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Purpose: Neurotrophic keratopathy is part of the leprosy sequelae and causes progressive deterioration of
visual acuity. Although leprosy is bacteriologically curable, there is currently no efficient treatment. Eye drops
containing tetrapeptides, phenylalanine-glycine-leucine-methionine-amide (FGLM-NH2) and serine-serine-serine-
arginine (SSSR), derived from substance P and insulin-like growth factor 1, are clinically efficacious in the
treatment of corneal epithelial disorders caused by neurotrophic keratopathy. To further investigate the effect of
this treatment on leprosy sequalae, we evaluated the clinical efficacy of FGLM-NH2þSSSR eye drops for treating
neurotrophic keratopathy.

Design: Clinical trial: interventional, multicenter, exploratory, single-arm, before and after comparison.
Participants: The eyes (12) of 11 patients, aged >60 years, were studied from 2 leprosy sanatoriums in

Japan.
Methods: Patients with neurotrophic keratopathy in leprosy sanatorium, specifically those with corneal

perception of <40 mm, assessed by the Cochet-Bonnet corneal esthesiometer, and persistent corneal epithelial
defects (PEDs) or corneal stromal thinning, or both, were included in this study. Those treated for infection in the
acute phase were excluded from the study. Eye drops containing FGLM-NH2 0.05% and SSSR 5 � 10-6% were
administered 4 times daily for up to 3 months. Fluorescein staining and optical corneal sections were photo-
graphed using a slit lamp microscope at protocol-set intervals. Where possible, anterior segment OCT was
performed before and after the intervention.

Main Outcome Measures: The primary outcome measured was improvement in neurotrophic keratopathy.
The patient was judged to have improved when �1 of the following criteria were met: (1) healing epithelial defects
or (2) increased thickness in the thin area of the cornea. Secondary end points were visual acuity, subjective
findings, and time to complete healing for a PED.

Results: Neurotrophic keratopathy on epithelial defects or stromal thickness improved in 83.3% of the pa-
tients (90% confidence interval 56.2%e97.0%, P < 0.00001). The mean value of corrected visual acuity
increased �0.16 by logarithm of the minimum angle of resolution. There were no adverse events reported in
association with the treatment.

Conclusions: We confirmed that FGLM-NH2þSSSR eye drops are effective for neurotrophic keratopathy
without any adverse reaction in leprosy. These results should be disseminated to any parties who could need this
information.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclo-
sures at the end of this article. Ophthalmology Science 2025;5:100634 ª 2024 by the American Academy of
Ophthalmology. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
4.0/).

Supplemental material available at www.ophthalmologyscience.org.
Leprosy is a chronic infectious disease caused by Myco-
bacterium leprae, which predominantly attacks the skin and
peripheral nerves.1,2 Although the word leprosy is used as a
medical term in this article, it should be noted that the name
Hansen’s disease, derived from the name of the discoverer
of the pathogenic bacterium, is recommended to avoid
discriminatory connotations. There are currently >200 000
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new cases of infection annually worldwide, mainly in
emerging and developing countries.2 It is possible to
completely treat this disease through multidrug therapy
that was introduced by the World Health Organization in
the 1990s. However, nerve paralysis worsens deformities
due to muscle atrophy and contribute to functional
impairments, either primary or secondary in any stage of
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the disease, even if leprosy is bacteriologically treated.3

Lagophthalmos due to facial paralysis and corneal
hypoesthesia due to trigeminal neuropathy are well
known, both of which often cause corneal disease and
pose a threat to vision impairment,4 although few reports
discuss this corneal disorder in leprosy with respect to
neurotrophic keratopathy.5

Neurotrophic keratopathy is a rare intractable disease
caused by damage to the trigeminal nerve at any level, from
the brain to the nerve terminal within the cornea.6 Healing of
the corneal epithelial defect is delayed, and clouding and
melting of the corneal stroma occur, leading to perforation
in severe cases. Causes of neurotrophic keratopathy
include herpetic disease, diabetes, brain or ocular surgical
procedures, medications used, and congenital diseases, 1
of which is leprosy.7 Conventional treatments such as the
use of hyaluronic acid eye drops, use of autologous serum
eye drops, protection with ointments, and protection with
therapeutic contact lenses have been purely symptomatic.
The only currently approved eye drop treatment is that
with recombinant human nerve growth factor, which has a
high therapeutic effect but is too expensive to administer
to all patients.6

Nishida et al reported that insulin-like growth factor 1
(IGF-1) facilitated corneal epithelial migration in the pres-
ence of neurotransmitter substance P in cultured rabbit
corneas.8 Furthermore, they reported that 2 peptides of 4
amino acids, each comprising a bioactive site, were
capable of resurfacing normal epithelium without vascular
invasion.9 These 2 tetrapeptides are the C-terminal
phenylalanine-glycine-leucine-methionine-amide (FGLM-
NH2) of substance P and amino acid sequence serine-
serine-serine-arginine (SSSR) of the C domain of IGF-1.9

Nishida et al reported successful treatment of
neurotrophic keratopathy with eye drops containing
substance P plus IGF-1,10 FGLM-amide plus
IGF-1,11,12,13 and FGLM-amide plus SSSR.14 In Japan,
clinical trials (up to phase II), using FGLM-NH2þSSSR
eye drops, were conducted for persistent corneal epithelial
defects (PEDs) in patients with encouraging results. An
increase in the number of enrolled patients was required
to show significant efficacy for government approval as a
prescription drug; however, the development of the eye
drops was abandoned by the company because of
profitability.15

Neurotrophic keratopathy is considered a rare disease
with an estimated prevalence of 1.6/10 000.16 Further,
corneal sensory impairment due to leprosy is observed in
approximately 10% of the patients.17 Hansen’s disease
sanatorium in Japan, which currently has approximately
800 patients,18 has a large concentration of individuals
with rare diseases. Although we have been working on the
ocular sequelae of leprosy for many years, we have not
been able to minimize visual loss associated with
neurotrophic keratopathy.5 In Japan, even in
bacteriologically treated patients who live long lives,
subsequent complications, especially ocular complications
and vision loss, remain a serious problem.19 Therefore, to
maintain the quality of life of younger patients affected by
leprosy worldwide, it is necessary to prevent the
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worsening of undesirable sequelae. The purpose of this
study was to treat neurotrophic keratopathy due to the
sequelae of leprosy with FGLM-NH2þSSSR peptide eye
drops and validate its clinical efficacy and safety to
ultimately implement treatment options within areas where
leprosy is endemic. The null hypothesis is that the peptide
eye drops have no effect on the prevention of the
worsening undesirable sequelae, and the alternative
hypothesis is that the eye drops show curable effects on
neurotrophic keratopathy in a sequela of leprosy.
Methods

This trial was approved by the Clinical Research Network Fukuoka
Certified Review Board. Furthermore, approval was obtained from
the ethics committee of each sanatorium.

