Pharmacogenomics and Personalized Medicine downloaded from https://www.dovepress.com/

For personal use only.

Pharmacogenomics and Personalized Medicine Dove

3

REVIEW

Patient selection and targeted treatment in the
management of platinum-resistant ovarian cancer

Christopher P Leamon'
Chandra D Lovejoy?

Binh Nguyen?

'Research and Development,
2Regulatory Affairs, *Clinical Affairs,

Endocyte, Inc., West Lafayette, IN,
USA

Correspondence: Christopher P Leamon
Endocyte, Inc., 3000 Kent Avenue,

West Lafayette, IN 47906, USA

Tel +1 765 463 7175

Fax +1 765 463 9271

Email chrisleamon@endocyte.com

This article was published in the following Dove Press journal:
Pharmacogenomics and Personalized Medicine

24 September 2013

Number of times this article has been viewed

Abstract: Ovarian cancer (OC) has the highest mortality rate of any gynecologic cancer,
and patients generally have a poor prognosis due to high chemotherapy resistance and late
stage disease diagnosis. Platinum-resistant OC can be treated with cytotoxic chemotherapy
such as paclitaxel, topotecan, pegylated liposomal doxorubicin, and gemcitabine, but many
patients eventually relapse upon treatment. Fortunately, there are currently a number of targeted
therapies in development for these patients who have shown promising results in recent
clinical trials. These treatments often target the vascular endothelial growth factor pathway
(eg, bevacizumab and aflibercept), DNA repair mechanisms (eg, iniparib and olaparib), or they
are directed against folate related pathways (eg, pemetrexed, farletuzumab, and vintafolide).
As many targeted therapies are only effective in a subset of patients, there is an increasing
need for the identification of response predictive biomarkers. Selecting the right patients
through biomarker screening will help tailor therapy to patients and decrease superfluous
treatment to those who are biomarker negative; this approach should lead to improved clinical
results and decreased toxicities. In this review the current targeted therapies used for treating
platinum-resistant OC are discussed. Furthermore, use of prognostic and response predictive
biomarkers to define OC patient populations that may benefit from specific targeted therapies
is also highlighted.

Keywords: platinum-resistant ovarian cancer, targeted therapy, patient selection, folate receptor,
VEGE, biomarkers

Introduction

Each year, more patients die of epithelial ovarian cancer (OC) than of any other
gynecologic malignancy. Worldwide, OC is in the top ten of newly diagnosed cancer
cases and in the top ten of mortality rates from cancer in women.! In the US alone,
OC was estimated to be newly diagnosed in 22,240 women in 2013, leading to 14,030
deaths in that year.’

Most OC patients are only diagnosed at later stages, ie, when the disease is
already well advanced, thereby complicating or limiting therapeutic options.
The standard treatment for epithelial OC consists of aggressive debulking
surgery followed by platinum-based chemotherapy. Although initial response to
chemotherapy is approximately 70%, the majority of these patients will unfortunately
relapse. Therefore, OC has an overall poor prognosis and a low 5-year survival
rate, especially in the case of platinum-resistant disease, due to its high treatment
resistance (defined as disease recurrence within a treatment-free interval of less
than 6 months).?
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for treatment of platinum-

resistant ovarian cancer

There are currently four standard chemotherapy regimens
used for patients who become resistant to platinum:
paclitaxel, topotecan, pegylated liposomal doxorubicin
(PLD), and gemcitabine.

Paclitaxel

Paclitaxel is a taxane that can stabilize microtubules to inhibit
cell division. The drug was approved for treatment of recurrent
OC when response rates (RR) of 25% to 37% were observed
in multiple Phase II trials testing the 3-weekly schedule.** In
the study by Thigpen et al, a median progression-free survival
(PFS) of 4.2 months and an overall survival (OS) of 16 months
were observed.” A Phase II trial showed that weekly dosing
could lead to a 20.9% RR in platinum- and paclitaxel-resistant
OC patients.” This alternative weekly dosing schedule for
paclitaxel was studied in many trials in refractory, persistent, or
recurrent OC patients, as reviewed by Baird et al.® A randomized
Phase I1I study comparing weekly versus 3-weekly paclitaxel in
recurrent OC patients (of whom half were platinum-resistant)
showed no difference in RR, PFS, or OS. However, the
weekly schedule had a better safety profile than the 3-weekly
schedule, as considerably less neutropenia, neuropathy, and
myalgia were observed.” Of note, the occurrence of neutropenia
was also reduced when paclitaxel was infused over 3 hours
instead of 24 hours.'” A recent randomized Phase II clinical
trial (CARTAXHY) tested the efficacy of weekly paclitaxel
as a single agent, or in combination with carboplatin, or
weekly topotecan in patients with platinum-resistant OC.
The results showed that the combination treatments increased
hypersensitivity reactions, febrile neutropenia, and anemia, and
did not improve RR or median PFS when compared to single
agent weekly paclitaxel.!!

