypeptide chains (A, B, C, and D) that become
active after linkage via disulfide bonds. When dimerized,
the five ligands, PDGF-AA, PDGF-BB, PDGF-CC,
PDGF-DD, and PDGF-AB, activate two structurally related
tyrosine kinase receptors, PDGFR-o, and PDGFR-P. Acti-
vation of the PDGF/PDGFR system has a very important
role in embryogenesis. However, in adulthood, this system
is primarily involved in tissue repair and wound healing.
Overactivity of PDGF/PDGFR is associated with many
pathologic states including fibrotic and vascular diseases as
well as cancer.'>'* Specifically, PDGFR-a has direct tumor
as well as stromal effect. Mutations and overexpression
of PDGFR-a have been described in numerous malignan-
cies, but the implications of these molecular abnormalities
on treatment strategies are not well defined. For example,
osteosarcoma, chondrosarcoma, Ewing’s sarcoma, leio-
myosarcoma, liposarcoma, undifferentiated pleomorphic
sarcoma, prostate, breast, ovarian, and lung cancers have
all demonstrated increased expression of PDGFR-o. %13
Importantly, this overexpression has been associated with

worse disease-related outcomes in osteosarcoma, ovarian,
breast, and prostate cancers.''” Despite PDGFR overexpres-
sion, targeting PDGFR with the tyrosine kinase inhibitor,
imatinib, has been an unsuccessful strategy in two Phase II
studies in patients with PDGFR-positive sarcomas. In con-
trast, activating mutations in PDGFR-ot in a subset of patients
with gastrointestinal stromal tumors (GISTs) can be success-
fully targeted with imatinib.?**! Occasionally, these PDGFR-
mutant GISTs can exhibit primary resistance to tyrosine
kinase inhibitors, but affected patients have demonstrated
clinical benefit with olaratumab which will be discussed in
greater detail subsequently.???* These findings suggest that
targeting PDGFR as a therapeutic strategy is complex and
needs further investigation.?*?

The PDGF/PDGFR-o. signaling pathway in cancer
involves both autocrine and paracrine growth. The
surrounding stromal fibroblasts, blood vessels, and tumor
cells express PDGFR-a. Coexpression of PDGF and
PDGFR-a in multiple cancer types as well as gene amplifi-
cation and activation of PDGFR-a provides evidence for the
presence of autocrine growth. The role of paracrine growth
in the PDGF/PDGFR pathway is supported by data obtained
from melanoma xenograft models where PDGF-driven
paracrine signaling was necessary for malignant stromal
development.”® A second study demonstrated that inducing
the PDGF-CC ligand in melanoma cells led to activation of
PDGFR-0 on stromal fibroblasts causing increased tumor
growth.”” These findings provide additional rationale as to
how disruption of the PDGF/PDGFR pathway may be a
reasonable anti-cancer strategy.

Preclinical studies of olaratumab

Given the preclinical evidence supporting the targeting of
the PDGF/PDGFR-a. pathway, Loizos et al?® developed five
novel antibodies inhibiting PDGFR-¢ and subjected them
to vigorous in vitro evaluation. While all five antibodies
demonstrated binding to cell surface receptors, olaratumab
was one of two antibodies with the highest binding affinity,
ED,,=0.04 nmol/L. Additionally, olaratumab demonstrated
strong blocking activity inhibiting receptor binding with
IC s of 0.24 nmol/L and 0.43 nmol/L, when exposed to
PDGF-AA and PDGF-BB, respectively.

All antibodies were evaluated for downstream effects,
inhibiting ligand-induced receptor phosphorylation. Olara-
tumab demonstrated the strongest inhibition in response to
PDGF-BB. Inhibition of 50% of PDGFR-o. phosphorylation
occurred at 0.25 nmol/L. Olaratumab also demonstrated the
greatest blocking of PDGF-AA and PDGF-BB mitogenesis
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with EC, s of 8.3 nmol/L and 1.25 nmol/L, respectively.
Comparatively, for the other antibodies, blocking of PDGF-AA
mitogenesis occurred at EC, s ranging from 14-26 nmol/L.

