
UCLA
UCLA Previously Published Works

Title
Effect of Ciliary Neurotrophic Factor on Retinal Neurodegeneration in Patients with Macular 
Telangiectasia Type 2 A Randomized Clinical Trial

Permalink
https://escholarship.org/uc/item/0g95m05s

Journal
Ophthalmology, 126(4)

ISSN
0161-6420

Authors
Chew, Emily Y
Clemons, Traci E
Jaffe, Glenn J
et al.

Publication Date
2019-04-01

DOI
10.1016/j.ophtha.2018.09.041
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0g95m05s
https://escholarship.org/uc/item/0g95m05s#author
https://escholarship.org
http://www.cdlib.org/


Effect of Ciliary Neurotrophic Factor on Retinal 
Neurodegeneration in Patients with Macular Telangiectasia Type 
2:
A Randomized Clinical Trial

Emily Y. Chew, MD1, Traci E. Clemons, PhD2, Glenn J. Jaffe, MD3, Charles A. Johnson, 
MD4, Sina Farsiu, PhD3, Eleonora M. Lad, MD, PhD3, Robyn Guymer, MD, PhD5, Philip 
Rosenfeld, MD, PhD6, Jean-Pierre Hubschman, MD7, Ian Constable, MD8, Henry Wiley, MD1, 
Lawrence J. Singerman, MD9, Mark Gillies, MD, PhD10, Grant Comer, MD11, Barbara Blodi, 
MD12, Dean Eliott, MD13, Jiong Yan, MD14, Alan Bird, MD15, Martin Friedlander, MD, PhD16, 
for the Macular Telangiectasia Type 2-Phase 2 CNTF Research Group*

1Division of Epidemiology and Clinical Application, National Eye Institute, National Institutes of 
Health, Bethesda, Maryland. 2The Emmes Corporation, Rockville, Maryland. 3Duke Reading 
Center, Duke University, Durham, North Carolina. 4Neurotech Pharmaceutical, Cumberland, 
Rhode Island. 5Centre for Eye Research, University of Melbourne, Melbourne, Australia. 6Bascom 
Palmer Eye Institute, University of Miami Miller School of Medicine, Miami, Florida. 7Jules 
Stein Eye Institute, University of California, Los Angeles, California. 8Lions Eye Institute, 
University of Western Australia, Perth, Australia. 9Retina Associates of Cleveland, Cleveland, 
Ohio. 10Save Sight Institute, University of Sydney, Sydney, Australia. 11Kellogg Eye Center, 
University of Michigan, Ann Arbor, Michigan. 12Department of Ophthalmology, University of 
Wisconsin, Madison, Wisconsin. 13Massachusetts Eye and Ear Infirmary, Harvard Medical 
School, Boston, Massachusetts. 14Department of Ophthalmology, Emory University, Atlanta, 
Georgia. 15Department of Inherited Eye Disease, Moorfields Eye Hospital, London, United 
Kingdom. 16Department of Molecular Medicine, The Scripps Research Institute; Division of 
Ophthalmology, Scripps Clinic; and the Lowy Medical Research Institute, La Jolla, California.

Abstract

*A complete listing of the members of the Macular Telangiectasia Type 2-Phase 2 CNTF Research Group is available at 
www.aaojoumal.org.

Correspondence: Emily Y. Chew, MD, National Eye Institute, National Institutes of Health, Building 10, CRC, Room 3-2531, 10 
Center Drive, MSC 1204, Bethesda, MD 20892-1204. echew@nei.nih.gov.
Author Contributions:
Conception and design: Chew, Clemons, Jaffe, Johnson, Guymer, Constable, Gillies, Bird, Friedlander
Analysis and interpretation: Chew, Clemons, Jaffe, Johnson, Farsiu, Lad, Guymer, Rosenfeld, Hubschman, Constable, Wiley, 
Singerman, Gillies, Comer, Biodi, Eliott, Yan, Bird, Friedlander
Data collection: Chew, Clemons, Jaffe, Farsiu, Lad, Guymer, Rosenfeld, Constable, Wiley, Singerman, Gillies, Comer, Biodi, Eliott, 
Yan, Bird, Friedlander
Obtained funding: Chew, Clemons, Jaffe, Johnson, Farsiu, Lad, Guymer, Rosenfeld, Hubschman, Constable, Wiley, Singerman, 
Gillies, Comer, Biodi, Eliott, Yan, Bird, Friedlander
Overall responsibility: Chew, Clemons, Jaffe, Johnson, Bird, Friedlander

Supplemental material available at www.aaojournal.org.

HHS Public Access
Author manuscript
Ophthalmology. Author manuscript; available in PMC 2021 August 16.

