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Major advances in the study of inherited retinal diseases (IRDs) have placed efforts to
develop treatments for theseblindingconditions at the forefrontof theemergingfieldof
precisionmedicine. As a result, the growth of clinical trials for IRDs has increased rapidly
over the past decade and is expected to further accelerate asmore therapeutic possibil-
ities emerge and qualified participants are identified. Although guided by established
principles, these specialized trials, requiring analysis of novel outcome measures and
endpoints in small patient populations, present multiple challenges relative to study
design and ethical considerations. This position paper reviews recent accomplishments
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and existing challenges in clinical trials for IRDs and presents a set of recommendations
aimed at rapidly advancing future progress. The goal is to stimulate discussions among
researchers, funding agencies, industry, and policy makers that will further the design,
conduct, and analysis of clinical trials needed to accelerate the approval of effective
treatments for IRDs, while promoting advocacy and ensuring patient safety.
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Introduction

Building on over a century of ophthalmic and basic
research, remarkable progress is being made in the
rational design and clinical testing of potential thera-
pies for inherited retinal diseases (IRDs). New under-
standing of the genetics and biology of the retina,
along with technical advances and improved outcome
measures, have opened the way for human trials of
innovative forms of therapy, including small molecules,
DNA and RNA therapies, microelectrode arrays, and
cell transplantation. As of this writing, over 50 inter-
ventional studies for IRDs are listed as active in the
USNational Clinical TrialsDatabase,1 reflecting record
high levels of patient participation and expectations.
At the same time, the significant costs relative to the
small target population, and the involvement of multi-
ple corporate and private stakeholders, have created a
landscape filled with complex challenges.

To better understand the concerns of this rapidly
evolving field, an international group of retinal dystro-
phy experts established the Monaciano Consortium,
whose first meeting was held in 2013. The result was
a set of recommendations addressing existing gaps
relative to diagnostics, natural history studies, interven-
tional study design, and outcomes analysis.2 Since that
time, researchers in the field have acted on many of
these recommendations, particularly those focused on
advancing the development of clinical trials. A compre-

hensive overview of the current IRD landscape, as well
as remaining knowledge gaps was recently published.3

The Monaciano Consortium convened a second
symposium in October 2018 focused on reaching a
consensus view of the priorities that should guide the
next phase of research and development in IRD clinical
trials in the next 5 to 10 years. As a result of discussions
at themeeting, seven priorities were identified: (1) using
natural history studies to guide clinical trial design; (2)
developing outcome measures meaningful to patients;
(3) standardizing validated outcome measures; (4)
reducing inflammation associated with IRDs and gene
therapy; (5) developing a pediatric action plan; (6)
improving advice to patients; and (7) promoting trans-
parency, accountability, and accessibility.

The present article reviews the current status and
unmet needs of clinical trials for IRDs and provides
a detailed set of recommendations for advancing
progress in priority areas viewed as critical for accel-
erating the development of effective therapies for these
blinding diseases.

The Genetic Landscape

Since the discovery of the first retinal disease gene
over 30 years ago,4 more than 270 different genes
responsible for hereditary retinal diseases have been
characterized, and others have been mapped and

Downloaded from tvst.arvojournals.org on 06/07/2020

https://doi.org/10.1167/tvst.9.7.2


Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 3

remain to be identified.5,6 Retinitis pigmentosa (RP),
the most common IRD, has an estimated prevalence
of 1 per 3500, and affects over 2 million individuals
worldwide, with mutations in any 1 gene exhibit-
ing widely varying prevalence.7 As a result of major
advances in sequencing technology and data sharing,
genetic testing for mutations in IRD genes is now a
mature clinical science. Strategies for increasing the
efficiency of IRD genetic testing include the use of
disease-related gene panels, retinal targeted-capture
next-generation sequencing (NGS), whole-exome and
whole-genome NGS, long-read sequencing, haplotype
assembly, and linkage mapping.8–14 Together these
methods provide an average mutation identification
yield of 60% to 80%, and even higher, depending on
the disease, testing paradigm, and population under
study.15

There is increasing recognition of the importance
of ascertaining the genetic cause of IRD for all partici-
pants in clinical trials, whether or not interventions are
gene-specific.16,17 Defining genetic etiology is funda-
mental for excluding individuals with retinal disease
not caused by genetic factors, and for establishing the
prognosis, risk to other family members, and relevance
of potential therapies.18,19 Currently, nearly half of
individuals tested do not receive a genetic diagno-
sis,20,21 and many others do not have access to genetic
testing, receiving only a descriptive diagnosis that is
associated with mutations in a number of different
genes or inheritance patterns.22–24 However, the reality
of achieving a genetic diagnosis for all affected individ-
uals appears to be within reach, as mutations in the
currently known IRD genes are estimated to account
for the disease in approximately 90% of affected
individuals.25 In addition, significant progress is being
made in solving variants of unknown significance,
consistently detecting intronic and structural variants,
and increasing access to genetic counseling and curated
databases. Furthermore, decreased costs and technical
improvements in whole-genome sequencing, includ-
ing the use of field-deployed instruments, is expected
to dramatically increase the potential of genetic
diagnostics outside of traditional patient-provider
relationships.26,27

These advances are predicted to expand the scope of
genetic testing beyond the extensively studied popula-
tions in Europe and North America to those in Africa
and large areas of Asia where access has been limited.
Massive increases in patient-centered data sharing are
expected to result from the growth of global open
databases, such as ClinVar and the Leiden Open
Variation Database.28,29 The inclusion of both genetic
and standardized phenotypic information is expected
to improve the interpretation of genetic variants
and associated diagnoses, and to support efforts to

replace historical names for IRDs with standardized
nomenclature that provides genetic context for guiding
treatment decisions. Together, these advances will be
fundamental for continuing the movement of the
IRD field toward the practice of precision medicine,
which considers individual variability to better predict
efficacy in different groups of people.30

The Clinical Trials Landscape

The recent explosion of genetic information and
therapeutic approaches, including the first gene therapy
approved by the US Food and Drug Administration
(FDA),31 have resulted in a rapid increase in IRD clini-
cal trials and natural history studies. Phase 1/2 trials
have been initiated for gene augmentation for reces-
sive loss of function; gene knockdown and replace-
ment for dominant disease; delivery of targeted drugs,
including visual cycle inhibitors, retinal chromophores,
and complement inhibitors; oligonucleotide therapy
for RNAmodulation; small molecule therapy for read-
through of premature stop codons; and most recently
recruiting genome editing using CRISPR/Cas9.1,32 In
addition, trials using stem cell–derived retinal pigment
epithelium (RPE) have been initiated for Stargardt
disease (STGD) andRP, and trials using retinal progen-
itor cells for RP and macular degeneration have been
initiated or completed.33–38

As clinical trial activity rises to new levels, the
field appears poised to make rapid and important
advances in IRD research and patient care. Neverthe-
less, clinical trials are lengthy and highly experimen-
tal undertakings, which rely on doctor-patient interac-
tions that exceed routine service provision, and which
occur within a medical enterprise that provides little
direct support. Most trials are financed by industry
owing to their high cost, with FDA approval of a new
drug associated with a median cost of $19 million
in 2018.39 Thus there is an urgent need to develop
mechanisms and best practices that ensure a fair and
mutually beneficial balance between corporate interests
and those of patients and society. In addition, as the
demand for resources intensifies, there will be increased
pressure to prioritize trials on the basis of compelling
disease pathology and basic principles that favor rapid
outcomes and analysis, and to safeguard the resources
needed for future trials in these small patient popula-
tions.

Although enthusiasm for gene-specific therapies
remains high, this approach is limited by the time,
effort, and funding needed to develop treatments
for relatively small numbers of affected individuals.
Mutation-independent approaches targeting shared
pathogenic mechanisms at early stages of disease, or
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using regenerative therapies to replace photoreceptors
at later stages of disease, are important alternative
strategies for developing therapies for larger segments
of the IRD population.40–42 Efforts to elicit neuro-
protection by targeting shared pathogenic mechanisms
include the use of small molecules; restorative therapies
include cell transplantation, genetic reprogramming,
and optogenetics.43

Evaluating the potential usefulness of novel thera-
peutic strategies involves assessing specific outcomes
using the most informative disease models avail-
able. Proof-of-concept gene-therapy studies have been
performed in multiple species, including sponta-
neously occurring and genetically engineered labora-
tory, companion, and domestic animals, as well as
nonhuman primates (NHPs).44–47 Only a few NHP
models of IRD are currently known,47–50 however,
their availability is expected to increase as a result
of whole-exome sequencing efforts aimed at identify-
ing natural variants, and the use of gene editing to
generate engineered variants. Spontaneously occurring
canine models of IRD represent another important
resource,51 as the similar sizes of canine and human
eyes enable similar surgical approaches, immune
responses are relatively similar to human, and the
canine retina exhibits similar regional differences,
including a cone-rich fovea-like area.52 Twenty-six
canine models have been identified to date, with gene-
therapy studies performed in models of Leber congen-
ital amaurosis 2, autosomal-recessive RP, autosomal-
dominant RP, X-linkedRP, cone-rod dystrophy, achro-
matopsia, and macular dystrophy.51,53–55

Key model systems include the use of patient-
derived-induced pluripotent stem cells (iPSCs) to
generate cultured RPE and retinal organoids for in
vitro studies of human disease. Although still at
an early stage of development, these platforms are
already showing promise for elucidating pathophysio-
logic pathways in the context of human cell biology,56
and are expected to play an increasingly impor-
tant role in developing new therapeutic approaches
for IRDs.57,58 Comparative studies of therapeutic
outcomes in iPSC-derived retinal cells with those in
animal models will be key for determining the best uses
of iPSC platforms for advancing progress in IRDpreci-
sion medicine.

OutcomeMeasures and Endpoints

The genetic heterogeneity of IRDs, as well as diverse
associated phenotypes, pose significant challenges to
understanding disease pathology, predicting treatment
benefit, and selecting outcomemeasures and endpoints

for clinical trials. Of critical concern is the choice
of metrics used to define treatment benefit, as acute
improvements in visual function may not be achieved
for some diseases. Instead, therapeutic effect may serve
to delay disease progression and the time course of
vision loss associated with a given disease.

