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Letter to the Editor

Drugs causing severe ocular surface involvements in Japanese patients

CrossMark

with Stevens—Johnson syndrome/toxic epidermal necrolysis

Dear Editor,

Stevens—Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN) are severe cutaneous adverse drug reactions often affecting
mucosal tissues such as ocular surface, oral cavity, and genitals."
The severe ocular surface disorders include pseudomembrane for-
mation and epithelial erosion in the acute phase, often leading to
permanent impairment or loss of vision.>

We recruited Japanese patients with SJS/TEN through partici-
pating universities and hospitals and via the nationwide case
collection network from June 2006 to June 2013.*° The study was
approved by the institutional review boards of all participating in-
stitutions, and written informed consent was obtained from all the
patients (patient anonymity was preserved using the approved
methods). Clinical information such as patients' background, pri-
mary (underlying) disease, symptoms, and administered drugs
before the onset of SJS/TEN was also collected. Two experts diag-
nosed the disease using a standardized case report form, containing
the criteria proposed by Bastuji-Garin et al® except that the
SJS—TEN overlap was categorized as TEN according to the severity
criteria currently used in Japan.” Drugs that were administered
continuously to the patients from 1 day to 2 months before the
onset of SJS/TEN were assumed to be the causative agents.

According to the clinical information, the ocular surface involve-
ments were graded as follows: 0, no symptoms; 1, only hyperemia
of the bulbar and palpebral conjunctiva; 2, either pseudomembrane
formation or a defect/erosion of the conjunctiva/corneal epithelia;
and 3, both pseudomembrane formation and a defect/erosion of the
conjunctiva/corneal epithelia. Grades 0/1 and 2/3 were grouped as
mild and severe ocular surface involvements, respectively.

A total of 197 patients with SJS/TEN (97 females, mean age
56.6 + 22.3 years) were enrolled. The number of probable SJS, SJS,
and TEN cases was 23, 115, and 59, respectively. The frequency of
severe ocular surface involvement tended to be higher among fe-
male and patients younger than 60 years but was not statistically
significant (Table 1).

The frequencies of mild and severe ocular surface involvements
caused by the drug or the drug group, the number of which was
more than 14, were statistically evaluated by Fisher's exact proba-
bility test using JMP ver. 7.0.1 (SAS Institute Japan, Tokyo, Japan).
As shown in Table 2, patients with SJS/TEN who were treated
with cephalosporins or loxoprofen exhibited relatively higher ten-
dencies of experiencing severe ocular surface involvements, but the
difference was marginal (0.05 < p < 0.07). No differences were’
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observed in the rates of experiencing severe ocular surface involve-
ments in patients with SJS/TEN that is associated with other drugs
such as carbamazepine, allopurinol, and quinolones.

On the other hand, we found that patients with SJS/TEN associ-
ated with acetaminophen showed a significantly higher rate
(55.6%) of experiencing severe ocular surface involvements than
those not treated with acetaminophen (27.6%) (p < 0.01). Among
27 acetaminophen-administered patients, 16 patients had been
diagnosed by DLST, and 10 (62.5%) of them were positive. In the
SJS group, the rate of acetaminophen-associated severe ocular in-
volvements (7/36 patients, 19.4%) was significantly higher than
those with mild involvements (4/79, 51%) (p = 0.034, data not
shown) while there was no significant association in the case of
TEN group, although the skin reaction of TEN is more severe than
SJS. These results suggest that the ocular surface would be severely
damaged by acetaminophen more frequently than by the other
drugs in SJS patients. When acetaminophen and non-steroidal
anti-inflammatory drugs (NSAIDs) were combined as an antipyre-
tic—analgesic (AA) group, the significance was lost (p = 0.26).

We divided these AA-associated patients with SJS/TEN into two
groups: one group comprised patients taking drugs for common
cold and the other comprised patients taking such drugs for condi-
tions other than common cold, before the onset of SJS/TEN. We
found that the patients taking these drugs for common cold expe-
rienced severe ocular surface involvements at a significantly higher
rate (65.4%) than those taking these drugs for conditions other than
common cold, such as rheumatoid arthritis (19.5%) (p < 0.001). The
same was true in the case of acetaminophen (p < 0.01). Drugs other
than AAs did not show such a tendency (p > 0.05, data not shown).

In a previous study by the EuroSCAR group, despite the high
relative risk, acetaminophen was regarded as a confounding factor
for the assessment of the risk of SJS/TEN because it was often
administered concomitantly with other “highly suspected” drugs
such as allopurinol and carbamazepine.® In the present study,

Table 1
Results of association analysis for patient's background and SJS/TEN with severe
ocular involvements.

Category  Factors Mild Severe SeverefTotal (%)  Fisher's exact test
(p value)
Sex Male 73 27 27.0 0.22
Female 62 35 36.1
Age >60 79 28 26.2 0.09
<60 56 34 37.8

Number of Japanese SJS/TEN patients with mild/severe ocular involvements and the
frequencies of severe cases are shown.
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Table 2
Drugs/drug groups and frequencies of ocular surface involvements in Japanese SJS/TEN patients.
Patients receiving the drug(s) Patients not receiving the drug(s) Fisher's exact  Odds ratio
Mild Severe Severe/Total (%) Mild Severe Severe/Total (%) test (p value)  (95% CI)
All patients 135 62 315
Aromatic anti-epileptics (AAE)
All of AAE 35 17 327 100 45 310 0.86
Carbamazepine 11 5 313 124 57 31.5 1.00
Lamotrigine 9 7 43.8 126 55 304 0.27
Anti-hyperuricemia
Allopurinol 16 10 385 119 52 304 0.50
Antibacterial drug
Quinolones 15 7 31.8 120 55 314 1.00
Proton pump inhibitors 12 3 20.0 123 59 324 0.40
Antibiotics
All of antibiotics 30 18 375 105 44 29.5 0.26
Cephalosporins 1 11 50.0 124 51 20.1 0.05 2.43 (0.99/5.97)
Antipyretic analgesics (AAs)
All of AAs 42 25 373 93 37 285 0.26
Aspirin 8 7 46.7 127 55 30.2 0.25
Loxoprofen 13 12 48.0 122 50 29.1 0.07 2.25 (0.96/5.28)
Acetaminophen 12 15 55.6 123 47 27.6 0.0065 3.27 (1.43/7.50)
Patients receiving AAs for treatment of cold’ 9 17 65.4
Patients receiving AAs for treatment of other diseases 33 8 19.5 0.0002 7.79 (2.55(23.8)
Acetaminophen for treatment of cold” 4 13 76.5
Acetaminophen for treatment of other diseases 8 2 20.0 0.0069 13.0(1.92/88.0)

Japanese SJS/TEN patients were categorized by culprit drugs/drug groups.

t Judged according to primary (underlying) disease in the filled case report forms (e.g. common cold, acute upper respiratory inflammation, and acute adenoiditis) and/or
drug name (e.g. multi-ingredient cold remedy). Mycoplasma pneumoniae or influenza were excluded from this category.

however, 14 of 15 patients with acetaminophen-associated SJS/TEN
and severe ocular surface involvement had not taken such drugs
together. Therefore, at least among Japanese patients with SJS/
TEN with severe ocular surface involvements, acetaminophen is
strongly suspected to be a causative drug, particularly when this
drug was taken for the treatment of common cold.

In conclusion, we found that 1) patients with SJS/TEN taking
acetaminophen showed a significantly higher rate of experiencing
severe ocular surface involvements than those taking other SJS/
TEN frequently causative drugs such as carbamazepine, allopurinol,
and quinolones; 2) the patients taking AAs, including acetamino-
phen and/or NSAIDs, for the treatment of common cold showed a
high frequency of patients with SJS/TEN experiencing severe ocular
surface involvements compared with those taking AAs for the
treatment of other diseases. These results suggest that not only
AAs including cold medicine but also viral infections causing
cold-like symptoms play some important roles in the development
of severe ocular surface involvements. Note that our recent study
showed that cold medicine-associated patients with SJS/TEN with
severe ocular complications are associated with certain types of
HLA (HLA-A*02:06 and HIA-A*44:03)° and/or IKZF1.!° Taken
together, these results suggest the existence of unknown unique
mechanisms underlying the development of ocular disorders in
SJS/TEN caused by AAs. The patients with SJS/TEN taking these
drugs for common cold should be taken special care of their eyes
and the skin to prevent severe ocular sequelae.
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The Role of Systemic Immunomodulatory
Treatment and Prognostic Factors on
Chronic Ocular Complications in
Stevens—Johnson Syndrome

Dong Hyun Kim, MD,"*"* Kyung Chul Yoon, MD, PhD,** Kyoung Yul Seo, MD, PhD,* Hyo Seok Lee, MD,’
Sang Chul Yoon, MD,* Chie Sotozono, MD, PhD,”> Mayumi Ueta, MD, PhD,” Mee Kum Kim, MD, PhD'+?

