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ABSTRACT

Introduction: Neurotrophic keratopathy (NK)
is a rare degenerative ocular disease that can be
difficult to treat. There were no effective reso-
lutive treatments for severe NK caused by ocular
graft-versus-host disease (oGVHD) along with
virus infection. To address this question, we
designed a prospective cohort study to evaluate
the efficacy and safety of topical recombinant
human nerve growth factor (rhNGF) in patients
with recalcitrant NK of oGVHD and viral
infection.
Methods: This prospective cohort study enrol-
led patients with recalcitrant NK diagnosed
with oGVHD and treated with rhNGF. Clinical
evaluations included the range of epithelial

defects, best corrected visual acuity, intraocular
pressure, slit-lamp examination, and corneal
fluorescein staining. Examinations of the cen-
tral corneal thickness, corneal sensitivity, and
nerve fiber regeneration were performed at each
visit at 4, 8, 12, 20 weeks and 6 months,
respectively, after initiating rhNGF treatment.
Results: All enrolled patients were diagnosed
with NK at stage 2 (7 eyes, 63.6%) or stage 3 (4
eyes, 36.4%) and responded to rhNGF treat-
ment. Five of 11 (45.5%) and 9 of 11 eyes
(81.8%) achieved complete corneal epithelial
healing after 4 and 8 weeks, respectively. All 11
eyes (100%) achieved complete corneal healing
after 12 weeks. There was also a significant
reduction in the corneal ulcer area during each
visit (P\0.001), as well as in the corneal fluo-
rescein staining score (P\0.010). There was a
significant improvement in corneal sensation
when compared to the baseline (P\0.050).
Conclusion: Topical treatment with rhNGF
effectively promoted the complete corneal
healing of persistent epithelial defects and cor-
neal ulcers in patients with recalcitrant NK in
oGVHD and viral infection.
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Key Summary Points

Why carry out this study?

The study addresses a significant clinical
problem by investigating a novel
treatment approach for a rare and
challenging condition—neurotrophic
keratopathy (NK)—in patients with ocular
graft-versus-host disease (oGVHD) and
viral infections.

What was learned from the study?

Patients with severe NK at stage 2 and 3
experienced a remarkable recovery in
corneal health with recombinant human
nerve growth factor (rhNGF) treatment,
and the improvement was sustained over
6 months. The observations of corneal
healing and regeneration of corneal nerve
fibers are particularly notable.

rhNGF treatment was well tolerated,
providing important information
regarding the safety of this novel therapy.

INTRODUCTION

Neurotrophic keratopathy (NK), also known as
neurotrophic keratitis, is a rare degenerative
ocular disease. When the trigeminal innerva-
tion of the cornea is damaged, morphological
and metabolic epithelial abnormalities progress,
leading to NK [1, 2]. Severe NK may cause cor-
neal thinning, scarring, neovascularization, or
even corneal melting and perforation with
irreversible visual loss [1, 3]. Various conditions,
such as ocular herpetic infection, ocular or
neurologic surgery, trauma, diabetes, and dry
eye disease are associated with NK [4].

Graft-versus-host disease (GVHD) is a major
complication following allogeneic hematopoi-
etic stem cell transplantation, which occurs in
many organs. It has been reported that about
60–90% of patients with chronic GVHD develop
ocular complications [5–7]. Most patients with

ocular graft-versus-host disease (oGVHD) expe-
rience severe dry eye [7], which may cause
punctate epithelial keratopathy and painful
epithelial erosions. Furthermore, this condition
is often associated with recalcitrant NK, and
may also lead to further corneal complications
such as secondary infections, non-healing cor-
neal ulcers, stromal thinning, necrosis, limbal
stem cell deficiency, neovascularization, and
corneal perforation [6].

