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Purpose: To review the published literature on the safety and outcomes of keratolimbal allograft (KLAL)
transplantation and living-related conjunctival limbal allograft (Ir-CLAL) transplantation for bilateral severe/total
limbal stem cell deficiency (LSCD).

Methods: Literature searches were last conducted in the PubMed database in February 2023 and were
limited to the English language. They yielded 523 citations; 76 were reviewed in full text, and 21 met the inclusion
criteria. Two studies were rated level |l, and the remaining 19 studies were rated level lll. There were no level |
studies.

Results: After KLAL surgery, best-corrected visual acuity (BCVA) improved in 42% to 92% of eyes at final
follow-up (range, 12—95 months). The BCVA was unchanged in 17% to 39% of eyes and decreased in 8% to
29% of eyes. Two of 14 studies that evaluated the results of KLAL reported a notable decline in visual acuity over
time postoperatively. Survival of KLAL was variable, ranging from 21% to 90% at last follow-up (range, 12—95
months) and decreased over time. For patients undergoing Ir-CLAL surgery, BCVA improved in 31% to 100% of
eyes at final follow-up (range, 16—49 months). Of the 9 studies evaluating Ir-CLAL, 4 reported BCVA unchanged in
30% to 39% of patients, and 3 reported a decline in BCVA in 8% to 10% of patients. The survival rate of Ir-CLAL
ranged from 50% to 100% at final follow-up (range, 16—49 months). The most common complications were
postoperative elevation of intraocular pressure, persistent epithelial defects, and acute allograft immune
rejections.

Conclusions: Given limited options for patients with bilateral LSCD, both KLAL and Ir-CLAL are viable
choices that may provide improvement of vision and ocular surface findings. The studies trend toward a lower
rejection rate and graft failure with Ir-CLAL. However, the level and duration of immunosuppression vary widely
between the studies and may impact allograft rejections and long-term graft survival. Complications related to
immunosuppression are minimal. Repeat surgery may be needed to maintain a viable ocular surface. Reason-
able long-term success can be achieved with both KLAL and Ir-CLAL with appropriate systemic
immunosuppression.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the
references. Ophthalmology 2024;131:1121-1131 © 2024 by the American Academy of Ophthalmology

The American Academy of Ophthalmology prepares
Ophthalmic Technology Assessments to evaluate new and
existing procedures, drugs, and diagnostic and screening tests.
The goal of an Ophthalmic Technology Assessment is to re-
view the available research for clinical efficacy, effectiveness,
and safety. After review by members of the Ophthalmic
Assessment Committee, other Academy committees, relevant
subspecialty societies, and legal counsel, assessments are
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submitted to the Academy’s Board of Trustees for consider-
ation as official Academy statements. The purpose of this
assessment by the Ophthalmic Technology Assessment Com-
mittee Cornea and Anterior Segment Disorders Panel was to
review the published literature on the safety and outcomes of
keratolimbal allograft (KLAL) transplantation and living-
related conjunctival limbal allograft (Ir-CLAL) transplantation
for the treatment of limbal stem cell deficiency (LSCD).
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Background

Question for Assessment

The corneal epithelium plays a critical role in the health of
the ocular surface, corneal integrity, and ultimately vision.
This epithelial layer is continually renewed and replaced.
The source of the stem cells responsible for this constant
regenerative process is located at the limbus'~ within the
palisades of Vogt.” The limbal stem cells also provide a
functional barrier between the corneal and conjunctival

epithelium.
The loss of limbal stem cells can lead to significant
ocular morbidity.” Symptoms of LSCD include

photophobia, pain, redness, and decreased vision. On
clinical examination, findings may range from a stippling
fluorescein staining in a whorled-like pattern of epithelium
on the cornea to persistent nonhealing epithelial defects,
with or without neovascularization and scarring of the
cornea. In 2012, a Limbal Stem Cell Working Group was
established to create a global consensus statement on LSCD,
including disease staging as determined by the extent of
limbal involvement and how the central 5 mm of the corneal
epithelium is affected.”

Limbal stem cell deficiency is associated with different
conditions, including primary genetic disorders such as
aniridia and epidermal dysplasia, or secondary causes of
LSCD, including chemical and thermal injuries, Stevens-
Johnson syndrome/toxic epidermal necrolysis, mucous
membrane pemphigoid, multiple ocular surgeries, use of
antimetabolites, prior radiation, and contact lens overwear.

The treatment options for patients with LSCD depends
largely on the extent of limbal involvement (partial vs. total
LSCD), the extent of conjunctival deficiency, and whether
the disease is unilateral or bilateral.” For patients with mild
partial LSCD, supportive treatment with lubrication,
autologous serum tears, plasma-rich growth factors eye
drops, and scleral lenses may be an appropriate option to
help alleviate symptoms and improve visual acuity.” Lateral
tarsorrthaphy may help in cases of partial LSCD. Amniotic
membrane transplantation and plasma-rich growth factors
fibrin membranes also have been used with or without su-
perficial keratectomy to treat cases of partial LSCD.” "'

In the case of total LSCD, limbal stem cell trans-
plantation (LSCT) options must be considered. Patients with
unilateral total LSCD may benefit from autologous LSCT
via simple limbal epithelial transplantation (SLET),'”
conjunctival limbal autograft,'”” and cultivated limbal
epithelial transplantation with generally good long-term
success.' "'

In contrast, bilateral total LSCD remains a devastating
condition for which treatment options remain limited. The
predominant treatment options include KLAL from cadav-
eric donors, Ir-CLAL from living-related donors, conjunc-
tival limbal allograft procedures, or keratoprosthesis
surgery. Newer techniques include allogenic SLET.'” All
these options have associated risks and benefits, and long-
term outcomes continue to be guarded for these patients.
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The focus of this assessment is to address the following
question: What are the outcomes and complications of
limbal conjunctival allograft transplantation from living-
related donors (Ir-CLAL) or KLAL transplants from
cadaveric donors for patients with total LSCD?

Description of Evidence

Literature searches of studies in the English-language
were last conducted in the PubMed database in
February 2023 without date restrictions. Key words in the
search were the following MeSH headings: ((((((limbal
stem cell deficiency OR limbal stem cell deficiency dis-
ease Iscd OR limbal stem cell deficiency Ilscd))) OR
LSCD))) (limbus OR limbal OR limbus cornea|[MeSH
Terms]) (transplant OR transplantation autologous OR
stem cell transplantation[mh] OR transplant* ((conjunc-
tival limbal autograft OR conjunctival limbal autograft
clau OR CLAU OR cultivated limbal stem cell trans-
plantation[tw] OR CLET OR keratolimbal allografts OR
keratolimbal allografts klal OR KLAL OR limbal stem
cell transplantation OR limbal stem cell transplantation
Isct OR LSCT OR living related conjunctival allograft Ir
clal OR living related conjunctival limbal OR living
related conjunctival limbal allograft OR LR-CLAL OR
simple limbal epithelial transplantation OR simple limbal
epithelial transplantation slet OR SLET))) keratolimbal
allograft* (((limbal[tw] OR keratolimbal[tw])) AND
(stemcell*[tw] OR stem cell*[tw] OR allograft*[tw] OR
transplant*[tw])) ((chemical[tw] OR thermal[tw])) AND
(injuries[tw] OR injury[tw] OR burn*[tw]) ((stevens-
johnson syndrome[mh] OR (stevens johnsons syndrome
OR stevens johnson syndrom*) OR stevens johnson
syndrome[tiab])) aniridia[tw] ((((autograft*) OR culti-
vated graft*) OR cultured graft*)).

