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Abstract

Background Dry eye disease (DED) includes neurosensory abnormalities as part of its multifactorial etiology. Nerve
growth factor is important for maintaining corneal nerve integrity and wound healing. Cenegermin (recombinant
human nerve growth factor) is a topical biologic that promotes corneal healing in patients with neurotrophic keratitis.
The purpose of this study was to evaluate efficacy and safety of cenegermin in moderate-to-severe DED and identify
an optimal dosing strategy.

Methods This was a phase I, multicenter, randomized, double-masked, vehicle-controlled, dose-ranging clinical trial
in patients with moderate-to-severe DED, including Sjégren’s DED (NCT03982368). Patients received 1 drop of ceneg-
ermin 3 times daily (t.i.d,; 20 mcg/mL), cenegermin 2 times daily (b.i.d.; 20 mcg/mL) and vehicle once daily, or vehicle
tid. for 4 weeks. Follow-up continued for 12 additional weeks. The primary endpoint was change in Schirmer | score
from baseline to week 4. Other key endpoints included rate of responders (Schirmer | test > 10 mm/5 min) after treat-
ment and change in Symptoms Assessment iN Dry Eye (SANDE) scores from baseline to end of follow-up. A 1-sided
test (a=0.025) was used to evaluate statistical significance.

Results At week 4, mean changes in Schirmer | scores were not statistically significantly different in either ceneg-
ermin group versus vehicle (cenegermin vs vehicle [treatment difference; 95% ClJ: t.i.d, 2.60 mm and b.i.d., 3.99 mm vs
1.68 mm [t.i.d.:0.93;-1.47 t0 3.32, P=0.078; b.i.d.: 2.31,-0.08 to 4.70, P=0.066]). More patients responded to treatment
with cenegermin tid. and b.i.d. versus vehicle (t.i.d.. 25.9% [21/81, P=0.028]; b.i.d.: 29.3% [24/82, P=0.007] vs 11.9%
[10/84]), with statistical significance (set at P<0.025) observed in the b.i.d. group. Only cenegermin t.i.d. yielded statis-
tically significant (P < 0.025) reductions in SANDE scores versus vehicle, which were sustained up to the end of follow-
up (P value range, 0.002-0.008). Eye pain, primarily mild and transient, was the most frequently observed treatment-
emergent adverse event with cenegermin. Similar results were observed in patients with Sjogren’s DED.

Conclusions Cenegermin was well tolerated and although this study did not meet its primary endpoint, significant

improvement in patient-reported symptoms of dry eye was observed through follow-up. Larger studies evaluating
cenegermin in patients with DED are warranted.
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Trial registration NCT03982368; registered May 23, 2019.
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Background

Dry eye disease (DED) is a multifactorial disease of the
tears and ocular surface characterized by loss of tear
film homeostasis and can be categorized on a contin-
uum across aqueous-deficient and evaporative DED [1].
Moderate-to-severe DED can negatively impact daily
activities, social and physical functioning, and quality of
life, with worsening impact as disease severity increases
[2—4]. If left untreated or in severe forms, DED can lead
to vision-threatening complications including persistent
epithelial defects, ulceration, corneal perforation, and,
more rarely, loss of vision or even functional blindness
[5].

Over the last decade, an emerging body of evidence
has identified neurosensory abnormalities as part of the
multifactorial etiology of DED, with other mechanisms
including ocular surface inflammation and tear film
instability [1]. Neurosensory abnormalities, such as atyp-
ical neuromodulation, disrupt tear secretion and sub-
sequently ocular homeostasis [1, 6, 7]. Severe dry eye is
often observed with Sjégren’s, and patients with Sjogren’s
DED exhibit corneal epithelial, stromal, and neural
abnormalities [5, 8—10]. Sjogren’s DED is associated with
ocular discomfort and visual dysfunction, which can lead
to corneal complications, such as corneal ulceration if left
untreated [5, 11]. Furthermore, inflammation can have
complex effects on neurotrophic factors present at the
ocular surface [12]. Neurotrophic factors, such as nerve
growth factor (NGF), are important for corneal nerve
integrity and wound healing [12, 13]. Corneal nerves are
responsible for corneal sensation, mediating blinking and
tear reflexes in response to ocular surface damage [14—
16], providing trophic support to ocular surface tissues,
and helping maintain homeostasis of the ocular surface
[15]. Thus, multiple mechanisms can disrupt homeosta-
sis, resulting in adverse clinical and psychological out-
comes for patients [5, 17].

Most therapies approved by the US Food and Drug
Administration (FDA) for DED are designed to spe-
cifically target inflammatory mediators [18]. However, a
therapy targeting the dynamic interplay between corneal
epithelial cells and neurosensory abnormalities could be
beneficial. Exogenous administration of recombinant
human NGF (rhNGF) is of interest as a potential therapy
for DED. NGF is an endogenous protein that is ubiqui-
tous in the eye and known to modulate ocular inflam-
matory responses and promote tear secretion [14, 19].

Corneal epithelial cells and corneal nerve integrity rely
on NGF: corneal nerves stimulate corneal epithelial and
stromal cell proliferation, and these cells in turn release
NGF to induce corneal nerve and stromal cell growth,
support neuronal maturation and survival, and ulti-
mately promote tissue maintenance and corneal wound
healing [15, 20]. Improved corneal sensation and inner-
vation have also been observed in NGF-treated patients
with neurotrophic keratitis (also known as neurotrophic
keratopathy) [21-24], a degenerative ocular disease char-
acterized by impaired corneal sensitivity [25, 26]. While
clinical data on the impact of cenegermin on corneal sen-
sation and innervation in DED is limited, preclinical data
suggests that topical NGF may increase corneal subbasal
nerve densities as well as corneal sensitivity in the con-
text of DED [27-29]. With its interplay between corneal
epithelial, stromal cells, and corneal nerves, rhNGF could
provide a multifaceted approach to treating DED.

Cenegermin (Oxervate, Dompé farmaceutici S.p.A.,
Italy; rhNGF) is a topical biologic administered as an eye
drop and was approved by the FDA in 2018 for the treat-
ment of neurotrophic keratitis. A phase Ila, open-label,
multiple dose study established the use of cenegermin 20
mcg/mL in patients with moderate-to-severe DED [30].
Here we present findings from a phase II study evaluating
the efficacy and safety of cenegermin eye drops adminis-
tered for 4 weeks in patients with moderate-to-severe dry
eye and the durability of treatment effect during 12 weeks
of posttreatment follow-up. This dose-ranging study was
designed to assess 2 dosing frequencies (b.i.d. and t.i.d.)
to determine the optimal frequency based on safety and
efficacy results. An exploratory analysis was also con-
ducted to evaluate efficacy data in a subgroup of patients
with Sjogren’s DED.