Prior to 2018, there was no effective and
specialized therapy available for NK, which has
been identified as an orphan disease; specifi-
cally, there were no effective resolutive treat-
ments for severe NK caused by GVHD along
with virus infection. In the early stages of NK,
discontinuation of toxic topical and systemic
therapies and application of preservative-free
lubricants are recommended. Moreover, ban-
dage contact lenses, matrix-regenerating agents,
and autologous serum may be used for treat-
ment. Surgery is carefully considered in severe
cases where amniotic membrane transplanta-
tion or tarsorrhaphy is performed. However,
these treatments cannot improve the condition
but only maintain the condition at a steady
state for a short time. Topical recombinant
human nerve growth factor (rhNGF, cen-
egermin, Oxervate, Dompè Farmaceutici,
Milan, IT) was approved as a first-line treatment
in 2018 by the European Medicines Agency and
the US Food and Drug Administration [4] and
was approved in 2020 in China.

A few clinical trials that reported the efficacy
of rhNGF in promoting corneal healing in
patients with NK [4, 8]. However, rhNGF had
never been used in a specific group of people
such as patients with oGVHD. In this study, we
aimed to evaluate the efficacy and safety of
rhNGF treatment for recalcitrant NK in patients
with oGVHD.

METHODS

Ethics

This prospective study included patients with
recalcitrant NK of oGVHD. The patients were
treated with rhNGF from January 2021 (the first
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patient enrolled) to December 2022 (the last
follow-up) at the Peking University Third
Hospital Ophthalmology Center. Written
informed consent was obtained from each
patient before participation in the study. The
procedures were reviewed and approved by the
Institutional Review Board of Peking University
Third Hospital (IRB00006761-M2021101) and
were compliant with the tenets of the Declara-
tion of Helsinki.

Study Participants

The diagnosis of NK is mostly based on the
clinical interpretation of corneal signs. It had
been traditionally classified into three stages as
described by Mackie (1995) and modified by
Dua et al. [2] as follows: Stage 1 (mild) is char-
acterized by the presence of corneal punctate
keratopathy, which is frequently associated
with epithelial hyperplasia, mild degrees of
stromal edema, corneal neovascularization, and
reduction of tear film breakup time. Stage 2
(moderate) is distinguished by the evidence of
persistent epithelial defect (PED), which usually
shows an oval or circular shape, involving most
frequently the paracentral cornea. The epithe-
lium surrounding the epithelial ulceration often
appears edematous, cloudy, and poorly adher-
ent with its consequent spontaneous detach-
ment and progression of the extension of the
epithelial defect. Stage 3 (severe) is character-
ized by stromal involvement and clinically
presents as a frank corneal ulcer with stromal
thinning that may progress to melting and
perforation [9].

In this study, all the enrolled patients were
diagnosed with NK at stage 2 (seven eyes,
63.6%) and stage 3 (four eyes, 36.4%); all had a
history of chronic oGVHD. In addition, all of
them were suspected to have a viral infection,
while some were positive for the virus with
laboratory tests. Before the study, all patients
were treated with topical antibiotics, lubricants,
therapeutic contact lenses, or even amniotic
membrane transplantation for at least 4 weeks
without clinical success, and therefore we clas-
sified the enrolled patients as having recalci-
trant NK.

Examination and Treatment Procedures

The enrolled patients were treated with cen-
egermin 20 lg/mL (Dompé Farmaceutici Spa,
Milan, Italy) one drop six times a day in the
affected eye for 8 weeks. Therapeutic contact
lens usage or amniotic membrane transplanta-
tion was discontinued during the study, along
with the matrix-regenerating agents and autol-
ogous serum. The application of preservative-
free lubricants (sodium hyaluronate, Santen
Pharmaceutical Co., Ltd.) is still recommended,
and antiviral medications (ganciclovir for sys-
temic or local administration) or topical
antibiotic eye drops (levofloxacin eye drops,
Santen Pharmaceutical Co., Ltd.) are allowed to
continue.