Purpose: To compare the effect of early systemic immunomodulatory treatment and to identify prognostic
factors of chronic ocular complications in Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN)

patients.
Design: Retrospective, comparative, multicenter study.
Participants: Forty-three patients admitted to 1 of 3 University Hospitals (Seoul National University Hospital,

Chonnam National University Hospital, and Yonsei University Hospital) with a diagnosis of SJS or TEN who were
followed up for at least 6 months in Korea.

Methods: Patients were divided into 5 groups according to systemic immunomodulatory treatment received:
systemic steroids (S), intravenous immunoglobulin (IVIG), combined S plus IVIG, systemic pulse steroids (PS), and
supportive care only (C). Best-corrected visual acuity (BCVA) and chronic ocular surface complications score
(COCS; range, 0—15) at final follow-up were compared among the 5 groups. Prognostic factors at onset (age,
gender, causative drugs, initial visual acuities, acute ocular involvement score [range, 0—3], acute systemic
involvement score [range, 0—16], systemic steroid dose, IVIG dose, and amniotic membrane transplantation
[AMT]) were analyzed to predict final BCVA or COCS using logistic regression or linear regression analysis.

Main Outcome Measures: Best-corrected visual acuity and COCS at final follow-up.

Results: The mean age and follow-up period of the patients was 30.5+21.0 years and 29.1+30.4 months,
respectively. The acute systemic involvement score in the IVIG, S plus IVIG, and PS groups was significantly
higher than that in the S and C groups (P < 0.001). However, final BCVA and COCS were not significantly different
between groups, even after statistical adjustment. High COCS (>8 points) was associated with female gender
(P = 0.012) and AMT at the acute stage (P = 0.040). High acute ocular and systemic involvement scores
were associated with worse COCS (P < 0.001), and COCS showed good correlation with final BCVA
(R? = 0.7101; P < 0.0001).

Conclusions: There were no therapeutic benefits of systemic immunomodulatory treatments in final visual
outcome and COCS in SJS and TEN patients. Female gender and acute ocular and systemic involvement scores
may be prognostic factors predicting chronic ocular complications. Ophthalmology 2015;122:254-264 © 2015 by
the American Academy of Ophthalmology.

JELI Supplemental material is available at www.aaojournal.org.

Stevens-Johnson syndrome (SJS), and its more severe
variant, toxic epidermal necrolysis (TEN), are acute self-
limiting diseases of the skin and mucous membranes that
predispose patients to life-threatening complications.' ™
Ocular complications in SIS and TEN may occur acutely,
together with the onset of skin involvement in more than
50% of patients,” ® resultin% in cicatricial changes and
permanent visual impairment.” "% Therefore, patients with
visual impairment and chronic ocular complications after
SJS or TEN may require life-long treatment for ocular

complications.

25 4 © 2015 by the American Academy of Ophthalmology
Published by Elsevier Inc.

Stevens-Johnson syndrome and TEN are drug-induced
immune responses in which CDg8"* cytotoxic T cells, soluble
Fas ligand, nitric oxide, and tumor necrosis factor-o. contribute
to keratinocyte apoptosis.'’ There is no well-established
treatment for these diseases, nor for the associated ocular
complications. Systemic corticosteroids and intravenous
immunoglobulin (IVIG) are 2 representative immunomodu-
latory treatments for SJS and TEN. However, the therapeutic
effect of corticosteroids or IVIG in SJS and TEN patients has
been controversial.'* ' Moreover, to our knowledge, there
has been no study comparing the effect of several systemic

http://dx.dot.org/10.1016/i.0phtha.2014.08.013
ISSN 0161-6420/14
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immunomodulatory treatments on chronic ocular complica-
tions in SIS or TEN. In addition, there are only few studies of
prognostic factors that could predict chronic ocular compli-
cations in SJS or TEN.”*?" Therefore, we aimed (1) to
compare the effect of the administration of systemic immu-
nomodulatory treatments during the acute stages of SJS or
TEN on final visual outcome and chronic ocular complications
and (2) to identify the prognostic factors that predict worse
final visual outcome and chronic ocular complications.

Methods

Subjects and Study Design

We retrospectively reviewed the medical records of the patients
who visited the Department of Ophthalmology in 1 of 3 University
Hospitals (Seoul National University Hospital, Chonnam National
University Hospital, or Yonsei University Hospital) with a diag-
nosis of SJS or TEN between December 2003 and March 2013.
The institutional review board of Seoul National University Hos-
pital approved the study protocol (institutional review board no.,
1109-082-378), and the protocol complied with the tenets of the
Declaration of Helsinki.

The inclusion criteria were as follows. (1) The patients were
diagnosed with SJS or TEN by a dermatologist or a physician. The
diagnosis of SIS or TEN in the acute phase was based on the acute
onset of high fever, serious mucocutaneous illness with skin
eruptions, and the involvement of at least 2 mucosal sites,

“including the ocular surface. Stevens-Johnson syndrome and TEN
were characterized by an epidermal detachment of less than 30%
and more than 30% of the body surface area, respectively.' (2) The
patients had medical records of the acute phase, which were fully
accessible to evaluate prognostic factors. (3) The patients were
followed up for at least 6 months. (4) The patients did not have a
history of other ocular surface disorder or ocular surgery.

Eighty-six eyes of 43 patients (19 men, 24 women; mean age,
30.9420.9 years; range, 3—66 years) were included in this multi-
center study. The age, gender, causative drugs, mean interval be-
tween the disease onset and initial systemic treatment, mean
interval between acute ocular complication onset and initial sys-
temic treatment, initial visual acuities in the acute phase, follow-up
period, acute ocular involvement score (AOS; range, 0—3), acute
systemic involvement score (ASS; range, 0—16), systemic steroid
dose, IVIG dose, undergoing amniotic membrane transplantation
(AMT) in the acute phase, best-corrected visual acuity (BCVA) at
final follow-up, and chronic ocular surface complications score
(COCS; range, 0—15) were investigated.

To determine the effect of immunomodulatory treatments in
early-stage disease, final BCVA (in logarithm of the minimum
angle of resolution [logMAR] units) and COCS were compared
among the 5 groups based on the systemic immunomodulatory
treatments. To determine the prognostic factors, we investigated
which factors at onset could be related to final BCVA or COCS by
using the following methods. (1) We analyzed the factors related
with poor chronic outcome such as final BCVA worse than 20/200
or COCS of 8 or more using logistic regression analysis. (2) We
divided the patients into 2 groups based on the factors at onset
(age, >18 years vs. <18 years; gender, male vs. female; initial
diagnosis, SJS vs. TEN; AOS, >2 vs. <2; ASS, >8 vs. <8; AMT,

AMT performed vs. AMT not performed) and compared final
BCVA (IogMAR) and COCS between the 2 groups using a
nonparametric analysis of covariance. Finally, (3) we investigated
the relationship of AOS or ASS with the final BCVA or COCS
using linear regression analysis.

Early Systemic Treatment during the Acute Phase of
Stevens-Johnson Syndrome or Toxic Epidermal
Necrolysis

Supportive care using preservative-free artificial tears, topical ste-
roids, and antibiotics was given to all patients in the acute stage.
According to the early systemic immunomodulatory treatments, the
patients were divided into 5 groups: (1) conventional systemic
steroids (S; n = 18), (2) combined conventional S and IVIG (S plus
IVIG; n = 15), (3) IVIG only (n = 5), (4) systemic pulse steroid
(PS; n = 3), and (5) supportive care only without any systemic
treatment (C; n = 3). All the patients received systemic immuno-
modulatory treatments within 7 days after onset of disease except
the patients of group 5 (C). The detailed application dosages of the
treatment were as follows. (1) Conventional S initially were
administered intravenously or orally at a mean dosage of 1.0 mg/kg
daily ranging from 0.17 to 1.7 mg/kg daily (the dosage of the
various kinds of steroids was converted into the dosage of the
prednisolone equivalent) for 2 to 11 consecutive days (mean, 5.65
days) and tapered. (2) Pulse steroid dosage was 250 to 1000 mg/
day for 3 to 4 consecutive days. (3) A total dose of 0.74 to 7.5 g/kg
IVIG (mean, 2.53 g/kg) was administered continuously within
5 days after admission.