Topotecan

Topotecan’s mechanism of action is different from that
of paclitaxel, as it does not directly block cell division,
but instead induces irreversible DNA damage. Topotecan
inhibits topoisomerase 1, leading to both single and double
stranded DNA breaks that eventually promote apoptosis.
Topotecan (administered once daily the first 5 days of
21-day cycles) was approved for treatment of OC after
failure of initial or subsequent chemotherapy. This approval
was based on a Phase III trial that showed it to be at least
as effective as paclitaxel, with RR of 21% versus 13%, and
median PFS of 23 weeks versus 14 weeks, respectively.!?

Unfortunately, topotecan treatment led to severe bone
marrow suppression with 80% grade 4 neutropenia, 25%
grade 4 thrombocytopenia, and 41% grade 3 or 4 anemia."?

As such toxicities are often dose limiting, multiple clinical
trials have studied alternative dosing schedules to improve
the tolerability of topotecan treatment.!*!> For example, one
Phase II trial tested the effect of the “standard” dosing of
topotecan (1.5 mg/m?, daily the first 5 days of 21-day cycles)
compared with an alternative dosing regimen (1.75 mg/m?,
once a week for 4 weeks, repeated every 6 weeks) in patients
with recurrent OC. The alternative dosing regimen led to a
lower RR (9.6% compared with 22.6% in the standard dosing
arm), but also decreased myelotoxicity (52% of patients
had grade 3 or 4 granulocytopenia in comparison with 94%
in the standard dosing arm).!* A subsequent Phase II trial
tested the effect of yet another dosing schedule (1.5 mg/m?,
daily the first 3 days of 21-day cycles).!> Compared to
historical controls, this alternative dosing regimen seemed
to decrease the toxicity of topotecan. In a meta-analysis of
various clinical trials, it was concluded that modification of
the topotecan dose, and potentially the dosing schedule, can
indeed reduce hematologic toxicity without decreasing the
efficacy of the drug."

PLD

PLD is another standard chemotherapy regimen used for
treating platinum-resistant OC. The active component of
this drug (doxorubicin) is an anthracycline that intercalates
DNA, leading to inhibition of replication and, subsequently,
the inhibition of proper cell division. Efficacy of PLD in
platinum-resistant OC has been confirmed in several Phase I1
trials. In detail, the trial by Muggia et al reported a 26%
RR, median PFS of 5.7 months, and OS of 11 months.'®
A subsequent trial showed a 17% RR and median PFS of
4.5 months."” Of note, a Phase III trial testing topotecan
treatment versus PLD treatment showed a trend toward
a higher RR in the platinum-resistant OC patient subset
treated with PLD, although there was no improvement of
PFS or OS.'81

Gemcitabine

Gemcitabine could be considered an alternative to PLD
for treatment of platinum-resistant OC. Gemcitabine is a
nucleoside analog that can incorporate into the DNA, leading
to a halt of DNA replication and induction of apoptosis. As
the drug in combination with carboplatin had already been
approved for treatment of recurrent platinum-sensitive OC,
the efficacy of gemcitabine compared with PLD was tested
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in platinum-resistant OC patients as well.>?**' The Phase
IIT trial by Mutch et al, testing gemcitabine versus PLD in
platinum-resistant OC, showed comparable median PFS
(3.6 versus 3.1 months, respectively), median OS (12.7
versus 13.5 months), and overall RR (9.2% versus 11.7%).2°
Another Phase Il trial testing the same drugs in OC patients
who experienced treatment failure or disease recurrence/
progression within 12 months of the primary treatment
confirmed that the efficacy of gemcitabine therapy was
comparable to PLD.*!

Additional chemotherapies tested
for treatment of platinum-resistant

ovarian cancer

The glutathione analog prodrug canfosfamide can be
activated by glutathione S-transferase P1-1, leading to the
induction of apoptosis.?*?* As this enzyme is overexpressed
in many types of cancers, including OC, it has been studied
for treatment of platinum-resistant OC.?**% A Phase 111 trial
in patients with platinum-refractory or -resistant OC showed
that canfosfamide treatment was well tolerated, but it led to
a lower median PFS than PLD or topotecan.” These results
led to the early discontinuation of another Phase III trial
testing PLD with or without canfosfamide in platinum-
resistant OC patients.”® Interestingly, the interim analysis
of this trial showed a trend toward improved median PFS
in the combination arm, but further studies have not been
conducted.

Finally, two other chemotherapies tested for the treatment
of platinum-resistant OC are the microtubule stabilizing
agents, patupilone and ixabepilone.?’? The stabilization of
the microtubules in the cell by these drugs interferes with
(tumor) cell division, therefore counteracting tumor growth.
A Phase Il trial testing ixabepilone in patients with recurrent
or persistent platinum- and taxane-resistant primary OC (or
peritoneal carcinoma) showed a RR of 14.3%, median PFS of
4.4 months, and median OS of 14.8 months.?” Patupilone was
compared with PLD in a Phase I trial in platinum-refractory
or -resistant epithelial ovarian, primary fallopian tube,
or primary peritoneal cancer patients.”® That trial showed
comparable median OS of 13.2 months and 12.7 months,
respectively, and median PFS of 3.7 months in both groups.
However, patupilone treatment did lead to a higher RR than
PLD treatment (15.5% versus 7.9%).2

Use of the aforementioned therapeutics has changed the
way this disease is managed. But the fact remains that there
is limited utility of these agents for platinum-resistant OC,
as many patients do not respond to these treatments or they

quickly relapse following an initial response. Therefore,
treatment of platinum-resistant OC patients is often
considered to be palliative instead of potentially curative.?