Methods

Study design

A phase II, multicenter, randomized, double-masked,
vehicle-controlled, dose-ranging parallel group study was
conducted at 11 sites in the United States (ClinicalTrials.
gov, NCT03982368). The study was prospectively regis-
tered on May 23, 2019, and began on June 12, 2019. The
study protocol was approved by the Advarra Institutional
Review Board (registration number 00000971) at all study
sites. Institutional Review Board approval was obtained
for protocol amendments, informed consent forms, and
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any other relevant study-related documents at each study
site. The study complied with the Declaration of Helsinki,
relevant parts of the Code of Federal Regulations Title 21,
and good clinical practice and good laboratory practice
guidelines. Written informed consent was obtained from
all patients before study initiation. This report adheres to
CONSORT guidelines [31].

Patients

Eligible patients were adults aged >18 years with mod-
erate-to-severe DED diagnosed>6 months before
enrollment, which was characterized by corneal
and/or conjunctival staining with fluorescein using
the National Eye Institute (NEI) grading system>3;
Symptoms Assessment iN Dry Eye (SANDE) ques-
tionnaire >25 mm; Schirmer I test (without anesthe-
sia)>2 mm and <10 mm/5 min; and tear film break-up
time (TFBUT) <10 s, all in the worse eye. Key inclusion
criteria included best corrected distance visual acuity
(BCDVA) score of >0.1 decimal units (20/200 Snellen
value) in both eyes at study enrollment. For patients with
Sjogren’s without an accompanying major rheumatic
disease (per the American-European Consensus Group
criteria for Sjogren’s), inclusion criteria were 4 of 6 total
criteria or 3 of 4 clinical signs. Key exclusion criteria
included evidence of an active ocular infection in either
eye; presence of any other ocular disorder or condition
requiring topical medication during the study; use of top-
ical cyclosporine, corticosteroids, or other topical drug
for the treatment of dry eye within 30 days before study
enrollment; and ocular surgery within 90 days before the
prescreening visit.

The Williams’ procedure was performed to evaluate
the minimal effective daily dose of cenegermin eye drops
[32, 33]. The sample size was determined by applying a
published formula [34], with the probability level for
a 1-sided test set at 0.025 and the power level at~90%.
Based on an analysis of a subset of hyposecretive patients
from a clinical study of cenegermin in patients with dry
eye [35], the difference in change from baseline between
treatments was estimated as 5.3 mm with a standard
deviation of 10.78. Owing to the COVID-19 pandemic,
the sponsor stopped enrollment with 261 patients of
the 300 originally planned, which was still adequate to
observe the planned difference assumed for the mini-
mum effective daily dose.

Study procedures

One week after the screening visit, patients were ran-
domized 1:1:1 to receive 1 drop of cenegermin 20 mcg/
mL in both eyes t.i.d. (every 6 h), or 1 drop of ceneg-
ermin 20 mcg/mL b.i.d. (every 6 h) along with 1 drop of
vehicle in both eyes once daily (q.d.) to match the t.i.d.
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dosing frequency, or 1 drop of vehicle t.i.d. in both eyes
(every 6 h) for 4 weeks. Treatment consisted of ceneg-
ermin (Dompé farmaceutici S.p.A., Italy) and vehicle
composed of a sterile solution for topical administration.
The vials containing cenegermin or vehicle were identical
in appearance, and the contents of the vials were indis-
tinguishable. Each vial was marked to indicate the daily
administration (eg, 1-morning, 2-afternoon, 3-evening).
In addition, the vials were color-coded for each admin-
istration as follows: white=morning, yellow =afternoon,
and light blue=evening. During the treatment period,
1 drop of topical lubricant preservative-free polyeth-
ylene glycol 400 0.25% was instilled in both eyes only if
strictly needed by the patient; during the 12-week follow-
up period, 1 drop of polyethylene glycol 400 0.25% was
instilled in both eyes t.i.d., and additional drops were
administered if strictly needed by the patient and docu-
mented in the patient’s diary. Details of the randomiza-
tion process are located in Supplemental Materials.

Endpoints and assessments

The primary endpoint was change from baseline in
Schirmer I test at week 4. This test was performed
at baseline and all study visits (weeks 2, 4, 8, 12, and
16). Rate of responders (defined as Schirmer I test
value>10 mm/5 min) at week 4 was also assessed via a
preplanned sensitivity analysis.

Secondary endpoints included change from baseline to
week 4 in the SANDE (global and frequency of dryness
and/or irritation scores), the Impact of Dry Eye on Eve-
ryday Life (IDEEL), and the Patient Global Impression of
Change (PGIC) questionnaire scores. Detailed descrip-
tions of these patient-reported outcome measures are
presented in Supplemental Materials. SANDE and IDEEL
scores were assessed at baseline and all study visits. The
PGIC questionnaire was conducted at weeks 4, 8, 12, and
16.

Additional secondary ocular endpoints included
change from baseline to week 4 in corneal and con-
junctival vital staining with fluorescein (NEI scales)
and TFBUT, which were assessed at baseline and every
study visit. Corneal and conjunctival vital staining total
scores were the summation of corneal staining total
score (calculated per graded scale of 0 to 3 applied
central, superior, temporal, nasal, and inferior regions
of the cornea for maximum score of 15) and conjunc-
tival staining total score (calculated per graded scale
of 0 to 3 applied to superior paralimbal, inferior paral-
imbal, and peripheral areas, and 0 to 9 applied to nasal
and temporal conjunctiva, for a maximum score of 18).
Other ocular endpoints included the Schirmer II test,
which was assessed at baseline and study visits of weeks
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4 and 16. A preplanned exploratory analysis was per-
formed to evaluate the preliminary efficacy of ceneg-
ermin in patients with Sjogren’s DED.

Safety was analyzed as proportion of patients with
treatment-emergent adverse events (TEAEs) assessed
at every study visit. TEAEs were defined as any adverse
event occurring or worsening on or after the first dose
of study medication.

Statistical analysis

Efficacy was analyzed in the full analysis set, which
consisted of all randomized patients who received > 1
dose of treatment and had>1 postbaseline efficacy
measurement for the primary endpoint, and the per-
protocol set, which consisted of all patients in the full
analysis set who fulfilled the study protocol require-
ments in terms of treatment intake and collection of
primary efficacy data with no major deviations; patients
were analyzed according to the randomized treatment.
Safety was assessed for all randomized patients who
received > 1 dose of treatment; patients were analyzed
according to the treatment received.

