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Abstract

Background and Objectives Nerve growth factor (NGF)
is a neurotrophin with therapeutic possibilities that extend
from the nervous system to the eye. We tested the safety,
maximal tolerated dose, pharmacokinetics, and antigenicity
of a novel human recombinant NGF (thNGF) eye-drop
formulation in a phase I study.

Methods This prospective, randomized, double-masked,
vehicle-controlled trial, sponsored by Dompé SpA (regis-
tered as NCT01744704 at ClinicalTrials.gov), enrolled 74
healthy volunteers (24 females, 50 males, age 40.2 + 11.8
years). Subjects were randomized in three cohorts to
receive (1) a single eye-drop containing 0.0175, 0.175, or
0.7 pg rhNGF; (2) a single ascending dose of thNGF eye
drops three times a day for 1 day (total daily dose 2.1, 6.3,
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or 18.9 ng), or vehicle; or (3) a multiple ascending dose of
rhNGF eye drops three times a day for 5 days (total dose
10.5, 31.5, or 94.5 pg), or vehicle. Outcome measures
included blood chemistry, urinalyses, vital signs, electro-
cardiograms (ECGs), serum NGF antibodies, ocular and
systemic adverse events (AEs), visual acuity, tear function,
intraocular pressure, fundus oculi, and ocular symptoms.
Results  Administration of rhNGF eye drops did not result
in a significant increase of circulating NGF levels and no
antidrug antibodies were detected in serum. No serious
AEs were recorded, and a few mild, transient ocular AEs
related to thNGF administration were reported only at the
highest concentration.

Conclusions thNGF eye drops were well tolerated, with
no detectable clinical evidence of systemic AEs. These
results pave the way for the development of clinical trials
on rhNGF in ophthalmology.

1 Introduction

Nerve growth factor (NGF), the founder and most well-
known member of the family of neurotrophins (NTs), is a
pleiotropic factor that extends its biological activity from
the central and peripheral nervous systems to the immune,
endocrine and visual systems [1].

Signals mediated by NGF are propagated by two distinct
receptors: TrkA (a tyrosine kinase receptor) and p75
receptor (a member of the tumor necrosis factor receptor
superfamily) [2-4]. The duration and magnitude of NGF
signaling depends on the ratio of TrkA and p75 co-dis-
tributed on cell surface [4]. From the NGF discovery in the
1950s, increasing evidence has demonstrated that NGF is
able to support neuron survival in vitro and during neuro-
degenerative diseases in animal experimental models and
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in a few patients [5]. In addition, during the last 20 years,
pharmaceutical companies have focused on the potential
use of NGF for the treatment of peripheral neuropathy such
as in diabetes, HIV infection, and following anticancer
therapy. In the 1990s, two phase II clinical trials indicated
that recombinant human NGF (thNGF) systemic adminis-
tration was effective at improving both diabetic polyneu-
ropathy and HIV-related neuropathy, showing as the main
side effect a painful sensation at the site of NGF injection
[6-8]. However, a large phase III clinical trial of 1,019
patients randomized to receive either thNGF or placebo for
48 weeks failed to confirm the previous indications of
efficacy [9].

At the end of 1990s, we and others have reported on the
key role of NGF on the pathophysiology of the ocular
surface, showing a role of this NT in the modulation of
immune reaction, trophic support, and healing of both
cornea and conjunctiva [10, 11]. As a consequence, the
efficacy of topical treatment with murine NGF (mNGF)
eye drops was evaluated both in animal models and in
patients affected by neurotrophic and autoimmune corneal
ulcers [12-15]. In all these cases, therapeutic efficacy was
associated with a good safety profile [13—15]. Furthermore,
pharmacodynamic studies demonstrated that NGF admin-
istered on the ocular surface reaches the ocular posterior
segment, opening new perspectives for the treatment of
diseases of the optic nerve and retina still lacking effective
medical treatments [16, 17].

NGF is highly conserved across different species. There
is 90 % homology in the amino acid sequence of the
mature human and mNGF protein [18]. Considering the
evidence of biological activity of mNGF in the eye, a
topical formulation of rhNGF produced in Escherichia coli
has been developed for the treatment of ocular diseases.
Herein we present the results of a phase I clinical trial
evaluating the safety of this topical thNGF eye-drop for-
mulation in healthy subjects.