Targeted therapies for treatment

of platinum-resistant ovarian cancer
As with many other types of cancer, targeted therapies may
represent the future of platinum-resistant OC treatment.
As seen with standard chemotherapies, drug resistance
will remain an issue that must be addressed to advance OC
treatment. However, genetic profiling of tumors before and
after a treatment escape will provide insight into the drug
resistance mechanisms. Based on the outcome of these
studies it may be possible to predict which combinations of
targeted therapies (or chemotherapies) can prevent treatment
escape.

Current approaches to targeted therapy for OC can be
classified into different groups, with each therapy having
its own mechanism of action as well as specific advantages
(Figure 1). For example, some of these therapies target
the vascular endothelial growth factor (VEGF) pathway
(bevacizumab and aflibercept), whereas others are directed
against DNA repair mechanisms (iniparib and olaparib),
or the folate pathway (pemetrexed, farletuzumab, and
vintafolide). An overview of the most important clinical
trials testing these drugs for treatment of platinum-resistant
OC (often in combination with chemotherapy) can be found
in Table 1.20-2129-37

Bevacizumab
Bevacizumab is a humanized monoclonal antibody (mAb)
directed against VEGF. This mAb binds to VEGF, which
is present in the tumor microenvironment, and prevents
this cytokine from binding to the VEGF receptor, where it
can initiate the formation of new blood vessels. With tumor
angiogenesis hampered, tumor burden and the production of
malignant ascites are reduced.*®

The potential of this biologic molecule for OC treatment
was first demonstrated in a Phase II trial testing against
persistent or recurrent epithelial OC or primary peritoneal
cancer. This trial showed a 21% RR, PFS of 4.7 months,
and OS of 16.9 months.? Based on these intriguing
results, a subsequent Phase III trial (AURELIA trial) was
conducted where platinum-resistant OC patients received
chemotherapy (weekly paclitaxel, topotecan, or PLD)
with (arm 1) or without (arm 2) bevacizumab until disease
progression or unacceptable toxicity. The RR for the two
respective treatment arms was 30.9% versus 12.6%, and
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Figure | Overview of the different classes of ovarian cancer treatment.
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the median PFS was 6.7 versus 3.4 months (OS has not
yet been reported).*® The adverse event (AE) profile of this
drug can be concerning, though. Bevacizumab often leads
to hypertension, arterial thromboembolic events, and minor
bleedings. Furthermore, the drug has been reported to cause

gastrointestinal complications such as perforations, which
can be life threatening.* Based on results from Phase III
clinical trials (Gynecologic Oncology Group [GOG-128]
and International Collaborative Ovarian Neoplasm Trials
[ICONT7]), bevacizumab in combination with standard

Table | Overview of selected therapies in development for treatment of ovarian cancer

Study drug Drug type Trial Patient group RR, % PFS (median), OS, Reference
phase months months

Gemcitabine Nucleoside analog Phase Il Platinum-resistant OC 9.2 3.6 12.7 Mutch et al®

Gemcitabine Nucleoside analog Phase Il Platinum-resistant OC 29 4.6 11.8 Ferrandina et al?'
(within 12 months)

Bevacizumab VEGF antibody Phase Il Persistent or recurrent OC or 21 4.7 16.9 Burger et al®
primary peritoneal cancer

Bevacizumab VEGF antibody Phase Il Platinum-resistant OC 309 6.7 na Pujade-

(plus standard CT) Lauraine et al*®

Aflibercept VEGF decoy receptor Phase Il Recurrent OC, primary 54 6.2 243 Coleman et al®'

(plus docetaxel) peritoneal cancer, fallopian
tube cancer

Olaparib PARP inhibitor Phase Il BRCA mutated platinum- 40 na na Fong et al*?
resistant or refractory OC

Olaparib (high dose)  PARP inhibitor Phase Il BRCA mutated recurrent OC 31 8.8 na Kaye et al**

Iniparib (plus PARP inhibitor Phase Il Platinum-resistant epithelial 31.6 5.9 na Birrer et al**

carboplatin, OC, primary peritoneal

gemcitabine) cancer, fallopian tube cancer

Pemetrexed Antifolate Phase Il Platinum-resistant OC, 21 29 11.4 Miller et al*®

antineoplastic agent primary peritoneal cancer
Pemetrexed Antifolate Phase Il Platinum-resistant OC, 9.3 2.8 11.9 Vergote et al*
antineoplastic agent primary peritoneal cancer
Vintafolide SMDC of folate and Phase Il Platinum-resistant OC na 5 na Naumann 2013%

DAVLBH

Abbreviations: CT, chemotherapy; DAVLBH, desacetylvinblastine hydrazide; na, not available; OC, ovarian cancer; OS, overall survival; PARP, poly (ADP-ribose)
polymerase; PFS, progression free survival; RR, response rate; SMDC, small molecule drug conjugate; VEGF, vascular endothelial growth factor.
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chemotherapy was approved for treatment of platinum-
sensitive and first line OC, but not platinum-resistant OC,
in Europe.*#! To date, bevacizumab has not been approved
in the US.

