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Abstract
Objective—The aim of the current study is to show the clinical data of long-term (3 year)
follow-up of five patients affected by Leber Congenital Amaurosis type 2 (LCA2) treated with a
single unilateral injection of AAV2-hRPE65v2.

Design—clinical trial
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Participants—five LCA2 patients with RPE65 gene mutations

Methods—After informed consent and confirmation of trial eligibility criteria, the eye with
worse visual function was selected for subretinal delivery of Adeno-Associated Virus (AAV2-
hRPE65v2). Subjects were evaluated before and after surgery at designated follow-up visits (1, 2,
3, 14, 30, 60, 90, 180, 270, 365 days, 1.5 years and 3 years) by complete ophthalmic examination.
Efficacy for each subject was monitored with best corrected visual acuity, kinetic visual field,
nystagmus testing and pupillary light reflex.

Main Outcome Measures—best corrected visual acuity, kinetic visual field, nystagmus testing
and pupillary light reflex.

Results—The data showed a statistically significant improvement of best corrected visual acuity
between baseline and 3 years after treatment in the treated eye (p<0.001). In all patients we
observed an enlargement of the areas of visual field, which remained stable till 3 years post
injection (average values: baseline 1058 deg2 vs 3 years post treatment: 4630 deg2) and a
reduction of the nystagmus frequency compared to baseline at the 3 year time-point. Furthermore,
a statistically significant difference was observed in the pupillary constriction of the treated eye
(p<0.05) compared to the untreated eye in three patients at 1 and 3-year time-points. No patients
suffered serious adverse events related to the vector in the 3 year post-injection period.

Conclusions—The long-term follow-up data (3 years) on the 5-patient Italian cohort involved in
the LCA2 gene therapy clinical trial clearly showed a stability of improvement in visual and
retinal function that had been achieved a few months after treatment. Longitudinal data analysis
showed that the maximum improvement was achieved within six months after treatment, and the
visual improvement was stable up to the last observed time-point.

Gene therapy has recently been explored for the treatment of previously incurable inherited
retinal diseases in animal models and in human subjects. Particularly, three independent
clinical trials, which initiated almost contemporaneously in 2007 (NCT00481546,1

NCT00516477,2 NCT00643747,3 clinicaltrials.gov) were performed to evaluate safety and
efficacy of gene therapy for Leber Congenital Amaurosis (LCA) type 2. LCA2 is a retinal
degeneration due to mutations in the RPE65 gene. Lack of functionality of this gene results
in a deficiency of 11-cis-retinal, so that rod photoreceptors are unable to respond to light.
Clinical assessment of LCA2 patients shows severely reduced electroretinogram (ERG) and
pupillary light reflex (PLR), nystagmus and fundus abnormalities. Moreover, most patients
retain visual capabilities in the first decade of life4 along with nearly normal macular
thickness.

In the three initial clinical trials, the patients were treated with a single unilateral subretinal
injection of adeno-associated virus 2 (AAV2) carrying the RPE65 gene in the eye with the
worst vision. A safety assessment showed the presence of minimal systemic immunological
response in two trials2, 5 and the absence of serious adverse events in all three trials.
Moreover, the reports on short-term follow-up of the three trials showed an improvement in
selected measures of vision including best corrected visual acuity (BCVA),2 kinetic visual
field (VF),2 nystagmus testing,2 pupillary light reflex,2 microperimetry,3 dark-adapted
perimetry3 and dark adapted full-field sensitivity testing.2, 3, 5 These short-term
improvements after the unilateral injection posed questions about the longevity of gene
therapy efficacy, requiring a multi-year follow-up to assess the validity of the treatment. In
any case, the promising results obtained motivated a new clinical trial for the re-injection of
previously treated patients in the contralateral eye (NCT01208389)6. Few long-term follow-
up reports exist, among which, Jacobson et al.7 illustrating the results of three year follow-
up for patients in the University of Florida/University of Pennsylvania clinical trial.
Considering that the trials 2,3,5 employed multiple cohorts, each receiving different doses,
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different volumes, multiple surgeons, and, in several cases, different injection strategies,
further data of relatively long-term follow-up are needed.