2 Results

Masked review of all available safety information for each
treated cohort revealed good tolerability to the study
medication, with no clinically significant ocular or

systemic changes observed following treatment with the
study medication.

Reported ocular adverse events (AEs), as detailed in
Tables 1, 2, 3, 4, 5 and 6, were generally transient and mild
in intensity. Eight subjects reported non-ocular AEs not
related to the study treatment. No serious AEs were
recorded during the study.

Subjects with AEs in Cohort 1 were none in the
0.0175 pg (0.5 pg/ml) NGF group, one in the 0.175 pg
(5 pg/ml) NGF group (single AE), and one in the 0.7 pg
(20 pg/ml) NGF group (two AEs).

Subjects with AEs in Cohort 2 were three in the placebo
group (six AEs), one in the 2.1 pg/day (20 pg/ml three
times per day) NGF group (five AEs), none in the 6.3 ng/
day (60 pg/ml three times per day) NGF group, and two in
the 18.9 pg/day (180 pg/ml three times per day) NGF
group (three AEs).

Subjects with AEs in Cohort 3 were six in the placebo
group (six AEs), eight in the 10.5 pg/S days (20 pg/ml
three times per day) NGF group (14 AEs), six in the
31.5 pg/5 days (60 pg/ml three times per day) NGF group
(eight AEs), and seven in the 94.5 pg/5 days (180 pg/ml
three times per day) NGF group (11 AEs). Although a
significant increase (Cochran—Armitage trend test:
p < 0.001) could be observed in the overall AEs between
Cohort 1 (22.2 %) and Cohort 2 (24 %) as compared to
Cohort 3 (67.5 %), this increase was not considered treat-
ment related since no significant increase was observed in
the overall AEs between the placebo and the NGF-treated
groups in any cohort (Fisher’s exact test: p > 0.4)

Regarding the ocular AEs observed in Cohort 1
(Table 1), one patient from the 5 pg/ml NGF group
reported a warm feeling in one eye, and one patient from
the 20 pg/ml NGF group reported a pressure feeling in both
eyes.

In Cohort 2 (Table 3) one patient from the placebo
group reported blurred vision, and one patient reported
eyelid irritation; in the 20 pg/ml NGF group, one patient
reported blurred vision and a pressure feeling, which were
associated with increased fluorescein staining; in the
180 pg/ml NGF group, one patient reported photophobia
and ocular irritation.

In Cohort 3 (Table 5) one patient from the placebo
group reported ocular pain; in the 20 pg/ml NGF group,

Table 1 Adverse events in

Ocular AEs reported
(no. of patients; severity)

Systemic AEs reported

Subjects  Concentration
Cohort 1
(one drop once; pg/ml)
3 thNGF 0.5
3 thNGF 5
AEs adverse events, rhNGF 3 thNGF 20

human recombinant nerve
growth factor

None None
Warm feeling, left eye (n = 1; mild) None

Feeling of pressure, both eyes
(n = 1; mild)

Common cold (n = 1; mild)
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Table 2 Summary of adverse events in Cohort 1

0.0175 pg rhNGF (N = 3)

0.175 pg thNGF (N = 3)*

0.7 pg thNGF (N = 3)*  Overall (N = 9)*

Subjects with AEs -
Number of AEs - 1

Subjects with serious AEs - _

Subjects discontinued due to AEs - -

Severity (all AEs)
Mild _

Severe - -
1 (33.3) [1]

Total -
Severity (suspected relationship)
Mild -

Severe -
Total -
Relationship to study drug

None (intercurrent event) - -
Unlikely - -
Possible - -
1 (33.3) [1]
Highly probable - -

Probable -

1(33.3)

1(33.3) [1] 1 (33.3) [2]
Moderate - _

1 (33.3) [1]
Moderate - -

1(33.3) [1] 1(33.3) [1]

1 (33.3) 2(22.2)
2 3

2 (22.2) [3]

1(33.3) [2] 2(222) 3]

1.(33.3) [1] 2(222) 2]

2(222) 2]

1(33.3) [1] 1 (11.1) [1]