Change from baseline was analyzed using analysis
of variance, mixed model for repeated measures, or
Fisher exact test when categorized; appropriate tests
are described in the respective figure/table legends.
The statistical threshold was set at 0.025 (1-sided) for
all analyses, performed both in the overall population
and the per-protocol population. To control for mul-
tiplicity, the analysis of the primary efficacy endpoint
was performed sequentially according to Williams’ pro-
cedure [32, 33]. The first comparison compared ceneg-
ermin t.i.d. with vehicle. If the result was significant,
the cenegermin b.i.d. dose was compared with vehicle;
if it was not significant, then the test was stopped and
descriptive comparisons of change from baseline for
cenegermin t.i.d. and b.i.d. versus vehicle were evalu-
ated. Additional details on statistical analysis are pro-
vided in Supplemental Materials.

Results

Demographics and baseline characteristics

This study was conducted between June 12, 2019, and
July 15, 2020; the last patient was enrolled on March 25,
2020. Of the 350 patients screened, a total of 261 patients
met eligibility criteria and were randomized to receive
cenegermin t.i.d. (#=87), cenegermin b.i.d. (n=286), or
vehicle (n=88; Fig. 1). Of the total randomized patients,
23 (8.8%) patients had Sjogren’s. Demographics and base-
line characteristics were generally well balanced between
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groups (Table 1). Most enrolled patients were female (sex
assigned at birth), with a median age of 61 years.

Primary efficacy analyses

In the primary endpoint analysis with the full analy-
sis set, least squares (LS) mean change from baseline to
week 4 in Schirmer I test was not significantly different
in the cenegermin groups compared with vehicle (ceneg-
ermin t.i.d. vs vehicle [treatment difference; 95% CIJ:
2.60 vs 1.68 mm [0.93;—1.47 to 3.32], P=0.078; ceneg-
ermin b.i.d. vs vehicle: 3.99 vs 1.68 mm [2.31;—0.08 to
4.70], P=0.066; Fig. 2A). An adjusted analysis confirmed
these results (cenegermin t.i.d. vs vehicle [treatment dif-
ference; 95% CIJ: 2.22 vs 1.40 mm [0.82;—1.60 to 3.24],
P=0.088; cenegermin b.i.d. vs vehicle: 3.68 vs 1.40 mm
[2.29;-0.11 to 4.68], P=0.074; Supplemental Figure S1).
Analyses for the primary endpoint using the per-protocol
set were consistent with findings in the full analysis set
(cenegermin t.i.d. vs vehicle: 2.99 vs 1.28 mm [1.71; - 0.70
to 4.12], P=0.032; cenegermin b.i.d. vs vehicle: 3.72 vs
1.28 [2.44; 0.02 to 4.86], P=0.029). During the follow-
up period, mean change from baseline in Schirmer I test
scores was generally higher with cenegermin treatment
compared with vehicle through week 12 although not
statistically significantly different; results were similar
across groups by week 16 (Fig. 2B).

At week 4, the rate of responders on the Schirmer I test
(>10 mm/5 min) in the full analysis set was significantly
higher in the cenegermin b.i.d. versus vehicle group
(29.3% [24/82] vs 11.9% [10/84], P=0.007); the rate of
responders in the cenegermin t.i.d. group was also higher
when compared with vehicle (25.9% [21/81] versus 11.9%
[10/84], P=0.028; Fig. 2C), and not significantly different
than cenegermin b.i.d. In the per-protocol set, the rate
of responders was significantly higher with the P value
set<0.025 in both cenegermin groups compared with
vehicle (cenegermin t.i.d. vs vehicle: 29.2% [21/72] vs
8.8% [7/80], P=0.001; cenegermin b.i.d. vs vehicle: 28.2%
[20/71] vs 8.8% [7/80], P=0.003).

Secondary efficacy analyses

In global, severity, and frequency of dryness and/or irri-
tation SANDE scores, mean change from baseline to
week 4 was not significantly different between the ceneg-
ermin groups and the vehicle group (Fig. 3A-C). How-
ever, during the follow-up period, the cenegermin t.i.d.
group had significantly greater improvement in symp-
toms compared with vehicle that were generally stable
for up to 16 weeks after treatment initiation. Similarly,
significant improvements were observed during the fol-
low-up period in the cenegermin t.i.d. group versus the
vehicle group in treatment satisfaction at weeks 8 and 16
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| 350 assessed for eligibility |

89 ineligible

81 inclusion criteria not met
»| 4 withdrew consent

v

2 had screening failure due to EDC system
1 had screening failure due to system down

| 261 randomly assigned

| 1 had first study visit scheduled out of window

| b

l

87 assigned to cenegermin TID group 86 assigned to cenegermin BID group 88 assigned to vehicle group
9 patients with Sjogren’s 7 patients with Sjogren’s 7 patients with Sjogren’s
2 did not receive treatment 2 did not receive treatment 0 did not receive treatment
—»| 4 had no post baseline efficacy | 2 had no post baseline efficacy —»| 4 had no post baseline efficacy
measurement for primary endpoint measurement for primary endpoint measurement for primary endpoint
A A 4 A4
81 included in the full analysis set (7 with Sjégren’s) 82 included in the full analysis set (6 with Sjégren’s) 84 included in the full analysis set (6 with Sjégren’s)
85 included in the safety analysis set (9 with Sjogren’s) 84 included in the safety analysis set (7 with Sjogren’s) 88 included in the safety analysis set (7 with Sjogren’s)
13 discontinued treatment (2 with Sjégren’s) 7 discontinued treatment (1 with Sjégren’s) 5 discontinued treatment (1 with SjGgren’s)
6 AE 4 AE 3 AE
—> 2 lost to follow-up —> 1 lost to follow-up —> 1 lost to follow-up
1 withdrawal by patient 2 withdrawal by patient 0 withdrawal by patient
4 other (2 family emergencies, 0 other 1 other (COVID-19)
1 broken arm, 1 lack of reliability)
9 protocol deviations 11 protocol deviations 4 protocol deviations
2 exclusion or inclusion criteria2 8 exclusion or inclusion criteria2 3 exclusion or inclusion criteria@
> 3 compliance <80% or >120% > 1 compliance <80% or >120% L 0 compliance <80% or >120%
3 missing Week 4 primary endpoint 1 missing Week 4 primary endpoint 0 missing Week 4 primary endpoint
0 prohibited medication 3 prohibited medication 0 prohibited medication
1 unmasking 0 unmasking 1 unmasking
A A 4 A 4

