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Abstract

Background: Neurotrophic keratopathy (NK) is a rare, degenerative ocular disease characterized by reduction or loss
of corneal sensitivity and development of non-healing corneal epithelial defects and ulcers. Cenegermin, a recom-
binant human nerve growth factor (rhNGF) eye drop solution, is the first drug approved for the treatment of NK. The
aim of our study is to evaluate the long-term efficacy of this innovative topical treatment in patients with NK.

Methods: Retrospective, consecutive, observational case series study from a single-center setting (Department of
Sense Organs, University Sapienza of Rome, Rome, Italy). 18 patients with diagnosis of stage 2 or 3 NK, treated with
Cenegermin 20 mcg/ml eye drops were followed for up to 48 months. Recurrence of lesion during follow-up was
evaluated at 12, 24, 36, and 48 months. In addition, corneal sensitivity, Schirmer tear test, and visual acuity (VA) were
recorded at baseline, end of treatment, and at 12, 24, 36, and 48 months.

Results: Three patients experienced recurrence of persistent epithelial defects (PEDs) within 12 months and one
patient experienced recurrence of a corneal ulcer within 36 months. Corneal sensitivity was significantly improved at
all timepoints (P<0.05). Significant improvements in visual acuity and tear production were seen at the completion of
treatment as well as at 12, 24, and 36 months (P<0.05) when compared to baseline.

Conclusions: A single 8-week treatment regimen of Cenegermin eye drops has clinical efficacy that can persist for
up to 48 months. The long-term clinical utility of treatment with Cenegermin for NK was demonstrated through the
low rate of lesion recurrence along with improvements in corneal sensitivity and tear production.

Keywords: Neurotrophic keratopathy, Cenegermin, Recombinant human nerve growth factor eye drop solution,
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Background

Damage to the ophthalmic branch of the trigeminal

nerve that innervates the cornea can lead to neurotrophic

keratopathy (NK), a rare, progressive disease character-

ized by loss of sensation, decreased tear production, epi-
*Correspondence: alessandro.lambiase@uniromal.it thelial breakdown, and impaired corneal healing [1, 2].
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of the corneal damage: mild stage 1—epithelial altera-
tions, moderate stage 2—non-healing persistent epithe-
lial defect (PED) and severe stage 3—corneal ulcer [3]. If
left untreated, NK can progress to corneal perforation,
scarring, and profound vision loss. Even with conven-
tional treatment, NK can recur after a period of healing,
which makes early and adequate treatment important to
preventing both progression and recurrence [1].

Conventional management of NK has previously
been limited to use of artificial tears at earlier disease
stages, while more severe, refractory cases were typi-
cally addressed by surgical approaches. However, these
conventional treatments often leave patients at risk of
recurrence as they do not address the underlying nerve
damage that is the basis of NK [4]. Thus, novel promis-
ing treatments for NK able to restore long-term corneal
innervation and sensitivity are being developed.

Nerve growth factor (NGF) is known to be involved
in the regulation of growth, maintenance, proliferation,
and survival of certain sympathetic and sensory neurons
[5]. In the healthy cornea a two-way interaction occurs
between epithelial cells and the corneal nerves. In NK
patients, reduced corneal sensation and decreased tear
production make the corneal surface vulnerable to inju-
ries and impair its ability to heal [2]. Disturbing these
mutual nerve-epithelium interactions can lead to devel-
opment of persistent epithelial defects. Increasing experi-
mental and clinical evidence have shown that nerve
growth factor (NGF) plays an important role in corneal
Pathophysiology supporting its use in NK, although its
exact role is not entirely clear [5-8]. These studies led to
the development of cenegermin, a recombinant human
nerve growth factor (thNGF) [Dompé Farmaceutici SpA,
Milan, Italy], that has been approved for topical ophthal-
mic use by both the EMA and FDA [9-11]. Cenegermin
was studied in two, randomized, double-masked, vehicle-
controlled pivotal phase 2 studies (NGF0212/REPARO
and NGF0214) that evaluated its efficacy and safety in
patients with moderate-to-severe NK [11, 12].

The REPARO trial showed that a statistically signifi-
cant proportion of patients achieved complete corneal
healing after one 8 week course of cenegermin treat-
ment (72.0% vs 33.3% of vehicle treated patients) [11].
Similar results were seen in NGF0214 which found that
65.2% of cenegermin-treated patients achieved com-
plete healing compared to 16.7% in the vehicle group
[12]. The REPARO trial followed patients for 1 year
and found that more than 96% of patients treated with
cenegermin who achieved complete healing did not
experience a recurrence [11]. In the NGF0214 trial,
12.5% of patients who achieved complete healing after
masked cenegermin treatment experienced recurrence

Page 2 of 7

and underwent a second course of cenegermin treat-
ment. All of these patients healed after retreatment
and remained healed through the end of the 24-week
follow-up period [12].

