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Abstract

Purpose: To evaluate corneal healing in patients with moderate and severe neurotrophic keratitis (NK) treated with top-
ical rh-NFG (Cenegermin).

Methods: Twenty-one patients (I2F and 9M) aged from 21 to 93 years (62.5 + 19.4) with moderate and severe NK were
enrolled in the study. The patients were divided into 2 groups accordingly to the severity of the disease. The underlying
causes of NK were determined. The VAS questionnaire was dispensed. The ocular examination comprised slit lamp evalu-
ation, ocular surface assessment with Keratograph 5M (Oculus, Germany), corneal sensitivity with Cochet-Bonnet esthe-
siometer (Lunneaux, France) and corneal thickness measurement with AC-OCT (DRI, Triton, Topcon, Japan). The drops
of Cenegermin 0.002% were administrated 6 times daily for 8 weeks. All participants were evaluated at baseline, after 4
and 8 weeks of the treatment. The area of corneal defect with maximum diameter less than 0.5 mm was considered as
healed. The main outcome measures were corneal healing, corneal sensitivity recovery and corneal thickness in the ulcer
group.

Results: The herpetic keratitis was the most common cause of NK. Thirteen eyes were affected by severe grade of NK
with corneal ulcer and 8 eyes presented a moderate grade. After 8 weeks a complete healing of the corneal defects was
registered both in moderate and severe NK. Significant increase of the corneal sensitivity and thickness were registered.
Conclusions: The rh-NGF (Cenegermin) resulted effective in the treatment of the severe and moderate NK with sig-
nificant recovery of the corneal sensitivity and healing of the corneal defects in both groups.
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remodeling through the regulation of epithelial and stromal
interaction.”® Reduced level of NGF determines a nerve
function impairment and altered corneal function with con-
sequent visual loss.”'”

Neurotrophic keratitis (NK) is a degenerative corneal
disease resulting from severe impairment of the trigeminal
nerve function, causing deficiency of neural factors and the
consequent loss of corneal trophism and impaired corneal
healing.” Nerve malfunction is the hallmark of NK,
which manifest clinically in early stage with epithelial
defects that not heal.'” Several factors have been identified
as a possible cause of NK such as local or systemic dis-
eases and surgeries, traumatic, infective and metabolic
injuries affecting both trigeminal and corneal nerves,
being herpetic keratitis the most frequently encoun-
tered.”!' The disease may present with punctate epithelio-
pathy, persistent epithelial defects, corneal ulceration and
perforation and is accompanied by different grade of
impaired corneal sensation.'”> Additionally, low NGF
level induces a reduction of tear secretion with consequent
ocular surface damage.'® NK is classified in mild, involv-
ing only slight epithelial changes, moderate, with persist-
ing epithelial defects (PED), and severe with different
grade of stromal involvement such as ulcer, corneal
melting and perforation.”'>'* Mastropasqua et al. pro-
posed an additional classification based on AC-OCT and
in vivo confocal microscopy (IVCM) findings.'* The diag-
nosis of NK requires careful investigation of any ocular
and systemic condition associated with coreal changes
and the testing of corneal sensitivity detecting hypoesthe-
sia is considered as a main finding necessary to confirm
diagnosis.'>"* The therapy is challenging and different
therapeutic approaches, both medical and surgical, were
adopted. In relation to NK severity different therapies
were used such as the therapeutic contact lens (CL), preser-
vative free artificial tears, topical autologous serum,
RGTA- a matrix agent mimicking heparan sulfate, thyr-
oxin beta-4, topical substance P, insulin like GF1, amniotic
membrane, conjunctival flap, tarsorraphy, neurotiza-
tion).'”>™"”" Nevertheless, none of these therapeutic
options provided satisfying results,'*'®'® Lambiase et al.
demonstrated the effectiveness of murine NGF in promot-
ing corneal healing and sensation recovery in NK
patients.”” Successively, the human recombinant NGF
was used and its efficacy in NK was demonstrated in the
REPARO 1 and 2 studies.*'"** Efficacy of th-NGF was
recently confirmed by Pflugfelder et al. in a multicenter
randomized vehicle-controlled pivotal trial conducted in
USA.*>

The rh-NGF 0.002% (Cenegermin) was approved by
European Medicines Agency (EMA) in 2017 and Food
and Drug Administration (FDA) in 2018 and actually it
represents the first ever topical biologic drug for the first
line treatment in patients with NK stage 2 and 3 that not
respond to conventional treatment.

In this study we aimed to investigate the clinical and
instrumental outcome with morphological and functional
corneal recovery in patients with moderate and severe
NK treated with Cenegermin. The study was conducted
with respect of tenets of Declaration of Helsinki and
obtained approval of the Ethical Committee of the
University Hospital of Messina.

