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Purpose: To assess whether topical administration of fosaprepitant improves intractable chronic ocular pain and
inflammation.

Methods: We report three clinical cases of female patients with drug-resistant ocular pain associated with in-
flammatory diseases of the ocular surface. The patients were treated for 3 (case 1) and 4 (cases 2-3) weeks with
fosaprepitant eyedrops (0.1 mg/mL for case 1; 10 mg/mL for case 2-3). Patients were then followed up for at
least 3 weeks. We measured ocular pain with the Visual Analogue Scale (VAS), the Ocular Surface Disease Index
(OSDI), and corneal sensitivity with the Cochet-Bonnet esthesiometry. Slit-lamp photography and corneal
confocal imaging were used to assess ocular surface integrity/conjunctival hyperemia and corneal nerve
morphology, respectively.

Results: All three patients had severe ocular pain (score higher than 6/10 VAS scale). All patients reported a
significant improvement in ocular pain after 1 week of treatment. We also observed reduced corneal epitheli-
opathy (case 1) and conjunctival hyperemia (cases 1-2). In two patients (cases 2-3) the treatment was repeated
after 1 year and 9 weeks, respectively, and pain reduction was similar in magnitude to what we observed after
the first administration.

Conclusions: Topical administration of fosaprepitant ameliorates ocular pain and clinical symptoms in three
patients with intractable ocular pain associated with inflammatory diseases of the ocular surface, without
adverse effects.

Importance: Fosaprepitant instillation holds promise as a treatment of chronic ocular pain, an area of unmet
medical need.

1. Introduction

Ocular pain is one of the most common symptoms of ocular surface
disorders.!,? Although it is highly prevalent,’ available treatments are
not specific and are associated with severe side effects. Non-steroidal
anti-inflammatory drugs (NSAIDs), corticosteroids, and systemic anal-
gesics are all potentially associated with severe local (corneal melting,
cataract, increased intraocular pressure (IOP), delayed wound heal-
ing®,") or systemic (renal/gastric toxicity, mental impairment/addiction
for systemic NSAIDs or opioids) side effects”,°, especially with chronic
use.

Substance P (SP), a neuropeptide released by corneal nerves, has a
key role in promoting ocular surface pain and neuroinflammation.”,®
The release of Substance P is enhanced after ocular surface injury and

promotes corneal perforation and opacity.”,” Notably, SP exerts its
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function preferentially via the neurokinin-1 receptor (NK1R), expressed
both on neuronal and non-neuronal corneal cells.®,’

We and others previously found that the NK1R antagonists, including
fosaprepitant, strongly inhibit corneal pain, inflammation, and neo-
vascularization in multiple pre-clinical models of ocular surface dis-
ease’—.!! Moreover, we reported that SP levels are increased in the tear
fluid of patients with severe ocular surface inflammation and are related
to disease severity.® Fosaprepitant is a registered drug for treating
chemotherapy-induced nausea and vomiting'> and can be easily
formulated as eye drops.

Here, we report three cases of patients affected by intractable ocular
pain who were successfully treated with topical fosaprepitant.
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Fig. 1. Clinical outcomes and biomicroscopy result in case #1.

Corneal fluorescein staining demonstrates that topical fosaprepitant is not toxic for the ocular surface and improves punctate keratopathy (A-B). Topical admin-
istration of fosaprepitant effectively reduces corneal inflammation and redness after 3 weeks of treatment (C-D). The hatched area and arrows in figures C-D
highlight a focus on inflammation and hyperemia in the cornea before (C) and after (D) treatment. The patient reports a reduction in ocular pain (E-F) during
treatment, measured by VAS and OSDI questionnaires. Topical instillation of fosaprepitant does not affect corneal sensitivity (G), assessed using Cochet-Bonnet

esthensiometer. The data are referred to the left eye.

2. Materials and methods
2.1. Patients and methods

Three patients were referred to the Cornea and Ocular Surface clinic
of San Raffaele Hospital, Milan, Italy, for chronic and intractable ocular
pain. The hospital’s ethics committee approved the compassionate use
of the drug.