In addition to evaluating corneal healing, the clinical
trials for cenegermin also assessed corneal sensitivity,
reflex tearing, and visual acuity as a secondary effi-
cacy endpoints. Although not statistically significant,
in both studies patients treated with rhNGF exhibited
greater improvement in corneal sensitivity (measured
directly by Cochet-Bonnet aesthesiometer) from base-
line to weeks 4 and 8 than the vehicle-treated control
patients. Additionally, there was no statistically signifi-
cant change in visual acuity between the cenegermin-
and vehicle-treated groups in these trials, but there was
a trend toward improvement favoring cenegermin. In
both studies, corneal sensitivity, tear production, and
visual acuity were not measured beyond 8 weeks [11,
12].

Other studies conducted with cenegermin have
shown similar corneal healing trends to those shown
in the clinical trials. A prospective, observational study
by Mastropasqua et al. included 18 cenegermin-treated
patients with NK and compared them to 20 healthy age-
and sex-matched control subjects [13]. The response
to cenegermin was evaluated using corneal fluores-
cein staining, Schirmer tear test, and corneal sensitiv-
ity testing with nerve morphology analyzed by in vivo
confocal microscopy. This study showed complete cor-
neal healing after 8 weeks of treatment in all patients
and a significant improvement in tear production, but
also a significant increase in mean nerve density, nerve
branch number, and nerve fibre diameter compared to
baseline [13]. This study showed that cenegermin helps
improve the structure and function of corneal nerves,
which indicates that cenegermin may help to resolve
the underlying etiology of NK thereby healing the cor-
nea and preventing recurrence. However, this study
did not include a follow-up period to evaluate efficacy
beyond the 8-week treatment period.

While the pivotal clinical trials and real world case
reports have demonstrated the clinical utility of ceneg-
ermin for the treatment of NK, these studies offered
limited long term efficacy data beyond 1 year [11, 12].
Further long term evaluations for clinically relevant
efficacy measurements such as corneal sensitivity, tear
production, or visual acuity would also be helpful in
assessing ocular surface health [14]. Therefore, this ret-
rospective, consecutive, observational case series was
designed to evaluate the clinically significant efficacy
endpoints for up to 48 months after a single 8-week
treatment regimen with cenegermin in patients with
moderate-to-severe NK.
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Methods

This long-term follow-up report was a retrospective,
consecutive, observational single center (Department
of Sense Organs, University Sapienza of Rome, Rome,
Italy), case series of patients treated with cenegermin
ophthalmic solution (Oxervate®) 6 times daily for
8 weeks and then followed for up to 48 months. The
medical records of patients diagnosed with stage 2 or
3 NK and treated with cenegermin between dates Janu-
ary 15, 2015 and July 18, 2018 were reviewed for data
on disease recurrence, visual acuity, corneal sensitivity,
and tear production. This study was approved by the
Investigational Review Board (IRB) of University Sapi-
enza of Rome, Italy (IRB number 5338) with informed
consent obtained at follow-up visits.

Adult patients (> 18 years of age) with NK were diag-
nosed with stage 2 (persistent epithelial defect (PED))
or stage 3 (corneal ulcer) disease based on Mackie clas-
sification. The main inclusion criteria were: i). diagnosis
of stage 2 or 3 NK, ii). topical treatment with ceneg-
ermin eye drops for 8 weeks and iii). at least 24 months
of follow-up available. Patients were not allowed con-
comitant topical ophthalmic medications or other
previously applied treatments during the duration of
cenegermin treatment. During the entire follow-up
period, use of artificial tears were permitted as needed.
In case of recurrence, retreatment with cenegermin was
not permitted and patients were treated with conven-
tional management based on clinical findings including
therapeutic contact lens application as first choice, fol-
lowed by amniotic membrane transplantation and/or
tarsorrhaphy in refractory cases. Patients with recur-
rence did not exit the study at the time of recurrence.

Efficacy assessments were evaluated at baseline,
end of treatment (8 weeks), 12 months, 24 months,
36 months, and 48 months. Corneal healing, defined as
less than 0.5-mm fluorescein staining (the lower limit
of reliable slit-lamp assessment) in the lesion area,
was assessed by the investigator at week 8 and during
follow-up period. Recurrence was evaluated over the
previous year at each follow-up time point. Recurrence
was defined as return of PED (i.e. stage 2) or corneal
ulcer (i.e. stage 3) following initial corneal epithelial
healing. Additional evaluations of corneal sensitivity,
tear production, and BCDVA were performed. BCDVA
was measured by Snellen chart and expressed as a
decimal unit. Corneal sensitivity was measured using
a Cochet-Bonnet aesthesiometer (CBA) (Luneau Oph-
thalmologie, Chartres, France) directly within the cor-
neal lesion and in each quadrant outside of the lesion.
Tear production was assessed by the Schirmer test I
without topical anesthesia.Schirmer strip (NewTech
SPA, Milan, Italy) were placed in the lower tear lake and
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the length of the moistened portion of the strip, after
5 min, was measured. No safety data were collected.
Statistical analysis was performed with IBM SPSS Sta-
tistics V22.0 software using paired t-test to compare
observations at each follow-up to those at baseline.