PDGFR-a antibodies were evaluated for their ability to
affect downstream phosphorylation of the key cancer cell
survival kinases, Akt and MAPK, in PDGFR-A express-
ing cell lines, including leiomyosarcoma (SKLMS-1) and
gliobastoma (U118). The strongest inhibition was observed
with olaratumab, 100% of Akt and 80% of MAPK. In vivo
evaluations were also performed in SKLMS-1 and U118
mice xenografts. In both leiomyosarcoma and glioblastoma,
olaratumab significantly inhibited tumor growth at 6, 20,
and 60 mg/kg doses but was more effective in U118 xeno-
grafts. The C___for efficacy varied from 155 to 258 ug/mL.*
Collectively, these data suggest a potential role for olara-
tumab in tumors that express PDGFR-q.

Mechanism of action

Olaratumab selectively binds human PDGFR-o with high
affinity. This prevents binding of PDGF ligands, including
PDGF-AA, PDGF-BB, PDGF-AB, and PDGF-CC. With-
out ligand binding, receptor activation and the downstream
signaling cascade does not occur (Figure 1).

Pharmacokinetics
Initial pharmacokinetic data for olaratumab were generated
from a Phase I study of 19 patients with a variety of solid
tumors. Blood was collected up to 168 hours after the first
dose and 336 hours after the fourth dose in the 4, 8, and
16 mg/kg weekly dosing cohorts. In the 15 and 20 mg/kg
biweekly cohorts, blood was obtained up to 336 hours post-
infusion after the first and third doses. Serum olaratumab was
measured by a validated ELISA. After first and subsequent
doses, the half-life of olaratumab varied from 3.08 to 7.79 and
3.69 to 11.3 days, respectively. After repeated doses of olara-
tumab, serum concentrations of olaratumab were higher than
after a single dose consistent with drug accumulation. The
geometric mean C___for both 16 mg/kg weekly and 20 mg/kg
biweekly was >155 pug/mL, which was above the efficacious
concentration in xenograft models as noted previously.?
Pharmacokinetic data from a second Phase I study con-
ducted in Japanese patients with advanced solid tumors dem-
onstrated comparable results. There were three cohorts for
this study: olaratumab dosed at 10 and 15 mg/kg on days 1
and 8 of a 21-day cycle and 20 mg/kg given every 2 weeks.
Data were available for 15 patients. Serum olaratumab con-
centrations again increased with repeated dosing, confirming
accumulation. Olaratumab 15 mg/kg every 3 weeks

resulted in pre-dose blood concentrations >155 pg/mL.
They also compared steady-state clearance and exposure to the
aforementioned study and found no differences in these param-
eters, suggesting similarities between Asian and non-Asian
patients. However, the small sample size restricted the power
for a statistical analysis, so limited conclusions can be drawn.
Individual terminal elimination half-life (T ) values measured
after first and repeated doses were 4.42-9.38 and 4.06-8.83
days, respectively. However, given the short pharamacokinetic
sampling time, T, , required further validation.*

The largest dataset of pharmacokinetic data was reported
from the Phase Ib/II study of olaratumab in STS. Olara-
tumab 15 mg/kg IV was given on days 1 and 8 of a 21-day
cycle. Serum olaratumab concentrations were available for
92 patients. After the first and second doses of olaratumab,
mean maximum serum concentration (C__ ) was 284 ug/mL
and 293 nug/mL, respectively. At the completion of the cycle,
olaratumab decreased to mean trough concentration (C_, )
of 66.5 ug/mL. The steady state was reached during cycle 3
with C_ ranging from 419 to 487 ug/mL and C_, ranging
from 123 to 156 pg/mL. During cycle 3, T, , estimates were
obtained and ranged from 6.67 to 14.4 days, slightly longer
than was noted during the previous study.?!

