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DISCLOSURES

• Ocular Therapeutix

• Glaukos

• Horizon

• Quidel

• Eyevance

• Alcon

• Tarsus

• Thea

• Kala

• Ivantis

• Orasis

• RVL

• Oyster Point

• Dompe
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WHY IS THE CORNEA IMPORTANT?

3

CORNEAL FUNCTION

• Shields the eye from germs, dust, other harmful matter

• Contributes between 65-75% refracting power to the eye

• Filters out some of the most harmful UV wavelengths
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CORNEAL ANATOMY
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LIMBUS
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CORNEAL EPITHELIAL CELLS

§ C ornea l in teg rity  and  func tion  depends  on  a  cons tan t 
rep len ishm en t o f ep ithe lia l ce lls

§ S tem  ce lls  loca ted  in  the  lim bus  d iv ide  asym m etrica lly  
to  p roduce : 
§ M ore  s tem  ce lls

§ C e lls  tha t d iffe ren tia te  in to  ep ithe lia l ce lls  as  they  
m ig ra te  ou t o f the  lim bus  

§ In  the  hea lthy  co rnea , p roduc tion  o f new  ep ithe lia l ce lls  
is  su ffic ien t to  rep lace  ce lls  los t a t the  ep ithe lia l su rface

Limbus
Peripheral 

cornea Central cornea

Blood vessel

Terminally 
differentiated cell

Transit amplifying cell

Melanocyte

Limbal fibroblast

Limbal epithelial stem 
cell

E p

B L

S t

E p : e p it h e l iu m ; B L : B o w m a n ’s  la y e r ; S t :  s t r o m a

A d a p t e d fr o m  1 . S t e m B o o k . A v a i la b le a t :  h t t p : / /w w w .s t e m b o o k .o r g /n o d e /5 8 8 .h tm l .  A c c e s s e d Ju ly 2 0 1 8 .

M a s t r o p a s q u a  L ,  e t  a l .  J  C e l l  P a t h o l .  2 0 1 7 ;2 3 2 :7 1 7 – 2 4 ; 2 .  A d a p t e d fr o m  S h a h e e n B , e t  a l .  S u r v  O p h th a lm o l .  2 0 1 4 ;5 9 :2 6 3 – 8 5 . 
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CORNEAL EPITHELIAL CELLS

§ C ornea l ep ithe lia l ce lls  and  ke ra tocy tes  regu la te  the  su rv iva l, d iffe ren tia tion  and  m a tu ra tion  o f ne rve  
fib res  by  re leas ing  neu ro troph ins and  g row th  fac to rs , such  as :

§ NGF 

§ NT-3

§ NT-4

§ EGF

§ BDNF

§ CNTF

§ GDNF 
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CORNEA: RICHEST INNERVATION OF ALL BODY 
TISSUES1

§ H ea lthy  co rnea  co n ta in s no  b lo o d  vesse ls and  is  
ex trem e ly  sensit ive  to  pa in1

§ C o rnea l senso r y  ner ves o r ig in ate  fro m  the  
o ph tha lm ic  b ranch  o f the  fifth  cran ia l ner ve1

§ Trigem ina l ner ve  bund les lo se  the ir  per ineur ium
and  m ye lin  sheath s w here  they  en ter the  co rnea l 

stro m a at the  co rneo sc lera l lim bus, thus 
m a in ta in ing  transparency  o f the  co rnea1,2

§ T he co rnea  a lso  rece ives so m e sym pathetic  
inner vatio n  fro m  the  super io r cer v ica l gang lio n2

1 . M a s t r o p a s q u a L ,  e t  a l .  J  C e l l  P a t h o l .  2 0 1 7 ;2 3 2 :7 1 7 – 2 4 ; 2 .  M ü l le r  L J ,  e t  a l .  E x p E y e  R e s .  2 0 0 3 ;7 6 :5 2 1 – 4 2 ; 3 .  D u a  H S , e t  a l .  P r o g R e t in E y e  R e s .  2 0 1 8  d o i :  1 0 .1 0 1 6 / j .p r e t e y e r e s .2 0 1 8 .0 4 .0 0 3 . [ E p u b a h e a d  o f  

p r in t ] .