72 included in the per-protocol analysis
6 patients with Sjogren’s

4 patients with Sjogren’s

71 included in the per-protocol analysis

80 included in the per-protocol analysis
5 patients with Sjogren’s

Fig. 1 CONSORT diagram. AE, adverse event; b.i.d, 2 times daily; EDC, electronic data capture; SANDE, Symptoms Assessment iN Dry Eye;

TFBUT, tear film break-up time; t.i.d,, 3 times daily. ®Inclusion criteria not met: moderate-to-severe dry eye characterized by corneal and/

or conjunctival staining with fluorescein using the National Eye Institute grading system > 3; SANDE questionnaire > 25 mm, Schirmer | test (without
anesthesia) > 2 mm < 10 mm/5 min, and TFBUT < 10 s in the worse eye. Exclusion criteria met: use of topical cyclosporine, topical corticosteroids,

or any other topical drug for treatment of dry eye in either eye within 30 days before study enrollment, or contact lenses or punctum plug use

during the study

(Fig. 4A) and symptoms at weeks 8, 12, and 16 (Fig. 4B)
based on the IDEEL questionnaire; other quality-of-life
IDEEL scores were comparable between cenegermin
b.i.d., t.id., and vehicle groups throughout the follow-
up period (Fig. 4C-F). In the PGIC questionnaire, pro-
portion of patients with improved scores (minimally
improved, much improved, or very much improved) was
significantly higher in the cenegermin t.i.d. group, but
not in the cenegermin b.i.d. group, compared with vehi-
cle at weeks 8 and 16 (Supplemental Table S1).

Least squares mean change from baseline to week 4
in Schirmer II test was significantly greater with ceneg-
ermin t.i.d., but not cenegermin b.i.d., compared with
vehicle (cenegermin t.i.d. vs vehicle [treatment difference;
95% CIJ: 2.19 vs 0.21 mm [1.97;—0.19 to 4.13], P=0.025;
cenegermin b.i.d. vs vehicle: 0.89 vs 0.21 mm [0.68; —1.48
to 2.83], P=0.243). Mean change from baseline in
TFBUT was significantly greater with cenegermin t.i.d.,
but not cenegermin b.i.d., compared with vehicle at week

4, but not during the follow-up period (Supplemental
Figure S2). No significant differences were observed with
either treatment group compared with vehicle in mean
change from baseline to any study visit in combined cor-
neal and conjunctival vital staining scores (Supplemental
Figure S3).

Safety

Eye pain was the most common ocular TEAE dur-
ing the treatment period and was mild and transient,
with only 1 patient per group reporting eye pain dur-
ing the follow-up period (Table 2). Rates of discon-
tinuation because of eye pain were low and similar
across the cenegermin and vehicle groups. Moderate
TEAEs of eye pain were observed in 3 patients in each
of the cenegermin t.i.d. and b.i.d. groups (none were
observed in the vehicle group); severe TEAEs of eye
pain were observed in 1 patient in each of the ceneg-
ermin t.i.d. and vehicle groups. No moderate or severe
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Table 1 Demographics and Baseline Characteristics

Characteristic Cenegermin t.i.d. Cenegermin b.i.d. Vehicle

N=81 N=82 N=84

Age, median (range), years 62.0 (27-89) 61.0 (24-83) 61.0 (24-81)

Female, n (%) 57(70.4) 69 (84.1) 72 (85.7)

Race, n (%)
White 66 (81.5) 66 (80.5) 66 (78.6)
Asian 7 (8.6) 3(3.7) 9(10.7)
Black/African American 6 (7.4) 12 (14.6) 9(10.7)
Other? 2(2.5) 1(1.2) 0

Eligible eye, n (%)
Left 35(43.2) 39 (47.6) 46 (54.8)
Right 46 (56.8) 43 (52.4) 38(45.2)
Time since diagnosis of dry eyes, median (range), months 89.9 (7-530) 946 (12-511) 71.5(9-419)
Baseline Schirmer | test, mean (SD), mm 53(23) 49(2.1) 4.7 (2.0)
Baseline global SANDE score, mean (SD) 739(16.1) 734(18.1) 763 (14.5)
Baseline severity of dryness and/or irritation SANDE scores, mean (SD) 715(17.5) 714(19.1) 74.1 (16.4)

Baseline IDEEL score, mean (SD)
Daily activity limitations score 66.7 (20.5) 62.8 (20.1) 65.0 (22.6)
Observations, n 81 82 84
Emotional well-being score 68.0 (24.6) 64.2 (25.1) 66.3 (26.1)
Observations, n 81 82 84
Symptom bother score 63.6(16.1) 65.1 (16.0) 62.9(16.6)
Observations, n 81 82 84
Treatment satisfaction score 33.4(20.9) 319(21.3) 28.2 (20.8)
Observations, n 49 54 59
Treatment-related bother score 63.7 (21.6) 63.6(23.8) 61.0(24.3)
Observations, n 55 63 61
Work limitations score 66.1 (28.7) 58.5(24.0) 56.5(28.6)
Observations, n 46 43 54
Baseline TFBUT score, mean (SD) 44(1.5) 43(1.8) 46(2.1)
Baseline corneal and conjunctiva vital staining with fluorescein score, mean (SD) 14.9 (5.3) 14.0(6.7) 15.5(5.7)

b.i.d. 2 times daily, IDEEL Impact of Dry Eye on Everyday Life, SANDE Symptom Assessment iN Dry Eye, SD standard deviation, TFBUT tear film break-up time, t.i.d. 3

times daily

2 Other includes American Indian or Alaskan native, Native Hawaiian, or other Pacific Islander

TEAE:s of eye pain were observed during the follow-up
period. There were no discernable differences in ocu-
lar TEAEs reported in the cenegermin t.i.d. and b.i.d.
groups. Fewer ocular TEAEs were reported in each
treatment group in the follow-up period compared
with the treatment period, and there was no discern-
able pattern across treatment groups. No treatment-
emergent serious adverse events (SAEs) potentially
related to the study drug were reported during the
treatment or follow-up periods.

Of note, the proportion and frequency of preserv-
ative-free artificial tears used during the study was
comparable across all treatment groups, with a greater

proportion of patients using>5 drops per day during
the follow-up period compared with the treatment
period (Supplemental Table S2).

