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ABSTRACT

Background: This study aimed to determine the nature and incidence of
severe limbal stem cell deficiency in Australia and New Zealand.

Design: A one-year pilot surveillance study with a one-year follow-up period
was c@nducted in association with the Australian and New Zealand

Ophth Surveillance Unit.

Parsiowsesats: The study included patients reported by practising
ophth;nubgists on the Surveillance Unit's database.

Methgds: JOphthalmologists were provided with a definition of severe limbal
stem cgllgeeficiency, contacted on a monthly basis by the Unit and asked to
repormy diagnosed cases.

Main (Eome Measures: Severe LSCD was defined as at least 6 clock
hours orl-like epitheliopathy, an opaque epithelium arising from the
Iimbusg fluorescein staining of the involved epithelium, and superficial
corneascularisation or conjunctivalisation.

Re average, 286 report cards were sent by the Surveillance Unit to
practisj phthalmologists each month (total 3429 over 12 months) and the
Unit received an average of 176 responses per month (total 2111; 62%
respowte). During the 1-year study period from April 2013-March 2014,
14 posjsiwg, cases were reported to the Unit. A range of underlying aetiologies
were imated, with contact lens over-wear and cicatrising conjunctivitis
beinﬂnost common (n=3).

ConWs: This surveillance study is the first worldwide to document the
incide limbal stem cell deficiency, however due to study design
Iimitat’p:t is likely to have been under-reported. It provides novel data on
the %aphics, clinical conditions and management of patients with limbal
stem cell deficiency as reported by treating ophthalmologists.
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INTFi(')iJ'CTION

The curface is continuously renewed by epithelial stem cells that
resicesa=ime [imbus. Depletion of limbal epithelial stem cells (LESCs) or
damaé-!a-their niche microenvironment can induce a condition known as
limbalgsten] cell deficiency (LSCD). LSCD may present unilaterally or bilaterally,
can b jal or total, and has a range of acquired and hereditary aetiologies®.
The dm is characterised clinically by recurrent epithelial defects and
chroni@, secondary to an inability to renew the corneal epithelium?. Other

featurgude conjunctivalisation, which involves corneal invasion by a

vascul pannus of conjunctival tissue leading to corneal opacity and loss

of visi@@severe cases’.

The m mmonly reported causes of LSCD are chemical and thermal burns
(75%), followed by ocular surface inflammatory diseases (7.8%) such as
Steverg Johnson syndrome and ocular cicatricial pemphigoid® > °. Other
aetiologiegginclude contact lens over-wear’, chemotherapy, iatrogenic injury,
ultraviDrradiation and microbial infection®. Aniridia, a hereditary cause of
LSCD gue to oculogenic mutations, is typically characterised by iris hypoplasia,

thouglgcages with minimal iris change have been reported® °.
Due togarious aetiologies and the lack of a clinical framework for

diag , the incidence of LSCD remains elusive. Extrapolating data from the

most commnion causes, Shortt and colleagues estimated an incidence of
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approximately 240 cases per annum in the United Kingdom (equivalent to
3.81 x 10° cases per million, per annum)*. Our surveillance study, however,
is the first to directly investigate the incidence of LSCD. Determining the
incidence and geographical distribution of this heterogenous disease may
enable clinicians to establish specialist health networks relative to patient
distriﬁtﬁn’, allowing efficient management strategies. Importantly, the
surveli study offers a comparison between how ophthalmologists
diagmoee=ssd manage LSCD in practice and what the literature recommends.
FurtheLnu-e there is potential to establish such a study internationally,

allowifg fo} geographical comparisons and analysis.