Dua et al 20183

9



3/13/22

2

ROLE OF CORNEAL NERVES

Neuromediators1

§ Serotonin
§ Neuropeptide Y
§ Vasointestinal

peptide 
§ Met-enkephalin
§ Brain natriuretic 

peptide
§ Vasopressin
§ Neurotensin
§ Beta endorphin

When corneal sensory nerves are damaged, these 
mechanisms are altered leading to impaired 

corneal renewal and healing, and reduced tear 
formation1

§ Substance P
§ Neurokinin A
§ Calcitonon 

gene-related 
peptide 

§ Acetylcholine
§ Cholecystokinin
§ Galanin
§ Noradrenaline

Corneal nerves react to injury at the 
ocular surface by registering pain 

and irritation and triggering 
protective reflexes, such as tear 

production and blinking1

They also release neuromediators 
that provide trophic support to 

corneal epithelial cells and 
keratocytes1 ,2

1. Mastropasqua L, et al. J Cell Pathol. 2017;232:717–24; 2. Müller LJ, et al. Exp Eye Res. 2003;76:521–42.

Im a g e s  b y  k in d  p e r m is s io n  o f  P r o f .  D u a

Corneal nerve
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Corneal homeostasis

Corneal nerve

Epithelial cells and 
keratocytes

Tear secretion

Tear gland

Neuromediators provide trophic 
support to ocular surface tissues 
(particularly epithelial cells & 
keratocytes) that:
• Stimulates wound healing • Maintains anatomic integrity

Corneal nerves 
stimulate 
blinking and 
tear production

Neurotrophins, neuropeptides and growth 
factors (e.g., NGF) fromepithelial cells and 
keratocytes mediate nerve fibre survival, 
differentiation and maturation

Tears contain growth factors and nutrients 
that stimulate epithelial cells  

A d a p t e d  f r o m  M a s t r o p a s q u a L ,  e t  a l .  J  C e l l  P a t h o l .  2 0 1 7 ;2 3 2 :7 1 7 – 2 4 .

Interaction between corneal nerves and epithelial cells/keratocytes mediates corneal homeostasis
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NEUROTROPHIC KERATITIS

• Rare disease

• Fewer than 65,000 in the US

• Degenerative corneal disease caused by damage of the trigeminal corneal innervation

• Breakdown of epithelium 

• Corneal ulceration

Sacchetti M, Lambiase A. Diagnosis and management of neurotrophic keratitis. Clin Ophthalmol. 2014;8:571-579.
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PATHOPHYSIOLOGY OF NK1

§ T he  loss  o f co rnea l senso ry  inne rva tion  v ia  
dam age  to  the  tr igem ina l ne rve  reduces  re lease  o f 
neu rom ed ia to rs  tha t p rov ide  troph ic  (nu tritiona l) 
suppo rt to  the  ocu la r su rface  tissues , s tim u la te  
w ound  hea ling  and  m a in ta in  ana tom ic  in teg rity

§ Im pa irm en t o f co rnea l sens itiv ity  a lso  a ffec ts  tea r 
film  p roduc tion  and  b link  ra te  due  to  the  reduc tion  
o f tr igem ina l re flexes

§ Im pa irm en t o f tr igem ina l inne rva tion  leads  to  
decreased  co rnea l ep ithe lium  renew a l and  hea ling  
ra te , and  u ltim a te ly  the  deve lopm en t o f N K

1 . M a s t r o p a s q u a  L ,  e t  a l .  J  C e l l  P a t h o l .  2 0 1 7 ;2 3 2 :7 1 7 – 2 4 ; 2 .  M ü l le r  L J ,  e t  a l .  E x p  E y e  R e s .  2 0 0 3 ;7 6 :5 2 1 – 4 2 .