In the present report, we describe the long-term (3-year) follow-up of all five Italian subjects
enrolled in the RPE65 gene therapy clinical trial performed at The Children’s Hospital of
Philadelphia (CHOP) in conjunction with the Second University of Naples (SUN)
(NCT00516477).2 The Italian patients are the only patients treated in the clinical trial
NCT00516477 with a follow-up of at least three years after the first subretinal injection and
before the treatment of the contralateral uninjected eye.

The results of the current study showed a long-term stability of visual function
improvements following a single unilateral sub-retinal injection of the AAV2-hRPE65v2
vector.

Methods and materials
Study population

All details of the design, consent, and vector administration in the current phase 1 clinical
trial NCT00516477 (ClinicalTrials.gov) have previously been reported.2 The study was
approved by a National Ethics Committee in Italy and adhered to the tenets of the
Declaration of Helsinki. Briefly, five LCA2 subjects were first evaluated at the SUN
(Napoli, Italy) in 2002. The Italian patients were identified as NP01, NP02, NP03, NP04 and
NP15 and the short-term follow-up data for the first three patients (till 1.5 years) have been
described in Simonelli et al.,7 for NP04 (1 year) and NP15 (3 months) in Maguire et al. 8

The patients were evaluated throughout the 3 year period prior to treatment and their
diagnosis was based on visual and retinal function studies and confirmed by genetic
analysis.9 The main demographic characteristics of the patients are reported in Table 1.
After informed consent and confirmation of trial eligibility criteria described elsewhere,2 the
eye with the worse visual function was selected for delivery of AAV2-hRPE65v2. The
vector was manufactured by the Center for Cellular and Molecular Therapeutics at CHOP
(Philadelphia, PA) and delivered subretinally at CHOP as described elsewhere2; the
injection was delivered in the macular area in all patients except NP01 who presented
macular atrophy.8

Follow-up protocol
Subjects were evaluated before and after surgery at designated follow-up visits (1, 2, 3, 14,
30, 60, 90, 180, 270, 365 days, 1.5 years and 3 years) by complete ophthalmic examination.
Efficacy for each subject was monitored with objective and subjective measures of vision, as
described below. Some of the procedures were unique to the SUN site, i.e. fundus
autofluorescence (AF) and microperimetry.

Objective measurement of visual functionality
Objective measures included evaluation of full-field ERG, PLR, and nystagmus testing.

ERGs were recorded in Italy (at baseline and at 60, 365 days, 1.5 years and 3 years) in both
eyes using LACE Elettronica Electrophysiology system (Pisa, Italy), with ERG-jet contact
lens electrodes. For ERG analyses, subjects’ pupils were dilated with 1% tropicamide, and
the subjects were dark adapted for 30–45 minutes following International Society for
Clinical Electrophysiology of Vision standard guidelines10 as described previously.2

Pupil responses were recorded simultaneously in both eyes with a Procyon P2000
pupillometer and PupilFit4 software (Monmouthshire, UK).11 Details of the most updated
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protocol and related software developed ad doc were described in a technical report12

focusing on biomedical engineering issues related to pupillometry. Briefly, responses were
measured in a dark room after 40 minutes of dark adaptation by sequential stimulation in
each eye with white light under low, medium and high intensity conditions (0.04, 0.4 and 10
lux, respectively).11 For each intensity condition two tests were performed: Test 1 - eight
consecutive cycles consisting of a light stimulus presented for 0.2 seconds followed by a 1
second dark interval; Test 2 - six consecutive cycles consisting of a light stimulus presented
for 1 second followed by a 0.6 second dark interval. In both tests, the light stimulus was
presented alternatively to the right and left eye and each test was repeated twice: the first
time starting with the stimulation of the right eye, the second time starting with the
stimulation of the left one. A series of parameters were computed for each stimulus. In our
previous study12 we showed that the percentage of pupillary constriction, defined as the
ratio between the minimum diameter during contraction and the baseline diameter before
stimulus, is the most informative parameter and for that reason, in the current study, we will
refer to this parameter.

Characteristics of nystagmus were evaluated by videotaping the eye movements at baseline
and at the 3 year time-point for qualitative clinical analysis of the subjects’ oscillation and
strabismus.2 Furthermore, nystagmus was characterized quantitatively by analysis of motion
paths in videos taken prior to the treatment and at post-injection time-points. MATLAB
software was developed ad hoc to perform the analysis in a semi-automatic manner,
adopting the algorithm described for pupillometry to detect pupil position.