METH%'?
-

Data tion

Initial mllow-up guestionnaires to investigate the incidence of severe
LSCD @developed for completion by participating ophthalmologists. Both
que il wes (Appendix I, Appendix I1) received input from senior leading
ophth gists and senior ocular scientists across five states in Australia
and New Zealand. Severe LSCD was defined and characterised by; at least 6
clock WOf whorl-like epitheliopathy, an opaque epithelium arising from
the li late fluorescein staining of the involved epithelium, and superficial
neovZDisation or conjunctivalisation” ® 1% 13, The initial questionnaire
(No.ﬂuested patient demographics including; age, sex, and postcode, as
well g;i_qm of diagnosis, how the diagnosis was made, investigations

perfor other ocular disease, the underlying diagnosis, CL wear, previous
IimbaI;s, medical, drug and surgical history, and any treatment initiated
afte nosis. The second component of Questionnaire No. 1 focused on

clinical signs at the most recent examination, and requested information on
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best-corrected visual acuity, keratopathy, lids and lashes, conjunctival
inflammation, symblepharon formation, tear film and ocular surface changes.
Questionnaire No. 2 was developed as a follow-up document with the
intention of sending it to ophthalmologists 12 months after the study onset. It
included similar details as well as provision for entries on changes to the
unde‘rNﬂTg'diagnosis, new investigations performed and changes to treatment
(topicstemic).

Surveh'unce Study Design

The s@nce study was designed as a 1-year pilot study to determine the
incide severe LSCD in Australia and New Zealand (population
appromly 23 million and 4.5 million respectively), with follow-up data
sough@mnths after the study onset. The project was conducted through
the A )N and New Zealand Ophthalmic Surveillance Unit (ANZOSU) and
commgin April 2013 with approval from the South Eastern Sydney Local
Healt@ict Low/Negligible Risk Committee (SESLHD HREC-13/058). The
ANZ s associated with the Royal Australian and New Zealand College
of OExologists (RANZCO), and was based on the British Ophthalmic
Surveillance Unit. Each month, the ANZOSU aimed to send all practising
ophthirﬂogists in Australia and New Zealand (both private and public) a
report listing conditions being studied by the unit, which included severe
LSCD cApril 2013. Each month’s report card was emailed to
ophthqlmologists at the end of the following month. Cases of severe LSCD
weremed to the ANZOSU who then informed the authors and provided
the co details for the reporting ophthalmologists. Ophthalmologists were
assign:study number for each case and were contacted to complete the

initi stionnaire. Questionnaire responses were entered on a proforma in
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an electronic database; information was de-identified, with a random study

protocol number assigned to each patient.

Newly diagnosed cases of severe LSCD were reported to the ANZOSU over a
21-month period from April 2013 — December 2014. However, the clinical and
demmc data were obtained only from cases reported in the defined
study April 2013 — March 2014.

Sta tissiuu!l Analysis

The pqpulgkion incidence per annum was extrapolated from the number of
cases ted during the 21-month period April 2013 — December 2014. Data
from tmﬁned study period April 2013 — March 2014 were used to calculate
mean patight age, and frequencies (percentages) were used to represent
other gesent demographics, the underlying diagnosis, geographical
distribmand diagnostic approach.

(O

RE

ANZOSU Response Rates

The stgdyl_vvas conducted during the establishment phase of the Surveillance
Unit. D9 this time, on average (mean), 283 report cards were sent to
practisa

Unit £eived an average of 174 responses per month (total 2089; 62%
respmte). By 2015, the ANZOSU had records for 746 ophthalmologists,
such t:ta was included from 38% of practising ophthalmologists within

phthalmologists each month (total 3393 over 12 months) and the

Austrd d New Zealand.

This article is protected by copyright. All rights reserved.