Subgroup analysis in patients with Sjogren’s

Primary and key secondary efficacy outcomes among
patients with Sjogren’s DED were generally consist-
ent with patients with non-Sjogren’s DED (Supplemen-
tal Table S3). When compared with vehicle at week 16,
both global and severity of dryness and/or irritation
SANDE scores for the cenegermin t.i.d. group signifi-
cantly improved in patients with Sjégren’s DED (global,
P=0.011; severity, P=0.002) and improved trending
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A % Mean baseline values Il LS mean change from baseline to Week 4

LS treatment difference
(cenegermin t.i.d. vs vehicle):
0.93 (95% Cl, -1.47, 3.32); P=0.0782

l
LS treatment difference
(cenegermin b.i.d. vs vehicle):
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is presented only for descriptive purposes

toward significance in patients with non-Sjogren’s DED
(global, P=0.038; severity, P=0.081). At week 16, IDEEL
symptom bother improved in both cenegermin t.i.d. sub-
groups compared with vehicle, with significant improve-
ments in patients with non-Sjogren’s DED (P=0.006) and
improvements trending toward significant in patients
with Sjogren’s DED (P=0.027; Supplemental Table S4).
Similarly, safety profiles among patients with Sjogren’s
DED were generally consistent with patients with non-
Sjogren’s DED, with few instances of TEAEs leading to
discontinuation and no serious TEAEs in either subgroup
(Supplemental Table S5).

Discussion

After 4 weeks of treatment, no statistically significant
differences in tear production, assessed by Schirmer I
test, were observed in patients with moderate-to-severe
dry eye treated with cenegermin compared with vehi-
cle. Thus, the study did not meet the primary endpoint.
However, the rates of responders on Schirmer I test
(defined as Schirmer I>10 mm/5 min) at the end of the
treatment period were higher in the cenegermin groups
compared with vehicle. Significant improvements in
patient-reported symptoms of dry eye specifically with
the t.i.d. dosing strategy were observed and sustained
for up to 16 weeks after treatment initiation. Overall,
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cenegermin was well tolerated. Eye pain was the most
frequently observed TEAE, which was primarily mild
and transient. Study discontinuation was low and there
were no SAEs related to study drug during treatment or
follow-up.

In comparison with vehicle-treated patients, patients
treated with cenegermin had transient improvements
in tear film stability assessed by TFBUT. While ceneg-
ermin favorably impacted corneal and conjunctival stain-
ing, specifically in the t.i.d. group, the changes observed
were not statistically significant. The differential effects of

cenegermin on corneal staining in patients with neuro-
trophic keratitis compared with patients with DED may
be explained by the different underlying pathophysiolo-
gies responsible for corneal staining in each of these dis-
eases. The mechanisms inducing corneal staining vary
considerably between neurotrophic keratitis and DED.
If corneal staining is due to ocular inflammation, such
as that seen in DED, then cenegermin may not lead to a
pronounced improvement in staining, particularly if the
underlying inflammation is not addressed and resolved
[36]. On the other hand, corneal staining in neurotrophic
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Table 2 Summary of TEAEs During the Treatment and Follow-up Periods

Treatment period

Follow-up period

n (%) Cenegerminti.d. Cenegerminb.i.d. Vehicle Cenegermint.id. Cenegerminb.i.d Vehicle
(N=85) (N=84) (N=88) (N=85) (N=84) (N=88)
Any TEAE 65 (76.5) 60 (71.4) 26(29.5  19(224) 19 (22.6) 18 (20.5)
Any ocular TEAE 61(71.8) 60 (71.4) 20(22.7)  9(10.6) 14 (16.7) 11(12.5)
Ocular TEAEs occurring in > 5% of patients in any group
Dry eye 1(1.2) 3(3.6) 5(5.7) 202 0 1(1.1)
Eye irritation 2(24) 5(6.0) 5(5.7) 1(1. 2(24) 4(4.5)
Eye pain 54 (63.5) 42 (50.0) 4(4.5) 1(1. 101 1011
Eyelid pain 3(35) 9(10.7) 0 0 0 0
Ocular discomfort 6(7.1) 4(4.8) 0 1(1.2) 0 0
Photophobia 6(7.1) 4(4.8) 0 0 2(24) 0
Swelling of eyelid 101.2) 6(7.1) 1(00.1) 1(1. 0 0
Any TEAE leading to discontinuation 5 (5.9) 2(24) 2(23) 1(1. 1(1.2) 1(1.1)
TEAE leading to discontinuation in> 1 patient in any group
Eye pain 4(4.7) 2024) 2(23)
Headache 2(24) 0 0
Any potentially related TEAE 60 (70.6) 55 (65.5) 13(14.8) 224 2(2.4) 5(5.7)
Any serious potentially related TEAE 0 0 0 0 0

b.i.d. 2 times daily, TEAE treatment-emergent adverse event, t.i.d. 3 times daily

keratitis is, in part, attributable to lack of corneal nerve—
derived trophic support to the corneal epithelium [37].
Accordingly, cenegermin, a recombinant human nerve
growth factor, has been shown to have a notable impact
on ocular surface staining in patients with neurotrophic
keratitis [25].

Improvements in patient-reported wellness question-
naires increased during the follow-up period and were
sustained for up to 12 weeks after the completion of
cenegermin treatment, specifically with the t.i.d. dos-
ing regimen. Notably, patients first demonstrated an
improvement in clinical signs (Schirmer I test, week 4)
followed by a gradual but consistent and statistically
significant improvement in symptoms in the t.i.d. group
during the follow-up period, which was seen as early
as 4 weeks after completion of the treatment (week 8).
This is consistent with what is usually observed in the
treatment of DED, where symptomatic improvement
lags behind improvement in clinical signs [38]. While
increased tear secretion may be associated with drug
intolerance in certain contexts, our data do not sug-
gest that the observed increases in Schirmer I scores
in this study were due to intolerance to cenegermin
because (a) there was accompanying improvement in
clinical symptoms and (b) tear production remained
increased compared with baseline even after treatment
was completed and cenegermin was no longer being
used (eg, during the follow-up period up to week 12 in
the cenegermin b.i.d. group). DED is known to have a

