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Introduction: 

The National Neurovision Research Institute (NNRI}, the clinical arm of the Foundation 
Fighting Blindness (FFB), has established the National Eye Evaluation Research 
(NEER) Network composed of a collaborative group of five Clinical Treatment and 
Evaluation Centers (CTECs) and a support Clinical Coordinating Center. The intent of 
this new Network is to advance the science of therapeutic and preventive interventions 
for inherited orphan retinal degenerative diseases and dry age-related macular 
degeneration (AMD) through the conduct of clinical trials and other clinically relevant 
research. The scope of research to be carried out encompasses: (i) Phase I and 
Phase II clinical trials to evaluate the safety and efficacy of new therapeutic and 
preventive approaches, including devices, biopharmaceuticals, small molecules, 
nutritional supplements, and gene transfer approaches; natural history studies to 
develop standardized criteria to define disease stage, severity and progression; (iii) 
observational studies to enhance understanding of the natural history of these diseases 
for different genotypes and phenotypes; and (iv) evaluations of the reliability and validity 
of different available treatment outcomes measures to determine those that are most 
appropriate for various genotypes and phenotypes as well as for specific interventions. 
The NEER Network will also develop standard protocols for data collection, maintain 
and expand standardized patient databases, classified by patient genotype and 
phenotype, to allow for the timely identification of eligible patients and facilitate patient 
access for clinical trial participation, and design and conduct, in collaboration with the 
Department of Defense, training programs for military ophthalmologists in the latest 
technologies and diagnostic and treatment regimens. 

The military population mirrors. the civilian population, including the incidence of retinal 
diseases. Soldiers and their families therefore suffer from the same sight-robbing retinal 
degenerative diseases as the general population. In addition, the military has an 
expanding retiree population that will suffer from age-related macular degeneration 
(AMD) and any useful preventative or treatment regimen will greatly enhance these 
persons lives by preventing them from losing vision. 

The NEER network, in cooperation with COL Donald A. Gagliano, MD, MHA, DOD 
Principal Advisor for Vision, Director, DODNA Vision Center of Excellence, and others 
in DOD as appropriate will actively develop a program to include military hospitals and 
ophthalmologists in clinical trials for Retinal Degenerative Diseases so that military 
personnel and their families will directly benefit from the new preventions, treatments 
and cures for these sight robbing diseases. In addition, the NEER network will work with 
the appropriate military office to develop a fellowship and senior physician training and 
continuing education program for military ophthalmologists to obtain specialized training 
at NEER network academic centers in the latest technologies, including non-invasive 
imaging such as multifocal electroretinogram (mfERG), optical coherence tomography 
(OCT), and Adaptive Optic Scanning Laser Ophthalmoscopes (AOSLO). 

1 



Body: 

The National Neurovision Research Institute (NNRI), the clinical arm of the Foundation 
Fighting Blindness (FFB), has established the National Eye Evaluation Research 
(NEER) Network composed of a collaborative group of five (5) Clinical Treatment and 
Evaluation Centers (CTECs). The intent of the NEER Network is to advance the 
science of therapeutic and preventive interventions for inherited orphan retinal 
degenerative diseases and dry age-related macular degeneration (AMD). This will be 
accomplished within the NEER Network through the conduct of clinical trials and other 
clinically relevant studies. Pertinent background information on the FFB, the NNRI, the 
retinal diseases to be studies, and the rationale underlying the need for and feasibility of 
this new Network are delineated below. 

The FFB is the world's largest source of non-governmental support for research on 
inherited orphan retinal degenerative diseases and dry AMD. Since its inception in 
1971 , the Foundation has raised more than $370 million and, in the current fiscal year, 
is providing over $14.4 million in funding for 138 research grants to more than 100 of 
the leading basic and clinical research experts in this area at 76 institutions around the 
world. To promote collaborations between basic and clinical researchers and 
accelerate the advancement of promising preventive and therapeutic approaches to the 
clinic, the Foundation also supports 19 national and international Research Centers. 
This Research Center Program involves inter-disciplinary groups of investigators 
conducting multiple research projects with an emphasis on translational research to 
facilitate clinical applications and the sharing of research tools, knowledge and data. 

In 2003, the Foundation established the NNRI , a non-profit entity, to capitalize on the 
fairly recent emergence of therapeutic and preventive products and devices that require 
rigorous clinical evaluation for safety and efficacy. The mission of the NNRI is to 
accelerate the translation of promising research on treatment and prevention 
approaches into clinical trials. 

Inherited orphan retinal degenerative diseases are a family of inherited pathologies with 
the ultimate consequence of photoreceptor death and severe visual impairment usually 
ending in blindness. In the United States, the total number of individuals affected by 
retinitis pigmentosa (RP) and other forms of rare inherited retinal degenerative diseases 
is estimated at approximately 200,000 individuals. RP, Stargardt disease, and Usher 
syndrome represent the predominant forms of inherited orphan retinal degenerative 
diseases and are estimated to affect -80,000 - 100,000, -25,000, and -20,000 
individuals in the U.S., respectively. Genetic heterogeneity is a key feature of each of 
these predominant diseases. To date, over 200 genes with mutations causing one or 
more forms of inherited orphan retinal degenerative diseases have been cloned, and 
over 50 more have been identified based on candidate gene studies or linkage 
mapping. 

In the majority of inherited orphan retinal degenerative diseases, visual impairment is 
detected in the first or second decade of life. Assuming that 30% of individuals will 
reach legal blindness by their third decade of life, 30% by the fourth decade of life, 30% 
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by the fifth decade of life, while 10% never reach legal blindness, and considering just 
the annual cost of blindness to the U.S. government, adjusted annually for inflation at a 
rate of 2.5%, then the cumulative minimal lifetime costs incurred by the U.S. 
government for the current civilian and military populations affected by inherited orphan 
retinal degenerative diseases is more than $38 billion. This tremendous economic 
burden will not only continue to be incurred, but will increase unless efforts are made to 
define the molecular, biochemical and clinical parameters of these diseases and to 
advance capabilities to a point where rational, safe therapeutic strategies can be 
designed, tested and adopted as standard care. 

While repeat evaluation and study of affected patients are vital to rigorously 
characterize the unique features of various diseases and the factors that cause disease 
progression, several obstacles, in addition to the lack of research funding, often prevent 
the necessary frequency and thoroughness of patient examination. First, patients are 
often diagnosed by ophthalmologists who have limited training in the diagnosis and 
management of patients with rare forms of inherited orphan retinal degenerative 
diseases. Second, once patients are informed of the current lack of treatment options 
for their disease condition, they have little incentive for engaging in repeat clinical 
evaluations. Third, and perhaps more rare than the diseases themselves, is the number 
of clinicians fully trained in both the clinical and genetic aspects of inherited orphan 
retinal degenerative diseases. Training of additional clinical specialists in diagnostic 
and genetic evaluation of patients with rare forms of inherited retinal degenerative 
diseases has been identified as one of the most important resources needed to ensure 
that therapies for these diseases reach the clinic. 

While inherited orphan retinal degenerative diseases account for a small portion of all 
vision loss, dry age-related macular degeneration accounts for approximately 90 
percent of all age-related macular degeneration (AMD), affecting over 7 million 
individuals in the United States alone. With dry AMD, sometimes called atrophic, 
nonexudative, or drusenoid macular degeneration, yellow-white deposits composed of 
waste products from photoreceptor cells, called drusen, accumulate in the retinal 
pigment epithelium (RPE) tissue beneath the macula. For unknown reasons, RPE 
tissue can lose its ability to process waste and drusen deposits accumulate in the RPE. 
These deposits are thought to interfere with the function of photoreceptors and the RPE 
in the macula, causing progressive degeneration of these cells. 
Vision loss from dry AMD occurs very gradually over the course of many years. Central 
vision may even remain stable between annual eye examinations, and individuals with 
dry AMD do not usually experience a total loss of central vision. However, vision loss 
may make it difficult to perform tasks that require finely focused vision (e.g., driving or 
reading). Although there are extensive research efforts to identify treatments for dry 
AMD, at this time the only proven treatment for late-stage drug AMD is the Age-Related 
Eye Disease Study (AREDS) antioxidant supplement regimen and stopping smoking 
and eating healthfully. 

Through the research programs conducted with the support of the FFB and, more 
recently, through the NNRI, and the National Eye Institute of the National Institutes of 
Health (NIH), basic scientific discoveries have shown that selected nutritional factors, 
neuroprotective drugs, and gene therapies are safe and can prevent visual loss or 
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restore visual function in preclinical animal models of certain genetically defined forms 
of inherited orphan retinal degenerative disease and dry AMD. While AREDS 
antioxidant formulation is a widely accepted treatment, clinical trials of other potentially 
more effective treatments are imminent. 

Recent progress in the classification of mutations for various inherited orphan retinal 
degeneration and dry AMD genotypes and the development of treatment possibilities 
raise the likelihood that potent ial treatments will be ready for evaluation in clinical trials 
in the near future. Unfortunately, there are considerable obstacles to the successful 
conduct of these clinical trials, including: 

• lack of resources for the design and conduct of effective and efficient clinical 
trials for inherited orphan retinal degenerative diseases and dry AMD; 

• the limited number and wide geographic distribution of potentially eligible 
patients across the U.S., making follow up examinations at one clinical center 
financially and logistically problematic, if not unfeasible; 

• the limited number of retinal specialists with expertise in these diseases; 
• the use of diverse, non-uniform approaches to measuring disease severity, 

stage and progression; and 
• unresolved methodologic issues, such as determination of clinically 

meaningful, reliable and valid outcome measures. 

The development of a clinical trials network will be an efficient and valuable approach to 
overcome these obstacles and to maximize the resources currently available. As new 
interventions become available for clinical evaluation, the creation of such a network will 
provide the infrastructure necessary to facilitate the initiation and conduct of properly 
designed clinical trials of investigational therapeutic and preventive approaches and 
devices in a timely manner. The development of a clinical trials network in inherited 
orphan retinal degenerations and dry AMD will require the cooperation of an 
interdisciplinary team with clinical, genetic, and basic science expertise. A recently 
established clinical trials network for cystic fibrosis provides a paradigm for a similar 
network for inherited orphan retinal degenerative diseases and dry AMD. 
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Key Research Accomplishments: 

The NEER Network Steering Committee meeting will take place on December 8, 2009, 
at which time the committee will be introduced to the EMMES Corporation, the NEER 
Clinical Coordinating Center. At this meeting CTEC Principal Investigators will be 
introduced to draft policies and procedures and the online submission system for clinical 
trials that has been developed. 

While finalizing the contracts with the CTECs, the NNRI has continued support of 
clinical efforts that will impact the NEER network going forward and laid the ground work 
for the CTECs to participate in ongoing clinical trials for inherited retinal degenerations. 
One example is the ongoing gene therapy for Leber's Congenital Amaurosis (LCA) 
being conducted at Children's Hospital of Philadelphia. 

1. NNRI has supported the clinical trials of gene therapy for Leber's Congenital 
Amaurosis at the Childrren's Hospital of Philadelphia that just reported stunning 
success in restoring vision to all 12 participants. Of particular note is the 9 year 
old boy who was legally blind in which the gene therapy has restored functional 
vision to the point that he can ride his bike and play soccer unassisted. The 
results from this trial were just published in the Lancet (see references). These 
results were reported widely in the media, and below are two links to CBS' 
coverage, including FFB's participation. 

http://www.cbsnews.com/video/watch/?id=5420150n&tag=contentMain;contentBody 

http://www.cbsnews.com/video/watch/?id=5422332n&tag=cbsnewsVideoArea.O 

As this trial continues, it will enroll younger individuals (as young as 3 year olds) 
who are expected to have more significant benefit as they will have lost less 
vision and their retinas therefore should be able to recover more of their vision. 
As CHOP is a NEER CTEC, discussions have centered around bringing this next 
phase of the trial into the NEER network and involving CTEC centers throughout 
the US. 

2. NNRI has negotiated with individual investigators and some biotech companies 
to have access to new intervention a I agents to be tested in the NEER network. In 
addition, the NNRI is funding a gene therapy program with Oxford Biomedica to 
bring gene therapy for juvenile macular degeneration (Stargardt's disease) and 
Usher lb syndrome (deaf-blindness due to a gene defect in a shared gene 
product) that will use the NEER Network for the phase II clinical trials. 

3. NNRI has held multiple clinical investigator meetings to define clinical trial 
outcomes for orphan inherited retinal degenerative diseases, using juvenile 
macular degeneration (Stargardt's disease) as a model. These meetings have 
resulted in a position paper that will guide development of clinical protocol 
endpoints (i.e. - measures of success) so protocol development in NEER can 
proceed more quickly. 
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Reportable Outcomes: 

The NNRI issued two Request for Proposals (RFP) to establish the National Eye 
Evaluation Research (NEER) Network and to solicit proposals from academic 
institutions and large private practice groups to serve as the NEER Network Clinical 
Treatment and Evaluation Unit (CTECs) for the study of inherited orphan retinal 
degenerative diseases and dry AMD. The overall objectives and scope of research for 
the NNRI RFP and for the NEER Network for which support in requested in this Full 
Proposal are to design and conduct studies in the following areas: 

• Phase I and Phase II clinical trials to evaluate the safety and efficacy of new 
therapies including, but not limited to, the use of devices, biopharmaceuticals, 
small molecules, nutritional supplements, and gene transfer approaches; 

• Natural history studies to develop standardized criteria to define disease stage, 
severity and progression; 

• Observational studies to enhance understanding of the natural history of 
inherited orphan retinal degenerative diseases and dry AMD for different 
genotypes and phenotypes; and 

• Evaluations of the reliability and validity of different treatment outcome measures 
available to determine those that are most appropriate for various genotypes and 
phenotypes as well as for specific interventions. 