Subjective measurement of visual functionality
Subjective measures included standard tests of BCVA, VF, and mobility testing to assess the
ability of the subjects to navigate an obstacle course. BCVA was measured by trained vision
examiners using a standard protocol involving Early Treatment Diabetic Retinopathy Study
(ETDRS) charts and letter counts. Letter scores were converted to the log of the Minimum
Angle of Resolution (logMAR), on a scale ranging from 0.00 to 2.00, with higher values
indicating poorer vision. Eyes that could detect hand motions were assigned a score that was
one line worse than the largest printed line on the chart tested at a standardized distance of 4
m (<20/1600) to provide the most conservative evaluation in terms of underestimating the
actual extent of visual impairment. VF was measured using Goldmann perimetry (Haag
Streit Perimeter 940; Haag Streit, Mason, OH).13 The visual field isopters were obtained
using the V4e test object.2 Mobility testing was carried out as previously described,2 using
different mazes each time the test was performed. Scoring was based on the number of
obstacles avoided or hit, the number of landmarks identified and the time necessary to
complete the test.

Additional exams
Additional secondary studies included optical coherence tomography (OCT), AF
measurements, multifocal ERG (mfERG) and microperimetry.

OCT scans were performed in each patient using the Cirrus HD-OCT (Carl Zeiss, Dublin,
CA) and the acquisition protocol comprised both a five-line raster scan and a macular cube
scan pattern (512×128 pixels) in which a 6 mm × 6 mm region of the retina was scanned
within a scan time of 2.4 seconds. The retinal thickness analysis protocol provided with the
instrument software was used to calculate the foveal thickness compared to age related
normal-sighted controls. AF was performed in each patient both before and after the
treatment and was recorded with a standard confocal scanning laser ophthalmoscope
(Heidelberg Retina Angiograph; Heidelberg Engineering, Heidelberg, Germany). To
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amplify the AF signal, we aligned the best five images obtained using the software
integrated in the instrument and calculated a mean image.

mfERG and microperimetry were performed prior to and after treatment only in the last and
youngest patient (NP15, 11 years old), who had the best BCVA (0.6 logMAR) and the best
fixation. Microperimetry was performed by an automatic fundus-related perimeter (MP1
Microperimeter, Nidek Technologies, Padova, Italy). For the purpose of this study, the
following parameters were used: a fixation target of 2° in diameter consisting of a red ring; a
white, monochromatic background with a luminance of 4 abs; and a Goldmann III–size
stimulus with a projection time of 200 ms.14 The stimulus was randomly projected
according to a customized radial grid of 61 points covering the central portion of the retina
(108 centered onto the fovea; points aligned on the 08, 308, 608, 908, 1208, and 1508 radial
axes, 18 apart), and a 4-2-1 double staircase strategy was used with an automatic eye tracker
that compensated for eye movements.15 mfERG was performed by Veris Science 6.1 system
(EDI, Inc., San Mateo, CA) according to ISCEV standards using DTL electrodes and a
stimulus array of 103 hexagons.16

Statistics
Following the recommendation by Beck17 about BCVA analysis in case of small sample
size, Wilcoxon rank sum test was adopted to compare BCVA score between baseline and
last follow-up time-points included in the current study. Moreover, to explore dependency of
BCVA on time or treatment, a longitudinal data analysis was performed using the method of
the “quasi-least-square”18 under Markov covariance structure, as implemented by the
GEEQBOX.19 Finally, correlation between visual acuity and nystagmus was explored by
computing Spearman’s rank correlation coefficient. Differences in pupillometric parameters
between the two eyes and the different time-points were analyzed by Wilcoxon rank sum
test as previously described.12 Changes in microperimetry sensitivity between the time-
points were assessed by using Kruskal-Wallis test.