The search yielded 523 articles. After reviewing the
abstracts, 76 that addressed Ir-CLAL or KLAL were
selected and reviewed in full text for relevance. Of these
articles, 21 met the inclusion criteria based on the study
design and the number of eyes reported in the study. Studies
were limited to those that included at least 10 eyes with a
minimum mean follow-up of 12 months. The reviewers
were not masked to the names of the publications or the
authors. When multiple articles were written by the same
group of authors during a similar time frame, only the
article with the largest series of eyes was included to pre-
vent undue bias from any single center. Visual acuities were
converted from logarithm of the minimum angle of reso-
Iution and decimal values as needed to the Snellen equiv-
alent to allow for comparison between studies.

The panel methodologist (R.M.S.) assigned a level of
evidence rating to each of the 21 selected articles based on
the rating scale developed by the Oxford Centre for
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Table 1. Summary of Studies On and Outcomes of Keratolimbal Allograft Transplantation

Concurrent Postoperative Postoperative
Author(s) and Level of No. of Mean (Range) Preoperative Corneal % Use of Systemic Topical Steroid/
Year Evidence Eyes Etiology of LSCD  Follow-up in Months ~ BCVA Postoperative BCVA Survival (%) Procedures* AMT  Immunosuppression Anti-inflammatory
Solomon et al, 111 39 CB, SJS, OCP, atopic 34.0 (12—117.6) 100% < % > 20/200: 76.9% @ 1 yr 61.5% PKP 100 CsA Methylprednisolone
2002% keratoconjunctivitis, 20/200 76.6% @ 1 yr 66.5% @ 2 yrs 1%
aniridia, other 53.6% @ 3 yrs 47.4% @ 3 yrs
secondary stem cell 44.6% @ 5 yrs 23.7% @ 5 yrs
deficiency
Ilari and Daya, 111 23 SJS, CB, OCP 60 (15—96) 20/100 to LP Range: 20/50 to LP 54.4% @ 1 yr 60.9% PKP 21.7% Methylprednisolone Dexamethasone
2002%° VA improved: 43.5% 33.3% @ 2 yrs 13.0% LK Prednisolone 0.1%
VA unchanged: 39.1% 27.3% @ 3 yrs CsA CsA
VA decreased: 17.4% 21.2% @ last follow-up
Maruyama- 111 85 SJS, OCP, pseudo-OCP, 46.6 (NR) NR NR 65.9% 65.9% PKP 100% CsA Dexamethasone
Hosoi et al, CB, other secondary 18.8% LK Dexamethasone 0.1%
2006 stem cell deficiency CsA 0.05%
Wylegala et al, I 43 CB, OCP, SJS, 31.2" (6—172) 20/200 VA improved: 59.4% @ 3 yrs NR NR NR NR
2008% postinflammatory —20/2000 53.5% @ 6 mos (includes 26
34.9% @ 12 mos Ir-CLAU)
46.4% @ 6 yrs
(includes 26
Ir-CLAU)
Liang et al, 111 12 CB, SJS, idiopathic 61.2 (36—91) 20/200 to LP 20/20—20/200: 83% 83% 41.6% 100% MMF Prednisolone acetate
2009%° <20/200: 17% intraoperative Tacrolimus 1% or
VA improved: 92% MMC Prednisone dexamethasone
VA decreased: 8% 0.1%
Hong et al, 111 23 CB 12 (12) 20/50 to LP Range: 20/30 to LP 90.0% @ 6 mos 17.4% PKP NR Dexamethasone Dexamethasone
2011”° VA improved: 65.2% 60.9% @ 12 mos 8.7% LK CsA 0.1%
VA unchanged: 17.4% CsA 0.05%
VA decreased: 17.4%
Javadi et al, I 40 Mustard gas keratopathy 19.6 (13—61) NR NR 90% PKP, LK, DALK 0 Prednisolone Betamethasone 0.1%
2011°°¢ (numbers CsA
unspecified) MMF
Han et al, 111 24 CB, OCP, SJS, Mooren’s  47.3 (17—114) 20/25 to LP  Range: 20/16 to NLP 33.3% 45.8% PKP 45.8% CsA Prednisolone acetate
20117 ulcer, pterygium, VA improved: 41.6% Prednisolone 1%
pseudopterygium, VA unchanged: 29.2% (MMF—only for
exposure keratopathy VA decreased: 29.2% acute rejection
and certain high-
risk grafts)
Eberwein et al, I 20  Aniridia, CB, OCP, 20 (NR) Mean VA Mean 20/70 70% 100% PKP 100% Fluocortolone Prednisolone acetate
201277 chronic ocular surface ~20/400 50% > 20/200 100% MMF 1%
inflammation 15% > 20/ intraoperative CsA
200 MMC 0.02%
Baradaran- I 45 CB, SJS 26.1 (6—48) 20/2637 20/53 without PKP (excludes Repeat KLAL in 100% 100% on  Prednisone Betamethasone 0.1%
Rafii et al, failed surgeries) 42.2% intraoperative  recipient MMF
2013%° 20/38 with subsequent PKP 73.4% survival at last MMC 0.02% bed; Tacrolimus
(excludes failed surgeries) follow-up including 48% with
those requiring AMT
repeat KLAL overlay
Parihar et al, 11 25 CB, SJS, OCP, chronic 12 (12) >20/200: >20/200: 64% 60%, no NR 0 CsA Prednisolone acetate
2017% ocular allergy 40% < 20/200 to CF: 16% conjunctivalization 1%
<20/200 to  HM to LP: 20% 56%, no corneal
CF: 24% neovascularization
HM to LP:
36%

(Continued)