In the 21-month period from April 2013 to December 2014, 26 newly
diagnosed cases of severe LSCD were reported to the ANZOSU; this
extrapolates to an incidence of 15 cases per year. Fourteen cases of severe
LSCD were reported during the defined 1-year study period i.e. from April
2013 to March 2014, coinciding with a 100% return rate of both
quesﬂmllres. At the 1-year follow-up, 4 of these patients had been lost to
followdyp. Of the 7 ophthalmologists who reported positive cases in the
defined 1-year study period; 4 were cornea specialists and 3 were not. Of the
12 opthhaImoIogists in total that reported positive cases in the 21-month
ANZOS‘U‘_rBJorting period, 7 were cornea specialists and 5 were not. In terms
of thelnl}m.ber of cases reported, 12 of the 14 cases in the defined 1-year
study period and 22 of the 26 cases in the 21-month reporting period were
report;d__by- cornea specialists. Ophthalmologists of other sub-specialities or

generalists reported the remaining cases.

-
Pa t/ef[@'m ographics

Pati ided in both metropolitan and regional cities, with most cases
(n=§ted in New South Wales, followed by Victoria (n=5) and
Queensland (n=2). Although no cases from New Zealand were reported in the
definell;year study period, 3 of the 26 cases in the 21-month study period
were r ed in New Zealand. The male to female ratio was 6:7 and the
mean m

-

Clinwwres of patients with LSCD
In allmts the diagnosis was made on the basis of clinical examination,

t time of diagnosis was 51 + 23 (range, 24 — 87) years.

howe

revﬁgoblet cells in the temporal corneal epithelium. Patients had a range
of underlyifig aetiologies, with the most common being CL over-wear (n=23)

pression cytology was conducted on one patient (case 10),
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and cicatrising conjunctivitis (n=3). Patients diagnosed with CL over-wear
reported greater than 10 years of CL-wear, for 8-10 hours per day and 6-7
days per week. Co-existing ocular disease included myopia, glaucoma and
cataracts. In managing these patients, 71% of clinicians reported initiating a
combination of topical lubricants and steroids post-diagnosis as first-line
theramlith 21% prescribing topical lubricants without steroids and 1
cIiniciorting no medication history. One patient (case 2) received an
autologemestissue graft, performed within 2 weeks of diagnosis. The ocular
charatLl-iaics, results of clinical examination and management of reported
cases @Ammarised in Tables 1-3.

DISC'@ON
-

To our, ledge, this surveillance of severe LSCD is the first worldwide to
attemgocument its incidence, ocular characteristics and geographical
distrib% The most common aetiologies of LSCD reported were CL-over-
wea , cicatrising conjunctivitis (21%) and chemical/thermal injury
(14% is consistent with published reports which suggest
chemical/thermal injury, Stevens-Johnson Syndrome, aniridia and ocular
cicatriﬂemphigoid are the most common causes®™. Contact lens over-wear

has alben recognised more recently as a cause of LSCD’.

The ﬂnosis of patients in this study was primarily based on clinical
exarw. Interestingly only one ophthalmologist reported performing
impreges ytology, which has been considered the gold standard for
diagnghis disease® *. In this case the typical clinical features of LSCD
wer ent. Overall however, this is consistent with other studies that

suggest impression cytology is an unnecessary painful procedure associated
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with the risk of epithelial defects without offering a significant diagnostic

advantage™ 2.

In terms of patient demographics, the wide range of ages (24 — 87yr) and
similar proportion of males and females in our cohort suggests that LSCD
coul ect either sex at any age. Based on the distribution of their
respestcodes, subjects resided in both capital cities (33%) and non-
capisaimeimes (67%), and were distributed between states in a pattern
consis&n@with the relative population size, for example, with most cases
reportgd injNew South Wales (population, 7.5 million) and no cases reported
in We ustralia (population, 2.6 million). Whilst this suggests that
referrmpeciaﬁst centres in major cities remains a satisfactory approach,

itis alsoEsible that underreporting in non-metropolitan areas may have

confont these findings.