All the patients underwent a complete oph-
thalmic examination at each visit. It included
measures of the best corrected visual acuity
(BCVA), intraocular pressure (IOP) measured by
Icare tonometer, slit-lamp examination, corneal
fluorescein staining, and central corneal thick-
ness (CCT) measured by anterior segment opti-
cal coherence tomography (AS-OCT). Corneal
sensitivity was measured using a Cochet-Bonnet
esthesiometer (Luneau Ophthalmologie, Char-
tres, France) as the cornea was contacted with a
6-cm-length monofilament nylon thread. The
filaments were applied to superior, inferior,
nasal, and temporal quadrants as well as the
center. The thread was gradually shortened by
5 mm until a positive response was recorded.
The longest filament length that induced a
positive response was recorded as the threshold
for corneal sensation. Patients were evaluated at
baseline (before starting Cenegermin), and then
at 4 weeks, 8 weeks, 12 weeks, 20 weeks, and
6 months after the initiation of rhNGF treat-
ment. The safety and tolerability of the drug
were estimated in this study using a question-
naire followed by their medical records.

Photo Processing

Anterior segment photos were analyzed using
the semi-automated tracing program ImageJ, a
freely available image processing and analysis
platform distributed by the National Institutes
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of Health. We marked the persistent epithelial
defect (PED) section and the cornea edge, and
the software automatically calculated the area
(Fig. 1).

Statistical Analysis

Statistical analysis was performed using IBM
SPSS version 25.0 for Mac (IBM Corp., Armonk,
NY, USA). Visual acuity data were collected
from medical records and converted to a loga-
rithm of the minimal angle of resolution (log-
MAR). Quantitative data were analyzed using
Student’s t test or paired t tests. Paired t tests
were used to analyze the area of corneal
epithelial defect between baseline and each
visit. Statistical significance was set at
P value\ 0.050 was considered significant.

RESULTS

Characteristics of Patients

A total of nine eligible patients (11 eyes) were
included in the study from January 24, 2021
(enrollment of the first patient) to July 11, 2022
(the date of the last person’s follow-up visit).
The demographic features of the patients at
baseline are presented in Table 1. The mean age

was 35.6 ± 11 years old and 55.6% of patients
were men. Eye involvement was bilateral in two
patients.

Fig. 1 To get the percentage of the persistent epithelial
defect (PED) area in the cornea graft, we divided the PED
area (manually circled in B, 754,820) by the cornea graft

area (circled in A, 1,270,235), which allows us to
determine the corneal epithelial healing precisely (percent-
age area of PED was 59.4%, 754,820/1,270,235)

Table 1 Baseline features of the patients

Ref No. of patients/eyes

Age (years), x±s 35.6 ± 11 (range 16–54)

Male, n (%) 55.6%

viral infection

Suspect 11 eyes (100%)

PCR (?) 7 eyes (63.6%)

CMV 4 eyes (36.4%)

HSV-I 2 eyes (18.2%)

EBV 1 eye (9.1%)

Post PKP 2 eyes (18.2%)

Classification of NK

Stage 1 None

Stage 2 (PED) 7 eyes (63.6%)

Stage 3 (ulceration) 4 eyes (36.4%)

*PCR = Polymerase Chain Reaction; PKP = Penetrating
keratoplasty; CMV = cytomegalovirus; HSV = herpes
simplex virus; EBV = Epstein-Barr Virus; PED = persistent
epithelial defect
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Treatment Response

All nine patients (11 eyes) responded to rhNGF
therapy. Specifically, complete corneal epithe-
lial healing was achieved in 5 of 11 eyes (45.5%)
after 4 weeks of rhNGF treatment and 9 of 11
(81.8%) after 8 weeks. All 11 eyes (100%)
achieved complete corneal epithelial healing at
12 weeks. Even though the patients were only
treated with rhNGF for 8 weeks, notably, sig-
nificant reductions in the ulcer area were
observed of each visit (P\ 0.001, respectively)
after the completion of rhNGF treat-
ment (Fig. 2). During the study, we did not
observe any eye that experienced recurrence of
the epithelial defect within 6 months.