Results

Eighteen patients were included in this analysis, all
of which had data for up to 24 months of follow-up.
Additionally, 10 patients had data available for up to
36 months of follow-up and 9 patients had data available
for up to 48 months of follow-up. Of the 18 patients, 11
patients with stage 2 NK and 7 patients with stage 3 NK
were included in the study. Seven male and 11 female
patients ranged in age from 46 to 83 years old with a
mean age of 65.3£12.6 years. The most common under-
lying etiologies included herpes simplex virus (HSV)
keratopathy (n=7, 38.8%) and Sjogren’s Syndrome (n=6,
33.3%) (Table 1).

All patients presented with corneal healing at the end
of cenegermin treatment (week 8). At each follow-up
visit, the patients were assessed for recurrence of NK, as
classified by stage 2 or 3 based on the reports of neuro-
trophic PED or ulcers in the patients’ charts over the year

Table 1 Demographic and clinical features at baseline

Eye treated N

Right eye 7

Left eye 11

NK stage

Stage 2 1

Stage 3 7

Age (years)

46-83
653+126

Range

Mean £ SD
Gender (n)
Male 7
Female

NK etiology (n)

HSV keratitis

Sjogren Syndrome

Multiple ocular surgeries
Diabetes mellitus

Ocular cicatricial pemphigoid

- = = N O N

Ocular chemical burn
Other associated diseases
Cataract

Lymphoma 1
Calcific band keratopathy 1

HSV = herpes simplex virus; NK=neurotrophic keratitis; SD = standard deviation
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of the follow-up period (Fig. 1). As seen in Table 2, out
of 18 patients, only three had recurrence of PEDs (stage
2) during the first year of follow-up and one patient had
recurrence of a neurotrophic corneal ulcer (stage 3) dur-
ing the third year of follow-up. All patients with recur-
rence of NK were treated with therapeutic contact lens
application and topical lubricants and all showed com-
plete corneal healing.

Corneal nerve damage, which causes NK, results
in partial or total loss of corneal sensation, there-
fore assessing changes in corneal sensation could be a
reflection of changes in corneal nerves. We wanted to
determine if these patients had improved corneal sen-
sitivity after cenegermin treatment, and if this contin-
ued overtime. Patients had a mean corneal sensation
of 1.2+1.3 cm (measured with a Cochet-Bonnet Aes-
thesiometer [CBA]) at baseline. As shown in Fig. 2A
we found that cenegermin treatment considerably
enhanced corneal sensitivity as early as by end of the
8 week treatment. Interestingly, these improvements
persisted throughout 48 months of follow-up. The
mean change from baseline to end of treatment was
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Table 2 Recurrence at each follow-up visit
Stage 2 recurrence Stage 3
recurrence
End of treatment 0 0
(n=18)
12 months 3 0
(n=18)
24 months 0 0
(n=18)
36 months 0 1
(n=10)
48 months 0 0
(n=9)

1.75+0.81 cm (P<0.05; 95% CI, 1.35 cm to 2.15 cm)
with continuous improvement during the course of
the follow-up period over time, with 1.83+0.84 cm
(P<0.05; 95% CI, 1.42 cm to 2.25 cm) at 12 months,
1.86+0.76 cm (P<0.05; 95% CI, 1.48 cm to 2.24 cm)
at 24 months, 1.95+0.83 cm (P <0.05; 95% CI, 1.36 cm
to 2.54 cm) at 36 months, and finally 2.11+1.08 cm
(P<0.05;95% CI, 1.28 cm to 2.94 cm) at 48 months.

follow up, and D after 24 months of follow up

Fig. 1 Representative slit -lamp pictures showing the clinical progression of neurotrophic keratopathy after cenegermin treatment. A central,
neurotrophic corneal lesion at baseline, B corneal lesion completely healed after 8 weeks of treatment, C corneal healing persisted at 12 months of