Published in final edited form as:
Ophthalmology. 2019 April ; 126(4): 540–549. doi:10.1016/j.ophtha.2018.09.041.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.aaojoumal.org/
http://www.aaojournal.org


Purpose: To test the effects of an encapsulated cell-based delivery of a neuroprotective 

agent, ciliary neurotrophic factor (CNTF), on progression of macular telangiectasia type 2, a 

neurodegenerative disease with no proven effective therapy.

Design: Randomized sham-controlled clinical trial.

Participants: Ninety-nine study eyes of 67 eligible participants were enrolled.

Methods: Single-masked randomized clinical trial of 24 months’ duration conducted from May 

2014 through April 2017 in 11 clinical centers of retinal specialists in the United States and 

Australia. Participants were randomized 1:1 to surgical implantation of intravitreal sustained 

delivery of human CNTF versus a sham procedure.

Main Outcome Measures: The primary outcome was the difference in the area of 

neurodegeneration as measured in the area of the ellipsoid zone disruption (or photoreceptor 

loss) measured on spectral-domain (SD) OCT images at 24 months from baseline between the 

treated and untreated groups. Secondary outcomes included comparison of visual function changes 

between treatment groups.

Results: Among the 67 participants who were randomized (mean age, 62±8.9 years; 41 women 

[61%]; 58 white persons [86%]), 65 (97%) completed the study. Two participants (3 study eyes) 

died and 3 participants (4 eyes) were found ineligible. The eyes receiving sham treatment had 

31% greater progression of neurodegeneration than the CNTF-treated eyes. The difference in 

mean area of photoreceptor loss was 0.05±0.03 mm2 (P = 0.04) at 24 months. Retinal sensitivity 

changes, measured using microperimetry, were correlated highly with the changes in the area of 

photoreceptor loss (r = 0.86; P < 0.0001). The mean retinal sensitivity loss of the sham group was 

45% greater than that of the treated group (decrease, 15.81±8.93 dB; P = 0.07). Reading speed 

deteriorated in the sham group (−13.9 words per minute) with no loss in the treated group (P = 

0.02). Serious adverse ocular effects were found in 2 of 51 persons (4%) in the sham group and 2 

of 48 persons (4%) in the treated group.

Conclusions: In participants with macular telangiectasia type 2, a surgical implant that released 

CNTF into the vitreous cavity, compared with a sham procedure, slowed the progression of retinal 

degeneration. Further research is needed to assess longer-term clinical outcomes and safety.

Idiopathic macular telangiectasia type 2 is a bilateral, slowly progressive, degenerative 

condition of the retina that leads to marked decreases in visual function with blurred and 

distorted vision, affecting activities of daily life usually in patients in middle age.1 This 

condition progresses slowly and rarely results in total blindness. However, the affected 

individuals have profoundly reduced health-related quality-of-life measures compared with 

an age-matched normal reference group.2 Initially, macular telangiectasia type 2 was 

considered a vascular disease because of telangiectatic retinal vessels observed around the 

center of the macula,3 but it is now considered to be a primary neurodegenerative condition 

that also affects blood vessels and Müller cells leading to the loss of photoreceptors, as 

demonstrated in donor eyes.4 Subsequent studies of other donor eyes with a documented 

clinical diagnosis of macular telangiectasia type 2 also confirmed the loss of Müller cells 

and photoreceptors in the macular area.5 Central vision loss (legal blindness) may occur 

in late stages, caused by retinal atrophy or neovascular complications.1 There is no known 

effective therapy for this condition, which is estimated in 3 population-based studies in 
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Australia (data collected 2003–2007), the United States (1988–1990), and Africa (2005–

2007) to have a prevalence of 0.0045% to 0.022%, 0.01%, and 0.06%, respectively.6–8

Ciliary neurotrophic factor (CNTF)9,10 is a neurotrophic factor that can reduce 

photoreceptor cell loss in animal models of outer retinal degeneration.11–14 The 

Neurotech-501 encapsulated cell therapy implant (Neurotech Pharmaceuticals, Inc, 

Cumberland, RI) is a novel, cell-based drug delivery system. Encapsulated in a 

semipermeable hollow fiber membrane, genetically modified human retinal pigment 

epithelium cells release CNTF into the vitreous cavity of the eye. An open-label phase 1 

study that evaluated the adverse event of this treatment for macular telangiectasia type 2 

demonstrated that the treated eyes tolerated the procedure well.15 The drug seemed to be 

active and the adverse events profile was good at 5 years after insertion of the implant. This 

article reports the results of a multicenter randomized sham-controlled phase 2 trial designed 

to evaluate CNTF for the treatment of macular telangiectasia type 2.