The unique methodologies of vision testing and
imaging have been used to develop multiple categories
of outcome measures. For use as endpoints in
clinical trials, outcome measures should be easy
to obtain, highly repeatable and reproducible with
minimal measurement or ascertainment error, possi-
ble to observe independent of treatment assignment,
clinically relevant, and chosen before the start of data
collection.59 A well-defined primary endpoint is relied
on to evaluate treatment safety or efficacy; numerous
secondary endpoints are also usually evaluated, as these
increase the chance of corroborating the presence or
absence of the treatment effect, as well as safety.

A clinically meaningful endpoint is used to
determine whether an intervention being studied
exhibits substantial evidence of efficacy.60,61 Clini-
cally meaningful endpoints acceptable to the FDA
and European Medicines Agency (EMA) and used in
IRD clinical trials62 include the mean change or mean
rate of change in 1) best corrected distance visual
acuity63; 2) visual field sensitivity (including analysis
of hill of vision volumes)64–66; 3) retinal sensitivity
measured by full-field stimulus testing (FST) 67; and
4) multiluminance mobility tests (discussed later). A
surrogate endpoint60 is reasonably likely, based on
epidemiologic, therapeutic, pathophysiologic, or other
evidence, to predict a clinically meaningful benefit.61
Surrogate endpoints used in IRD clinical trials include
the mean change or mean rate of change in 1) electro-
physiological measures of retinal function68; 2) optical
coherence tomography (OCT) documenting the rate
of photoreceptor loss69–71; and 3) hypo- or hyper-
fluorescent lesion size on fundus autofluorescence.72
Table 1 lists the outcome measures evaluated for the
most commonly targeted IRD genes in clinical trials
listed in Table 2. These outcome measures are quanti-
fied as the number of events, the change in themeasure,
or the rate of change.

Although measures of visual acuity, visual fields,
and retinal structure are important, they do not convey
other valued aspects of vision, including light sensitiv-
ity, dark adaptation, contrast sensitivity, and naviga-
tion. There is an urgent need to identify endpoint
outcomes that reflect real-life challenges, and that
can be assessed in subjects with differing ages and
visual, cognitive, attentive, and physical abilities. In
addition, endpoints are needed that reflect the dual
aspects of central visual performance: visual acuity
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Table 1. Functional and Imaging Outcome Measures in Clinical Trials for IRDs in Table 2, as Documented at
www.clinicaltrials.gov

Disease Gene

Outcome Representative Tests ABCA4 CEP290 CNGA3 CNGB3 REP1 RPE65 RPGR RS1

Autofluorescence FAF X X X
Color vision Farnsworth D-15 X X X X X
Contrast sensitivity Pelli-Robson; quick CSF X X
Gaze tracking Position, stability X
Lesion size FAF X
Light aversion Light discomfort testing X X
Macular sensitivity Microperimetry X X X X X X
Mobility assessment Mobility performance;

multiluminance
mobility tests

X X

Patient reported
visual outcome

Questionnaires: VFQ-25;
Cardiff Visual Ability

X X X X X

Pupillary response Pupillometry X X
Quality of life Questionnaire X X X X X
Reading Speed; Precision X X
Retinal function ERG, FST X X X X X X
Retinal structure OCT X X X X X
Retinal imaging Fundus examina-

tion/photography
X X X X

Retinal vasculature Fluorescein angiography X X
Visual acuity BCVA X X X X X X X X
Visual field Perimetry, hill of vision X X X X X

BCVA, best corrected visual acuity; CSF, contrast sensitivity function; ERG, electroretinogram; FAF, fundus autofluores-
cence; VFQ-25, Visual Function Questionnaire-25 item.

that reflects the limits of distinguishing fine details at
maximal black on white contrast, and contrast sensi-
tivity that reflects the limits of distinguishing faint
grayscale differences. Contrast sensitivity has been used
as a key outcome measure in strabismus and ambly-
opia.73–75 Patients with IRDs can experience deteri-
oration of visual function and significant deficits in
contrast sensitivity, even with relative preservation of
visual acuity.76 Strategies for evaluating rod function
specifically, for example using two-color perimetry, are
needed to develop sensitivemeasures that enable earlier
detection of disease progression. Strategies for distin-
guishing rod from cone function, and quantitating cone
function, are needed to assess outcomes in primary
cone IRDs, including achromatopsia and blue-cone
monochromacy.77–79

Imaging Endpoints

Powerful innovations in imaging are making impor-
tant contributions to the characterization of IRD

clinical phenotypes. Ongoing comparative studies of
high-resolution imaging combined with other accepted
modalities are expected to result in increased accep-
tance of imaging to document disease-specific changes
in retinal features that are well-suited for use as surro-
gate clinical trial endpoints.80–87 Important innovations
involve the use of rapid image acquisition systems
that reduce motion artifact, and advanced technolo-
gies for image interpretation, including artificial intel-
ligence and machine learning. For example, analysis
of retinal structure and visual function data aided by
artificial intelligence are being used to determine local-
ized treatment potential for IRDs.88 Spectral-domain
OCT is being used to generate high-resolution cross-
sectional images of in vivo retinal structure, with
applications to evaluating therapeutic outcomes in RP
and STGD.69,89,90 Imaging fundus autofluorescence,
measured as near-infrared autofluorescence and/or
as short-wavelength autofluorescence, is being used
to describe the leading disease front91 and evaluate
therapeutic outcomes in STGD.72,92 Adaptive optics

Downloaded from tvst.arvojournals.org on 06/07/2020

www.clinicaltrials.gov


Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 6

Table 2. Multiple Interventions Targeting the Same IRDs in Ongoing and Planned Clinical Trials

IRD Intervention Study Sponsor CT.gov identifier

ABCA4-related retinopathy
Gene therapy
Visual cycle modulators
Complement factor inhibitor
hES-Derived RPE
transplantation

EIAV-CMVp-ABCA4 (SAR422459)
Emixustat (RPE65 inhibitor)
ALK-001 (deuterated vitamin A)
Zimura (avacincaptad pegol)
MA09-hRPE

Sanofi
Acucela
Alkeus Pharmaceuticals
IVERIC Bio
Astellas Pharma

NCT01367444
NCT03772665
NCT02402660
NCT03364153
NCT01345006

CEP290-related retinopathy
Splice-modulating
oligonucleotide
CRISPR-Cas9 gene editing

sepofarsen (QR-110)

EDIT-101 (AGN-151587)

ProQR Therapeutics NV

Editas Medicine/Allergan

NCT03913143

NCT03872479
REP1 choroideremia
Gene therapy AAV2-hCHM

AAV2-REP1
rAAV2.REP1
AAV-REP1
4D-110

Spark Therapeutics
Nightstar Therapeutics/Biogen
STZ eyetrial
University of Oxford
4D Molecular

NCT02341807
NCT03496012
NCT02671539
NCT02407678
Not available

CNGA3 achromatopsia
Gene therapy rAAV2tYF-PR1.7-hCNGA3

AAV2/8-hG1.7p.coCNGA3
rAAV.hCNGA3

Applied Genetic Technologies
Corp
MeiraGTx
STZ eyetrial

NCT02935517

NCT03758404
NCT02610582

CNGB3 achromatopsia
Gene therapy rAAV2tYF-PR1.7-hCNGB3

rAAV2/8-hCARp.hCNGB3

Applied Genetic Technologies
Corp
MeiraGTx

NCT02599922

NCT03001310
RPE65-related retinopathy
Gene therapy rAAV2/5-OPTIRPE65

rAAV2-CBSB-hRPE65
rAAV2-CB-hRPE65

rAAV2/4.hRPE65
rAAV2-hRPE65
AAV2-hRPE65v2/Luxturna

MeiraGTx
University of Pennsylvania
Applied Genetic Technologies
Corp
Nantes University Hospital
Hadassah Medical Organization
Spark Therapeutics

NCT02946879
NCT00481546
NCT00749957

NCT01496040
NCT00821340
NCT00999609;
Approved

RPGR-related retinopathy
Gene therapy rAAV2tYF-GRK1-RPGR

rAAV5-hRKp.RPGR
rAAV8-RPGR (BIIB112)

Applied Genetic Technologies
Corp
MeiraGTx
Nightstar Therapeutics/Biogen

NCT03316560

NCT03252847
NCT03116113

RS1 X-linked retinoschisis
Gene therapy rAAV2tYF-CB-hRS1

AAV8-scRS/IRBPhRS

Applied Genetic Technologies
Corp
National Eye Institute (NIH)

NCT02416622

NCT02317887

scanning laser ophthalmoscopy, that removes optical
aberrations from retinal images to generate high-
resolution images of photoreceptors with single cell
resolution,93 is being used to monitor cones before

significant loss of vision.94–97 The discovery of so-
called “dysflective cones” that appear to remain wired
to native visual pathways98–100 suggests that photore-
ceptors potentially amenable to rescue persist in the
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foveae in some IRDs beyond the stage of their loss of
function.

Performance-Based Endpoints

Mobility course performance is being used to assess
functional vision in a fixed environment. Mobility
endpoints were used to establish efficacy for FDA
approval of retinal array implants,101 and further
developed and validated for use in establishing FDA
and EMA approval of gene therapy for mutations
in RPE65.102–105 A virtual platform for mobility
testing has been developed that simulates an urban
environment and incorporates integrated measure-
ment tools permitting the evaluation of both vision
and behavior.106 This platform is also being used
to assess the potential of changes in gait and gaze
as novel clinical endpoints.107,108 Although mobil-
ity testing requires substantial resources, contin-
ued development and validation efforts are expected
to increase its importance in assessing therapeutic
outcomes, especially for diseases with profound visual
impairment.

There is also increasing recognition of the value
of using performance-based tests (PBTs) and patient-
reported outcomes (PROs) to establish endpoints for
clinical trials. Survey instruments evaluating PROs
that address issues of mobility, activity limitation, or
health concerns have been developed for RP, congenital
stationary night blindness, and STGD,109 and instru-
ments evaluating PROs that assess visual function and
performance are also in use.110–115 However, most exist-
ing PROs lack validation for application to specific
IRDs, few PROs are relevant to individuals undergo-
ing vision restoration therapies, and some PROs devel-
oped specifically for IRDs are proprietary and remain
undisclosed.109 Thus there is an urgent need to develop
and validate additional IRD-specific PROs as outcome
measures for use as clinical trial endpoints using FDA-
recommended methods.116–118

Clinical Trial Design

Although the mechanics of phase 1/2 unilateral
administration studies are well established,119,120 the
conduct of interventional clinical trials is a long,
challenging, and expensive process that usually takes
years. Cost is a main barrier, and thus most IRD clini-
cal trials currently depend on partnership with indus-
try. Decisions about which diseases and technology to
pursue are often driven by business concerns, such as

return on investment, that favor relatively prevalent
diseases, intellectual property rights, and use of estab-
lished technologies.