Experimental details and consent were described in detail to all
participants using an explanatory document approved by the
Institutional Review Board, with signed consent.

This clinical trial complied with the Declaration of Helsinki and
ministerial ordinance of Good Clinical Practice.

Clinical trial registration: Japan Registry of Clinical Trials as
Primary Registries in the World Health Organization Registry
Network. The registered number of the clinical trial plan is
jRCTs071220053 (https://jrct.niph.go.jp).

Clinical equipment and analysis software: Slit lamp bio-
microscope for clinical observation and image photo - Haag-Streit
BQ900, Topcon SL-8Z; Digital process 3CCD camera for image
photo - JFC Sales Plan SP-321, Sony 3CCD ExwaveHAD DXC-
C33; Image filing system - KOWA-VK2, Topcon IMAGEnet
2000; anterior segment OCT (AS-OCT) for measurement of
corneal thickness - NIDEK RS-3000 (Onboard image analysis
software: NAVIS-EX); Cochet-Bonnet corneal esthesiometer -
HANDAYA’s model; image analysis software for area and width
measurement - Image-J (Wayne Rasband, National Institute of
Health); and statistical analyses software - Stata 18.0 (Stata Corp
College Station).

Site Management Organization: The incorporated nonprofit
organization, Investigator Initiated Study Promotion Center
(Tokyo, Japan).
Study Design

This study was a multicenter, exploratory, single-arm, clinical trial
that compared the outcomes before and after treatment with eye
drops.

Study drug used: The Good Manufacturing Practice grade
peptides were synthesized at the Chinese production site of
CS Bio, Ltd. The purity assessed by high performance liquid
chromatography was >95%, and endotoxin control concentra-
tion was <10EU/mg. FGLM-NH2 0.05% (1 mM) þ SSSR
5 � 10�6% (100 nM) ophthalmic solution: concentration was
determined based on previous research.9 We used FGLM-
NH2・acetate 0.508 mg/mL and SSSR・2 acetate 0.0519 mg/
mL. Doubled concentration solutions of each peptide were
prepared using autoclaved calcium- and magnesium-free
phosphate buffer saline (pH 7.4) and mixed in equal vol-
umes. The completed peptide solution was sterilized by
passing it through a Millipore membrane filter with a pore
size of 0.22 mm. The preparations were conducted by Kikuchi
Keifuen’s pharmacist, using aseptic techniques on a clean
bench. The bottle of eye drops was stored in the refrigerator,
and the expiry date was 1 week after opening.

https://jrct.niph.go.jp
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Participants

This study included patients with neurotrophic keratopathy who
were admitted to the National Hansen’s Disease Sanatorium in
Japan.

Eligibility criteria were as follows: (1) patients admitted to
sanatoriums; (2) PEDs or corneal stromal thinning, or both (PED is
a surface defect of the corneal epithelium that does not heal for
more than one week); (3) those with corneal perception of <40-
mm nylon yarn length by the Cochet-Bonnet corneal esthesi-
ometer; (4) cases in which written informed consent was obtained;
and (5) the minimum age of 60, as all residents are >60 years old
(no age maximum). No exclusions were made based on sex.

Exclusion criteria were as follows: (1) history of allergy to eye
drops and (2) suffering from an acute systemic or ophthalmic
infection.

Interventions

Treatment protocol: study drug dosage and administration method:
eye drops containing FGLM-NH2 and SSSR were instilled 4 times
a day. Only 1 drop was used at each administration and adminis-
tered continuously for up to 3 months. Medication was adminis-
tered by nurses. Any previously used eye drops could be used in
combination but would not be changed during the study period.

Protocol treatment discontinuation criteria included the
following: (1) severe adverse events; (2) change in concomitant
eye drops or concomitant therapy during protocol treatment; and
(3) participant request.

Patient background information included the following: age, sex,
leprosy type, age of onset/healing of leprosy, ophthalmic/systemic
complications, medical history, and eye drops currently in use.

Baseline assessments included the following: visual acuity,
presence or absence of lagophthalmos, corneal perception, anterior
segment photography (fluorescein staining, slit lamp optical sec-
tion), blood biochemical testing (liver function test, C-reactive
protein measurement), and AS-OCT where possible. All in-
vestigators and experts engaged in the initial and follow-up as-
sessments coordinated their efforts through online meetings and
followed the same study protocol.

Corneal observation method: (1) the area of the planar corneal
epithelial defect is stained with fluorescein, a slit lamp micrograph is
taken, and the area on the image is calculated. A reduction in the
epithelial defect area is interpreted as a response to the study drug but
is not considered an improvement unless complete epithelialization
is observed. (2) The corneal thickness is determined by taking an
optical cross-sectional photograph using a slit lamp microscope and
measuring the ratio of the thickness of the thin and healthy portions in
the same image. In available examples of AS-OCT, the thickness on
OCT images is compared before and at the end of the study.

Observation schedule:
➢ Screening tests and medical history confirmation con-
ducted 1 week prior to obtaining consent.

➢ After baseline assessment, protocol treatment begins (day
1).

➢ Progress will be evaluated on days 3, 7, 14, 21, 28, 42, 56,
70, and 84 (�1 day). An interview regarding subjective
symptoms and an image test using a slit lamp microscope
will be administered at each follow-up.

➢ A visual acuity test and AS-OCT imaging will be per-
formed at the end of the observation.
Image analysis: The anonymized image data were submitted to
a data center installed within the Site Management Organization,
before being sent to a subinvestigator in charge of image analysis
who was not engaged in examining patients. The image data
included the following: (1) area of the planar epithelial defect
stained with fluorescein and (2) corneal thickness of the thin and
normal parts measured using the image analysis software, Image-J.
Anterior segment OCT images were assessed by the image analysis
software NAVIS-EX installed in the device, and the total thickness
and stromal thickness of the cornea were measured.