Methods

This multicenter, randomized controlled clinical trial (ClinicalTrials.gov identifier, 

NCT01949324) conducted at 11 outpatient clinical sites of both academic and community 

retinal specialists in Australia and the United States evaluated the effects of CNTF on the 

course of macular telangiectasia type 2. The study visits included baseline screening, then 

visits on day 1, week 1, and months 3, 6, 12, 18, and 24 after surgery. Full details of 

the protocol and the statistical analyses plan arc available in the Protocol and Statistical 

Analyses Plan of the Supplemental Materials (available at www.aaojournal.org). This 

clinical trial was conducted according to the tenets of the Declaration of Helsinki and the 

protocol was approved at all sites by the local or central institutional review boards. All 

study participants provided written informed consent.

Participants

Eligible study participants were between 21 and 80 years of age with a diagnosis of macular 

telangiectasia type 2. The criteria for diagnosis included fluorescein angiographic leakage of 

the retinal vessels, retinal opacification, crystalline deposits, cavities in the inner and outer 

retina, and hyperpigmentation not involving the foveal center. The study eye had to have a 

disruption in the ellipsoid zone layer (evidence of photoreceptor loss) between 0.16 and 4.00 

mm2 as measured on the en face spectral-domain (SD) OCT images by the central reading 

center. The best-corrected visual acuity (BCVA) had to be 20/50 or better (Early Treatment 

Diabetic Retinopathy Study visual acuity test score of 64 or better). An exclusion criterion 

included presence of subretinal neovascular proliferation. The other inclusion and exclusion 

criteria are listed in Table S1 (available at www.aaojournal.org).

Race also was noted in this study because Food and Drug Administration regulations require 

sponsors of Investigational New Drugs to report the total number of participants initially 

planned for inclusion in the study and the number entered into the study to date, tabulated 

by age group, gender, and race. In addition, the Food and Drug Administration requires the 

reporting at the end of the study. Determination of race was made by the participant and 
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based on fixed categories where multiple races could be chosen, and if other, a “specify” 

field was included.

Randomization

This was a single-masked randomized trial because the sham treatment was designed to 

mimic the treatment procedure to mask (or blind) the participant to whether the study eye(s) 

received the implant or the sham therapy. A permuted block design was used (block size 

4) to achieve balance between the treatment groups. Randomization was conducted using 

a proprietary internet-based web randomization system (IWRS) (Advantage EDCSM: The 

Emmes Corporation, Rockville, MD). In participants who had 1 eligible eye, each eligible 

eye was randomized 1:1 to a group in which a CNTF implant was placed, or to one in 

which a sham procedure was performed. For those participants with both eyes eligible, the 

right eye was randomized to the active treatment or a sham procedure, whereas the left eye 

received the alternative treatment.

Intervention

The effects of CNTF on the course of macular telangiectasia type 2 were evaluated. 

The Ncurotech-501 implants producing CNTF at 20 ng/day were provided by Neurotech 

Pharmaceuticals, Inc. All study participants were taken to the operating room for the 

placement of the intraocular implant of CNTF or the sham procedure. All surgeons were 

trained and certified for this implant procedure. The implant was inserted surgically in the 

study eye through a small (2-mm) inferotemporal circumferential incision at the pars plana 

into the vitreous cavity outside the visual axis. The implant was secured to the sclera by 

a suture passed through a titanium anchor loop at the end of the implant and then through 

the sclera. The incision site was closed with 3 sutures and covered with conjunctiva. More 

details about the implant arc found in Appendix B (available at www.aaojournal.org). Eyes 

assigned to the sham procedure underwent similar preoperative preparation; a conjunctival 

incision was made and then closed with a suture, but the globe was not penetrated.

Outcome Measures

Primary Outcome.—The primary outcome was the change in the area of the ellipsoid 

zone disruption as measured on SD OCT images at 24 months from the baseline. A 

masked and certified technician obtained SD OCT images at baseline and at each follow-up 

visit. Images were graded at the Duke Reading Center (Duke University, Durham, NC) by 

masked and trained readers using a standardized protocol. In each SD OCT volume, the 

cross-sectional annotation of the ellipsoid zone layer boundaries on individual images were 

interpolated to create an en face ellipsoid zone thickness map allowing the measurement of 

the area of photoreceptor loss.16

Secondary Outcomes.—Secondary outcomes evaluated changes relative to baseline 

measurements in the following: change in ellipsoid zone (photoreceptor loss) from baseline 

to month 12, proportion of study eyes with 35% or more increased from baseline in the 

ellipsoid zone disruption at months 12 and 24, changes in BCVA from baseline to months 12 

and 24, proportion of study eyes with 15-letter or more (or with 10-letter or more) loss from 

baseline at months 12 and 24 months, change in retinal sensitivity (in decibels) as measured 
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by microperimetry from baseline to months 12 and 24, and change in monocular reading 

speed at baseline to months 12 and 24. Humphrey visual fields (30-2; Carl Zeiss Meditec, 

Dublin, CA) obtained at baseline and each study visit also were evaluated for change at 

months 12 and 24.