A fundamental aspect of clinical trial design is the
choice of outcome measures that are tuned to the
genetics, disease stage, and predicted effect (e.g., preser-
vation vs. restoration), and that are appropriate for
the patient population under study. This population
increasingly includes children. Guidelines for demon-
strating efficacy that are acceptable to regulatory
bodies involve the use of outcomes measures that are
clinically meaningful, validated, reliable, and sensitive
to change.59,120 In some cases, this requires develop-
ing new or improved outcome measures.104 Multiple
outcomemeasures are typically assessed, with the most
clinically relevant outcomes used to determine safety
and efficacy.

A key challenge in the design of IRD clinical trials is
overcoming the limitations posed by the relatively small
numbers of individuals available to participate. Strate-
gies include the use of statistical methods applica-
ble to small samples, including continual reassessment
methods for phase 1 trials,121,122 and dose-response
modeling123 and adaptive designs124 for phase 2 and
3 trials, with consideration of the limitations of these
approaches.125,126 Additional challenges are posed by
the extreme genetic heterogeneity of IRDs resulting
in phenotypic diversity and variable disease progres-
sion. International natural history studies (e.g., the
MacTel project127 and the ProgStar study128) are used
to predict the ages at which relatively rapid changes
in disease progression are likely to occur, potentially
identifying critical periods for therapeutic intervention
and obtaining proof of therapeutic efficacy. This serves
a similar purpose to the longitudinal cohort studies
recommended in precision medicine,30 and provides a
powerful platform for decision-making regarding the
inclusion of individuals in trials, the optimal mode
of intervention, and the most informative outcome
measures.

The increasing numbers of well-designed, yet
complex, clinical trials have created an urgent need
to enhance staffing at participating centers, and to
increase international training of IRD specialists who
will be needed as therapies become available worldwide.
The logistical requirements of conducting these trials
are enormous, with unmet needs for staff and expertise
currently limiting the number of centers positioned to
conduct trials. Strategies to meet these needs include
collaboration and team approaches, and raise funda-
mental questions about who should be able to treat
individuals with IRDs, for which there are currently no
guidelines.
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Ethics, Advocacy, and Safety

As clinical trial activity for IRDs rises to new levels,
it is increasingly important to foster and define realistic
expectations for patients and providers. There is a criti-
cal need to provide guidance to individuals and their
families about potential involvement in approved clini-
cal trials, as well as their personal use of nonregulated
therapies. The overarching ethical principles govern-
ing clinical trials are well established and are built
on four pillars: 1) autonomy—requiring the decision-
making process to be free from coercion or coaxing;
2) nonmaleficence—the mandate to “do no harm”; 3)
beneficence—procedures must be done with the intent
to benefit the patient; and 4) justice—all groups equally
benefit or bear the burden of new or experimental treat-
ments.

Advising individuals with IRDs about opportuni-
ties to participate in clinical trials is guided by standard-
ized tools and protocols. The most important of these
is the informed consent process that is conducted
in accordance with the background, experience, and
language of the individual. Individuals should be made
aware of how to access information about trials for
which they might qualify, including the risk-to-benefit
ratio. Issues relevant to determining potential eligibil-
ity, inclusion and exclusion criteria, time commitment,
travel considerations, and patient expectations should
be addressed. Critically, areas for which there is a lack
of knowledge should be acknowledged, unfounded
bias toward specific trials should be avoided, and
conflicts of interest should be disclosed. Strategies for
dealing with conflicts of interest include obtaining a
second opinion or ethics consultation, and learning
from experts in other fields facing similar issues.129–131

These principles are particularly relevant when
multiple clinical trials for a single IRD are testing
the same or different categories of treatments, or
when clinical trials are testing new treatments that
promise better efficacy in diseases for which there are
approved therapies. Ongoing and planned clinical trials
testing multiple treatments targeting the same IRDs
are shown in Table 2. Inclusion and exclusion crite-
ria may dictate the choice in some instances, but not
in others. For example, multiple clinical trials of AAV-
RPE65 gene therapy have very similar inclusion crite-
ria, and this is also the case for trials of AAV-RPGR
gene therapy. When inclusion criteria are similar, there
are no standardized guidelines to help physicians and
patients decide in which trial to participate, or to assess
the risks and benefits of an approved treatment relative
to one that is potentially better, but still in clinical trials.
In many cases, the choice to participate in a given trial

comes down to informed consent, a process requiring
more time for discussions than can be accommodated
in routine clinics, and posing a significant burden for
centers of excellence, and for the ethical conduct of
trials.

Providing Guidance

The highly variable quality of general informa-
tion available to individuals with IRDs is an impor-
tant concern with the potential to impact progress
in the field. Increasingly, patients rely on social
media platforms for information, to connect with
other families, and to learn about sponsored clinical
trials. There is an urgent need for readily accessible
and validated information that provides a balanced
portrayal of ongoing research efforts and a realistic
view of expected outcomes. In addition, many individ-
uals with IRD would like to take advantage of readily
available potential remedies but feel abandoned when it
comes to the guidance needed tomake safe and rational
decisions, as they realize many of these may not have
any real benefit. Increased efforts are needed to provide
reliable information about the potentially safe, nonreg-
ulated interventions that are widely claimed to slow
retinal disease, including dietary antioxidants,132 red
light,133 light-protection,134 electrical stimulation,135
anti-apoptotic approaches,40,136 as well as the mount-
ing evidence that physical exercise may provide a
benefit in IRD.137–141 Most critically, best practices
are needed for educating patients and the public on
the potential dangers of direct-to-consumer treatments
shown to have significant risk of harm, such as autol-
ogous nonocular tissue-derived cell therapy.142–144

Priorities and Recommendations for
Advancing Clinical Trials

The rapidly increasing activity in clinical trials
for IRDs has created a new imperative to improve
the operational and ethical challenges involved in
trial design, recruitment, conduct, and analysis. These
challenges reflect the advanced position of IRD
research in the use of gene and cell therapy, the use
of highly specialized outcome measures, and the inclu-
sion of young children in phase 1/2 trials. To identify
strategies to meet these challenges and advance IRD
clinical trials over the next 5 to 10 years, participants
at theMonaciano-II Symposium engaged in structured
discussions and multivoting to reach a consensus view
of the priorities needed to accelerate progress. Each of
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the seven priorities identified, along with guidance for
achieving these goals, are discussed below.

Priority 1. Using Natural History Studies to
Guide Clinical Trial Design

The complexity of IRD phenotypes creates a
major challenge for evaluating therapeutic efficacy
using standard measures of visual performance and
retinal structure. Even among individuals with the
same mutation, there can be major differences in age
of onset, degree of severity, and rate of progres-
sion. Without providing context relative to the natural
disease course, only the most striking treatment
outcomes will be demonstrably significant. In addition,
there are likely to be limits on the therapeutic window
of opportunity beyond which interventional efforts
for a given form of therapy may have no meaningful
benefit.

Natural history studies are one of the most power-
ful approaches for defining metrics useful for predict-
ing disease course in a group of affected individuals.
However, the difficulty in obtaining major funding,
and the relatively low prevalence of IRDs, create a
significant challenge, as natural history studies typically
enroll relatively large numbers of patients. In addition,
less than half of individuals with an IRD have a
genetic diagnosis, which is a prerequisite for enroll-
ment in most studies. Advancing this approach will
involve increasing access to genetic testing, resolving
variants of unknown significance, characterizing struc-
tural variants, and including standardized phenotypic
data in mutation databases.

As genetically characterized IRD subpopulations
are identified, broad natural history studies will be
needed to identify critical time periods in disease
expression and progression. A significant additional
benefit is the potential identification of patient cohorts
thatmay be included in registries and selected for future
treatments. Given that such studies have taken decades
in the past, achieving relevance to ongoing transla-
tional efforts will require compressing the timeline to
a few years. The involvement of international consor-
tia will be important for achieving the necessary scope
and scale of patient recruitment and clinical charac-
terization, especially for ultrarare IRDs. Strategies for
improvements in the technology applied to pheno-
typing will also be important. These strategies may
include the development and evaluation of biomark-
ers in patient samples, such as aqueous humor, vitre-
ous, and blood. Long-term follow-up studies of exist-
ing trial participants will also be critical for guiding the
design of future clinical studies.

Priority 2. Developing OutcomeMeasures
Meaningful to Patients

Although the use of highly standardized clinical
tests will remain a mainstay of evaluating clinical
trial outcomes, metrics that evaluate whether poten-
tial treatments make a difference to the patient are
critically needed. To some extent, this will require
expanding beyond the use of precise clinical measure-
ments to include the complexworld of patient-reported
outcomes (PROs) and performance-based tests (PBTs).
The challenge will be to achieve a workable compro-
mise between the desire for a precise measure and the
need to achieve relevance to the patient experience and
activities of daily living. Meeting this challenge will
require defining visual activities that are meaningful
to patients (e.g., reading, driving, mobility in bright
or dim illumination) and that are potentially modifi-
able therapeutic targets. Quantifiable metrics associ-
ated with these activities, and that reflect the primary
phenotype associated with the disease, can be used to
assess the correlation of functional vision with clini-
cally meaningful measures of visual function (e.g.,
mobility course outcomes vs. FST, pupillary light
reflex, or dark-adapted perimetry). As this field devel-
ops, it will also be important to establish structure-
function correlations that accurately reflect therapeutic
efficacy, and to validate new outcomemeasures, includ-
ing PROs and PBTs, using ongoing and new natural
history studies of IRDs.