Penetration of nerves into the epithelium
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TRIGEMINAL NERVE DAMAGE LEADING TO NK1

Impaired corneal trigeminal innervation

Neurotrophic keratitis

Impairment of trophic supply Impairment of trigeminal reflexes

Corneal epithelial 
alterations

Reduced tear film production 
& blink rate

Spontaneous corneal epithelial 
breakdown

Impairment of corneal 
healing

A d a p te d  f r o m  1 .  M a s t ro p a s q u a  L ,  e t  a l.  J  C e ll  P a th o l.  2 0 1 7 ;2 3 2 :7 1 7 – 2 4 .
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ETIOLOGIES ASSOCIATED WITH NK

O cu lar
• H erpes (s im p lex  o r zo ster) in fectio n
• O ther in fectio ns e .g acan tham o eba

• C hem ica l o r physica l burn
• A buse  o f to p ica l anaesthetics

• D rug tox ic ity  
• C hro n ic  o cu lar  su r face  in ju r y  o r in flam m atio n
• O cu lar  su rger y

• C ataract su rger y  
• LA S IK , PR K

• PK  and  DA LK
• C o llagen  cro sslink ing  fo r kerato co nus

• V itrecto m y fo r re tin a l de tachm ent 
• Pho to co agu la tio n  fo r d iabetic  re tino pathy  
• Po stsurg ica l o r laser treatm ent 

• R o utine  laser fo r p ro life rative  d iabetic  
re tino pathy

• C o ntact len ses
• O rb ita l neo p las ia

• C o rnea l dystro ph ies

S yste m ic
• D iabetes m e llitu s

• Lepro sy
• V itam in  A  de fic iency
• A m ylo ido sis

• M ultip le  sc lero sis 

C e n tra l n e r vo u s syste m
• N eo p lasm

• A neur ysm s
• Stro ke
• D egenerative  C N S d iso rders 

• Po st-neuro surg ica l p ro cedures
- Fo r aco ustic  neuro m a

- Fo r tr igem ina l neura lg ia
• O ther su rg ica l in ju r y  to  tr igem ina l 

ner ve

G e n e tic
• R iley-D ay syndro m e (fam ilia l 

dysau to no m ia)
• G o ldenhar-G o rlin syndro m e
• M o b ius syndro m e

• Fam ilia l co rnea l 
hypo aesthesia

1 . D u a  H S , e t  a l .  P r o g R e t in E y e  R e s .  2 0 1 8  d o i :  1 0 .1 0 1 6 / j .p r e t e y e r e s .2 0 1 8 .0 4 .0 0 3 . 

DALK=deep anterior lamellar 
keratoplasty; LASIK=laser in situ 
keratomileusis; PK=penetrating 
keratoplasty; PRK=photorefractive 
keratectomy
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NEUROTROPHIC KERATITIS 
CLASSIFICATION
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MACKIE’S NEUROTROPHIC KERATITIS CLASSIFICATION 
ILLUSTRATES DISEASE PROGRESSION AND THE DEVASTATING 
EFFECT ON THE CORNEA

• Stage l
• C o rnea l ep ithe lia l hyperp las ia  and  irregu lar ity
• Superfic ia l punctate  kerato pathy  

• In creased  v isco sity  o f tear  m ucus and
decreased  break-up  t im e

• Stage ll
• Persisten t ep ithe lia l de fect – sm o o th  and  ro lled  edges

• D escem et’s m em brane  fo ld s and  stro m al sw e llin g
• A nter io r cham ber in flam m ato r y  reactio n  w ith  hypo pyo n  (rare )

• Stage lll
• C o rnea l u lcer

• C o rnea l per fo ratio n

• C o rnea l stro m al m e lt in g
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NK is characterized by a decrease in corneal sensitivity 

T
RIA

L
P

O
PU

LATIO
N

C O N F I D E N T I A L  O C O T O B E R  1 4 ,  2 0 2 0   B O A R D  M E E T I N G
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CASE #1

• The 84 year old, AA female presents for 3-4 month DES 
check (no touch) and MMP-9 testing. Pt has a h/o DES and 
POAG mild OU. Pt states OS>OD has some itching. Pt 
states she has only been using her cyclosporine 0.05% and 
AT’s.  She never picked up fluoromethalone drops and is 
not using AT's ointment or a heat mask.  