At each study visit, certified study personnel conducted comprehensive dilated eye 

examinations that included BCVA using the Early Treatment Diabetic Retinopathy Study 

visual acuity test, measurement of monocular reading speed using the International Reading 

Speed Texts (IReST; Precision Vision, La Salle, IL),17 Humphrey visual fields (30-2), 

and evaluation of retinal sensitivity using microperimetry using the Macular Integrity 

Assessment (CenterVue, San Jose, CA) microperimeter. The retinal sensitivity thresholds 

obtained by microperimetry were mapped onto a fundus image. The mapping of the 

ellipsoid zone loss on the SD OCT images resulted in an en face image that was overlaid 

onto the microperimetry fundus image to evaluate for one-to-one correspondence. The 

aggregate sensitivity is considered a measure of the retinal function, especially over the area 

of the scotoma. Aggregate retinal sensitivity is derived by first summing and averaging the 

values on the test points on microperimetry that is outside of the scotoma (considered the 

background retinal sensitivity). The levels of the retinal sensitivity within the scotoma are 

subtracted from this mean. The sum of these differences results in the value known as the 

aggregate sensitivity. The greater the difference, the larger the loss of the retinal sensitivity 

in the area of the photoreceptor loss.

Exploratory Outcomes and Safety Outcomes.—Exploratory outcomes to investigate 

the efficacy of CNTF include change in the National Eye Institute Visual Function 

Questionnaire overall and subscale scores from baseline to months 12 and 24. The safety 

outcomes include change in electroretinography results that were found in the phase 1 study 

of CNTF therapy for macular telangiectasia type 2 and changes in visual fields that were 

detected in a clinical trial of CNTF therapy for retinitis pigmentosa. The electroretinography 

results were evaluated in a subset of participants, whereas Humphrey visual fields (30-2) 

were evaluated for all participants for changes from baseline to months 12 and 24. All study 

personnel in the outpatient clinics who performed the visual function testing (visual acuity, 

microperimetry, Humphrey visual field, reading speed, and electroretinography results) and 

who performed the ocular imaging were masked to the treatment allocation.

Sample Size Calculation

The sample size calculation was based on both the number of participants and the number 

of eligible eyes. For the primary outcome of the change in the area of loss of the ellipsoid 

zone area as determined on SD OCT imaging, it was estimated at month 24 that the area 

of photoreceptor loss in the sham group would enlarge by an average of 0.28 mm2 from 

baseline to month 24.18 A total sample size was estimated to require 68 participants (34 

per treatment group), assuming both eyes were eligible for 30% of the participants and the 

correlation between eyes was 10%.19 This was estimated to provide approximately 80% 

power, with a 1-sided type 1 error rate of 0.05, to detect a difference in means between 

groups of 0.084 mm2 (0.280 mm2 vs. 0.196 mm2, or a 30% reduction),18,19 with a standard 

deviation of 0.15 mm2 in each treatment group. We assumed that 10% of patients would 
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be lost to follow-up. No interim analyses were conducted. The 1-side type 1 error was 

chosen because of the previous experience with a phase 1 study in which participants 

followed up for more than 5 years showed minimal harmful side effects. Collectively, more 

than 250 participants with diseases of retinal neurodegeneration also were treated with the 

CNTF implant with minimal adverse effects in the past, although removal of the implant 

was required in a few cases and most were removed because the study protocols required 

removal at the exit of the study. The minimal clinically important difference between the 2 

treatment groups was determined based on the natural history available,18,19 assuming that 

the study is powered for a modest 30% treatment effect between the treatment groups.

Statistical Analyses

Data are presented as mean (standard deviation). The primary outcome was analyzed on 

the intention-to-treat (ITT) population, which included all participants, and the per-protocol 

(PP) population, which excluded all participants who were ineligible at baseline because of 

subretinal neovascular proliferation and inadequate area of photoreceptor loss, as well as 

those who had protocol deviations that precluded their data validity. The mean difference in 

change in continuous measurements between each treatment group and the corresponding 

1-sided P values were computed using a mixed-effects model incorporating both random 

effects (accounting for correlation between eyes) and fixed effects (treatment group). 