Priority 3. Standardizing Validated Outcome
Measures

Although many outcome measures are evaluated in
clinical trials for IRD, therapeutic efficacy is currently
evaluated using a relatively small number of primary
endpoints accepted by the FDA and/or EMA. There
are no standardized guidelines that define the most
useful outcome measures for evaluating various forms
of treatment and IRD patient populations. In fact,
some outcomemeasures developed by individual inves-
tigators involve unique tests and analytical methods,
which have not been made available and standardized
for use by others in the field. To avoid investigator
bias, one important aspect of trial design is to expand
testing to multiple sites. Key issues to address include
identifying best strategies for developing standardized
testing guidelines, defining the best surrogate outcome
measures for assessing efficacy, and further establishing
whether therapeutic efficacy can be generally defined or
requires specific definition for each IRD, intervention,
and outcome.
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Efforts to address these issues should include the
input of a committee of experts working to devise
guidelines for standardizing both new and exist-
ing outcome measures for individual IRDs. Possi-
bilities include using peripheral imaging methods to
provide measures of progression and the development
of outcomes specific for rod function. Of particu-
lar interest is expanded use of virtual reality, artifi-
cial intelligence, and machine learning in developing
new approaches to phenotyping, and for standardiz-
ing outcomemeasures acrossmultiple diseases and trial
sites. In addition, outcomemeasures and endpoints are
needed that reflect the disease trajectory of individ-
ual participants rather than population-based values,
as in “The n-of-1 clinical trial: the ultimate strategy for
individualizing medicine?”145,146 It will be important
to establish additional endpoints for early phase (1/2a)
clinical trials that meet both regulatory requirements
and correspond with disease biology and stage.

Consideration should also be given to the analysis
of biomarkers, defined as “…an indicator of normal
biological processes, pathogenic processes, or pharma-
cologic responses to a therapeutic intervention.”147
Although not always appropriate for use as a primary
outcome measure, biomarkers of pathologic events
that inform about disease status can add important
disease-specific insight to the evaluation of clinical trial
outcomes.

Priority 4. Reducing Inflammation Associated
with IRDs and Gene Therapy for IRDs

Efforts to develop therapies for broad segments of
the IRD population have focused largely on strate-
gies that target shared pathogenetic mechanisms. The
limited success so far achieved by these efforts under-
scores the need to better understand the mecha-
nisms of photoreceptor cell death and survival, which
differ between rod and cones, disease genes, classes
of mutations, and disease stages. There is also an
urgent need to prioritize the investigation of patho-
physiological pathways shared among different IRDs.
Among the mechanisms of interest, there is increas-
ing awareness of the singular importance of inflamma-
tion,141,148 which destroys tissues, compromises thera-
peutic outcomes, and is difficult to model, prevent,
and control. Although inflammation has long been
known to arise as a consequence of IRD, it has
only recently been studied as a contributor to disease
progression. Future needs include developing clinically
relevant models of human inflammatory responses in
IRD, defining the causes and mechanisms of inflam-
mation linked to photoreceptor cell death, and evalu-

ating the effectiveness of immunomodulation strategies
relative to disease phenotype.

Immune activation and inflammation are also
significant adverse events elicited by ocular administra-
tion of viral vectors and cell therapies, and thus repre-
sent serious challenges that need to be overcome to
maximize efficacywhileminimizing adverse events. The
development of effective strategies for preventing or
treating vector-induced inflammation will benefit from
efforts to identify the underlying cause(s) of the inflam-
matory response, as well as the most effective anti-
inflammatory regimens. It will also be important to
define the potential impact of anti-inflammatory inter-
ventions on treatment outcomes, and to standardize
their use in clinical trial protocols. Further advances
will require defining which arm of the immune system
is being activated, as well as the potential contributions
of the viral capsid, vector DNA, and cargo protein
to the inflammatory response.149,150 Current efforts to
reduce inflammation indirectly by dose sparing involve
strategies to produce vector preparations with fewer
empty particles, as well as directed evolution of the
AAV capsid to produce vectors with increased trans-
duction efficiency.151

Priority 5. Developing a Pediatric Action Plan

As children are increasingly the subjects of choice
in phase 1/2 trials, it will be of paramount importance
to focus on the biology and ethics of treating pediatric
patients. Some therapies may only work in children,
resulting in situations in which, following demonstra-
tion of safety in adults, trials may be planned for
testing in children without prior evidence of efficacy
in humans. A pediatric action plan for IRDs is needed
that is based on collective evidence relative to disease
biology and natural history, therapeutic efficacy, and
safety. Elements of the plan should include devel-
opment of pediatric patient registries, a network of
pediatric IRD experts, and genetic counseling guide-
lines established with input from experts in pediatric
ethics and clinical trials, which address issues discussed
later.

Priority 6. Improving Advice to Patients

As clinical trials for potential therapies for IRDs are
increasingly targeted to specific diseases, stages, and
conditions, the vision community will need to play a
central role in advising individuals about participat-
ing in these studies. Navigating this complex landscape,
consisting of multiple and overlapping, gene-specific
and gene-independent studies and trials, will require an
understanding of the basic scientific principles being
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tested, as well as the genetic and phenotypic character-
istics of the patient populations under study.

In advising individuals and families, providers
should address issues relating to: privacy concerns
raised by depositing patient information in shared
databases; enrolling children and individuals who have
relatively good visual function in treatment trials;
making choices when there are multiple clinical trials
or approved therapies for a given disease; the impact
that participating in a clinical trial may have on the
ability to participate in future trials or receive FDA-
and EMA-approved treatments; and gaining access to
approved therapies that may be prohibitively expensive
or not covered by insurance.

To aid in decision-making, it will be important to
present individuals and their families with a balanced
portrayal of ongoing research efforts, realistic descrip-
tions of the potential impact of planned interven-
tions, assessment of the potential risks versus benefits,
and that participation in early trials may be purely
altruistic. This will be especially relevant when advis-
ing individuals with advanced disease, in order to
convey equipoise regarding trials having uncertain
safety and benefit. Transparency and informed consent
will be essential for achieving beneficence in enrolling
individuals who will have little to no possibility of
benefiting from the treatment being tested, and who
choose to participate primarily to benefit others in the
future.

In the interest of improving the holistic care
of individuals with IRDs, there is also an urgent
need to provide up-to-date and accessible informa-
tion about the safety and efficacy of dietary regimens,
various forms of standard and alternative medicine,
and highly experimental interventions. One such
example is a cautionary statement about vitamin A
supplementation in IRDs.152 Of special concern are
invasive nonregulated so called therapies, including
those offered by for-profit stem-cell companies, which
have only recently fallen under regulatory jurisdic-
tion by the FDA, and have no proven benefit.153 In
almost all cases, these approaches raise issues beyond
the expertise of community physicians and health
care providers, and should be addressed by IRD
specialists.

Priority 7. Promoting Transparency,
Accountability, and Accessibility

IRD clinical trials are currently being conducted, in
large part, in North America and the EuropeanUnion,
with recent expansion of some studies more globally.

This reflects the small number of IRD specialists having
the background, experience, and staff needed to design
and conduct trials, the availability of suitably charac-
terized IRD subjects, and the difficulty in obtaining
major funding. As a result, the conduct of multiple
trials currently relies on a core group of individu-
als, some of whom may have a conflict of interest.
Individuals in academics publicly declare their conflicts
of interest, which are managed by their universities
using a robust system of checks and balances. Never-
theless, there is significant corporate involvement in
multiple aspects of trial design, data management,
and analysis, which can foster a culture of nontrans-
parency that works against timely and full disclosure of
outcomes.

Although sponsors are mandated by law to inform
regulatory bodies of safety issues and serious adverse
events, and orphan drug designation requires public
data sharing, other clinically relevant findings may
not be revealed, or their significance obscured when
combined with other data. Improvements to the
accountability framework are needed that foster
transparency between clinical trial investigators and
sponsors. This should include mechanisms for report-
ing clinical trials information that is not limited by
sponsor interests (e.g., potentially involving negative
results or safety issues), and for releasing the results
of clinical trials regardless of the therapeutic poten-
tial. Useful components of such mechanisms include
data masking and information aggregation, potentially
facilitated by academic and industry consortia.

A major factor currently limiting the capacity of
ongoing trials, and the ability to initiate new ones, is
the small number of IRD centers that have the required
expertise and infrastructure. Additional challenges
include poor reimbursement for visual function tests,
the time needed for patients to decide to participate,
limited financial compensation for patients who do
participate, and managing unduly optimistic patient
expectations. Increasing clinical trials, particularly in
underserved countries, will require increasing support
for developing centers of excellence, and for train-
ing additional IRD and clinical trials experts. Such
efforts are currently hampered by lack of the structure
and funding needed to support fellowship training and
training grants, and for the development of culture-
and language-specific tools and resources for the identi-
fication and enrollment of patients. A critical benefit
likely to result from improving patient access to well-
regulated and monitored clinical trials is the potential
for reducing patient experimentation with potentially
unsafe interventions.
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Conclusions and Future Prospects

IRDs have long been viewed as a group of disor-
ders for which there are no treatments or cures. This
maxim is now being overturned by the extraordinary
efforts of vision scientists and clinicians, resulting in an
exciting cohort of clinical trials based on sound preclin-
ical data. Although these efforts are still evolving, the
possibilities for making a significant impact on the
lives of individuals with IRDs has never been greater.
Advances in DNA and RNA therapies, cell transplan-
tation, and combinatorial therapeutics are expected to
be major drivers moving forward. Improved under-
standing of disease etiology and the potential for
targeting shared pathology are poised to transition
the focus from gene-specific therapies to genetically
informed therapies with broader reach. Opportuni-
ties for clinical efforts to synergize with technological
advances are rapidly emerging from the use of big data
analytics that improve the predictive value of genetic
diagnostics, the use of machine learning and artificial
intelligence to improve imaging analysis and individ-
ualized outcomes, and the use of virtual reality to
develop new approaches to phenotyping and standard-
izing outcome measures.

The expanding reach of IRD clinical trials, includ-
ing access to unique patient populations, is creating
exciting new opportunities for research and treatment,
while also highlighting the need to train increased
numbers of international IRD experts. Access to
trusted information, including a balanced portrayal of
ongoing research efforts and expectations for clinical
trials, is strengthening the environment in which clini-
cians and individuals are making critical health care
decisions. Above all, this progress is changing attitudes
about the possibility of developing effective thera-
pies for blinding diseases, while serving as a constant
reminder of the importance of remaining focused on
the ethical concerns, quality of life, and human stories
of individuals with IRDs.