Aflibercept

Another drug targeting the VEGF pathway is aflibercept,
which is a recombinant decoy receptor fusion protein designed
to sequester soluble VEGF-A, VEGF-B, and placental growth
factor to prevent receptor docking and growth promoting
signaling. In addition to regression of tumor associated
vasculature, aflibercept treatment also inhibits new tumor
vessel growth and remodeling/normalization of surviving
tumor vasculature. Therefore, tumor burden and ascites
formation are reduced upon treatment.*?

Clinical efficacy of this drug was demonstrated in a
Phase 1I trial testing the combination of docetaxel and
aflibercept in patients with recurrent OC, primary peritoneal
cancer, or fallopian tube cancer. This trial reported a 54% RR,
median PFS of 6.2 months, and OS of 24.3 months.*'* Since
hypertension, proteinuria, and bleeding are often associated
with aflibercept treatment (ie, similar to bevacizumab), the
safety profile of aflibercept is consistent with the class of
agents targeting VEGF and the VEGF receptor, and remains
a concern.*

Iniparib

The poly (ADP-ribose) polymerase (PARP) inhibitors,
such as iniparib, represent another type of targeted therapy,
specifically for the treatment of patients with BRCA-
mutated OC. These drugs can block the PARP complex,
leading to a disturbance of single stranded DNA repair.*
Subsequently, the cells are more prone to develop double
strand injuries that require homologous recombination to be
repaired. As patients with a BRCA mutation have impaired
homologous recombination activity, tumor cells from
these patients are not able to repair the DNA damage and,
consequently, undergo apoptosis.

The PARP inhibitor iniparib has been tested in clinical
trials as monotherapy or in combination with chemotherapy.*
Results from the Phase II trial (NCT00677079) in which
iniparib was tested as a monotherapy in BRCA mutation
positive relapsed or refractory OC or primary peritoneal
cancer patients have not yet been reported. However,
a Phase II trial testing the efficacy of iniparib combined with
carboplatin and gemcitabine in platinum-resistant epithelial
OC, fallopian tube cancer, or primary peritoneal carcinoma
patients did yield promising results, showing a RR of 31.6%

and median PFS of 5.9 months.** In this trial, patients were not
selected for the BRCA mutation. However, BRCA selection
may not be required, as it was shown in recent studies that
iniparib interacts only nonspecifically with the PARP proteins
and, therefore, may have a different mechanism of action
than previously thought.¥’

Olaparib

Olaparib seems to be the most clinically advanced PARP
inhibitor for treatment of OC. The potential of olaparib
has been tested in multiple clinical trials in both platinum-
sensitive and -resistant OC patients with or without BRCA
mutations.*® A Phase II trial in which patients with BRCA-
mutated platinum-resistant or platinum-sensitive OC were
treated with the PARP inhibitor olaparib showed a 40% RR.*
Another Phase II trial in recurrent OC patients with BRCA
mutations showed, respectively, 33% RR and 13% RR, when
patients received olaparib at 400 mg twice daily, or 100 mg
twice daily, suggesting that higher dosing of olaparib may
be more effective.® The results from a Phase I1 trial in which
recurrent OC patients with a BRCA mutation were treated
with low dose olaparib (200 mg, twice daily), high dose
olaparib (400 mg, twice daily), or PLD were in line with
this finding.?* This trial reported, for the three respective
treatment arms, RRs of 25%, 31%, and 18% and median
PFS of 6.5 months, 8.8 months, and 7.1 months.** Based
on the promising results in Phase II trials, a Phase III trial
testing olaparib as a first line treatment will be performed in
BRCA-mutated OC patients (NCT01844986).

Although PARP inhibitor treatments can be effective
against platinum-resistant OC, they appear to produce
higher RRs in platinum-sensitive OC patients.? Importantly,
the toxicity profile of the PARP inhibitors in patients with
a BRCA mutation is favorable and primarily consists of low
grade gastrointestinal disorders and fatigue.’> However,
when combined with chemotherapeutic agents, PARP
inhibitors like olaparib seem to increase bone marrow
toxicity (thrombocytopenia, anemia, neutropenia) to levels
greater than that observed with the drugs alone.* Given the
promising clinical activity of PARP inhibitors, this class of
drugs will be further developed for the treatment of both
platinum-sensitive and -resistant OC.