The NEER Network will also: 

• Develop standard protocols for data collection that can be used in multiple 
studies of inherited orphan retinal degenerative diseases and dry AMD; 

• Establish and maintain patient databases, classified by genotype and phenotype, 
to allow for the timely identification of eligible patients and to facilitate patient 
access for participation in clinical trials for specific genotypes and phenotypes; 
and 

• Design and conduct, in collaboration with the Department of Defense, short-term 
training programs for military ophthalmologists in the latest technologies and 
diagnostic and treatment regimens for these diseases. 

Based on the scores and written critiques resulting from these reviews, NNRI, with 
TATRC approval, issued contracts to the most highly rated five (5) institutions to 
establish the NEER Network and its infrastructure of CTECs: 

1. University of Pennsylvania and Children's Hospital of Philadelphia 
Principal Investigator: Albert Maguire, M.D. 
Co-Principal Investigator: Jean Bennett, M.D., Ph.D. 

2. Wilmer Eye Institute, Johns Hopkins University 
Principal Investigator: Donald Zack, M.D., Ph.D. 
Co-Principal Investigator: James Handa, M.D. 

3. University of Medicine and Dentistry of New Jersey 
Principal Investigator: Marco Zarbin, M.D., Ph.D. 
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4. John A. Moran Eye Center, University of Utah 
Principal Investigator: Paul Bernstein, M.D. , Ph.D. 

5. University of California, San Diego 
Principal Investigator: William Freeman, M.D. 

Collectively, the CTECs represent a broad range of scientific and clinical expertise and 
potential therapeutic/preventive approaches for evaluation in clinical trials, as well as 
the facilities and other resources required to implement the scope of research of the 
NEER Network. This group of institutions is also capable of ensuring critical access to 
the number and range of patients with inherited orphan retinal degenerative diseases 
and dry AMD that will be necessary to implement the research agenda of the NEER 
Network, and to provide appropriate training for military ophthalmologist in multiple 
geographic areas. 

The NNRI finalized all contracts with each of the five (5) CTECs necessary to establish 
the NEER network. 

In addition, NNRI executed a contract with the EMMES Corporation, a clinical research 
support organization (http://www.emmes.com) for the NEER network and Western IRB 
(WIRB) to be the NNRIIRB of record for all clinical trials conducted in the NEER 
Network. 

EMMES will provide the following administrative and statistical support services for the 
National Neurovision Research Institute (NNRI) National Eye Evaluation Research 
(NEER) Network: 

• Participate in NEER Network Steering Committee meetings and provide 
statistical and design input on Concept Proposals for clinical trials/studies. 

• Develop procedures and a web-based system for submission and review of 
Concept Proposals. 

• Assist NNRI and the NEER Network Steering Committee in the development of a 
complete set of network policies. 

• Conduct qualification visits for the Clinical Treatment and Evaluation Centers 
(CTECs) which may include GCP and GLP compliance assessments and training 
and certification in ETDRS Visual Acuity and Refraction. 

• Provide clinical study infrastructure tools such as document templates, core data 
elements, reporting requirements, and study procedures. 

NNRI has also contracted with Western Institutional Review Board (Western IRB; 
WIRB) to be the NNRIINEER IRB of record for all clinical trials and studies. 
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Conclusion: 
While negotiations with the individual CTEC institutions took much longer than 
anticipated, they are concluded and all CTECs are on board for NEER participation. In 
addition, the NNRI has implemented infrastructure support for the network (EMMES as 
the NEER Network Clinical Coordinating Center [NNCCC] and WIRB as the IRB of 
record for the NEER Network. Also, NNRI has continued to convene working groups of 
clinicians to define clinical trial parameters for inclusion/exclusion and endpoints for 
clinical trials in inherited retinal degenerations expected to be implemented in the NEER 
Network within the first year. Participants at the latest TATRC PLR review expressed 
unanimous support for the concept of the NEER network and I, as Principal Investigator, 
will be engaging the newly created military Vision Center of Excellence in NEER 
steering committee meetings and deliberations. 
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Appendices: 
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• NEER Full Application Instructions 
• Lancet article on the LCA2 gene therapy results at the NEER CHOP Center 
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Subject: 

Attachments: 

Importance: 

FW: NEER- IMPORTANT- REPLY NEEDED by October 26th on attached 
database survey 

NEER Database Survey.doc 

High 

From: Stephen Rose [mailto:srose@fightblindness.org] 
Sent: Monday, October 12, 2009 1 :OS PM 
To: 'amaguire@mail.med.upenn.edu'; 'donzack@gmail.com'; Jean Bennett; Marco Zarbin; 
'paul.bernstein@hsc.utah.edu'; 'rayyagari@ucsd.edu'; 'freeman@eyecenter.ucsd.edu' 
Cc: Maria Figueroa; Jennifer Bacik; 'nblustein@niaid.nih.gov'; Steven Bramer; Paul Van Veldhuisen 
Subject: NEER- IMPORTANT- REPLY NEEDED by October 26th on attached database survey 
Importance: High 

Dear CTEC PI, 

As I mentioned in my September 29, 2009 email to you, NNRI has tasked the NEER Network 
Clinical Coordinating Center (NNCCC) with obtaining information about the existing patient 
databases maintained by each of the participating Clinical Treatment and Evaluation Centers 
(CTECs). Ascertaining this information from each of the CliECS will help to determine the 
feasibility of conducting natural history studies within the Network. 

The NNCCC is planning on obtaining information about the CTEC's patient databases in 3 
stages. 

1. The first stage consists of the collection of basic information about each of the CTEC's 
databases and the identification of an individual or individuals at each CTEC who will 
serve as a contact for future questions about the databases. 

2. In the second stage, the NNCCC will collate the basic information ascertained from each 
CTEC during stage 1 and present the results at the first Steering Committee meeting to 
facilitate discussion about the databases and their potential future uses. 

3. Following the discussion at the Steering Committee Meeting, the NNCCC will conduct a 
follow-up telephone survey to attain more extensive information about the identified 
databases of interest. This step represents the third stage. 

In order to complete Stage 1 of this process, we ask that you complete the attached survey and 
return it to the NEER Network Clinical Coordinating Center via email at neer@emmes.com by 
October 26, 2009 

Thank you for your participation in this endeavor. Please contact Maria Figueroa, the Project 
Manager (301-251-1161 x:156; mfigueroa@emmes.com) at the NEER Network Coordinating 
Center if you have any questions about the survey. 
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Sincerely, 

Steve 

Stephen M. Rose, Ph.D. 
Chief Research Officer 
Foundation Fighting Blindness 
11435 Cronhill Drive 
Owings Mills, MD 21117-2220 
(410) 568-0125 
(410) 363-4692 FAX 
srose@fightblindness.org 
www. f ightbl i ndness.org 

Driving research to save and restore sight 

The Information In this e-mail and any of Its attachments Is Intended only for the person or entity to which it Is addressed and is 
confidential and may contain sensitive Information. Any review, retransmission, dissemination or other use of, or taking of any 
action in reliance upon, this Information by persons or entitles other than the Intended recipient is prohibited. If you have received 
this e-mail in error, please Inform the sender and delete It from your mailbox or any other storage devices. The Foundation Fighting 
Bl1indness and the National Neurovision Research InStitute shall not accept liability for any statements made that are sender's own 
and not expressly made on behalf of the FFB or NNRI by one of its representatives. 
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Dear CTEC PI, 

As I mentioned in my September 29, 2009 email to you, NNRI has tasked the NEER Network 
Clinical Coordinating Center (NNCCC) with obtaining information about the existing patient 
databases maintained by each of the participating Clinical Treatment and Evaluation Centers 
(CTECs). Ascertaining this information from each of the CTECS will help to determine the 
feasibility of conducting natural history studies within the Network. 

The NNCCC is planning on obtaining information about the CTEC's patient databases in 3 
stages. 

1. The first stage consists of the collection of basic information about each of the CTEC's 
databases and the identification of an individual or individuals at each CTEC who will 
serve as a contact for future questions about the databases. 

2. In the second stage, the NNCCC will collate the basic information ascertained from each 
CTEC during stage 1 and present the results at the first Steering Committee meeting to 
facilitate discussion about the databases and their potential future uses. 

3. Following the discussion at the Steering Committee Meeting, the NNCCC will conduct a 
follow-up telephone survey to attain more extensive information about the identified 
databases of interest. This step represents the third stage. 

In order to complete Stage 1 of this process, we ask that you complete the attached survey and 
return it to the NEER Network Clinical Coordinating Center via email at neer@emmes.com by 
October 26, 2009 

Thank you for your participation in this endeavor. Please contact Maria Figueroa, the Project 
Manager (301-251-1161 x: 156; mfigueroa@emmes.com) at the NEER Network Coordinating 
Center if you have any questions about the survey. 

Sincerely, 

Steve 
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Stage 1 of the NEER Network 

Survey of Existing CTEC Patient Databases 

1. Your Name: 

2. CTEC: 0 JHU 0 UCSD 0 UMONJ 0 UPenn/CHOP 0 Utah 

3. Do you maintain a database of your patients? 
0 Yes 0 No 

If you answered "yes" to question 3, please complete questions a - c. 

a. Provide a brief description of the database (e.g., purpose, approximate number of 
patients, diseases included). 

b. What fields do you mutinely collect? 

c. What date (month/year) was your database established? 

4. Does your Center utilize an Electronic Medical Record? 
0 Yes 0 No 
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5. Please provide the name, phone number and email address for one or more individuals. 
who will serve as a contact for future questions about the data collected at your Center. 
This individual may be you, or it may be an individual who is involved in the design, 
maintenance and/or oversight of the database(s). 

Name: 

Phone number: 

Email address: 

Name: 

Phone number: 

Email address: 

6. Any further comments? 

Thank you for your time in completing this survey. 
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National Neurovision Research Institute 

National Eye Evaluation Research (NEER) Network 

Instructions for the Preparation and Submission of 

Concept Proposals for NEER Network Clinical Trials 
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1. INTRODUCTION 

1.1 Overview 

A critical component of the research activities of the NEER Network involves the design and 
conduct of Phase I and Phase II clinical trials to evaluate the safety and efficacy of 
investigational products and approaches for the treatment and prevention of inherited orphan 
retinal degenerative diseases and dry age-related macular degeneration (AMD). The NEER 
Network uses a two-staged process for determining the most promising clinical trials to be 
supported. 

• Stage 1 involves the submission and review of Clinical Trial Concept Proposals providing 
NNRI with a brief description of the key study features and rationale as a basis for 
determining those concepts approved for further development. 

• Stage 2 involves the submission and review of Full Applications providing the detailed 
information necessary to evaluate fully scientific soundness, feasibility and costs, and to 
determine those clinical trials that will be supported. NOTE: Full Applications for NEER 
Network clinical trials will be accepted only for Concept Proposals approved for further 
development by NNRI. 

This document provides instructions for the preparation and submission of Concept Proposals 
for NEER Network clinical trials. The Clinical Trial Concept Proposal form is located on the 
NNRI NEER Network website (www.neernetwork.org). Separate detailed instructions and forms 
for Clinical Trial Full Applications are also located on the NNRI NEER Network website. 

1.2 Inquiries: Please address all inquiries regarding Clinical T1rial Concept Proposals to the 
NNRI Project Officer, Stephen M. Rose, 11435 Cronhill Drive, Owings Mills, MD 21117-2220, 
800.683.5555 or 410.568.0125, fax#: 410.363.4692, e-mail: srose@fightblindness.org. 

1.3 Concept Proposal Submission: Please complete all sections of the Clinical Trial Concept 
Proposal form and submit, via e-mail and in pdf format, to the NEER Network Clinical 
Coordinating Center (NNCCC) at neer@emmes.com. 

15 



2. INSTRUCTIONS FOR THE PREPARATION OF CLINICAL TRIAL 

CONCEPT PROPOSALS 

To facilitate the preparation of Clinical Trial Concept Proposals, the majority of instructions 
provided below are also contained on the Concept Proposal form. 

Section 1: Clinical Trial Summary Information 

A. Items 1, 2 and 3: Provide the title of the proposed clinical trial and identify the phase and 
disease indication. 

B. Items 4 and 5: Identify the Lead Clinical Treatment and Evaluation Center (CTEC), Lead 
CTEC Principal Investigator (PI), and the Clinical Trial Director (if different from the Lead 
CTEC PI). The Clinical Trial Director is the individual responsible for the conduct of the 
clinical trial at the Lead CTEC institution and for the coordination and oversight of the clinical 
trial at all participating clinical sites. 

C. Item 6- Designation of Specific Types of Clinical Trials: Designate whether the proposed 
clinical trial involves any of the following: 

• gene therapy 
• first in humans 
• investigational products/devices with a high risk profile 

The Department of Defense (DOD) requires a second level of review for clinical protocols in 
any of these 3 categories and, therefore, NNRI needs to be apprised if these types of clinical 
trials are being proposed. 

D. Items 7 and 8: Indicate the total targeted enrollment for the proposed clinical trial and the 
total number of proposed clinical sites. 

E. Item 9 -Listing of Proposal Clinical Sites: 

(a) List each CTEC institution proposed to participate as a clinical site. 

(b) If applicable, provide a justification for the exclusion of any CTEC 

institutions as participating clinical sites. 