Acknowledgments

The authors thank Celeste and Bruno Piperno
for their incredible generosity, support, and advocacy
for the Monaciano Symposia. We are inspired by
their dedication to the vision community and touched
by their personal approach to providing for all the
needs of the participants and guests at the estate.
The authors also thank Lamberto Piperno Corcos, the
quintessential host of Tenuta di Monaciano, for his
warm hospitality. The authors sincerely thank individ-

uals from Monaciano and the University of Michi-
gan for their valuable assistance with the program
and meeting: Lisa Burkhart, David Murrel, Adrienne
Chen, Wendy Mrdjenovich, Pina Vuocolo, Nancy
Mariani, and Veronica Vietti Michelina. The authors
especially thank Cameron Strong for critical contribu-
tions tomeeting organization, logistics, operations, and
documentation that were indispensable for the success
of the Monaciano Symposia. The authors also thank
Deborah Eadie for editing assistance.

Supported by the University of Michigan Depart-
ment of Ophthalmology and Visual Sciences, Duke
University Department of Ophthalmology, Celeste
and Bruno Piperno-Business Value, Blue Cone
Monochromacy Families Foundation, North Raleigh
Lions Charities, and Research to Prevent Blindness
(unrestricted grants to Casey Eye Institute andKellogg
Eye Center).

Disclosure: D.A. Thompson, MeiraGTx (F), filed
patent on gene therapy (P); A. Iannaccone, Editas
Medicine (C), Astellas (C), Roivant Pharma (C),
IQVIA (C), Gyroscope/Orbit Biomedical (C), Rhythm
Pharmaceuticals (C), Applied Genetic Technologies
Corp (F), Allergan (F), Acucela (F), ProQR Thera-
peutics (F), Foundation Fighting Blindness Clinical
Research Institute (F), Alia Therapeutics (S); R.R. Ali,
MeiraGTx (S), filed patents on gene and cell thera-
pies (P); V.Y. Arshavsky, None; I. Audo, None; J.W.B.
Bainbridge, MeiraGTx (S), filed patents on gene and
cell therapies (P); C.G. Besirli, MeiraGTx (F), Spark
Therapeutics (F); D.G. Birch, Nightstar Therapeu-
tics/Biogen (C), Applied Genetic Technologies Corp
(S), Nacuity Pharmaceuticals (C), Editas Medicine
(C), Acucela (S), Foundation Fighting Blindness (C),
ProQR Therapeutics (C); K.E. Branham, ProQR
Therapeutics (C); A.V. Cideciyan, Patents on gene
therapies for RPGR, RHO, and NPHP5-associated
IRDs (P); ProQR Therapeutics (F), IVERIC bio (F);
S.P. Daiger, Applied Genetic Technologies Corp (S);
D. Dalkara, Patent on AAV virions with variant capsid
and methods of use (P); J.L. Duncan, 4D Thera-
peutics (C), Applied Genetic Technologies Corp (C),
Editas Medicine (C), Gyroscope (C), Horama (C),
Nightstar Therapeutics/Biogen (C), ProQR Therapeu-
tics (C), SparingVision (S), Spark Therapeutics (C),
Vedere Bio (C), Acucela (F), Allergan (F), Neurotech
(F), Second Sight Medical Products (F); A.T. Fahim,
None; J.G. Flannery, None; R. Gattegna, None; J.R.
Heckenlively, None; E. Heon, None; K.T. Jayasun-
dera, Editas Medicine (C); N.W. Khan, None; H.
Klassen, jCyte (S, I); B.P. Leroy, Bayer (C), Nightstar
Therapeutics/Biogen (C), IVERIC bio (C), Novartis

Downloaded from tvst.arvojournals.org on 06/07/2020



Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 13

Pharma (C), RegenX Bio (C), Vedere Bio (C); Novar-
tis (R), Spark Therapeutics (R); GenSight Biologics
(F), ProQR Therapeutics (F); R.S. Molday, Applied
Genetic Technologies Corp (S); D.C. Musch, Belite
Bio (S), Mactel Group NTMT-03 trial (S), NEI
intramural branch clinical trials (S); M.E. Pennesi,
Adverum (C), Allergan (C), Astellas (C), Pharma-
ceuticals (C), Biogen (C), IVERIC bio (C), Novartis
(C), Regenix Bio (C), Spark Therapeutics (C), Wave
Biosciences (C), Eyevensys (S), Horama (S), Nayan
(S), Nacuity Pharmaceuticals (S, I), Ocugen (S, I),
Verede (S), ProQR Therapeutics (S), Gensight (S),
Applied Genetic Technologies Corp (F), Sanofi (F),
Foundation Fighting Blindness (F), ProQR Thera-
peutics (F), Allergan (F); S.M. Petersen-Jones, None;
E.A. Pierce, Astellas (C), Merck (C), Sanofi-Genzyme
(C), Wave Therapeutics (C); GenSight Biologics (S),
Odylia Therapeutics (S), Opsis Therapeutics (S), Sana
Biotechnology (S); CRISPR Therapeutics (F), Spark
Therapeutics (F); Editas Medicine (F), MeiraGTx (F),
ProQR Therapeutics (F), filed patents on gene and
genetic therapies (P);R.C. Rao, None;T.A. Reh, Nayan
Pharmaceuticals (C, I); J.A. Sahel, PixiumVision (S, I),
GenSight Biologics (S, I), SparingVision (S, I); Proph-
esee (I), Chronolife (I); D. Sharon, None; P.A. Sieving,
None; E. Strettoi, None; P. Yang, Astellas (C), Applied
Genetic Technologies Corp (C); D.N. Zacks, ONL
Therapeutics (C, I, P)

References

1. ClinicalTrials.gov. NIH US National Library of
Medicine. Available at: https://clinicaltrials.gov/.
Accessed November 22, 2019.

2. Thompson DA, Ali RR, Banin E, et al. Advanc-
ing therapeutic strategies for inherited retinal
degeneration: recommendations from the Mona-
ciano Symposium. Invest Ophthalmol Vis Sci.
2015;56:918–931.

3. Duncan JL, Pierce EA, Laster AM, et al. Inher-
ited retinal degenerations: current landscape and
knowledge gaps. Transl Vis Sci Technol. 2018;7:6.

4. Mitchell GA, Brody LC, Looney J, et al.
An initiator codon mutation in ornithine-delta-
aminotransferase causing gyrate atrophy of the
choroid and retina. J Clin Invest. 1988;81:630–
633.

5. Cremers FPM, Boon CJF, Bujakowska K, Zeitz
C. Special issue introduction: inherited reti-
nal disease: novel candidate genes, genotype-
phenotype correlations, and inheritance models.
Genes (Basel). 2018;9:215.

6. Daiger SP, Rossiter BJF, Greenberg J, Christof-
fels A, Hide W. Data services and software for
identifying genes and mutations causing reti-
nal degeneration. Invest. Ophthalmol. Vis. Sci.
1998;39:S295. https://sph.uth.edu/RetNet/.

7. Daiger SP, Bowne SJ, Sullivan LS. Perspective on
genes andmutations causing retinitis pigmentosa.
Arch Ophthalmol. 2007;125:151–158.

8. Yang L, Yin X, Wu L, et al. Targeted exome
capture and sequencing identifies novel PRPF31
mutations in autosomal dominant retinitis
pigmentosa in Chinese families. BMJ Open.
2013;3:e004030.

9. Mendez-Vidal C, Bravo-Gil N, Gonzalez-Del
Pozo M, et al. Novel RP1 mutations and a recur-
rent BBS1 variant explain the co-existence of two
distinct retinal phenotypes in the same pedigree.
BMC Genet. 2014;15:143.

10. Consugar MB, Navarro-Gomez D, Place EM,
et al. Panel-based genetic diagnostic testing for
inherited eye diseases is highly accurate and
reproducible, and more sensitive for variant
detection, than exome sequencing. Genet Med.
2015;17:253–261.

11. Ezquerra-Inchausti M, Barandika O, Anasagasti
A, Irigoyen C, Lopez de Munain A, Ruiz-Ederra
J. High prevalence of mutations affecting the
splicing process in a Spanish cohort with auto-
somal dominant retinitis pigmentosa. Sci Rep.
2017;7:39652.

12. Van Cauwenbergh C, Coppieters F, Roels D,
et al. Mutations in splicing factor genes are
a major cause of autosomal dominant retini-
tis pigmentosa in Belgian families. PLoS One.
2017;12:e0170038.

13. Bravo-Gil N, Gonzalez-Del Pozo M, Martin-
Sanchez M, et al. Unravelling the genetic basis
of simplex retinitis pigmentosa cases. Sci Rep.
2017;7:41937.

14. Zheng Y, Wang HL, Li JK, et al. A novel muta-
tion in PRPF31, causative of autosomal dom-
inant retinitis pigmentosa, using the BGISEQ-
500 sequencer. Int J Ophthalmol. 2018;11:
31–35.

15. Stone EM, Andorf JL, Whitmore SS, et al. Clini-
cally focusedmolecular investigation of 1000 con-
secutive families with inherited retinal disease.
Ophthalmology. 2017;124:1314–1331.

16. Birch DG, Bernstein PS, Iannaccone A, et al.
Effect of oral valproic acid vs placebo for vision
loss in patients with autosomal dominant retini-
tis pigmentosa: a randomized phase 2 multicenter
placebo-controlled clinical trial. JAMA Ophthal-
mol. 2018;136:849–856.

Downloaded from tvst.arvojournals.org on 06/07/2020

https://clinicaltrials.gov/
https://sph.uth.edu/RetNet/


Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 14

17. Brooks BP, Jeffrey B. Methodological insights
for randomized clinical trials of retinitis pigmen-
tosa: lessons learned from a trial of valproic acid.
JAMA Ophthalmol. 2018;136:857–858.

18. Moore AT. Genetic testing for inherited retinal
disease. Ophthalmology. 2017;124:1254–1255.

19. Capasso JE. The cost of genetic testing for ocu-
lar disease: who pays? Curr Opin Ophthalmol.
2014;25:394–399.

20. Glockle N, Kohl S, Mohr J, et al. Panel-based
next generation sequencing as a reliable and effi-
cient technique to detect mutations in unselected
patients with retinal dystrophies. Eur J Hum
Genet. 2014;22:99–104.