discordance between clinical signs and the frequency of
symptoms, which can also explain the patient-reported
symptom improvements observed throughout the
follow-up period [39]. Nerve growth factor has been
shown to increase tear production, goblet cell den-
sity, mucin secretion, and epithelial proliferation, all
of which may contribute to symptom improvement in
DED [29, 40, 41]. The pattern of symptom improve-
ment in the cenegermin t.i.d. group in this study may
be explained by a mechanism of action in line with that
of cenegermin in a symptomatic disease such as DED.
In this and previous studies, eye pain has been the
most frequently observed treatment-emergent adverse
event associated with cenegermin therapy, presumably
because of its effects on nociceptor sensitization, and
is almost exclusively reported during the treatment
period. Therefore, although symptoms improved for
patients in all 3 groups between baseline and the end
of the 4-week treatment period, reported symptom
improvement in the cenegermin b.i.d. and t.i.d. groups
may have been counteracted by the onset of eye pain
in some patients. During the 12-week follow-up period,
when eye pain was rarely reported, symptom improve-
ment in the vehicle and cenegermin b.i.d. groups
regressed slightly while the cenegermin t.i.d. group
demonstrated a continued and sustained improve-
ment. This suggests that the higher concentration of
cenegermin provided by the t.i.d. dosing regimen may
have induced greater homeostasis of the ocular surface
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resulting in greater improvement and durability of
improvement in symptoms. Moreover, because DED
has multifactorial etiologies involving neurosensory
abnormalities, tear film instability, and inflammation
[1], heterogeneity could exist in the patient popula-
tion of the present study and could partly explain the
variable outcomes in signs and symptoms. Therefore,
investigation into the efficacy and safety of cenegermin
in patients with varying dry eye severity, including mild
DED, may be warranted.

A small subgroup of patients in this study had
Sjogren’s DED. In our study, efficacy results from an
exploratory analysis in patients with Sjogren’s DED
were comparable to those in patients with non-Sjogren’s
DED. However, the low number of patients in the sub-
group with Sjogren’s DED prevents drawing conclu-
sions about the effects of cenegermin in this patient
population. The recently completed phase III PRO-
TEGO-1 and PROTEGO-2 randomized clinical trials
evaluated efficacy and safety of cenegermin specifically
in patients with severe Sjogren’s DED (ClinicalTrials.
gov identifiers, NCT05136170 and NCT05133180)
using the t.i.d. dosing regimen established in this study.

Consistent with previous cenegermin studies [25, 30],
eye pain was the most frequently observed TEAE in
this study, which may be explained by the complex role
of NGF in neural pathways related to nociception [42].
In general, eye pain was mild and transient, and did
not continue into the follow-up period. Moreover, eye
pain did not appear to affect patient satisfaction with
treatment, their reported increased quality of life, or
their ability to complete the 4-week treatment. Indeed,
despite the incidence of eye pain during the treatment
period only, patients continued to report improvements
across the SANDE, IDEEL, and PGIC questionnaires
throughout the follow-up period. These results sug-
gest that cenegermin had a lasting effect beyond the
treatment period, supporting the results from a study
in patients with moderate-to-severe neurotrophic kera-
titis showing corneal reinnervation and nerve growth
increase past the treatment period [24].

This study has some limitations. While the demo-
graphics of the trial population were unbalanced, they
reflected the general population with DED (ie, predom-
inantly older and women). Although sex at birth was
reported, no analyses comparing the effect of ceneg-
ermin between sexes were carried out. Additionally,
results observed in the per-protocol analysis set were
slightly better than those in the full analysis set, dem-
onstrating that adherence to the protocol may affect
efficacy, which might also affect expected results from
real-life usage. However, these limitations, as well as
a possible heterogeneity, will be addressed by the 2
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ongoing phase III trials powered to detect treatment
effects specifically in patients with severe Sjogren’s
DED. Of note in this phase II trial, patients with
Sjogren’s DED randomized to the vehicle group showed
no improvement in Schirmer I and II tests.

Conclusions

Although cenegermin did not meet the primary effi-
cacy endpoint, it transiently improved aqueous tear
production and showed significant improvement in
patient-reported symptoms of dry eye after treatment
completion, which were sustained for 16 weeks after
the initiation of treatment. This dose-ranging study also
effectively identified cenegermin t.i.d. as the optimal dos-
ing regimen based on safety and efficacy results, as it pro-
vided a significant and durable improvement in dry eye
symptoms without an increase in adverse events com-
pared with cenegermin b.i.d. These results build upon
previous studies evaluating efficacy and safety of ceneg-
ermin for neurotrophic keratitis and moderate-to-severe
dry eye. Future studies will expand on these findings by
evaluating cenegermin t.i.d. in a larger population of
patients with severe Sjogren’s DED.

Abbreviations

BCDVA  Best corrected distance visual acuity
b.id. 2 Times daily
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tid. 3 Times daily

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512886-024-03564-w.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.
Supplementary Material 4.

Supplementary Material 5.

Acknowledgements

Editorial assistance was provided under the direction of the authors by
Deborah Lew, PhD, and Stephanie Roulias, ELS, MedThink SciCom, and sup-
ported by Dompé farmaceutici S.p.A. Data included in this manuscript have
previously been presented in part at the Association for Research in Vision and
Ophthalmology Annual Meeting; May 1-4, 2022; Denver, CO; Oral presenta-
tion 429 (Toyos M, Wirta D, Goosey J, El-Harazi S, Mantelli F. Phase 2 study of


https://doi.org/10.1186/s12886-024-03564-w
https://doi.org/10.1186/s12886-024-03564-w

Wirta et al. BMC Ophthalmology ~ (2024) 24:290

the efficacy and safety of recombinant human nerve growth factor (rthNGF) in
patients with moderate-to-severe dry eye [abstract]. Invest Ophthalmol Vis Sci.
2022;63(7):429).

Authors’ contributions

DW, WL, MT, JM, JG, AV, SE-H, and PK acquired data. MA, GP, and FM conceived
and designed the study. GG and FM analyzed and interpreted the data. All
authors critically revised the manuscript for important intellectual content,
approved the final manuscript for publication, and have agreed both to be
personally accountable for the author’s own contributions and to ensure that
questions related to the accuracy or integrity of any part of the work, even
ones in which the author was not personally involved, are appropriately inves-
tigated, resolved, and the resolution documented in the literature.

Funding

This study was supported by Dompé farmaceutici S.p.A., Milan, Italy. The
funder had a role in the conceptualization, design, data collection, analysis,
and preparation of the manuscript. The funder was not involved in efficacy
data collection for masked central analysis. The decision to publish was made
by the authors.

Availability of data and materials

Dompé is committed to responsible data sharing regarding the clinical trials
we sponsor. This includes clinical trial registration and results information sub-
mission requirements described in Sect. 801 of the Food and Drug Administra-
tion Amendments Act of 2007, known as FDAAA 801, which will be available
on ClinicalTrials.gov. This clinical trial data can be requested by any qualified
researchers or physicians and Dompé will evaluate the data request on a case-
by-case basis. Data requests can be submitted at any time to usmedinfo@
dompe.com.