Based@sponses received during the 21-month period April 2013 —

Dec 014, the incidence of severe LSCD was extrapolated to 15 cases
per an - Assuming a non-biased reporting cohort and given the 38%
inclusion rate and 62% response rate to the ANZOSU, the incidence of severe
LSCD we further extrapolated from 15 cases per annum to 63 new cases
expectgemig Australia and New Zealand. Notably however, ophthalmologists
involvbthe study had significantly higher reporting rates, with 46% of
cases {12 of 26 cases from April 2013 — December 2014) reported by 2 key
inveWS, both corneal specialists, suggesting that a degree of reporter
bias eg. Nonetheless, there is a tendency for LSCD to be managed in

specia ntres.
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Given the heterogenous nature of LSCD, its varying aetiologies and degrees of
severity, Shortt and colleagues (2011) have been the only researchers to
estimate the incidence of LSCD thus far'®. Based on the relative incidences of
its most common aetiologies, they estimated that 10% of these patients
would develop LSCD and predicted an incidence of 240 cases in the United
Kingmssuming Australia and New Zealand have a similar distribution of
LSCD,uates to approximately 100 new cases per year adjusting for
popwlasemssize. Notably, our surveillance study focused only on severe LSCD,
and thﬁ!-wsignificantly lower incidence would be expected. This is consistent
with a@ected incidence of 63 new cases as extrapolated by our data. We
limite tudy responses to severe LSCD to reduce reporting bias given the
heter(ms nature of LSCD and the difficulty diagnosing the condition,
particu@in its early stages of mild vascularisation and surface irregularity.
Moreogg is the severe cases that importantly require intensive medical

mana t and/or surgical therapies such as limbal stem cell

transp@%ion (LSCT).

Vegu nd colleagues (2015) suggested that 8.9 million people in India
were blinded by corneal involvement, based on extrapolations from a
populagion-based study conducted ten years earlier®. They predicted that 15-
20% o se patients would benefit from LSCT, indicating a 1.25%
prevalbof severe ocular surface disease. It is difficult to compare these
figureﬂ our surveillance study for a number of reasons. Firstly,
Veand colleagues provide an indication of prevalence but not
incide nd the estimation of 15-20% developing ocular surface disease
also ags to be based on subjective assessments rather than definitive

dat itionally, both incidence and prevalence of LSCD are likely increased
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in India given higher rates of industrial/domestic accidents leading to

chemical/thermal ocular injuries.

LSCD is unlikely to be treatable by medical management or conventional
corneal transplants due to damage to LESCs and the niche
micrmgnment3’15'16. Interestingly, in the cases reported in our study, 93%
of tre@ghthalmologists managed patients conservatively with topical
lubrieose=end/or steroids in the first year of treatment. This suggests that in
practicil,-neating ophthalmologists prefer conservative approaches at least in
the fir@r following diagnosis, despite evidence indicating that LSCD is
likely gress or remain stagnant without LSCT 2 * > © 1718 Thjs may also
Mack of access to LSCT or LESC therapies®’.

D
The s @ key limitation was the 38% inclusion rate of practising
ophthm

reflec

gists (246 report cards sent on average each month out of 746

poten%d the 62% response rate to the ANZOSU’s monthly emails. In the

preliE/ears of the study, the ANZOSU was still obtaining accurate

conta ils for a number of ophthalmologists, explaining the low inclusion
rate. Unfortunately, poor response rates are a limitation of many surveillance
studie&g_iven their non-compulsory and time-consuming nature. Notably, as a
RANZ filiated surveillance unit, the ANZOSU is likely to have had higher
respobtes than the alternative option of investigators directly contacting
ophthqlmologists. Another limitation of the study was delays in receiving the
queWes mailed to ophthalmologists and occasional missing data as
evide 1 Table 1. Repeating the study with a more established
survemunit may Yield higher response rates. Whilst the incidence of

oth -related diseases has been successfully documented (Leske et al.,
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2001; Klein et al., 1997), this has typically been done via large-scale

longitudinal studies, less feasible in the case of LSCD given its rarity.