Results
Results of BCVA in the five patients from baseline to 3 years after treatment are reported in
Figure 1. The data showed a statistically significant improvement of BCVA between
baseline and 3 years after treatment both in the treated eye (p<0.001) and in the untreated
eye (p=0.041). Moreover, the longitudinal data analysis, reported in Table 2, showed a
quadratic trend of BCVA along the follow-up interval. All the values of BCVA are reported
in Table 3 (available at http://aaojournal.org). In particular, the maximum BCVA was
observed at 6 months after treatment in NP01, NP04, NP15, and at 18 months in NP03.
NP02, although displaying a macular hole 14 days after treatment, showed a sharp
improvement of BCVA until it stabilized at day 90. Finally, we observed that the improved
BCVA remained stable through 3 years after injection in all patients.

As shown in Figure 2, an enlargement of VF areas was observed starting from day 60,
although there was variability from measurement to measurement. The largest VFs were
observed at day 60 in NP02, NP03, NP04, NP15, slightly before the timing of BCVA
improvement, and at day 180 in NP01, in accordance with BCVA improvement. In all
patients enlargement remained relatively stable through 3 years post-injection.

The ability of the subjects to navigate an obstacle course, quantified by the number of
avoided obstacles and the time spent to complete the course, remained stable through three
years post-injection in all patients (Table 4 available at http://aaojournal.org).
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We observed a reduction of the nystagmus frequency compared to baseline at the 3 year
time-point in all patients (Figure 3 available at http://aaojournal.org). Moreover, we
observed a correlation between nystagmus reduction and improved BCVA both in the
treated eye (ρ = 0.717, p<0.001) and in the untreated one (ρ = 0.684, p<0.001).

We observed a statistically significant difference between the percentage of pupillary
constriction of the treated eye compared to the untreated eye in NP01, NP02 and NP03 at 1
year time-point. This asymmetry persisted through 3 years. Moreover, no significant
difference in the percentage of pupillary constriction was observed between the short-term
and the long-term time-points in any patients, showing a stability of PLR over the entire
follow-up period (Table 5 and Table 6 available at http://aaojournal.org).

Based on OCT scan analysis (Figure 4 available at http://aaojournal.org), we observed that
in the treated eyes of all patients the mean macular thickness, foveal depression and retinal
lamination remained unaltered during the 3-year follow-up interval, except for NP02. The
macular hole, which had developed in the treated eye of NP02 at day 14, remained stable
during the whole follow-up period (hole diameter at 1.5 years: 782 μm; at 3 years: 787 μm),
without development of adjacent retinal complications. The photoreceptor inner/outer
segment (IS/OS) junction observed at baseline only in patients NP04 and NP15 remained
preserved through 3 years post-treatment. All selected OCT parameters remained stable also
in the uninjected eyes of all patients.

AF data for patients NP01 and NP04 are shown in Figure 5. In these patients, a marked
increase of AF in the treated eye was observed as compared to baseline and remained stable
till 3 years after treatment. The increase of AF in the treated eye of NP04 at the last time-
point was more evident when compared to the untreated eye at the same time-point. AF was
not detected in the other patients neither at baseline nor at later time-points.

mfERG, performed in NP15, revealed a central response of macular cone photoreceptors at
day 30 and 608, although the signal was no longer recordable at the ensuing time-points.

Microperimetry results, performed in the same patient, showed an evident improvement of
fixation stability both in the treated and in the untreated eye through three years after therapy
(Figure 6 and Figure 7, available at http://aaojournal.org). There was a statistically
significant increase in mean macular sensitivity of each post-treatment time-point compared
to the baseline in both eyes (p<0.001).

Discussion
The long-term follow-up data (3 years) on the 5-patient Italian cohort involved in the CHOP
LCA2 gene therapy clinical trial clearly showed that the improvements in visual and retinal
function that had been achieved a few months after treatment remained stable. None of the
patients underwent serious adverse events related to the vector through the 3 years after
injection. Longitudinal data analysis showed that the maximum improvement was achieved
within six months after treatment (eighteen months only in NP03). Concerning BCVA, the
statistically significant (≥15 letters on the eye chart i.e. ≥ 0.3 logMAR) gains that we had
previously reported in these subjects persisted over the 3 year timeframe. There is only one
other group that has reported on improvement of BCVA after intervention,7 however, in that
group, gains were substantially lower than the 0.3 logMAR limit generally considered to be
clinically significant.20 Moreover, even if BCVA improvements were recorded also in the
untreated eyes of four patients, they were clinically significant only in the patients who
showed no nystagmus in the post-treatment time-points, consistent with the significant
correlation between nystagmus and BCVA. In addition, we analyzed the trend of visual
acuity over a longer follow-up by including pre-baseline data available since 2006
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(Simonelli, unpublished data). We observed a clinically significant reduction of BCVA in
the untreated eye only for NP04 (prebaseline 2006: 0.30 logMAR versus last follow-up
timepoint 2011: 0.60 logMAR). Finally, the stability in the treated eye and the absence of
degeneration of the untreated eye in four patients are consistent with results of previous
studies analyzed in the review by den Hollander et al,21 who reported that in most LCA
patients BCVA remained stable along multi-year follow-up. However, the evidence reported
by Hollander et al21 is limited by unavailability of genetic analysis of most patients, as some
studies were performed before the genome era, precluding useful genotype–phenotype
correlations.