Declarations

Ethics approval and consent to participate

Institutional Review Board (IRB) approval was obtained for the study protocol,
protocol amendments, informed consent forms, and any other relevant
study-related documents at each study site (Advarra was the IRB that
approved the protocol at all study sites; IRB Registration Number 00000971):
SSU00081622 (The Eye Research Foundation); SSU00081999 (Moyes Eye
Center); SSU00081991 (Toyos Clinic); SSU00091653 (Tauber Eye Center);
SSU00087179 (Sierra Clinical Trials); SSU00082283 (Martel Eye Medical Group);
SSU00084542 (Intouch Clinical Research Center); SSU00082110 (Clayton Eye
Clinical Research, LLC); SSU00111605 (Kentucky Eye Institute); SSU00082394
(Houston Eye Associates); SSU00097413 (Global Research Management). The
study complied with the Declaration of Helsinki, relevant parts of the Code of
Federal Regulations Title 21, and good clinical practice and good laboratory
practice guidelines. Written informed consent was obtained from all patients
before study initiation.

Consent for publication
Not applicable.

Competing interests

DW has received financial support from Dompé farmaceutici S.p.A. MT has
served as a consultant/contractor for Bausch, Dompé farmaceutici S.p.A, Mall-
inckrodt, Sun, Zeiss, Lumenis, RVL, and Oyster Point and has received financial
support from Allysta, Bausch, Dompé farmaceutici S.p.A, Glaukos, Mallinckrodt,
Sun, Zeiss, Greenlight, Lumenis, RVL, Novartis, Allysta, and Recordati. WL, JM,
JG, AV, SE-H, and PK have no competing interests. GG was an employee of
Dompé farmaceutici S.p.A. at the time of this study but is no longer affiliated
with the company. MA, GP, and FM are employees of Dompé farmaceutici
SpPA.

Author details

"Eye Research Foundation, 520 Superior Avenue, Suite 235, Newport Beach,
CA 92663, USA. 2Advanced Laser Vision & Surgical Institute and Intouch
Clinical Research Center, 11550 Fuqua Street, Suite 250, Houston, TX 77034,
USA. *Toyos Clinic, 2204 Crestmoor Road, Nashville, TN 37215, USA. “Martel
Eye Medical Group, 11216 Trinity River Drive, Rancho Cordova, CA 95670, USA.
*Houston Eye Associates, 2855 Gramercy Street, Houston, TX 77025, USA.

Page 12 of 13

SMoyes Eye Center, 5151 NW 88 Street, Kansas City, MO 64154, USA. ’Global
Research Management, 1510 S Central Avenue, Glendale, CA 91204, USA.
8Kentucky Eye Institute, 601 Perimeter Drive, Suite 100, Lexington, KY 40517,
USA. °Dompé farmaceutici S.p.A, Via Santa Lucia 6, Milan 20122, Italy.

Received: 8 August 2023 Accepted: 8 July 2024
Published online: 17 July 2024

References

1. Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS, Joo CK, et al. TFOS DEWS
Il definition and classification report. Ocul Surf. 2017;15:276-83.

2. ChanC, Ziai S, MyageriV, Burns JG, Prokopich CL. Economic burden and
loss of quality of life from dry eye disease in Canada. BMJ Open Ophthal-
mol. 2021;6:e000709.

3. Mertzanis P, Abetz L, Rajagopalan K, Espindle D, Chalmers R, Snyder C,
et al. The relative burden of dry eye in patients'lives: comparisons to a
U.S. normative sample. Invest Ophthalmol Vis Sci. 2005,46:46-50.

4. Shigeyasu C, Yamada M, Kawashima M, Suwaki K, Uchino M, Hiratsuka
Y, et al. Quality of life measures and health utility values among dry eye
subgroups. Health Qual Life Outcomes. 2018;16:170.

5. Messmer EM. The pathophysiology, diagnosis, and treatment of dry eye
disease. Dtsch Arztebl Int. 2015;112:71-81. quiz 2.

6. Belmonte C, Nichols JJ, Cox SM, Brock JA, Begley CG, Bereiter DA, et al.
TFOS DEWS Il pain and sensation report. Ocul Surf. 2017;15:404-37.

7. Zhang X, Jeyalatha MV, Qu Y, He X, Ou S, Bu J, et al. Dry eye manage-
ment: targeting the ocular surface microenvironment. Int J Mol Sci.
2017;18:1398.

8. Adatia FA, Michaeli-Cohen A, Naor J, Caffery B, Bookman A, Slomovic
A. Correlation between corneal sensitivity, subjective dry eye symp-
toms and corneal staining in Sjégren’s syndrome. Can J Ophthalmol.
2004;39:767-71.

9. Tuominen IS, Konttinen YT, Vesaluoma MH, Moilanen JA, Helinto M, Tervo
TM. Corneal innervation and morphology in primary Sjogren’s syndrome.
Invest Ophthalmol Vis Sci. 2003;44:2545-9.

10. Villani E, Galimberti D, Viola F, Mapelli C, Ratiglia R. The cornea in
Sjogren’s syndrome: an in vivo confocal study. Invest Ophthalmol Vis Sci.
2007;48:2017-22.

11. Akpek EK, Mathews P, Hahn S, Hessen M, Kim J, Grader-Beck T, et al.
Ocular and systemic morbidity in a longitudinal cohort of Sjogren’s
syndrome. Ophthalmology. 2015;122:56-61.

12. Shaheen BS, Bakir M, Jain S. Corneal nerves in health and disease. Surv
Ophthalmol. 2014;59:263-85.

13. Tsubota K, Pflugfelder SC, Liu Z, Baudouin C, Kim HM, Messmer EM, et al.
Defining dry eye from a clinical perspective. Int J Mol Sci. 2020;21:9271.

14. Labetoulle M, Baudouin C, Calonge M, Merayo-Lloves J, Boboridis KG,
Akova YA, et al. Role of corneal nerves in ocular surface homeostasis and
disease. Acta Ophthalmol. 2019;97:137-45.

15. Muller LJ, Marfurt CF, Kruse F, Tervo TM. Corneal nerves: structure, con-
tents and function. Exp Eye Res. 2003;76:521-42.

16. Peterson DC, Hamel RN. Corneal Reflex. Treasure Island: StatPearls Pub-
lishing; 2022.

17. He Q Chen Z, Xie C, Liu L, Yang H, Wei R. Relationship between dry eye
disease and emotional disorder: the mediating effect of health anxiety.
Front Public Health. 2022;10:771554.