21. Ellingford JM, Barton S, Bhaskar S, et al. Molec-
ular findings from 537 individuals with inherited
retinal disease. J Med Genet. 2016;53:761–767.

22. Wolock CJ, Stong N, Ma CJ, et al. A case-
control collapsing analysis identifies retinal dys-
trophy genes associated with ophthalmic disease
in patients with no pathogenic ABCA4 variants.
Genet Med. 2019;21:2336–2344.

23. DavidsonAE,Millar ID, Urquhart JE, et al.Mis-
sense mutations in a retinal pigment epithelium
protein, bestrophin-1, cause retinitis pigmentosa.
Am J Hum Genet. 2009;85:581–592.

24. Toto L, Boon CJ, Di Antonio L, et al.
Bestrophinopathy: a spectrum of ocular abnor-
malities caused by the c.614T>C mutation in the
BEST1 gene. Retina. 2016;36:1586–1595.

25. Berger W, Kloeckener-Gruissem B, Neidhardt J.
The molecular basis of human retinal and vitreo-
retinal diseases. Prog Retin Eye Res. 2010;29:335–
375.

26. Carss KJ, Arno G, Erwood M, et al. Compre-
hensive rare variant analysis via whole-genome
sequencing to determine the molecular pathol-
ogy of inherited retinal disease.Am JHum Genet.
2017;100:75–90.

27. Singh S. The hundred-dollar genome: a health
care cart before the genomic horse. CMAJ.
2018;190:E514.

28. LOVD. LOVD v.3.0-Leiden Open Variation
Database. Available at: https://www.lovd.nl/.
Accessed November 22, 2019.

29. ClinVar.Landrum MJ, Lee JM, Benson M, et al.
ClinVar: improving access to variant interpreta-
tions and supporting evidence.Nucleic Acids Res.
2018;46:D1062–D1067. ClinVar Database. Avail-
able at: https://www.ncbi.nlm.nih.gov/clinvar/.
Accessed November 22, 2019.

30. Collins FS, Varmus H. A new initiative on pre-
cision medicine. N Engl J Med. 2015;372:793–
795.

31. Ameri H. Prospect of retinal gene therapy follow-
ing commercialization of voretigene neparvovec-
rzyl for retinal dystrophy mediated by RPE65
mutation. J Curr Ophthalmol. 2018;30:1–2.

32. Iannaccone A. Treating IRDs: gene-specific and
gene-independent approaches. Retina Today.
2019;14:16–20.

33. ClinicalTrials.gov. Safety and tolerability of
hRPC in retinitis pigmentosa (hRPCRP).
Available at: https://clinicaltrials.gov/ct2/show/
NCT02464436?term=NCT02464436&draw=
2&rank=1. Accessed November 22, 2019.

34. Song WK, Park KM, Kim HJ, et al. Treatment
of macular degeneration using embryonic stem
cell-derived retinal pigment epithelium: prelimi-
nary results in Asian patients. Stem Cell Rep.
2015;4:860–872.

35. Schwartz SD, Tan G, Hosseini H, Nagiel A.
Subretinal transplantation of embryonic stem
cell-derived retinal pigment epithelium for the
treatment of macular degeneration: an assess-
ment at 4 years. Invest Ophthalmol Vis Sci.
2016;57:ORSFc1–ORSFc9.

36. Mehat MS, Sundaram V, Ripamonti C, et al.
Transplantation of human embryonic stem cell-
derived retinal pigment epithelial cells in macu-
lar degeneration.Ophthalmology. 2018;125:1765–
1775.

37. ClinicalTrials.gov. Safety of a single, intravit-
real injection of human retinal progenitor cells
(jCell) in retinitis pigmentosa. Available at:
https://clinicaltrials.gov/ct2/show/NCT02320812?
term=NCT02320812&draw=2&rank=1.
Accessed November 22, 2019.

38. ClinicalTrials.gov. Safety and efficacy of intrav-
itreal injection of human retinal progenitor cells
in adults with retinitis pigmentosa. Available at:
https://clinicaltrials.gov/ct2/show/NCT03073733?
term=NCT03073733&draw=2&rank=1.
Accessed November 22, 2019.

39. Moore TJ, Zhang H, Anderson G, Alexander
GC. Estimated costs of pivotal trials for novel
therapeutic agents approved by the US Food and
Drug Administration, 2015-2016. JAMA Intern
Med. 2018;178:1451–1457.

40. Fortuny C, Flannery JG. Mutation-independent
gene therapies for rod-cone dystrophies. Adv Exp
Med Biol. 2018;1074:75–81.

41. Kannabiran C, Mariappan I. Therapeutic
avenues for hereditary forms of retinal blindness.
J Genet. 2018;97:341–352.

42. Scholl HP, Strauss RW, Singh MS, et al. Emerg-
ing therapies for inherited retinal degeneration.
Sci Transl Med. 2016;8:368rv6.

Downloaded from tvst.arvojournals.org on 06/07/2020

https://www.lovd.nl/
https://www.ncbi.nlm.nih.gov/clinvar/
https://clinicaltrials.gov/ct2/show/NCT02464436?term10NCT02464436&draw102&rank101
https://clinicaltrials.gov/ct2/show/NCT02320812?term=NCT02320812&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03073733?term=NCT03073733&draw=2&rank=1


Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 15

43. Sahel JA, Bennett J, Roska B. Depicting brighter
possibilities for treating blindness. Sci Transl
Med. 2019;11:eaax2324.

44. Zeiss CJ. Translational models of ocular disease.
Vet Ophthalmol. 2013;16(Suppl 1):15–33.

45. Veleri S, Lazar CH, Chang B, Sieving PA, Banin
E, Swaroop A. Biology and therapy of inher-
ited retinal degenerative disease: insights from
mouse models. Dis Model Mech. 2015;8:109–
129.

46. Mancuso K, Hauswirth WW, Li Q, et al. Gene
therapy for red-green colour blindness in adult
primates. Nature. 2009;461:784–787.

47. Moshiri A, Chen R, Kim S, et al. A nonhuman
primate model of inherited retinal disease. J Clin
Invest. 2019;129:863–874.

48. IkedaY,NishiguchiKM,MiyaF, et al.Discovery
of a cynomolgusmonkey family with retinitis pig-
mentosa. Invest Ophthalmol Vis Sci. 2018;59:826–
830.

49. McBride JL,NeuringerM, Ferguson B, et al. Dis-
covery of aCLN7model of Batten disease in non-
human primates. Neurobiol Dis. 2018;119:65–
78.

50. Peterson SM, McGill TJ, Puthussery T, et al.
Bardet-Biedl syndrome in rhesus macaques: a
nonhuman primate model of retinitis pigmen-
tosa. Exp Eye Res. 2019;189:107825.

51. Petersen-Jones SM, Komaromy AM. Dog mod-
els for blinding inherited retinal dystrophies.Hum
Gene Ther Clin Dev. 2015;26:15–26.

52. Beltran WA, Cideciyan AV, Guziewicz KE, et al.
Canine retina has a primate fovea-like bou-
quet of cone photoreceptors which is affected
by inherited macular degenerations. PLoS One.
2014;9:e90390.

53. Beltran WA, Cideciyan AV, Iwabe S, et al. Suc-
cessful arrest of photoreceptor and vision loss
expands the therapeutic window of retinal gene
therapy to later stages of disease. Proc Natl Acad
Sci USA. 2015;112:E5844–E5853.

54. Cideciyan AV, Sudharsan R, Dufour VL, et al.
Mutation-independent rhodopsin gene therapy
by knockdown and replacement with a sin-
gle AAV vector. Proc Natl Acad Sci USA.
2018;115:E8547–E8556.

55. Guziewicz KE, Cideciyan AV, Beltran WA, et al.
BEST1 gene therapy corrects a diffuse retina-
wide microdetachment modulated by light expo-
sure. Proc Natl Acad Sci U S A. 2018;115:E2839–
E2848.

56. Foltz LP, Clegg DO. Patient-derived induced
pluripotent stem cells formodelling genetic retinal
dystrophies. Prog Retin Eye Res. 2019;68:54–66.

57. Tucker BA, Mullins RF, Stone EM. Stem cells
for investigation and treatment of inherited reti-
nal disease. HumMol Genet. 2014;23:R9–R16.

58. Chen FK, McLenachan S, Edel M, Da Cruz L,
Coffey PJ, Mackey DA. iPS cells for modelling
and treatment of retinal diseases. J Clin Med.
2014;3:1511–1541.

59. Meinert CL. Clinical Trials, Design, Conduct, and
Analysis. New York: Oxford University Press;
1986.

60. Biomarkers Definitions Working Group.
Biomarkers and surrogate endpoints: pre-
ferred definitions and conceptual framework.
Clin Pharmacol Ther. 2001;69:89–95.

61. Aronson JK. Biomarkers and surrogate end-
points. Br J Clin Pharmacol. 2005;59:491–494.

62. Csaky K, Ferris F, 3rd Chew EY, Nair P,
Cheetham JK, Duncan JL. Report from the
NEI/FDA endpoints workshop on age-related
macular degeneration and inherited retinal dis-
eases. Invest Ophthalmol Vis Sci. 2017;58:3456–
3463.

63. Beck RW,Maguire MG, Bressler NM, Glassman
AR, Lindblad AS, Ferris FL. Visual acuity as an
outcome measure in clinical trials of retinal dis-
eases. Ophthalmology. 2007;114:1804–1809.

64. Chew EY, Clemons TE, Jaffe GJ, et al. Effect
of ciliary neurotrophic factor on retinal neurode-
generation in patients with macular telangiectasia
type 2: a randomized clinical trial. Ophthalmol-
ogy. 2019;126:540–549.

65. Weleber R, Francis P, Chegarnov E, et al. Mod-
eling and analysis of the hill of vision of full-
field static perimetry. Invest Ophthalmol Vis Sci.
2009;50:3813.

66. Weleber RG, Smith TB, Peters D, et al. VFMA:
topographic analysis of sensitivity data from full-
field static perimetry. Transl Vis Sci Technol.
2015;4:14.