Logistic regression incorporating the generalized estimation equation methodology was 

performed for categorical outcomes to determine if there is a significant difference in 

the odds between the treatment groups for each of these end points. Mixed-effects model 

analyses were conducted to account for correlation between eyes. Statistical significance 

was based on a 1-sided P < 0.05.

The primary efficacy analysis involved a single hypothesis test at the standard significance 

level of 5%. All values produced for secondary efficacy analyses, safety analyses, and 

treatment group comparisons of demographic and baseline characteristics are considered 

descriptive statistics that support the results of the primary efficacy analysis, and not as 

formal tests of hypotheses. For this reason, adjustments for multiple comparisons are not 

needed and were not performed. Generally, analysis models of secondary efficacy end points 

include the main effect of treatment groups. All secondary efficacy analyses were performed 

on the ITT population only.

All analyses were performed using commercially available statistical software (SAS version 

9.3; SAS Institute, Cary, NC). Adverse events data were evaluated by tabulations of 

treatment-emergent events and separated out by eye (treated or not treated) for ocular 

adverse events.

Results

Study Participants and Baseline Characteristics

Between May 14, 2014, and April 22, 2015, 112 participants were screened and 99 study 

eyes of 67 eligible participants were randomized and underwent either sham or implant 

surgery (Fig 1). The study was conducted for a follow-up period of 24 months with the 
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clinical trial ending on April 30, 2017. The mean age ± standard error of the participants 

was 62±8.9 years; 61% were women, and 86% were white (Table 2). In 35 participants, a 

single study eye (16 implant, 19 sham) was randomized, and 32 participants had 2 randomly 

assigned study eyes (Table 2). After enrollment, 4 study eyes (3 participants) were found 

to be ineligible because of neovascularization (3 eyes) or lesion size outside the acceptable 

range (1 eye). Except for the 2 participants (3 study eyes; both participants underwent 

CNTF implantation) who died, all study participants were evaluated through 24 months. 

The baseline mean ± standard deviation area of photoreceptor loss was 0.70±0.42 mm2 for 

treated eyes and 0.77±0.55 mm2 for sham eyes (P = 0.24; Table 3). The mean ± standard 

deviation BCVAs at baseline were 76.9±5.9 letters and 76.1±6.75 letters (P = 0.39; Snellen 

equivalent, 20/30) in the implant and sham groups, respectively. The mean monocular 

reading speed at baseline using the International Reading Speed Texts18 was reduced at 

94.3±46.1 words per minute (wpm) for the treated group compared with 107.3±43.2 wpm 

for the sham group, which was not statistically significantly different (P = 0.13). The 

expected fluent reading speed is approximately 160 wpm at a reading level of sixth grade.20 

The National Eye Institute Visual Function Questionnaire completed by all participants 

showed an overall mean value of 80.54±11.2 for the sham group and 72.78±15.2 for the 

treated group (P = 0.25), lower than the maximum score of 100. For the near activities 

subscale, the baseline mean was 70.39±21.65 for the sham group and 62.5±20.18 for the 

treated group (P = 0.46).

All participants and eyes were included in the ITT analyses. Per-protocol analyses excluded 

the 4 study eyes of participants not meeting the eligibility criteria and an additional 3 eyes 

that had undergone an incorrect imaging method (2 eyes) or were not gradable (1 eye) for 

the photoreceptor loss on the SD OCT.

Primary Outcome

The primary outcome was photoreceptor loss measured on SD OCT images. The mean (SE) 

area of photoreceptor loss increased 0.27±0.05 mm2 from baseline to 24 months in the sham 

group compared with 0.22±0.05 mm2 from baseline to 24 months in the implant group 

in the ITT analyses. The eyes receiving sham treatment showed 31% greater progression 

of neurodegeneration than the CNTF-treated eyes. The difference in mean (SE) area of 

photoreceptor loss was 0.05±0.03 mm2 (P = 0.04; 95% 1-sided U = 0.10) at 24 months. 

For the PP analyses, the mean (SE) increase in area of photoreceptor loss at 24 months 

was 0.21±0.03 mm2 in the sham group compared with 0.15±0.03 mm2 in the implant group 

(difference, 0.06 mm2; P = 0.03; 95% 1-sided U = 0.12). There were 2 deaths and no 

participants were lost to follow-up. Multiple imputation for missing data (deaths before 

24 months) was used as a sensitivity analysis with regard to the results. Using multiple 

imputation, the mean (SE) difference for the ITT population was 0.05±0.03 mm2 (P = 0.05).