Goldmann VF analysis revealed a good correspondence between the retinal areas that
displayed an increased response to the stimuli and the estimated region of sub-retinal
injection. For instance, in NP01 the sub-retinal injection was performed in the superior-nasal
sector, corresponding to the inferior-temporal visual field which appeared to be improved,
while in NP15 the injection was performed in the superior macular sector extended to the
superior and nasal retinal sectors and the improved sensitivity was on the corresponding
loci, in the central, inferior and temporal visual field. The correspondence between loci was
showed also in the other trials, but by using different techniques (i.e. microperimetry3 or
computerized visual field7), while the technique adopted in the current study is the gold
standard method for the evaluation of visual fields in retinal degeneration.

The results about pupillometric analysis showed that it is a feasible and useful technique to
assess the amelioration of visual function, as described in detail elsewhere,12 particularly for
patients with the worst BCVA (higher than 1.4 logMAR). A comparison with results of the
other clinical gene therapy trials using pupillometry is limited by the difference in the
adopted protocols.22

The changes in mean foveal thickness in both eyes before and after treatment were within
published inter-visit variability for a retinal degeneration population.5, 23 In patient NP02,
who developed a macular hole 14 days after treatment, OCT scans revealed no significant
increase in macular hole size over time. We hypothesized that the macular hole was caused
by contraction of a pre-existing retinal membrane stimulated by the surgical procedure since
the hole was not detected until day 14. However, we cannot exclude that it resulted from
surgical injection very close to the fovea. The latter interpretation was also suggested by
Jacobson et al,7 who reported foveal thinning in two of five eyes in which retinal
detachments included the fovea and also in one untreated eye and one injected eye that did
not have foveal exposure. They also reported that the only eye in their study that showed a
statistically significant improvement in visual acuity (surpassing the 0.3 logMAR (3-line)
halving of visual angle limit) had received a subfoveal injection and that another eye in their
study showed a robust improvement in visual acuity (0.29 logMAR) after receiving a
subfoveal injection. However, because of the OCT data, Jacobson et al,7 concluded that the
fovea should not be included in the injection site. We suggest that, while there are risks to
injecting the foveal area, there are also large potential benefits. In our study, we modified
the surgical procedure8 so that hydrodynamic stress and therefore the likelihood of foveal
dehiscence or development of macular hole was kept at a minimum. With the exception of
NP02, who developed a macular hole due to stress applied by an epiretinal membrane,
measurements made with OCT before and after injection showed neither macular thinning
nor loss of foveal photoreceptors, even if the retinal detachment included the fovea. The
macular hole complication has not been observed since modifications to the surgical
procedure were made.8 Patients NP04 and NP15 achieved a clinically significant
improvement in BCVA, in nystagmus, in VF. Moreover, the longitudinal data analysis of
microperimetry in NP15 showed a change of fixation from an unstable extrafoveal site to a
stable foveal site. Based on all the above observations and incorporation of additional safety
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measures to reduce hydrodynamic stress, we conclude that foveal exposure may indeed be
warranted in this population although the exact safety limitations are as yet unknown. As
regards microperimetry, there was an increase in mean macular sensitivity in both eyes of
NP15 after treatment that was higher than the inter-visit variability (2.17 dB) for a retinal
degeneration population.24 There are a number of variables that can affect the outcome of
microperimetry, including experience with the test25 (level of attentiveness and cognition,
pupil size) and the instrument26 (size and duration of stimulus, test strategy, and starting
stimulus luminance level). In the current study, we tried to reduce variability due to learning
by providing pre-test training to allow familiarization with stimulus target size, location, and
luminance as well as the correct operation of the response trigger. However, for future
clinical gene therapy trials, we recommend performing more than one baseline test to
exclude learning curve effects.