Material and methods

Twenty-one patients diagnosed with moderate and severe
NK were enrolled in this prospective observational case
series study. Twelve patients were female and nine were
male and their age ranged from 21 to 93 years (mean 62.5
+19.4). (Table 1) All participants were followed in the
Ocular Surface diseases section of the Ophthalmology
Clinic of the University Hospital of Messina. The exclusion
criteria comprised active ocular infection, inflammation not
related to NK, peripheral comeal ulcers, bilateral NK
involvement and presence of other ocular diseases.

The ocular or systemic pathologies that caused NK were
identified. All participants signed the informed written
consent to participate in the study. The Visual Analogue
Scale (VAS) was used to assess the ocular discomfort at
baseline and during the control examinations.

The patients received Cenegermin drops (20 pg/ml)
(Oxervate®, Dompe, Farmaceutici Spa, Milan, Italy)
accordingly to the standardized protocol with 1 drop for
6 times daily for 8 weeks. (https:/www.ema.europa.eu/
en/documents/product-information/oxervate-epar-product-
information_it.pdf). All subjects were examined at baseline
and successively after 4 and 8 weeks at the end of the treat-
ment. The examination included slit lamp biomicroscopy,
corneal sensitivity and thickness measurement and ocular
surface evaluation. The severity of disease was determined
accordingly to Dua et al. classification, where the moderate
NK was diagnosed in the presence of persistent epithelial
defects and the severe stage was determined when the
stromal involvement occurred, both associated to corneal
hypo or anaesthesia.'> For the analysis purposes the
patients were divided into two groups in relation to the
severity of the disease. The first group comprised moderate
NK with PED and the second group was composed by the
subjects affected by the severe form with corneal ulcers.

Corneal sensitivity was measured at the center of the
cornea, with Cochet Bonnet esthesiometer (Lunneaux,
France) and expressed in length of file in centimeters
(cms), the average value of three measurements was

Table |. Demographic characteristics of the examined patients.

Patients Eye Sex Age
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recorded for analysis. In the group with ulcer, additionally
the corneal thickness was measured with anterior segment
module of the Swept Source OCT (AC-OCT, DRI Triton,
Topcon, Japan) and the thinnest corneal point, corresponding
to the ulcer bed, was considered for evaluation. The corneal
surface assessment was done with Keratograph SM (Oculus,
Germany) using the fluorescein staining. The corneas with epi-
thelial defects with maximum diameter lower than 0.5 mm,
calculated with Keratograph 5M software, were considered
as healed accordingly to REPARO 2.

The statistical analysis was performed using SPSS 26.0
for Windows statistical software (SPSS Inc., Chicago, IL,
USA).

Table 2. Underlying cause of NK in both studied groups.

A non-parametric approach was adopted for the data
analysis using the exact significance of the p value at the
0.05 level. This is due to the small sample size and the
results of the Kolmogorov test revealed that the data exam-
ined were not normally distributed.

The Friedman test was applied to compare measure-
ments at different times in each group. Wilcoxon’s test
was used for pair comparisons in each subsequent session.

Results

All patients completed the therapeutic cycle and no adverse
drug effects were recorded during the entire follow-up
period. Table 1 reports the clinical characteristics of the
examined patients.

The main cause of NK was herpes virus keratitis
(47.6%), followed by post-neuroma surgery (19%) and

Pathology Overall PED Ulcer diabetes (9.5%). The remaining causes were previous
0, . . P
Herpetic keratitis 47.6% 19% 28.6% S;‘r,l%;ry (4.7%), ocular Cofg};cmmsl of Gravﬁs tqlseasi
Post-neuroma surgery 19% 14.3% 4.7% (4.7%), plreV10us :[r‘auma (4.7%), ocular Pomp K,:a 10{15,9
Diabetes 9.5% 9.5% rheumatoid arthritis (4.7%) and atopic conjunctivitis
Surgery 47% 47% (4.7%). (Table 2)
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Trauma 4.7% 47% while 13 eyes presented a severe form with corneal ulcer.
Rheumatoid arthritis 47% 4.7% VAS was 20.2 +6.1 at baseline, 20.8 +4.7 at 4 weeks
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Figure |. Median and inter-quartile range of sensitivity in patients with PED.



significantly when 4 weeks and 8 weeks data were ana-
lyzed (p<0.001), while the comparison of baseline and 4
weeks resulted unvaried.

Group |

Moderate neurotrophic keratitis (PED). Moderate stage of
NK was present in 8 eyes of 8 patients. In this group the
NK originated from herpes virus keratitis in 4 eyes (50%),
from post-neuroma surgery in 3 eyes (37.5%) and from
ocular complications of Graves’ disease in 1 eye (12.5%).