Outcomes

Primary outcome: The primary outcome was “improvement in
neurotrophic keratopathy.” Participants were considered to have
improved when �1 of the following 2 end points were met.
1) Healing of PEDs: disappearance of the corneal epithelial
defect was considered an improvement.

2) Increased corneal thickness in the thinned area: corneal
thinning thickness was measured using 3 methods: the
corneal thickness ratio between the thin and normal por-
tions with optical cross-sectional photographs, the total
corneal thickness, and the corneal stroma thickness in the
thin part with OCT. The values before instillation and at
the end of the observation were compared.
According to the Mackie’s grading system for neurotrophic
keratopathy;20 a PED is equivalent to grade II, and corneal thinning
is considered to be equivalent to grade III. Since it may be possible
to prevent the exacerbation of neurotrophic keratopathy by
restoring the barrier mechanism of the corneal epithelium, wound
healing and stromal recovery were the primary end points
observed.

Secondary outcomes: (1) visual acuity, (2) subjective findings,
and (3) time to complete healing for the PED.

Sample Size

Target case number: Ten at National Sanatorium Kikuchi Keifuen
and 2 at National Sanatorium Oshima Seishoen.

Rationale for the study setting: The decrease in corneal sensi-
tivity in leprosy is approximately 10%.17 As of the end of February
2022, the number of patients with corneal epithelial defects and
corneal thinning due to neurotrophic keratopathy were
approximately 20 of 155 residents at Kikuchi Keifuen and
approximately 4 of 41 residents at Oshima Seishoen. Assuming a
consent rate of 50%, the number of target cases was estimated to
be 10 for Kikuchi Keifuen and 2 for Oshima Seishoen.

Statistical Analyses

Significance level of the test: As this was an exploratory clinical
study with a limited number of cases, statistical multiplicity
adjustment and subgroup analyses, as well as impairment or
imputation of missing values or interim analyses, were not per-
formed. Because the number of cases was small, the analyses were
performed without making any distinction between binocular or
unilateral eyes. In this study, the significance level was set at a 2-
sided P value of 10%, allowing for an increase in the a error to
reduce the b error. Confidence intervals (CIs) were 2-sided 90% to
maintain consistency with the significance level of the test.

Number of recruited participants: The natural course of neu-
rotrophic keratopathy is known to worsen over time, and
improvement is rarely expected. Indeed, the improvement achieved
with conventional treatment was nearly 0%. In this study, the null
proportion of improvement was assumed to be in the range of 10%
to 20%. Previous studies validating this medication reported an
efficacy of >80%;13,14 however, we expected a lower efficacy
considering the older age of our participants. As such, the
3



Table 1. Patient Background

Patient Background (n [ 11) Value

Age, yrs
Mean (interquartile range) [min, max] 86.0 (82e92) [77, 97]

Age at onset of leprosy, yrs 12.0 (10e15) [5, 16]
Age at which leprosy was cured, yrs* 51.0 (34e53) [22, 58]
Sex
Female, no. (%) 5 (45.5%)
Male, no. (%) 6 (54.5%)

Type of leprosy
WHO classification
MB, no. (%) 10 (90.9%)
PB 1 (9.1%)

RidleyeJopling classification
LL, no. (%) 6 (54.5%)
BL 4 (36.4%)
BT 1 (9.1%)

BL ¼ borderline lepromatous; BT ¼ borderline tuberculoid; LL ¼ lepro-
matous type; max ¼ maximum; MB ¼ multibacillary; min ¼ minimum;
PB ¼ paucibacillary; WHO ¼ World Health Organization.
The WHO classifications used in the clinical field.
The RidleyeJopling classifications used academically.
*n ¼ 9, time of healing was unknown in 2 cases.
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expected improvement proportion was set at 65% to 75%. In the
condition of the abovementioned ranges in null and expected
proportions, it is sufficient to assess the efficacy in �9 patients
with a statistical power of �80%. Taking dropout during follow-
up into account, the number of cases (eyes) to be registered in
this study was set to 12.

Analysis of the primary end point (improvement rate): We
calculated the improvement rate as the number of cases judged to
have improved divided by the number of eligible cases recruited.
The 90% CI was calculated by the exact method assuming bino-
mial distribution. A test of the improvement rate against the null
rate was performed using the binomial test. Dropouts and missing
data were included in the denominator of the improvement rate.
The null proportion of improvement was set to 15% at the statis-
tical tests, considering the results of past trials and background of
the patients to be recruited.

In addition to the comprehensive improvement criteria, we
conducted the following analyses. For each change in the corneal
epithelial defect area and corneal thickness, we calculated the mean
value and 90% CI, estimated the mean value and its 90% CI of the
difference, and perform 1-sample t test. The significance level for
the test was set at a 2-sided P value of 10%.

Analyses of secondary end points: (1) Visual acuity: visual
acuity was analyzed using the logarithm of the minimum angle of
resolution. Visual acuity at enrollment and termination was
compared using the same method as the primary end point. (2)
Subjective symptoms: descriptive analyses, including the median
and interquartile range, of each measurement were performed.
Mixed-effects ordered logistic regression was used to test whether
subjective symptoms improved. In the regression model, the
response variable was an ordinal variable in which ratings of
subjective symptoms were arranged in descending order. The
explanatory variable was the number of days since the start of
treatment, and the level of the random intercepts was a patient. (3)
Time for corneal epithelial defect to resurface: because of the small
sample size, the descriptive statistics were not calculated, and the
observed times were listed.

Safety analysis: The occurrence of adverse events was be
compiled for Safety Analysis Set. Grade (evaluation with Common
Terminology Criteria for Adverse Events v5.0), severity, measure
for study drugs, outcomes, and causal relationships were tabulated.