18



3/13/22

3

• Ocular Hx:  

• Dry eye syndrome – 10+ yrs

• Herpes stromal keratitis  OS 
• In active  – Last ep iso de  2020

• Anterior scleritis OS
• In active

• POAG - Mild OU

• Pterygium sx OU
• Phaco OU 

• Previous treatments 
• A m n io tic  m em brane  O S (2019 , 2020 )

• Puncta l cau ter y  (2011 ) O U

• Med Hx:  

• NIDDM 15 yrs

• Osteoarthritis

• Hypothyroid
• Seasonal allergies

• Meds:  

• Ceterizine

• Lactulose
• Tirosint

19

CLINICAL EXAM

• Lids / Lashes – Clear  and good position

• Conjunctiva – tr injection OU

• Cornea 
• OD 2+ Inf SPK 
• OS Dense SPK, 1+ K edema

• A/C – Deep and Quiet

• PCIOL OU

• IOP – 11 mmHg OU

Anything else we should add???  

20

OD OS

21

DIFFERENTIALS??
WHAT ABOUT K SENSITIVITY 

TESTING?

TREATMENTS??

22

CORNEAL SENSITIVITY  TESTING

23

ASSESSMENT OF CORNEAL SENSITIVITY IS ESSENTIAL 
TO CONFIRM NK DIAGNOSIS1

Corneal sensitivity tests:2

§ Qualitative (touching cornea with 
cotton thread)

§ Quantitative (corneal aesthesiometer)

§ Severity of NK related to severity of 
corneal sensory impairment

NK suspected

Test corneal 
sensitivity

NK unlikelyNormal

Further tests requiredReduced

Ocular symptoms
History

Clinical examination and 
tests

A d a p t e d  fr o m  1 . D u a  H S , e t  a l .  P r o g R e t in E y e  R e s .  2 0 1 8  d o i :  1 0 .1 0 1 6 / j .p r e t e y e r e s .2 0 1 8 .0 4 .0 0 3 . [ E p u b a h e a d  o f  p r in t ] ; 2 .  S a c c h e t t i M  &  L a m b ia s e  A . C l in  O p h th a l  2 0 1 4 :8  5 7 1 – 9 . 
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CORNEAL SENSITIVITY TESTING: ESTHESIOMETRY

• Qualitative

• Cotton tip applicator

• Dental floss

• Quantitative

• Cochet-Bonnet

25

COCHET-BONNET

26

COTTON TIP APPLICATOR

27
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CASE #2

• 57 YOA causcasian male

• CC: Progressive decrease in vision over the last 1 month with sharp change in the last 

week. 

• OHx: CL overwearer (when prompted says he has had to peel them off his eyes the last 
few months)

• No systemic Hx or medications

28

• BCVA OD: 20/400; OS: HM 5Ft

• IOP App 16mmHg OD and OS

• SLE:

• OS>OD: 3+ stippling in whorl like pattern, moderate haze with central line 
(conjunctivalization)

29

IS IT LSCD OR NK……..OR BOTH!

30

TREATMENT

• Topical corticosteroid BID OU

• Cyclosporine BID OU

• Hylo Vit A ointment at night

• PF AT every 2 hours or more

• Next appointment No Touch

31

TREATMENT OF NK

32

STAGE 1

• Remove any ocular medication that may be associated with toxicity

• Preservative free options, tears and ointments

• Treat other associated ocular problems

• LSCD

• OSD/DED
• Exposure keratitis
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STAGE 2

• Promote healing of epithelial defect and prevent corneal ulcer

• Monitor patient frequently

• Topical antibiotics
• Steroids sparingly

• Bandage contact lens

• Vitamin A ointment
• Amniotic membranes

• Autologous serum eye drops
• Growth factors, neuromediators, cytokines, vitam ins

34

AMNIOTIC MEMBRANE FOR NK

• Khokhar et al 2005

• 30 patients given either amniotic membrane or tarsorraphy and bandage CL

• 3 months

• 10/15 patients receiving tarsorraphy or bandage CL had full epithelialization and healing

• 11/15 patients receiving amniotic membrane tx had full epithelization and healing

35

AUTOLOGOUS SERUM TEARS FOR NK

• Matsumoto et al 2004

• Complete healing of all the 14 eyes with NK treated with autologous serum drops and 

an increase in corneal sensitivity in 64.2% of cases

• The study demonstrated that serum harbors neurotrophins and growth factors to the 
ocular surface. 