Secondary Outcomes

Change of More than 35% Increase in the Ellipsoid Zone at Month 24.—At 

month 24, 44% of participants in the sham group versus 31% of participants in the treated 

group (P = 0.06) in the ITT population experienced a more than 35% increase in the 
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ellipsoid zone loss from baseline. Post hoc analyses of the PP group showed the proportions 

to be 43% in the sham group versus 28% in the treated group (P = 0.05).

Best-Corrected Visual Acuity.—At 24 months, the mean ± SE changes from baseline in 

BCVA were −0.53±0.64 letters and −1.52±0.67 letters for the sham and implanted groups, 

respectively (difference, 0.99 letters; P = 0.12; 95% 1-sided U = 2.4) for the ITT population. 

For the PP analyses, the mean ± SE changes from baseline in BCVA were −0.40±0.57 letters 

and −0.85±0.59 letters for the sham and implanted groups, respectively (P = 0.28).

Microperimetry.—The changes in the photoreceptor loss compared with the changes in 

the retinal sensitivity measured on microperimctry were correlated highly (r = 0.85; P < 
0.001) at 24 months. For the ITT analyses through 24 months, the difference in the retinal 

sensitivity loss was not statistically significantly different between the 2 treatment groups 

(difference, 15.81±10.66 dB; P = 0.07; 95% 1-sided U = 33.62). The retinal sensitivity loss 

was statistically significantly greater in the sham group, and the difference in change in 

aggregate retinal sensitivity loss between the sham and implant groups was 24.39±8.17 dB 

(P = 0.002; 95% 1-sided U = 38.04) in the PP analyses through 24 months, as demonstrated 

in post hoc analyses.

Reading Speed.—Mean monocular reading speed in words read per minute decreased 

in the sham-treated eyes by 13.90±4.69 (SE) wpm at 24 months. In the treated eyes, the 

reading speed did not change appreciably from baseline at 24 months (−1.30±4.81 wpm; 

difference, −12.60 words; P = 0.02; 95% 1-sided lower value, −22.71). For the post hoc PP 

analyses, the mean change from baseline in reading speed was reduced by 13.93±4.79 wpm 

and was reduced minimally for the treated eyes (0.92±4.91 wpm; difference, −13.00 words; 

P = 0.02; 95% 1-sided lower value, −23.31).

National Eye Institute Visual Function Questionnaire.—The analyses included only 

35 participants who contributed 1 eye to the study. They included 19 in the treated group and 

16 in the sham group. There was no statistically significant difference between the treatment 

groups for either the overall National Eye Institute Visual Function Questionnaire score 

(mean difference, 0.25±3.47) or the near vision subscale score (mean difference, 3.47±5.96) 

in this small sample size.

Safety Outcomes

Electroretinography.—To evaluate electroretinography further and to evaluate adverse 

events of the CNTF implant, 4 clinical sites performed electroretinography in both eyes in 

18 study participants (5 participants randomized to sham only, 5 participants randomized to 

CNTF implant only, and 8 participants randomized to both) at baseline and visits 6, 12, and 

24 months. Electroretinography testing was performed in both eyes for all participants. In 8 

CNTF-treated study eyes (of 8 participants), the elcctroretinography B-wave amplitude was 

reduced in response to a dark-adapted dim flash at 6 months of follow-up. The responses 

to the high-luminance flashes, photopic single-flash, and 30-Hz flicker electroretinography 

scans were well preserved. By 24 months, this reduction returned to the baseline level in 

available participants. Follow-up electroretinography examinations were not available for 2 
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participants who died during the course of the study. The remaining 16 participants who 

underwent electroretinography examinations were found to have no abnormalities that were 

relevant to the safety issues.

Humphrey Visual Fields.—Humphrey visual fields were conducted in 85 study eyes (44 

sham-treated eyes). The difference in retinal sensitivity between the sham- and the CNTF

treated eyes at months 12 and 24 was evaluated using the mean deviation and the pattern 

standard deviation. For the mean deviation results, the baseline mean ± SE values were 

−0.93±0.26 for the sham group and −0.66±0.26 for the CNTF-treated group (P = 0.32). At 

24 months, the difference in the mean ± SE mean deviation between the 2 treatment groups 

was 0.33±0.34 (P = 0.17). The pattern standard deviation results showed no differences in 

the mean ± SE at baseline, 2.04±0.22 (sham) versus 2.35±0.22 (CNTF treated; P = 0.21), 

and at 24 months, the mean difference was 0.30 (P = 0.17). Because miosis is known to 

reduce visual field measurements, analyses were conducted with adjustment to miosis. The 

results again showed no statistically significant differences between the sham and treated 

groups.

