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Incorporating current trials and technology into clinical practice

The vitreoretinal community will re-
member 2016 as the year that unfa-
vorable anti—platelet-derived growth
factor (anti-PDGF)
clinical trial results
ended the devel-
opment of Fovista
(pegpleranib; Oph-
thotech, New York,
NY) and Rinucum-
ab (Regeneron, Tar-
rytown, NY). The
Seenu M. Hariprasad failure Of these tri-
Practical Retina als reaffirmed how
Seisiitey important the in-
novations made in
2006 with anti-vascular endothelial
growth factor (anti-VEGF) were to our
field and our patients.

Evan N. Dunn, MD, and Veeral
S. Sheth, MD, were tasked with ana-
lyzing and dissecting the anti-PDGF
clinical trials — beginning with the
basic science behind anti-PDGF. They
will also review novel, multitarget
approaches to our diseases, as well
as unique routes of delivery such as
topical and suprachoroidal adminis-
tration.

Reading this article leads one to
appreciate how high the anti-VEGF
class of molecules has set the bar for
the treatment of vitreoretinal dis-
ease. Although recent clinical trial
results have been a disappointment
to our community (and our patients),
we should be reassured by the fact
that many development programs
are strongly underway investigating
novel approaches to treat back-of-the-
eye disorders. Drs. Dunn and Sheth’s
insights will be highly valued by our
community.
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An Overview of
the Fovista and
Rinucumab Trials and

the Fate of Anti-PDGF
Medications

by Evan N. Dunn, MD; Veeral S. Sheth, MD

Intravitreal anti-vascular endothelial growth
factor (anti-VEGF) injections have remained
the standard of care for neovascular age-
related macular degeneration (AMD) since
the landmark ANCHOR and MARINA studies
published in 2006, which demonstrated
the superiority of ranibizumab (Lucentis;
Genentech, South San Francisco, CA) over
photodynamic or sham therapy, respectively.!
Since then, trials such as VIEW 1 and VIEW 2
have brought us new anti-VEGF agents such as
aflibercept (Eylea; Regeneron, Tarrytown, NY).3
Other trials, such as CATT and TREX-AMD,
have demonstrated the effects of alternate
dosing and, ultimately, the superiority of
monthly ranibizumab and bevacizumab
(Avastin; Genentech, South San Francisco, CA)
dosing over less-frequent dosing intervals.*®
Studies such as HORIZON have demonstrated
that switching from monthly dosing to less-
frequent, investigator-determined, as-needed
dosing resulted in disease destabilization, with 19.6% of patients
initially treated with anti-VEGF in ANCHOR or MARINA losing
15 letters or more.® Even with monthly dosing, VIEW 1 and VIEW
2 demonstrated that fewer than 46% of patients achieved 20/40
or better vision whether they were treated with ranibizumab or
aflibercept.?

There are a handful of conclusions that can be made dur-
ing this decade of innovation. First, anti-VEGF therapies have
changed the landscape of ophthalmology and our ability to im-
pact our patient’s lives in a meaningful way. Second, despite this
leap forward in quality of care, there have been no new-in-class
medications since the advent of anti-VEGFs. Third, although a
very large unmet need was filled with the anti-VEGFs, serious
gaps still exist in our ability to manage patients with neovascu-
lar AMD. These gaps include the existence of patients subop-
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timally responding despite recurrent injections and
marginally acceptable durability of the anti-VEGF
class of drugs (especially in year 1) in many patients.

Ultimately, the question is why newer, more
novel therapeutics have not become available during
the past decade despite the remaining unmet need.
The answer is not due to a lack of investment into
research and development on the part of pharma-
ceutical companies and researchers. In fact, despite
numerous clinical trials underway the community
has been disappointed with repeat failures of highly
publicized drugs — most notably the anti—platelet-
derived growth factors (anti-PDGFs). Despite these
failures, hope remains given numerous other clini-
cal trials underway to fill the remaining unmet needs
from the anti-VEGFs.

THE BASIC SCIENCE BEHIND ANTI-PDGF

The process of choroidal neovascularization
(CNV) is not solely mediated by VEGF. Rather, it oc-
curs as a result of a complex biological orchestra of
activity with a number of growth factors involved.
As a result, a monotherapeutic approach with anti-
VEGFs may lead to incomplete or ineffective treat-
ment of neovascular AMD.” In the laser-induced
CNV model, laser injury promotes the migration
and proliferation of pericyte-like cells into the site
of CNV formation, where they express markers for
smooth muscle actin and PDGF receptor beta.® These
pericyte-like cells form a scaffold before infiltration
of endothelial cells and subsequent formation of new
blood vessels. Researchers have demonstrated that
targeting these PDGF receptors in combination with
VEGF receptors could potently inhibit the formation
of the pericyte-like scaffold, with resulting attenu-
ation of CNV.%9 Therefore, theoretically, treatment
with the combination of anti-VEGF and anti-PDGF
should provide a more complete and effective way of
treating neovascular AMD.