For PED patients there was a statistically difference in
corneal sensitivity during the follow up time, (¥2(2)=
11.565, p=0.003). For this group, a median (IRQ) sensitivity
level was: 1.5 (1 to 3.25) at first day, 3.75 (2.375 to 5.375) at
4 weeks and 4.5 (3.75 to 5.50) at 8 weeks. (Figure 1) Post hoc
analysis showed the was not a statistically significant differ-
ences between 4 weeks and 8 weeks follow-up for sensitivity
levels (p=10.063) However, there was a statistically signifi-
cant increase in sensitivity levels in 4 and 8 weeks in compari-
son to baseline (p=0.031, p<0.032 respectively).

After 4 weeks treatment the PED’s healed in 37.5% (3
of 8) of eyes and at 8 weeks a complete recovery was regis-
tered in 100% of eyes (8 of 8). (Figure 2)

Group 2

Severe neurotrophic keratitis. Thirteen eyes had severe NK
with corneal ulcer. It originated from herpes virus keratitis
in 6 eyes (46.1%), from diabetes in 2 eyes (15.3%), from
post-neuroma surgery in 1 eye (7.7%), it was post-
traumatic in 1 eye, post-surgery in 1 eye (7.7%), related
to rheumatoid arthritis in 1 eye (7.7%) and to atopic con-
junctivitis in 1 eye (7.7%).

For this group there was a statistically difference in sen-
sitivity during the follow up time, (y2(2)=22.37, p<0.001).
Median (IRQ) sensitivity levels at three evaluation times
were 1.5 (0,25 to 3.5), 4 (3.5 to 4.75) and 4.5 (3.5 to 5),
respectively. (Figure 3) There was a significant increase in
sensitivity levels (first day vs 4 weeks p=10.001, first day
vs 8 weeks p=0.001 and 4 weeks vs 8 weeks p=0.031).
In this group the AC-OCT thickness showed different
levels as recorded in the three examination times (¥2(2)=
14.00; p=0.001). Median (IRQ) OCT levels at baseline, 4
weeks and 8 weeks were 333 (305 to 382), 401 (381 to
423) and 454 (432 to 586), respectively. (Figure 4) The sub-
sequent post hoc analysis showed statistically significant
differences in all measurements considered with an increase
of corneal stroma as evidenced in AC-OCT pictures (p=
0.015 first time vs 4 weeks; p=0.016 first time vs 8§
weeks and p=0.016 4 weeks vs 8 weeks). (Figure 5)
After 4 weeks treatment the ulcers healed completely in
69% of eyes (9 of 13) and at 8 weeks a complete recovery
was registered in 100% of eyes (13 of 13). (Figure 6)

Figure 2. Slit lamp images of moderate NK with persistent
epithelial defects at baseline (A), after 4 weeks (B) and after 8
weeks (C) treatment with cenegermin. A significant reduction of
epithelial defect can be observed.

Discussion

The injuries to the trigeminal nerve result in the sub-basal
nerve plexus (SBNP) fibers damage with consequent
altered homeostasis of the ocular surface that negatively
impacts on the metabolism and vitality of the corneal epi-
thelium. This might result in different grade of neuro-
trophic keratitis presenting with epithelial defects,
corneal ulceration, melting, and perforation.”* The most
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Figure 3. Median and inter-quartile range of sensitivity in patients with ulcer.
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Figure 4. Median and inter-quartile range of OCT in the group with ulcer.



Figure 5. AC-OCT pictures of corneal ulcer in severe NK at baseline (A), after 4 weeks (B) and after 8 weeks (C) treatment with
cenegermin. Corneal thickness was calculated in the ulcer bed and expressed in microns. Significant increase of the corneal thickness

with epithelial integrity restoration after 8 weeks is evident.

important sign of NK is represented by reduced or absent
corneal sensitivity that may be assessed through the
overall corneal sensitivity testing with simply cotton
wisp or accurately quantified with esthesiometers.***>

Different ocular or general conditions such as diabetes
mellitus or neurosurgical procedures can induce a V
nerve damage, but the herpes virus infection is recognized
as a main cause of NK causing the destruction of the
sensory ganglion fibers and/or its cell.'*'3!%-26