Adverse Events

Adverse Ocular Events.—The implant was well tolerated, and no removal was required. 

In general, removal of the implant is required in cases of infection, inflammation, chronic 

pain, and dysfunction such as delayed dark adaptation resulting from severe miosis. Most 

ocular adverse effects were related to the surgical or sham procedure, and most of these 

resolved by the 3-month visit. These included conjunctival hemorrhage, ocular pain, dry eye, 

and others that are listed in Table 4. Two adverse events persisted throughout the duration 

of the study and were likely related to CNTF. These included self-reported delayed dark 

adaptation (18.8%) and miosis of the pupil (18.8%) in the treated eye. Five participants 

reporting difficulty with dark adaptation also reported miosis.

Pupil Size.—Previous studies revealed that approximately 20% of all eyes implanted with 

CNTF demonstrated miosis. The pupils were measured at baseline and annually in this 

study. At baseline, the mean ± standard deviation pupil diameter was 3.61±0.93 mm for the 

sham group and 3.72±0.84 mm for the treated group (P = 0.63). The mean ± SE difference 

of the pupil size between baseline and 24 months was −0.21±0.13 mm for the sham group 

and −1.13±0.14 mm for the treated group (difference, 0.92; P ≤ 0.001).

Serious Adverse Events.—Serious adverse events were reported for 12 participants, 

including 2 deaths resulting from aortic aneurysm and myocardial infarct (Table 5). Both 

deaths occurred in participants assigned to receive CNTF. Eight of these 12 participants 

contributed both a control eye and a treated eye, and the adverse events occurred in 

multiple organ systems, making causality attribution difficult. In general, the serious adverse 

events were not related to the eye and none was reported as related to CNTF, following 

guidelines for relatedness provided in the protocol. One participant (2 study eyes) reported 

an ophthalmic serious adverse event of extended hospital stay (1 day) because of blurred 

vision immediately after the procedure. This event resolved without sequelae.
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Discussion

In participants with macular telangiectasia type 2, a surgical implant that released CNTF 

into the vitreous cavity, compared with a sham procedure, slowed the progression of 

retinal degeneration. The corresponding visual function as measured by microperimetry 

demonstrated a greater decrease in retinal sensitivity in eyes receiving the sham treatment 

compared with the CNTF implant-treated eyes. The reading speed was stabilized in eyes 

receiving the implant, whereas those who underwent the sham treatment continued to show 

decrease in reading speed. Central visual acuity loss was minimal and did not differ between 

groups. Visual field and electroretinography testing suggested no safety concerns associated 

with the use of CNTF for persons with macular telangiectasia type 2.

The current hypothesis tested whether neurotrophin CNTF would decrease photoreceptor 

loss, which in turn would be reflected by visual functional benefit. The loss of ellipsoid zone 

integrity on OCT was chosen as an objective measure of photoreceptor loss. Breaks in the 

ellipsoid zone are considered to represent regions of photoreceptor loss.21 Photoreceptor loss 

was reduced significantly in the CNTF-treated eyes. In a previous study of 18 donor eyes 

that compared ex vivo OCT assessments with histopathologic findings, there was a good 

correlation of the ellipsoid zone segmentation on OCT with the histologic appearance of 

photoreceptor inner and outer segments.22 Furthermore, in 7 autopsy eyes from individuals 

affected with macular telangiectasia type 2, the SD OCT images also compared well with 

the histologic findings.4,5 In another study, the structural changes observed on OCT that 

reflected photoreceptor loss correlated well with the functional changes as measured by the 

area of retinal sensitivity change on Macular Integrity Assessment microperimetry. Together, 

these observations support the structure–function relationships that we observed in the 

present study.

Mean visual acuity loss (BCVA) at month 24 for treated and control eyes was approximately 

1 letter in both groups. A previously reported study of the natural course of macular 

telangiectasia type 2 in 507 participants followed up for a mean ± SE duration of 4.2±1.6 

years demonstrated the mean ± SE rate of visual acuity loss of 1.07±0.5 letters per year.23 

Thus, the functional measure of BCVA, where the clinically meaningful difference is 15 

letters, would not be an appropriate primary outcome of an intervention in this disease 

and underestimates the impact that this disease has on near vision tasks. However, when 

individual measures of visual acuity were evaluated for safety, no treated eye had visual 

acuity loss of 15 letters at the end of the study.