(c) If applicable, list the name and location of each non-Network 

institution/organization proposed to participate as a clinical site. 
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NOTE: By listing proposed CTEC and non-Network clinical sites, the PI of the Lead CTEC 
institution affirms that (i) the proposed clinical trial has been discussed with the other CTEC 
Pis or lead investigators for non-Network institutions/organizations, and (ii) these individuals 
agree to participate in the proposed clinical trial contingent upon NNRI approval to move to 
the Full Application stage, NNRI approval of the Full Application, and local Institutional 
Review Board (IRB) approval. 

f . Item 10- Clinical Trial Duration: Indicate the estimated duration of the proposed clinical trial 
defined as the time from initiation of recruitment to the last subject visit. 

Sect ion 2: Concept Proposal Summary Description 

Briefly describe, in no more than 200 words, the rationale, objectives and significance of the 
proposed clinical trial. 

Section 3: Detailed Clinical Trial Description 

The detailed clinical trial description consists of the following 5 sections: 

3.1 Scient ific Rationale: 

(a) Briefly describe the theoretical and/or biological basis for the proposed clinical trial and 
its clinical significance, expected outcomes and anticipated benefits. 

(b) Include all available pre-clinical and clinical data used to support the scientific 
rationale. NOTE: Up to 5 references for supporting pre-clinical and clinical data may 
be provided in Section 4. 

(c) Provide a brief description of the investigational product(s)/device(s) proposed and 
their stage of development. 

3.2 Study Objectives and Outcomes: Provide brief descriptions of the 

following: 

(a) the primary study objective, the primary study outcome, and the 
methods/measures for assessing the primary outcome; and 

(b) up to 2 secondary objectives and secondary outcomes, and the 
methods/measures to assess secondary outcomes. 
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3.3 Study Population: Describe and provide the rationale for the proposed 

study population, including any exclusions based on age, gender and/or 

disease stage. 

3.4 Overall Study Design: Identify the key design features of the proposed 

clinical trial , including: 

(a) total sample size and sample size justification, including a brief 
description of the statistical methods or power considerations used to 

calculate total sample size; 

(b) randomization, if applicable; 
{c) level of masking, if applicable; 
(d) number and brief description of study arms/groups, if applicable; and 
(e) number and brief description of control group(s), if applicable. 

3.5 Assessment of Serious Adverse Events (SAEs): 

(a) Briefly describe all expected, protocol-specific SAEs. 
(b) Identify the clinical evaluations to be used to diagnose each expected SAE and state 

how often these evaluations will be performed. 
(c) Briefly describe safety findings that would temporarily suspend enrollment and/or study 

intervention. 

Section 4: Additional Concept Proposal Information 

This section of the Concept Proposal consists of the following 4 components: 

4.1 References: Provide up to 5 references for pre-clinical and clinical data 

supporting the scientific basis and rationale for the proposed clinical trial. 

Reprints corresponding to each citation are required to be included as 

attachments to the Concept Proposal. 
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4.2 Access to Study Subjects: 

(a) List all sources to be used to identify and recruit subjects by the proposed clinical sites. 
(b) Provide an estimate of the approximate number of eligible subjects for all proposed 

clinical sites combined. 

4.3 Investigational Product/Device Information: Provide the following 

information for each investigational product/device: 

(a) name of manufacturer; 
(b) arrangements/agreements required to ensure provision of the investigational 

product/device for the proposed clinical trial; 
(c) IND/IDE status; 
(d) I NO/IDE sponsor; and 
(e) any intellectual property issues, e.g., pending patents, patent infringements, that may 

prevent or delay clinical trial implementation. 

4.4 Ethical Considerations: Briefly describe the potential risks and benefits for 

subjects participating in the proposed clinical trial. 
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National Eye Evaluation Research (NEER) Network 

Clinical Trial Concept Proposal Form 

Date Submitted: 

Section 1: Clinical Trial Summary lnfonnation 

1. Clinical Trial Title: 

2. Phase: 

3. Disease Indication: 

4. Lead CTEC Institution: 

5. a. Name of Lead CTEC Principal Investigator: 
b. Clinical Trial Director Name, Title and Institution: 

6. Designation of Specific Types of Clinical Trials: (check all that apply) 

D gene therapy 

D first in humans 

D investigational products/devices with a high risk profile 

7. Total Targeted Enrollment: 

8. Total Number of Proposed Clinical Sites: 

9. Listing of Proposed Clinical Sites: 

A CTEC Clinical Sites: 
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1. List the name of each CTEC institution proposed to participate as a clinical site. 

2. Provide a justification for exclusion of any CTEC institution as a participating 
clinical site. 

B. Non-Network Clinical Sites: List the name and location of each proposed non-Network 
clinical site, if applicable 

10. Clinical Trial Duration: Indicate the estimated duration of the proposed clinical trial from 
initiation of recruitment to last subject visit. 

Years Months 
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Section 2: Concept Proposal Summary Description: Briefly describe, in no more than 200 
words, the rationale, objectives and significance of the proposed clinical trial. 
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Section 3: Detailed Clinical Trial Description 

Describe the following key features of the proposed clinical trial. 

3.1 Scientific Rationale: Provide a brief description of the theoretical and/or experimental 
biological basis for the proposed clinical trial and its clinical significance, expected outcomes 
and anticipated benefits. Include all available pre-clinical and clinical data used to support the 
scientific rationale. Also include a brief description of the investigational product(s)ldevice(s) 
proposed and their stage of development. NOTE: Up to 5 references for supporting pre-clinical 
and clinical data may be provided in Section 4. Reprints for all supporting data are required. 
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3.2. Study Objectives and Outcomes: Provide brief descriptions of (a) the primary study 
objective, the primary study outcome, and methods/measures for assessing the primary 
outcome; and (b) up to 2 secondary objectives and secondary outcomes, and the 
methods/measures to assess secondary outcomes. 

Primary Study Objective: 

Primary Study Outcome: 

Methods/Measures for Assessing Primary Outcome: 

Secondary Study Objective #1: 

Secondary Study Outcome #1: 

Methods/Measures for Assessing Secondary Outcome #1 : 

Secondary Study Objective #2: 

Secondary Study Outcome #2: 

Methods/Measures for Assessing Secondary Outcome #2: 
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3.3 Study Population: Describe and provide the rationale for the proposed study population, 
including any exclusions based on age, gender and/or disease stage. 

3.4 Overall Study Design: Identify the key design features of the proposed clinical trial, 
including: (a) total sample size and sample size justification, including a brief description of the 
statistical methods or power considerations used to calculate total sample size; (b) 
randomization, if applicable; (c) revel of masking if applicable; (d) number and brief description 
of study arms/groups, if applicable; and (e) number and brief description of control groups, if 
applicable. 
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3.5 Assessment of Serious Adverse Events (SAEs): Provide brief descriptions of (a) all 
expected, protocol-specific SAEs; (b) the clinical evaluations to be used to diagnose each 
expected SAE; and (c) how often these evaluations will be performed. In addition, identify the 
safety findings that would temporarily suspend enrollment and/or study intervention. 

Note: A serious adverse event is defined as any adverse therapy experience occurring at any 
dose that meets one or more of the following criteria: 1) Death, 2) Life-threatening, 3) In-patient 
or prolongation of existing hospitalization, 4) Persistent or significant disability or incapacity or 5) 
Congenital anomaly/birth defect. Important medical events that may not result in death, be life­
threatening, or require hospitalization may be considered a serious adverse drug experience 
when, based upon appropriate medical judgment, they may jeopardize the participant and may 
require medical or surgical intervention to prevent one of the outcomes listed above. 
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Section 4: Additional Concept Proposal Information 

4.1 References: Provide up to 5 references for pre-clinical and clinical data supporting the 
scientific basis and rationale for the proposed clinical trial. Reprints for all references are 
required. 

4.2 Access to Study Subjects: List all sources to be used to identify and recruit subjects by 
the proposed clinical sites, including CTEC institutional faciHties, referrals and patient registries, 
and provide an estimate of the approximate number of eligible subjects at all proposed clinical 
sites combined. 

Sources for subject identification and recruitment: 

Approximate number of eligible subjects: 
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4.3 Investigational Product/Device Information: For each investigational product/device, 
provide the following information: (a) name of manufacturer; (b) arrangements/agreements 
required to ensure provision of the investigational product/device for the proposed clinical trial; 
(c) /NO/IDE status, e.g. , new or amended /NO/IDE required; (d) /NO/IDE sponsor; and (e) 
identification of any intellectual property issues, e.g., pending patents, patent infringements, that 
may prevent or delay implementation of the proposed clinical trial. 
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4.4 Ethical Considerations: Briefly describe the potential risks and benefits for subjects 
participating in the proposed clinical trial. 
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National Neurovision Research Institute 

National Eye Evaluation Research (NEER) Network 

Instructions for the Preparation and Submission of 

Full Applications for NEER Network Clinical Trials 
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1. INTRODUCTION 

1.1 Overview 

A critical component of the research activities of the NEER Network involves the design and 
conduct of Phase I and Phase II clinical trials to evaluate the safety and efficacy of 
investigational products and approaches for the treatment and prevention of inherited orphan 
retinal degenerative diseases and dry age-related macular degeneration (AMO). The NEER 
Network uses a two-staged process for determining the most promising clinical trials to be 
supported. 

• Stage 1 involves the submission and review of Clinical Trial Concept Proposals providing 
NNRI and the NEER Network Steering Committee with a brief summary of the key study 
features and rationale as a basis for determining those concepts approved for further 
development. 

• Stage 2 involves the submission and review of Clinical Trial Full Applicat ions providing 
the detailed information necessary to evaluate fully scientific soundness, feasibility and 
costs, and to determine those clinical trials that will be supported. 

This document provides detailed instructions for the preparation of Full Applications for NEER 
Network clinical trials and pertains only to clinical trials for which initial Concept Proposals have 
been approved for further development. The Clinical Trial Concept Proposal form and separate 
instructions for the preparation and submission of Concept Proposals are located on the NEER 
Network website (www.neernetwork.org). 

1.2 Assistance Available 

In order to assist the NEER Network Clinical Treatment and Evaluation Centers (CTECs) in 
preparing Clinical Trial Full Applications, consultation is available in various areas. 

• Consultation on statistical design issues is available from The EMMES Corporation, the 
NEER Network Clinical Coordinating Center (NNCCC). Please contact the following 
individual: 

Jennifer Bacik, MS 
Statistician and Co-PI, NNCCC 
Phone: 301-251-1161 ext: 2829 
Fax: 301-251-1355 
Email: jbacik@emmes.com 

• For questions regarding investigational products/approaches and budget issues, please 
contact the NNRI Project Officer: 

Stephen M. Rose, Ph.D. 
Phone: 800.683.5555 or 410.568.0125 
Fax: 410.363.4692 
Email: srose@fightblindness.org 
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• For technical questions on the use of the electronic Full Application submission system 
(see section 1.3, below), please contact the following individual at the EMMES 
Corporation: 

Jodi DeStefano, Clinical Systems Analyst 
Phone: 301 -251-1161 ext: 141 
Fax: 301-251-1355 
Email: jdestefano@emmes. com 

• For technical questions regarding the completion of the budget templates (see section 
2.5, below), please contact the following individual at the EMMES Corporation: 

Jennifer Bacik, MS 
Statistician and Co-PI, NNCCC 
Phone: 301-251-1161 ext: 2829 
Fax: 301-251-1355 
Email: jbacik@emmes.com 

1.3 Instructions for Submissio,n of Clinical Trial Full Applications 

NNRI and the NEER Network Clinical Coordinating Center have developed an electronic system 
for the preparation and submission of Clinical Trial Full Applications. Instructions on the use of 
this electronic system are provided in the User's Guide for the NEER Network Clinical Trial Full 
Application Submission System located on the NEER Network website (www.neernetwork.org). 
Clinical Trial Full Applications may be submitted only by the Principal Investigators (Pis) of the 
CTEC institutions funded to participate in the NEER Network. However, CTEC Pis may 
designate staff with access to the electronic system for the purposes of entering the required 
Full Application information. 

1.4 Clinical Trial Full Application Review Criteria: 

The following criteria will be used in evaluating Clinical Trial Full Applications: 

1. Scientific Basis and Rationale: 
• To what extent is the proposed clinical trial scientifically sound and based on well­

established scientific principles? 
• To what extent is there convincing clinical and/or pre-clinical evidence that the clinical 

trial will have positive results? 
• To what extent is the technology/understanding sufficiently advanced to warrant detailed 

clinical investigation at this time? 
• To what extent do previous studies demonstrate promising results regarding safety and 

potential efficacy? Are there more effective methods of addressing the 
questions/hypotheses proposed? 

2. Clinical Implications: 
• How will the proposed clinical trial have a significant impact on disease outcome? 
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• How will the clinical trial offer insight for subsequent clinical development of the 
investigational product(s)/approach(es) selected and for subsequent clinical 
development of related strategies? 

• If successful, to what extent will the strategies proposed have potential for extension to 
other diseases/conditions (i.e.- inherited orphan retinal degenerations and dry AMD) 
within the purview of the NEER Network? 

3. Study Design: 
• To what extent is the overall study design scientifically sound and appropriate? 
• To what extent have appropriate statistical considerations been included? 
• To what extent are the primary and secondary study objectives and corresponding 

outcome measures appropriate and well-defined? 
• To what extent does the clinical trial target appropriate patient populations and provide 

well-defined and justified subject inclusion and exclusion criteria? 
• To what extent is the sample size well justified and the study adequately powered to 

assess outcome measures? 
• To what extent are the criteria to stop the clinical trial appropriate and well justified? 

4. Feasibility: 
• Will a sufficient number of subjects be available to accomplish the proposed clinical trial 

and to what extent can emollment numbers be achieved? 
• Are there any serious or potentially serious barriers that could prevent the successful 

completion of the proposed clinical trial? 
• To what extent is the clinical trial timeline realistic and achievable? 