All statistical analyses were performed using statistical analysis
software (Stata 18.0).
Figure 1. Flow diagram. PED ¼ persistent corneal epitherial defect.
Results

Patient registration began on September 14, 2022, with the
first enrollment on October 28, 2022, and the last visit on
December 27, 2022. The observation end date was April 20,
2023. The actual number of registered participants was 11 (12
eyes/11 persons). Patient background information is sum-
marized in Table 1, and the anamnesis of systemic disease is
shown in Table S2 (available at www.ophthal
mologyscience.org). All patients had sensory and motor
nerve paralysis throughout their bodies, with sequelae
especially noted in their extremities. The target eyes
included 3 (25.0%) eyes with PEDs, 7 (58.3%) with corneal
stromal thinning, and 2 (16.7%) with both conditions.
Information on complications, history, and treatment with
concomitant eye drops in the target eyes is shown in
Table S3 (available at www.ophthalmologyscience.org).
Concomitant drugs were mainly used to treat
lagophthalmos. A therapeutic contact lens was used for 1 eye.
4

A flow diagram of patient recruitment procedure is
shown in Figure 1. One participant met the discontinuation
criteria on day 14. Because the eye developed a corneal
ulcer after a routine examination for fundus disease at a
specialized hospital, additional eye drops were
administered. In another case, epithelial repair was
observed from day 3, with complete disappearance of the
epithelial defect by day 7. The eye drops were then
continued for 1 week and were discontinued at the
patient’s request on day 14. Follow-up continued for 12
weeks, with no recurrence. The other 10 patients continued
the treatment observation for 12 weeks.

http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org
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Primary End Point

The primary end point was improvement in neurotrophic
keratopathy. The results are summarized in Table 4. The
improvement rate for neurotrophic keratopathy (including
discontinuation cases) was assessed and was calculated to
be 83.3% (90% CI 56.2%e97.0%). The improvement rate
was significant (P < 0.00001) with a null proportion of
15%.

The respective changes in corneal epithelial defects and
corneal thickness at enrollment and at the end of follow-up
are explained below (Table 5):
Corn
Corn
Corn
co

Sum

*Bot
yThe
1) Change in the corneal epithelial defect area: the
corneal epithelial lesion area was reduced to 0 mm2

in 4 of 5 cases. The mean corneal epithelial defect
area (90% CI) varied by �1.05 (�2.01, �0.06). The
area of corneal epithelial damage was significantly
decreased (P ¼ 0.09) according to a 1-sample t test.

2) Changes in corneal thickness in areas of corneal
thinning

2.1. Corneal thickness ratio between the thin and
normal portion (measurement of slit lamp op-
tical cross-section photograph): optical sections
are not necessarily vertical sections and cannot
be compared with actual measurements. In the
2 cases with corneal opacity, accurate mea-
surements could not be made. The changes in
the corneal thickness ratio of 6 cases were
analyzed. The mean corneal thickness ratio
(90% CI) changed by 0.117 (0.063, 0.170). The
corneal thickness ratio was significantly
increased (P ¼ 0.007) according to a 1-sample t
test.

2.2. Total corneal thickness in the thinned area
(measured using OCT images): differences in
the total corneal thickness at thinning sites in 8
cases were analyzed. The mean value (90% CI)
of the total corneal thickness in the thinned
region changed by 39.3 mm (5.7, 72.8). The
total corneal thickness in the thinned area was
Table 4. Primary Outcome: Determination Results of Impr

Disease Name

Assessment of Injury

Improvements Available Unchanged Deter

eal epithelial disorders 3 0
eal stromal thinning 6 0
eal epithelial disorders and
rneal stromal thinning

1* 1y

(number of eyes) 10 1

h the corneal epithelium and corneal thickness improved.
corneal epithelial defect did not improve, and the corneal thickness worsened. See
significantly increased (P ¼ 0.06) according to
a 1-sample t test.

2.3. Corneal stroma thickness in the thinned area
(measured using OCT images): for 8 cases with
corneal thinning, changes in the thickness of
the corneal stroma at the thinning site were
analyzed except for the effects of epithelium.
The mean corneal stromal thickness (90% CI)
in the thinning region varied by 24.5 mm (8.6,
40.4). The corneal stroma thickness in the
thinned area was significantly increased
(P ¼ 0.02) according to a 1-sample t test.
Secondary End Points

(1) Visual acuity: the changes in corrected visual acuity
of 11 cases were analyzed, and the results are shown in
Table 6. The mean visual acuity (90% CI) changed
by �0.16 (�0.29, �0.03). The change in visual acuity
increased significantly from 0 (P ¼ 0.05) according to a
1-sample t test.

(2) Subjective symptoms: subjective symptoms were
evaluated on a 5-point scale: 1 ¼ bad, 2 ¼ somewhat bad,
3 ¼ fair, 4 ¼ somewhat good, and 5 ¼ good. These 5 levels
are regarded as continuous quantities, and Table 7 shows the
aggregation by evaluation period. On average, scores tended
to get better with time. Mixed ordered logistic regression
analysis estimated the odds ratio (90% CI) per week to be
1.18 (1.09, 1.29). This means that the probability that
subjective symptoms increase by 1 unit per week is
approximately 18%, and significant improvement in
subjective symptoms was observed (P ¼ 0.001).

(3) Time taken for corneal epithelial defects to heal: the
time taken for corneal epithelial defects to heal is expressed
as the time from the start of treatment to the initial disap-
pearance of the damaged epithelial area (Table 8). Five
patients showed epithelial damage; in these patients, the
area decreased to 0 within 84 days after treatment.
However, it did not completely disappear in 1 patient. The
number of days from the start of treatment until the
corneal epithelial defect healed was 3, 7, 7, and 14 days
in 4 cases and did not heal within 84 days in 1 case.
ovement of Neurotrophic Keratopathy

Area

Sum (Number of Eyes)ioration N/A (Canceled)

0 3
1 7
0 2

1 12

Table S10 (available at www.ophthalmologyscience.org).
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Table 5. Breakdown of Primary Outcomes: Changes in the Area of Corneal Epithelial Defects and Corneal Thickness

Outcomes Baseline At the End of the Study
Difference (at the End of
the StudydBaseline)

Corneal epithelial defect area (n ¼ 5)
Mean, mm2 1.27 0.22 �1.05
90% CI (0.23, 2.31) (�0.25, 0.69) (�2.04, �0.06)
P value 0.09

Corneal thickness ratio between
thin and normal portion (n ¼ 6)*

Mean 0.187 0.303 0.117
90% CI (0.080, 0.294) (0.241, 0.365) (0.063, 0.170)
P value 0.007

Total corneal thickness in
the thinned area (n ¼ 8)y

Mean, mm 291.9 331.1 39.3
90% CI (209.5, 374.2) (258.0, 404.2) (5.7, 72.8)
P value 0.06