Despite the challenges inherent in non-compulsory surveillance reporting, this
study provides useful preliminary data on the incidence and nature of severe
LSCD',%‘does so via direct reporting of cases. Given the relatively
speciald, recruiting more ophthalmologists that specialise in LSCD as
investigede®s may increase reporting rates in future studies. A longer duration
of sur\hﬂmce could further improve reporting rates as familiarity with the
study fncrepses. Utilising electronic surveillance forms rather than paper
versio y also increase clinician involvement by reducing the time delay
betwemorting and data collection. There is scope to also implement a

similar stu;y in other countries, allowing for comparative analysis.
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Tableﬂ: Demographics and aetiology of reported cases of severe LSCD in Australia and New Zealand (April 2013 — March 2014)

Geograp%tl region of

Case Sex Age at Method of Duration of Aetiology Co-morbid
patienwidence (Male/ diagnosis diagnosis symptoms prior to ocular disease
Female) diagnosis
1 Broadrrjs, Melbourne, | F 35 clinical 5 years cicatrising conjunctivitis, SJS N/A
VIC
2 Towns\vllle, QLD M 30 clinical 2 weeks chemical/thermal injury N/A
3 MelbouM===D v/|C M 39 clinical 6 weeks CL wear myopia
4 Wando F 78 clinical 6 months anti-metabolites (MMC), OSSN OSSN
5 Port M e, NSW M 27 clinical <1 week chemical/thermal injury N/A
6 Wollongong, NSW M 79 clinical 4 weeks severe pseudomonas keratitis glaucoma,
microbial keratitis
7 Rockham 1 QLD M 86 clinical >1 year amiodarone-induced cataract
8 Parr dney, NSW F 33 clinical 4 months CL wear, cicatrising N/A
conjunctivitis (atopic
keratoconjunctivitis)
9 Brighto®East, Melbourne, F 61 clinical 3 years T N/A
VIC
10 Launcems (treating F 57 clinical + 1 year CL wear, (family history of glaucoma,
ophthal st Victoria- impression aniridia) cataract
based) cytology
11 T (trealng F 89 clinical 3 years glaucoma medication toxicity glaucoma, ptosis,

Autt
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{

ophthal jst NSW- blepharitis,
based) cataract
12 Woy Wy Central Coast, t T clinical >1 year cicatrising conjunctivitis N/A
NSW (NB. family history of
L ectodermal dysplasia)
13 North Rygle gSydney, NSW M 43 clinical T T rosacea keratitis
14 Mt Drui@ey, NSW M 26 clinical T ectodermal dysplasia (with N/A

family history)

P

Legenﬂwissing data; CL: contact lens; MMC:

SJS: S Johnson syndrome

Author Man
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mitomycin C; OSSN: ocular surface squamous neoplasia; N/A: not applicable;




e

Tablemagement of reported cases of severe LSCD in Australia and New Zealand (April 2013 — March 2014)

Case Tomedications prior to diagnosis Treatment initiated at Changes to management at the 1-year follow-up
L diagnosis
1 topicg}, luricants and steroids, bimatoprost S, L azithioprine, MMC started and ceased due to compliance
(Lu@ brimonidine tartrate/timolol (Combigan) issues
2 lubric yedrops, topical antibiotics; S, L#, lubricant gel, MMC, oral nil reported
NB. mof prior autologous graft vitamin A
3 olop ine (may have precipitated disease) S#, L# nil reported
4 MMC (mashave precipitated disease) S#, L#, lubricant gel, lubricant nil reported
ointment, MMC (2 cycles)
5 nil re S#, L#, lubricant ointment, oral Amniotic membrane transplantation in the last 12 months
q doxycycline
6 brinzolamide/timolol (Azarga), bimatoprost L#, lubricant gel, lubricant ointment | FML, acetazolamide, dexamethasone topical for PED,
(Lu brimonidine tartrate (Alphagan); predsol minims; left penetrating keratoplasty 2013
NB. of prior amniotic membrane transplant
7 nil L# nil reported
8 nil ted S#, L#, lubricant gel, acetylcysteine | nil reported
eyedrops, oral doxycycline
9 nil S#, L#, interferon 2beta interferon ceased due to improvement, vitamin A started
due to deterioriation
10 nil reported nil reported nil reported
11 brinz&mﬁe (Azopt), lataoprost/timolol (Xalacom) tafluprost (glaucoma therapy with tafluprost ceased due to inadequate IOP control,
(may have precipitated disease) preservatives ceased), L# bimatoprost/timolol started
chlomnicol eyedrops (Chlorsig), FML, Lacri-lube
12 lubri edrops S#, S (prednisolone 1%), L#, nil reported