The corneal fluorescein staining score at
baseline and the changes over time are shown
in Fig. 3. The mean score decreased from
13.3 ± 2.7 at baseline to 10.4 ± 3.7 (P\0.010),
7.9 ± 4.6 (P\ 0.010), 4.6 ± 2.9 (P\0.001),
0.7 ± 1.2 (P\0.001), and 1.4 ± 1.9 (P\ 0.001)
at 1 week, 2 weeks, 4 weeks, 8 weeks, 12 weeks,
and 6 months after treatment, respectively.

BCVA is one of the variables used to evaluate
efficacy outcomes. We observed a slight

decrease from logMAR 1.2 ± 0.6 at baseline to
logMAR 0.9 ± 0.7 (P\0.050) at the 8-week
visit (Fig. 4A). However, there was no statisti-
cally significant difference in BCVA between the
baseline and later follow-up visits. No difference
in IOP was observed between baseline and fol-
low-up visits (Fig. 4B). Central cornea thickness
(CCT) is also an observational target, but there
is no statistical significance in CCT between
baseline and follow-up visits (Fig. 5). There was
a significant increase in corneal sensation in the
center of the cornea and average sensation in
the superior, inferior, nasal, and temporal
quadrants as well as the center compared to the
baseline (Fig. 6).

Safety

The tolerance of rhNGF was satisfactory. No
treatment discontinuation was required because
of the side effects and no serious adverse drug
effects were observed. Adverse events in patients
were tolerable and reversible after discontinua-
tion of rhNGF, including eye irritation (7/11,
63.6%), corneal leukoma (3/11, 27.3%), neo-

Fig. 2 Percentage of corneal epithelial defect at baseline
and the changes over time after treatment with rhNGF.
Paired t test was used for comparisons of each visit.
*P\ 0.050; **P\ 0.010; ***P\ 0.001

Fig. 3 Corneal fluorescein stain (CFS) score at baseline
and the changes over time after treatment with rhNGF.
Paired t test was used for comparisons of each visit.
*P\ 0.050; **P\ 0.010; ***P\ 0.001
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vascularization (2/11, 18.2%), headache (5/11,
45.5%), and sleepiness (3/11, 27.2%).

DISCUSSION

Patients with GVHD are a particular population
suffering from severe dry eye, which may be
associated with recalcitrant NK [6]. Previous
studies have shown that the clinical

manifestations of dry eyes due to GVHD were
more severe than those with dry eyes of other
etiologies. One study demonstrated that nerve
fiber density was decreased in the oGVHD group
whereas there was no effect in the dry eye syn-
drome group [5, 7]. In our study, all the patients
had GVHD combined with ocular symptoms. In
addition, all the patients were considered to
have virus infection with positive PCR results
for 64.6% eyes in anterior chamber aqueous
humor, making these cases very difficult to treat
and requiring more effort for complete cornea
epithelial recovery. Previous studies have
demonstrated that NGF plays a key role in the
modulation of immune reaction, trophic sup-
port, healing of ocular surface, corneal sensi-
tivity, and tear film function [10–12].

This study evaluated the efficacy of rhNGF
treatment in patients with GVHD and NK. After
8 weeks of treatment and during the follow-up
evaluations up to 6 months after the end of
therapy, a notable increase in corneal epithe-
lium recovery was observed in all patients
(Fig. 7). However, not all patients recovered
within 8 weeks (81.8%) of treatment with
rhNGF, which was inconsistent with earlier
studies [1, 3, 8] which reported that all patients
could achieve complete corneal healing within
8 weeks of rhNGF treatment protocol. The two

Fig. 4 Mean visual acuity (A) and intraocular pressure (B) at baseline and the changes over time. *P\ 0.050; **P\ 0.010;
***P\ 0.001

Fig. 5 Mean central corneal thickness (CCT) at baseline
and the changes over time. *P\ 0.050; **P\ 0.010;
***P\ 0.001
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cases that did not recover within 8 weeks were
classified as stage 3 NK with deep ulceration and
stromal melting. One of the cases was a
notable ulcer in the central cornea and accom-
panying cornea melting, with the central cor-
neal thickness of (CCT) 370 lm.