Corneal stromal thickness in
the thinned area (n ¼ 8)y

Mean, mm 203.3 227.8 24.5
90% CI (117.9, 288.6) (152.1, 303.4) (8.6, 40.4)
P value 0.02

CI ¼ confidence interval; n ¼ number of eyes.
The P value was tested with a 1-sample t test.
*With optical section image.
yWith anterior segment OCT image.
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Adverse Events

There was no adverse drug reactions observed. Table S9
(available at www.ophthalmologyscience.org) summarizes
the adverse events in the Safety Analysis Set.
Corr

Mean
90%
P val

CI ¼
The

6

➢ Data for each case are included in the supplementary
material, TableS10 (available atwww.ophthalmology
science.org).
Discussion

The results of this study indicated that eye drops containing
peptides derived from substance P and IGF-1 were effective
in improving neurotrophic keratopathy in leprosy sequelae.
With regard to the primary end points, PEDs lasted an
average of 65.5 days (unpublished data that should have
been collected at baseline, investigated from the medical
record with consent) and were resurfaced completely in 4 of
5 eyes treated within 14 days after the initiation of treatment.
Table 6. Secondary Outc

ected Visual Acuity (logMAR) (n [ 11) Baseline At the

1.30
CI (0.85, 1.75)
ue

confidence interval; logMAR ¼ logarithm of the minimum angle of reso
P value was tested with a 1-sample t test.
Corneal thinning improved in 7 of 8 eyes by an average of
39.3 mm. The slight difference in the change in total corneal
thickness and stroma thickness in the thin area was
considered to be due to the recovery of other layers,
including the epithelial layer. Regarding secondary end
points, visual acuity and subjective symptoms showed
improvement. As neurotrophic keratopathy does not heal
spontaneously and tends to worsen over time, it is suggested
that the current interventions are promising. Leprosy also
causes a high rate of damage to the facial nerve, and 92% of
the patients in this study had lagophthalmos. The research
period was from November to April, which corresponds to
the low-temperature period in Japan. In cases with lagoph-
thalmos, the condition of the corneal surface often de-
teriorates during the cold and dry winter months. The 83.3%
improvement over this period reinforces the evidence for the
main outcomes.

As for the corneal epithelium, the pharmacological action
of this agent lies in the effect of cell adhesion, which plays
an important role in wound healing. Synergy between sub-
stance P and IGF-1 increases the expression of fibronectin
omes: Visual Acuity

End of the Study Difference (at the End of the StudydBaseline)

1.14 �0.16
(0.69, 1.58) (�0.29, �0.03)

0.05

lution; n ¼ number of eyes.

http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org
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Table 7. Evaluation of Subjective Symptoms as Continuous Amounts

Days since the Start of the Study Baseline Day 3 Day 7 Day 14 Day 21 Day 28 Day 42 Day 56 Day 70 Day 84

Number of eyes 12 12 12 12 10 10 10 10 10 10
Mean evaluation 2.3 2.8 3 2.8 2.4 2.7 3.5 2.9 3.2 3.5
SD 1.1 1.5 1 1.4 1.2 1.3 0.7 1.4 1 0.7

SD ¼ standard deviation.

Kondo et al � Leprous Neurotrophic Keratopathy Orphan Drug
receptors (integrins) in corneal epithelial cells, activates
adhesion locale kinase and paxillin, which are local adhe-
sion constituent molecules, and enhances the expression of
the tight junction protein ZO-1 in epithelial cells.7 In 1 case
in this study, which had a corneal epithelial defect that
lasted for 3 months after cataract surgery, the epithelial
defect healed 7 days after instillation, and healthy
epithelium was maintained for 77 days until the end of the
observation. People with a history of leprosy experience
PEDs after cataract surgery, leading to corneal opacity and
perforation and poor graft engraftment after corneal
transplantation. It is generally known that corneal nerves
are damaged after intraocular surgery.21 This drug has
previously been clinically tested in a double-blind manner
for corneal erosion after cataract surgery in patients with
diabetes, and significant improvement was reported.22 This
may help reduce corneal complications after eye surgery,
which is a concern for patients with neurotrophic
keratopathy.

In terms of corneal thickness, it is interesting to note that
the test drug showed a significant increase in corneal stroma
thickness. It is unclear whether the restoration of the barrier
mechanism of the corneal epithelium by the research drug
will indirectly help the corneal stroma to self-heal or
whether this research drug will also directly work on the
regeneration of the corneal stroma. Recently, it was reported
that substance P promotes collagen synthesis by trans-
forming growth factor-b and interleukin-1b in human
corneal fibroblasts in vitro.23 For corneal stroma with nerve
palsy, the test drug containing the bioactive site of substance
P may have contributed to an increase in the stromal
thickness due to collagen synthesis. Since some of our
sanatoriums do not have AS-OCT equipment, the
Table 8. Changes in the Corneal Epithelial De

Corneal Epithelial Defect Area (mm2).

Baseline Day 3 Day 7
Day
14

Day
21

Day
28

D
4

0.26 0 0 0 3.54 0.19 0.
0.96 1.14 0 0 0.05 0
0.39 0.34 0 0 .* .* .
2.84 0.51 0.83 0 0.87 0.78 1.
1.91 1.71 1.91 2.53 2.13 1.43 1.

*Indicates a missing value.
yCorneal epithelial defect did not heal.
thickness of the cornea was also evaluated by optical section
photographs of slit lamps to conduct this multi-institutional
collaborative research. However, there were cases where the
associate researcher in charge of image analysis was not
able to measure accurately on the images, so the results of
AS-OCT were emphasized. Anterior segment OCT, along
with in vivo confocal microscopy, has been useful in
determining the severity classification and treatment criteria
for neurotrophic keratopathy24 and may be indispensable for
the evaluation of corneal stroma.

In 1 case, where there was no improvement in the pri-
mary end point, debris was constantly deposited in a thin,
deep epithelial defect, and the epithelial deletion was
confirmed by OCT. In order to treat this patient, it was
considered necessary to perform ulcer bottom scraping.