Clinical development

Phase | studies in advanced solid tumors

Two Phase I dose escalation studies of olaratumab were con-
ducted in patients with advanced solid tumors (Table 1).2%3°
The first was a multicenter, open-label study conducted in
adults with good performance status and organ function with
the primary objectives to establish the maximum tolerated
dose (MTD) and safety profile of olaratumab. Secondary
objectives included evaluation of pharmacokinetic and
antitumor activity. Olaratumab was administered intrave-
nously either weekly or biweekly. Dose cohorts were selected
based upon the pharmacokinetic parameters for olaratumab
from the preclinical models in glioblastoma and sarcoma
as described previously.?® Olaratumab was dosed intrave-
nously over 60-90 minutes in cohorts with initial dosing of
4 mg/kg IV, 8 mg/kg, and 16 mg/kg weekly x4 doses fol-
lowed by a 2-week observation period. Additional cohorts
of 15 mg/kg and 20 mg/kg were evaluated with every other
week dosing. Nineteen patients were treated for the following
malignancies: prostate cancer (11), neuroendocrine cancer
(5), bladder cancer (1), lung cancer (1), and endometrial can-
cer (1). The median number of treatments was 9 with median
treatment duration of 12 weeks. There were no responses in
the study, but 63.2% of patients had stable disease (SD) for a
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Figure | Olaratumab mechanism of action.
Abbreviation: PDGF, platelet-derived growth factor.

median duration of 3.9 months. The main reason for discon-
tinuing olaratumab was progressive disease. Three patients
discontinued olaratumab due to adverse events (AEs). One
was fatigue/weight loss related to the study drug, and two
were unrelated to drug (spinal compression fracture and
arthralgia). No dose-limiting toxicities (DLTs) were observed
during the study, so the MTD was not reached. The most

PI3K

l

AKT

l

mTOR

|

Survival

common drug-related AEs were fatigue and infusion
reactions, occurring in 10.5% of patients (Table 2). There
were no grade =4 AEs during the study or the 30-day post-
treatment follow-up period.”

A second Phase I study was conducted in a single center
and included Japanese adults with advanced primary or recur-
rent solid tumors with good performance status and organ

submit your manuscript

3582

Dove

Drug Design, Development and Therapy 2017:1 |


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

Dove

Olaratumab in the treatment of soft-tissue sarcoma

Table | Published Phase /1l studies of olaratumab

Study Phase Patients Disease Primary Median PFS Median OS ORR (%)
of study (n) end point(s)
Chiorean et al”® | 19 All solid tumors  MTD, safety ~ NR NR 0
Doi et al*® | 16 All solid tumors  MTD, safety =~ NR NR 0
Tap et al®! Ib 15 STS Safety NR NR NR
Tap et al®! Il 129 STS PFS Dox/olara: 6.6 months Dox/olara: 26.5 months Dox/olara: 18.2 months
Dox: 4.1 months Dox: 14.7 months Dox: 11.9 months
Wagner etal® || 21 GIST CBR Cohort I: 32.1 weeks Cohort |I: NYR 0

Cohort 2: 6.1 weeks

Cohort 2: 24.9 weeks

Abbreviations: PFS, progression-free survival; OS, overall survival; ORR, objective response rate; STS, soft-tissue sarcoma; GIST, gastrointestinal stromal tumors; CBR,
clinical benefit rate; MTD, maximum tolerated dose; Dox, doxorubicin; olara, olaratumab; NR, not reported; NYR, not yet reached.

function (Table 1). Three dosing cohorts were evaluated:
olaratumab 10 mg/kg given on days 1 and 8 of a 21-day
cycle (cohort 1), olaratumab 20 mg/kg given every 2 weeks
(cohort 2), and 15 mg/kg given on days 1 and 8 for every
3 weeks (cohort 3). The primary objectives were safety
and pharmacokinetics, and secondary objectives included
pharmacodynamics and antitumor activity. Response was
assessed every 6 weeks. Sixteen patients were enrolled with
the following cancers: colorectal (7), gastrointestinal stromal
tumor (4), gastric (2), head and neck (2), and leiomyosarcoma
(1). There were no DLTs in the trial, so the MTD was not
reached. The best response was SD with a mean duration of
2.8 months in cohorts 1 and 2 and 4.9 months in cohort 3.
The patient with leiomyosarcoma treated in cohort 3 had the
longest duration of SD in the study, 5.6 months. The median
duration of treatment was 13.1, 6, and 7 weeks in cohorts 1, 2,
and 3, respectively. There were no AEs that caused treatment
discontinuation. The most frequent AEs were pyrexia (25%),
proteinuria (25%), constipation (19%), and anorexia (19%);
however, only proteinuria was considered to be olaratumab-
related AE (Table 2).%°