1.(33.3) [1] 2(222) 2]

rhNGF human recombinant nerve growth factor, N = number of subjects studied, AEs adverse events

* Data in parentheses denote percentage of subjects with AEs; data in square brackets denote number of AEs

Table 3 Adverse events in Cohort 2

Subjects  Concentration (one drop tid Ocular AEs reported Systemic AEs reported
for 1 day; pg/ml) (no. of patients; severity)
6 rhNGF 20 Blurred vision (moderate) and pressure sensation  None
(mild), left eye; increased fluorescein staining
(mild—moderate), both eyes (n = 1)
6 thNGF 60 None None
6 thNGF 180 Eye irritation (n = 1; mild); photophobia (n = 1;  Ligament sprain (n = 1; severe)
mild)
6 placebo Blurred vision (moderate, n = 1); eyelid irritation Headache (mild, n = 2); arthritis (mild, n = 1);

(moderate n = 1)

depression (moderate, n = 1)

tid three times daily, AEs adverse events, rhNGF human recombinant nerve growth factor

one patient reported burning sensation, one reported a
pressure feeling, one reported itching, one reported blurred
vision, and one reported watering of the eye; in the 60 pg/
ml NGF group, two patients reported ocular pain and one
patient bilateral ocular swelling; in the 180 pg/ml NGF
group, five patients reported eye pain and one reported
blurred vision.

In both Cohort 1 and 2 the majority of ocular AEs were
reported in the left eye, with some reported in both eyes,
and only one AE was reported in the non-study eye. In

Cohort 3, all the ocular AEs occurred in the eye that had
received thNGF.

More specifically, regarding eye pain, while no patients
referred ocular pain in Cohorts 1 and 2, the patients from
Cohort 3 who experienced eye pain (Table 5) were one in
the placebo group, two in the 60 pg/ml NGF group, and
five in the 180 pg/ml NGF group. This increase from
baseline for the ocular symptom of pain was, however, not
statistically significant, even at the highest fractionated
multiple dose level of 180 pg/ml (Fisher exact test:
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Table 4 Summary of adverse events in Cohort 2

Placebo 20 pg/ml rhNGF tid 60 pg/ml rhNGF tid 180 pg/ml rhNGF tid Overall
(N =6)* (N =6)* (N=06) (N="17)* (N = 25)*
Subjects with AEs 3 (50.0) 1 .(16.7) - 2 (28.6) 6 (24.0)
Number of AEs 6 5 - 3 14
Subjects with serious AEs - - - - -
Subjects discontinued due to AEs - - - -
Severity (all AEs)
Mild 3 (50.0) [3] 1 (16.7) [2] - 2 (28.6) [2] 6 (24.0) [7]
Moderate 2 (33.3) [3] 1 (16.7) [3] - - 3 (12.0) [6]
Severe - - - 1(14.3) [1] 1 (4.0) [1]
Total 3 (50.0) [6] 1 (16.7) [5] - 2 (28.6) [3] 6 (24.0) [14]
Severity (suspected relationship)
Mild - 1 (16.7) [1] - 1 (14.3) [1] 2 (8.0) [2]
Moderate 1(16.7) [1] 1 (16.7) [1] - - 2 (8.0) [2]
Severe - - - - -
Total 1(16.7) [1] 1 (16.7) [2] - 1(14.3) [1] 3 (12.0) [4]
Relationship to study drug
None (intercurrent event) 1 (16.7) [2] - - 1 (14.3) [1] 2 (8.0) [3]
Unlikely 2 (33.3) [2] - - - 2 (8.0) [2]
Possible 1.(16.7) [1] 1 (16.7) [3] - 1(14.3) [1] 3 (12.0) [5]
Probable 1(16.7) [1] 1 (16.7) [2] - 1(14.3) [1] 3 (12.0) [4]

Highly probable - - -

rhNGF human recombinant nerve growth factor, tid three times daily, N = number of subjects studied, AEs adverse events

? Data in parentheses denote percentage of subjects with AEs; data in square brackets denote number of AEs

Table 5 Adverse events in Cohort 3

Subjects Concentration (one drop tid Ocular AEs reported (no. Systemic AEs reported
for 5 days; pg/ml) of patients; severity)
13 rhNGF 20 Burning sensation, left eye (n = 1, mild) Lower back pain (n = 1, mild)