Pemetrexed

Folate is necessary to synthesize, repair, and methylate
DNA, as it is involved in the synthesis of purines and
pyrimidines. As most tumors have an excessive growth rate,
cancer cells generally have a concomitant need for folate.
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The most common way by which folate is transported
into a nonmalignant cell is through the reduced folate
carrier (RFC).*® However, some cells express a distinct
proton-coupled folate transporter (PCFT) which can also
transport folates. Pemetrexed is an antifolate antineoplastic
agent that can enter cells via these transporters.’! Upon entry
to the cytoplasm, the drug is converted to a polyglutamated
form, which has an increased retention half-life within
malignant cells. While in the cytosol, pemetrexed can inhibit
a variety of folate dependent enzymes to interrupt DNA
replication and other folate dependent reactions.*>

Atthe early stages of its development, pemetrexed treatment
was shown to cause occasional serious myelosuppression (in
some cases, leading to death) and gastrointestinal disorders.>
However, supplemental use of daily oral folic acid was later
found to reduce or prevent some of these serious AEs to
enable continued clinical development.’¢* Generally, the
safety profile of pemetrexed consists of both hematologic
(anemia, leukopenia, neutropenia) and nonhematologic AEs
(fatigue, vomiting, and ascites formation).>>3

Two Phase II trials have evaluated the efficacy of
pemetrexed treatment in platinum-resistant OC patients.*>3
One of these trials tested pemetrexed as second line cytotoxic
treatment of persistent or recurrent platinum-resistant OC or
primary peritoneal cancer, and the results showed a 21% RR,
PFS of 2.9 months, and OS of 11.4 months.> The other trial
compared standard versus high dose pemetrexed in platinum-
resistant OC and primary peritoneal cancer.** The RR in that
study was 9.3% for the standard dose treatment arm and
10.4% for the high dose treatment arm. The median PFS was
2.8 months in both arms and OS was 11.9 and 10.3 months
for the standard and high dose arm, respectively.*® Although
these results were encouraging, pemetrexed is not widely
used with platinum-resistant OC patients.

Farletuzumab
Folate can also enter a cell via endocytosis mediated by a
high affinity folate receptor (FR).* This process is often used
by OC cells, as they (and many other types of tumor cells)
frequently overexpress FR-alpha (FRo). FR expression is
much less frequent in nonmalignant cells, which rely mostly
on the RFC and PCFT instead of the FR to capture folates.*®
The FR forms an ideal target for many targeted therapies
because overexpression is quite specific for tumor cells.
Farletuzumab is a humanized mAb targeting FRo.
When the antibody is present on the cell surface, the
cell is recognized by antibody dependent cell mediated
cytotoxicity and complement dependent cytotoxicity immune

mechanisms. These processes result in death of those cells
expressing the FR.3

To date, farletuzumab has mainly been tested in
platinum-sensitive OC patients. Nevertheless, one Phase 1
trial enrolling platinum-resistant OC patients showed that
the drug was generally safe, well tolerated, and led to stable
disease in 36% of patients, but farletuzumab did not lead
to objective responses.®' Unfortunately, a Phase III trial
testing farletuzumab treatment for platinum-resistant OC
was recently terminated because it did not meet prespecified
criteria for continuation of that trial (NCT00738699).

Vintafolide

Vintafolide (EC145; Endocyte, Inc., West Lafayette,
IN, USA) represents a distinct form of targeted therapy,
one that is directed against the FR but also employs a
different mechanism of action than either pemetrexed or
farletuzumab.® Vintafolide is a small molecule drug conjugate
(SMDC) consisting of folic acid linked to the vinca alkaloid
desacetylvinblastine hydrazide (DAVLBH), which is a potent
microtubule destabilizing agent (Figure 2).°* An advantage of
this drug is that the linker mechanism of the SMDC allows
for drug stability in the blood. Furthermore, vintafolide is
a unique type of targeted therapy, as the active DAVLBH
“warhead” is released upon endocytosis.®* Since most
nonmalignant cells do not express high levels of the FRs, this
drug has a favorable safety profile. Vintafolide specifically
targets cells that overexpress the FR, such as OC cells, as
this receptor has high affinity for the folic acid component
in vintafolide. Thus, vintafolide “targets” the DAVLBH
warhead specifically to FR-expressing cells (Figure 3).

A recent Phase II trial (PRECEDENT) in platinum-
resistant OC patients compared PLD (arm 1) versus vintafolide
combined with PLD (arm 2).”” The median PFS was 11.7 versus
21.7 weeks for the two respective treatment arms (hazard ratio
[HR] 0.626, P = 0.031). Drug related serious adverse events
and the number of patients discontinuing treatment because
of at least one drug related serious adverse event was not

Releasable linker

Folic acid

DAVLBH

Hydrophilic spacer

Figure 2 Chemical construction of vintafolide as a small molecule drug conjugate.
Abbreviation: DAVLBH, desacetylvinblastine hydrazide.
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Figure 3 Overview of mechanism of action of vintafolide.
Abbreviations: DAVLBH, desacetylvinblastine hydrazide; FR, folate receptor.