The average age of participants in the study was 86.0
years, representing the age of about 810 people currently in
all leprosy sanatoriums in Japan.18 Neurotrophic
keratopathy is thought to exist among recovered people
living outside sanatoriums, but it is difficult to determine
the number of neurotrophic keratopathy patients outside
sanatoriums, as many of them hide the fact that they had
contracted leprosy. In recent years, there have been <5
annual new cases of leprosy in Japan, most of them in
young foreign workers from countries where leprosy is
endemic.18 In addition, there are cases in which the
patient has relapsed despite receiving multidrug therapy in
their home country. For young patients with leprosy
worldwide, it is important to detect and prevent the
deterioration of neurotrophic keratopathy, which can be
treated bacterially but threaten vision as they age.
Currently, direct treatment of corneal neurotization such as
autologous nerve transplantation or nerve growth factor is
fect Area (mm2) and Time Taken to Heal

Time Taken to Heal (Days)
ay
2

Day
56

Day
70

Day
84

19 0 0 0 3
0 0 0 0 7
* .* .* 0 7
05 0 0.25 0 14
35 0.34 1.24 1.1 －y

7
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possible for neurotrophic keratopathy.7 However, it is
difficult for everyone to avail these treatments.
Considering the regionality of leprosy, it is hoped that the
treatment of neurotrophic keratopathy will be somewhat
affordable.

Because this study had a small sample size and was a
single-arm before-after comparative study, it is difficult to
conclude the effectiveness of therapeutic drugs based only
on this outcome. Thus, randomized studies with larger
sample sizes are needed for this drug to be better evaluated.

However, we confirmed that FGLM-NH2þSSSR eye
drops are effective for neurotrophic keratopathy in the
sequela of leprosy, without any adverse drug reactions.
These results provide us with the rationale for using this
drug as an in-hospital preparation for treatment. We expect
that FGLM-NH2þSSSR eye drops will become an easily
8

accessible treatment option to treat neurotrophic keratopathy
for those needing it, whether doctors or patients.
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Topical Losartan for Corneal Fibrosis: A Case Series With
Densitometry Analysis

Barbara Burgos-Blasco, MD, PhD, FEBO, and
Gregory Moloney, MBBS (Hons), BSc(Med), MMed, FRANZCO, FRCSC

Purpose: To present the clinical, topographic, and densitometry
outcomes of patients with corneal fibrosis treated with topical losartan.

Methods: In this case series, patients with corneal scars treated
with topical losartan 0.8 mg/mL 4 times a day for 6 months were
included. Age, sex, cause of corneal opacity, months with corneal
opacity, and previous topical treatment were recorded. Patients were
examined at baseline and 1, 3, and 6 months after starting treatment.
At each visit, uncorrected and best-corrected visual acuity, subjective
refraction, intraocular pressure, slit-lamp examination, corneal
tomography, and densitometry were performed. Patients were asked
about drop comfort and possible side effects on a 0 to 10 self-
reported scale.

Results: Eight eyes of 7 patients (4 males, 3 females, mean age
45.1 6 12.0 years) were included. Best-corrected visual acuity
logMAR was 0.28 6 0.17 pretreatment and 0.17 6 0.11 after
6 months of topical losartan (P = 0.358). The visual acuity of 5 eyes
improved, 1 eye remained unchanged, and the vision of 2 eyes
declined. No changes in topographic and densitometry parameters
were noted within the cohort analyzed as a group (all P . 0.05). No
systemic side effects were reported, and tolerance was from very
good to excellent (all 2/10 or better).

Conclusions: No significant improvements in visual acuity and
densitometry values were noted with topical losartan in this series
analyzed as a group. Further research to assess the full scope of
clinical applications in corneal fibrosis is needed, particularly
randomized clinical trials to address the effect of time and
unequivocally prove its beneficial effects.

Key Words: losartan, corneal fibrosis, densitometry

(Cornea 2024;00:1–6)

Losartan is an angiotensin II receptor antagonist that is
generally used to treat hypertension and was approved for

medical use in the United States in 1995. In 2020, it was the

ninth most commonly prescribed medication in the
United States, with more than 54 million prescriptions.
Besides hypertension, it is also used in other conditions,
including diabetic kidney disease, heart failure, and left
ventricular hypertrophy.1,2

Angiotensin II is a potent vasoconstrictor, the primary
vasoactive hormone of the renin–angiotensin system and an
important component in the pathophysiology of hypertension.
Losartan blocks the vasoconstrictor and aldosterone-secreting
effects of angiotensin II by selectively blocking the binding of
angiotensin II to the AT1 receptor found in vascular smooth
muscle or the adrenal gland, among others.3

Despite being frequently prescribed for the past deca-
des, its possible off-label use as an eye drop to treat corneal
scarring has been recently described. Recent animal models
suggest that topical losartan can effectively penetrate intact
corneal epithelium and treats corneal stroma with beneficial
effects in decreasing corneal scarring, fibrosis, and haze
produced by surgical injury or alkali burns in rabbits. This is
based on losartan’s role in inhibiting transforming growth
factor-b signaling, which is key in myofibroblast development
and the formation of scar tissue.4,5 However, human case
reports in the literature are still scarce.6,7

The aim of the current case series is to present the
clinical, topographic, and densitometry outcomes of patients
with corneal fibrosis treated with topical losartan.

METHODS
In this case series, patients with corneal scars treated

with topical losartan between July 2023 and March 2024 were
collected. Informed consent was obtained from all patients.
The study was reviewed and received ethical approval from
an independent Institutional Review Board.

The main inclusion criterion was patients with corneal
opacities attributed to scarring or fibrosis from any cause that
underwent treatment with topical losartan for 6 months at
least. The exclusion criteria included patients for whom
follow-up was incomplete or less than 6 months, patients
receiving systemic treatment with losartan as an antihyper-
tensive agent, patients with renal insufficiency, pregnancy, or
other contraindications for losartan use.

Charts were retrospectively reviewed, and the following
variables before starting treatment were recorded: age, sex,
cause of corneal opacity, months with corneal opacity, and
previous topical treatment. Patients were examined at baseline
and 1, 3, and 6 months after starting treatment. In every visit,
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uncorrected and best-corrected visual acuity (UCVA and
BCVA) were tested, and subjective refraction (sphere,
cylinder, and spherical equivalent). In addition, intraocular
pressure and slit-lamp examination were performed.