Pressure sensation, left eye (n = 1, mild)
Itching, left eye (n = 1, mild)

Blurred vision, left eye (n = 1, mild)
Watering, left eye (n = 1, mild)

9 thNGF 60 Eye pain (n = 2, mild)
Eye swelling, both eyes (n = 1, mild)

9 rhNGF 180 Pressure sensation (n = 1, mild)
Eye pain (n = 5, mild)
Blurred vision (n = 1, mild)

10 placebo Eye pain (n = 1, mild)

Pain on venipuncture (n = 1, mild)
Menstrual pain (n = 1, moderate)
Hematuria (n = 1, mild)

Abdominal fullness (n = 1, mild)
Headache (n = 1, mild; n = 1, moderate)
Common cold (n = 1, mild)
Epistaxis (n = 1, mild)

Twitching legs (n = 1, mild)

Joint stiffness (n = 1, mild)
Menstrual pain (n = 1, moderate)
Painful right knee (n = 1, moderate)
Common cold (n = 1, mild)

Nasal congestion (n = 1, mild)
Arthralgia (n = 1, mild)

Pain on venipuncture (n = 1, mild)
Catheter reaction (n = 1, mild)

Oropharyngeal pain (n = 1, mild)

tid three times daily, AEs adverse events, rhNGF human recombinant nerve growth factor

A\ Adis



First Clinical Use of NGF Eye Drops

279

Table 6 Summary of adverse events in Cohort 3

Placebo 20 pg/ml rhNGF tid 60 pg/ml rhNGF tid 180 pg/ml rhNGF tid Overall
(N = 10)* (N =12)* (N=9)? (N=9? (N = 40)*
Subjects with AEs 6 (60.0) 8 (66.7) 6 (66.7) 7 (77.8) 27 (67.5)
Number of AEs 6 14 8 11 39
Subjects with serious AEs 0 0 0 0 0
Subjects discontinued due 0 0 0 0 0
to AEs
Severity (all AEs)
Mild 6 (60.0) [6] 6 (50.0) [12] 6 (66.7) [7] 7 (77.8) [10] 25 (62.5) [35]
Moderate 0 2 (16.7) [2] 1(11.1) [1] 111D 1] 4 (10.0) [4]
Severe 0 0 0 0 0
Total 6 (60.0) [6] 8 (66.7) [14] 6 (66.7) [8] 7 (77.8) [11] 27 (67.5) [39]
Severity (suspected relationship)
Mild 1 (10.0) [1] 2 (16.7) [5] 2 (22.2) [2] 6 (66.7) [7] 11 (27.5) [15]
Moderate 0 0 0 0 0
Severe 0 0 0 0 0
Total 1 (10.0) [1] 2 (16.7) [5] 2 (22.2) [2] 6 (66.7) [7] 11 (27.5) [15]
Relationship to study drug
None (intercurrent event) 5 (50.0) [5] 6 (50.0) [7] 4 (44.4) [5] 2 (22.2) [3] 17 (42.5) [20]
Unlikely 0 2 (16.7) [2] 1 (11.1) [1] 1 (11.1) [1] 4 (10.0) [4]
Possible 1 (10.0) [1] 2 (16.7) [5] 2 (22.2) [2] 6 (66.7) [7] 11 (27.5) [15]
Probable 0 0 0 0 0
Highly probable 0 0 0 0 0

rhNGF human recombinant nerve growth factor fid three times daily, N = number of subjects studied, AEs adverse events

* Data in parentheses denote percentage of subjects with AEs; data in square brackets denote number of AEs

p = 0.0573). All patients reported ocular pain to be mild in
intensity and only transient in nature, being fully resolved
without requiring any concomitant medication.

No evidence of systemic immunogenicity to the topical
rhNGF was detected in patients evaluated in any of the
cohorts examined (Cohorts 2 and 3).

2.1 Pharmacokinetic Results

Serum concentrations of NGF at all blood sampling times
for all dosed subjects were found not significantly different
from basal levels (34 &+ 14 pg/ml), as measured in the
assay serum matrix dosed, with the exception of six sub-
jects—two in Cohort 2 and four in Cohort 3.