5. Investigators and Clinical Sites: 
• To what extent do the investigators have a track record of achievement in the design 

and conduct of clinical trials for the disease(s) and study population(s) proposed in the 
clinical trial? 

• To what extent do the proposed clinical sites have the required facilities, equipment and 
other resources necessary to conduct the proposed clinical trial? Can/should additional 
sites and/or expertise be recruited to fill any gaps? 

6. Human Subjects: 

• To what extent are the procedures for obtaining and documenting informed consent 
adequate and appropriate? 

• To what extent are the potential short- and long-term risks and benefits to human 
subjects fully described? 

• To what extent are the potential short- and long-term risks reasonable in relation to the 
anticipated benefits to human subjects? 

• To what extent are the procedures, and their likely effectiveness, for protecting against 
or minimizing potential risks well defined and reasonable? 

7. Proposed Budget: To what extent is the proposed budget reasonable and appropriate 
based on the size, level of complexity and duration of the clinical trial? 
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2. INSTRUCTIONS FOR CLINICAL TRIAL FULL APPLICATION PREPARATION 

The NEER Network Clinical Trial Full Application requires the submission of several 
components as listed below. 

• Module A: Detailed Description of Proposed Clinical Trial 
• Module 8: Ethical Considerations 
• Module C: Clinical Facilities and Equipment 
• Module D: Budget and Justification 
• Cover Page: Summary Information, Total Costs, and Signatures 

Information in Modules A-C will be collected via the electronic submission system. Each 
participating site will submit a detailed budget to the NEER Network Clinical Coordinating 
Center (NNCCC). The NNCCC will collate the budget information and forward to NNRI for 
review (see Section 2.4 for further description of the budget process.) The signed cover pages, 
as described in Section 2.5, will be submitted directly to NNRI. 

Upon the submission of the Full Application in the system, the NNCCC will review the submitted 
materials for missing content. The CTEC PI will be informed of any missing material and will be 
asked to provide the missing content. When the Full Application is considered complete, the 
NNCCC will assemble the submitted materials into a report and provide the report to NNRI for 
review and distribution to the NEER Network Steering Committee. 

2.1 MODULE A: DETAILED CLINICAL TRIAL DESCRIPTION 

The detailed description of the proposed clinical trial consists of multiple sections as outlined 
below. Each section represents a data collection form within the electronic submission system. 
Instructions for the necessary content to be supplied on each form are provided within each 
section. Please note that any supporting documentation, including figures and charts, for any of 
the sections of Module A may be provided as attachments within the appropriate form in the 
system. Documents that are required to be attached are noted as such in the appropriate 
section. 

2.1.1 Clinical Trial Lay Description: Provide a brief description of the proposed clinical trial , 
not to exceed 200 words, written for a lay audience. 

2.1.2 Background and Scientific Rationale: This section provides the background 
information necessary to understand the scientific rationale behind the proposed clinical trial. 
Include the following: 

1. A description of the nature of the disease(s) of focus and the current state of the art in the 
treatment/prevention of the designated disease(s). 

2. A description of the theoretical and/or experimental biological bases for the proposed clinical 
trial and how the proposed clinical trial relates specifically to the disease(s) of focus. 

3. A discussion of the clinical significance, expected outcomes and anticipated benefits of the 
proposed clinical trial for improving the treatment or prevention of the disease(s) and the 
study population(s) selected. 
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2.1.3 Supporting Pre-Clinical and Clinical Data: The purpose of this section is to describe 
the existing data that support pursuit of the proposed clinical trial at this time. Include the 
following: 

1. A discussion of all available pre-clinical data supporting the proposed clinical trial and the 
specific investigational product(s)/approach(es) selected, including any known risks and 
benefits. 

2. A discussion of any and all clinical data available relating to the proposed clinical trial and 
the specific investigational product(s)/approach(es) selected in the disease(s) of focus , 
including any known risks and benefits. 

3. A description of relevant clinical experience, positive or negative, from other disease areas. 
for the investigational product(s)/approach(es) proposed. 

4. An explanation as to why all available data/experience justify the entry of the proposed 
investigational product(s)/approach(es) into clinical investigation at this time and for the 
disease(s) and study population(s) of focus. 

5. Indicate the number of references to be submitted in support of the proposed clinical trial 
and provide the citation. Up to 10 references may be submitted. Reprints corresponding to 
each citation are required to be included as attachments to the "Supporting Pre-Clinical and 
Clinical Data" form within the electronic submission system. 

2.1.4 Study Objectives and Outcomes: 

1. Primary Objective and Outcome: Describe the primary objective and the primary outcome of 
the proposed clinical trial, describe all methods or measures to be used to assess the 
primary outcome, and provide evidence that the methods or measures selected are clinically 
relevant, valid and reliable. 

2. Secondary Objectives and Outcomes: 
a. Indicate the number of proposed secondary objectives (up to a total of 1 0). 
b. Describe each secondary objective and associated outcome and the methods or 

measures to be used to assess each secondary outcome, and provide evidence that the 
methods or measures selected are clinically relevant, valid and reliable. 

2.1 .5 Study Population: 

This section of the Full Application provides detailed information on the proposed study 
population, including: 

1. age, gender, and race/ethnicity, and the rationale for any exclusions based on these 
characteristics; 

2. disease indication and disease stage; 
3. general health status; 
4. overall justification for the study population selected; 
5. description of subject inclusion criteria (up to a total of 20); and 
6. description of subject exclusion criteria (up to a total of 20). 

2.1.6 Overall Study Design: 

1. Describe and provide a justification for the study design. 
2. Describe each proposed study arm/group (up to a total of 5), including sample size per 

arm/group. 
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3. Indicate whether randomization is proposed, and if not, describe methods of assigning 
subjects to study arms/groups, if applicable. 

4. Identify the level of masking. 
5. Identify the control group(s) and explain/justify the choice of control group(s). 
6. If applicable, indicate whether the proposed clinical trial involves (i) gene therapy, (ii) first-in­

humans, and/or (iii) investigational products/approaches with a high risk profile. 

2.1.7 Study Schedule: 

The Study Schedule section provides information on the (i) time frame/duration, (ii) required 
evaluations/procedures and their validity, reliability and specificity, and (iii) sequence of events 
that should occur for the following stages of the proposed clinical trial: 

1 . eligibility screening 
2. enrollment/baseline 
3. treatment period 
4 . post-treatment follow-up period 
5. final study visit 

In addition, this section includes a description of the primary assessments necessary in the 
event of early termination. 

A Schedule of Events is required to be provided as an attachment to the Study Schedule form 
within the electronic submission system. 

2.1.8 Statistical Considerations: 

1. Identify and provide a justification for the total sample size. Indicate the outcome upon 
which the sample size is based, any assumptions made and any statistical methods or 
corresponding power considerations used to calculate sample size. 

2. Provide an overview of the primary features of the planned final statistical analysis for safety 
and efficacy. At a minimum, the plan should address: (1) the primary safety outcome 
measure to be studied; (2) the primary efficacy outcome measure to be studied; and (3) the 
type of analyses to be performed for the primary outcome measures. For example, 
analyses may take the form of estimation of a parameter with 95% confidence intervals for 
single-arm studies or comparative analyses for multi-arm studies. 

3. Indicate whether any interim statistical analyses are planned and provide an overview of the 
primary features of the analyses, including the reason for their inclusion (e.g., early stopping 
for lack of efficacy, safety considerations), the outcome measure(s) upon which they will be 
based, and their timing. 

2.1.9 Assessment of Adverse Events: 

1. Describe each expected, protocol-specific serious adverse event. 
2. Describe §l! non-serious adverse events that are eye-related. 
3. Describe other relevant non-serious adverse events with an incidence of >5%. 
4. Indicate the clinical evaluations that will be used to diagnose each event and how often such 

evaluations will be performed. 
5. Describe how decisions will be made to determine the relationship of each event to 

treatment. 
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6. Describe how each event will be managed until resolved or considered stable. 
7. Describe safety findings that would temporarily suspend enrollment and/or study 

intervention. 

2.1.1 0 Product/Device Information 

1 . Provide the following information for each product and/or device proposed for use in the 
clinical trial: 
a. whether the product/device is legally marketed, and if so, the approved indication(s); and 
b. generic name, brief description, and manufacturer. 

2. Briefly describe the arrangements/agreements required to ensure the provision of each 
product/device to be used in the proposed clinical trial. 

3. For clinical trials to be conducted under INDs and/or IDEs, indicate whether a new or an 
amended IND/IDE Application will be required, and if so, the current IND/IDE status, the 
IND/IDE sponsor, if known, and the indications for which new or amended INDs/IDEs will be 
necessary. 

2.1.11 Proposed Network and Non-Network Clinical Sites 

This section of the Full Application (i) identifies all proposed clinical sites, (ii) names those 
investigators with responsibility for study conduct and management/oversight, and (iii) provides 
information on access to eligible subjects and subject recruitment and retention strategies. For 
mult i-site clinical trials, please note the following with respect to (i) the Lead CTEC 
institution, (ii) other CTEC institutions proposed as cl inical sites, and (iii) the conditions 
under which Non-Network institutions may be proposed as clinical sites: 

• The Lead CTEC institution must provide a Clinical Trial Director with responsibility for 
the conduct of the clinical trial at the Lead CTEC institution and for the coordination and 
oversight of the clinical trial at all participating clinical sites. 

• Each proposed clinical site must provide a Lead Clinical Investigator responsible for 
the conduct and management of the clinical trial at the site. 

• Non-Network Clinical Sites: Qualified institutions outside of those funded as NEER 
Network CTECs may be proposed for participation in multi-site clinical trials in order to 
ensure access to adequate numbers of subjects. CTEC Pis proposing to include non­
Network institutions are required to discuss their proposals with and receive concurrence 
from the NNRI Project Officer prior to Full Application submission. NNRI concurrence 
constitutes agreement to allow for non-Network clinical sites to be proposed in Full 
Applications. Such concurrence does not in any way constitute approval for the 
participation of non-Network clinical sites in any NEER Network clinical trial. In addition, 
this section of the Full Application requires specific additional information on the 
qualifications of all proposed non-Network clinical sites. 

• By including clinical sites from CTEC institutions and/or non-Network institutions, the 
Lead CTEC PI affirms that (i) the design and requirements of the proposed clinical trial 
have been discussed with the key investigators at all such sites, and (ii) all such sites 
agree to participate in the clinical trial if approved by NNRI, contingent upon local 
Institutional Review Board (IRS) approval. 
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1. Identify the role of each of the 5 NEER Network CTECs in the proposed clinical trial, i.e., 
Lead CTEC, Other Participating CTEC or Not Participating. 

2. For the Lead CTEC, indicate whether the CTEC PI will serve as the Clinical Trial Director, 
and if not, identify the individual who will serve as the Clinical Trial Director. For each of the 
Other Participating CTECs, identify the Lead Clinical Investigator. For CTECs identified as 
Not Participating, indicate the reason for non-participation. 

3. For the Lead CTEC and for each Other Participating CTEC, provide the following 
information: 
a. approximate number of eligible subjects; 
b. target enrollment; 
c. sources for the identification and recruitment of subjects; 
d. geographic location of potential subjects; 
e. strategies for subject recruitment and retention; 
f. anticipated drop-out rate; and 
g. a description of any inducements, financial or otherwise, the clinical trial offers to 

potential subjects and, if applicable, the terms and conditions of any such arrangements. 
4. If non-Network clinical sites are proposed, provide the following information: 

a. name of non-Network clinical site and Lead Clinical Investigator; 
b. all information on eligible subjects and recruitment/retention specified in 

3.a. through g. above; 
c. descriptions of (i) the overall size and organization of the site and the staff, 

facilities and other resources dedicated to the diagnosis, treatment and 
management of inherited orphan retinal degenerative diseases and dry 
AMD, (ii) organizational experience with the study population of focus for 
the clinical trial, (iii) the geographic area served and the incidence of the 
disease of focus within that area, and (iv) the expertise and experience of 
the clinical site in the design and conduct of similar clinical trials, including 
a list of relevant ongoing clinical trials and clinical trial completed over the 
past 3 years indicating: (i) title and phase, (ii) status (ongoing or 
completed), (iii) study population, (iv) investigational produce/device, (v) 
total sample size, target enrollment for the clinical site, (vi) sponsor, and 
(vii) study results (if publicly available). 

Curricula Vitae, limited to 3 pages and focused on qualifications, expertise and experience 
relevant to the proposed clinical trial, are required to be provided as attachments to the 
"Proposed Network Clinical Sites" and "Proposed Non-Network Clinical Sites" forms within the 
electronic submission system for the proposed Clinical Trial Director and, for multi-site clinical 
trials, for the proposed Lead Clinical Investigator for each clinical site. For Full Applications 
where the Clinical Trial Director and/or the Lead Clinical Investigators are CTEC Pis or Co-Pis, 
CVs do not need to be provided. 

2.1.12 Clinical Trial Timeline: Provide: 

1. the estimated duration of the clinical trial from initiation of recruitment to the last subject visit. 
2. the total time period required to conduct the clinical trial for each individual subject. 
3. the duration of time required for each stage of the clinical trial , i.e., completion of final draft 

protocol for submission to NNRI, subject screening and completion of enrollment, treatment 
phase, and follow-up phase. 
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2.2 MODULE 8: ETHICAL CONSIDERATIONS 

The Ethical Considerations section of the Full Application and the corresponding form in the 
electronic submission system focus on the ethical and human research subject protection 
issues relating to the proposed clinical trial. In this section, address the following issues: 

1. Informed Consent Briefly describe the consent procedures to be followed and comment on 
the following items, where applicable: 

a. Who will seek consent, the nature of the information to be provided to prospective 
subjects, and the method of documenting consent. 

b. If the proposed clinical trial involves pediatric subjects, describe the process for 
obtaining both parental/guardian consent and pediatric assent. 

c. If proposing the retrospective use of specimens and diagnostic and other 
tests/evaluations, describe if and how informed consent will be obtained. 

d. If proposing genetic testing, describe how informed consent will be obtained. 