• More recent studies confirmed that autologous serum eye drops allowed high rates of 
corneal healing, and also the improvement of corneal nerve morphology with increased 

number, length, width, and density 

36
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SURGICAL INTERVENTION

• Tarsorraphy

• LSC transplant

• Cyanoacrylate glue for small perforations

• Penetrating keratoplasty

• Lamellar keratoplasty

37 38 39

FOLLOW UP

• Vision improved 
• BCVA O D 20/70; O S 20/400

• Corneal desensitization checked
• 100% desensitized O U

• Dry AMG OS
• Continue all other therapies except Hylo Vit A O S discontinue, start Moxifloxacin BID  O S

• Returned last week; significant improvement in signs and symptoms
• BCVA O D 20/50; O S 20/100

• Dry AMG placed O S again

40

CASE #2.5

• 17 YOA White Female

• Painful, persistent epithelial Defects OU x 2 months

• 100% Desensitized corneas OU

• Autoimmune polyendocrinopathy

41 42

DX STAGE 2 NK

43

NEW TREATMENT WITH NGF

44

Endogenous nerve growth factor (NGF) and its role in NK: 

C e ll 
p ro life ratio n

Te a r se cretio n
C o rn e a l 

re in n e rvatio n

Endogenous NGF maintains 
corneal integrity by three mechanisms

Neurotrophic keratitis (NK) is a result from 
impaired trigeminal corneal innervation

↓ Lacrimation and blink reflex 
↓ Epithelial cell vitality, metabolism, mitosis
↓ Epithelial trophism and repair
↑ Stromal and intracellular edema
↓Microvilli
↓Development of the basal lamina

Mastropasquaet al. (2017) J Cell Physiol 232:717-24

Nerve damage          loss of corneal sensitivity NK

45
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V o e lke r R . N e w  D ru g  T re a ts  R a re , D e b ilita tin g  N e u ro tro p h ic  K e ra titis . JAMA . 2 0 1 8 ;3 2 0 (1 3 ):1 3 0 9 . 

Cenegermin

CENEGERMIN-BKBJ STRUCTURALLY IDENTICAL TO 
ENDOGENOUS NGF IN THE OCULAR TISSUES

Endogenous NGF 

46

cenegermin-bkbj 20 mcg/ml 
was approved by FDA in August 2018

• Approved for the treatment of  
neurotrophic keratitis in adults 
and children age 2 and older

• Available for ordering since 
January 2019

• Developed by Dompé
pharmaceuticals, available 
through specialty pharmacy

Bonini S, LambiaseA, Rama Pet al. Phase II Randomized, Double-Masked, Vehicle-Controlled Trial of Recombinant Human Nerve Growth Factor for Neurotrophic Keratitis. Ophthalmology2018;125:1332-1343.
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PIVOTAL STUDIES OVERVIEW 

1 . B o n in i S , L a m b ia se A , R a m a  P  e t a l. P h a se  II R a n d o m ize d , D o u b le -M a ske d , V e h ic le -C o n tro lle d  T ria l o f R e co m b in a n t H u m a n  N e rve  G ro w th  F a c to r fo r N e u ro tro p h ic  K e ra titis . Oph tha lm o logy .

2 0 1 8 ;1 2 5 :1 3 3 2 -1 3 4 3 .  2 . P flu g fe ld e r S C , M a ssa ro -G io rd a n o  M , P e re z  V L  e t a l. T o p ica l R e co m b in a n t H u m a n  N e rve  G ro w th  F a c to r (C e n e g e rm in ) fo r N e u ro tro p h ic  K e ra to p a th y : A  M u ltice n te r 
R a n d o m ize d  V e h ic le -C o n tro lle d  P ivo ta l T ria l. Oph tha lm o logy . 2 0 2 0 ;1 2 7 (1 ):1 4 -2 6 . 

P le a s e  s e e  Im p o r ta n t  S a fe ty  In fo rm a t io n  in  th is  p re s e n ta t io n  a n d  a  D o m p é  re p re s e n ta t iv e  fo r  F u l l  P re s c r ib in g  In fo rm a t io n  

REPARO1

(n=156)
NGF02142

(n=48)
Geography Europe USA

Design 3 treatment arms*: 
vehicle, cenegermin 10 mcg/mL, 
cenegermin 20 mcg/mL

2 treatment arms: 
vehicle, cenegermin 20 mcg/mL

Course of Therapy 8 weeks 8 weeks

Duration of follow-up 48 weeks 24 weeks

Uni/bilateral disease Unilateral Unilateral and bilateral

Endpoints Complete corneal healing†  at Week 8
(based on a post-hoc analysis‡ )

