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A Real-World Case — Unresponsive Dry Eyes

® 50 YO female c/o blurry & fluctuating VA, mild scratchiness (OD>0S) & photophobia
o LASIK OU ~21 Mth ago (03/2017) with Flap-lift enhancement in OD (06/2017)
o As per Pt- No Hx of DED, symptoms onset post-LASIK & Dx with Dry Eyes
o Hxof SCLwearx 35 Yrs

o IDDM x 10 Yrs, not well controlled (A1C ~8.7)

e Current Treatments
o Tried several OTC ATs/Gels/UNGs — “They Don't Help”
o Currently using Refresh Mega 12-15x/Day, OU

o Does not recall being Rx'ed any topical medications

o No other auxiliary therapies (Warm compress, lid hygiene, et c)

A Real-World Case — Unresponsive Dry Eyes?

e 50 YO female c/o blurry & fluctuating VA,
mild scratchiness (OD>0S) & photophobia
o BCVA:OD 20/40 OS 20/40-2
o Slit lamp examination:
= TBUT: 4 sec OD, 5 sec OS

= Lids: 12/15 turbid OD, 10/15 turbid OS (good
volume OU)

= Conj: (-) LG stain OU

m  Cornea: 2-3+ PEK in central flap zone OD, 2+
PEK in central flap zone OS

m  Sub-epithelial opacities did pick up NaFL stain!
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Management to restore homeostasis
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What is NK?

o Neurotrophic keratitis (NK) is a
degenerative disease characterized by
o Corneal sensitivity reduction
o Spontaneous epithelium breakdown
o Impaired corneal healing

e Development of
o Corneal ulceration
o Melting
o Perforation

hetti M, Lambi in Ophthalmol. 20148571
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Corneal homeostasis

Interaction between comeal nerves and epithelial cells/keratocytes mediates corneal homeostasis

Neuromediators provide trophic.
SuppOrtto ocular surface tissues
(particularly epithelial cells &
keratocytes) that:

+ Stimulates wound healing

o,
& comeainerve

+ Maintains anatomicintegrity
Corneal nerves
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blinking and

tear
production
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Corneal epithelial cells

e Corneal integrity and function depends
on a constant replenishment of epithelial
cells

e Limbal stem cells divide asymmetrically
to produce

o Additional stem cells
o Epithelial cells as they migrate out of
the limbus

e Corneal epithelial cells and keratocytes
regulate the survival, differentiation and
maturation of nerve fibers

o Release neurotrophins
o Release growth factors
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Corneal innervation

o Healthy cornea

o Avascular

o Extremely sensitive to pain’
e Corneal sensory nerves originate from
ophthalmic branch of the fifth cranial
nerve!
Trigeminal nerve bundles lose
perineurium and myelin sheaths where
they enter the corneal stroma at the
corneoscleral limbus'2

o Why the cornea is transparent!
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Nerve Malfunction: Central to NK
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Diagnosing NK — History is Where It All Begins

* Herpes (Zoster/Simplex) infection
« Other infections, ie.
acanthamoeba
« Chemical or physical burn
« Drug toxicity, ie. Chronic Glaucoma
gtt Tx or Anaesthetic gtt abuse
« Chronic ocular surface injury or
inflammation
« Ocular surgery.
« Cataract surgery, LASIK, PRK,
PKP, DALK, CXL, Vitrectomy
for RD, Photocoagulation for
diabetic retinopathy
+ Contact lenses
« Orbital neoplasia
+ Corneal dystrophies

13
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Diagnosing NK — History is Where It All Begins Diagnosing NK — History is Where It All Begins
)
ICULAR SYSTEMIC CNS 'S OCULAR SYSTEMIC CNS
* Herpes (Zoster/Simplex) infection « Diabetes mellitus *Neoplasm * Herpes (Zoster/Simplex) infection «Diabetes mellitus *Neoplasm
« Other infections, ie. *Leprosy *Aneurysms. « Other infections, ie. “Lepr *Aneurysms
acanthamoeba *Vitamin A *Stroke acanthamoeba *Vitamin A +Stroke
« Chemical or physical burn deficiency «Degenerative CNS * Chemical or physical burn deficiency *Degenerative CNS
* Drug toxicity, ie. Chronic Glaucoma  « Amyloidosis disorders. « Drug toxicity, ie. Chronic Glaucoma  »Amyloidosis disorders
gtt Tx or Anaesthetic gt abuse *Multiple sclerosis « Post-neurosurgical gttTxor ic gt abuse Itipl
« Chronic ocular surface injury or procedures. « Chronic ocular surface injury or procedures
inflammation GENETIC - For acoustic neuroma inflammation GENETIC - For acoustic neuroma
» Ocular surgery. «Riley-Day syndrome - For trigeminal * Ocular surgery «Riley-Day syndrome - For trigeminal
* Cataract surgery, LASIK, PRK, (familial neuralgia * Cataract surgery, LASIK, PRK, (familial neuralgia
PKP, DAL, CXL, Vitrectomy dysautonomia) +Other surgical injury to PKP, DALK, CXL, Vitrectomy dysautonomia) «Other surgical injury to
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« Corneal i i « Corneal dystrophies T e
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Diagnosing NK — History is Where It All Begins