Acute Ocular and Systemic Involvement Scores

Acute ocular involvements of patients were scored from 0 to 3,
depending on conjunctival hyperemia, pseudomembrane forma-
tion, and corneal epithelial erosion by corneal specialists (Table I).
The definition of corneal epithelial erosion included both full-
thickness corneal epithelial defect and diffuse superficial punctate
erosion. Diffuse superficial punctate erosion includes area 2 and
density 3, area 3 and density 2, or area 3 and density 3.”% Acute
systemic involvements were scored from 0 to 16, depending on
oral or genital erythema, degree of epidermal detachment, fever,
respiratory disturbance, total necrosis of epidermis, liver dysfunc-
tion, anemia, elevated serum C-reactive protein concentrations,
kidney dysfunction, and pneumonia (Table 2). Each component of
acute systemic involvement was determined based on severity of
illness score for TEN, Japanese acute systemic index score by the
Japanese Research Committee on Severe Cutaneous Adverse Re-
action, or previously described clinical findings.>*** Acute ocular
and systemic involvement scores (AOS and ASS) of more than 2
and 8 points, respectively, were defined as severe AOS and ASS.
Figure 1 shows one of the representative manifestations of AOS.

Table 1. Acute Ocular Involvement Score

Acute Ocular Manifestations Scoring
No involvement 0
Conjunctival hyperemia 1
Pseudomembrane formation or corneal epithelial erosion 2
Pseudomembrane formation and corneal epithelial erosion 3
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Amniotic Membrane Transplantation

If severe acute ocular manifestation was identified and continued,
amniotic membrane was transplanted transiently within 3 months
after the onset of SJS or TEN. Amniotic membrane transplantation
was performed as described by John et al.™

Visual Outcome and Chronic Ocular Surface
Complication Score at Final Follow-up

Best-corrected visual acuity and COCS at final follow-up were
used to assess chronic ocular complications in SJS or TEN patients
as main outcomes. Final BCVA was obtained before corneal or
limbal transplantation. Poor final BCVA was defined as less than
20/200. Chronic ocular surface complications score (range, 0—15)
was adapted with modifications based on the grading system
established by Sotozono et al.” Chronic ocular surface complica-
tions score included scoring of conjunctival hyperemia, decreased
tear volume, eyelid involvement, corneal involvement, limbal
deficiency, and symblepharon formation, and COCS included
scoring depending on increased involvement area or severity of the
above-listed factors (Table 3). Decreased tear volume was defined
as less than 5 mm of moisture on the filter paper within 5 minutes
by Schirmer’s test. Severe COCS was defined as 8 points or more
(Fig 2).

Statistical Analysis

Data are presented as the mean =+ standard deviation. All data were
analyzed using SPSS Statistics software version 21 (SPSS, Inc.,
Chicago, IL). Kruskal-Wallis and Fisher exact tests were used to
compare patient demographics and the effects of systemic treat-
ments on chronic ocular manifestations among the 5 treatment
groups. Nonparametric analysis of covariance was used addition-
ally to adjust the differences of several groups. Univariate and
multivariate logistic regression analyses were used to investigate
prognostic factors related with poor final visual outcome
(BCVA <20/200) and high COCS (>8 points). Multivariate
logistic regression analysis was performed with variables whose P
value was less than 0.1 in univariate analysis. Linear regression
analyses were used for the evaluation of the relationships among
AOS, ASS, and chronic ocular complications and between final
BCVA (logMAR) and COCS. Statistical significance was defined
as P < 0.05. The significant P value limit was modified according
to Bonferroni’s correction method to address problems caused by
multiple comparisons.

Results

Patient Characteristics and Identifiable Causes of
Stevens-Johnson Syndrome or Toxic Epidermal
Necrolysis

The characteristics of the patients and identifiable causes of SIS
or TEN are summarized in Table 4 and Table 5 (available at
www.aaojournal.org). Mean follow-up period was 29.1+304
months (range, 6—131 months). Mean AOS was 2.21+0.88. Acute
ocular involvement score was 1 point in 20 eyes (23.3%), 2 points in
22 eyes (25.6%), and 3 points in 42 eyes (48.8%). Acute ocular
involvement score was not different between SJS and TEN patients
(8JS, 2.25+0.87; TEN, 2.13+0.90; P = 0.562, Mann—Whitney U
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Table 2. Acute Systemic Involvement Score

Systemic Involvement Scoring

Erythema 0—4
Oral erosive lesions with bloody scales
Labial erosive lesions with bloody scales
Oral or labial erosive lesions only
Genital involvement
Blisters, epidermal detachment, erosions 0-3
(% of total body surface area; selection
of 3 items below)
>30%
10%—30%
<10%
High fever (>38° C)
Respiratory disturbance
Total necrosis of epidermis
Liver dysfunction (IU/l; selection of 2 items below) 0-2

[SO
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ALT or AST >100 2
40<ALT <100 or 40<AST <100 1
Anemia (hemoglobin <10 g/dl) 1
Serum CRP >5 mg/dl 1
Kidney dysfunction (serum blood urea 1
nitrogen >10 mmol/l)
Pneumonia (pneumonic infiltration in 1
chest radiograph film)
Total 16
ALT = alanine aminotransferase; AST = aspartate aminotransferase;

CRP = C-reactive protein.

test). Mean ASS was 7.48+2.61. The ASS in TEN patients was
higher than that in SIS patients, as expected (SJS, 6.46+2.35; TEN,
9.37£1.93; P < 0.001, chi-square test). The most common causative
drug was nonsteroidal anti-inflammatory drugs (NSAIDs; 15
patients [40.5%]), followed by antibiotics (7 patients [18.9%]).

Patients’ Characteristics According to Early
Systemic Immunomodulatory Treatment

Table 6 summarizes the patients’ characteristics according to
treatment. Age, gender, initial visual acuity (logMAR), and AOS
showed no differences between the groups. However, there were
significant differences in the proportion of TEN to SIS, ASS, and
mean interval between acute ocular complication onset and initial
treatment. The relative proportion of TEN and ASS of 8 points or
more was higher in group 2 (S plus IVIG), group 3 (IVIG), and group
4 (PS) than in groups 1 (S) and 5 (C; P < 0.005 for all comparisons,
Fisher exact test). Group 5 (C) showed a significantly longer interval
between the onset of acute ocular complications and initial treatment
than others (P < 0.005, Mann—Whitney U test). Total systemic
steroid dose in group 4 (PS) was higher than that in group 1 (S; P <
0.005, Mann—Whitney U test). The total dose of IVIG (grams
per kilogram) was similar between groups 2 (S plus IVIG) and 3
(IVIG only).

Final Visual Outcome and Chronic Ocular Surface
Complications Score According to Early Systemic
Immunomodulatory Treatment

Mean final BCVA (logMAR) and mean COCS were 0.40-40.86
and 3.45£3.66, respectively. The BCVA and COCS at final
follow-up were not significantly different among the 5 groups
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(Table 7). Because a larger proportion of TEN and higher ASS may
be related to poor chronic ocular complications in groups 2, 3, and
4, we adjusted all variables listed in Table 6 except initial visual
acuity and steroid or IVIG dosage. However, final visual outcome
and COCS were not significantly different despite adjustment to
patient demographics using a nonparametric analysis of covariance
(Table 7).

Subgroup Analysis of the Effect of Variables at the
Acute Stage on Chronic Ocular Complications

Interestingly, we found a significant relationship of final BCVA or
COCS with several factors such as female gender, severe AOS (>2
points), and ASS (>8 points; Table 8). Amniotic membrane
transplantation at the acute stage also was related to high COCS
(poor chronic outcome). Considering that AOS of all the patients
who underwent AMT (n = 12) was 3 points, which was signifi-
cantly higher than in the no AMT group (n = 74; 2.08=£0.89;
P = 0.031, Mann—Whitney U test), the relationship of AMT to
high COCS seemed to be caused by high AOS. To avoid the
confounding effect of AOS on the relationship between AMT and
COCS, we compared the effect of AMT only in the patients whose
AOS was 3 (n = 42; Table 9, available at www.aaojournal.org).
This comparison revealed no differences of final BCVA and COCS
in those patients, regardless of AMT. This implies that high AOS
may be a more critical prognostic factor to predict chronic
complication rather than the history of AMT per se. Adults (18
years or older) showed no differences in final BCVA and COCS
compared with children (younger than 18 years).