NOTE: The NEER Network will use the definition of children provided for in the Code of Federal 
Regulations, 45 CFR 46, Subpart D- Additional Protections for Children Involved in Research 
(http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.htm), i.e., "persons who have not 
attained the legal age for consent to treatments or procedures involved in research, under the 
applicable law of the jurisdiction in which the research will be conducted." For multi-site clinical 
trials conducted in states with different definitions of pediatric subjects, assent may be required 
in some cases and not others. In such instances, local Institutional Review Boards (IRBs) will 
determine the consenUassent documents required. 

2. Risks and Benefits: Provide a description of the potential risks and benefits for subjects 
participating in the proposed clinical trial and describe procedures, and their likely 
effectiveness, for protecting against or minimizing potential risks. 

2.3 MODULE C: CLINICAL FACILITIES AND EQUIPMENT 

In order to prepare Module C for proposed multi-site clinical trials, it will be necessary for the 
Lead CTEC PI to obtain information from each clinical site regarding the specific facilities and 
equipment to be made available on site. To facilitate the collection of this information, the 
NEER Network Clinical Coordinating Center has prepared templates to be used by CTEC Pis. 
These templates are provided for on the NEER Network website: www.neernetwork.org. 

2.3.1 Clinical Faci lities: 

1. Identify and describe each clinical facility required for the conduct of the proposed 
clinical trial and where each facility is located. The focus should be on facilities beyond 
what is typically found in ophthalmic suites. For example, an exam room to assess 
ETDRS best-corrected visual acuity does not need to be included. Include facilities 
where specialized testing for protocol-specific procedures will be performed. This may 
include facilities for: (i) subject screening and determination of eligibility for enrollment 
(ii) subject enrollment, (iii) receipt, distribution, and/or destruction of investigational 
product (i.e., research pharmacy}, (iv) administration of investigational producUdevice, 
(v) performance of protocol-specific clinical evaluations and safety monitoring, (vi) 
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subject follow up, and (vii) final subject evaluations. Centralized facilities to be used by 
all participating sites, such as a Centralized Reading Center, should also be included. 

2. For each clinical facility, indicate whether this is a centralized facility to be used by all 
clinical sites. 

3. For each non-centralized clinical facility, indicate whether the facility is available on site 
at each of the proposed clinical sites, and if not, describe the arrangements necessary to 
provide patient access to that facility. 

2.3.2 Equipment: 

1. Identify and describe each piece of equipment required for the conduct of the proposed 
clinical trial. Include equipment for: (i) subject screening and determination of eligibility 
for enrollment, (ii) subject enrollment, (iii) administration of investigational 
product/device, (iv) performance of protocol-specific clinical evaluations and safety 
monitoring, (v) subject follow up, and (vi) final subject evaluations. Equipment used for 
both standard and specialized testing should be included. 

2. For each piece of equipment, indicate whether the equipment is available on site at each 
proposed clinical site. 

3. For equipment not available at any clinical site, describe the arrangements necessary to 
provide patient access to the equipment. 

4. Describe the specifications (e.g. , make, model) for each piece of equipment identified. 

2.3.3 Note on Other Resources: 

NNRI, through the NEER Network, will provide the data management, statistical and DSMB 
support for all Network studies. 

2.4 MODULE 0: BUDGET AND JUSTIFICATION 

All Clinical Trial Full Applications require detailed budgets. Each site participating in the clinical 
trial is required to submit a budget. The budget template will be provided to the Lead CTEC 
PI/Clinical Trial Director by the NEER Network Clinical Coordinating Center (NNCCC). The 
process is as follows. 

1. NNRI will inform the NNCCC when the Concept Proposal has been approved. 
2. The NNCCC will contact the Lead CTEC PI/Clinical Trial Director to gather details 

regarding the clinical trial and request a Schedule of Events table. 
3. Based on the Schedule of Events table, the NNCCC will tailor the budget template to 

accommodate the specifics of the proposed clinical trial. 
4. The NNCCC will provide the budget template to the Lead CTEC PI/Clinical Trial Director 

for further customization, who will return it to the NNCCC when customization is 
complete. 

5. The NNCCC will distribute the customized budget template to the Lead Clinical 
Investigators of each of the participating sites. This process will allow each of the 
participating sites to submit budgets which are similar in content and format. 

6. Upon completion of the budgets, each participating site including the Lead CTEC will 
submit its budget to the NNCCC. 

7. The NNCCC will review the individual budgets, identify any obvious issues or 
discrepancies, and work with the individual sites to resolve any issues. 
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8. The NNCCC will provide the individual site budgets to NNRI for distribution to the NEER 
Network Steering Committee. This process protects the confidentiality of sensitive 
salary information. 

Note: (1) Budgets for NEER Network clinical trials should include only those costs associated 
with the conduct of the clinical trial. Costs associated with the delivery of standard care that are 
reimbursable by third party insurers should not be included in the budget. (2) Requests for the 
purchase of proposed new equipment are permitted; however, all such requests require a full 
justification to be provided in the budget as described above. 

2.5 COVER PAGE: SUMMARY INFORMATION, TOTAL COSTS AND 

SIGNATURES 

The Cover Page template for Clinical Trial Full Applications is located on the NEER Network 
website (www.neernetwork.org) and is not part of the electronic submission system. 

• For each proposed clinical site, including the Lead CTEC, the NEER Network Clinical Trial 
Cover Page for a Participating Site must be completed and signed by the CTEC PI or 
Lead Clinical Investigator for a non-Network clinical site (if proposed) and the institution's 
authorizing official. 

• The signed Full Application Cover Pages are to be sent via e-mail, in pdf format, to the NNRI 
Project Officer, Stephen M. Rose, Ph.D., at srose@fightblindness.org. 

[Note on Conflict of Interest Policy: All NEER Network-supported investigators participating in 
the design, conduct and analysis of clinical trials are required to comply with the NEER Network 
Conflict of Interest (COl) policy, and must submit COl disclosure forms when the clinical trial is 
approved for funding, as well as annually during the execution of the clinical trial, or more 
frequently if there is a significant change in the investigator's outside interests.] 
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Age-dependent effects of RPE65 gene therapy for Leber 
congenital amaurosis: a phase 1 dose-escalation trial 
Albert M Magurre·, Katherme A Hf9h , Albtrto Auncchto,J fraser Wnght, Enc A Pterce, FranctSCo Testa, Ftdtnco Mmgow, jeannette L llennJCellt, 
Gw-~huang Ying, Setlimio Rossi, Ann Fulton, Kathleen A Marshall, Sandra llon(i, Domtl C Chung, jessiCa I W Morgan, Bernd Houck. Olga Zelanaio. 
Xtao~ong lhu, le~l•t Raffmi, Froukt Copple lets, Elfnde l>e Rcere,Kenntlh S Shmdler, Nicholas} Volpe, Ennea M Surace. Carmela Acerra. 
Arkadytyubarslcy, T M1chael RMmond, £dwm Stone, }unwet Sun. jennifer Wellman McDonnell. Bart P leroy. franctSCa Stmanell~ jean Bennttt, 

Summary 
Backqround Gene therapy has the potentk1l to reverse disease or prevent further deterioration of vision in patients 
with incurable inherited retinal degeneration. We therefore did a phase It rialto assess the effect of gene therapy on 
retinal and visual function in children and adults with Leber congenita l amaurosis (l.CA). 

Mettlods We assessed the retinal and visual function in 12 patients (aged 8-44 years) wi th LCA-RPE65 given nne 
subretinal injection of adeno-associated virus (AAV) containing a gene encoding a protein needed for the 
isomerohydrolase activity of the retinal pigment epithelium (AAV2-hRPE6Sv2) in the worst eye allow (1· SxlOIO vector 
genornes), medium (4-8x10IO vector genornes), or high dose (l·Sx10" vector genomes) for up 10 2 years. 

Findings AAV2-hRPE6Sv2 was well tolerated a nd all the paliCJl ls showed sustained improvement in subjective and 
objective measur~:ments of vision (ie, dark adaptometry, pupillometry. electroretinography, nystagmus, and ambulatory 
behaviour). Patients had at least a 2 log unit increase in pupillary light responses, and an 8-year-old child had nearly 
the same level of light sensitivity as that in nom1al-sighted individuals. The greatest improvement was noted in 
child ren, all of whom gained ambulatory vision. TI1c s tudy is registered with ClinicaiTrials.gov, number 
NCTOOS16477. 

Interpretation Tite safety, extent, and stability ofimprovement of vision in all patients support the use of MY-mediated 
gene therapy for tTeatment of inherited retinal diseases. with early intervention resulting in the best potential gain. 

Funding Center for Cellular and Molecular Therapeutics at the Children's Hospital of Philadelphia, National Eye 
lnstiCute-National tnslitutes of Health, f oundation Fighting Blindness, Telethon, Research to Prevent Blindness. fM 
Kirby foundation, Mackall foundation lh1st. Reginnc Campania Convenzione, European Union, Associa7ione 
lt:1liana Amaurosi Congenila di Leber. Fund for Scienti fic Research, f und for Research in Ophthalmolngy. and 
Naticmal Center for Research Resources. 

Introduction 
Onr of thr rnosl seven• fonns of inht-ritcd rehnal 
drgrneration 1s Lt>bercongen1tal amaurosis (LCA). which 
is a group of disrases that are caused by mutations in any 
of 13 genes. Patients with LCA have severe loss of vision 
and abnormal rye movrml.'nts (nystagmus) in early 
1nfancy and dunng early childhood. D1minished pupillary 
light reflexes and Rat or nrarly undetectablr responses 
during electroretinography confirm the c.linic:d 
d1agnosts . ._. LCAl. caused by mutations in a gene that 
enwdes a protem needrd for d1e isomerohydrolasc 
activity of the retinal pigme11t epithelium (RJ>Li6'i), 
accounts for about 6% of cases.'· There is no l reatment 
for LCA and Sl'Vcrc visual impairment during childhood 
usually progresses to total blindness by the third or 
fourth drcadr of hfc.' Clues for how to treat 1.CA2 
(l.CA-RP£65) C:l lllC rrom studies in which lnttlations in 
RPE65 resultrd in substantially diminishrd amounts of 
ll-c1s retinal , , ... 

Rrplication-drfirirnt adrno-associatcd virus (MV)­
mcdiatcd delivery of t.he wildlype RP/.!65 eDNA to the 

RPE in amrnal models of LCA resulted in rapid 
development of retinal and visual funct1011 through the 
cnzyme-nwdiated grneration or 11-cis retiual. 10 

r urthcrncorc, the success rate for recovery and magnitude 
or improvement was related to the age at treatment. with 
best results obtained in young auimals before wcdesprl.'ad 
cellular degen!'ratiou. "' This result and additional 
findings for safety and efficacy" provided t·he basis for a 
phase !trial of gent' augmentation therapy in individuals 
with LCA-RPE65. and for the indusion of children who 
might get thr most benefit from tJ1e intervention " MY­
mediated RPii65 therapy tn yowlg adults ''-"'resulted in 
most individuals reporting a perception of increased 
brightness in the injected eye aficr Ln•atment. as 1udged 
\vith various methods. mcluding dark adaptometry. 
perimetry. and pupillary hght reflexes.'>-'' Two individuals 
in two studies'"" showed improvements in ambulation. 
Significant improvements in visual acuity in all three 
individuals were reported in one study." 

Here we preseullhe results from the complete phase I 
dose-escalation study donr at thr Childrrn's I lospital of 
Philadelphia (CHOP. PA. USA) wilh the aim to assess 
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the safety and erficacy of AAV .l·hRPR6Sv:l. •· We• also 
assessed thr role of an individual's age (or stage of disease 
progrrssion) on the extent of reversal of blindness. 

Methods 
Patients 
lnclusaon and exclusion criteria for patients ar<> reported 
by Magu1re and colleagues." U patients (844 years) with 
LCA·RPli65 were enrolled and consecutively <reared, with 
an intervnJ of a! least 6 weeks between individuals (table). 
All surgery was done at CHOP and follow-up tests were 
done Jl CIIOP or Seconda Unlversi la degli Studi di 
Napoh (Naples, lraly) for the Italian patients. 

This study was approved by a national ethics cornmillee 
m Italy. Patients from Italy provided wrillcn informed 
consrnt (if >18 years) or written assent and par!'ntal 
perrnisston (if <18 years) at two study Sites-the Referral 
Centre of Hereditary Retinopathies. Deparlment of 
Ophthalmology. Seconda Universita drgli Studi di 
Napoli[\. corr (l)) . and Foundation Fighting Blindness 
CHOP-University of Pennsylvania {CII OP-PENN) 
Pediatric C{'nter for Retina.! Degenerations (Philadelphia, 
PA, USA). Thr remainderof the patients provided w!'itten 
mformrd consrnt (or assent) only al the roundation 
Fighting Blindness CHOP-PENN Pediatric Center for 
Retinal Degrncrations. All patients appearing in 
webvadl'OS prov1ded written medja consents or asst'nts. 

Vector and surgical delivery 
11te transgcne cassette in the AAV2-hRJ'E6Sv2 vector had 
a chickl·n ~-actin promoter for expression of the human 
RPE65 eDNA with ;m optimised Kozak sequence." 11JC 
Center for Cellular and Molecular Therapeutics at CIIOP 
manufactured Lhr Vl'Ctor using good manu racturing 
practices.''" 