Judwssassyy ASojouyds ] orupeyiydy . p 12 17



tember 2024
Imology  Volume 131, Number 9, Sep
Ophthalmolog

igned
: as assigne
0 I rating w. :
sed Medicine.”® A lle Vf)lnducted raHQOmIZ‘ig
Evidencel']za igned and well -I‘; rating was assigned
= -desl . : ran-
R o wel linical trials, a leve ohort studies and fie
é B controlled 0(11 ase-controlled and Ct'al methodologic de
. 5 5y =R =) -designed case- ith substanti ies, case
2T E| 5.5 %0\0 -2 < E% Well_de 8n ical trials with s iened to case serie .
z2E| 2 EhgsE e E S clini . ssi dies.
f4E|D £i:- P B2 domized level III rating was a d case-controlled st d
55 E| 2 zoSZg2 g oo . . eve N na case- . ate
o E| 2 ECBERTE S3 L ts, and a cohort a were r
=< | £ £ 25 s ER-- cits, -quality 9 studies
S8E |3 FEEEEES = d poor-q I, and 1
ZEs| g f0Za83 5 =2 2 reports, an level II, .
£ &% g ETE & £ S p dies were rated 11 studies.
R - EE5 Two stu ere no leve
£l o - = E level III. There w
2| g g g
2 7|2 g g3
EE % é £y = % g %ﬁ %g Its
SN T =2 E03 - esu
iaf|2 25,1 2 53¢ Published R tcomes of KLAL
= E|E.% LN I I go ) dies on and ou findings
E|2J5<E DE0 ummarizes the studies assessment. The best-
. e ?2 Table 11 Station included 1{1 (Ihlsrepo rted preoperatlvlgch
o © 03573 transplan le 1 include erative ’
28| o ~ 28 d in Table A), postop dures
o % £ o8 esente : (BCVA), t procedu
£ & pr isual acuity ncurrent p L
- 0 5 d visu fts, any co niotic
£ = ecte . he grafts, of am
& L corrt val of the g d the use .
N v 2 112 entage survi ] KLAL an ive systemic
N E fe ] performed at the time of of postoperative sy ost-
£ 23 a S e perform d a brief summary apy. Of note, p .
SET g S I 27z membrane, an uppressive therap ressive regi-
0 3 g g = o= ical immunosup ical immunosupp ies. and
© &5 Z O§§ and topic ic and topica ifferent studies,
“ S EE rative systemic a le between the dlffere . sp ecific
Té; £ ope s were highly Vaﬂa? et dence comparing th%m’found in
~ £ S men r 1T evi ies can be -
£ £ = here is no level I o duration of therap1§S ostoperative
= - E£5 there dosing and du le 2 lists p ion
g 0 3= details on ed. Table t ansp]antatlo >
t £ N icles  referenc ith  KLAL tr lications
g = 5 g the articl sociated  wi d  complic
@ & = — N ications as ications  an . ble 3
S 3 =S COmpllCa Compllcatl ession. Ta
© e meluding ~ ocular _comy P o 1CLAL
g g 255 meue d with systemi Table 1 bu ications
. . § £ .5 R associate et Of data as . e Comphcatlo
g g 3 : \Elz“’ 2 resents the same S4 resents postoperativ
E ar ZE =, = e studies, and Table LAL
E 1= S : 3EE associated with Ir-C
= g - ~ 2 2 c
: g F?EJ p r/\\l\ (/\\ll A z (\T%@ § = mes of KLAL . d in this
" €& s 28 g~ /Q .ll = 2§ Visual Outco the studies include Visual
= 2 R2R2 I3 © < ﬁ 3 = llow-up duration for ths to 95 months. d for
2 9 - .
2 s | s §%E$§§ Mwnmmngdﬁmlu§ﬁ£14mmkmm%?igm
° P S o [SE] £20 sme : [6) (0]
tHE FER- - 252312 acuity was reported eva rnged Trom 20/23 o e
gz |g 3 S = jso& ac ; T .
£2 |85 . 8 §§%§$2 KuﬂﬁqummwgmmmmBCVAnm$dmedm%em
= I 0 3§ . 0S . ate
Ak BE2izg perception, andfon Eight studies GVS;L procedures, apﬁ
< = 3 g g s : rception. fter it
= el s ht pe -up a es w
38 =) E) ‘? % S E< aj no lig pity at final follow up as a percentage of eyd The
énz,: T A = ST M= < visual acu orted visual acuity h ed or decreased. e
£ ) = Pl g ies re an L. : ve-
HIE 5 © 280 E D 5 studies rep ment or as unchang ting vision impro
§3| = 3 g 1 £2 85 2 vision improve f eyes demonstratin unchanged was
b5} -~ et 'E“E < & c 0 ision ‘7
S5 SELESE ercentag —92%), v s 18%
= ) 2 an p 2% : e wa X
& - A EoELE me 59% (range, 4 d vision decreas e in
g R EE ment was 17%—39%), an orted the change in
aleg 8 ﬁE%E g% 29% (range, 29%). Two articles reptable that best Vls‘ia
2128 ©3 g 22358 9 E e, 8%— " d it is nota ratively.
3| £ oy g sE3yEs (r‘an(ﬁ] acuity over “glg’ decline over time postopesystemiC
B ES 2 E= 98558 visu i inole-acent
B|ZE2 % 2 gz %2 2 acuity in these eyes al’) (single-age orted that at
liss £8 - R n et orine used) rep CVA or
gl =55 ZE o EE3 1 £3 Solomo ion, cyclosp 20/200 B
Rl s28 2 O o ot 9 ression, s had . 200
e SEL Py : osupp f eye 20/
5 < g g g =58 immun I ear 1’ 77% O f eyes Wlth
3 * ¢ SRS better By 3 years, the perconmst d'by’S years to o
- N = Z<8 B years, t 54% an lecala
Sz A Z< 5 etter. y ed to S, Wy g
ZH £ S E 2% t];CVA or better deClle the first 12. monﬂ{/A declined
538 . = 253287 in the course of nt in BC ths
- = Eoeiss Even in t mproveme d 12 mon
55|z = 2eE82 ¢ ven 1 ted that imp nths an
53 ET L 8 t al™ repor tween 6 mo
=& 2 E,E_O_gé_g € % to 35% be
< = S \I§~“§§> ff0m540-1
L 5 = EEE58E postoperatively.
Q — O YN -
- 2N - —
£ e @)
=
< A

1124



Complications
from Systemic
Immunosuppression
10%, persistent hypertension
and hyperbilirubinemia
10%, transient gastric upset and

Primary Graft
Failure (%)
NR
24.2
NR

Acute Allograft
Rejection
Episode(s) (%)
NR
39.4
13.1

17

Corneal Melt or
Perforation (%)

Microbial
Keratitis (%)

Epithelial

Persistent
Defects (%)

Elevated
25.6
26.1
33.1
NR

1OP/Worsening

Table 2. Postoperative Complications Associated with Keratolimbal Allograft Transplantation
Glaucoma (%)

No. of Eyes
39
85
12

21

8

2

Author(s) and Year

Solomon et al, 2002

Ilari and Daya, 2002%’
Maruyama-Hosoi et al, 2006
Liang et al, 2009

Li et al -+ Ophthalmic Technology Assessment

loss of appetite

NR
NR
NR
NR
Nausea/vomiting
NR
NR
NR

mnm:ﬂ_l\mm
ZDZ Z Z

o~ © N <
O = O~ 0~ W
— <+ —

o~ O <
FefenZis

14
NR
NR

NR
333
20

26.7

NR
375
5
17.8
NR
58
NR
8.2

45
25

26

7

Han et al, 2011%7
Baradaran-Rafii et al, 2013

Javadi et al, 2011°°
Eberwein et al, 2012°
Parihar et al, 2017%°
Krysik et al, 2020°"
Cheung et al, 2020’
Li et al, 2022%°

43
224
49

IOP = intraocular pressure; NR = not reported.

Survival of KLAL

Survival of KLAL in the articles reviewed was highly var-
iable, ranging from 21% to 90% survival at final follow-up
(Table 1). Mean survival was 66% at 12 months (n = 9
studies), 63% at 24 months (n = 4 studies), 61% at 36
months (n = 5 studies), and 47% at 60 months (n = 2
studies) (Fig 1). Although the different studies defined the
specifics of KLAL survival slightly differently, the basic
common elements were the same. For this analysis,
survival of KLAL is defined as maintaining normal
corneal epithelial phenotype over the corneal edge of the
grafted KLAL. Failure of the KLAL was determined by
the presence of any of the following findings: diffuse, late
fluorescein staining; progressive vascularization of the
cornea through the limbus; persistent or recurrent
epithelial defects with diffuse, persistent, irregular
epithelium; or conjunctival goblet cells on the corneal
surface by impression cytology.