EARLY, PROMISING RESULTS CREATE HOPE

In 2012, Ophthotech announced its phase 2B
data using the anti-PDGF Fovista (pegpleranib; Oph-
thotech, New York, NY) in combination with ranibi-
zumab at the American Academy of Ophthalmology
Retina Subspecialty Day.’* The company demon-
strated that patients receiving the combination of
Fovista and ranibizumab gained 10.6 letters versus
6.5 letters in patients receiving ranibizumab mono-
therapy at 24 weeks. This was the first trial to show
statistical superior efficacy over ranibizumab mono-
therapy; for the first time since 2006, a new in class
therapeutic for the treatment of neovascular AMD
seemed tangible.

February 2017 - Vol. 48, No. 2

Practical Retina

This success, coupled with other pharmaceutical
companies having potential anti-PDGF molecules,
caused a boom in research and development target-
ing this receptor. Regeneron’s rinucumab (an anti-
PDGR receptor beta co-formulated with aflibercept)
and Allergan’s multi-VEGF/PDGF designed ankyrin
repeat protein (DARPin) are examples of molecules
being explored by some of the larger players in the
industry. In addition, smaller companies are look-
ing at applying the multitarget approach to different
delivery systems. With its agent, X-82, Tyrogenix is
looking at an oral anti-VEGF/PDGF formulation that
demonstrated positive results in a phase 1 study.'*
Clearside Biomedical is developing axitinib, a com-
pound targeting VEGF and PDGF receptors, for injec-
tion into the suprachoroidal space for the treatment
of wet AMD. The company is planning to submit an
investigational new drug application in early 2017
followed by phase 1 and 2 clinical trials.!? OHR Phar-
maceutical’s phase 2 IMPACT study of topical Squal-
amine Eye Drops (anti-VEGF/PDGF/basic fibroblast
growth factor) demonstrated an improvement in vi-
sual acuity when used in combination with an anti-
VEGF agent versus anti-VEGF monotherapy. Patients
receiving combination therapy achieved a mean vi-
sion gain in visual acuity of 10.5 letters compared to
5.4 letters in anti-VEGF monotherapy.'®* With all of
this activity, it seemed as though anti-PDGF medica-
tions were well on their way.

2016: ANTI-PDGF REALITY HITS

In 2016, the anti-PDGF momentum finally started
to stall. The first clues that there may be some dif-
ficulty moving the anti-PDGF story forward came in
September of 2016. Regeneron released the phase
2 CAPELLA results, which looked at Regeneron’s
combination anti-PDGF rinucumab/aflibercept ver-
sus aflibercept monotherapy. The combination
drug failed to meet the primary endpoint of an im-
provement in best-corrected visual acuity (BCVA)
at 12 weeks. Patients receiving combination ther-
apy showed a 5.8-letter improvement in BCVA at
12 weeks, whereas patients receiving monotherapy
with aflibercept showed a 7.5-letter improvement in
BCVA at 12 weeks.** If anything, this study confirms
the efficacy of Regeneron’s aflibercept.

In November 2016, the data from the phase 2 Oph-
thotech study were published confirming the statis-
tically significant vision gains in the combination
Fovista/ranibizumab cohort over the ranibizumab
monotherapy group.’® However, optical coherence
tomography (OCT) findings demonstrated no mean-
ingful or statistically significant differences between
the groups receiving the combination versus mono-
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TABLE

New Medications in the Pipeline

Compound

Mechanism

Sponsor

Delivery

Phase

Highlights

X-82

Anti-VEGF/PDGFR

Tryogenix

Oral

2

In the phase 1 study, 15 of 25 pa-
tients who completed 24 weeks
on X-82 required no intravitreal
injections of anti-VEGF and had
a mean visual acuity improve-
ment of +5.3 letters.

CLS-1002
(Axitinib)

Anti-VEGF/PDGFR

Clearside
Biomedical

Suprachoroi-
dal

IND to be
submit-
tedin
2017

Drug administration through
the suprachoroidal space of
triamcinolone acetonide was
well tolerated in phase 2 study
by Clearside Biomedical for
the treatment of noninfectious
uveitis and macular edema
secondary to RVO.

OHR-102
(Squalamine)

Anti-VEGF/PDG-
FR/bFGF

OHR Pharma-
ceutical

Topical

The phase 2 study reported in pa-
tients with classic CNV, 44% of
patients receiving Squalamine
combination therapy achieved
a three-line vision gain at 9
months, compared to 29% in
the ranibizumab monotherapy
group. Similar gains were seen
in occult CNV.

Abicipar

DARPin-based
Anti-VEGF

Molecular
Partners/
Allergan

Intravitreal

Phase 2B data suggest abicipar
could be administered every 12
weeks following loading doses,
compared to every 4 weeks for
ranibizumab. Phase 3 clinical
trials started in 2015 and results
are expected in 2018.

Nesvacumab

Anti-ANG2, co-
formulated with
aflibercept

Regeneron
and Bayer

Intravitreal

Phase 1 data suggest improve-
ment in vision and retinal
morphology with nesvacumab/
aflibercept at all dose levels for
both AMD and DME.