Prognostic Factors Related to Poor Final Visual
Outcome or High Chronic Ocular Complications
Score

Prognostic factors related to poor final visual outcome
(BCVA <20/200) and high COCS (>8 points) using logistic
regression analysis are shown in Table 10. Amniotic membrane
transplantation had a significant relationship with poor final visual
outcome (odds ratio [OR], 4.125 in univariate analysis

[P = 0.048]; OR, 4.418 in multivariate regression [P = 0.050]) and
severe COCS (OR, 6.9 in univariate analysis [P = 0.012]; OR,
8.428 in multivariate regression [P = 0.012]). Female gender
showed a marginally significant relationship with poor final visual
outcome (OR, 4.737 in univariate analysis [P = 0.055]; OR, 4.975
in multivariate regression [P = 0.053]) but a significant relation-
ship with high COCS (OR, 18.52 in univariate analysis
[P = 0.049]; OR, 21.564 in multivariate regression [P = 0.012]).
Systemic immunomodulatory treatments were not associated with
final visual outcome and COCS.

Relationship of Acute Ocular and Systemic
Involvement with Final Visual Outcome and
Chronic Ocular Complications Score

Figure 3 shows that final BCVA and COCS were affected signif-
icantly by acute ocular and systemic involvement. Acute ocular
involvement score and ASS had a larger correlation with COCS
(AOS: R* = 0.2295, P < 0.0001; ASS: R*> = 0.2071, P < 0.0001)
than.with final BCVA (AOS: R? = 0.1037, P = 0.0025; ASS: R* =
0.0898, P = 0.0051). In addition, there was a significant correlation
between acute ocular and systemic involvement (R* = 0.3452,
P < 0.001).

Relationship Between Final Visual Outcome and
Chronic Ocular Complications Score

To validate COCS as a clinically relevant assessment tool, we
assessed the correlation of COCS with the final BCVA. There was
a good correlation between final BCVA and COCS (R* = 0.7101,
P < 0.0001; Fig 4).

Discussion

Our study revealed that none of the systemic immuno-
modulatory treatments showed better therapeutic benefits
than supportive care in final visual outcome and COCS.
As prognostic factors, female gender, acute ocular and
systemic involvement, and AMT were related to poor
BCVA and high COCS. AMT may be biased by the fact

Table 3. Chronic Ocular Surface Complications Score

Chronic Ocular Complications Severity or Involvement Area Scoring
Chronic conjunctival hyperemia 1
Decreased tear volume (Schirmer strip test <1 mm/min) 1
Lid involvement Trichiasis 1
Distichiasis 1
Severe meibomian gland dysfunction 1
Corneal involvement Superficial punctate keratitis 1
Corneal thinning 1
Corneal opacity 1
Limbal deficiency Partial corneal neovascularization 1
Near total corneal neovascularization with persistent 2
corneal epithelial defect
Total conjunctivalization 3
Symblepharon formation 1 quadrant involved 1
2 quadrants involved 2
3 quadrants involved 3
4 quadrants involved 4
Total 15
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Figure 1. Photographs showing acute ocular involvement score: (A) simple conjunctival hyperemia (1 point); (B) conjunctival hyperemia with corneal
epithelial erosion (2 points); (C) conjunctival hyperemia with pseudomembrane formation (2 points); (D) conjunctival hyperemia with corneal persistent
epithelial defect and pseudomembrane formation (3 points).

Figure 2. Anterior segment photographs of patients whose chronic ocular surface complications score (COCS) was 14 points (8 months after onset of the
disease): (A) corneal thinning with opacity and near-total corneal neovascularization (yellow arrow); (B) superficial punctate keratitis with persistent
corneal epithelial defect (yellow arrow); (C) diffuse conjunctival hyperemia; (D) symblepharon formation; (E) severe meibomian gland dysfunction; and (F)
trichiasis and distichiasis.
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Table 4. Characteristics of Stevens-Johnson Syndrome or Toxic
Epidermal Necrolysis Patients in the Study

Characteristic Data
Mean age at disease onset (yrs) 30.5421.0
No. of adults/children® 27/16
Gender (maleffemale) 19/24
SJS/TEN 28/15
Mean AOS 2.21+£0.88
Mean ASS 7.48+2.61
Mean interval
Onset of disease until systemic treatment (days) 3.88-+4.03
Onset of acute ocular complication until systemic 3.26+3.56
treatment (days)
Onset of disease until acute ocular complications (days) 2.60+£3.57
Mean follow-up (mos) 29.14+30.4
Initial visual acuities at onset of SJS/TEN (logMAR) 0.514+0.60

AQOS = acute ocular involvement score; ASS = acute systemic involve-
ment score; logMAR = logarithm of the minimum angle of resolution;
SJS = Stevens-Johnson syndrome; TEN = toxic epidermal necrolysis.
*Younger than 18 years.

that early AMT is required only in patients with severe
acute ocular complications. Actually, after adjustment by
regrouping the patients with maximum AOS, AMT per se
did not show a beneficial effect on chronic ocular
complications.

There is no consensus about systemic immunomodula-
tory treatments in SJS or TEN. Corticosteroids or IVIG have
been used as first-line therapies, yet the sg/stemic role of
those in SIS or TEN is controversial, "’ 2633 although
corticosteroids decrease inflammatory cytokine level®® 2

Chronic Ocular Complications in SJS

and IVIG can inhibit keratinocyte apoptosis.** Few studies
have investigated the effect of early systemic immuno-
modulatory treatments on chronic ocular damage. A small
case series indicated that PS therapy in the acute phase
prevented ocular complications,™ but others indicated that
systemic steroid or IVIG therapy did not limit ocular dam-
age.’*" In this study, no systemic immunomodulatory
treatments presented benefits on final visual outcome and
chronic ocular complications. These results corroborate with
the previous reports showing no benefits of systemic treat-
ments on mortality. Our previous study did not prove the
benefits of each early immunomodulatory treatment
compared with conservative treatment either, although it
suggested early intervention with steroid or IVIG therapy
may improve BCVA compared with late intervention
with steroid or IVIG thelapy Considering that the mean
IVIG dose was more than 2 g/kg and a high dosage of the
PS therapy was used in the study, the pharmacologic effect
of immunomodulatory treatments was probably not insuffi-
cient. Given that ASS is associated with chronic ocular
complications, we cannot completely exclude the possibility
that the difference in ASS among the treatment groups may
have biased the immunomodulatory treatment effect. A
prospective, randomized study is ethically unrealizable, and
. the limitation of a retrospective study thus is acceptable.

With regard to prognostic factors of chronic ocular
complications, AOS and ASS were associated signiﬁcantly
with chronic ocular complications. This ﬁndmg was in
agreement with the reports of Arstikaitis® and Gueudry
et al.*” Meanwhile, Yip et al” demonstrated that the severity
of acute ocular complications was not a risk factor for late
ocular complications. The results achieved by Gueudry

Table 6. Patients’ Characteristics According to Systemic Treatment

Group 1 (S) Group 2 (S plus IVIG) Group 3 (IVIG) Group 4 (PS) Group 5 (C) P Value

Patients (eyes) 18 (36) 14 (28) 5(10) 3(6) 3 (6)

Age* 33.2+417.0 32.1£259 19.4+11.5 37.0426.7  18.3%19.1 0.156
Gender (male/female)’ 16/20 14/14 2/8 2/4 42 0.387
SJS/TEN* 30/6 14/14* 4/6+ 2/4° 6/0 0.001
Initial visual acuity (logMAR)* 0.504:0.55 0.664-0.69 0.4540.36 0.162-0.16 0.4740.35 0.130
Mean interval (days)’*"§ 2.8+0.4 3.04+0.8 2.0+£0.9 5.0+1.3 7.7£1.8 0.029
Acute ocular involvement score (>2/<2) ‘ 23/13 23/5 5/5 4/2 42 0.198
Acute systemic involvement score (>8/<8)" 10/26 18/10* 8/2° 6/0' 2/4 <0.001
AMT (not performed/performed)’ 351 2177 8/2 6/0 4/2 0.127
Initial first week systemic steroid dosage!! (mglkg)*  6.72+4.28 7.65+4.26 — 37.96+20.91 — <0.001
Total systemic steroid dosel' (mg/kg)* 11.0245.83 28.42+38.73 — 41.16:18.44 — 0.003
Total IVIG dose (g/kg)” — 2.49+41.50 4.47+3.30 — — 0.352

AMT = amniotic membrane transplantation; IVIG = intravenous immunoglobulin; SJS = Stevens-Johnson syndrome; TEN =

toxic epidermal necrolysis.