67. Roman AJ, Cideciyan AV, Aleman TS, Jacobson
SG. Full-field stimulus testing (FST) to quantify
visual perception in severely blind candidates for
treatment trials.PhysiolMeas. 2007;28:N51–N56.

68. Robson AG, Nilsson J, Li S, et al. ISCEV guide
to visual electrodiagnostic procedures. Doc Oph-
thalmol. 2018;136:1–26.

69. Birch DG, Locke KG, Wen Y, Locke KI,
Hoffman DR, Hood DC. Spectral-domain opti-
cal coherence tomography measures of outer
segment layer progression in patients with X-
linked retinitis pigmentosa. JAMA Ophthalmol.
2013;131:1143–1150.

70. Nunez J, HoodDC, XinD, et al. En-face imaging
as a method for monitoring changes in the inner

Downloaded from tvst.arvojournals.org on 06/07/2020



Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 16

segment (IS)/outer segment (OS) band in retinitis
pigmentosa. Invest Ophthalmol. 2016;57:142.

71. Hariri AH, Zhang HY, Ho A, et al. Quan-
tification of ellipsoid zone changes in retini-
tis pigmentosa using en face spectral domain-
optical coherence tomography. JAMA Ophthal-
mol. 2016;134:628–635.

72. Strauss RW, Kong X, Ho A, et al. Progres-
sion of Stargardt disease as determined by fun-
dus autofluorescence over a 12-month period:
ProgStar report no. 11. JAMA Ophthalmol. 2019
Aug 1. doi:10.1001/jamaophthalmol.2019.2885.
[Epub ahead of print].

73. Kalia A, Lesmes LA, Dorr M, et al. Devel-
opment of pattern vision following early and
extended blindness. Proc Natl Acad Sci U S A.
2014;111:2035–2039.

74. Jia W, Zhou J, Lu ZL, Lesmes LA, Huang CB.
Discriminating anisometropic amblyopia from
myopia based on interocular inhibition. Vision
Res. 2015;114:135–141.

75. Dorr M, Kwon M, Lesmes LA, et al. Binocu-
lar summation and suppression of contrast sensi-
tivity in strabismus, fusion and amblyopia. Front
Hum Neurosci. 2019;13:234.

76. Alahmadi BO, Omari AA, Abalem MF, et al.
Contrast sensitivity deficits in patients with
mutation-proven inherited retinal degenerations.
BMC Ophthalmol. 2018;18:313.

77. Luo X, Cideciyan AV, Iannaccone A, et al. Blue
cone monochromacy: visual function and efficacy
outcome measures for clinical trials. PLoS One.
2015;10:e0125700.

78. RomanAJ, CideciyanAV,Matsui R, SheplockR,
Schwartz SB, Jacobson SG.Outcomemeasure for
the treatment of cone photoreceptor diseases: ori-
entation to a scene with cone-only contrast.BMC
Ophthalmol. 2015;15:98.

79. Cideciyan AV, Roman AJ, Jacobson SG, et al.
Developing an outcome measure with high lumi-
nance for optogenetics treatment of severe retinal
degenerations and for gene therapy of cone dis-
eases. Invest Ophthalmol Vis Sci. 2016;57:3211–
3221.

80. Jacobson SG, Aleman TS, Cideciyan AV, et al.
Identifying photoreceptors in blind eyes caused
by RPE65 mutations: prerequisite for human
gene therapy success. Proc Natl Acad Sci U S A.
2005;102:6177–6182.

81. Witkin AJ, Ko TH, Fujimoto JG, et al. Ultra-
high resolution optical coherence tomography
assessment of photoreceptors in retinitis pig-
mentosa and related diseases. Am J Ophthalmol.
2006;142:945–952.

82. Murakami T, Akimoto M, Ooto S, et al. Asso-
ciation between abnormal autofluorescence and
photoreceptor disorganization in retinitis pig-
mentosa. Am J Ophthalmol. 2008;145:687–694.

83. Fischer MD, Fleischhauer JC, Gillies MC, Sut-
ter FK, Helbig H, Barthelmes D. A new method
to monitor visual field defects caused by pho-
toreceptor degeneration by quantitative optical
coherence tomography. Invest Ophthalmol Vis Sci.
2008;49:3617–3621.

84. Hood DC, Lin CE, Lazow MA, Locke KG,
Zhang X, Birch DG. Thickness of receptor and
post-receptor retinal layers in patients with retini-
tis pigmentosa measured with frequency-domain
optical coherence tomography. Invest Ophthalmol
Vis Sci. 2009;50:2328–2336.

85. Jacobson SG, Roman AJ, Aleman TS, et al. Nor-
mal central retinal function and structure pre-
served in retinitis pigmentosa. Invest Ophthalmol
Vis Sci. 2010;51:1079–1085.

86. Rangaswamy NV, Patel HM, Locke KG, Hood
DC, Birch DG. A comparison of visual field
sensitivity to photoreceptor thickness in retini-
tis pigmentosa. Invest Ophthalmol Vis Sci.
2010;51:4213–4219.

87. Wen Y, KleinM, Hood DC, Birch DG. Relation-
ships among multifocal electroretinogram ampli-
tude, visual field sensitivity, and SD-OCT recep-
tor layer thicknesses in patients with retinitis pig-
mentosa. Invest Ophthalmol Vis Sci. 2012;53:833–
840.

88. Sumaroka A, Garafalo AV, Semenov EP, et al.
Treatment potential for macular cone vision in
Leber congenital amaurosis due to cep290 or
nphp5 mutations: predictions from artificial intel-
ligence. Invest Ophthalmol Vis Sci. 2019;60:2551–
2562.

89. Hood DC, Ramachandran R, Holopigian K,
LazowM, Birch DG, Greenstein VC.Method for
deriving visual field boundaries from OCT scans
of patients with retinitis pigmentosa. Biomed Opt
Express. 2011;2:1106–1114.

90. Alabduljalil T, Patel RC, Alqahtani AA, et al.
Correlation of outer retinal degeneration and
choriocapillaris loss in Stargardt disease using en
face optical coherence tomography and optical
coherence tomography angiography. Am J Oph-
thalmol. 2019;202:79–90.

91. Cideciyan AV, Swider M, Schwartz SB, Stone
EM, Jacobson SG. Predicting progression of
ABCA4-associated retinal degenerations based
on longitudinal measurements of the lead-
ing disease front. Invest Ophthalmol Vis Sci.
2015;56:5946–5955.

Downloaded from tvst.arvojournals.org on 06/07/2020

http://doi.org/10.1001/jamaophthalmol.2019.2885


Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 17

92. Cideciyan AV, Swider M, Jacobson SG. Aut-
ofluorescence imaging with near-infrared excita-
tion:normalization by reflectance to reduce signal
from choroidal fluorophores. Invest Ophthalmol
Vis Sci. 2015;56:3393–3406.

93. Scoles D, Sulai YN, Langlo CS, et al. In vivo
imaging of human cone photoreceptor inner seg-
ments. Invest Ophthalmol Vis Sci. 2014;55:4244–
4251.

94. Geller AM, Seiving PA, Green DG. Effect on
grating identification of sampling with degener-
ate arrays. J Opt Soc Am A. 1992;9:472.

95. Ratnam K, Carroll J, Porco TC, Duncan JL,
Roorda A. Relationship between foveal cone
structure and clinical measures of visual function
in patients with inherited retinal degenerations.
Invest Ophthalmol Vis Sci. 2013;54:5836–5847.

96. Foote KG, Loumou P, Griffin S, et al. Relation-
ship between foveal cone structure and visual acu-
ity measured with adaptive optics scanning laser
ophthalmoscopy in retinal degeneration. Invest
Ophthalmol Vis Sci. 2018;59:3385–3393.

97. Bensinger E, Rinella N, Saud A, et al. Loss of
foveal cone structure precedes loss of visual acu-
ity in patients with rod-cone degeneration. Invest
Ophthalmol Vis Sci. 2019;60:3187–3196.

98. Tu JH, Foote KG, Lujan BJ, et al. Dysflective
cones: visual function and cone reflectivity in
long-term follow-up of acute bilateral foveolitis.
Am J Ophthalmol Case Rep. 2017;7:14–19.

99. Langlo CS, Erker LR, Parker M, et al. Repeata-
bility and longitudinal assessment of foveal cone
structure in Cngb3-associated achromatopsia.
Retina. 2017;37:1956–1966.

100. Horton JC, Parker AB, Botelho JV, Duncan JL.
Spontaneous regeneration of human photorecep-
tor outer segments. Sci Rep. 2015;5:12364.

101. Humayun MS, Dorn JD, da Cruz L, et al.
Interim results from the international trial of
Second Sight’s visual prosthesis. Ophthalmology.
2012;119:779–788.

102. Bainbridge JW, Smith AJ, Barker SS, et al. Effect
of gene therapy on visual function in Leber’s con-
genital amaurosis. N Engl J Med. 2008;358:2231–
2239.

103. Maguire AM, Simonelli F, Pierce EA, et al. Safety
and efficacy of gene transfer for Leber’s congen-
ital amaurosis. N Engl J Med. 2008;358:2240–
2248.

104. Chung DC, McCague S, Yu ZF, et al. Novel
mobility test to assess functional vision in patients
with inherited retinal dystrophies. Clin Exp Oph-
thalmol. 2018;46:247–259.

105. Russell S, Bennett J, Wellman JA, et al. Efficacy
and safety of voretigene neparvovec (AAV2-
hRPE65v2) in patients with RPE65-mediated
inherited retinal dystrophy: a randomised,
controlled, open-label, phase 3 trial. Lancet.
2017;390:849–860.

106. Lombardi M, Zenouda A, Azoulay-Sebban L,
et al. Correlation between visual function and
performance of simulated daily living activ-
ities in glaucomatous patients. J Glaucoma.
2018;27:1017–1024.

107. Authie CN, Berthoz A, Sahel JA, Safran AB.
Adaptive gaze strategies for locomotion with
constricted visual field. Front Hum Neurosci.
2017;11:387.

108. Titchener SA, Ayton LN, Abbott CJ, et al. Head
and gaze behavior in retinitis pigmentosa. Invest
Ophthalmol Vis Sci. 2019;60:2263–2273.

109. Prem Senthil M, Khadka J, Pesudovs K. Assess-
ment of patient-reported outcomes in retinal
diseases: a systematic review. Surv Ophthalmol.
2017;62:546–582.