RG7716

Anti-VEGF-A/
ANG2

Hoffman-La
Roche

Intravitreal

Phase 1 data evaluated patients
with wet AMD with prior
exposure to multiple anti-VEGF
injections and suboptimal re-
sponse. The 6 mg RG7716 group
demonstrated a median BCVA
increase of 7.5 letters and de-
crease in central subfield thick-
ness of 117 um from baseline.

Hl-con1
(ICON-1)

Factor VII-IlgGFc
chimeric protein
that targets TF

ICONIC
Therapeu-
tics

Intravitreal

Phase 1 data demonstrated an
improvement in visual acuity,
reduced retinal thickness, and
regression of neovasculariza-
tion. The phase 2 clinical trial
will compare ICON-1, ICON-1
plus ranibizumab, and ranibi-
zumab alone. Phase 2 is fully
enrolled.

VEGF = vascular endothelial growth factor; PDGFR = platelet-derived growth factor receptor; bFGF = basic fibroblast growth factor; IND = Investigational New Drug;
CNV = choroidal neovascular membrane; RVO = retinal vein occlusion; AMD = age-related macular degeneration; BCVA = best-corrected visual acuity; DARpin =
designed ankyrin repeat protein; ANG = angiopoietin; IgGFc = immunoglobulin G fragment crystallizable; TF = tissue factor
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therapy. This vision-OCT disconnect caused concern
in that biological plausibility for the vision gains
seemed to be missing in the phase 2 data.

On December 12, 2016, the largest setback to anti-
PDGF story occurred. Ophthotech announced results
from its pivotal phase 3 trials that investigated Fo-
vista in combination with ranibizumab versus ranibi-
zumab monotherapy for neovascular AMD. The two
clinical trials (OPH1002 and OPH1003) were inter-
national, multicenter, randomized, double-masked,
controlled phase 3 studies evaluating the safety and
efficacy of Fovista and enrolled 1,248 patients with
neovascular AMD.

In OPH1002, patients receiving Fovista/ranibi-
zumab combination therapy gained a mean of 10.74
ETDRS letters of vision compared to a mean gain of
9.82 ETDRS letters in patients receiving ranibizumab
monotherapy (P = .44). In OPH1003, subjects receiv-
ing Fovista/ranibizumab combination therapy gained
a mean of 9.91 ETDRS letters of vision at 12 months,
compared to a gain of 10.36 ETDRS letters in patients
receiving ranibizumab monotherapy (P = .71).1

In the pooled analysis of the data, 24.2% of pa-
tients receiving Fovista/ranibizumab combination
therapy gained 20 or more ETDRS letters from base-
line at month 12, compared to 22.1% of patients re-
ceiving ranibizumab monotherapy. In this analysis,
12.1% of patients receiving Fovista/ranibizumab
combination therapy lost five or more ETDRS let-
ters from baseline at month 12, compared to 11.2%
of patients receiving ranibizumab monotherapy. In
addition, in the pooled analysis, 13.5% of patients
receiving Fovista/ranibizumab combination therapy
achieved visual acuity of 20/25 or better at month 12,
compared to 13.9% of patients receiving ranibizumab
monotherapy.

Preliminary analysis of the safety data demon-
strated that both combination and monotherapy were
well-tolerated after 1 year of treatment. There were
more frequent reports of ocular adverse events in
Fovista/ranibizumab combination therapy, mainly
related to the injection procedure, which was per-
formed as two separate intravitreal injections. The in-
cidence of reported serious systemic adverse events
was similar between the two groups.

The Ophthotech data combined with the earlier
Regeneron data make the previous inevitability of an-
ti-PDGF success much less probable. Since the phase
3 Ophthotech data were announced, the company
has terminated other phase 2 studies investigating
Fovista. OPH1005, investigating Fovista in combina-
tion with bevacizumab, ranimizumab, and aflibercept
in patients with neovascular AMD with subretinal fi-
brosis, has been terminated.'” In addition, OPH1006,
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which was investigating Fovista in combination with
bevacizumab, ranimizumab, and aflibercept to evalu-
ate the potential reduction in treatment burden for
neovascular AMD patients, has also been terminat-
ed.’®

CONCLUSION

With the increasing prevalence of advanced AMD,
the search for therapeutic advancements must contin-
ue.? The anti-PDGF results to date have been a disap-
pointment, demonstrating no vision or anatomic ad-
vantages to combination therapy over monotherapy.
Subgroup analyses of the later-stage anti-PDGF data
and imaging may illuminate which specific groups
of neovascular AMD patients may benefit from the
addition of an anti-PDGF agent. Studies looking at
alternate routes of delivery such as Tyrogenix’s oral
delivery, Clearside Biomedical’s suprachoroidal de-
livery, and OHR’s topical delivery may demonstrate
that anti-PDGF or other molecules can still play a
role in decreasing the injection burden and improv-
ing outcomes for patients. Furthermore, these recent
anti-PDGF disappointments have helped refocus the
effort on anti-angiopoietin 2 and other potential tar-
gets. The latest data and ongoing research efforts have
helped put into perspective how important the leaps
in innovation made in 2006 have been to our field
and our patients. Anti-VEGF molecules have set the
bar high, and countless patients have benefited from
the current standard of care.
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