Primary analysis was <0.5 mm maximum diameter 
of fluorescein staining in the lesion area at Week 4

Complete corneal healing† at Week 8

*The formulation that was tested in study NGF0214 included the antioxidant methionine and is the final formulation that is marketed. More than one study was conducted with the final commercial formulation. No difference in safety was seen in any of the trials.
†Defined as 0.0 mm maximum diameter of fluorescein staining in the lesion area) and no persistent staining in the rest of the cornea.
‡FDA approval was based on complete corneal healing defined as absence of staining of the corneal lesion and no persistent staining in the rest of the cornea after 8 weeks of treatment.

48

Primary NK diagnosis*, no. (%)
Stage 2 (moderate) 27 (51.9) 28 (53.8)
Stage 3 (severe) 25 (48.1) 24 (46.2)

Primary NK diagnosis*, no. (%)
Stage 2 (moderate) 15 (62.5) 18 (75.0)
Stage 3 (severe) 9 (37.5) 6 (25.0)

49
TRIALS INCLUDED A DIVERSE POOL OF PATIENTS 
REPRESENTATIVE OF NK

1 .  B o n in i S , L a m b ia se  A , R a m a  P  e t a l. P h a se  II R a n d o m ize d , D o u b le -M a ske d , V e h ic le -C o n tro lle d  T ria l o f R e co m b in a n t H u m a n  N e rve  G ro w th  F a c to r fo r N e u ro tro p h ic  K e ra titis . Oph tha lm o logy

2 0 1 8 ;1 2 5 :1 3 3 2 -1 3 4 3 . 2 . P flu g fe ld e r S C , M a ssa ro -G io rd a n o  M , P e re z  V L  e t a l. T o p ica l R e co m b in a n t H u m a n  N e rve  G ro w th  F a c to r (C e n e g e rm in ) fo r N e u ro tro p h ic  K e ra to p a th y : A  M u ltice n te r 
R a n d o m ize d  V e h ic le -C o n tro lle d  P ivo ta l T ria l. Oph tha lm o logy . 2 0 2 0 ;1 2 7 (1 ):1 4 -2 6 . 3 . D ru g  A p p ro va l p a cka g e ; O X E R V A T E  (C e n e g e rm in -b kb j). A cce ssd a ta .fd a .g o v . 

h ttp s ://w w w .a cce ssd a ta .fd a .g o v /d ru g sa tfd a _ d o cs /n d a /2 0 1 8 /7 6 1 0 9 4 O rig 1 s0 0 0 S u m R .p d f. P u b lish e d  2 0 1 8 . A cce sse d  N o ve m b e r 1 3 , 2 0 1 8 .

T h e  fo rm u la t io n  th a t  w a s  te s te d  in  R E P A R O  (S tu d y  N G F 0 2 1 2 )  d id  n o t  in c lu d e  th e  a n t io x id a n t  m e th io n in e  a n d  is  n o t  th e  f in a l fo r m u la t io n  th a t  is  m a rk e te d  a s  O X E R V A T E .  M e th io n in e  is  a n  e x c ip ie n t  

a d d e d  to  th e  c o m m e rc ia l fo rm u la t io n  to  im p ro v e  i ts  s ta b i l i ty .  M o re  th a n  o n e  s tu d y  w a s  c o n d u c te d  w ith  th e  f in a l c o m m e rc ia l fo r m u la t io n .  N o  d if fe re n c e  in  s a fe ty  w a s  s e e n  in  e ith e r  o f  th e  t r ia ls .

P le a s e  s e e  Im p o r ta n t  S a fe ty  In fo rm a t io n  in  th is  p re s e n ta t io n  a n d  a  D o m p é  re p re s e n ta t iv e  fo r  F u l l  P re s c r ib in g  In fo rm a t io n  

*Based on Mackie classification.

OXERVATE 
(n=52)

Vehicle 
(n=52)

OXERVATE 
(n=24)

Vehicle 
(n=24)NGF0214 Study2,3REPARO Study1,3

49

PRIMARY EFFICACY MEASURE: COMPLETE CORNEAL HEALING

Baseline Week 4 Week 6 Week 8

Baseline Week 4 Week 6 Week 8

Last post-baseline observation carried forward; chi-squared test.