a4 Ty




Bruscolini et al. Orphanet Journal of Rare Diseases (2022) 17:57

Corneal nerves also elicit protective reflexes that pro-
mote tear production [2, 15]. Figure 2B, demonstrates
that tear production was significantly improved from
a baseline Schirmer’s test of 5.3+3.7 mm after ceneg-
ermin treatment and continued to improve during
follow-up. The observed mean change from baseline to
end of treatment was 0.5940.94 mm/5 min (P=0.020;
95% CI, 0.11 mm/5 min to 1.07 mm/5 min). During
the follow-up period statistically significant improve-
ments persisted at 12 months (2.03£2.02 mm/5 min;
P=0.001; 95% CI, 0.99 mm/5 min to 3.07 mm/5 min),
24  months (2.21+£2.17 mm/5 min; P=0.001;
95% CI, 1.09 mm/5 min to 3.32 mm/5 min), and
36 months (2.554+2.06 mm/5 min; P=0.001; 95% CI,
1.08 mm/5 min to 4.02 mm/5 min). The mean change
at 48 months was not significantly different from
baseline (0.61+4.58 mm/5 min; P=0.699; 95% ClI,
2.91 mm/5 min to 4.13 mm/5 min).

If left untreated, NK can progress and lead to profound
vision loss [1]. This stresses the importance of evaluating
visual acuity as a clinically relevant outcome in patient
with NK. Mean visual acuity was 0.3+0.2 (measured by
the Snellen chart and expressed as decimal unit) at base-
line and showed a significant improved after treatment
and during follow-up (Fig. 2C). Mean change from base-
line to end of treatment was 0.15+0.20 (P=0.008; 95%
CI, 0.04 to 0.25). Statistically significant improvements
persisted at 12 months (0.16+0.22; P=0.008; 95% CI,
0.05 to 0.27), 24 months (0.15£0.23; P=0.015; 95% CI
0.03 to 0.26), and 36 months (0.23 +0.26; P=0.037; 95%
CI, 0.02 to 0.44). At 48 months however, the observed
improvement was not statistically significant (0.21 4 0.32;
P=0.131, 95% CI, 0.08 to 0.50).

Discussion

The main purpose of our study is to expand on the pre-
viously published data on corneal healing after 8-week
treatment of cenegermin and recurrence rates in patients
with neurotrophic keratopathy (NK). This study also
sought to provide evidence on the long-term effect of
cenegermin on additional clinically relevant endpoints
including corneal sensitivity, reflex tear production, and
visual acuity.

Neurotrophic keratopathy is a progressive disease
that leads to recurrent breakdowns of the ocular sur-
face and despite various medical and surgical therapies,
NK remains yet challenging to treat.In fact conventional
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treatments including use of topical lubricants, serum
drops, bandage contact lenses, amniotic membranes
transplantation and tarsorrhaphy showed variable heal-
ing rates in NK and few data are available on their
long-term efficacy..Specifically small studies reported a
recurrence rate 1- months after AMT treatment rang-
ing from 18 to 46% [16, 17].In addition, in many cases
these conventional treatments often do not address the
underlying cause of NK but rather only promote corneal
healing [1, 4]. In our study, we observed maintenance of
corneal healing throughout the 48 months of follow-up
in most patients. Furthermore, we also observed con-
tinuous and sustained improvement in corneal sensitivity
and tear production, which is consistent with the results
of another study we have recently published in dry eye
patients [18]. The long-lasting effects of cenegermin on
corneal sensitivity and tear function in patients with NK
suggest it acts by directly targeting the corneal innerva-
tion that underlies NK pathogenesis and provide evi-
dence to support the proposed mechanism of action of
cenegermin.

While visual acuity does not necessarily reflect the
severity of the disease or the healing status, it is a clini-
cally relevant parameter, as NK can potentially lead
to impaired visual acuity if not treated properly. In our
study, treated patients presented with significantly
improved Best corrected distant visual acuity (BCDVA)
at 12, 24 and 36 months. At 48 months, BCDVA improve-
ment did not reach statistically significant values, prob-
ably due to the lower number of patients.

A limitation to our study was the uncontrolled design
and a relatively small number (n=18) of patients
included. However, NK is a rare disease making larger,
randomized, placebo-controlled, clinical trials with long
follow-up periods difficult to conduct.

Conclusions

The results of this study demonstrated that long-term
one 8 week course of cenegermin was effective in restor-
ing ocular surface homeostasis in terms of corneal
epithelial stability, tear film production and corneal sen-
sitivity recovery. This newly found and evidenced contin-
uous efficacy of this treatment opens the door for deeper
investigation of both the underlying molecular mecha-
nisms and the potential for larger, long term, prospective,
controlled clinical trials.

(See figure on next page.)

Fig. 2 Bar graph showing the long-term improvement in clinical outcome of neurotrophic keratopathy after cenegermin treatment. A There was
a significant improvement in corneal sensitivity from baseline to end of treatment and at follow-up (at 12, 24, 36, and 48 months). B There was a

significant improvement in tear production (Schirmer test) from baseline to end of treatment and at follow-up (at 12, 24, and 36 months). C There
was a significant improvement in best corrected distance visual acuity (BCDVA) from baseline to end of treatment and at follow-up (at 12, 24, and

36 months). *P<0.05
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