Table 2 Olaratumab-related adverse events

Studies in soft-tissue sarcoma

First-line chemotherapy for advanced or metastatic STS
generally includes doxorubicin. However, with this agent
alone, survival is poor. Since olaratumab demonstrated
antitumor activity in sarcoma xenografts, it was evaluated
in combination with doxorubicin to determine if it could
improve outcomes (Table 1).23° From October 2010 to
January 2013, a two-part, open-label Phase Ib and random-
ized Phase II study of doxorubicin plus olaratumab accrued
patients with unresectable or metastatic STS. Fifteen patients
were treated on the Phase Ib study, and 133 were random-
ized on the Phase II study, 66 to combination treatment
and 67 to doxorubicin alone. In the Phase Ib portion of
the trial, patients received doxorubicin 75 mg/m? on day
1 and olaratumab 15 mg/kg on days 1 and 8 of a 21-day
cycle for up to eight cycles. After cycle 8 and a maximum
potential cumulative dose of doxorubicin of 450 mg/m?,
patients with stable or responding disease could continue on
olaratumab monotherapy. In the Phase II part of the study,
patients were randomized to the treatment as described for
the Phase Ib study or doxorubicin 75 mg/m? every 21 days

Study Patients (n) All grades (% occurrence) Grade =3 (% occurrence)
Chiorean et al® 19 Fatigue (10.5), infusion reaction (10.5), all others (5.3): Increased alkaline phosphatase (5.3)
thrombocytopenia, constipation, chills, diarrhea, headache,

increased alkaline phosphatase, hypersensitivity, nausea,
pyrexia, vomiting, and tumor hemorrhage
Doi et al*® 16 Proteinuria (25), increased aspartate aminotransferase Increased aspartate aminotransferase (6),
(12.5), all others (6): anemia, leukopenia, cough, tumor hemorrhage (6)
dermatitis, diarrhea, fatigue, increased D-dimer,
hyperglycemia, hypertension, rash, and tumor hemorrhage
Tap et al (Ib)?' 15 NR (20)* NR (20)*
Tap et al (I1)*! 64 NR (98)* NR (28)*
Wagner et al® 21 Fatigue (38), nausea (19), headache (19), infusion reaction Hypertension (4.8), syncope (4.8)

(14), peripheral edema (14), all others (9.5): increased
alkaline phosphatase, constipation, anorexia, dyspnea,
hypertension, pyrexia, and rash

Note: *These percentages could also be attributed to doxorubicin.

Abbreviation: NR, not reported.
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as monotherapy. Patients being treated with doxorubicin
alone could cross over to olaratumab monotherapy at disease
progression. The primary end point of the Phase Ib study
was safety. In the Phase II study, the primary end point
was progression-free survival (PFS) and secondary end
points were OS, objective response rate (ORR), safety, and
pharmacokinetics.

In the Phase II study, the median PFS was 6.6 months
(95% CI 4.1-8.3) with combination treatment versus
4.1 months (95% CI 2.8-5.4) with doxorubicin alone,
p=0.0615. Median OS was 26.5 months (95% CI120.9-31.7)
with doxorubicin plus olaratumab and 14.7 months (95% CI
9.2-17.1) with doxorubicin, p=0.0003. The ORR was 18.2%
(95% CI 9.8-29.6) with combination treatment versus
11.9% (95% CI 5.3-22.2) with monotherapy, p=0.3421.
Median duration of response was ~8 months in each arm. The
most common reason for discontinuing the study treatment
in each arm was progressive disease. The most common AE
resulting in discontinuation of doxorubicin was a decreased
ejection fraction in 7 of the 128 patients (5%) and in discon-
tinuation of olaratumab was an infusion reaction in 2 of the
64 patients (3%). AEs were more common with combination
treatment with increased rates of neutropenia (58% vs 35%),
mucositis (53% vs 35%), nausea (73% vs 52%), vomiting
(45% vs 18%), and diarrhea (34% vs 23%) compared to
single-agent doxorubicin. Infusion reactions, including two
grade 4 events, occurred in 13% of patients treated with
combination therapy and in none of the patients treated with
doxorubicin alone®! (Table 2). A Phase III study evaluating
doxorubicin with olaratumab has completed accrual, and we
are awaiting results to see if this will confirm the promising
findings of the Phase II study.