18. O'Neil EC, Henderson M, Massaro-Giordano M, Bunya VY. Advances in dry
eye disease treatment. Curr Opin Ophthalmol. 2019;30:166-78.

19. Ghinelli E, Johansson J, Rios JD, Chen LL, Zoukhri D, Hodges RR, et al. Pres-
ence and localization of neurotrophins and neurotrophin receptors in rat
lacrimal gland. Invest Ophthalmol Vis Sci. 2003;44:3352-7.

20. DiG, Qi X, Zhao X, Zhang S, Danielson P, Zhou Q. Corneal epithelium-
derived neurotrophic factors promote nerve regeneration. Invest
Ophthalmol Vis Sci. 2017;58:4695-702.

21. Balbuena-Pareja A, Bogen CS, Cox SM, Hamrah P. Effect of recombinant
human nerve growth factor treatment on corneal nerve regeneration in
patients with neurotrophic keratopathy. Front Neurosci. 2023;17:1210179.

22. Bruscolini A, Marenco M, Albanese GM, Lambiase A, Sacchetti M. Long-
term clinical efficacy of topical treatment with recombinant human
nerve growth factor in neurotrophic keratopathy: a novel cure for a rare
degenerative corneal disease? Orphanet J Rare Dis. 2022;17(1):57.



Wirta et al. BMC Ophthalmology ~ (2024) 24:290

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34,

35.

36.

37.

38.

39.

40.

41.

42.

Mastropasqua L, Lanzini M, Dua HS, D' Uffizi A, Di Nicola M, Calienno R,
et al. In vivo evaluation of corneal nerves and epithelial healing after
treatment with recombinant nerve growth factor for neurotrophic kera-
topathy. Am J Ophthalmol. 2020,217:278-86.

Pedrotti E, Bonacci E, Chierego C, De Gregorio A, Cozzini T, Brighenti T,

et al. Eight months follow-up of corneal nerves and sensitivity after treat-
ment with cenegermin for neurotrophic keratopathy. Orphanet J Rare
Dis. 2022;17:63.

Pflugfelder SC, Massaro-Giordano M, Perez VL, Hamrah P, Deng SX,
Espandar L, et al. Topical recombinant human nerve growth factor
(cenegermin) for neurotrophic keratopathy: a multicenter randomized
vehicle-controlled pivotal trial. Ophthalmology. 2020;127:14-26.
FDA.gov: FDA approves first drug for neurotrophic keratitis, a rare eye
disease. https://www.fda.gov/news-events/press-announcements/
fda-approves-first-drug-neurotrophic-keratitis-rare-eye-disease. 2018.
Accessed August 7,2023.

Joo M-J. The effect of nerve growth factor on corneal sensitivity after
LaserIn situ keratomileusis. Arch Ophthalmol. 2004;122(9):1338.

Gong Q, Zhang S, Jiang L, Lin M, Xu Z,Yu Y, et al. The effect of nerve
growth factor on corneal nerve regeneration and dry eye after LASIK. Exp
Eye Res. 2021;203(108428):108428.

Coassin M, Lambiase A, Costa N, De Gregorio A, Sgrulletta R, Sacchetti M,
et al. Efficacy of topical nerve growth factor treatment in dogs affected
by dry eye. Graefes Arch Clin Exp Ophthalmol. 2005;243:151-5.

Sacchetti M, Lambiase A, Schmidl D, Schmetterer L, Ferrari M, Mantelli

F, et al. Effect of recombinant human nerve growth factor eye drops in
patients with dry eye: a phase lla, open label, multiple-dose study. Br J
Ophthalmol. 2020;104:127-35.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMC Med.
2010;8:18.

Williams DA. The comparison of several dose levels with a zero dose
control. Biometrics. 1972;28:519-31.

Williams DA. A test for differences between treatment means when
several dose levels are compared with a zero dose control. Biometrics.
1971;27:103-17.

Chow SC, Shao J, Wang H. Sample size calculations in clinical research.
New York: Marcel Dekker, Inc; 2003.

ClinicalTrials.gov: An 8-week study to evaluate safety and efficacy of NGF
eye drops solution versus vehicle in patients with dry eye. https://classic.
clinicaltrials.gov/ct2/show/NCT03019627. Accessed August 7, 2023.
Pflugfelder SC. Antiinflammatory therapy for dry eye. Am J Ophthalmol.
2004;137:337-42.

Bonini S, Rama P, Olzi D, Lambiase A. Neurotrophic keratitis. Eye (Lond).
2003;17:989-95.

Shen Lee B, Kabat AG, Bacharach J, Karpecki P, Luchs J. Managing dry
eye disease and facilitating realistic patient expectations: a review and
appraisal of current therapies. Clin Ophthalmol. 2020;14:119-26.

Nichols KK, Nichols JJ, Mitchell GL. The lack of association between signs
and symptoms in patients with dry eye disease. Cornea. 2004;23:762-70.
Lambiase A, Manni L, Bonini S, Rama P, Micera A, Aloe L. Nerve growth
factor promotes corneal healing: structural, biochemical, and molecu-
lar analyses of rat and human corneas. Invest Ophthalmol Vis Sci.
2000;41:1063-9.

Lambiase A, Micera A, Pellegrini G, Merlo D, Rama P, De Luca M, et al.

In vitro evidence of nerve growth factor effects on human conjunctival
epithelial cell differentiation and mucin gene expression. Invest Ophthal-
mol Vis Sci. 2009;50:4622-30.

Jankowski MP, Koerber HR. Neurotrophic factors and nociceptor sensitiza-
tion. In: Kruger L, Light AR, editors. Translational Pain Research: From
Mouse to Man. Boca Raton: CRC Press/Taylor & Francis; 2010.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13


https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-neurotrophic-keratitis-rare-eye-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-neurotrophic-keratitis-rare-eye-disease
https://classic.clinicaltrials.gov/ct2/show/NCT03019627
https://classic.clinicaltrials.gov/ct2/show/NCT03019627

	Recombinant human nerve growth factor (cenegermin) for moderate-to-severe dry eye: phase II, randomized, vehicle-controlled, dose-ranging trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design
	Patients
	Study procedures
	Endpoints and assessments
	Statistical analysis

	Results
	Demographics and baseline characteristics
	Primary efficacy analyses
	Secondary efficacy analyses
	Safety
	Subgroup analysis in patients with Sjögren’s

	Discussion
	Conclusions
	Acknowledgements
	References


