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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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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. 

42 



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. 
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