For each patient, we selected the eye with rhr worst 
fLmction for treatrnent with AAVZ-hRPE6Sv.l.""We did a 
standard thrre-port pars plana vitrectomy. with removal 
of the posterior cortical vureous, as descril>ed l>y Maguire 
and coUeagues.' Patients in the low-dose cohort were 
injected wtlh I · SxJQIO vector genomes (I OxJOS per pl) 
and those in the medium-dose with 4 · 8xJQIO vector 
genomes (3 · 2xl08 per J.IL) of AAV2-hRPE6Sv2 in a 
volume of 150 pl. into the subretiJtal spnc<• (t:able). 
Patients Jn Lhe high-dose cohort were injected with 
I· SxlQil vert or genomes (S ·OxJOH per pl.) in 300 pL (table) 
afier rhe focal area was buttressed from hydrodynamic 
stress during injection with perfluorooctane liquid 
(Perfluoron. Alcon. Fort Worth, TX. USA), which is 
heaVJer than water. The liquid was aspirated al1cr the 
AAVl-hRPf:65v2 had bern delivrrrd. 

Assessment of safety and efficacy 
Patients wrre assessed before and at dt•s1gnated 
timepoints aflcr surgery as described elsewhere." " 
Rfficacy fc>r rarh individual was monilored with objective 
and sul>jcctive measurements of the changes in vision." 

The response durataon was measured fro111 I months 10 
.l yrars. Additional dcta i Is are provided in the welm p pe ncl ix 
(pp 1-ZJ). 

The study is regislered with ClinicaiTriaJs.gov, number 
NO'OOS16477.[ 'II J, IIPI tu ha\t! 1ar t.al h th 

Role of the funding source 
111e main sponsor of the study and personnrl working 
for the sponsor weae involved in study dt•sign. data 
gatherwg, analysis, and interpretations, and writing of 
the reporl. Nont' <>f lht' other funding sources had any 
direct role with respect to the design or execution of I ill' 
study, data galhr ring. analysis. interpretation, or writing 
of the report. Thl· rorresponding author had full access 
to all data throughout the study and had final rcsponsibthly 
for submiss1on for publication. 

Results 
Maguire and colleagues" have dcscriLed the slwrHI'Tm 
results from thr first lltree patients (N POl. N PO.l. and 
NP03 in the low-dosr cohort). 11H· vrctor was tnjrcted 
into the macula in nine patients, but not inthrer pat icnls 
(NPOl." Cll12, Cll13) with substanHal atrophy in this 
region. About h:llf rhr macula of patient N P 15 was 
exposed (figure 1). An epiretinal membrane thai was 
noted during baseline studies in the injected eye of 
patient CHlO was removed before injection. A foveal 
dehiscence was noted at the time of injection m tlus 
mdavidual as some of rhe vector escaped from the fowal 
defect. reducing rhe total volume in the subretinal space 
by about 70% and resulting in I he exposure of a third of 
the macula (figure 1). 

All of the retinal detachments had resolved by tire next 
ass<'ssmrnl (within 14 h afier surgery): <md fovral 
abnormalities wPre notrd in only one patient (N P02), as 
noted previously." with optical coherence tomography. 
'l11e foveal dehiscence m patient CHIO had completely 
resolved with no evidence of a macular hole after surgery 
at tl1e first assessment with opt1cal coherence tomography 
on day 7 {webappendlX p 21). With tl1e exception of 
pigment atrophy at the lower border of the original 
detachmenl s ill' in patient NPlS, all the other 
postoperarive ret mal assessments were unremarkable. 

None of the patients had serious adverse evcrHs, and 
U1e vector was found in samples of tears and blood only 
transienlly after smgt•ry (webappcndix pp 8-9). Expo:;ure 
to subreti11al AAV at lhc doses used was nor inununog(.'llic 
(webappendix p X) I 1 < WF I It • 1 1\l It 

I I I l\ ' r 
Alll2 indi,iduals reported improved vision in dimly lit 

environments in thr llli<'Cted {'yes startmg 2 weeks aftrr 
surgery. Improvements m VIsual acuily were substantial 
and stable in the three patients given the vector at a low 
dose."·"' tl1ree given the middle dose (NP04. Ci l lO, and 
CH II), and one administered the high dose (NPIS). 
Visual acuity worsened in one patient (CII06: 
figure 2: webappendix p X and p 'r ). For the other 
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individual!>, no substantial gains or losses in visual acuity 
werr noted in the injected or non-injt>cted eyes 
(webappendix p ll). ·nte improvement was not associated 
with age: however the baseline visual aCHity was higher 
in children than in adults (p 0 ·04; webapprndix p 16). 

There was no d earc\.l t dose effect with respect to 
improvements 111 visual acwty in the injected or non· 
injected eyes. Figure 2B shows that. with the exception of 
CII06, visual acuities improved or remained stable. 
Although. the vJSual actuty of the inJected eye in patienl 
0 108 might have worsent>d at the most recent visits. 
furtht•r results will l>l• needed from 1es1s done on the 
des1gnated days (webappcudtx p S) to find out whether 
I IllS change is significant. 

We noted an improvement tn the vtsual field of all 
12 patients (figure 1). Although visual-field tests in 
patict1ls will1 scvrrr lmpainm' tll show Slthstantial 
variability,U.l' the enlargrmPnt~ exceeded the va riation in 
tht• contralatrral non-injt>cted eye (fih'llrc 1). 

'11w rxtent of improvement ttt visual fields in 1he 
utjected <'Y<'S correlated with the amount of salvageable 
retina that was targeted. effects of immed1ate 
postoperative head-positiorung on the borders of the 
drtachment, and map of the visual field at baseline 
(figure 1) For example. the visual fields improved 
substantially in patients CH08, CH09. and CH10. given 
injections to regions that had ini tially had restricted 
function but had viable retina as noted with 
ophlholmoscopy and opt1cal w lwrcnre tomography. 
Fmther. if the injectioJL covewd regions of healthy retina 
lh:tt h,td previously had scotomas. the visual field 
incrt•ased as lhe scotomas were ol>litl'Caled (eg. Clll1: 
hgurc 1) Nevertheless. the post·mJection VJsual fields 
often expanded in reg1ons lar~er I han the region targl'led 
durmg surgery (cg. CillO. NPIS; figure 1). Although the 
volume injected was larger (300 111 liS 150 pi). covering a 
largr part of the rellna, tit(' firlds did not improve as 
much in older individuals (>19 years-eg. patients Cl-112 
and Cl 111) as lhry did in y()ung••r individuals (s l9 ycars­
eg. palients CHOS, CH09. and NPI.S). ' f11 is difference is 

probably caused by the loss ofvial>le photorrceptors with 
advanct'd disl'ase in older individuals. 

Most individuals given middle 3Ild high doses were 
tested for full-field sensitivity to white light before and 
aller injection; NP04 and NP15 were not leslcd because 
the equipment was no1 available. All individuals bad 
bilnterally diminished full-field sensitivily at baseline. 
After injeclion. a large interocular diflerence (ie. 
difference in sens it ivity bc-twren injected and non· 
mjectcd ryes) in full-field sensitivity was noted in five 
(CH08. CH09, CH10, CHll. and Clll 3) of seven 
indiv1duals when we used stringent <ntt>rta to assess lhe 
response (3 SDs from the average of the interocular 
differt•nrc 1n normal-sighted individu~ls; figurl' 2C). 
Oaly the injected eyes showed unproved scns1uviLy 
(figure 2C). Improvements in full-field scns1tivity were 
especially nolrworthy in the youngest pati r nts, who 
gained scvr ral log units of sensitivity. 

Pupillary responses improved in thr injrctrd eyes of all 
11 individual~ te!>ted. Figure 3 shows the representative 
responses from patients given the middle and high doses 
of MV2-hRPE6Sv2 (including children and an adult). 
The pupil diameter (for the largest of the two pupils) 
immediately before the first exposure to light for patient 
CII08 was 8 ·6 mm at baseline, 7·8 mm at day 14, 
8·55 mm at day 365: CHlO, 8·0 mm at baseline. 9·1 mm 
at day 1..70; CIIJ3, 7 · 8 mm at baseline. S ·C. mm at day 60, 
5 ·6 mm at day 90; and NPlS, 8· 0 mm at basellne. and 
8 · 3 mm al d3y 7. Improved respo1tscs Wl•rt: delcctal>lc as 
early as day 7 after injection (in pati~:11t NPI'i) <llld were 
present even in the eye that was nol injected with the 
enlirc subretinal close because thl' patil•nt (CillO) had a 
foveal dehiscence. When the injected rye was tllummated 
with light, both pup1ls constricted; when the control. 
non-injected eye was illuminated w1th light. mmunum 
constriction of the pupil was seen1 \ I maltl \H .tdd 1 r 1 

1t 1t1nu•. Analyses of the variables of tlw pupillary light 
responsr showed substar1Lial differences between tl1e 
injcctl'd and controll'yrs in the amplitnd<' and veloc1ty of 
constri.ction (webappendix p 17). 
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F'.gurtl; Art~ of reton• expo~d to adtno·•sSO<I•ttd vu\rs-mtdiottd dtlivery 
of wild-~ retinal pogment opitholium (AAV2·hRPE6Sv2) 
folumn 1 w•~ cllilwnover composole photos of a nornMi r~tlna, and column< 7 
olnd J OVCI tire b~1~iin~ oncl follow·VIl Goldm.tnn VI\Uoli fr~ld1, l~lp<'tlivoly,ln tiW 
rnje<tcd ">"''· Alllolluw-up vrlual fields are <hown " 1 d.oy 30, ~"ept for r>o1li~11ll 
NPOl (4-75 montlrs) and NP07 (HS months). Stonouli u"'<l tn rnN<ur• 
Wlldn..-.nn Vllu,ol flt' ld; W\'rt• V4t (rKI) Jnd 114e (blue) X()IO<n~s aoo the n.JturJI 
bhoo s,pot ~reshown In biJtk ·v.,ual f>eld d.t• from tl>t>e ~loeuh were 
reponed pn!YIOU\Iy' but are pro\ffltod he"' for completenns 

Baseline tests showed that the pupillary lighl responses 
in individuals wilh I.CA-RPEG5 were mach lrss st>nsi tiv(' 
than thos(• reporlrd in unaffected individuals (controls: 

figure 3)1 1\ po~~ tblc In prm idt• snrnc mfn al <rill I Itt 
wntrul•---..g numb r. ~J(t mall'jft·nuh J. llasrlinr 
responses to a dim stimulus (<0 ·04 lux) after a 40-min 
dark adaptation in pati<.>nts given low. midd)(•, nnd high 
doses of U1e vector were negligible (figure 3). 

l11e responsiveness to light of lhe injected eyr was 
consistently grealer than thai of the contralaleral non· 
injected eye in patients afier injection of AAV2-hRPF65v2. 
For CII08. for example (figure 3A). when n dim:;timulus 
(0- 04 lux for .lOO msec) was initially delivert'd to the 
injected eye at baseline. minimum response wns noted 
ln ci 1 her ~ye. After i11jcction. I he eye respondl•d vi go rot 1sly. 
Rt•pctilion of I he patlem of lht' relative affcn:nt pupillary 
defect was noted wtlh success1vc alternating !lashes up to 
the laiCsl timepoint (cg. from day 14 and to day 365 for 
CIIOR. day 270 for CillO. and day 90 for Cllll (ligure lA). 
showing that tlu• pup1llary lighl respons<·s wrrr 
happening in Lhe inj<>ct<>d ryr. while the non-injected eye 
rrm:linrd defective. 

Significant diEfer~nces WNe noted in amplitudes and 
velocttirs belween the in)ectrd eyes versus non-lreatcd 
eyes 111 most indivJduals; the t>xception was palient Cllll 
(webappendix p \ ). TI1e differences persisled throughout 
the follow-up wilh d1fferrnllntensities oflighl. All hough. 
little difference was noted 111 response between palient 
NP04's injected and non-injected eyes (webnpprndix p )\). 
slimul:llJon with Light at 0·04lux resulted in a significant 
difference in velocity between the injected and c-ontrol 
eyes (p-0·003). Every ind1v1dual had at Leasl a 2 log untt 
increase in pupillary·hghl·response sensitiVIty in the 
inJcclcd eye. An 8-ycar-old palient (CII09) hJd nc.:arly I he 
same (high) level ofllgltt scnslllvtty as d1d normal·s1ghtcd 
individuals. 

The final level of sensitivity in all patirnts a l'tcr i njcction 
correlated with age (Spearman correlatiott cocllidcnt 
(r) -0·&0. p-0·002) and uasrlinc sensitivity (0· 50. p 0 09; 
figure 3B). In the analysis of correlation between age and 
the successive reduclions from baseline inlighl iulensity. 
r was -0·61 (p..0·03). suggesting that young mdiVldttals 
are more likely to have step changes in light mlensity in 
the eye injected wit h Ai\V2-hRPE65v2. Such cil.1 t1gcs 
werr not noted in the contralaleral non-injrctrd eye. The 
average change in light sensitivity in the injeclcd eyl's 
was about 2 · 2 log tlllils ttl tndtviduals aged 8-11 years 
(highl•sl change was noted 111 patieut CH09 (3 ·8 log 
umlsJ). and about 1 21og ttnils in those aged 19-44 years 
(p•0·04 for difference 111 hght sensitivity). 