Patients with oGVHD usually under-
went severe dry eye, and corneal epithelial
defects were almost impossible to resolve
[6, 13]. The epithelial defect healed in all
patients and no patients experienced recurrence
during the 6 months follow-up after completion
of rhNGF treatment. However, we found that
some patients had increased corneal fluorescein
scores after 6 months without statistical signif-
icance. Dry eye conditions and chronic ocular
surface inflammation may cause the increased
score of fluorescein staining, which we attrib-
uted it to abnormal connections of corneal
epithelial cells. Therefore, attention should be
paid to the ocular surface of patients with
GVHD accompanied with recalcitrant NK
throughout the therapy and focus on control-
ling dry eye and ocular surface inflammation

[5, 14, 15], even after the corneal epithelium has
been recovered.

We observed that three eyes developed cor-
neal leukoma at the end of the study and found
that the process of corneal epithelial healing
followed three steps: first, recovery of stroma
with fibrous tissue hyperplasia and increase in
corneal thickness; second, the corneal epithe-
lium began to grow but was accompanied by
neovascularization; third, the cornea healed
with reduced inflammation on the ocular sur-
face but was followed by corneal leukoma.

One patient was diagnosed with GVHD and
CMV infection in both eyes and suffered from
PED and stromal melting. The patient was then
treated with rhNGF. Finally, his corneal defect
recovered and he avoided corneal perforations
or even emergency surgery. However, the
developed keratoleukoma after the treatment;
therefore, in order to improve his visual acuity,
the patient underwent penetrating keratoplasty
(PKP). We were concerned that he might
develop PED again after the PKP surgery; how-
ever, his epithelium grew rapidly and recovered

Fig. 6 Corneal sensitivity measured by Cochet-Bonnet
esthesiometer at baseline and the changes over time.
A Central corneal sensitivity; B the average corneal
sensitivity of superior, inferior, nasal, and temporal

quadrants as well as the center. Paired t test was used for
comparisons of each visit. *P\ 0.050; **P\ 0.010;
***P\ 0.001
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in only 2 weeks without using rhNGF (Fig. 8).
This case provides objective evidence that nerve
growth continues to increase beyond the end of
the therapy.

Although three of the study eyes developed
keratoleukoma and corneal neovascularization
after 6 months of treatment with rhNGF, it has
a protective effect to some extent. Persistent
epithelial defect is a serious complication which
should be rapidly managed to avoid corneal
perforation [16]. When the corneal ulcer is close
to perforation, rhNGF plays a certain role in
accelerating corneal stroma repair. In addition,
it can stabilize and reduce the inflammation of

the ocular surface, which provides advanta-
geous conditions for future corneal transplan-
tation surgery. However, no cases in stage 2
were observed of neovascularization or corneal
leukoma. Therefore, we believe that the appli-
cation of rhNGF in patients with GVHD is safe
and should be performed as early as possible.

However, on the basis of the current study,
we still do not know whether the combination
of rhNGF and steroid therapy can prevent ker-
atoleukoma in these patients. More cases are
required to confirm the effectiveness of this
combination therapy.

Fig. 7 A representative patient with GVHD, a 45-year-old
man, underwent penetrating keratoplasty (PKP) surgery
and suffered from NK with persistent epithelial defect
(PED). After a month of traditional treatment with
preservative-free lubricants and matrix-regenerating agents,
there was still a large area of PED, so he began treatment
with rhNGF. Anterior photo of the patient (A) and
fluorescein stain (B) showed an 8 9 8 mm PED; (C)
in vivo confocal microscopy (IVCM) showed no subbasal