Corneal topography and densitometry were evaluated
using the Pentacam (Oculus Optikgeräte GmbH, Wetzlar,
Germany). This device uses a monochromatic blue light-
emitting diode with a wavelength of 475 nm and a Scheimp-
flug camera that rotates around the corneal axis. Of each
examination, the following quantitative variables were col-
lected: anterior topographic flat meridian (K1), anterior
topographic steepest meridian (K2), mean anterior keratom-
etry (anterior Km), anterior astigmatism, maximum kerato-
metric point (Kmax), and the apex corneal thickness. For the
purposes of local densitometry analysis, the 12-mm diameter
area is subdivided into 4 concentric radial zones by the
software. The first, central zone is 2 mm in diameter and
centered on the apex. The second zone is an annulus
extending from 2-mm to a 6-mm diameter circle. The third
zone annulus extends from 6 to 10 mm with the final zone
extending from 10-mm to a 12-mm diameter circle. The
output can also be subdivided based on corneal depth into
anterior, central, and posterior layers rather than based on
specific anatomical layers of the cornea; the anterior layer
corresponds to the anterior 120 mm, and the posterior layer to
the most posterior 60 mm of the cornea. The central corneal
layer has no fixed thickness but is defined by subtraction of
the anterior and posterior layers from the total thickness. The
output is expressed in grayscale units (GSU). The GSU scale
is calibrated by proprietary software, which defines a mini-
mum light scatter of 0 (maximum transparency) and maxi-
mum light scatter of 100 (minimum transparency).8

Furthermore, patients were asked to grade drop comfort
(0-no discomfort to 10-intense discomfort scale) and report
any possible adverse events effects.

Topical losartan was prescribed off-label at a concentra-
tion of 0.8 mg/mL 4 times a day and was compounded by
a local pharmacy. The losartan potassium powder was
dissolved in sterile balanced salt solution, and the pH was
adjusted to 6.7 to 7 using either sodium hydroxide 1% or
hydrochloric acid 1%. The final solution was then sterilized
using a 0.22-mm filter. The drops were collected every 2 weeks.

Statistical analysis was performed using SPSS version
25.0 (SPSS, Chicago, IL). Quantitative variables are repre-
sented by their mean, along with their SD and range, whereas
qualitative variables are shown as number and proportions.
Differences between visits were evaluated with Friedman test.
P ,0.05 was considered as statistically significant.

RESULTS
In this case series, 8 eyes of 7 patients (4 males, 3

females, mean age 45.1 6 12.0 years) were included.
Baseline characteristics of the patients are presented in
Table 1. Losartan was added to the previous treatment.

Overall, the visual acuity of 5 eyes improved, 1 eye
remained unchanged, and the vision of 2 eyes declined
(Table 1, Figs. 1 and 2). No changes in intraocular pressure
or refraction were noted (Friedman test, P . 0.05) Visual

acuity, keratometric, and densitometry changes as a group
throughout the visits are portrayed in Table 2 and Figure 3.
Although a tendency toward improvement in corneal densi-
tometry was noted, differences were not statistically signif-
icant (Friedman test, P . 0.05). Figure 4 shows the changes
in average densitometry after 6 months for patient 5.

No systemic side effects were reported and tolerance
was from very good to excellent (all 2/10 or better). One
patient reported ocular discomfort after drop instillation and
another patient complaint of weird taste after. Another patient
had problems with compliance because of the need for
storage in the fridge and 2 weeks of shelf life.

After 6 months of treatment, 4 eyes will continue
treatment and the remaining 4 eyes will discontinue treatment
as no improvement was noted by the patient.

DISCUSSION
Topical losartan treatment has been suggested to modulate

stromal fibrotic haze after different types of corneal injuries and
surgeries in animal models and several case reports in humans.
In our series, the visual acuity of 5 eyes improved, 1 eye
remained unchanged, and the vision of 2 eyes declined. When
statistical analysis was performed, no statistically significant
changes in visual acuity, keratometric, and densitometry values
were obtained, although a tendency toward improvement in
corneal haze was observed. No systemic side effects were
reported, and tolerance was from very good to excellent.

Case reports in human of topical losartan for corneal
fibrosis are scarce in the literature. First, Pereira-Souza et al6

presented the results of topical losartan for treating a case of
severe corneal haze after laser in situ keratomileusis compli-
cated by flap dislocation and significant striae, which required
flap lift and epithelial debridement 4 days later. After 52 days
of the first procedure, UCVA in the left eye was 20/200 and
BCVA was 20/30 because of a dense layer of subepithelial
corneal opacity. The patient agreed to off-label treatment with
topical losartan 0.8 mg/mL 6 times per day, along with topical
cyclosporine twice a day. Initial improvement was noted after
1 month of treatment (UCDA 20/80 and BCVA 20/25), and
UCVA improved to 20/30 and BCVA to 20/25 in the left eye
after 4.5 months. A significant reduction of corneal haze was
observed in slit-lamp exam, densitometry, and AS-OCT.
Steven E Wilson presented a second patient with scarring
and neovascularization developing years after radial keratot-
omy, describing a dramatic decrease in fibrosis just 15 days
after beginning use of losartan eye drops. However, the
patient was lost to follow-up after.7 Furthermore, corneal haze
also decreased with topical losartan in a 20-year-old man with
corneal haze 107 days after epithelium-off corneal cross-
linking.9 Visual acuity improved from 20/150 to 20/40-1 after
3 months of treatment. This correlated with the decrease in
total corneal densitometry from 32.2 GSU pretreatment to
27.9 GSU after 3 months of topical losartan.

After corneal epithelial–stromal injuries, different
mechanisms occur as part of the corneal wound healing
process. Anterior keratocytes undergo apoptosis, stimulating
the proliferation of corneal keratocytes, which transform into
fibroblasts and myofibroblasts to repopulate the cornea. The
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accumulation and persistence of the latter results in loss of
corneal transparency because of their opaque nature and the
excessive production of abnormal and disorganized extracel-
lular matrix. For transparency to be restored, TGF-
b deprivation is needed for myofibroblasts to undergo
apoptosis and allow keratocytes to reoccupy the anterior

stroma and absorb the disordered extracellular matrix.10–12

Although the corneal wound healing cascade has been shown
to be regulated by several growth factors, TGF-b are the most
significant regulators of corneal fibrosis through their effects
on myofibroblasts and the increase in collagen type IV
production.13,14