lubricant gel

Auth
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{

13 FML £ : S#, L#, oral doxycycline nil reported
14 nil r ; S#, L#, lubricant ointment nil reported
NB, history of prior deep anterior lamellar keratoplasty
Legeng: t:missing data; CL: contact lens; L: lubricant eyedrops; L#: preservative-free lubricant eyedrops; MMC: mitomycin C; S:
topicalcﬁ)ids; S#: preservative-free topical steroids
Table cular examination findings in reported cases of severe LSCD in Australia and New Zealand (April 2013 — March 2014)
Case Affecte3 BCVA | BCVA | Keratopathy (RE) Keratopathy (LE) Tear film | Tear film | Ocular changes at the 1-
(RE/LE/BE (RE) (LE) (RE) (LE) year follow-up
1 BE LP 6/36 total conjunctivalisation limbitis reduced reduced N/A (no keratinisation
BUT BUT reported)
2 LE C 6/6 6/9 normal punctate keratitis, limbitis +/- | reduced normal similar ocular surface (partial
peripheral scarring(not axis) BUT keratinisation)
3 LE m 6/5 6/18 normal punctate keratitis, limbitis +/- | normal normal reduced opacity of ocular
peripheral scarring (not axis) surface
4 BE 6/9 6/36 limbitis +/- peripheral history of PED, limbitis +/- reduced reduced improved ocular surface
E scarring (not axis), PEDs peripheral scarring(not axis) BUT BUT stability (from partial to no
keratinisation reported)
5 BE HM LP limbal ischemia limbal ischemia - acute signs | dry eye dry eye N/A (no keratinisation
reported)
6 LE 6/9 LP normal punctate microbial keratitis, normal reduced N/A (no keratinisation
L_ history of PEDs, limbitis +/- BUT reported)
peripheral scarring (not axis)
7 R O 6/12 6/9 half conjunctivalisation normal reduced normal N/A (no keratinisation
BUT reported)
8 LE : 6/6 6/18 normal history of PED, limbitis +/- normal normal N/A (no Kkeratinisation
‘H
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 —
Q peripheral scarring (not axis) reported)
9 BE 6/6 6/18 punctate keratitis limbitis +/- peripheral reduced reduced improved ocular surface
- — scarring(not axis) BUT BUT stability (from partial to no
keratinisation reported)
10 BE L— 6/60 HM total conjunctivalisation total conjunctivalisation normal normal N/A (no keratinisation
reported)
11 BE O 6/36 6/24 punctate keratitis punctate keratitis reduced reduced reduced opacity/epitheliopathy
BUT BUT of ocular surface
12 BE w 6/12 6/45 punctate keratitis, punctate keratitis, limbitis +/- | reduced reduced N/A (no keratinisation
limbitis +/- peripheral peripheral scarring (not axis) | BUT BUT reported)
scarring (not axis)
13 BE i 6/12 6/9 punctate keratitis, punctate keratitis, limbitis reduced reduced N/A (no keratinisation
vascularisation BUT BUT reported)
14 LE HM 6/6 normal PEDs, history of microbial reduced normal N/A (no keratinisation
! keratitis BUT reported)

'\
O]
Q

Author Ma

t:missing data; BE: both; BUT; break-up time; LE: left; PED: punctate epithelial defect; RE: right
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