Original Endpoint (EMA)1: 
< 0 .5  m m  les ion  s ta in ing

Revised Endpoint (FDA)2:  
0  m m  s ta in ing  in  les ion  a rea ; 

no  o the r res idua l s ta in ing

1 . D a ta  o n  file . N G F 0 2 1 2  (R E P A R O ) C S R . 
2 . D a ta  o n  file . N G F 0 2 1 4  C S R . 

50
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Cenegermin Dosing and Administration 

2
Every 2 hours instill 1 drop of

(cenegermin-bkbj) ophthalmic solution 0.002% 
in the affected eye(s)

6
Apply 6 times daily

8
Continue for 8 weeks

51

INVESTIGATIONAL DRUG HGF

52

CSB-001 IS 5 AMINO ACID DELETED - HEPATOCYTE 
GROWTH FACTOR (HGF)

ØA paracrine growth factor, secreted by mesenchymal cells
ØHeterodimeric molecule

• 69  kD α -cha in  [K 1 -K 4  K r ing le  do m ain s] 

• 34  kD β -cha in

ØdHGF is an isoform of full length HGF
ØA single receptor – c-MET, present in cornea

Therapeutic benefits of dHGF are well suited to NK
• Epitheliotrophic –Accelerates healing

• Anti-fibrotic – Reduced scarring Improves vision outcomes

• Neurotrophic – Promotes corneal nerve regeneration
• Anti-inflammatory – Reduces nerve damage

Nat Rev Mol Cell Biol. 2003 Dec;4(12):915-25.

H e p a to c y te  G ro w th  F a c to r

53

CSB-C20-003 STUDY ENROLLING STAGE 2 AND 3 
NEUROTROPHIC KERATITIS SUBJECTS 

54

Design Summary
Randomized vehicle-controlled, double-masked phase

CSB-001 0.1% vs CSB-001 Vehicle
1:1 randomization

Open-label phase

Vehicle-arm eyes not healed at Weeks 8 or 10 
crossover to CSB-001 for 8 weeks 

Powered to show 30% difference between vehicle and 
active in achieving complete corneal healing

Primary EP – Complete corneal healing (yes/no) 
assessed by reading center

Design supports pivotal status

Subjects that heal in either the randomized or open-
label phase rollover to 48-week durability of healing 
study

Screening (<10% SF)

Enroll N = 12 
Stage 2 & 3 NK Continue Enrollment

Day 7

+7 Weeks QID Dosing

N = 96 Enrolled

8 Weeks QID Dosing 8 Weeks QID Dosing

Healing Assessment at Weeks 8 & 10

Healing Assessed Weeks 16 
& 18 or 18 & 20All Completely Healed Eye & CSB-001 Failures

Exit Study

M E D I C A L  M O N I T O R  A E  

R E V I E W

O P E N - L A B E L  C S B - 0 0 1  

0 . 1 %

EFFICACY
READOU

T

SA
FE

T
Y 

PH
A

SE

1 Week QID Dosing Vehicle Failures Crossover
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PATIENT #3
ROCK SALT TO THE EYE

• 40 YOA White Female

• Got rock salt in her OS 2 years previously in NYC when walking around outside her 

hotel.

• Pain and light sensitivity still present and persistent.
• No improvement with aggressive dry eye treatment

• Only improvement is with sun glasses and photochromatic CL

55

WHATS REALLY GOING ON HERE?

• Corneal sensitivity 

• 100% sensitivity OD; 50% sensitivity OS

• Started on topical cenegermin Q2hr x 8 weeks

• Improvement to approximately 70% sensitivity OS

56

NEUROPATHIC CORNEAL PAIN

57

• Persistent ocular pain

• Burning

• Increased light sensitivity

• Increased sensitivity to wind
• Shooting pains from one or both eyes

• May be present WITH or WITHOUT ocular surface abnormalities

58

WHAT CAUSES THIS?