Fosaprepitant eyedrop was prepared without additional pre-
servatives under sterile conditions using phosphate-buffered saline
(PBS) as a vehicle and checking the pH. The patients were treated for 3
(case 1) and 4 (cases 2-3) weeks with fosaprepitant and followed up for
at least 3 weeks.

We measured ocular pain with the Visual Analogue Scale (VAS) and
the Ocular Surface Disease Index (OSDI); corneal sensitivity with
Cochet-Bonnet esthesiometry. Slit-lamp biomicroscopy pictures of the
ocular surface (with and without fluorescein staining) were collected
before and after treatment. In vivo confocal microscopy was used to
image corneal neuropathy in case 3.

2.1.1. Case #1
This was a 71-year-old woman affected by Sjogren’s syndrome,

idiopathic pulmonary fibrosis, rheumatoid arthritis, severe dry eye,
open-angle glaucoma, and keratoconus. She reported ocular pain in the
left eye that was refractory to multiple treatments including ocular lu-
bricants or autologous serum eye drops applied hourly, systemic
NSAIDs, and opioids. The pain specialist, in accordance with her general
practitioner, did not recommend additional medications, as a conse-
quence of the many patient comorbidities and referred intolerance to
gabapentin. At enrollment, the VAS ocular pain score for the left eye was
6/10 and the OSDI score was 100/100. The patient was treated with 0.1
mg/mL fosaprepitant eye drops in PBS in the left eye, first 3 times a day
for 3 days, and subsequently 2 times a day for 18 days. The experimental
drug was administered in addition to the existing medications.

2.1.2. Case #2

The second case was an 82-year-old woman suffering from Foster
stage II mucous membrane pemphigoid and severe ocular pain (VAS
score 10/10). She presented with severe blepharitis, cataracts, glaucoma
in both eyes, punctate keratopathy in the right eye, and a central
descemetocele in the left eye. Her symptoms were resistant to paracet-
amol, tapentadol, anti-inflammatory eye drops, multiple systemic
immunosuppressors (including methotrexate and cyclophosphamide),
topical/systemic corticosteroids, and hourly lubricant instillation. The



G. Suanno et al. American Journal of Ophthalmology Case Reports 32 (2023) 101964

Day 0 Day 28

IEI Pain

=]

Cochet-Bonnet
10 60
£
o 8 £ 50
2 2
7] >
£ £
H 6 % 40
o c
e Q
S 4 = 30
S 2
§
2 8 20
10-|—
I I T T T T I T T T T T
-7 0 i 14 21 28 -7 0 7 14 21 28
Time (days) Time (days)

-+ First treatment

-+ Second treatment

(caption on next page)



G. Suanno et al.

Fig. 2. Clinical outcomes and biomicroscopy result in case #2.
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Biomicroscopy pictures reveal that fosaprepitant does not exert side effects after 4 weeks of treatment (B) and improves clinical outcomes to the day of enrollment
(A). Topical fosaprepitant effectively reduces corneal inflammation (D) and conjunctival hyperemia (F) compared to baseline (C-E). The hatched area in figures C-D
highlight a focus on corneal hyperemia before (C) and after (D) treatment. VAS questionnaire shows that fosaprepitant is effective in reducing ocular pain in both two
administrations (G). Corneal sensitivity measurement revealed that NK1R antagonism does not significantly affect corneal sensitivity during the first treatment,
(iespite the second administration (H). The data were analyzed by nonparametric Spearman’s rank correlation.

patient was started on a 4-week course of 10 mg/mL fosaprepitant dis-
solved in PBS under sterile conditions, administered 6 times per day in
the right eye, in addition to the existing medications. After one year,
ocular pain relapsed (VAS score 10/10) and she was re-treated following
the same protocol.