Accordingly, the change in NGF serum concentration
from baseline resulted to be below the lower limit of
quantification of the assay in most of the dosed samples.

Specifically, NGF serum levels were detectable in two
patients treated with thNGF 20 pg/ml (one patient from
Cohort 2 and one patient from Cohort 3), two patients
treated with thNGF 60 pg/ml (both from Cohort 3), and
two patients treated with thNGF 180 pg/ml (one patient
from Cohort 2 and one patient from Cohort 3).

In these subjects with quantifiable serum levels of NGF,
the changes from baseline (day 1) were sporadic and varied
from positive to negative values (Fig. 1), thus suggesting
an individual physiological fluctuation of the basal levels
rather than a treatment-related absorption. This observation
is in line with reported data on physiological variability of
NGF serum levels [19].

2.2 Ocular Function Tests

Best corrected visual acuity and intraocular pressure (IOP)
were measured in all cohorts before, during, and after treat-
ment and follow-up, and did not show any significant change
from baseline with both experimental treatment and placebo.

Similarly, no alterations of both the anterior and pos-
terior eye segment were observed at the slit-lamp exami-
nation during the entire study period. The only exception
was a mild and transient bilateral ocular swelling in one
patient from Cohort 3 treated with 60 pg/ml rhNGF.

Fluorescein staining showed a mild increase in only one
patient from Cohort 2 treated with 20 pg/ml rhNGF.

No significant changes in tear film break-up time were
observed in any of the treatment groups.
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Fig. 1 Changes in serum NGF levels from baseline were observed in
two patients from Cohort 2 and four patients from Cohort 3

3 Discussion

NGEF is a promising therapy for a variety of ocular condi-
tions involving damage or degeneration of the cornea,
conjunctiva, retina, or optic nerve, such as neurotrophic
keratitis, corneal ulcers, dry eye, retinitis pigmentosa, and
glaucoma [1, 10-17, 20-24].

Our findings in the first-in-human study evaluating a
topical ophthalmic formulation of rhNGF from 0.5 to
180 pg/ml revealed no local or systemic safety concerns,
no evidence of systemic absorption and no evidence of an
immune response to the thNGF protein. Moreover, all
doses of rhNGF tested were well tolerated by healthy
subjects when administered topically via the ocular route as
a single dose (Cohort 1), fractionated single dose (Cohort
2), and multiple fractionated doses over 5 days (Cohort 3).
The majority of AEs were mild in severity and resolved
without treatment, and no subjects were discontinued for
AEs.

A sequential group ascending-dose design was chosen
for safety reasons, as this was the first time a topical
ophthalmic formulation of thNGF had been administered
to man. The study started with very low concentrations to
further ensure that AEs were to be evaluated at levels that
would have had minimal biological activity. In addition,
the sentinel study was performed as rhNGF eye drops
represent a prototypical first-in-class drug for human
therapy, which could potentially have profound physio-
logical effects through binding to cell surface receptors on
the eye.

In the first cohort of patients in our study, comprising
active- and placebo-treated subjects, we did not observe
any ocular or systemic serious AEs following a single
administration of rhNGF eye drops ranging from 0.5 to
20 pg/ml.

A\ Adis

Special attention was paid to identify NGF-induced
hyperalgesia, since two previous phase II clinical trials
showed that systemic administration of rhNGF triggered a
painful sensation at the site of injection as the main side
effect [7, 8]. Interestingly, local ocular pain was not
reported by any of the subjects from Cohorts 1 and 2, and
no significant differences in eye pain were detected
between the placebo and NGF groups in Cohort 3. Simi-
larly, no systemic pain was reported.

Following this successful sentinel evaluation, we per-
formed a single ascending-dose study in a second cohort of
patients in order to identify the maximum tolerated dose of
topical ocular rhNGF. In this second cohort of patients we
demonstrated that thNGF eye drops 180 pg/ml were safe
and well tolerated, as we did not observe any serious local
or systemic AEs. In fact, only mild-to-moderate transient
ocular symptoms possibly related to the study drug were
observed in two subjects (including blurred vision and
photophobia); however, the same symptoms were also
reported in the placebo-treated subjects.