The AF technique was not routinely used in the clinical evaluation of RPE65 patients, as
previous studies showed the lack of fundus AF in LCA2 patients.27, 28 Since we previously
detected the presence of minimal AF related to preserved retinal thickness and IS/OS layer,9

we performed AF analysis in all patients. In NP01 and NP04, the AF was enhanced after the
treatment, suggesting a recovery of retinoid cycle and a production of all-trans-retinal from
11-cis-retinal. Therefore, AF analysis could be useful in the follow-up of LCA2 patients
undergoing AAV2-mediated RPE65 gene replacement, and also in the patients who show
absence of AF at baseline, as we observed marked differences after treatment in a patient
with minimal AF at baseline. However, the potential toxicity of the extra light exposure,
entailed in the AF procedure, should be considered.

The current study has the following limitations: the study design did not involve the
randomization of eyes, and there was an inherent imbalance between eyes because the
injected eyes, by definition, had worse vision; examiners and patients were not masked to
the study eye vs the control eye; only a small sample size was selected, and follow-up is
described through 3 years post-treatment. However, the statistical analysis was performed
following the recommendations of the guidelines on clinical trials in small populations to
improve the efficiency of analysis. In particular, non-parametric methods (Wilcoxon rank
sum test, Kruskal-Wallis test) were adopted instead of the most common parametric ones (t-
test, ANOVA) and the Quasi Least Square method under Markov covariance structure was
used to deal with the non-independence of repeated measurement of BCVA over time.
Moreover, the Markov structure appeared to be useful as it assumes that the correlation
between measurements depends on the temporal spacing of measurements and declines with
increasing separation in time,19 which are both reasonable assumptions for data from the
current study. In conclusion, the results of the current study show that the visual function
improvements, achieved within a few months after a single unilateral injection, remained
stable up to 3 years after the treatment in all the patients independent of age, vector dose,
surgical procedure and baseline retinal status. Moreover, we observed that the surgical
procedure, particularly after it was modified in order to reduce hydrodynamic stress at a
minimum and performed so that the fovea was included in the treated area resulted in no
clinically significant damage to macular photoreceptors up to 3 years following treatment.
Moreover, clinically and statistically significant improvements in visual function were
observed in the eyes treated by this modified surgical procedure. When incorporating
surgical safeguards and enrolling subjects with structural evidence of photoreceptors that
could benefit, we suggest that consideration should be given to including the fovea in the
treatment area, particularly in those patients with low baseline visual acuity. Finally, taking
into account the results of the last two patients enrolled and the updated inclusion criteria on
BCVA for clinical gene therapy trials, we suggest including mfERG and microperimetry as
sensitive secondary clinical tests for assessment of gene therapy efficacy for ocular disease
in particular LCA patients.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Longitudinal data analysis of Best Corrected Visual Acuity (BCVA) in all the patients
The longitudinal data analysis showed an improvement of BCVA in treated eyes of all
patients.
LogMAR: logarithm of Minimum angle of resolution
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Figure 2. Goldmann Visual Field (VF) at selected time-points and comparison with the injection
site
Area of retina exposed to adeno-associated virus-mediated delivery of wild-type retinal
pigment epithelium (AAV2-hRPE65v2) are shown on the left; overlapped VF isopters at
baseline and post-treatment time-points are shown on the right. Average values of VF areas
were the following: baseline: 1058 deg2 - day 60: 6387 deg2- day 180: 6402 deg2- 1,5 years:
4565 deg2- 3 years: 4630 deg2.. Age of the patient4s at baseline are reported in brackets.
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Figure 5. Fundus Autofluorescence (AF) of NP01 and NP04
An increase of AF is shown in the treated eye compared to baseline and to the untreated eye
for NP01 and NP04. The macula of NP01 showed moderately decreased AF of a mottled
appearance. The AF signal from the center of the macula in NP04 is surrounded by a ring of
moderately increased AF more evident in the left eye after treatment.