nerve fibers; 4 weeks after the treatment of rhNGF, the
anterior segment photo (D) with fluorescein stain
(E) showed a significant reduction of the PED area. (F)
IVCM showed some slender subbasal nerve fibers. Corneal
epithelium recovered within 8 weeks of treatment in this
case. 6 months later, the anterior segment photo
(G) showed the integrity of corneal epithelium with no
fluorescein stain (H), while the IVCM (I) showed a total
restoration of the subbasal nerve fibers
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BCVA is one of the variables used to evaluate
efficacy outcomes. As we mentioned above, a
slight decrease was observed from logMAR
1.2 ± 0.6 at baseline to logMAR 0.9 ± 0.7
(P\0.05) at the 8-week visit, indicating an
improvement in visual acuity, but no statisti-
cally significant differences in BCVA were
observed between the baseline and later follow-
up visits. The potential reasons were that some
patients developed corneal leukoma which
seriously affects their vision or that the poor
baseline visual acuity of patients and limited
sample size affected the statistical results.

In the relevant clinical studies of the appli-
cation of rhNGF to treat neurotrophic keratitis,
persistent epithelial defect repair and the
improvement of the patient’s corneal sensation
were observed [17]. Corneal nerve fibers were
also significantly increased after rhNGF treat-
ment [18]. This finding was associated with
improved corneal sensitivity and regeneration
of the subbasal nerve plexus. This phenomenon
has also been observed in our study. Even
though the patient with GVHD underwent PKP
surgery and all subbasal nerves had been cut off,
we found regeneration of corneal nerve fibers
6 months after stopping treatment of rhNGF
(Figs. 7,8).

GVHD injury to the corneal surface is caused
by physical or chemical insults that induce
damaged cells and locally infiltrating immune
cells to release large numbers of signal mole-
cules. These released molecules provoke sus-
tained firing of nociceptors, a lowered
stimulatory threshold, and stronger impulse
transmission following suprathreshold stimula-
tion. These combined factors collectively con-
tribute to peripheral sensitization experienced
as persistent irritation or pain, and the pain is
exaggerated or felt more severely than it should
be [18]. This likely explained why we observed a
higher rate of eye irritation (7/11, 63.6%) in
patients with GVHD than in patients with other
types of NK. Eye irritation is mild, and transient
and acceptable, without requiring other treat-
ment. In our study, eye irritation mainly
appeared in the second week after using rhNGF,
it gradually disappeared after 2–3 weeks. No
discontinuation of treatment was required
owing to side effects. The tolerance of rhNGF
was satisfactory.

However, our study had some limitations.
First and most importantly, the sample size was
relatively small and inadequate for more
detailed analyses and comparisons. However,
patients with severe NK caused by oGVHD and
along with virus infection are challenging to

Fig. 8 Representative images of a case of NK and GVHD,
a 27-year-old male subject with CMV(?) in both eyes. (A)
Anterior segment photo with fluorescein stain showed an
8 9 9 mm ulcer in the center of the cornea (B).
Reduction of epithelial defect area and complete healing

at week 8 with the treatment of rhNGF. (C) 6 months
after treatment, he suffered from keratoleukoma. (D)
2 weeks after PKP surgery, the corneal epithelium was
completely healed without using rhNGF

Ophthalmol Ther (2024) 13:469–479 477



treat. Patients suffered a lot with poor progno-
sis. This novel treatment will greatly benefit
them. Second, we did not set a control group as
a result of the rare nature of GVHD combined
with recalcitrant NK and the lack of an effective
comparator treatment.

CONCLUSION

This prospective clinical trial provides multiple
lines of evidence suggesting that topical treat-
ment with rhNGF was effective in promoting
complete corneal healing of persistent epithelial
defects and corneal ulcers in patients with
recalcitrant NK. Treatment with rhNGF was well
tolerated and can help the recovery of corneal
epithelium and subbasal corneal nerve regen-
eration. Although some patients developed
keratoleukoma after 6 months, it provides suit-
able conditions for future corneal
transplantation.
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