statistically different between treatment arms; this result
was expected since vintafolide is a tissue targeted agent. For
patients who received vintafolide combined with PLD, some
AEs (leukopenia, neutropenia, peripheral sensory neuropathy,
and abdominal pain) were reported at a higher incidence than
for patients who received PLD only.*”” However, vintafolide
treatment was well tolerated overall. The PRECEDENT trial
included an optional scan using etarfolatide (EC20; Endocyte,
Inc., West Lafayette, IN, USA), a technetium-labeled, folate-
targeted companion imaging agent that can anatomically
identify FR positive tumors (Figure 4).¢” Results showed
that in 40% of the screened platinum-resistant OC patients,
all target tumor lesions were found to be etarfolatide (ie,
FR) positive, and the subanalysis of this patient population
showed that vintafolide treatment improved PFS even further,
from 6.6 to 24 weeks (HR 0.381, P =0.013) for arms 1 and
2, respectively.’” Importantly, PFS for arm 1 was much lower
in this subset of patients when compared to the intent to treat
(ITT) population because FR expression in OC is a negative
prognostic indicator.®

Patient selection - the age
of predictive medicine
Use of response predictive biomarkers

in cancer treatment

The goal in cancer therapy is to treat only those patients
who may actually benefit from a specific treatment. Patient
selection using response predictive biomarkers is already

FR recycles back to the

applied in management of certain tumor types, such as breast
cancer (trastuzumab treatment) and melanoma (vemurafenib
treatment).

For example, as human epidermal growth factor
receptor 2 (Her2) overexpression is a predictor of treatment
effect, trastuzumab is indicated as a single agent or combined
with paclitaxel, only for metastatic breast cancer patients who
overexpress the Her2 protein.® Her2 overexpression must
therefore be confirmed by an approved test. Such tests either
use fluorescence in situ hybridization to detect amplification
of the Her2 gene, or immunohistochemistry to visualize
increased expression of Her2 protein. In another example,
the BRAFYS%E inhibitor vemurafenib was shown to yield high
response rates in melanomas that had been shown to express
BRAF""E (a mutated signaling protein that supports tumor
cell proliferation and survival), but not in melanomas that
express wildtype BRAF." Therefore, the drug was approved
only for metastatic melanoma patients who are positive for
the BRAF"*"E mutation.” The approved test for this drug
(cobas® 4800 BRAF V600 Mutation Test, Roche Molecular
Systems Inc.) uses polymerase chain reaction to detect
BRAF"*"E mutations in DNA extracted from formalin fixed
paraffin embedded tissues.

Such response predictive biomarkers are often used as
prognostic biomarkers. In many cases the biomarker has
a negative prognostic value which, consequently, renders
it as an attractive target for therapy. Returning to the
aforementioned examples, Her2 was determined to be both
a prognostic and response predictive biomarker for breast
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Step 1: Etarfolatide whole
body scan

Figure 4 Overview of how etarfolatide can be used to subcategorize patients.
Abbreviation: FR, folate receptor.

cancer patients; thus, Her2 positive patients have a shorter
time to disease relapse and a lower OS.”* Likewise, BRAFV60F
is also both a prognostic and response predictive biomarker;
this particular BRAF mutation increases the risk of mortality
by 1.7 fold in melanoma patients (95% confidence interval
1.39-2.12).7

Many of the targeted therapies for the treatment of
platinum-resistant OC lead to an objective response in only
a subset of patients. The identification of response predictive
biomarkers for these OC targeted therapies is required to
(1) avoid superfluous treatment since they will help select
patients who could benefit from the targeted therapy, and
(2) prevent biomarker negative patients from exposure
to intensive and sometimes toxic treatments. Both these
advantages benefit the patient, and the costs to the health
care system could be reduced.

Cancer antigen 125 (CA-125)

as biomarker for ovarian cancer

To optimize OC treatment, biomarkers with very direct links
to the targeted therapies are currently being studied.” CA-125
is one such biomarker. CA-125 is a membrane glycoprotein
commonly found on cells in the female reproductive tract,
and its expression level seems to be linked to cellular growth.
Serum levels of this protein are elevated in more than 80%
of OC patients;™ hence, serum CA-125 concentration has
become a well known indicator for measuring OC disease
progression. Unfortunately, the response predictive and

Step 2: Define threshold

FR
Subgroup expression Population
FR (100%) Al target 40%
lesions
At least 1

FR (10%—-90%) 40%

target lesion

No target

. FR(0%) lesions

20%

prognostic value of this marker remains unclear. Many studies
have shown that rising serum CA-125 levels anticipate disease
relapse by about 3 months; therefore, the level of this protein
is regularly measured in OC patients while in remission.”
Furthermore, the serum levels of CA-125 are often used as
a surrogate endpoint for disease progression in OC clinical
trials. Although the added value of CA-125 monitoring is
currently under debate, the need for early detection of disease
recurrence remains crucial.