Full-field scotopic and photopic clcctrorl'Lin<>graphic 
n•sponscs were flat in all individual:> bcfon.• <uld after 
injection even with the usc of fast Fourit:r a11alysis." 
llowcvcr. multifocal elcrtrorrtmography ronld hr done 
in two patients after inJeCtion as a result of a rcducllon m 
nystagmus. Because of nystagmus. mulllfocal 
elrctrorrlinography could only be donr at uasclutr for 
patient NP15. By contrasl. resuhs suggesled pholoptc 
rrsponsrs in one pari of lhr injected relina al day 30 and 
then in several other paris at day 60 (webappendix p X) 
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and day 90 (data not shown). Similarly, tests done after 
sulm.'linal injection in patient N P04 suggested wavefom1s 
in the left part of the retma (figure I) but not in the 
contralateral (non-inJected) retina (figure 3). Similar 
results were noted in the injected retina of paLienl Cl 109 
at day 365 (data not shown) although the results of the 
contralateral non-injected eye were not recorded. 

Nystagmus results for patients given low-dose gene 
therapy are presented rlsewhere!' Wheu patients were 
tested for theii ability to navigate a standardised obstacle 
cours<· bt·fort' administnllion of AAV2-hRPE6Sv2. 11 of12 
hJd gn~at tlifficulty, especially in dim light, as a£sessed by 
the number of errors and time taken. Patient NI'04 was 
not tested allow-light levels. After injection. four children 
(CI 108. CI I09. CJ 110. and NPJS) given MV2-hRPE65v2 
had substantial improvrment in thrir amhulation when 
tested with only the injectrcl eye covered (wcbappcndix p X; 
webvideos 1-(>). They wcre unable to navigate the course 
accuratrly when only their non-iujected eyf' was 110t 
covered. These pabents could also navigate tl1e course 
with fewer errors and often more quickly than at baseline 
with their injected eyes not covered (webappendix p X). 

Discussion 
AU U patients given AAV2-hRPE65v2 in one eye showed 
improvement in retinal function. l11e effect was stable 
during follow-up. 111e rcsuhs support our hypothesis 
that the response to subretinal gene tlwrapy depends on 
the extent of retinal degeneration and. therefore. the age 
of the patient." 

Assessment of global ret mal function showt'd clinically 
meanmgful vision in patients. TI1e most noteworthy 
result was the ability of children to navigate an obstacle 
course independently and accurately. even in dirn light. 
Objective tests provided quantitative evidence for the 
improvrd retinal function and sensitivity in these and 
other md1V1duals. Pupillometry. a sensitive and robust 
test that providrs quanl1talive infom1ation about the 
response of the entire retina to light. showed a strong 
m iotic response after illumination of Lhe injected eye 
(but not the control eye) The improvements in the 
pup1Uary responses wt>re easil)' assessed lhiough 
measurement of thr amplitude and velocity of 
const ncllon." .. l11ere was a stronger pupillary light reflex 
after illumination of t11e mjected eye when compared 
with the non-injected li'Yl' (ic. an acquired relative arferent 
pupillary defect or Marcus Gunn pupil) as Parly as 7 days 
after injection (patient NPlS). The gain in light sensitivity 
m tlw injected eye w.1s up to 4 log units. Objective 
measurement of eye movements showed a reduction in 
nystagmus in most patients aflN injection of the gene 
vector. Suppression of nystagmus indicatrs improvement 
m fJXation-ir. the abilityoftheeye to mamtain alignment 
with an obJect." Most subretmaJ injecllons targeted the 
macula. and by contrast Wlth a patient in another study.'" 
there was no change in fixation (or incrrasr in amplitude 
of nystagmus). Because oft he lmprovernrnt in nystagmus 

in our patients. we were able to do rnultifocal 
t>lectroretinography in three individuals afier ill)ection; a 
signal was seen in the electroretinographs of all of thesr 
patients. Improvement was not seen witl1 full-field flash 
electroretinography because I he total area of the t reatrnent 
zones in all patients was too small to generate a gross 
electrical response. 

Results of subjective tests corroborated the improve­
mrnts noted with those of objective tests. Visual 
behaviour in the children-as assessed by the ability to 
walk-showed :mbstantial improvements <1f1cr treatment 
(webvideos 1-6). Six individuals had substantial improve­
ments in standard tests of visual acuity or visual fields 
that could alter their designation as legally blind. We 
could not find a correlabon with dose. baseline v1sion, or 
othrr variable~ with improvement in visual acuity aller 
treatment. Ultimately. patients ln:lY 110t be able to attain 

Articles I 

normal acuity (eg 20/20) because of the amblyopic effect SHO,hnt!Otwrbv.clro<J-6 
of congenital nystagmus that prevents high-rewluhon 
central vision as a result of image blur from unsteady 
fixation. Although central vision is important for nom1al 
:1ctivilies of daily living, visual acuity represents only a 
small proportion of total re tinal and visual function. so 
the other features of vision might bcnefit whcu patients 
are treated with retinal gene therapy. 

Increases in the size of the v1sual fields in the lllJCcted 
eyes roughly correlated with the a reo of the retina covered 
by the injectt•d genome vector. A g rt~ater than pn'cl icted 
increase in the size of the visual lirltl, however. probably 
resulted from immediate postoperative positioning of 
the patient (wt•bappcndix p ). Small shifts in tht• original 
rctm:~l detachment in the immcd1atc postopcratJve period 
might have contributed to the cnlargrment of the visual 
fields in individuals with viable retinal cells. Such shifis 
in the patients with extensive degeneration were unlikely 
to expand the visual fields 1 , . Dirfusiou of the 
vector into other parts of the retina did not set>m to 
contribute to the> enlargement of the visual fields \ 
ou r 1 as these other parts might have previously 

undergone complete degeneration. This hypothesis is 
substantiated by the finding that the retinas of older 
patients had widespread degeneration and improved 
less. 

·n,c injected eyes were more sensitive to hght than 
were the non-injected eyes. which showed no change. 
during full-fi t.>ld sensitivity test ing. ·n1e light stimulus in 
this test is projected e.xtcrnaiJy ra ther than directed at 
selected areas of the retina by focal laser. as m 
rnicropenmetry. 0 

,.,,. Although full-field tests <1nd 
pupillometry show improvements in only the vector­
injected retinas. a mild bilatrral improvemr nl of visual 
function (eg, visual acuity) was noted in many patients. 
Although the underlying mechauisrns remain to be 
rlucidated. threr potential t"Xplanations are that. like 
microperimetry. full-field tests are subjective, and the 
r('sults might improve because of patient learning effect; 
an improven umt in nystagmus afier injection of 01te eye 
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could result in improved resolution of the other eye;"..., 
and changes in how the.> visual signal is proct'ssPd (central 
nervous system plasticity) might affect the visual outcome 
in the non-injected eye after administrat ion of gene 
therapy to just one eye. Thus bilateral simultaneous or 
immediately consecutive treatment of both eyes might 
havt' a synergishr effect. 

Overall, tbt> results of objective and subjective tests 
support our hypothesis that the greatest improvement in 
visual function witJ1 subretinal gome therapy wiU occur in 
young individuals. Although young patients had better 
visual functiou at baseline than clld older individuals, 
they also had the greatest overall improvement in vision 

Subretinal gene therapy seemed safe at all 
admmtsterecl doses. Treatment with the vector did not 
ehctt local or systemic adverse events. The foveal 
dehiscence Lh:ll was apparent during subrctmal 
injection in a p<1ticnt resolved immediately after surgery 
and did not serm to be related to thr investigational 
product. We subsequently modified the procedure so 
that hydrodynamic s tress, and therefore the likelihood 
of. foveal dehiscence or dt>velopment of a macular hole 
was kept to a rrummum. We did not note any s igns of 
inflammation or acutr retin:tl toxicity afier injection. 
However, the presence of PCR-detectable (but non­
quantifiable} vl.'ctor in blood nfier injrction in l:';vo 
patients with widespread retinal degeneration suggests 
that transient systemic exposure can occur after 
administration of a high close or in individuals with 
widespread outer retina] atrophy. In future studies, we 
do not plan to usr doses higher than 1· SxlOt t vector 
genomes per injection m case we haw reached the dose 
ceil ing in terms ofpotentialtoxicity. 

111e clinical henefi ts of suhretinnl grnr therapy wen' 
sustained at the 2-ycar follow-up. 111c visual recovery 
noted m the children confirms the hypolhl.'sis that 
efficacy will l>c improved if treatment is applied before 
retinal degeneration has progressed. Assessment of 
whether the treatment alters the natural progression of 
the retinal degeneration will be possible in foJJow-up 
studies. 

!11e success of this gene 1heropy s tudy in children 
provides the foundation for gene therapy approaches to 
the treatment of other forms of LCA and of additional 
early onset rettnal diseases. 
Contributors 
(f'Jolr to .... ~~: mu t hf*'l~ 1l 'l'ltlt""U ~-uu.m ·nl out. tt ')'\It br-Mt 
rather...! by NHIAMM, JWM, FS, and JB p•rtiCtpa!Pd 111 lh<' drsign of 
tht' clinical tri•l. AMM, EAP, ,.-r, SR, KAM, XZ. 3nd 11S did thr surglt.t 
~no chnic,ol prm:rduor•. AMM, AA, JF'W, 1' 1: I'M. Ji ll. Sit KAM , Rll , 
OZ, FMS. CA. 1'M fl . JS, r:s, and JR ollt;un~d •nd momlnml'd thr 
•~fulpmrnl ond supplw~ rur tht• s tudy. AMM. I'A l', 11M, JIll KSS, NJV, 
1·~, •nd }U p~tllllpdtt-d Ill the dt'SII(II o( SJX.'I.lhl ~$ .. Y• 

AMM. IT. SR. AI KAM, SR. LR, FC, 
I DR. I'S. BPI, ~nd ~S p~rllt.opat~ m patient srlt'tllon AMM, KAH, M. 
KAM. EMS. CA, JWM, and FS were tl'spons•lll~ (or the rq;ulotory 
""''~'· KAII , J FW, J 1.8, 811, 02, and J 0 gcnrrull'd and validatfd the 
clln1tal vector. f!AI', Fr. SR. KAM, DCC, X7., !.It CA. I•S. nnd J B tcstctl 

lht·u~ .. (I( the '<'ctur m p•llcnts. AMM, I'AI', ~T. I·M, Jill, GY, KA M, Sll. 
}1\IIM, BII. OZ, FC. FDII,AI , fWM, llfll FS,>nd}ll tlld thr<l.tt.o 
;u1aly•is. AMM and }IJ wrot~ tJoc •eporl. AMM was the pnm.•rut 
invrstof1alor (or !he cll notaltri~l. All Buthors p3rllcopatl'tlln rrvic•wlnf\ I he 
rrp~~rt l ~ •II "' j. 

Conflicts o( interm 
AM M and J Bare co-mwntms ur a pt•ndmg p•tcnt for a mtthod In tr<>at 
or •lo~< the devrlopm~ll orbhndnf'<S, but both wal\W any f111anuat 
mtcrest m tlus tedmology 111 2002. I B ser.-C'd on a scientofic :ad111sory 
board for Ccregcne In 2006 011. and pr~sentl.'d a s~onmar at No>nlu In 
2009. Ki\11 ha5 servrd as a consuh•111 for Taterc •nd ~M ~ sdrntiftt 
advisory board member (or Am~tt•rdam Moleculor Tilt'rdJX'nlic~. l>ut 
thNc wa K no retinnl rr~rarch involved: twrn n ~pcakt•r ~I tho• UIVttJLIOn 
o( Centymc, a company Wllh 11 resraf(h progra111111C 111 A/IV; •nd i~ I loP 
director u uler ror Cellular -nd Mulecular 11u~rap<!Utll< at CIIOP, 
whoth spon•or< lhr chnoc~llrill FM h~s <l'rvro •• a con•ulldnl fur 
Arthrogt'n. butthcrr w~• no rl'lmal rt<NrdJ Hl\ol•fd. •• an ff/\l'ntor o( 
a patent of composrtion •ud mcthods forth~ detect1o0 and modulation 
o(T-<clt rt'Sponses tu thl' MV l>plld. FS FT, SR. CA, AI NJV G,, and 
AI drct~ rP that they have nolonfhlt• ol( unerf•t 