Data are presented as the number or the meanzstandard deviation. Group 1 (S) = conventional steroid (1 mg/kg daily). Group 2 (S plus IVIG) =

conventional steroid (1 mg/kg daily) + intravenous immunoglobulin. Group 3 (IVIG) =
= supportive care; (—) = not used.

_steroid pulse therapy (500 mg daily for 3 days). Group 5 (C)
Boldface values indicate that the variable is statistically significant.
*Kruskal-Wallis test.

TFisher exact test.
iSlgmﬁcandy larger proportion than in groups 1 or 5.
Days from acute ocular complication onset until initial treatment.
'Data are hydrocortisone equivalent dose.
*Mann—Whitney U test.

intravenous Immunoglobulm alone. Group 4 (PS) = intravenous
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Table 7. Final Visual Outcome and Chronic Ocular Surface Complication Score According to Treatment

Group 1 (S) Group 2 (S plus IVIG) Group 3 (IVIG) Group 4 (PS) Group 5 (C) P Value
Final BCVA (logMAR) 0.4441.03 0.45+0.77 0.36+0.93 0.3240.19 0.11:£0.23 0.912%/0.751%
COCSs 3.314+4.28 3.504£3.71 4.4043.30 4.0020.89 2.004+0.89 0.195%/0.067"

BCVA = best-corrected visual acuity; COCS = chronic ocular surface complication score; logMAR = logarithm of the minimal angle of resolution.
Data are mean = standard deviation. Group 1 (S) = conventional steroid (1 mg/kg daily). Group 2 (S plus IVIG) = conventional steroid (1 mg/kg daily)
-+ intravenous immunoglobulin. Group 3 (IVIG) = intravenous immunoglobulin alone. Group 4 (PS) = intravenous steroid pulse therapy (500 mg daily for

3 days). Group 5 (C) = supportive care.
*Kruskal—Wallis test.
"Nonparametric analysis of covariance.

et al*’ are more reliable because of the higher number of

cases and longer follow-up period.” Our data also support
acute ocular complications as a risk factor of late ocular
complications. Compared with Gueudry et al,”’ who used
qualitative scales for the evaluation of prognostic factors
related to late ocular complications, we used quantitative
scoring systems for chronic ocular complications. When we
analyzed corneal epithelial erosion or pseudomembrane
formation separately, they also turned out to be related
significantly to worse final visual outcome and COCS
(Table 11, available at www.aaojournal.org). In a personal
communication (July 2014), Professor Chie Sotozono con-
siders full-thickness epithelial defect to be more important,
rather than diffuse superficial punctate erosion (DSPE) of
the acute stage, in relation to visual prognosis of the chronic
stage, and includes full epithelial defect only in AOS in
Japanese data. However, we found that AOS was still
related to chronic ocular complications, although we

included both full-thickness epithelial defect and DSPE in
AOS in Korean data. The classification of SJS or TEN per se
was not associated with final BCVA and COCS. A classi-
fication of SJS or TEN was determined according to the
degree of body surface involvement, but itself did not seem
to predict chronic ocular complications, which corresponded
with the results of Yip et al.” The patients with high AOS or
ASS should be examined more closely to prevent chronic
ocular complications.

Interestingly, female gender was the strongest prognostic
factor predicting worse final BCVA and chronic ocular
surface complications. To our knowledge, there is no report
that female gender is related to the severity of SJS or TEN.
The fact that drug allergies develop more frequently in
women than in men®” may be associated with this tendency.
In addition, among the causative drugs (e.g., NSAIDs, an-
tibiotics, anticonvulsants, antihyperuricemic agents, meth-
azolamide), we looked into the relation of NSAIDs to

Table 8. Subgroup Analysis of the Effect of Variables at the Acute Stage on Chronic Ocular Complications

Final Best-Corrected Visual Acuity

Chronic Ocular Surface

Variables (Logarithm of the Minimum Angle of Resolution) P Value* Complications Score P Value*
Age (yrs)
>18 (n = 32 eyes) 0.4040.90 0.428 3.6543.50 0.157
<18 (n = 54 eyes) 0.40-+0.80 3.1343.97
Gender
Male (n = 38 eyes) 0.09+0.26 0.002 1.66+1.58 <0.001
Female (n = 48 eyes) 0.65£1.07 4.884+4.21
SJS/TEN
SJS (n = 56 eyes) 0.3040.73 0.311 2.80+2.85 0.092
TEN (n = 30 eyes) 0.60+1.05 4.67+4.64
AOS
>2 (n = 64 eyes) 0.5140.96 0.005 4.22+43.87 <0.001
<2 (n = 22 eyes) 0.09-0.30 1.2341.54
ASS
>8 (n = 44 eyes) 0.54+0.99 0.055 4.59+3.60 <0.001
<8 (n = 42 eyes) 0.25+0.67 2.2643.38
AMT
AMT performed (n = 12 eyes) 0.76£1.05 0.104 5.75+4.35 0.005
AMT not performed (n = 74 eyes) 0.34+0.82 3.08+0.40

AMT = amniotic membrane transplantation; AOS = acute ocular involvement score; ASS = acute systemic involvement score; SJS = Stevens-Johnson

syndrome; TEN = toxic epidermal necrolysis.

Data are meanzstandard deviation.

Boldface values indicate that the variable is statistically significant.
*Nonparametric analysis of covariance.
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Table 10. Prognostic Factors Related to Poor Final Visual Outcome (<20/200) and High Chronic Ocular Complication Score (>8)

Poor Final Visual Outcome (Logarithm of
the Minimum Angle of Resolution)

High Chronic Ocular Complications Score

Unadjusted Odds Ratio (95%

Unadjusted Odds Ratio (95%

Variables Confidence Interval) P Value* Confidence Interval) P Valye*
Univariate logistic regression
Age (children/adult) 1.243 (0.949—-1.012) 0.731 0.828 (0.192—3.566) 0.800
Gender (female/male) 4.737 (0.971-23.116) 0.055 18.52 (1.003—341.827) 0.049
TEN/SJS 3.104 (0.891-10.822) 0.075 2.602 (0.642—10.529) 0.181
AOS (>2/<2) 1.852 (0.373—9.195) 0.451 7.706 (0.404—147.044) 0.175
ASS (>8/<8) 2.111 (0.585—7.622) 0.254 3.783 (0.738—19.378) 0.110
AMT (performed/not performed) 4.125 (1.014—16.842) 0.048 6.9 (1.532—-31.073) 0.012
Treatment group
211 2.086 (0.548—17.945) 0.789 1.327 (0.317—5.544) 0.970
31 1.14 (0.145—8.984) 1.142 (0.145—8.984)
4/1 1.97 (0.22—17.622) 0.555 (0.021—14.526)
5/1 0.556 (0.021—14.525) 0.555 (0.021—14.526)
Multivariate logistic regression
Gender (female/male) 4.975 (0.982—25.203) 0.053 21.564 (1.145—405.977) 0.040
AMT (performed/not performed) 4.418 (1.002—23.116) 0.050 8.428 (1.591—44.641) 0.012

AMT = amniotic membrane transplantation; AOS = acute ocular involvement score; ASS = acute systemic involvement score; SJS = Stevens-Johnson
syndrome; TEN = toxic epidermal necrolysis.

Boldface values indicate that the variable is statistically significant.
*Univariate logistic regression.