About 5%—10% of GISTs have a mutation in PDGFR-o..
Because of the ability of olaratumab to internalize and down-
modulate PDGFR expression, olaratumab was evaluated
in patients with PDGFR-o-mutant GIST. An open-label,
two-stage, multicenter, Phase II study of single-agent olara-
tumab was performed to evaluate efficacy in two cohorts of
patients with previously treated unresectable or metastatic
GIST. Thirty patients were enrolled, and 21 patients were
treated. Cohort 1 included seven patients with a D842V
mutation in PDGFR-o. Cohort 2 included 14 patients without
a PDGFR-o mutation, 11 with a KIT mutation, and 3 without
mutations in KIT or PDGFR-o. Treatment included olara-
tumab 20 mg/kg every 2 weeks with radiographic assessment
every 6 weeks. The primary end point was clinical benefit
rate (CBR) at 12 weeks. Secondary end points included PFS,
OS, ORR, and disease control rate.

Results are summarized in Table 1. The CBR at 12 weeks
was 50% (95% CI 15.3-84.7) in the PDGFR-o-mutant
and 14.3% (95% CI 2.6-38.5) in the PDGFR-o. wild-type
patients, respectively. When treated with olaratumab,
PDGFR-o-mutant patients (all D842V in this study) had a
median PFS of 8 months, the median OS had not yet been
reached. This compared favorably to the largest historical
series of PDGFR-o-mutant GIST patients reporting a median
PFS of 2.8 months in patients with D842V mutation versus
28.5 months in patients with all other PDGFR-o. mutations.
Median OS was 14.7 months in D842V mutants and was not
yet reached in all other PDGFR-or mutants.*> Compared to
this historical data obtained in the setting of tyrosine kinase
inhibitor treatment, olaratumab preliminarily has demon-
strated increased efficacy in the D842 V-mutant patients. This
will need to be confirmed in a larger study. Treatment-related
AEs occurred in 76% of patients; however, olaratumab-
related AEs = grade 3 occurred in only 10% of patients, with
only one serious adverse event due to olaratumab, an episode
of syncope. The most common drug-related AEs were fatigue
(38%), nausea (19%), headache (19%), infusion reaction
(14%), and peripheral edema (14%) (Table 2).%

Place in therapy

Selecting a regimen for a given STS patient requires
assessment of both the patient and disease characteristics.
Comorbidities, organ function, performance status, extent of
disease, burden of symptoms, goals of therapy, and histol-
ogy affect chemotherapy recommendations. Doxorubicin
is often considered first-line treatment for the majority of
STS histologies, in patients with metastatic disease, who
have not previously received an anthracycline, and with
good cardiac function and performance status. Historically,
the response rate to doxorubicin alone has varied, rang-
ing from 5% to 27% as has the median OS ranging from
8 to 14.3 months,”**¢ reflecting the heterogeneity of STS
and evolution of response assessment. Other chemotherapy
agents, including ifosfamide®~** and dacarbazine,* have been
added to doxorubicin in an attempt to improve outcomes for
STS patients. These combinations can yield higher response
rates, particularly in certain sarcoma subtypes, such as
synovial sarcoma (ifosfamide) and leiomyosarcoma (dacar-
bazine); however, these dual-agent cytotoxic regimens also
result in increased toxicities (eg, myelosuppression, nausea,
fatigue, neurotoxicity) and have not demonstrated an OS
benefit.”#! The addition of targeted agents to doxorubicin
such as bevacizumab has yielded other toxicities such as
decreased cardiac function.’
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How does olaratumab fit into the algorithm for treating
STS? The Food and Drug Administration has approved olara-
tumab for the treatment of STS patients who cannot be cured
with surgery or radiation and for whom an anthracycline is
appropriate. The Phase II study evaluating the combination
doxorubicin with olaratumab suggests relatively minor
improvements in ORR and PFS but significant OS improve-
ment for this combination.’!