Lastly, following the completion of this single ascending-
dose segment of the study, we performed a multiple
ascending-dose evaluation. The multiple ascending-dose
study was conducted to identify the drug’s pharmacokinetic
behavior and the maximum tolerated multiple dose, in order
to confirm or adjust the pharmacokinetic sampling schedule
that was based on the previous single ascending-dose results.

This multiple ascending-dose segment of the study con-
firmed that thNGF eye drops represent a safe and well tol-
erated drug. Specifically, complete ophthalmological
examination, laboratory assessments, and vital sign deter-
minations were not significantly influenced by the experi-
mental treatment. The results of pharmacokinetic studies
support the lack of significant systemic absorption of thNGF
following ocular treatment in the tested conditions, with no
significant changes in basal NGF blood concentration.
rhNGF eye drops at the maximum concentration tested three
times daily for 5 consecutive days showed an optimal safety
profile, with no significant local or systemic AEs reported.

Based on the finding of this phase I safety study, the
‘REPARO’ study (clinical trial registration number
NCTO01756456), an 8-week, phase I/II, multicenter, ran-
domized, double-masked, vehicle controlled, parallel group
study with a 48- or 56-week follow-up period to evaluate the
safety and efficacy of two doses (10 pg/ml and 20 pg/ml) of
rhNGF eye drops versus vehicle in patients with stage 2 and 3
of neurotrophic keratitis, has been initiated in Europe.

4 Methods

After International Review Board approval, a total of 74
healthy adult male and female volunteers (24 females, 50
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males, age 40.2 &+ 11.8 years) with no notable ocular/
medical history and having normal ophthalmic and general
examinations at screening and baseline were enrolled and
assigned to one of three study cohorts, each evaluating
three ascending rhNGF dose levels. Following informed
consent, in each treated subject one eye was randomized to
treatment with thNGF while the fellow eye received a
matching vehicle regimen for masking.

Following treatment, patients were evaluated at 10 days
(all cohorts) and at 1 month (Cohorts 2 and 3). No con-
comitant medications were allowed during experimental
treatment or follow-up.

One subject withdraw from the study for personal rea-
sons not related to the study treatment, thus 73 completed
the study treatment and follow-up periods of 10 or 30 days.

Safety evaluations included a complete ophthalmic
exam, a visual analog scale to assess ocular tolerability,
vital signs, ECG, urinalysis and routine labs. All AEs were
recorded. Plasma samples for pharmacokinetics and
immunogenicity were obtained only in parts A and B.

After dosing at each concentration, a review of all safety
data was conducted to determine escalation to the next dose
level.

4.1 Study Design

This is a phase I (ClinicalTrials.gov identifier:
NCTO01744704), randomised, double-masked, placebo-
controlled eye drops administration study of rhNGF in
healthy male and female subjects.

This study consists of an ascending single-dose part or
sentinel part (first cohort: one drop only), an ascending-
dose part (second cohort: three drops only, one drop every
4 h), and a multiple ascending-dose part (third cohort: three
drops a day, one drop every 4 h, for 5 days). In all subjects
both eyes were treated but only one eye was the study eye.
Specifically, in Cohort 1 all subjects received rhNGF in the
study eye (right or left) according to the randomization list;
in Cohorts 2 and 3 all subjects received thNGF or placebo
in the study eye (right or left) according to the randomi-
zation list. In all parts of the study the fellow eye (non-
study eye) was always treated with placebo.

All cohorts of subjects enrolled in this study received
three ascending dose levels, as follows:

e Cohort 1 or ‘sentinel groups’: single dose of one eye
drop solution of thNGF 0.5 pg/ml (35 pl drop corre-
sponding to 0.0175 pg of thNGF), or 5 pg/ml (corre-
sponding to 0.175 pg of rhNGF), or 20 pg/ml
(corresponding to 0.7 pg of thNGF).

e Cohort 2 or ‘single ascending-dose groups’: one eye
drop every 4 h (three times daily) at a concentration of
20 pg/ml (total daily dose 2.1 pg thNGF), or 60 pg/ml

(total daily dose 6.3 pg rhNGF), or 180 pg/ml (total
daily dose 18.9 ng).

e Cohort 3 or ‘multiple ascending-dose groups’: one drop
every 4 h (three times daily) for 5 consecutive days at a
concentration of thNGF 20 pg/ml (total dose 10.5 ng/
5 days), or 60 pg/ml (total dose 31.5 pg/5 days), or
180 pg/ml (total dose 94.5 ng/5 days).