OCULAR

* Contact lnz=s
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Severe PEK or Epithelial defect with
disproportional ocular symptoms
is highly suspicious of NK
ie, corneal anesthesia
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Chronic Comorbidities & Clinical Masqueraders
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Dua HS, Said DG, Messmer EM, et al. Neurotrophic keratopathy. Prog Retin Eye Res. 2018;66:107-131.

Corneal Sensitivity Beyond Cochet Bonnet in Post-COVID Era
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Early Detection
In vivo confocal
microscopy (IVCM)

* Density of the corneal nerves can be quantitatively assessed

asal nerve plexus
1 cornea

* Corneal sensation is only reduced when the corneal nerve
density decreases {o less than 5006

* Accurate 100l to detect the nerve loss early in the disease

Decreased density of

sub-basal nerve plexus

Mackie NK Classification Used in US Trial

Stage 1: Mild
(Epi changes;
NO epi-defect)

Stage 2: Moderate
(Persistent Epi-defect,
NO Stromal defect)

Images Courtesy of Prof. Messmerand Prof. Dua

Stage 3: Severe
(Stage 2 + Stromal
Thinning or Perforation)

1.0ua Hs, et a. Prog Retin Eye Res. 2018dol: 10,101 2.1 Semarerof, et
Sacchetti & Lambiase A, Ciin Ophthal 2014:3571-5.
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NK IS A PROGRESSIVE DISEASE WITH TREATMENT GOALS AT EACH
STAGE TO PREVENT PROGRESSION'2

If left untreated, NK can progress to a more severe stage?

STAGE 3
Severe?

STAGE 2
Moderate?

STAGE 1
Mild?

« Improve epithelial quality and « Prevent stromal involvementand « Stop stromal melting
transparency corneal ulcer formation

« Prevent perforation that could lead
to potential vision loss

Avoid epithelial breakdown + Promote corneal healing

. e . Pl 5 200815, 554 06, Messme €, 3 Newrotrophc
Kratopin. rog et £y s 201885107131

NK Treatment Options: NK Staging

L ']
Stage 2
| | |
Punctal asc Autologous Amnlotic Corneal Scleral
Plugs serum tears membrane neurotization Lens
Remove Corneal
offendingagents  PFAT i T « i Glue transplant
(thNGF)

h Stage 1 ﬂ

Stage 3

Steroids for any stage if underlying inflammation present
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NK Treatment Options: Tx Category

Topicals In-Office Procedures Surgical Intervention
« Adificial tears + Therapeutic contact lenses « Tarsorrhaphy
« Corticosteroids + Punctal occlusion + Conjunctival flap

Autologous serum eye drops

Non-surgical eyelid closure + Comeal transplant

Antibiotics

Amniotic membranes Direct neurotization

OXERVATE
(cenegermin-bkbj ophthalmic
solution 0.002% [20 mcg/mL])

Tissue adhesives +  Sutured AMT

4 Dun 5, 55, st ENL ot Nt
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Dana et al Published a Consensus Paper that Included
Recommendations on when to Test Corneal Sensitivity

Corneal Sensitivity Testing was Strongly Recommended when:
« Persistent epithelial defect that does not improve within 14 days
Painless newly observed epithelial defect of unknown etiology

History of herpetic eye disease

History of procedures that might have damaged the trigeminal nerve or conditions
that might have involved the trigeminal nerve

Pain in the affected eye and multiple, concurrent risk factors, such as persistent
poorly controlled diabetes and either reduced blink or a history of corneal procedures

']
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A Real-World Case — Unresponsive Dry Eyes

e 50 YO female c/o blurry & fluctuating VA, mild scratchiness (OD>0S) & photophobia
o LASIKOU ~21 Mth ago (03/2017) with Flap-lift enhancement in OD (06/2017)
o Asper Pt - No Hx of DED, symptoms onset post-LASIK & Dx with Dry Eyes
O Hxof SCL wearx 35 Yrs

o IDDMx 10 Yrs, not well controlled (A1C ~8.7)

Current Treatments
o Tried several OTC ATs/Gels/UNGs — “They Don't Help”
o Currently using Refresh Mega 12-15x/Day, OU
o Does not recall being Rx'ed any topical medications

o No other auxilary therapies (Warm compress, lid hygiene, et c)

A Real-World Case — Unresponsive Dry Eyes?