Systemic immune suppression choice and duration may
play arole in survival, especially in KLAL, where historically
no ABO blood type and human leukocyte antigen (HLA)
matching is performed. Tlari and Daya” found that there was a
shorter KLAL survival time in patients not receiving systemic
cyclosporin A. The underlying etiology of limbal stem cell
failure may also impact outcomes. Both Maruyama-Hosoi
et al”* (cyclosporine with dexamethasone) and Solomon
et al’' found that patients with Stevens-Johnson syndrome
had a worse prognosis with poorer visual outcomes and sur-
vival of KLAL. Maruyama-Hosoi et al** also found that
patients with ocular cicatricial pemphigoid, mucous
membrane pemphigoid, and chemical or thermal burns had
a worse prognosis than patients with other etiologies for
secondary stem cell deficiency.

The study by Cheung et al’ (triple-agent systemic
immunosuppression, prednisone, mycophenolate, and
tacrolimus used), the largest and longest-term study
included in this assessment, found a 65% overall survival of
KLAL in eyes at last follow-up with a mean follow-up time of
7.9 4+ 3.7 years (range, 1.0—15.0 years). However, based on
findings from longitudinal studies, graft survival appears to
decrease dramatically over time. Solomon et al’' (single-
agent cyclosporine used) reported a decrease in survival
from 77% at 1 year postoperatively to 45% at 5 years
postoperatively. That rate of survival is comparable to
Wylegala et al,””> who reported 59% at 3 years decreasing to
46% at 6 years (systemic immunosuppression regimen was
not reported). Ilari and Daya™ (cyclosporine and systemic
corticosteroids used) reported lower survival rates with a
decrease from 54% at 1 year to 27% at 3 years and 21% at
final follow-up. Hong et al*” reported that the rate of KLAL
survival declines even within the first year postoperatively
from 90% survival at 6 months down to 61% at 1 year.

Interestingly, Solomon et al”' found that survival of a
second KLAL in patients who underwent repeat surgery
was better at 2 years postoperatively than with the primary
KLAL; they speculate that postoperative measures to
improve the ocular surface may have allowed for better
outcomes of the second KLAL. Baradaran-Rafii et al’®
(triple-agent systemic immunosuppression, prednisone,
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Table 3. Summary of Studies on and Outcomes of Living-Related Conjunctival Limbal Allograft Transplantation

Mean (Range) Concurrent % Use of Postop Topical
Author(s) Level of No. of Follow-up in Preoperative Postoperative Corneal Intraoperative Postoperative Systemic Steroid/Anti-
and Year Evidence Eyes Etiology of LSCD Months BCVA BCVA Survival (%) Procedures AMT Immunosuppression inflammatory Donor HLA Matched
Daya and it 10 SJS, ectodermal 26.2 (17—43)  20/200 to HM  20/80 to HM 80% None 0 Methylprednisolone 0.5% PF Yes: HLA, ABO
Ilari dysplasia, CB, VA improved: Prednisone prednisolone
20014 OCP, AKC 70% CsA CsA 2%
VA unchanged:
30%
Samson et al, 111 10 SJS, AKC, Mooren’s 35 (29-51) 20/100 to LP VA improved: 50% None 20 Methotrexate Prednisolone acetate Yes: 87.5% HLA
2002 ulcer/Sjogren’s 50% Azathioprine 1% compatible
VA unchanged: CsA
30%
VA decreased:
10%
Santos et al, 1I 23 CB, SJS 33 (NR) Mean HM Mean 20/275 40.0% @ 1 yr 48.5% 100 Prednisone Prednisolone acetate Yes: HLA 43.5% HLA
2005°"% VA improved:  33.3% @ 2 yrs keratoplasty CsA 1% compatible
60.6% 33.0% @ at
VA unchanged: mean follow-
30.3% up 33 mos
VA decreased:
9.5%
Wylegala 111 26 CB, OCP, SJS, 31.2% (6—72) Mean 20/100 VA improved:  59.4% @ 3 yrs NR NR NR NR Yes: HLA
et al, postcryo, 53.8% (includes 43
2008% postinflammatory, VA unchanged: KLAL)
aniridia 38.5% 46.4% @ 6 yrs
VA decreased: (includes 43
7.7% KLAL)
Scocco et al, 111 39 SJS, CB, Lyell’s 48.7 (18—121) NR VA improved:  33.3% required 2.6% PKP 17.9 None NR Yes: HLA (51.3% were
2008* syndrome, 30.8% repeat lr- haplo-identical)
ectodermal CLAL
dysplasia, limbal 84.6% @ 1 yr
tumors, multiple 79.5% @ final
pterygium sx, OCP follow-up
LK
Javadi et al, ot 25 Mustard gas 37.2 (12—178) Mean 20/448  Mean 20/132 100% @ 1 yr 20% PKP 0 Prednisolone Betamethasone HLA and ABO not
2009°¢ keratopathy 80% @ final 8% LK CsA 0.1% performed
follow-up
Huang et al, 111 17 CB—partial stem cell 16.0 (12—26) 20/100—20/  20/29—20/200 100% None 17.6 Prednisone Dexamethasone Yes: 76.5% HLA
20114 deficiency (<50%) 3333 VA improved: Dexamethasone matched
100%
El-Hofi and 111 20 CB 29.3 (18—42) 55% CF 60% 20/200 75% None 0 Corticosteroids Prednisolone acetate Yes: HLA
Helaly 45% HM —20/400 CsA 1%
2019* 40% CF
Cheung»et al, il 63 Aniridia, CB, SJS, 60.0 (12—192)  Mean 20/678  20/100 82.5% None 0 Tacrolimus Lifitegrast 5% or Yes: HLA, ABO
2020° contact lens MMF CsA 0.05%
associated Prednisone Difluprednate or
prednisolone

acetate 1%

AKC = atopic keratoconjunctivitis; AMT = amniotic membrane transplantation; BCVA = best-corrected visual acuity; CB = corneal burn (chemical and/or thermal); CLAU = conjunctival limbal
autograft; CsA = cyclosporin A; HLA = human leukocyte antigen; HM = hand motion; KLAL = keratolimbal allograft; LK = lamellar keratoplasty; LP = light perception; Ir-CLAL = living-related
conjunctival limbal allograft; LSCD = limbal stem cell deficiency; MMF = mycophenolate mofetil; NR = not reported OCP = ocular cicatricial pemphigoid; PF = preservative free; PKP = pene-
trating keratoplasty; SJS = Stevens Johnson syndrome; VA = visual acuity.
*Study does not differentiate follow-up duration among CLAU, Ir-CLAL, and KLAL patients.
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Table 4. Postoperative Complications Associated with Living-Related Conjunctival Limbal Allograft Transplantation

Persistent Allograft Primary
Elevated Epithelial Microbial Corneal Rejection Graft
Author(s) and Year No. of Eyes IOP (%) Defects (%) Keratitis (%) Perforation/Melt (%) Episodes (%) Failure (%)
Daya and Ilari, 2001* 10 NR 20 NR 30 20 NR
Samson et al, 200272 10 10 10 30 NR 20 NR
Santos et al, 2005°!,* 23 NR NR 12 NR 13 NR
Wylegala et al, 2008* 26 NR 34.6 NR NR 26.9 NR
Scocco et al, 20087 39 NR 2.6 2.6 2.6 17.9 NR
Javadi and Baradaran-Rafii 2009°*° 25 12 4 4 NR 40 0
Huang et al, 2011 17 NR NR NR NR 17.6 NR
El-Hofi and Helaly, 2019% 20 35 (25% required NR NR 15 15 NR
Ahmed valve)

Cheung et al, 2020° 63 NR NR NR NR 30.2% NR

IOP = intraocular pressure; NR = not reported.