1Group 1 = conventional steroid (1 mg/kg daily). Group 2 = conventional steroid (1 mg/kg daily) + intravenous immunoglobulin. Group 3 = intravenous
immunoglobulin alone. Group 4 = intravenous steroid pulse therapy (500 mg daily for 3 days). Group 5 = supportive care.
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Figure 3. Graphs showing the relationship between acute ocular and systemic involvement with final visual outcome and chronic ocular complications: (A)
acute ocular involvement score (AOS) versus final best-corrected visual acuity (BCVA); (B) AOS versus chronic ocular surface complications score (COCS);
(C) acute systemic involvement score (ASS) versus final BCVA; and (D) ASS versus COCS. logMAR = logarithm of the minimum angle of resolution.
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Figure 4. Linear regression analysis between final best-corrected visual

acuity (BCVA) and chronic ocular complications score (COCS).
logMAR = logarithm of the minimum angle of resolution.

chronic ocular complications, which turned out to be not
significant in relationship to chronic ocular complications
(Table 12, available at www.aaojournal.org). There are
reports that present a significant association between HLA-
A*0206 and SJS or TEN with severe ocular surface com-
plications*” and that demonstrate that NSAID use is a major
risk factor for inducing SJS or TEN in patients with HLA-
A*0206.*" Those reports suggest that NSAIDs may be
associated with chronic complications in a specific genetic
background.***' It is possible that we included patients with
various genetic backgrounds, which could have resulted in
the lack of a relationship between NSAIDs and chronic
complications. Amniotic membrane transplantation at the
acute phase of SIS or TEN has been known to be effective
in preventing chronic ocular complications.”**~** How-
ever, subgroup analysis in patients with an AOS of 3
(Table 9, available at www.aaojournal.org) demonstrated
that there were no benefits of AMT in reducing long-term
ocular sequelae. Gueudry et al*® also indicated that AMT
was not associated with subsequent ocular complications,
which corresponds to our results. Most studies of AMT in
SJS or TEN were small case series. In the first case-control
study,42 acute ocular involvements were well controlled, but
systemic involvements were not considered. More studies
about the effectiveness of AMT in the acute phase of SJS or
TEN are required.

Chronic ocular surface complications score showed good
correlation with final BCVA. The grading system made by
Sotozono et al’ is an excellent tool for evaluating the
severity of chronic ocular involvement in SJS or TEN pa-
tients and has been used widely. However, this system,
which comprises 13 components and a total of 39 points, is
complicated to apply in the clinical setting. Therefore, we
simplified the scoring system. This suggests that this simple
scoring for chronic ocular complications may enable oph-
thalmologists to monitor chronic ocular complications in
SJS or TEN patients easily and objectively.

The study limitations are its small sample size and retro-
spective design. The exclusion of those who died also might
have introduced bias. Nevertheless, it is meaningful that this
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study is the first study to compare the effect of several sys-
temic immunomodulatory treatments on final visual outcome
and chronic ocular complications in SJS or TEN. Addition-
ally, it is worth noting that important prognostic factors
related to chronic ocular complication were revealed and that
a simple quantitative scoring system for chronic ocular sur-
face complications was introduced in this study.

In conclusion, there were no therapeutic benefits of early
systemic immunomodulatory treatments on chronic ocular
complications in SJS or TEN. Female gender and high AOS
and ASS were associated with worse chronic ocular compli-
cations. As the knowledge of the disease mechanism grows,
more research is required to identify novel immunomodula-
tory treatments to reduce chronic ocular complications.
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damage to corneal epithelial stem cells results in devastating ocular surface disease, and many re-
searchers and scientists have tried to reconstruct the ocular surface using medical and surgical ap-
proaches. Ocular surface reconstruction via regenerative therapy is a newly developed medical field that
promises to be the next generation of therapeutic modalities, based on the use of tissue-specific stem
cells to generate biological substitutes and improve tissue functions. The accomplishment of these ob-

gi{;f:;nsjjrface jectives depends on three key factors: stem cells, which have highly proliferative capacities and lon-
Stem cell gevities; the substrates determining the environmental niche; and growth factors that support them
Tissue engineering appropriately. This manuscript describes the diligent development of ocular surface reconstruction using
Growth factor tissue engineering techniques, both past and present, and discusses and validates their future use for
Severe ocular surface disease regenerative therapy in this field.
Regenerative medicine © 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

The concept of an “ocular surface” is widely recognized in the
field of ophthalmology, and our understanding of the role of ocular
surface biology and immunology has been greatly improved by the
numerous research studies carried out in this field (Thoft and
Friend, 1979). Although the normal ocular surface comprises only
1/6 of the outer wall of the eye, it supports several of the eye's
major functions, as it is covered with highly specialized corneal and
conjunctival epithelia, formed by two phenotypically different
types of epithelial cell. Over the past thirty years, several scientific
discoveries such as the identification of corneal epithelial stem
cells, the establishment of novel methods in epithelial culturing
and the understanding of extracellular matrices and growth factors
have enabled a novel surgical approach to treatment of ocular
surface disorders, using regenerative medicine.

Based on tissue engineering, regenerative medicine is a newly
developed area that uses somatic stem cells to generate biological
substitutes and improve tissue functions (Langer and Vacanti,
1993). Success depends on three key factors: stem cells, extracel-
lular matrices and growth factors. A variety of trials are currently in
development, based on the utilization of stem cells and appropriate
substrates to produce substitutes capable of reconstructing
damaged and diseased tissues. In the field of ophthalmology, the
production of tissue organs in vitro shows great promise, especially
with regard to the anterior segment of the eye (Pellegrini et al,,
1997).

Severe ocular surface disease (OSD) due to thermal and chem-
ical burns, Stevens-Johnson syndrome (SJS), ocular cicatricial
pemphigoid (OCP) or other conditions currently poses a serious
clinical challenge for ophthalmologists worldwide. In these cases,
the corneal epithelial stem cells located in the corneal limbus are
destroyed, and coverage of the corneal surface by invading neigh-
boring conjunctival epithelial cells results in neovascularization,
chronic inflammation, ingrowth of fibrous tissue and stromal
scarring. This severely compromises the ocular surface and seri-
ously diminishes visual acuity (Chiou et al,, 1998; Kinoshita et al,,
2001; Tseng, 1989). Conventional treatment methods have gener-
ally proved unsatisfactory, and the long-term consequences of
these ocular disorders are devastating. Clinically useful and effec-
tive surgical techniques for ocular surface reconstruction (OSR) are
therefore needed for such patients.

In this present paper, we describe the history, recent advances,
current developments and future challenges relating to OSR in both
its basic science and clinical aspects, as well as providing novel

clinical information for the treatment of severe OSD.
2. Ocular surface reconstruction

The concept of OSR is widely accepted in the field of ophthal-
mology, and our understanding of the role of the ocular surface has
been greatly improved by numerous research studies. Various
surgical procedures have been developed over the past 30 years to
treat and reconstruct severely damaged or diseased ocular surface
epithelia.

2.1. Conjunctival transplantation, keratoepithelioplasty and limbal
transplantation

The concept of OSR was first reported in relation to an autol-
ogous conjunctival transplantation for unilateral chemical injury
in Thoft's description of conjunctival tissue transplantation for
unilaterally affected chemical injuries (Thoft, 1977). The surgery
was performed by removing pathological scarred tissue from a
patient’s corneal surface and placing four pieces of conjunctival
autograft taken from the contralateral eye at the limbus in order to
reconstruct the cornea by regenerating conjunctival epithelial
cells from these autografts. Subsequently, Thoft described the
similar surgical technique of keratoepithelioplasty (Thoft, 1984),
which employed a different tissue source (donor corneal lenti-
cules) to regenerate corneal epithelial cells. Although the concept
of corneal epithelial stem cells was not established at that time,
the cell-level biological differences between regenerated corneal
and conjunctival epithelia were known. Over time, keratoepithe-
lioplasty has gradually gained acceptance despite initial disputes
among researchers because it is a form of epithelial allograft
(Kaufman, 1984). In fact, keratoepithelioplasty has proved to be
dramatically effective in treating peripheral corneal ulcers,
including Mooren's ulcer (Kinoshita et al., 1991), supplying both a
regenerated corneal epithelium and an appropriate corneal sub-
strate for inhibiting conjunctival invasion onto the cornea. Sun's
group proposed the corneal limbal stem cell concept (Schermer
et al., 1986), which had a tremendous impact on the develop-
ment of keratoepithelioplasty, leading to autologous limbal
transplantation (LT) (Kenyon and Tseng, 1989). Tsai and Tseng
then introduced allogenic LT, aimed at achieving a permanent
lifespan for regenerated corneal epithelium by means of stem cell
transplantation, although intensive immunosuppressive therapy
was also needed (Tsai and Tseng, 1994). These surgical procedures
are classed as “cellular surgery”—a form of primitive regenerative
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medicine—as they are a form of in vivo expansion of corneal
epithelial cells. Significantly, Kim and Tseng subsequently re-
ported that amniotic membrane (AM) transplantation was
capable of inhibiting pathological subepithelial scarring in OSR
(Kim and Tseng, 1995). Since that time, AM transplantation com-
bined with limbal allografts has been used to treat certain chal-
lenging occurrences of severe OSD (Tsubota et al., 1996).