All subjects received one 35-ul drop of thNGF at the
appropriate concentration (or placebo) in their study eye
(right or left) according to the randomization list (and one
drop of placebo in the non-study eye).

In the first cohort, each ascending-dose group included
three subjects treated with rhNGF.

In the second cohort, each ascending-dose group inclu-
ded six subjects treated with thNGF and two subjects
receiving placebo. In the last cohort, the group receiving
the lowest thNGF concentration (20 pg/ml) included 12
subjects receiving active treatment and four receiving
placebo, while the groups treated with thNGF at 60 and
180 pg/ml included nine subjects per group receiving
active treatment and three receiving placebo. The study
consisted of a screening period of 20 days before admis-
sion followed by a 2-day baseline phase before the first
eye-drop application, and an experimental phase of
9-13 days for Cohort 1 subjects, 31-38 days for Cohort 2
subjects, and 3643 days for Cohort 3 subjects.

Follow-up visits were scheduled at day 10 for Cohort 1,
day 10 (first follow-up) and day 30-37 (second follow-up)
for Cohort 2, and at day 15 (first follow-up) and at day
3542 (second follow-up) for Cohort 3.

4.2 Safety Assessments

Safety endpoints included all reported AEs regardless of
perceived relationship to study treatment, serious AEs and
deaths, discontinuations due to AEs, vision loss, clinical
laboratory values, determination of the presence or absence
of Anti-Drug Antibodies against NGF, ECGs, and vital
signs. Baseline safety assessments were obtained within
2 days before the first treatment. Patients withdrawn due to
an AE were planned to be observed until the event resolved
or the patient’s condition was stable.

All AEs were coded according to the Medical Dictio-
nary for Regulatory Activities (MedDRA®) code 5.1.24.
AEs that investigators felt were caused by the actual drug
were classified as being related to the study drug.

An ophthalmologic examination including measurement
of IOP by applanation tonometry was performed on the
screening visit, day 1, day 3, and day 10 &£ 2 (Cohorts 1
and 2) and at day 1, day 5 (end of treatment), day 7, and
day 15 £ 2 in Cohort 3. Examination of the eye was per-
formed at the slit lamp with inspection of the anterior
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chamber, lens, vitreous body, eyelids, pupils, iris, cornea,
retina, and instillation of liquid fluorescein sodium for tear
film break-up time and Oxford score measurement at
baseline, at day 1 exactly 8 h after the first eye-drop
administration, at day 3 (56 h after the first eye-drop
administration), and again at 10 & 2 days (Cohorts 1 and
2). In Cohort 3, slit-lamp examination was performed at
day 1, day 5 (end of treatment), day 7, and day 15 & 2.
Refraction testing and vision testing were performed at the
same timepoints using retroilluminated modified Ferris—
Bailey Early Treatment Diabetic Retinopathy Study (ET-
DRS) charts.

Laboratory assessments (hematology, renal function,
hepatic function, electrolytes, and urinalysis), vital sign
determinations (blood pressure, pulse rate, temperature,
and respiration rate), and body weight measurements were
performed at baseline, day 3, and day 10 £ 2 (Cohorts 1
and 2), or at day 7 and day 15 & 2 (Cohort 3), and upon
early withdrawal, if applicable. Additionally, HIV and
hepatitis were tested on the day of the screening visit. An
ECG reading interpreted by the patients’ internist was
obtained at baseline, day 1 and day 3 (Cohorts 1 and 2), and
also on days 5 and 7 for Cohort 3.

4.3 Pharmacokinetics and Immunogenicity

Serum samples for pharmacokinetics and immunogenicity
were obtained in Cohorts 2 and 3. All these patients
received thNGF and donated blood samples for the analysis
of pharmacokinetics.