Acknowledgments 
n ... CliO I' . • nun·profot 111111y with II ""~~ion '" d•·v..tup nuvt•l 
lllt'r"pt•utlr• (or iufocrhl-d diSoiU<'J>. w.o• th~ u<•m SOIIrH' ornuodlnll fur 
tins ~tud y. The Visu•l Function Quesllonnaire·2S w:IS developc.'il by 
RAND (Santa Mon1ca CA USA) and fundfd l>y Nallonat l•yr 
ln$ll1Utl'·"all01,.llnslltull's or llr>hh (lktheS<b MD USA) TI1r 
l'uundatHm fighting Blmdnrs~ (Owmgs t.hlls. MD. USA) spon~ort'd 
CIIOI•·P ENN Pl'diatnc Ccnto·r fm Relln>l D<'gent'ntl<m•. Rl''t·.ordlto 
l'n•v(•nt 8hndnr•~ (New Yot~, N,, U~A), Macub VIMOII R<•st,l rdl 
i'oundJtion (West Conshohotk~n. I' A. USAJA nn '"' j). l'•ul and 
Evnnlna Mnckatt Fonndalron Trust at the Schri,. Ey~ l u~tllult•, mud F M 
Kirby l'ouudatioo (l'htladelphla, I'll. USA). ThiR work w~s .ol~o 
support~ with gr.uus fro"' Tcl~thou (Naples, ll.lly: mtmbt•r~ TIGFM-
1'2 11o AA, FMS, and SB at TIC EM and CGI'07180 to FS), Ref~ionr 
C.m]l.'lni~ Convt'rmonr (66 dd DPR )82/80 to FS), Jnd h&riiJ:tNn 
Urunn (0189ll Oitugeoc and 2Hol45 MVEYE toM). W~ thank thl' 
fouudatron for Ret.mal Rl>st->rch and A•soctaziont' ltahana Amauro<J 
CongMnU dt l.t'IX'r for tho•rr support I• Coppil'lt'rs •~ • dllt.IOr<ll m odrnl 
•upportrd by the Fund rur Stientlllt Research (FWOJ Flandcl"' gwtl 
(1.1J87.07.N.OO). ilus study oR al~o ~upportPd by FWO Flundo·r~ gr•nt~ 
(1 2.fl.ll.07.N.OI, 1.5.241.05 10 HUll and O:t.l1 lGOO<I3061o l!llll <llld IJI'I) 
•11d l'und for Rcs~arch "' Ophtl1nhuology (FRO 200~). 'n11· prntr<t ''"" 
<upportcd w1th • g~•nt (UII·IH~-024114) from the N•lion•l Cl'nl<'r r." 
lk,.•.rdo Ri'">Urc!"<. KAII •nd I·S drt' lnwsll~:"~turs •t ll~t· l lu" •rol 
lluj:lll'> Mcdtc•lluslltutC'. w~ •rc Uldl•htt'tl IU the p.ollent~ ... d thror 
farnUii'S for their conllnuous >upport of the stud)~ to the ourooul 
OJI"Utmll rnorn. ar,.t'Siht">ra, and nur<mg staff at CIIOI'. •nd phy~•n•n• 
aud st•fl m the DrvlSion of OphthatmolojlY at CHOP Wr ll"C ~p«e:tal 
thanks to Mtdtael Word, Richaod W~lf.'ber. LJurccn Murphy Kotter. and 
Ivy Kul lfl , for llwir rlinirat e•tX'oliSt'. Wt· th • .nk the mr mlx·rs o(th~ 
CIIOI' Iuslltutionn l u•vi<.,.• llo.mt ;uod lhl'li d1nlrp<>rson M~tk s, hrPrnco, 
and D3vid Rrint. Richard l lurwltt, MJrk lllumenkn nz. and D~vid llird1 
for thrir 1 nvaluable guodancr: Qnd ~.dward Pugh )r, ValdN Arruda, Hias 
Trabtml~•, Roc hard Wdetl!'r. Robt:rt Nd>On. Andrea 8Jitalll0. and 
Alfrfdo Ctrcodirob for hl!lpful do. tusstons. w~ th•nk Stuart h nr and 
MOIIIt' Mills for the~r rupport, and John Andrrws, Frl'd IJ•Ur•rul, 
Suhani Amarao;rkcra. Karly llrlnt, Motwnmed Tourl', Ntthota~ Voltll' Jr, 
Klllyarn lllwt, DamclllrJmeu. MIChael Bennett. Adnen Ll)res, Nulo 
r<·mu,·o tf 1101 •rntj, Witham llr nnl'lt , Olm1ela Ziviello, Arnuda l'arlta, 
Anua NrAII, Angelo Torre, Somali )oyrt>, Vitu d~ Nuwllis, Ida Mon Jbt'S<\ 
U~ .• 1 Afdca, Jltln Baja f. Gary l'wn, •nd V•lenlina Dilorio for lt•t.lonic.ol 
and dlnicolassigtance: ond Ko l11rrlnr II MaguirP for edltin!lthl' vidt•o• 
l11e tmuc•nt of this report i1 •oldy th<' :c'iponsabthty or lhr •uthur~ and 
UOM< not necM<Sanly rt!plt'SCnl tl11' vof'W• ofthP fundmg :oourc~"· Natoonal 
Crntrr rnr Rcs=d• Rcl<norcr•. nr thl' Natoonal ln!'tJtutt'll or tlcoalth 
(lx1th lklht'Sda MD, USA). 

qeforoncos 
I Alt•rnan TS, }a<:obson SG. Chico fD. t·t al. lmpainncnl ortlw trau~irnt 

pupilla:)' light renex lu Rrw6S(·I-l rnitt' aml hnmJns w11h 1;·1~ • 
w ug<'IIJI:II am;mrosls. /m't•l Otilollwlmol VIs Sci 200<1: 45 12'i9-71 

www lhelanw.torn Publosh• d online Octobor 26, 2009 OOI·lO.l016/S014G-6736(09)61836· 5 

51 



wr~nz B. Gyuru~ I', l'r~~<~ng M, tl ~I F.Jrly-ons<'l se-cre rod<one 
d) •lrophy In youu11 duldn·u wnh RPF6~ mutauons. 
lnt'QI Clp/uJwl'""' VIS Su 1000; 41' Z715-<~2. 

Simonelli I' Zlvo~llo C. Trsl.l F rl Jl Cliniol and molrcul>r 
lll.'lll1ota nf lt•IK•t'l cnnjlrlllt~l ~IIIJIIfO\i~: A muhtccmcr study of 
ll~han pJltent~ lnw51 Ophrkfllrn•~ Vu Su 2007; 411: 428+-90. 
l',•onuh I, l!ot(\ IM. Gtrlwr S. ct•l. l.l'll<'t nmgcmlalamaurosi•. 
Mol C~m I Mr111b 1'1'1'J Ott. 68: 2~11. 
den lloll.rtdN AI. RO<•pntatl R. KtX•uekoop IlK. Cr<!lu~rs FP. 
Lri>er cottgcuilalomaurosos· genes, proteins aud disease 
lll<.'lhamsms Pt"ll l<rftn11l f1}'1' Rr. 2008; 27: l9l.oll9. 

(, MOtAt')'t'V G, Clwn Y, 1hkahn~lu V, Wu D. MJ j. RPE(>5 is the 
isomt•rohydrol•sc luth~ rt•lin.,id visual cycle. 
f'tm NMI Awd Sri USA 2005: 102. 124U- 111 

7 Jlro M, US. M!>llhrJbl WN, Sunl l, 1'raviA C l l. Rpc65os llw retlttoid 
l$OI!Jt•rastt lu lxwmc r<•lmalpogmrnt ~pithelium. Ctll 2005: 
122: 44<)..~9 

8 Redmond TM, Vu S. l.rt• 1•, t•l al Rp<'6~ is nt'Cessary for protlucttou 
ot ll<ls·vtl~mrn A in thr rNuoal •r•udl cycle. Nature Cmd 1998. 
20: l<H-~1 

9 RrduHlrtd TM. l'olr.oknv f . Yu S, l'""' j , I u Z. Grrttlruo.nl S. 
Mulo~IHUI ul kt·t '''"dut·• .. r RI'I'(,S ~~~>lrsh~• tis rnzynoaiJC role.._~ 
IWntcroh)druiJst• 111 tltt· """•I <)dt• l'rrH. Narl Awd Su USA 2005 
I 0 2. 116 511-(, l 

10 Acland CM. Al!lllrtl' CD. llrnucll J, ~I all.ong·tenn r~tor;Won of 
md and cont VlstOn by •mglt dow rAAV·mt'Chatcd gem· transfer to 
thr rt'ln~ on J c.unnt rnodt•l of childhood blmdnc<S. Mol Thcr 2005; 
IL IU7l..JI2. 

II l•cnbson SG Airman TS Ctdeoyan AV. et al. ldenttf),ng 
photort<eptonr rn bhnd coyr• can'Cd by Rf'E6S mutations. 
prt•rtoqut<olr for human gt·ut thrnpy rutcc_. 
P1e>c. Noll /luJd Su US I 100S; 101. 6177-81. 

ll 1><-Jnrka N. Suncr F, Alrnun T. rl al. ~tal VJrus-medi.otcd dcli>"t"l) 
nf thr lnuno~n RI'F6S II" I«' rrKut• ••~ion 111 a murine modtl of 
''"'8<·nll.ll rrhta.JI blhoduc~'- Moll1JU 200ol. 9~ 181-88. 

11 lltnniC~Jli J. Wright j , Knnuuuny A. etal Reversal of visual deficits 
111 anmul modrl• of lrl•·r ((1111\l'utl~lamauroJis within weeks aftrr 
tre~lmt•rtl UKIIII! opltntlllod AAV2-tnt'<lwed &""~'transfer. MoiThu 
2008 16: 458-65 

H N Ill lk<.uo nlllloattl ONA Advtsory Cw11nnth.'l': Pee ll. 200S. 
llC'lhesda No~ltonallnJIItttlt•s ofllrahh, 1005.1111p:/lwww. 
wrlx:onferrntrs.comfmhobafiLdrc.JOOS.lllntl (acces<t.od ju ly 25. 
2009) 

I~ M.t~Uirt• AM. Slrt10111•1li S. Pio•rcr IIA. o·t al. SJft•ty .urd rmcucy uf 
w·m•lwtNf!'l fcor l.ri!O'r conr:ru rt•l uu oaurosi~. N Eng) M<J lOOII; 
JSM. 2241HII. 

16 Bambridg~ I. Smith A. Barkrr S. rl al. Fffrct of grur therapy on 
vi.wJI function ml.dl<'r't ltltlgt·nil~! ~mauroM>. N f-'1111) Mtd 2008 
358: 2211 )9. 

17 Cidrciyan AV. Airman TS. Bote SL !'I ~I llum~n gene therapy for 
RPh6S iwmrr~~r dt•rtCtrn<y 3clov~lt-slllr n•tmood qclr of,uion but 
With slow wd lwrll" Pn>< Null Alutl ~ri USA 2008. 105: ISIU-17. 

18 I lauswortl1 W, Akm.oJo T, Katt•hal S. ('I Jl. Tr<••tmt'ltl uf I-eber 
tougctuL•l ••u•uw;i~ dttt• leo Rl'/ 65 toltoiJIIou• b) otular >1tllrttinal 
UIJCCltOn of adrno-a&~;od~IC'd vtrus geu1• VCI.Ior short-term results of 
a phase ltnal /lum Gt>lf Thtr2008: 19: 979-1)(}. 

19 Codrdyan AV, l l.rtt~wirlh W, Al<•matt 'f'S. ('l,ol. ll11ntn11 RPF6~ grttr 
tht·r~py for I t•ht•r rnuw•nrl.ol attorttrruso.< pt·r~IMirnc<' nf Parly vlsu.tl 
rmprnvcmcnts and safrty at " "'' y••ar. 1/wu Gtue ·n~er2009~ 
20: <)<)<)...1(1(1•1. 

20 Sirnottrlli 1', MJguin• A. Tt·~la F. t•l ~I Crnt•lhrr.rpy for l.rber's 
congrnlt.ol am:rurosrs i~ sor.• a11J t•nc..tt"<'lhrough ottc year alier 
vc.:tor •dmlnistralion. A 1 I 1 "I' II rio n 11 

I I lr.' 1 u •lr ah t ~· J u I" I 
.r <t 1 o r ~ r ncr rum tlus hst but )1>U 

1t f '"'"uh!z:thfodr n d f ., "-+ d 

ll fltouuicdh j. Wnglrl jl·. Komuomy A. rl ~I Re"·rsal nf blmdnrss m 
armiW models of LeiX'r congtnot.ll anJ;~uroso~ usmg optmuzcd 
MVJ-mcdtalrd grnr lron•ftr. MIIIThtr 1008: JS8· 1782-84 

22 Dt•r.on fl, Sattdbc-rg MA. R05nrr D. Dudo DG ll•nson All 
Natural course of rctimlls ptguu•ttlos:l over a 3-ye.u mlc.....U 
Am J Ophllwlm1~ 1'>85. 99 240 S I. 

B St-tplt W. Clt·mt·n• C. Grrt•nslrlll V, Cur R. llolopogo•n K. 
Test-retc<l rehabohty of th~ multo foul riKtrorrtmo~ram and 
I lumphrt')• VISU~IIield. 111 paloenll with rehmtrs pigmento•a 
Do< Oplorhulnwl 2004. 109 1S5-71 

24 l'uglt ~Jr. l.mob T Amphli, .. toon and kmrucs oftloc a<llvallou steps 
m phototra11sductoou BIOdoom Baorl•)~ ArftJ 1991: 1141: 111-49 

25 Berg•mm 0. KJtdon II l.atrntt ofthr pupollight rt·O~• s;rmplr 
rJie, ~lnnulu~ ulleusaty, and vJnalton m norm.il subJ('<.ts. 
lniiCSI Ophtlu>lmol Vh So 2004: • s~ 1259-71. 

26 I ort•nt II. C)'ltnts 1'. Prt·o~tull M. llrrm'>t'r OG. l'<otly-ouscl <cvrrc 
rod-cone d)"lroplry lu yottiiR th1ldrcn WJth Rl'f6~ mut~tious. 
lnV<SI Ophfholutol Vu Sd 2003. 4-4: 1546-54. 

27 Jacobs I. D<•ll'Osso I . lh•rll~ R. Atl:urd G. 8rometl j. Eyr 
movement recmd1nt;M J~ Jn rfTt'CIIvt•m'tl~ iudltator of 11rue lltcrapy 
in RPE65-delic.orul canim•s: ln oplkalion~ lor lire ocular nooi(Jr 
sysll'm lnw~l Otohllw/mol Vis Sd 2004; 4S: 12~<)..71. 

28 Cidrciy~n A. l lnuswlrtlr W. Alrmnu 1: l'l ol Vlslo11 I yeJ r aft~r g~ur 
ther•rY ior l.eiX'r's cottgclli tJiamuurosos. N l'••BJ Ma/2009; 
361: 72'>-27. 

www thei•IICCI.COm Published online October 26, 2009 001:10.1016/50140·6736(09)61836·5 

52 

Articles I 

9 