2.2. Cultivated limbal epithelial transplantation (CLET)

While corneal epithelial transplantations (including keratoe-
pithelioplasty and LT) have indisputably contributed to improved
clinical outcomes for OSR in a range of clinical situations, an
autologous LT needs quite a large section of limbal tissue from the
healthy eye and cannot be applied if the disease is bilateral. In
order to improve the surgical results of OSR for severe OSD, CLET
needs to be developed in vitro from a small portion of limbal
epithelium (Fig. 1).

2.2.1. The history of creating corneal epithelial sheets

In the initial stages of OSR during the 1980s, at least two
investigative approaches were adopted in attempting to create an
epithelial sheet. One was the direct sampling of corneal epithelial
sheets, using dispase and gentle mechanical treatment. In rabbit
experiments, the corneal epithelial sheet, taken directly from the
in vivo cornea, attached itself to the corneal stroma but peeled away
easily during lid movement, making it quite difficult to preserve the
corneal surfaces (Gipson and Grill, 1982).

A second approach was to develop a cultivated epithelial cell
sheet. In dermatological research, Green successfully established a
procedure for cultivating epidermal cell sheets (Rheinwald and
Green, 1975), focusing particular attention on the tissue-
engineered cultivated corneal epithelial cell sheet. The cultivation
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of corneal epithelial cells on the scraped rabbit corneal stroma was
examined by Friend et al. (1982), and several other substrates, such
as collagen matrix and hydrogel coated with fibronectin, were also
investigated in developing this procedure (Kobayashi and Ikada,
1991; Minami et al.,, 1993). However, until 1997, there were no
clinical reports regarding the success of OSR using the cultivated
corneal epithelial cell sheets, probably because of the poor under-
standing of surrounding corneal epithelial stem cell cultivation
and/or its proper substrate. Some groups tried to reconstruct all
three layers of corneal tissue—a “corneal equivalent”—using cell-
lines arranged by natural and synthetic polymers (Griffith et al,,
1999). This kind of corneal equivalent is now available for use in
testing experimental drug toxicity and efficacy but not for clinical
use (because of the use of immortalized cell lines).

2.2.2. Development of CLET

From the mid-1990s, attention has focused on the development
of regenerative corneal epithelial cell therapy using tissue-
engineered techniques as a new approach to OSR. The first suc-
cessful OSR procedure using autologous CLET for patients with
unilateral OSD was reported by Pellegrini et al. (Pellegrini et al,,
1997). They developed a surgical method to reconstruct stratified
corneal epithelial cell sheets on petrolatum gauze or a soft contact
lens as carrier, treating two patients. It seems likely that their
success can be accounted for by their adoption of a well-recognized
epidermal keratinocyte-culturing method, including the use of
mouse-derived 3T3 feeder layers to maintain epithelial stem cells.
Since then, scientists worldwide have sought to devise novel and
better methods for OSR. Again, in considering reconstruction of the
ocular surface, the three key elements are the cell source and its
proper substrate and growth factors. Following establishment of a
suitable substrate, many researchers investigated the use of AM,
fibrin and a temperature-responsive culture dish as carrier

%%Ex Vivo expansion |
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EAI logenic .cell-source:

Oral mucosa

g;?,Ocular surface reconstruction |

Fig. 1. Conceptual diagram of OSR via regenerative therapy. For patients with unilateral severe OSD, autologous corneal limbal epithelial cells from a biopsy of the uninjured eye
(dashed circle) are used for cell culturing. For patients with bilateral severe OSD, allogenic ce]l sources (donor cornea or autologous oral mucosa) are used for cell culturing. The
resultant cell suspensions were seeded onto the proper substrate under appropriate in vitro conditions. Finally, we successfully tissue-engineered the cultured sheet and trans-
planted it to the diseased corneal surface.
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(Koizumi et al., 2000a; Nishida et al., 2004a; Rama et al., 2001; Tsai
et al., 2000). From a clinical perspective, AM can serve not only as a
proper epithelial carrier but also as a healthy substrate to cover a
damaged ocular surface; the success of CLET using AM has been
reported by a majority of groups worldwide (Baylis et al,, 2011;
Zhao and Ma, 2015). In addition, Sangwan has recently reported a
novel surgical technique that combines AM transplantation and
cultivation of small limbal explant with fibrin glue (Sangwan et al.,
2012).

2.2.3. Clinical outcomes of autologous CLET

The ideal therapy for unilateral severe OSD—as caused, for
instance, by thermal and chemical burns—is the use of autologous
cultivated limbal epithelial sheets, with harvesting of much smaller
pieces of limbal biopsy to prevent damage to the healthy or unin-
jured eye. With this in mind, several researchers have reported the
successful use of autologous CLET for OSR (Grueterich et al., 2002:
Nakamura et al., 2004b; Sangwan et al,, 2003; Schwab et al,, 2000;
Tsai et al., 2000). These initial reports offer hope to patients with
unilateral lesions or severe ocular surface damage. Long-term
clinical assessment of autologous CLET was reported by Rama
(Rama et al, 2010), confirming that autologous cultivated limbal
stem cells represent an adequate long-term source for tissue-
engineered transplants; clinical results reported success at up to
10 years in more than 75% of the patients treated. Importantly, this
demonstrates the relationship between clinical results and the

percentage of p63 (+) cells in cultivated graft. (Cultures in which
p63-bright cells accounted for more than 3% of the total number of
clonogenic cells were associated with successful transplantation in
78% of patients. In contrast, cultures in which such cells made up 3%
or less of the total number of cells were associated with successful
transplantation in only 11% of patients). In our long-term clinical
cases (mean period 48 months; longest follow-up period 80
months), autologous CLET successfully reconstructed the corneal
surface, but all cases showed varying degrees of mild superficial
conjunctivalization extending from the limbal region (Fig. 2). These
long-term clinical results strongly support the conclusion that
tissue-engineered autologous CLET can be useful for reconstructing
the ocular surface in cases of unilateral severe OSD. We further
posit that the cultivation of limbal epithelial cells harvested from
much smaller specimens is possible but difficult to achieve using
conventional culturing techniques; these must be further devel-
oped to produce a sufficiently stratified epithelium that will
hopefully include limbal stem cells.

2.2.4. Clinical outcomes of allogenic CLET

Although autologous CLET is the safest and most reliable pro-
cedure, bilaterally affected severe OSD cannot be treated by this
means. In order to treat these bilateral cases, we have developed
allogeneic CLET, using AM as a culture substrate (Kinoshita et al,,
2004; Koizumi et al, 2001a). While acute-phase patients with
persistent epithelial defects received allogeneic CLET for the

Fig. 2. Representative long-term clinical results of autologous CLET in patient with chemical injury. (A) Before transplantation, the eye manifested severe destruction of the
ocular surface, with conjunctivalization and neovascularization. Postoperative appearance at 1 year (B), 5 years (C, D) and 7 years (E, F) shows a relatively smooth, epithelialized
corneal surface with minimal corneal scarring and inflammation. During long-term follow-up, varying degrees of mild peripheral conjunctivalization were observed (D, F;

white arrows).




T. Nakamura et al. / Progress in Retinal and Eye Research xxx (2015) 121 5

purpose of covering the corneal surface and reducing ocular surface
inflammation, chronic-phase patients received CLET to improve
visual acuity. We have transplanted allogeneic cultivated corneal
limbal epithelial cells in 39 eyes of 36 patients with severe OSD,
including acute and chronic phases of SJS, OCP and thermal and
chemical injuries (Fig. 3). During the postoperative 1—3 years, most
of the transplanted sheets successfully survived on the ocular sur-
faces and maintained their transparency with the aid of immuno-
suppressive treatments.