*Unable to distinguish complication rates between CLAU and Ir-CLAL groups.

mycophenolate, and tacrolimus used) also found that 73% of
eyes were clinically successful at final follow-up with 42%
of eyes having undergone at least 1 repeat KLAL, sug-
gesting that repeat KLAL may be successful in certain cases

of primary or late graft failure.

intraocular

pressure  (IOP) or

% Survival of KLAL Over Time in Months

100

90

80 ®
60 8

50

% Survival

40
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—e—Solomon et al, 2002 —e—|lari L et al, 2002

—e—Eberwein P et al, 2012 —e—Parihar et al, 2017

48

60 72

84 96

Follow-Up Duration in Months

Hong J et al, 2011

—e—Krysik K et al, 2020

—e—Han ES et al, 2011

—e—Cheung AY et al, 2020

Complications Related to KLAL

Postoperative complications related to KLAL are listed in
Table 2. The most common complications included elevated

worsening glaucoma,
persistent epithelial defects, microbial keratitis, corneal

108 120

132

—e—Javadi MA et al, 2011

—e—LiZetal, 2022

Figure 1. Percentage survival of keratolimbal allograft (KLAL) surgery over time. In 3 studies, survival data were given for only 1 time point.
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melts or perforation, acute allograft immune rejection
episodes, and primary graft failure.

Elevated IOP or worsening glaucoma was reported in 5%
to 58% of eyes and typically addressed with topical therapy
alone. Occasionally, patients required surgical intervention
for glaucoma. Han et al’’ reported 3 of 22 eyes underwent
tube shunt surgery or cyclophotocoagulation. Baradaran-
Rafii et al’® reported 6 of 8 eyes refractory to medical
IOP-lowering therapy: Four eyes underwent a shunt pro-
cedure, 1 eye underwent cyclophotocoagulation, and 1 eye
underwent cyclocryotherapy. Of note, some cases of
elevated IOPs were also in eyes that had prior or subsequent
penetrating keratoplasty procedures, which may have
contributed to worsening glaucoma.”’ Many of these
patients also had coexisting preoperative disease.
Fortunately, it appears that worsening glaucoma only
rarely resulted in complete loss of visual potential (2 eyes
of 23 reported by Ilari and Daya™).

Persistent epithelial defects are defined as corneal
epithelial defects lasting 2 or more weeks without resolu-
tion. These occurred in 13% to 36% of cases in the studies
that were analyzed. More severe complications such as
development of microbial keratitis or corneal melts and
perforations were less common, occurring in 8% to 18% and
2% to 8% of eyes, respectively.

Acute allograft immune rejection episodes occurred in
4% to 43% of grafts. These episodes are characterized by
the following clinical findings: epithelial defect in the limbal
graft, acute edema/conjunctival chemosis in the area of the
limbal graft, perilimbal and limbal vascular congestion, or
engorgement around the limbal graft. Symptomatically,
patients may have pain, photophobia, and sectoral
conjunctival injection.

Primary allograft failure was defined as a refractory
corneal epithelial defect persistent after KLAL or signs of
allograft rejection unresponsive to treatment after KLAL. In
the studies included in this assessment, primary graft failure
occurred in 4% to 24% of cases.

Other less common postoperative complications that
were reported in these studies include macular edema (1
eye),21 retinal detachment (6 eyes),zl’24 vitreous
hemorrhage, scleral thinning and staphglloma formation (2
eyes),z(’ corneoscleral dellen formation,”® epithelial cysts,z(’
and graft hematoma.”® In 2 eyes, it was reported that
microbial keratitis of infected corneal grafts resulted in
secondary severe tractional retinal detachments.”'

Complications associated with systemic immunosup-
pression were also uncommon despite all KLAL patients
being placed on some degree of systemic immunosuppres-
sion postoperatively. Postoperative systemic management
included the use of any of the following medications: oral or
intravenous steroids (methylprednisolone, prednisolone,
prednisone, dexamethasone), cyclosgorin A, mycophenolate
mofetil, and tacrolimus. Liang et al*® reported 1 patient with
persistent hypertension and hyperbilirubinemia, which was
reversed after discontinuation of tacrolimus. They also
reported 1 patient with transient gastric upset and loss of
appetite that resolved spontaneously. Parihar et al* also
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reported a few cases of nausea and vomiting associated
with cyclosporin A, which were not clinically significant.

Visual Outcomes of Ir-CLAL

Table 3 summarizes the studies included in this assessment
related to Ir-CLAL, including visual acuity outcomes and
survival data. In general, the Ir-CLAL studies that met the
inclusion criteria for this assessment were smaller than those
included for KLAL. Mean follow-up duration for these
studies ranged from 16 months to 49 months. All 9 studies
reported some degree of visual acuity improvement in pa-
tients, ranging from 31% to 100% of eyes having improve-
ment of BCVA at final follow-up. Four studies reported
BCVA unchanged in 30% to 39% of patients, and 3 studies
reported a decline in BCVA in 8% to 10% of patients.

Survival of Ir-CLAL

The survival rate of Ir-CLAL ranged from 50% to 100% at
final follow-up. In 8 of the 9 studies, HLA typing =+ ABO
blood typing was performed with donors chosen on the basis
of the best match available, as shown in Table 3. The largest
and longest-term Ir-CLAL cohort reported by Cheung et al’
(triple-agent systemic immunosuppression, prednisone,
mycophenolate, and tacrolimus used) found an 82.5%
overall survival of Ir-CLAL eyes at last follow-up, with a
mean follow-up time of 5.0 + 3.1 years (range, 1.0—16.0
years). Only 2 studies reported survival of Ir-CLAL over time.
Javadi and Baradaran-Rafii’’ (cyclosporine and systemic
corticosteroid used) reported 100% survival at 12 months,
77% survival at 36 months, and 51% survival at 60 months.
Santos et al’' (cyclosporine and systemic corticosteroid
used) reported 44% survival at 12 months and 33% survival
at 24 months. Of note, survival rate in the study by Santos
et al may be lower than expected for Ir-CLAL because these
results include 43 KLAL procedures.