There are a number of conflicting reports on the prognostic
value of elevated CA-125 levels at baseline, but preoperative
expression of CA-125 appears to be a negative prognostic
factor for survival.”* Furthermore, CA-125 serum level is
potentially an independent prognostic factor for achieving
a pathologic complete response upon chemotherapy, with
patients with lower serum levels experiencing longer PFS.™
Although CA-125 serum levels are strongly correlated to
disease progression and, to a lesser extent, prognosis, this
protein is not targeted by any type of approved therapy, as it
is not believed to have a direct role in the etiology of OC.7

VEGF as biomarker for ovarian cancer

VEGEF has been detected both in surgical samples and in sera
of OC patients, and high preoperative serum VEGF was shown
to be an independent negative prognostic factor in patients
with all stages of OC.™7¢ As mentioned above, the VEGF
targeted drugs, bevacizumab and aflibercept, are promising
targeted therapies for the treatment of platinum-resistant OC.
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Thus, one would expect that VEGF is a response predictive
biomarker for these treatments. If so, increased clinical
responses to these drugs would be expected in patients who
have high VEGF serum levels. However, a recent study
found that baseline VEGF serum levels do not seem to be
predictive of a response to bevacizumab treatment.”” Overall,
VEGF does not appear to be a relevant biologic indicator for
OC, particularly in terms of patient selection or predictive
medicine, but rather a target for therapy that is more indicative
of the pathobiology of OC.

Biomarkers for PARP inhibitor treatment
Considering the mechanism of action of PARP inhibitors,
patients carrying the BRCA mutation might be expected to
have a better response to treatment. Indeed, a Phase II trial
testing olaparib in patients with OC or triple negative breast
cancer showed a 41% RR in those patients with the BRCA
mutation, and a RR of only 24% in patients without the BRCA
mutation.” This finding implies that the BRCA mutation may
indeed be used as a response predictive biomarker for PARP
inhibitor treatment. As PARP inhibitors undergo further
clinical development for treatment of OC, this correlation
will merit further investigation.

Folate receptor expression as a

biomarker for ovarian cancer
Although CA-125 and VEGF expression have prognostic
value for the survival of OC patients, to date their value as
response predictive biomarkers is rather limited. The lack of
response predictive biomarkers makes it challenging to select
patients who may benefit the most from targeted therapies. In
contrast, tumor FR expression appears to be both a prognostic
biomarker for OC patients as well as a response predictive
biomarker for targeted therapies directed against the FR.
As discussed previously, folate can enter cells by either
the RFC, PCFT, or by FR mediated endocytosis.”>>! The RFC
is expressed on most cells but has only a low affinity for
folate. The PCFT has more limited normal tissue expression,
but it too has low affinity for folates under physiologic pH.>*
In contrast, FRs have a high affinity for folate (especially
folic acid), and they are expressed on many types of epithelial
cancer cells while usually being absent on nonmalignant
cells. The reason for FR upregulation in malignancies is
poorly understood, but it is speculated to be related to the
tumor’s increased need for folate due to higher metabolic
activity and increased rate of nucleotide biosynthesis. The
FR does not appear to drive development of OC, but FR
overexpression is associated with tumor progression.*

Furthermore, its expression has a negative impact on OS of
serous OC patients.*

Considering the potentially diverse mechanisms of
action of FR targeted agents, increased clinical responses
in patients who express the FR on their tumor cells may
be expected. Thus, having the ability to screen and select
only those patients who have FR positive tumors would
be highly valuable, especially in the context of real
time anatomic screening using a noninvasive approach.
Etarfolatide represents the most advanced screening method
of this type.-¢77 Etarfolatide is a peptidic analog of the
high affinity folic acid molecule that efficiently chelates
technetium-99m (**"Tc). Upon intravenous infusion, the
small ®mTc-etarfolatide molecule rapidly distributes within
all tissues of the body and specifically binds to FR positive
tissues. Based on its low molecular weight and high water
solubility characteristics, unbound *"Tc-ectarfolatide is
rapidly cleared from the body (principally through the
kidneys) to allow for single photon emission computed
tomography based detection of FR positive tumors in as
little as an hour (Figure 4).

mTc-etarfolatide was used in a single arm Phase 11 trial in
which patients with recurrent or persistent epithelial ovarian,
fallopian tube, or primary peritoneal carcinoma were first
imaged to establish their “FR status,” followed by treatment
with the folate targeted therapeutic vintafolide.®® Patients
were assigned to one of three categories: FR (100%) (all
target lesions FR positive), FR (10%—-90%) (at least one, but
not all target lesions FR positive), or FR (0%) (no FR positive
target lesions). The results showed that vintafolide had the
greatest efficacy when 100% of a patient’s target lesions were
FR positive, as the PES for FR (100%) patients was longer
for FR (10%-90%) patients. The disease control rate and OS
were also higher in the FR (100%) patients when compared
with FR (10%-90%) patients.’%

Based on these initial results, a randomized Phase II trial
(PRECEDENT) was conducted, and the results supported
what was observed in the single agent Phase II study in that
the positive effect of vintafolide on clinical endpoints was
more pronounced in patients with FR positive lesions.”’
Thus, in all patients, regardless of FR status of the target
lesions (ie, the ITT population), vintafolide treatment
combined with PLD treatment improved median PFS
when compared with PLD treatment alone. However, when
specifically analyzing FR (100%) patients, the median PFS
improved even more. Notably, the lower median PFS after
PLD treatment of FR (100%) patients compared to the
ITT population is most likely related to the fact that the
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degree of FR expression is associated with signs of biologic
aggressiveness of OC.#!