® 50 YO female c/o blurry & fluctuating VA,
mild scratchiness (OD>0S) & photophobia
o BCVA:OD 20/40 OS 20/40-2
o Slit lamp examination:
m  TBUT: 4 sec OD, 5 sec OS

m  Lids: 12/15 turbid OD, 10/15 turbid OS (good
volume OU)

= Conj: (-) LG stain OU

= Cornea: 2-3+ PEK in central flap zone OD, 2+
PEK in central flap zone OS

m  Sub-epithelial opacities did pick up NaFL stain!
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A Real-World Case — Unresponsive Dry Eyes?

® 50 YO female c/o blurry & fluctuating VA,
mild scratchiness (OD>0S) & photophobia
o LipiView: LLT: 88nm OD, 78nm OS (Arita grade 2 OU)
o Osmolarity: 303mOsmI OD, 299mOsml OS
o Corneal sensitivity OU via Cotton-wisp
= NO PRIOR ANESTHESIA!!
m  Tested in flap zone only
= Reduced sensitivity noted OU (-2 OU)
e Stage 1 (mild) NK

o Confocal microscopy OU also ordered

A Real-World Case — Neurotrophic Keratitis (NK)

e Stage 1 (mild) NK
o Confocal microscopy OU also ordered

o Pted on NKrisk factors (ie, IDDM, post-Op) +
the importance of trophic factors in regulating
tear production, epithelial health & wound healing

e Management
o Autologous Serum 50% QID OU x 12 months

o Warm compress, ATs

o Mild improvement after 6 Mths, so decided to add
Cenegermin 0.005%

(Baseline IVCM: Highest density NFL of 104 images)
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A Real-World Case — Pt’'s NK Tx Summary

« Slight improvement in PEK and vision to 6 months of ASEDs
o OD: 20/40, 2-3+ central PEK
o 0S: 20/30, 2+ central PEK

« Addition of cenegermin (end of 8 weeks)
o OD: 20/30+, 2+ central PEK

o 08: 20720, clear cornea

« 2 round of cenegermin for OD only (end of 2" 8 weeks)
o OD: 20/15-1, clear cornea
o 0OS: 20/15, clear cornea

Autologous Serum Eye Drops (ASEDs)

* Non-allergenic, non-preserved drops derived from blood serum

« Concentration ranges from 20% to 100%

« Contains components such as EGF, vitamin A, TGFp, neuropeptides

* Can induce proper proliferation and differentiation of corneal epithelium

* Corneal nerve regeneration has been documented in NK with use of
autologous serum dosed 6-8 times per day for the first month, tapering
to qid

oo K, Levee C, oo SC
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Autologous Serum Eye Drops (ASEDs)

Patients own blood

e Blood draw

e Centrifuge

® Separate

e Dilute
o Commonly 20% to 50%

e Refrigerate between use
o Good for 1 week

o Freeze additional supply

Amniotic Membranes

® Traditionally, transplanted in
operating rooms
® Sutureless amniotic
membranes
o Cryopreserved
o dehydrated
® 75% of patients with NK
achieved re-epithelialization in
16 days
® Average time of re-
epithelialization of 21 days

2000843122633
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Case: NK & Scleral Lens

PEDs healed with scleral lens wear by
Lynette Johns, OD.

PED Due to NK in GVHD by Melissa Barnett, OD.