In our study the overall main local cause of NK was
represented by herpes virus keratitis (47.6%), while diabetes
was identified as the major systemic underlying disease with
prevalence of 9,5%. These data are in line with those
reported in the literature. However, when two groups are
considered separately, the diabetes originated NK was
observed exclusively in the eyes with severe form involving
corneal stroma, and the role of diabetic polyneuropathy in
inducing a severe form of NK needs a further investiga-
tion.”” The treatment of NK represents an important chal-
lenge and different therapeutic strategies comprising
medical and/or surgical approach were reported. The surgi-
cal procedures, used mainly for severe cases with ulceration
or perforation include tarsorrhaphy, conjunctival flap,

lamellar/penetrating keratoplasty and treatment with multi-
layer amniotic membrane.”®** The goal of these treatments
is to preserve the anatomical integrity of the eye.**
Medical therapies depend on the stage of NK and the
ocular condition and include administration of preservative
free artificial tears, topical autologous serum, RGTA- a
matrix agent, thyroxin beta-4, topical substance P, insulin-
like GFI and different outcomes were reported with fre-
quent clinical failure. None of these substance acts on the
nerves trophism that gives the origin of the disease.”*
The use of NGF in the treatment of NK changed the thera-
peutic rationale as it restores corneal nerves and promotes
physiological epithelial healing.”” Cenegermin is a recombin-
ant form of human nerve growth factor (thNGF) produced in
Escherichia coli, its molecule is identical to human NGF.
Preclinical study on different dose of human rhNGF eye
drops demonstrated good tolerability and safety of this
drug.** The clinical studies known as REPARO T and TI,
demonstrated clinical efficacy and safety of human recombin-
ant NGF (rhNGF) at dose 10 pg/ml and 20 pg/ml in promot-
ing corneal healing in mild and severe NK. In these studies
the clinically better outcome was obtained with the higher
concentration  formulation  without  changes  of



Figure 6. Keratograph images of severe NK at baseline (A),
after 4 weeks (B) and after 8 weeks (C) treatment with
cenegermin. The reduction of the ulcer’s area can be observed
with a complete epithelial resurfacing at the end of the
treatment.

tolerability."** In 2019 Di Zazzo et al. recognized that the
treatment with NGF alone leads to improvement of corneal
defects.'® More recently, a study of Mastropasqua et al. con-
firmed the ability of Cenegermin, after 8 weeks of treatment,
to heal the persistent epithelial defects and corneal ulcers in a
group of 18 patients with NK.** A recent report of USA clin-
ical trial using thNGF 20 pg/ml confirmed the previous find-
ings with encouraging results.”®

In the present study we have investigated corneal healing
in 21 patients with moderate and severe form of NK treated
with Cenegermin for 8 weeks accordingly to the administra-
tion protocol. We have examined separately the patients
with PED and ulcer to identify the eventual differences in
healing processes. The grade III (severe) NK was more
represented as diagnosed in 13 eyes (61.9%). In group 1
at 4 weeks PED’s healed in 37.5% (3 of 8) of eyes and at
8 weeks a complete recovery was registered in 100% of
eyes (8 of 8). On contrary, in the group 2, at 4 weeks treat-
ment 69% (9 of 13) of ulcers were closed, while at 8§ weeks
100% of eyes were completely healed.

In our study the eyes with severe grade of NK showed
better healing and to our knowledge it is the first study that
considers separately corneal healing in PED and ulcers.
We hypothesized that in ulcers the NGF promotes
stromal healing with restore of the corneal thickness that
results in faster epithelial healing and surface recovery as
compared to PED.

In moderate group the area of defect reduced signifi-
cantly and it was less than 0.5 mm at the end of the treat-
ment, but the trace staining was still registered showing
that PED even if clinically healed, demonstrated worst epi-
thelial recovery when compared to ulcers.

The recovery of corneal sensitivity was observed in
both moderate and severe form with significant increment
determined after 4 and 8 weeks of the treatment. Corneal
sensitivity restore suggests a pivotal role of Cenegermin
in the improvement of the corneal trophism.

Additionally, the thickness analysis performed with
AC-0OCT, in 7 eyes of cooperative patients with ulcers, evi-
denced a statistically significant differences in all compar-
isons (p=0.015 baseline vs 4 weeks; p=0.016 baseline vs
8 weeks and p=0.016 4 weeks vs 8 weeks). As to our
knowledge this is the first study that reports morphological
data such as changes of the corneal thickness in ulcers.

The overall VAS showed a significant improvement at
the end of the treatment but improvement of symptoms
was registered after 4 weeks.

These unique data on restoration of the corneal thickness
and healing of ulcers after the treatment with Cenegermin
confirm the crucial role of NGF in promoting the release of
factors involved in maintenance of the integrity of the
corneal epithelium and ocular surface hemosthasis.

Conclusions

The clinical and instrumental data obtained in this study
confirm efficacy of the treatment of moderate and severe
NK with Cenegermin and provide further information on
corneal sensation recovery and thickness restoration. The
correct diagnosis and indications are of great importance
for the treatment with th-NGF that proved to promote
healing of persistent epithelial defects and ulcers and
induce recovery of the corneal sensitivity and trophism.
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