Testa et al. Page 13

Ophthalmology. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Testa et al. Page 14

Ta
bl

e 
1

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
pa

tie
nt

s

P
at

ie
nt

s
N

P
01

N
P

02
N

P
03

N
P

04
N

P
15

A
ge

26
26

19
17

11

G
en

de
r

F
M

F
M

M

D
at

e 
of

 in
iti

al
 in

je
ct

io
n

O
ct

 1
1,

 2
00

7
D

ec
 1

3,
 2

00
7

Ja
n 

24
, 2

00
8

A
pr

 1
0,

 2
00

8
Ju

n 
2,

 2
00

9

M
on

th
s 

of
 f

ol
lo

w
-u

p
36

/4
8*

36
/4

8*
36

36
/4

8*
36

In
je

ct
ed

 e
ye

R
ig

ht
R

ig
ht

R
ig

ht
L

ef
t

R
ig

ht

R
PE

65
 m

ut
at

io
n

p.
E

10
2K

/p
.E

10
2K

p.
E

10
2K

/p
.E

10
2K

p.
R

23
4/

p.
R

23
4

p.
R

91
W

/p
.T

14
9N

p.
D

16
7W

/p
.H

31
3R

V
ec

to
r 

vo
lu

m
e 

[μ
L

]
15

0
15

0
15

0
30

0
30

0

C
on

ce
nt

ra
tio

n 
[1

0 
pe

r 
μ

L
]

1.
0

1.
0

1.
0

3.
2

5.
0

* T
he

 la
st

 f
ol

lo
w

-u
p 

tim
e-

po
in

t a
va

ila
bl

e 
(a

t 4
8 

m
on

th
s)

 is
 n

ot
 c

on
si

de
re

d 
in

 th
e 

lo
ng

itu
di

na
l d

at
a 

an
al

ys
is

 o
f 

th
e 

cu
rr

en
t s

tu
dy

 a
s 

th
es

e 
pa

tie
nt

s 
re

ce
iv

ed
 a

n 
in

je
ct

io
n 

on
 th

e 
se

co
nd

 e
ye

Ophthalmology. Author manuscript; available in PMC 2014 June 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Testa et al. Page 15

Ta
bl

e 
2

R
es

ul
ts

 o
f 

lo
ng

itu
di

na
l s

ta
tis

tic
al

 a
na

ly
si

s 
on

 B
es

t C
or

re
ct

ed
 V

is
ua

l A
cu

ity
 (

B
C

V
A

) 
da

ta

V
ar

ia
bl

e
B

et
a

St
d.

 E
rr

or
p-

va
lu

e
95

%
 C

I

L
ow

. L
im

.
U

p.
 L

im
.

In
te

rc
ep

t
1.

19
36

0.
13

99
<.

00
01

.9
19

3
1.

46
8

T
im

e 
(d

ay
s)

−
.0

01
1

2.
37

e-
4

<.
00

01
−

.0
01

6
−

6.
59

e-
4

T
im

e2  
(d

ay
s)

7.
85

e-
7

1.
83

e-
7

<.
00

01
4.

26
e-

7
1.

14
e-

6

T
re

at
ed

 e
ye

0.
04

52
0.

22
52

.8
41

0
−

0.
39

6
0.

48
7

T
he

 lo
ng

itu
di

na
l d

at
a 

an
al

ys
is

 s
ho

w
ed

 a
 q

ua
dr

at
ic

 tr
en

d 
of

 B
C

V
A

 a
lo

ng
 th

e 
fo

llo
w

-u
p 

in
te

rv
al

.

B
et

a:
 R

eg
re

ss
io

n 
C

oe
ff

ic
ie

nt

St
d.

 E
rr

or
: S

ta
nd

ar
d 

E
rr

or
 o

f 
B

et
a

95
%

 C
I:

 9
5%

 C
on

fi
de

nc
e 

In
te

rv
al

 o
f 

B
et

a

L
ow

. L
im

.: 
L

ow
er

 L
im

it 
of

 9
5%

 C
I

U
p.

 L
im

.: 
U

pp
er

 L
im

it 
of

 9
5%

 C
I

Ophthalmology. Author manuscript; available in PMC 2014 June 01.