NK Surgical Treatments

e Additional procedures to supplement care
o Targeted ocular surface isolating
e Temporary partial or full tarsorrhaphy
o le, Lateral tarsorrhaphy
o *BCL
o+ AMT (ie, multilayer or suture fixation)

e Conjunctival flap

e Induced ptosis
o Neurotoxin
o Gold weightimplant
o Willimpact scleral lens fit

e Temporary punctal occlusion

39

41

NK Surgical Treatments

e Corneal neurotization
o 1stdescribed in 2009 by Terzis et al — to
route part of supraorbital or supratrochlear
nerve from unaffected eye

o Effective in restoring sensitivity, but invasive
with potential for donor site morbidity

o Can use sural nerve graft as donor source

o Minimally invasive techniques developed
m  De-cellularized cadaveric nerve graft attached
to smaller piece of healthy donor graft
m  Endoscopic approach
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[ Cornea Line Left/ 0S

A Novel rhNGF Mimicking Endogenous NGF

® In Aug 2018, FDA approved 0.002%
Cenegermin Ophth Soln (20 mcg/mL) with
API (Cenegermin-bkbj), which is structurally
identical to human NGF protein found in
ocular tissues

® Naturally occurring neurotrophin is
responsible for differentiation, growth, and
maintenance of neurons®

Capriolio 5, loe L o 1998338117480, 2Voeler & New Drug Teats Rar, Debiltatng
Neurotrphic Keratis JAMA. 2018320[13)1305.
2. Vosier . e Drug Trate "
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0.002% Cenegermin (20 mcg/ml) was studied in the
Largest Combined Population of Stage 2 or 3 NK Patients

B NGFO212/REPARO Study! =5 NGF0214 (US Trial) Study®

23 weeks folow up 24 weeks folow up

The formulation tested in REPARO (NGF0212) differ slightly from that of NGF0214 & the final FDA-approved commercial formulation. Studies
was conducted with the final commercial formulation & no difference in safety was seen in either of the trials. [Courtesy Info - Dompé]

s pleMasies Human G Ophthamoloqy
2 Chao W, B0C, .0 et . ata onfie.

2017

Baseline Week 4

Baseline

Week 4

Week 6

Primary Efficacy Measure in Clinical Trials

Week 8

Conventional Measure:
<0.5 mm lesion staining

Conservative Measure
(FDA): 0 mm staining in
lesion area; no other
residual staining

Complete corneal healing: 0 mm staining in lesion area + No persistent staining in rest of the cornea
(last post-baseline observation carried forward; chi-squared test) [Courtesy Info - Dompé]

s, Affeldt, Seedor )

a0 W, Alegrett M, Manteli F, Dana R, Topical Recombinant Human Nerve

Srowth Fact domized Vehicle-Controlled ivotalTrial, Ophthalmology (2015),dot: htps:// ol org/10.1016/,ophtha.2019.08.020.
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Clinical Trials: Efficacy & Safety

Complete Healing in up to 72% of Pt at Wk 8

Complete comeal healing defined
as 0-mm staining in the lesion
0 area and no other persistent
staining in the rest of the comea
after 8 weeks of treatment (last
post-baseline observation carried
o —— forward; chi-squared test)

e [Courtesy Info, Dompé]

Clinical Trials: Efficacy & Safety
80 r_mmnj
60 - 80%
of patients who achieved complete corneal
40 healing* in REPARO Study (NGF0212) were still
healed 48 weeks after one 8-week Tx cycle
20
0 restof the corneaafter 8 weeks of treatment
Pt
B
tearing®
[Courtesy Info - Dompé]

332.1343.
2.NGF0212 (REPARO) CSR Data on fie.
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Clinical Case

63 year old
man presented
with reduced
vision and
dislocated IOL
in the bag

Past Ocular History:

Treated for 15 years of
diabetic retinopathy

10 years ago had
cataract surgery with
IOL (uncomplicated)

5 years ago had retinal
detachment requiring
PPV
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Initially after | < 2050 Initially after 1 e had tried muttiple
surgery vision Le 20/50 surgery vision antil:lv(iotics over several
was good, but < Fu was good, weeks
now had EOM™ ., recenﬂy had Bandage contact lenses
were tried with no
dropped and CVE ™M worsened. He || success
he was tOId he Full CF was tOId he Self-retaining amniotic
_may have an Normal may have an membraner\gas
infection Sens < e infection. | unsuccessiu
60 61
Cultures performed
? Antibiotics continued
NOW What Plug placed in lower
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Diagnosis: Stage I
Neurotrophic Corneal Ulcer

puncture

Started recombinant
human nerve growth
factor Q2H
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Once starting
hNGF
symptoms
began to resolve
relatively quickly
and by week 4
of treatment

< 20/30

SsC  20/30

Further

improvement
by week 8
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Thank you
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Director of Specialty Contact Lenses, Wills Eye Hospital ~ Cornea Service
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