110. Owsley C, McGwin G, Jr., Scilley K, Kallies
K. Development of a questionnaire to assess
vision problems under low luminance in age-
related maculopathy. Invest Ophthalmol Vis Sci.
2006;47:528–535.

111. Mangione CM, Lee PP, Gutierrez PR, et al.
Development of the 25-item National Eye Insti-
tute visual function questionnaire. Arch Ophthal-
mol. 2001;119:1050–1058.

112. Lamoureux EL, Pallant JF, Pesudovs K, Rees
G, Hassell JB, Keeffe JE. The impact of vision
impairment questionnaire: an assessment of its
domain structure using confirmatory factor anal-
ysis and Rasch analysis. Invest Ophthalmol Vis
Sci. 2007;48:1001–1006.

113. Finger RP, Tellis B, Crewe J, Keeffe JE, Ayton
LN, Guymer RH. Developing the impact of
Vision Impairment-Very Low Vision (IVI-VLV)
questionnaire as part of the LoVADA protocol.
Invest Ophthalmol Vis Sci. 2014;55:6150–6158.

114. Tadic V, Cooper A, Cumberland P, Lewando-
Hundt G, Rahi JS; Vision-Related Quality of
Life Group. Development of the functional vision
questionnaire for children and young people with
visual impairment: the FVQ_CYP. Ophthalmol-
ogy. 2013;120:2725–2732.

115. Duncan JL, Richards TP, Arditi A, et al.
Improvements in vision-related quality of life in
blind patients implanted with the Argus II epireti-
nal prosthesis. Clin Exp Optom. 2017;100:144–
150.

Downloaded from tvst.arvojournals.org on 06/07/2020



Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 18

116. Food and Drug Administration. Patient-reported
outcome measures: use in medical product
development to support labeling claims. 2009.
Available at: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/
patient-reported-outcome-measures-use-
medical-product-development-support-labeling-
claims. Accessed November 22, 2019.

117. Patrick DL, Burke LB, Gwaltney CJ, et al. Con-
tent validity–establishing and reporting the evi-
dence in newly developed patient-reported out-
comes (PRO) instruments for medical product
evaluation: ISPOR PRO Good Research Prac-
tices Task Force report: part 2–assessing respon-
dent understanding. Value Health. 2011;14:978–
988.

118. Patrick DL, Burke LB, Gwaltney CJ, et al. Con-
tent validity–establishing and reporting the evi-
dence in newly developed patient-reported out-
comes (PRO) instruments for medical product
evaluation: ISPOR PRO good research practices
task force report: part 1–eliciting concepts for a
new PRO instrument.Value Health. 2011;14:967–
977.

119. National Institute for Health Research. Avail-
able at: http://www.ct-toolkit.ac.uk/. Accessed
November 22, 2019.

120. Food and Drug Administration. Available at:
https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/human-gene-
therapy-retinal-disorders. FDA-2018-D-2236.
Accessed November 22, 2019.

121. O’Quigley J, Pepe M, Fisher L. Continual
reassessment method: a practical design for phase
1 clinical trials in cancer. Biometrics. 1990;46:33–
48.

122. Goodman SN, Zahurak ML, Piantadosi S. Some
practical improvements in the continual reassess-
ment method for phase I studies. Stat Med.
1995;14:1149–1161.

123. Viele K, Connor JT. Dose-finding trials: optimiz-
ing phase 2 data in the drug development process.
JAMA. 2015;314:2294–2295.

124. Meurer WJ, Lewis RJ, Berry DA. Adaptive clini-
cal trials: a partial remedy for the therapeutic mis-
conception? JAMA. 2012;307:2377–2378.

125. Fleming TR. Standard versus adaptive mon-
itoring procedures: a commentary. Stat Med.
2006;25:3305–3312; discussion 3313–3304, 3326–
3347.

126. van der Graaf R, Roes KC, van Delden JJ. Adap-
tive trials in clinical research: scientific and eth-
ical issues to consider. JAMA. 2012;307:2379–
2380.

127. Chew EY, Friedlander M. Global connections
to study idiopathic macular telangiectasia type 2.
Retina. 2018;38(Suppl 1):S3–S7.

128. Kong X, Fujinami K, Strauss RW, et al. Visual
acuity change over 24 months and its associa-
tion with foveal phenotype and genotype in indi-
viduals with Stargardt disease: ProgStar study
report no. 10. JAMA Ophthalmol. 2018;136:920–
928.

129. Majersik JJ. Ethics and bias in clinical trial enroll-
ment in stroke. Curr Cardiol Rep. 2019;21:49.

130. Lidz CW, Appelbaum PS, Joffe S, Albert K,
Rosenbaum J, Simon L. Competing commit-
ments in clinical trials. IRB. 2009;31:1–6.

131. Gelinas L, Lynch HF, Bierer BE, Cohen IG.
When clinical trials compete: prioritising study
recruitment. J Med Ethics. 2017;43:803–809.

132. Campochiaro PA, Strauss RW, Lu L, et al. Is
there excess oxidative stress and damage in eyes
of patients with retinitis pigmentosa? Antioxid
Redox Signal. 2015;23:643–648.

133. Sivapathasuntharam C, Sivaprasad S, Hogg C,
Jeffery G. Aging retinal function is improved by
near infrared light (670 nm) that is associated
with corrected mitochondrial decline. Neurobiol
Aging. 2017;52:66–70.

134. Orlans HO, Merrill J, Barnard AR, Charbel
Issa P, Peirson SN, MacLaren RE. Filtration of
short-wavelength light provides therapeutic ben-
efit in retinitis pigmentosa caused by a common
rhodopsin mutation. Invest Ophthalmol Vis Sci.
2019;60:2733–2742.

135. Schatz A, Pach J, Gosheva M, et al. Transcorneal
electrical stimulation for patients with retinitis
pigmentosa: a prospective, randomized, sham-
controlled follow-up study over 1 year. Invest
Ophthalmol Vis Sci. 2017;58:257–269.

136. Campochiaro PA, Mir TA. The mechanism of
cone cell death in retinitis pigmentosa. Prog Retin
Eye Res. 2018;62:24–37.

137. Barone I, Novelli E, Piano I, Gargini C, Stret-
toi E. Environmental enrichment extends pho-
toreceptor survival and visual function in a
mouse model of retinitis pigmentosa. PLoS One.
2012;7:e50726.

138. Lawson EC, Han MK, Sellers JT, et al. Aero-
bic exercise protects retinal function and structure
from light-induced retinal degeneration. J Neu-
rosci. 2014;34:2406–2412.

139. Hanif AM, Lawson EC, Prunty M, et al.
Neuroprotective effects of voluntary exercise
in an inherited retinal degeneration mouse
model. Invest Ophthalmol Vis Sci. 2015;56:6839–
6846.

Downloaded from tvst.arvojournals.org on 06/07/2020

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
http://www.ct-toolkit.ac.uk/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/human-gene-therapy-retinal-disorders


Advancing Clinical Trials for IRDs TVST | June 2020 | Vol. 9 | No. 7 | Article 2 | 19

140. Pardue MT, Chrenek MA, Schmidt RH, Nick-
erson JM, Boatright JH. Potential role of exer-
cise in retinal health. Prog Mol Biol Transl Sci.
2015;134:491–502.

141. Guadagni V, Biagioni M, Novelli E, Aretini
P, Mazzanti CM, Strettoi E. Rescuing cones
and daylight vision in retinitis pigmentosa mice.
FASEB J. 2019;33:10177–10192.

142. Nirwan RS, Albini TA, Sridhar J, Flynn HW,
Jr., Kuriyan AE. Assessing “cell therapy” clin-
ics offering treatments of ocular conditions using
direct-to-consumer marketing websites in the
United States. Ophthalmology. 2019;126:1350–
1355.

143. Kuriyan AE, Albini TA, Townsend JH, et al.
Vision loss after intravitreal injection of autol-
ogous “stem cells” for AMD. N Engl J Med.
2017;376:1047–1053.

144. Rong AJ, Lam BL, Ansari ZA, Albini TA. Vision
loss secondary to autologous adipose stem cell
injections: a rising problem. JAMA Ophthalmol.
2018;136:97–99.

145. Lillie EO, Patay B, Diamant J, Issell B, Topol EJ,
Schork NJ. The n-of-1 clinical trial: the ultimate
strategy for individualizing medicine? Per Med.
2011;8:161–173.

146. Kim J, Hu C, Moufawad El Achkar C, et al.
Patient-customized oligonucleotide therapy
for a rare genetic disease. N Engl J Med.
2019;381:1644–1652.

147. Biomarkers Definitions Working Group .
Biomarkers and surrogate endpoints: preferred
definitions and conceptual framework. Clin
Pharmacol Ther. 2001;69:89–95.

148. Silverman SM,WongWT.Microglia in the retina:
roles in development, maturity, and disease.Annu
Rev Vis Sci. 2018;4:45–77.

149. Khabou H, Cordeau C, Pacot L, Fisson S,
Dalkara D. Dosage thresholds and influence
of transgene cassette in adeno-associated virus-
related toxicity. Hum Gene Ther. 2018;29:1235–
1241.

150. Xiong W, Wu DM, Xue Y, et al. AAV cis-
regulatory sequences are correlated with ocular
toxicity.Proc Natl Acad Sci USA. 2019;116:5785–
5794.

151. Dalkara D, Byrne LC, Klimczak RR, et al.
In vivo-directed evolution of a new adeno-
associated virus for therapeutic outer retinal
gene delivery from the vitreous. Sci Transl Med.
2013;5:189ra76.

152. Foundation Fighting Blindness. Available at:
https://www.fightingblindness.org/research/
whateveryone-with-a-retinal-disease-should-
know-about-vitamin-a-4148. Accessed Novem-
ber 22, 2019.

153. Food and Drug Administration. Available
at: https://www.fda.gov/consumers/consumer-
updates/fda-warns-about-stem-cell-therapies.
Accessed November 22, 2019.

Downloaded from tvst.arvojournals.org on 06/07/2020

https://www.fightingblindness.org/research/whateveryone-with-a-retinal-disease-should-know-about-vitamin-a-4148
https://www.fda.gov/consumers/consumer-updates/fda-warns-about-stem-cell-therapies