Both Phase II trials have shown that using response
predictive biomarkers (eg, FR expression) may help to
select subsets of patients who will benefit the most from a
given treatment. As discussed previously, patient selection
can improve the outcome of a clinical trial, and it helps to
prevent superfluous treatment of patients. Unfortunately,
for platinum-resistant OC there are currently (apart from
FR expression) not many response predictive biomarkers
available for targeted therapies.

The implications of predictive medicine

to the drug approval process

The many benefits obtained from utilizing a diagnostic
agent for patient selection are readily apparent. Regulators,
pharmaceutical companies, payers, and patients have all
proselytized the importance and value of targeted drug
development. Obvious benefits include the potential ability
to ensure a greater likelihood that patients benefit from the
treatments administered, reduction of clinical trial size and
duration, and increase in overall observed efficacy, thus
maximizing efficiency of drug development and improving
treatment options for patients. The merit of this development
path achieves particular importance in situations where the
drug/diagnostic target is associated with a poorer patient
prognosis (as is the case with Her2 for breast cancer, and
now for FR in OC). In these situations where the targeted
patient subset has no means for selection or treatment, as
well as a worse overall outcome on standard therapies, the
targeted development path becomes imperative for cancer
patient care.

Although the medical need and benefit to patients are
clear, targeted drug development also presents its regulatory
challenges. For example, the current thinking on development
paths and viable registrational trial designs are in a state
of flux and evolution as regulations, guidance, and policy
attempt to keep pace with rapid scientific developments. Of
note, in just the last year, new Food and Drug Administration
(FDA) guidance was issued and the FDA has recently
presented the new regulatory option of “Breakthrough
Therapy Designation” as a means for providing more
flexibility and openness to the novel paradigm presented by
targeted drug development.®” However, the path to approval is
always filled with risk, and doing so in an evolving regulatory
landscape while seeking approval of two new agents (eg, one
therapeutic and one diagnostic) that must be coordinated
between different FDA divisions in the US, as well as multiple

global agencies, presents a development path that is largely
uncharted. The goals and merits of this new direction are
easily recognized, but the lack of regulatory clarity provides
sufficient challenges to merit careful consideration for those
seeking to utilize the targeted therapy approach. Recent
approvals of crizotinib and vemurafenib demonstrate the
potential for success and provide a sense of optimism for the
possibility of additional targeted therapies, such as vintafolide
and etarfolatide, to provide benefit to cancer patients with
high unmet need.

Future outlook

For an increasing number of tumors, biomarker screening
is used to select patients who can benefit from a targeted
therapy. As discussed, Her2 expression is a prerequisite for
trastuzumab treatment of breast cancer patients; likewise,
BRAF"E expression is a requirement for vemurafenib
treatment of melanoma patients. For OC, two Phase II trials
using vintafolide and its companion diagnostic agent, *™Tc-
etarfolatide, have confirmed the added value of combining
biomarker screening with a tumor targeted therapy.

In the future, prescreening of a patient’s FR status using
etarfolatide may also be a companion diagnostic tool for
other FR targeted agents. One such agent that is currently
in preclinical development is EC1456, which is an SMDC
of folic acid linked to the highly potent antimitotic agent
tubulysin B.* This SMDC has been shown in vitro to
specifically inhibit the growth of FR positive cells, and its
potency and specificity were confirmed in multiple human
xenograft tumor models, including OC (Endocyte, Inc.,
unpublished data 2012). Such targeted therapies can provide
substantial therapeutic benefit using dosing regimens that are
well tolerated due to the tissue specificity of the drug. Another
FR targeted agent that might be usefully combined with
etarfolatide screening as a diagnostic tool is farletuzumab.
However, this drug has shown little meaningful clinical
activity. The mechanism of action of the two FR targeted
agents (targeted delivery of chemotherapy versus immune
response induction) may contribute to the difference in
clinical efficacy, as the FR does seem to be a relevant clinical
target in OC.

Biomarker screening, combined with a targeted therapy,
is also being developed for other malignancies. For example,
in prostate cancer the ®™™Tc-labeled imaging agent EC0652
is currently being used to visualize prostate-specific
membrane antigen (PSMA) positive tumors (Endocyte, Inc.,
unpublished data 2013). It is also anticipated that PSMA
positive patients may then move to therapy using an agent
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like EC1169, a PSMA targeted SMDC constructed with the
tubulysin warhead.?

Currently, there are no other regimens under development
for OC using a biomarker screening test for application of
a companion targeted therapy. But identification of other
pharmaceutical “pairs” will become increasingly important
for further advancement of personalized therapies for
platinum-resistant OC treatment.
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