• Suggested that there is an initial insult to the eye causing chronic nerve abnormality

• The initial trigger may be any of the following:

• trauma (e.g., corneal abrasion, radiation therapy)

• chemical exposures (e.g., preservatives in topical medications, chemical burns, systemic 
chemotherapy)

• infection (e.g., herpes simplex virus, herpes zoster virus)

• eye surgery (e.g., refractive, cataract, glaucoma, and retinal surgery)
systemic disease (e.g., autoimmune or inflammatory conditions, diabetes, fibromyalgia)

• other neurological disease (e.g., trigeminal neuralgia, migraine)

59 60

STUDY METHOD

• Adult Male mice underwent ciliary nerve ligationc to induce NCP

• Treated with 6 10uL drops/day of 0.02mg/mL rhNGF or vehicle

• Outcomes @ day 7,10,14:

• corneal fluorescein stain
• Cochet-Bonnet esthesiometry
• L-metnthol for assessment of pain by paw wipe response

• Day 14 trigeminal ganglia were removed and analyzed for neurotrophic factors and 
cytokines

61

RESULTS

• Did not alter the corneal fluorescein staining or the corneal sensitivity in either group

• Reduction in several neurotrophic factors in the treatment group vs the vehicle only

• No increase in pro-imflammatory cytokines

• Findings suggest that topical rhNGF treatment improves pain 
outcomes in our neuropathic corneal pain and warrant future studies 
in the clinic

• Topical rhNGF treatment alters expression of neurotrophic factors, 
but not pro-inflammatory cytokines within the TG

62

PATIENT #4
PAIN WITHOUT STAIN

• 47 YOA African American Female

• Reffered by Optometrist for corneal evlautation. Oting and constant foreign body 

sensation, discharge worsening. Recently began to have light sensitivity and sensation that 
her eye was on fire

• THBL given with antibiotic and steroid

• Removed yesterday and continues to have no improvement
• OS>OD

63
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FINDINGS

• BCVA OD 20/20; OS 20/30

• Lids: clear OU

• Conj: white and queit with no follicles or papillae OU
• Cornea: OD 4 second TBUT, tr SPK, ABMD/ OS ABMD, 1+SPK

• AC: deep, dark and quiet OU

• Lens: Tr NS OU

• Corneal sensitivities: OD inf 2 quadrants 100% desensitized, 50% Sup/temp/ OS all 4 quadrants 100% 
desensitization

64

TREATMENT #1

• PF Dexamethasone QID OU

• PF Tears PRN

• Prokera placed in office OS

65

RETURN

• Improved Sensitivity OU by approximately 50-75%, improvement in symptoms OS

• Corneal findings: OU ABMD tr-1+SPK

• Continue Topical treatment, hold on Prokera OD

66

2 WEEKS LATER

• Patient came in early 2/2 worsening of symptoms OS

• OU: ABMD, 9 second TBUT, tr-1+ SPK OU

• Time to elevate treatment. . .. 

• Cenegermin Q2hr x 8 weeks

67

4 WEEKS INTO TREATMENT

• Cornea: No staining, 10second TBUT OU

• Improvement in symptoms of light sensitivity and pain

• Corneal Sensitivity: OD>OS 25% desensitization

68

2 WEEKS AFTER TREATMENT

• Patient was able to drive to appointment without sun glasses

• Corneal Sensitivity: 10% or less desensitization OU

• Re-treat?

69

FUTURE TREATMENTS

70

Study Eyes (no.) Treatment Posology Onset-treatment 
interval (days)

Complete healing Healing time (days)

Aifa et al
42

11 RGTA 1x/on alternate days >15 72.7% 60.9

Arvola et al
43

6 RGTA 1x/on alternate days 45 33% 56

Dunn et al
46

9 Thymosin beta-4 4x/day >42 67% 45

Nishida et al
49

9 SP and IGF1 4x/day 141 89% 13.3

Yamada et al
50

26 SP and IGF1 4x/day 96 73% 10.5

Lambiase et al
51

14 NGF Every 2 h for 2 days, 
then 6x/day

45 100% 21

Bonini et al
2

45 NGF Every 2 h for 2 days, 
then 6x/day

38 100% 22.8/26.6
a

Lee et al
54

27 Nicergoline (oral) 10 mg 2x/day >60 85% 15.6

71

QUESTIONS?

72

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/table/t1-eb-10-037/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6029608/
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THANK YOU!

Dr.CeceliaKoetting@gmail.com
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