2.1.3. Case #3

The third patient was an 18-year-old girl suffering from fibromyalgia
and biopsy-proven small fiber neuropathy. The patient complained of
constant bilateral ocular pain, which interfered with sleep, and was
graded 7/10 on VAS. In vivo confocal microscopy revealed severe
corneal neuropathy and numerous neuromas (Fig. 3A and B). She had
been previously treated with systemic gabapentin, duloxetine, folic acid,
and food supplements (ginger) to no avail. Hourly lubricant instillation,
topical corticosteroids, and NSAIDs were not effective. Fosaprepitant
eye drops (10 mg/mL in PBS) were administered as follows: 4 times a
day for 4 days and 3 times a day for the following 3 days; 2 times a day
during the second week; 1 time a day during the third week; 1 time every
other day during the fourth week. The patient was then followed-up for
3 more weeks. After 3 weeks, the pain gradually recurred (VAS score
from 4/10 to 7/10) and the patient was treated with saline solution 3
times a day for 1 week, with no improvement in ocular pain (VAS score
9/10). She has then switched to fosaprepitant 10 mg/mL topical treat-
ment 3 times a day for 3 weeks.

3. Results

All patients completed the treatment with no side effects. After
treatment was interrupted, all the 3 cases reported a progressive in-
crease in ocular pain, and treatment was repeated in cases 2 and 3. Case
1 was lost at follow-up. The IOP was measured before and after treat-
ment and remained within normal limits in all three cases.

3.1. Case #1

Before treatment, patient 1 showed punctate keratopathy (Fig. 1A),
as well as marked conjunctival hyperemia (Fig. 1C). After 3 weeks of 0.1
mg/mL topical fosaprepitant, we observed improved corneal epitheli-
opathy (Fig. 1B) and a clinically evident reduction of conjunctival hy-
peremia (Fig. 1D). Moreover, we found a modest reduction in corneal
sensitivity before and after treatment (from 45 to 40 mm with Cochet-
Bonnet, Figure G). During treatment, the patient reported total resolu-
tion of ocular pain (VAS score from 6/10 to 0/10), and a 25 % reduction
in ocular discomfort (OSDI score from 100/100 to 75/100)
(Figures E-F).

3.2. Case #2

At enrollment, patient 2 presented inflammation, and conjunctival
hyperemia (Fig. 2A, C, 2E). After 4 weeks of treatment with 10 mg/mL
topical fosaprepitant, the patient also reported a significant reduction in
ocular pain (Fig. 2G; r = —0.8018; P < 0.05) without showing changes in
corneal sensitivity (Fig. 2H; r = 0; P = ns). We also observed reduced
conjunctival hyperemia (Fig. 2B, D, 2F). Following re-treatment, she
reported reduced ocular pain (Fig. 2G; r = —0.8729; P < 0.05) and
reduced corneal sensitivity (Fig. 2H; r = —0 0.9543; P < 0.01).

3.3. Case #3

Before and after treatment, patient 3 showed no detectable ocular
surface anomalies in both eyes (Fig. 3C and D), at the slit-lamp. How-
ever, confocal microscopy revealed multiple neuromas and severely
reduced density of the corneal sub-basal nerve plexus (Fig. 3A and B).
Pain was rapidly abated after the first administration, as measured with
VAS (Fig. 3E; P < 0.001), and OSDI score (Fig. 3F; P < 0.001). This was
further confirmed by the number of daily applications of lubricants,
which decreased significantly (Fig. 3G; P < 0.01). Interestingly, no
reduction in corneal sensitivity was observed (Fig. 3H; P = ns).
Conversely, after treatment withdrawal, or placebo administration,
ocular pain relapsed, as measured with VAS (Fig. 3E; P < 0.01) and OSDI
scores (Fig. 3F; P < 0.01). The frequency of lubricant instillation
increased to pre-treatment values during placebo (P) administration
(Fig. 3G). However, subsequent re-administration of fosaprepitant
reversed the trend again, leading to a reduced OSDI score (Fig. 3F; P <
0.05) and diminished frequency of lubricant administration (Fig. 3G; P
< 0.01). Accordingly, the VAS score decreased significantly (Fig. 3E; P
< 0.01) compared to placebo administration.