To further evaluate the doxorubicin/olaratumab combi-
nation, a Phase III study (NCT02451943) has enrolled ~460
advanced STS patients in a randomized (1:1), placebo-con-
trolled manner with the primary end point of overall survival.
Whether the OS benefit will be confirmed in this Phase III
study will not be known until at least 2019. For now, adding
olaratumab to any patient being considered for single-agent
doxorubicin is recommended. The combination is fairly well
tolerated, with olaratumab adding relatively little treatment-
related toxicity, and potentially confers a survival benefit.
It is important to discuss with patients the increased risk for
infusion reaction, neutropenia, mucositis, as well as the extra
visit needed for a day 8 infusion when receiving combination
treatment instead of doxorubicin alone. One caveat to this
recommendation is that doxorubicin and ifosfamide is still
a combination that could be considered in select cases of
advanced STS where the goal is disease response to poten-
tially allow for surgical resection or to ease symptoms related
to disease. Although there has not been a direct comparison,
the addition of ifosfamide to doxorubicin, as compared to
olaratumab, most likely has a higher chance of tumor shrink-
age and disease control based on cross-study comparisons,
particularly in certain subtypes such as synovial sarcoma and
myxoid liposarcoma. However, this potential benefit must
be balanced with the increased rates of myelosuppression,
nephrotoxicity, and neurotoxicity as well as increased com-
plexity of drug and supportive medication administration.

Table 3 Summary of ongoing studies with olaratumab in STS

Further evaluation of the efficacy of doxorubicin/olaratumab
in synovial sarcoma should be explored as only one patient
with this histology received combination treatment in the
Phase II study, thus making conclusions about its utility over
doxorubicin/ifosfamide challenging.

To confirm the benefit of olaratumab in the metastatic STS
population, the results of the Phase III study are necessary.
This data may also provide further insight into the Phase 11
study findings which reported a significant improvement in
OS without a significant increase in PFS. While it has been
hypothesized that olaratumab may alter the tumor stromal
cell environment, and potentially increase the efficacy of
subsequent treatments, there are a number of other potential
explanations. One possibility is that there was an imbalance
in histologies with a greater number of patients with typically
more indolent sarcoma subtypes enrolled in the combination
treatment arm as compared to the monotherapy arm. This again
exemplifies the heterogeneity of STS and the challenges in
analyzing data from a diverse group of diseases to formulate
conclusions about treatment regimens. Another potential
explanation for the discrepancy in OS and PFS is that the
posttreatment systemic therapy differed between the study
arms. Patients who had received combination treatment were
more likely to receive standard sarcoma regimens at the time
of progressive disease, whereas patients who had been treated
with doxorubicin alone were more likely to receive olara-
tumab monotherapy, the benefit of which is unknown. Also,
olaratumab may alter the tumor stromal cell environment, thus
potentially increasing the efficacy of subsequent treatment.

Future directions

Currently, there are several ongoing or recently completed clin-
ical trials evaluating additional roles for olaratumab (Table 3).
In addition to the previously mentioned Phase III study,
olaratumab is being studied in advanced or metastatic STS in

Study number Systemic therapy Phase Tumor type Estimated
enrollment

NCT02783599 Olaratumab monotherapy followed Ib Potentially resectable STS 40

by olaratumab plus doxorubicin
NCTO03126591 Olaratumab plus pembrolizumab | Advanced/metastatic STS 37
NCT02659020 Gemcitabine and docetaxel with Ib/Il Advanced/metastatic STS 310

or without olaratumab
NCT02584309 Doxorubicin with dexrazoxane 1] Advanced/metastatic STS 75

plus olaratumab
NCT02451943* Doxorubicin with olaratumab n Advanced/metastatic STS 460

versus doxorubicin

Note: *Accrual completed, awaiting results.
Abbreviation: STS, soft-tissue sarcoma.
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combination with other agents, including pembrolizumab and
gemcitabine/docetaxel. A STS neoadjuvant study is examining
changes in circulating tumor cells as well as PDGFR-o and
PDGFR-[} expression with the combination of doxorubicin and
olaratumab. Although the role of chemotherapy in the treatment
of localized, high-grade STS is controversial, it could be ben-
eficial to evaluate the efficacy of doxorubicin and olaratumab
in a neoadjuvant/adjuvant study, potentially in combination
with other agents. Ultimately, these trials will allow us to
delineate whether the benefit found in the initial randomized
Phase II study is confirmed and understand whether there are
additional roles for olaratumab in the treatment of STS.
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