Serial blood samples were collected pre-dose and after
rhNGF eye drops. NGF serum concentrations and anti-
NGF antibodies were measured (under the Good Labora-
tory Practice regimen) using photometric enzyme-linked
immunosorbent assay (ELISA) methods: briefly, each
blood sample was transferred to a polypropylene test tube
and kept undisturbed at room temperature (approximately
15-30 min) to allow coagulation. The samples were then
centrifuged at 1900 g for 15 min at 20 £ 5 °C and the
serum obtained from each sample was distributed to two
fresh polypropylene test tubes in two aliquots of 1 ml each,
one for thNGF determination and the other for anti-NGF
antibody detection by ELISA methods following the
manufacturer’s instructions. Briefly, to measure NGF lev-
els in serum we used a commercially available human-3
NGF-specific ELISA (RayBiotech Inc., Norcross, GA,
USA; code ELH-BNGF-001). The standard curve was
prepared by using human serum from a commercial sup-
plier (Sigma Aldrich Ltd, St Louis, MO, USA). In order to
dose basal NGF levels in this matrix a standard curve
ranging from 12.8 to 7812.5 pg/ml was prepared by
diluting rhNGF in the diluent matrix supplied by the kit
manufacturer. NGF basal level in the matrix was recorded
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as 34 + 14 pg/ml. Unknown samples were quantified by
interpolating their blank-subtracted absorbance 450 nm
values in the reference standard curve ranging from
32.0 pg/ml to 7812.5 pg/ml.

For the semiquantitative determination of antidrug
antibodies against thNGF in human samples, an ELISA,
developed by Harlan Laboratories Ltd (Itingen, Switzer-
land), was used. Briefly, Maxisorp microtiter plates were
coated overnight with saturating concentrations of the test
item. After blocking with bovine serum albumin, 100 pl/
well diluted surrogate standard (rabbit anti-human NGF
polyclonal antibody, Abcam, Cambridge, MA, USA—
product code AB9795) or diluted human serum samples,
respectively, were transferred to the plate.

Antibodies against the test item in human samples were
detected with a goat anti-human horseradish peroxidase
(HRP)-coupled IgG secondary antibody (Dianova GmbH,
Hamburg, Germany; catalog number 109-035-003), fol-
lowed by the addition of 3,3’,5,5'-tetramethylbenzidine as
substrate. The surrogate antibody was detected by a goat
anti-rabbit IgG-HRP antibody (Dianova GmbH; catalog
number 111-035-003). The reaction was stopped by the
addition of Stop Solution. The optical density was read
immediately at 450 nm on a microplate reader. The lower
limit of quantification was 1.9 ng/ml, while the upper limit
was 125 ng/ml.

In Cohort 2, samples for determination of rhNGF
pharmacokinetics were obtained serially before the first
dose and over a 3-day period after the administration of the
single fractionated dose (for a total of 23 blood samples
from time O to 56 h after the initial dose). Samples for the
evaluation of rhNGF immunogenicity were obtained before
treatment and 30-37 days after the dosing day.

In Cohort 3, samples for determination of rhNGF phar-
macokinetics were obtained serially before the first dose
and over an 8-day period after the administration of the first
single fractionated dose (for a total of 37 blood samples
from time O to 152 h after the initial dose). Samples for the
evaluation of rhNGF immunogenicity were obtained before
treatment and 35-42 days after the first dosing day.

4.4 Data Analysis

The safety population included all patients who received at
least one dose of study medication. Hematology, liver
function, renal function, and electrolyte laboratory
parameters were evaluated for the incidence of predefined,
clinically significant abnormalities, and for median and
mean changes from baseline to last follow-up visit. Urine
samples were analyzed for urine protein, urine blood, and
urinary albumin-to-creatinine ratio; categorical changes
from baseline were evaluated at each timepoint. Although
the accuracy of the random collections for urine albumin-
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to-creatinine ratio estimations is inferior to that of the first-
morning urine sample and abnormal values vary with age
and gender, an abnormal value was considered to be
>30 mg/g for this study based. AEs were coded according
to the MedDRA® code 5.1.24. AEs also were summarized
according to the investigator-determined relationship to the
study drug.

The study was neither powered nor designed to analyze
efficacy, and no hypothesis testing was planned. Data were
analyzed using SAS (version 8.2, SAS Institute, Cary, NC,
USA), Fisher’s exact test was used to detect any significant
difference between groups in specific ocular AEs, and the
Cochran—Armitage trend test was used to evaluate the
trends in relation to the overall AEs.
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