TABLE 1. General Characteristics and Visual Acuity of the Patients

Patient Sex, Age Eye Etiology
Months Since

Onset Topical Treatment
Baseline
UCVA

6 Mo
UCVA

Baseline
BCVA

6 Mo
BCVA

1 Male, 49 OD Post PRK-CXL haze 4 Cyclosporine (0.09%) BID,
fluorometholone QD

20/2522 20/3021 20/2022 20/3021

2 Female,
55

OD Post adenoviral
nummular keratitis

49 Cyclosporine (0.09%) BID,
loteprednol QD

20/40 20/3021 20/25 20/25

3 Male, 47 OS Post PRK haze 1,5 Prednisolone 1% QID, cyclosporine
(0.09%) BID, artificial tears

20/400 20/400 20/40 20/25

4 Male, 45 OS Post CXL haze 118 Artificial tears 20/250 20/150 20/50+2 20/40+2

5 Female,
61

OD Fibrosis because of
chronic edema

12 Prednisolone 1% QID, bromfenac BID 20/200 20/3021 20/80 20/25

6 Male, 30 OD Post PRK-CXL haze 46 Olopatadine BID 20/5021 20/40 20/3022 20/25

OS Post PRK-CXL haze 46 Olopatadine BID 20/60 20/60 20/40 20/50

7 Female,
29

OS Post PRK haze 3 Cyclosporine (0.09%) QD 20/50+1 20/50 20/40 20/2521

CXL, collagen cross-linking; PRK, photorefractive keratectomy.

FIGURE 1. Slit-lamp image of patient 7 fibrosis before treat-
ment. (The full color version of this figure is available at www.
corneajrnl.com.)

FIGURE 2. Slit-lamp image of patient 7 after 6 months of
treatment with topical losartan. (The full color version of this
figure is available at www.corneajrnl.com.)
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In this framework, Steven E Wilson7 pioneered the
concept of pharmacologically regulating myofibroblast devel-
opment and persistence to optimize corneal wound healing
response with topical losartan. Losartan is an angiotensin II
receptor antagonist that inhibits the TGF-b signaling pathway,
reducing the TGF-b–induced differentiation and persistence
of myofibroblasts that results in corneal fibrosis.10 Animal
studies published by Dr. Wilson’s research team revealed
dramatic effects of topical losartan in corneal fibrosis in rabbit
corneas after descemetorhexis and alkali burn.4,5 Based on
this, Dr Wilson7 suggested possible indications include
scarring fibrosis associated with corneal trauma, chemical

burns, infections, surgical complications, persistent epithelial
defects, conjunctival fibrotic diseases, and TGFBI-related
corneal dystrophies (Reis–Bucklers corneal dystrophy, lattice
corneal dystrophy type 1, and granular corneal dystrophies
type 1 and type 2).

This is the largest case series to date documenting the
effect of topical losartan to treat corneal scarring of different
etiologies. Similar to other reports, topical losartan was used
at a concentration of 0.8 mg/mL diluted in a balanced salt
solution (pH 6.7–7.0). The etiologies for with topical losartan
was prescribed were haze after photorefractive keratectomy,
collagen cross-linking, viral nummular keratitis, and chronic

TABLE 2. Visual Acuity and Keratometric Values

Variable Baseline 1 Mo 3 Mo 6 Mo P Friedman Test

UCVA logMar 0.64 6 0.43 0.58 6 0.35 0.57 6 0.47 0.49 6 0.39 0.358

BCVA logMar 0.28 6 0.17 0.25 6 0.14 0.19 6 0.16 0.17 6 0.11 0.344

K1 41.13 6 2.95 41.24 6 2.93 41.92 6 3.35 41.50 6 2.81 0.242

K2 43.18 6 2.81 43.28 6 2.75 43.10 6 3.27 43.03 6 2.83 0.849

Km 42.10 6 2.69 42.19 6 2.70 42.50 6 3.29 42.25 6 2.75 0.316

Anterior astigmatism 2.08 6 2.17 2.09 6 1.84 1.22 6 0.99 1.54 6 1.44 0.706

Vertex pachymetry 456.00 6 68.22 451.38 6 67.45 468.17 6 72.84 454.13 6 67.21 0.076

Kmax 49.16 6 5.24 48.43 6 4.99 48.40 6 6.06 48.38 6 4.85 0.317

K1, anterior topographic flat meridian; K2, anterior topographic steepest meridian; Km: mean anterior keratometry; Kmax: maximum keratometric point.

FIGURE 3. Changes in corneal densitometry of the anterior (A), central (B), posterior (C), and total (D) cornea. Densitometry is
measured in grayscale units (GSU; 0–100 light scattering; 0 = maximal transparency/optically clear cornea; 100 = minimal
transparency/total corneal opacification). Friedman test, all P . 0.05.
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edema. In contrast to previous evidence, no statistically
significant differences were noted in visual acuity and
densitometry values. Densitometry analysis of Pentacam’s
Scheimpflug system allows for a quantitative assessment of
corneal haze, providing a value for backscattered light, which
is, at least in part, attributable to the patient’s corneal haze. A
tendency toward improvement of corneal transparency was
noted but not as dramatic as in previous case reports. In
patient 5, a reduction in average densitometry values was
noted after 6 months (Fig. 4). Possible explanations for these
differences could be the etiology of the scarring, the time
since onset or not enough time with topical losartan. Also, it
is difficult to attribute this change to topical losartan, given
than time can be a factor in improving corneal fibrosis. In our
patients, topical losartan was prescribed 4 times a day instead
of 6 given that need for refrigeration difficulted compliance
and patients were already on other drops such as topical
steroids or cyclosporine. It is possible that the corneal opacity
would have continued to regress and differences become
statistically significant if topical losartan therapy had been
extended beyond the initial 6-month period. Several patients
have continued topical losartan beyond that point, and we will
continue to monitor the changes.

Studies of topical losartan in animals and humans have
shown its potential to treat corneal fibrosis, although our
results do not support this. Hence, further research to assess
the full scope of topical losartan’s clinical applications in
corneal scarring fibrosis is needed, particularly randomized
clinical trials to address the effect of time and unequivocally
prove its beneficial effects. Research to establish the etiolo-
gies in which to be prescribed, the appropriate dosage, its
frequency of use, and treatment timing and duration will offer
more guidance for ophthalmologists in the use topical losartan
for corneal fibrosis. There remains great hope among the
corneal community for medical therapies capable of reducing
corneal scarring, and we await further analysis.
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