Complications Related to Ir-CLAL

Postoperative complications related to Ir-CLAL are sum-
marized in Table 4. In general, fewer complications were
reported with Ir-CLAL than with KLAL procedures. Three
of 8 studies reported elevated IOPs in 10% to 35% of eyes,
with 1 study reporting a single case of end-stage glaucoma
and progression to no light perception vision.*” Five studies
reported persistent epithelial defects in 3% to 35% of eyes.
Microbial keratitis was reported in 3% to 30% of eyes in 4
studies, and corneal perforation/melts were reported in only
3 studies, ranging from 3% to 30% of eyes. There was 1
report of Streptococcus pneumoniae endophthalmitis
occurring 1 week after Ir-CLAL due to a persistent epithe-
lial defect and secondary bacterial infection.””

Despite use of living-related donors, allograft rejection
episodes were reported in all studies, ranging from 13% to
40% of eyes. However, there were no reported cases of
primary graft failure in any of the studies.



Li et al -+ Ophthalmic Technology Assessment

Discussion

Bilateral LSCD is a devastating disease that can lead to
severe vision impairment and corneal blindness in patients.
Treatment options such as KLAL and Ir-CLAL may provide
some improvement of vision, but the results are mixed in
terms of graft survival and vision improvement. This is
likely due to KLAL and Ir-CLAL surgeries for varied eti-
ologies of LSCD being reported together (including various
degrees of conjunctival deficiency), different regimens of
systemic immunosuppression used, and historically no ABO
blood type and HLA matching has been performed on
KLAL donors. Additionally, preoperative confirmatory
diagnostic testing for and staging of LSCD have not been
well defined in many of these studies.

For both KLAL and Ir-CLAL, patients with LSCD can
experience improvement of vision. The percentage of eyes
that experience an improvement in BCVA ranges from 42%
to 92% in KLAL patients and 31% to 100% in r-CLAL
patients. Survival ranges for KLAL and Ir-CLAL are 21% to
90% and 33% to 100% in the 2 groups, respectively, in eyes
with at least 1 year of follow-up. It is apparent from these
numbers that the outcomes of the studies included in this
assessment are highly variable, and determining a more
generalizable conclusion on the overall success of these
procedures may be difficult. There is tremendous variability
between these studies with respect to specific criteria for
defining success of the procedure, and the studies have
varying preoperative recipient-donor matching criteria, sur-
gical technique, follow-up periods, and postoperative treat-
ment protocols (especially with respect to systemic
immunosuppression regimens). Moreover, these data are
predominantly from case series and should be interpreted
with some caution. Patients should be counseled extensively
preoperatively on the variability of outcomes from these
procedures.

Fortunately, although survival of both KLAL and
IrCLAL transplantation may decrease over time, the overall
risk of devastating globe-threatening complications is rare.
The most commonly reported complications include acute
allograft rejection episodes, persistent epithelial defects, and
microbial keratitis that may necessitate further surgical
intervention but not loss of the eye. In the case of failure to
restore the ocular surface with LSCT, these eyes could still
be candidates for keratoprosthesis implantation or cultivated
oral mucosal epithelial transplantation.”>**  Patients
undergoing Ir-CLAL appear to have fewer reported post-
operative complications, particularly with respect to eleva-
tions in IOP and primary graft failures. This may be
associated with the fact that Ir-CLAL patients were

Footnotes and Disclosures

subjected to shorter periods of less intensive systemic
immunosuppression and may be a reason to consider Ir-
CLAL over KLAL in patients when there is a suitable
HLA-matched donor, particularly because risks to the donor
are negligible.

Conclusions

The review of the literature suggests that both KLAL and Ir-
CLAL are viable options for patients with bilateral total
LSCD. A triple-agent systemic immunosuppression proto-
col akin to solid organ transplantation demonstrated higher
graft survival, especially for KLAL.” Given the limited
options available for these patients, providing even several
years of improved vision can be significant. Complications
from systemic immunosuppression in these patients are
relatively uncommon. Long-term survival likely requires
increased systemic immunosuppression to minimize allo-
graft rejection and graft failure. Further surgical in-
terventions, including repeat grafts, may be necessary to
maintain vision in this challenging population. Recent
studies have shown that the outcomes for Ir--CLAL are su-
perior to KLAL due to a reduced rejection rate.

Future Research

Randomized controlled studies are needed to evaluate the
long-term efficacy of both KLAL and Ir-CLAL with a
standardized criteria for staging LSCD before treatment and
assessing outcomes of these surgeries. Future studies should
use the diagnostic recommendation and staging system of
LSCD as established by the Limbal Stem Cell Working
Group to help with this standardization.” Evolving
immunosuppression regimens along with ABO and HLA
matching for deceased donors in KLAL have been
reported in a small case series.”® Thus, further work
should be done to understand the optimal postoperative
immunosuppression regimen for these patients, and a
randomized controlled trial comparing regimens may be
beneficial. Ultimately, future research on LSCT techniques
will likely focus on autologous cultivated limbal epithelial
transplantation for both bilateral and unilateral diseases in
which a small amount of residual limbal stem cells is
present. Further Ophthalmic Technology Assessments also
may focus on cultivated allogenic limbal epithelial
transplantation as an option for patients with bilateral total
LSCD. Finally, identifying novel sources for corneal
epithelial stem cells may provide additional options to
addressing these challenging cases.

Originally received: February 9, 2024.
Accepted: February 13, 2024.
Available online: April 27, 2024. Manuscript no. OPHTHA-D-24-00324.

''UC Davis Eye Center, University of California, Davis, California.

2 Department of Ophthalmology and Visual Science, University of Illinois
College of Medicine, Chicago, Illinois.

* Department of Ophthalmology and Visual Sciences, Carver College of
Medicine, University of Iowa, Iowa City, Iowa.

4 Department of Ophthalmology, Duke University School of Medicine,
Durham, North Carolina.

5 Department of Ophthalmology, Mayo Clinic, Jacksonville, Florida.

1129



Ophthalmology Volume 131, Number 9, September 2024

© Department of Ophthalmology and Visual Sciences, University of
Michigan, Ann Arbor, Michigan.

7 Department of Ophthalmology & Visual Science, The University of
Chicago, Chicago, Illinois.

8 Massachusetts Eye and Ear Infirmary, Department of Ophthalmology,
Harvard Medical School, Boston, Massachusetts.

° Department of Ophthalmology, Vanderbilt University School of Medi-
cine, Nashville, Tennessee.

19 Department of Ophthalmology, Mayo Clinic, Scottsdale, Arizona.
Disclosure(s):

All authors have completed and submitted the ICMIJE disclosures form.
The author(s) have made the following disclosure(s):

M.S.C.: Consulting fees — W.L. Gore & Associates, Inc.; Medical Advi-
sory Board — Eversight Eye Bank and Eyebank Association of America;
Member — EBAA Board of directors, Accreditation Board committee,
EBAA Scientific Committee.

A.K.: Grants —National Institutes of Health grants on ophthalmic imaging
(Principal Investigator [PI]); Research funding — RPB, Department of
Defense; Research contract — Johnson & Johnson (funding to institution);
Royalties — Leica Biosystems; Travel support — Michigan Society of Eye
Physicians annual meeting in 2023; Patents — ophthalmic imaging.
D.D.M.: Support for attending meetings — University of Florida, Depart-
ment of Ophthalmology, Research Day Keynote Speaker (June 2023) Mayo
Clinic.