It is worth noting that, in acute-phase patients, the severe pre-
operative ocular surface inflammation that had not been
controlled by conventional treatments decreased rapidly post
transplantation (Koizumi ef al.,, 2001b); in chronic-phase patients,
long-term visual outcome and epithelial stability varied. In a case
of severe chemical injury, the transplanted corneal epithelial
sheet was found to be transparent and stable as much as 10 years
after transplantation, with only minimal conjunctival inflamma-
tion during the follow-up period. On the other hand, in SJS pa-
tients, mild to moderate ocular surface inflammation and
subsequent rejection occurred after allogeneic CLET. While sub-
conjunctival fibrosis had not progressed in SJS, conjunctival
scarring (symblepharon and shortening of the conjunctival fornix)
had progressed in OCP. Our clinical observations confirmed that
the phenotypes of transplanted cells gradually changed from
donor to host epithelial cells over a couple of years, but sub-
epithelial scarring and neovascularization did not progress. This
phenomenon can be explained as a mild rejection of the trans-
planted corneal epithelial cells. For that reason, we strongly
believe that postoperative management, especially immunosup-
pressive therapy, is critical in ensuring survival of the trans-
planted graft. Although graft survival was brief in some chronic
cases, the ocular surface maintained its transparency and patients
gained better visual function in comparison to their condition
before surgery. Importantly, it was noted that the rejected culti-
vated transplants were easily removed from patients’ ocular sur-
faces at the time of second surgery, and the exposed corneal
stroma were found to be fairly transparent, with fewer scarring

Chronic phase

Acute phase

changes (Nakamura et al,, 2003c).

2.2.5. Phenotypic investigation of allogenic CLET

Although our clinical assessments of allogenic CLET yielded
favorable outcomes from the perspective of corneal stabilization,
long-term phenotypic analyses of allogenic corneal epithelial
transplants to the ocular surface would be required to confirm the
direct evidence of graft survival. To this end, we compared our
clinical observations with the results of long-term cell biological
phenotype analysis of allogeneic CLET (Nakamura et al, 2010)
(Fig. 4). In that report, we noted that, in clinical conjunctival
phenotypic grafts, the transplanted cells were gradually replaced
by surrounding conjunctival epithelial cells. In contrast, clinical
corneal phenotypic grafts demonstrated that transplanted cells
could indeed survive for a long period of time. Those findings have
valuable clinical implications and provide novel information on
allogeneic CLET, suggesting reasons for the phenotypic diversities
of these grafts.

2.3. Cultivated oral mucosal epithelial transplantation (COMET)

As severe OSD is mostly bilateral, ophthalmologists worldwide
have no choice but to select allogeneic LT or CLET, resulting in
intensive and prolonged postoperative immunosuppressive ther-
apy. These drawbacks have led us to examine whether the ocular
surface could be reconstructed by using an autologous mucosal
epithelium of non-ocular surface origin. In so doing, we (and other
groups) have developed COMET as a substitute for corneal epithe-
lial cells (Nakamura et al., 2003a, 2004a; Nakamura and Kinoshita,
2003; Nishida et al., 2004b). ‘

2.3.1. Development of COMET

In the past, several groups have investigated the possibility of
using oral mucosa for OSR. Ballen used oral mucosal grafts that
included both epithelial and subepithelial tissues in both human
and rabbit eyes, finding that they vascularized heavily with early
fibrosis (Ballen, 1963). Gipson et al. transplanted oral mucosal

Fig. 3. Representative clinical results of allogenic CLET in patient with chronic (A, B) and acute (C, D) phase of chemical injury. Before transplantation, the eyes manifested con-
junctivalization with corneal scarring (A) and persistent epithelial defects surrounded by inflammatory subconjunctival fibrosis (C). At 6 years (B) and 2 years (D) post-
transplantation, the ocular surface was stable, without epithelial defects. Modified with permission from Kinoshita et al. (2004).
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Fig. 4. Representative slit-lamp photographs after allogenic CLET in patient with SJS. Slit-lamp examination revealed that the upper part of the corneal surface was apparently
covered with conjunctiva (A; white circle E). However, slit-lamp examination revealed that the lower-nasal part of the corneal surface was still transparent (A; white circle F).
Fluorescein staining showed a comparatively clear demarcation between corneal and conjunctival phenotypes (B). The corneal phenotype area showed comparatively smooth
epithelium with no fluorescein staining (B; white circle H), but the conjunctival phenotype area revealed light and stippled staining with fluorescein. (B; white circle G). The cross-
section of white circle E disclosed 5 to 6 stratified layers of conjunctival-like epithelial cells and also included goblet-cell-like cells (black arrows) (C). Cross-section of white circle F
showed 5 to 6 stratified cell layers and cornea-like epithelial cells (D). Scale bars: C, D = 50 um. Modified with permission from Nakamura et al. (2010} '

epithelial cells freed by Dispase Il treatment of underlying con-
nective tissue onto the rabbit ocular surface (Gipson et al., 1986).
They reported that it was feasible to transplant in vivo oral mucosal
epithelium to corneal-limbal areas but that it was not maintained
in central corneal regions. By general consensus, the character of
epithelial cell is thought to depend on the underlying substrate, and
AM is a good substrate for cultivating mucosal epithelium (Fig. 5).
Based on these considerations, we first propose that oral mucosal
epithelial cells cultivated on AM may be able to differentiate into
cornea-like epithelial cells under cell culture conditions (Nakamura
et al,, 2003a; Nakamura and Kinoshita, 2003). After intensive in-
vestigations, we successfully generated a well-stratified and
differentiated rabbit and human cultivated oral mucosal epithelial
sheet that appeared very similar to normal in vivo corneal epithe-
lium, successfully performing autologous transplantation of these
cells onto rabbit corneas (Fig. 5). These results demonstrate that
human cultivated oral mucosal epithelial sheets can function as an
ocular surface epithelium and that COMET is a feasible method of
OSR.

2.3.2. Clinical outcomes of autologous COMET

In light of these experimental results, this method was initially
applied to six eyes of four patients with severe OSD, and the ocular
surfaces were successfully reconstructed (Nakamura et al.,, 2004a)
(Fig. 6). During follow-up (13.8 + 2.9 months), visual acuity showed
improvement in all eyes, and the ocular surface remained stable.
Although all eyes showed peripheral neovascularization with
epithelial thickening, use of this novel tissue-engineering tech-
nique generated from autologous oral mucosa avoids the need to
administer intensive and prolonged immunosuppressive therapy,
so reducing the risk of postoperative complications.

We reported long-term clinical data on 19 eyes that received
COMET (mean follow-up period 55 months; longest follow-up
period 90 months) (Nakamura et al,, 2011) (Fig. 6). The study
included 19 eyes of 17 patients in the chronic phase of severe
0SD; clinical results were evaluated and graded on a scale ac-
cording to severity (Sotozono et al, 2007). Clinical safety was
evaluated in cases of persistent epithelial defect (PED), ocular
hypertension and infections. During follow-up, best-corrected
visual acuity was improved in 18 eyes (95%), and visual acuity at
the postoperative 36th month was improved in 10 eyes (53%).
During the follow-up period, clinical conjunctivalization was
significantly inhibited, and corneal opacification tended to
improve. All eyes showed various degrees of superficial corneal
vascularization, but this gradually reduced, and its activity was
comparatively stable from 6 months after surgery. Symblepharon
formation was also significantly inhibited; 7 of the 19 eyes
showed PED at least once during the long-term follow-up. Ocular
hypertension was observed in a total of 3 eyes. Corneal infection
was observed mainly within 6 months after transplantation, and
methicillin-resistant staphylococcus aureus was found to be the
only cause of infection. Most recently, in order to clarify the
effectiveness, disease-specific results and safety of COMET, all of
the clinical data of all 72 patients treated with COMET since 2002
were analyzed (Sotozono et al,, 2013). The findings of this retro-
spective study confirmed that long-term visual improvement can
be obtained in end-stage severe OSDs, and that COMET offered
substantial visual improvement even for patients with severe tear
deficiency. The findings also showed that patients with corneal
blindness resulting from severe OSDs such as SJS benefited from
critical improvement of visual acuity. It was concluded that
COMET is a safe and effective treatment for improvement of the