4. Discussion

Herein, we presented three clinical cases of patients affected with
chronic, resistant ocular pain. They were treated topically with the
NKI1R antagonist fosaprepitant through a compassionate use program.

The drug concentration was chosen based on our previous works
demonstrating that 10 mg/mL fosaprepitant was not toxic for the ocular
surface and promptly induced corneal analgesia.'® For Case 1, we pro-
vided a lower fosaprepitant dosage (0.1 mg/mL) as an additional safety
margin. Therefore, after excluding any side effects, the concentration
was increased to the most effective (10 mg/mL) in cases 2 and 3.

Our data show that topical administration of fosaprepitant eye drops
reduces ocular surface pain and discomfort without causing obvious side
effects. The follow-up observation of cases 2 and 3 showed that fosap-
repitant discontinuation caused a variable pain-free period after which
pain recurred. In patient 2, recurrence occurred after one year, while in
patient 3 after 3 weeks. This discrepancy may be due to the different
diseases affecting patients (i.e: ocular cicatritial pemphigoid for case 2
and fibromyalgia with peripheral sensory neuropathy for case 3).

Besides reducing pain, fosaprepitant also improved corneal epi-
theliopathy and reduced conjunctival hyperemia, which are typically
associated with ocular pain®,'® in two patients. These data are relevant
since SP is a cardinal mediator of neuroinflammation in the cornea, and
promotes hemangiogensis, lymphangiogenesis, and leukocyte recruit-
ment/activation.” Therefore, blockade of SP activity by means of
fosaprepitant results in a potent anti-inflammatory activity, which is
demonstrated by our finding of reduced hyperemia.'’,'> Moreover, the
decreased number of lubricant instillations in case 3 is an additional,
indirect indicator of clinical improvement. Interestingly, and differently
from topical anesthetics, corneal sensitivity was not substantially
affected in 2/3 of cases and persisted to some level in 3/3 of cases. The
reduction of corneal sensitivity was mild and not significant, with the
exception of the second administration of Case 2. While additional
studies are needed for a definitive confirmation, in this case series
corneal sensitivity was not reduced overall. We believe this has relevant
clinical implications because long-term suppression of corneal sensi-
tivity results in neurotrophic keratopathy,'* which makes chronic use of
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Fig. 3. Clinical outcomes and biomicroscopy result in case #3.

Confocal microscopy images showing the presence of numerous neuromas in patient 3 (A-B). Slit-lamp biomicroscopy pictures reveal no ocular surface defects before
(C) and after (D) topical instillation with fosaprepitant. Figure B shows a high magnification detail of neuromas (arrow) detected in case 3. VAS and OSDI ques-
tionnaires demonstrate the beneficial effect of both drugs during administrations, which is reverted after suspension and placebo (P) application (E-F). Graph G
shows that artificial tear eye drops application decreases during the fosaprepitant treatments, remaining stable during drug suspension and reverting during the use
of placebo (P). Cochet-Bonnet measurements exhibit stable corneal sensitivity throughout fosaprepitant instillation. Statistical analysis was performed using the
Mann-Whitney test (# = placebo vs. pre-treatment; $ = placebo vs. fosaprepitant), and the Kruskal-Wallis test followed Dunn’s method (* = time point vs. pre-
treatment). **P < 0.01; **P < 0.01; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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anesthetics unsafe.
5. Conclusions

Topical administration of fosaprepitant ameliorated chronic ocular
pain and clinical symptoms in three patients with chronic pain due to
inflammatory ocular surface diseases. This study provides preliminary
evidence for the safety and efficacy of NK1R antagonists in the treatment
of ocular pain and inflammation. Further studies on a larger cohort of
patients are needed to confirm the positive effects of fosaprepitant and
identify a standardized frequency of administration.
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