P.V.: Support — W.L. Gore & Associates, Inc. (unrelated), Delix Thera-
peutics (unrelated); Honoraria — Harvard University, Pennsylvania State
University, University of Kentucky, Northwestern University, New York
University, Fuchs’ Symposium; Support for attending meetings — Fuchs’
Symposium, Harvard University, Pennsylvania State University, University
of Kentucky, New York University; Leadership or fiduciary role — MAB
Lions VisionGift (unpaid); Funding to institution — B&L donated a phaco
machine to the university.

J.Y.: National Institutes of Health Grants — Mass Eye and Ear (funding to
institution, PI); Department of Defense Grants — Mass Eye and Ear
(funding to institution, PI); Pending patents for corneal diseases — Mass
General Brigham; Stock options —SightStream Biotherapeutics.

References

J.S.: Support for attending meetings — Alcon Labs.

Funded without commercial support by the American Academy of
Ophthalmology.

Prepared by the Ophthalmic Technology Assessment Committee Cornea
and Anterior Segment Disorders Panel and approved by the American
Academy of Ophthalmology’s Board of Trustees September 24, 2023.
HUMAN SUBJECTS: No human subjects were included in this study. All
research adhered to the tenets of the Declaration of Helsinki. The require-
ment for informed consent was waived because of the retrospective nature
of the study.

No animal subjects were used in this study.

Author Contributions:

Conception and design: Li, Cortina, Greiner, Kuo, Miller, Shtein, Veldman,
Yin, Kim, Shen

Data collection: Li, Cortina, Greiner, Kuo, Miller, Shtein, Veldman, Yin,
Kim, Shen

Analysis and interpretation: Li, Cortina, Greiner, Kuo, Miller, Shtein,
Veldman, Yin, Kim, Shen

Obtained funding: N/A

Overall responsibility: Li, Cortina, Greiner, Kuo, Miller, Shtein, Veldman,
Yin, Kim, Shen

Abbreviations and Acronyms:

BCVA = best-corrected visual acuity; HLA = human leukocyte antigen;
IOP = intraocular pressure; KLAL = Kkeratolimbal allograft; Ir-
CLAL = living-related conjunctival limbal allograft; LSCD = limbal stem
cell deficiency; LSCT = limbal stem cell transplantation; SLET = simple
limbal epithelial transplantation.

Keywords:

limbal stem cell deficiency disease, stem cell transplantation, conjunctival
limbal autograft, keratolimbal allografts, living related conjunctival
allograft

Correspondence:

Andre Ambrus, MLIS, American Academy of Ophthalmology, Quality and
Data Science, P.O. Box 7424, San Francisco, CA 94120-7424. E-mail:
aambrus @aao.org.

1. Cotsarelis G, Dong G, Sun TT, Lavker RW. Differential
response of limbal and corneal epitheilia to phorbol myristate
acetate (TPA), [ARVO, Abstracts]. Invest Ophthalmol Vis Sci.
1987;28:1.

2. Schermer A, Galvin S, Sun TT. Differentiation-related
expression of a major 64k corneal keratin in vivo and in cul-
ture suggests limbal location of corneal epithelial stem cells.
J Cell Biol. 1986;103:49—62.

3. Davanger M, Evensen A. Role of the pericorneal papillary
structure in renewal of corneal epithelium. Nature. 1971;229:
560—561.

4. Deng SX, Borderie V, Chan CC, et al. Global consensus on
definition, classification, diagnosis, and staging of limbal stem
cell deficiency. Cornea. 2019;38:364—375.

5. Cheung AY, Eslani M, Kurji KH, et al. Long-term outcomes
of living-related conjunctival limbal allograft compared with
keratolimbal allograft in patients with limbal stem cell defi-
ciency. Cornea. 2020;39:980—985.

6. Soifer M, Tovar A, Wang M, et al. A multicenter report of the
use of plasma rich in growth factors (PRGF) for the treatment

1130

of patients with ocular surface diseases in North America. Ocul
Surf. 2022;25:40—48.

7. Anderson DF, Ellies P, Pires RT, Tseng SC. Amniotic mem-
brane transplantation for partial limbal stem cell deficiency. Br
J Ophthalmol. 2001;85:567—575.

8. Kheirkhah A, Casas V, Raju VK, Tseng SC. Sutureless am-
niotic membrane transplantation for partial limbal stem cell
deficiency. Am J Ophthalmol. 2008;145:787—794.

9. Konomi K, Satake Y, Shimmura S, et al. Long-term results of
amniotic membrane transplantation for partial limbal defi-
ciency. Cornea. 2013;32:1110—1115.

10. Sharma N, Mohanty S, Jhanji V, Vajpayee RB. Amniotic
membrane transplantation with or without autologous culti-
vated limbal stem cell transplantation for the management of
partial limbal stem cell deficiency. Clin Ophthalmol. 2018;12:
2103—-2106.

11. Farah CJ, Fries FN, Latta L, et al. An attempt to optimize the
outcome of penetrating keratoplasty in congenital aniridia-
associated keratopathy (AAK). Int Ophthalmol. 2021;41:
4091—4098.


mailto:aambrus@aao.org
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref1
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref1
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref1
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref1
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref2
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref2
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref2
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref2
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref2
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref3
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref3
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref3
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref3
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref4
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref4
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref4
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref4
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref5
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref5
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref5
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref5
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref5
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref6
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref6
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref6
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref6
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref6
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref7
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref7
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref7
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref7
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref8
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref8
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref8
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref8
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref9
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref9
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref9
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref9
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref10
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref10
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref10
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref10
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref10
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref10
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref11
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref11
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref11
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref11
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Li et al -+ Ophthalmic Technology Assessment

Sangwan VS, Basu S, MacNeil S, Balasubramanian D. Simple
limbal epithelial transplantation (SLET): A novel surgical
technique for the treatment of unilateral limbal stem cell
deficiency. Br J Ophthalmol. 2012;96:931—934.

Kenyon KR, Tseng SC. Limbal autograft transplantation for
ocular surface disorders. Ophthalmology. 1989;96:709—722. ;
discussion 722-703.

Jackson CJ, Erno IT Myklebust, Ringstad H, et al. Simple
limbal epithelial transplantation: current status and future
perspectives. Stem Cells Transl Med. 2020;9:316—327.

Yin J, Jurkunas U. Limbal stem cell transplantation and
complications. Semin Ophthalmol. 2018;33:134—141.
Koizumi N, Inatomi T, Suzuki T, et al. Cultivated corneal
epithelial stem cell transplantation in ocular surface disorders.
Ophthalmology. 2001;108:1569—1574.

Pellegrini G, Traverso CE, Franzi AT, et al. Long-term
restoration of damaged corneal surfaces with autologous
cultivated corneal epithelium. Lancet. 1997;349:990—993.
Sangwan VS, Matalia HP, Vemuganti GK, et al. Clinical
outcome of autologous cultivated limbal epithelium trans-
plantation. Indian J Ophthalmol. 2006;54:29—34.

Kate A, Basu S. A review of the diagnosis and treatment of
limbal stem cell deficiency. Front Med (Lausanne). 2022;9:
8360009.