Because distance visual acuity is an insensitive measure of progression of functional loss 

in this condition, retinal sensitivity as measured by microperimetry and reading speed 

were evaluated. These data confirmed that these measures of function were reduced 

markedly in the study population. Consistent with the premise that CNTF slows the loss of 

photoreceptors, there was a reduction in point-wise functional loss (aggregate sensitivity) 

identified by microperimetry data overlays. A functional benefit also was seen in the 

stabilization of reading speed, as evidenced by no further loss in the number of words 

read per minute in the treated group. This finding is likely clinically meaningful, because 

one of the major early symptoms reported by patients with macular telangiectasia type 2 is 
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difficulty with reading, despite preserved measure of distance visual acuity. Metamorphopsia 

(distortion) and the presence of scotomas in both eyes contribute to difficulty with near 

vision tasks that require scanning.

These results apply to a specific group of patients with macular telangiectasia type 2 with a 

specific lesion size. Would lesions smaller or larger or even those patients in whom there are 

not lesions evident benefit from this treatment? The generalizability of these study results is 

somewhat limited. Further evaluation is required to understand the therapeutic effectiveness 

in other affected persons.

An important question that may be difficult to answer is why CNTF seems to be beneficial 

specifically in eyes with macular telangiectasia type 2 and in no other clinical trials of 

retinal degenerations, such as retinitis pigmentosa.24 The mechanisms of action of the 

therapy are not fully understood, and the pathogenesis of macular telangiectasia type 2 

and other retinal degenerations most likely are quite different. Is it possible that we are 

intervening at an earlier stage of this disease in macular telangiectasia type 2, whereas the 

participants in the study with retinitis pigmentosa or geographic atrophy associated with 

age-related macular degeneration25 were already in the more severe stage of disease? The 

study outcome measures also were different. The explanation is that the success or failure of 

CNTF for such complex diseases requires further research in each area.

The strengths of this study include the evaluation of the outcome at a centralized reading 

center by certified personnel who were masked to the treatment assignments. The tests of 

visual function were standardized and administered at each clinical site by certified and 

masked personnel. The microperimetry data were assessed at the reading center using a 

standardized protocol to assess the correlation of the functional and structural data. Previous 

studies have demonstrated similar high rates of correlation.17,21,26 Study follow-up was 

excellent, with all surviving participants completing all study visits.

The first potential limitation of the study design is the use of the 1-sided P value for 

estimation of sample size. This was undertaken because the previous phase 1 study15 

showed no major adverse effect after 5 years of follow-up, and several studies of retinal 

neurodegeneration collectively enrolled 256 participants who also demonstrated no harmful 

effects. Results from a phase 2 study are not translated into clinical recommendations, and 

it is anticipated that 2-sided comparisons will be required for phase 3 studies. Currently, 

2 phase 3 studies are enrolling participants in 2-sided comparison designs to test this 

hypothesis.

The second limitation of the study is the relatively short follow-up for a neurodegenerative 

disease with slow progression. These participants will be followed up for at least an 

additional 5 years in an extension study to gather long-term information on the effects of the 

CNTF secreting Neurotech-501 implant on this condition. The activity and durability of this 

implant were tested in both pharmacokinetic studies and in devices that have been explanted 

for as long as 5 years (Kauper et al, Invest Ophthalmol Vis Sci. 54:ARVO e-abstract 3295, 

2013). The implant continued to show activity.
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The third limitation is the inability for the investigators to know the minimal clinical 

important difference between the treatment groups for this primary end point. The sample 

size calculation was based on data calculated from a natural history study in macular 

telangiectasia type 2.18,19 A mean difference of 0.084 mm2 between the 2 treatment groups 

was chosen based on the assumption of powering for a modest 30% difference between 

the treatment groups. Further studies are required to evaluate the validity of this minimal 

clinically important difference.

Finally, what is the generalizability of these results of this group of patients with macular 

telangiectasia type 2 with specific lesion size of ellipsoid zone loss? Would lesions smaller 

or larger benefit from this treatment? The generalizability of these study results are 

somewhat limited. Further evaluation is required to understand the therapeutic effectiveness 

in other affected persons.

In conclusion, in patients with macular telangiectasia type 2, a surgical implant that released 

CNTF into the vitreous cavity, compared with a sham procedure, slowed the progression of 

retinal degeneration as measured by the loss of the ellipsoid zone band determined on SD 

OCT and maintained the reading speed. Further research is needed to assess longer-term 

clinical outcomes and safety.
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Figure 1. 
Consolidated Standards of Reporting Trials (CONSORT) diagram demonstrating the patient 

flow and the participants included in the analyses of this study of sham-controlled trial of 

implant of ciliary neurotrophic factor (CNTF) for the treatment of macular telangiectasia 

type 2. BCVA = best-corrected visual acuity; CNV = choroidal neovascularization; EZ = 

ellipsoid zone; ITT = intention to treat.
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