Oxford Centre for Evidence-Based Medicine Levels of Evi-
dence Working Group. The Oxford 2011 Levels
of Evidence, 2014, Oxford Centre for Evidence-Based Medi-
cine. https://www.cebm.net/wp-content/uploads/2014/06/
CEBM-Levels-of-Evidence-2.1.pdf. Accessed March 13, 2024.
Solomon A, Ellies P, Anderson DF, et al. Long-term outcome
of keratolimbal allograft with or without penetrating kerato-
plasty for total limbal stem cell deficiency. Ophthalmology.
2002;109:1159—1166.

Wylegala E, Dobrowolski D, Tarnawska D, et al. Limbal stem
cells transplantation in the reconstruction of the ocular surface:
6 years experience. Eur J Ophthalmol. 2008;18:886—890.
lari L, Daya SM. Long-term outcomes of keratolimbal allo-
graft for the treatment of severe ocular surface disorders.
Ophthalmology. 2002;109:1278—1284.

Maruyama-Hosoi F, Shimazaki J, Shimmura S, Tsubota K.
Changes observed in keratolimbal allograft. Cornea. 2006;25:
377—-382.

Hong J, Zheng T, Xu J, et al. Assessment of limbus and central
cornea in patients with keratolimbal allograft transplantation
using in vivo laser scanning confocal microscopy: an obser-
vational study. Graefes Arch Clin Exp Ophthalmol. 2011;249:
701-708.

Baradaran-Rafii A, Eslani M, Djalillian AR. Complications of
keratolimbal allograft surgery. Cornea. 2013;32:561—566.
Han ES, Wee WR, Lee JH, Kim MK. Long-term outcome and
prognostic factor analysis for keratolimbal allografts. Graefes
Arch Clin Exp Ophthalmol. 2011;249:1697—1704.

Liang L, Sheha H, Tseng SC. Long-term outcomes of kera-
tolimbal allograft for total limbal stem cell deficiency using

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

combined immunosuppressive agents and correction of ocular
surface deficits. Arch Ophthalmol. 2009;127:1428—1434.
Parihar JKS, Parihar AS, Jain VK, et al. Allogenic cultivated
limbal stem cell transplantation versus cadaveric keratolimbal
allograft in ocular surface disorder: 1-year outcome. Int Oph-
thalmol. 2017;37:1323—1331.

Javadi MA, Baradaran-Rafii A. Living-related conjunctival-
limbal allograft for chronic or delayed-onset mustard gas
keratopathy. Cornea. 2009;28:51—57.

Santos MS, Gomes JA, Hofling-Lima AL, et al. Survival
analysis of conjunctival limbal grafts and amniotic membrane
transplantation in eyes with total limbal stem cell deficiency.
Am J Ophthalmol. 2005;140:223—230.

Samson CM, Nduaguba C, Baltatzis S, Foster CS. Limbal stem
cell transplantation in chronic inflammatory eye disease.
Ophthalmology. 2002;109:862—868.

Scocco C, Kwitko S, Rymer S, et al. HLA-matched living-
related conjunctival limbal allograft for bilateral ocular sur-
face disorders: long-term results. Arg Bras Oftalmol. 2008;71:
781-787.

Cabral JV, Jackson CJ, Utheim TP, Jirsova K. Ex vivo
cultivated oral mucosal epithelial cell transplantation for lim-
bal stem cell deficiency: a review. Stem Cell Res Ther.
2020;11:301.

Mimouni M, Cole E, Kim SJ, et al. Outcomes of kerato-
limbal allograft from abo compatible donors for severe
bilateral limbal stem cell deficiency. Ocul Surf. 2023;27:
48—53.

Javadi MA, Jafarinasab MR, Feizi S, et al. Management of
mustard gas-induced limbal stem cell deficiency and keratitis.
Ophthalmology. 2011;118:1272—1281.

Eberwein P, Bohringer D, Schwartzkopff J, et al. Allogenic
limbo-keratoplasty with conjunctivoplasty, mitomycin ¢, and
amniotic membrane for bilateral limbal stem cell deficiency.
Ophthalmology. 2012;119:930—937.

Krysik K, Dobrowolski D, Tarnawska D, et al. Long-term
outcomes of allogeneic ocular surface reconstruction: Kerato-
limbal allograft (KLAL) followed by penetrating keratoplasty
(PK). J Ophthalmol. 2020;2020:5189179.

LiZ, Yang K, Zhou Y, et al. Outcome of keratolimbal allograft
transplantation with deep anterior lamellar keratoplasty for
bilateral limbal stem cell deficiency. Front Med (Lausanne).
2022:;9:986194.

Daya SM, Ilari FA. Living related conjunctival limbal allograft
for the treatment of stem cell deficiency. Ophthalmology.
2001;108:126—133. ; discussion 133-124.

Huang T, Wang Y, Zhang H, et al. Limbal allografting from
living-related donors to treat partial limbal deficiency sec-
ondary to ocular chemical burns. Arch Ophthalmol. 2011;129:
1267—1273.

El-Hofi AH, Helaly HA. Evaluation of limbal trans-
plantation in eyes with bilateral severe ocular surface
damage secondary to chemical injury. Clin Ophthalmol.
2019;13:383—390.

1131


http://refhub.elsevier.com/S0161-6420(24)00157-X/sref12
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref12
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref12
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref12
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref12
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref13
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref13
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref13
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref13
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref14
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref14
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref14
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref14
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref15
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref15
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref15
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref16
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref16
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref16
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref16
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref17
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref17
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref17
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref17
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref18
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref18
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref18
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref18
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref19
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref19
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref19
https://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
https://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref21
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref21
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref21
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref21
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref21
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref22
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref22
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref22
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref22
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref23
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref23
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref23
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref23
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref24
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref24
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref24
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref24
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref25
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref25
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref25
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref25
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref25
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref25
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref26
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref26
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref26
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref27
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref27
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref27
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref27
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref28
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref28
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref28
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref28
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref28
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref29
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref29
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref29
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref29
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref29
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref30
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref30
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref30
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref30
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref31
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref31
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref31
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref31
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref31
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref32
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref32
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref32
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref32
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref33
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref33
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref33
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref33
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref33
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref34
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref34
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref34
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref34
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref35
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref35
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref35
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref35
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref35
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref36
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref36
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref36
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref36
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref37
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref37
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref37
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref37
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref37
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref38
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref38
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref38
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref38
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref39
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref39
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref39
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref39
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref40
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref40
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref40
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref40
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref41
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref41
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref41
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref41
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref41
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref42
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref42
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref42
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref42
http://refhub.elsevier.com/S0161-6420(24)00157-X/sref42

	Ophthalmic Technology Assessment
	Outcomes and Complications of Limbal Stem Cell Allograft Transplantation
	Background
	Question for Assessment
	Description of Evidence
	Published Results
	Visual Outcomes of KLAL
	Survival of KLAL
	Complications Related to KLAL
	Visual Outcomes of lr-CLAL
	Survival of lr-CLAL
	Complications Related to lr-CLAL

	Discussion
	Conclusions
	Future Research

	References


