Good conventional visual acuity group

(logMAR)

0.80 — e

r=-0.55
0.60— P=002
0.40 ~
0.20 —
0.00 —

O ® O O.
[ ]
020 -] o] OO0 O
T T T T T T
40.00 5000 60.00 70.00 80.00 90.00 10000 (pts.)

The total composite NEI-VFQ-25 scores

O Conventional visual acuity @ Functional visual acuity l

FIGURE 7. Correlations between visual function and the total composite NEI VFQ-25 scores in the good conventional visual
acuity group of Stevens-Johnson syndrome patients. logMAR = logarithm of minimal angle of resolution.

observed between the composite NEI VFQQ-25 scores and
logMAR Landolt functional visual acuities in the good
conventional visual acuity group (r = 0.55, P = .02), while
no correlation was observed between the composite NEI
VEQ-25 scores and logMAR Landolt conventional visual
acuities in this group (r = 0.44, P = .06) (Figure 7).

® CORRELATION BETWEEN NEI VFQ-25 SCORES AND
CLINICAL FINDINGS: Table 5 shows the correlation be-
tween ocular complications and the total composite NEI
VEFQ-25 scores in SJS patients with aqueous tear deficiency
and SS patients. Strong significant correlations were ob-
served between total ocular surface grading score and the
composite NEI VFQ-25 scores in SJS patients with aque-
ous tear deficiency and SS patients (Table 5), and similarly
in SJS patients without aqueous tear deficiency (r = 0.51,
P = .002) (data not shown).

DISCUSSION

SEVERE OCULAR SURFACE DISEASE ASSOCIATED WITH SJS
has been reported to cause visual deterioration. However,
quantifying visual acuity in SJS patients has not been
assessed, although an interest in the quantitative interpre-
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tation of visual function has been rising over the last few
years, especially in the fields of refractive surgery, cataract,
and dry eyes, through analyses by contrast sensitivity,
contrast visual acuity, and wavefront analysis.” '” In this
report, we measured the functional visual acuity in addi-
tion to conventional visual acuity testing and evaluated
the relations between visual functions, ocular surface
clinical findings, and the vision-related quality of life in
SJS patients. We chose functional visual acuity testing for
the assessment of the visual function, which has been
shown to be efficient in the detection of “masked impair-
ment of visual function” in dry eye patients, since SJS is
known to be associated with severe dry eyes.?" >4

Visual function testing revealed several interesting find-
ings. First, visual acuities measured by conventional Lan-
dolt visual acuity testing were low in the SJS patients as
compared with SS patients and normal subjects. When we
focused on the visual function of the SS patients and
normal subjects, the functional visual acuity scores in the
SS patients were significantly lower than in the normal
subjects, although there were no differences in the con-
ventional visual acuities. In addition, the mean visual
maintenance ratios in the SJS patients were significantly
lower than in the SS patients, indicating that ability to
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maintain the best visual acuity in S]S patients had dete-
riorated more than in the SS patients.

The functional visual acuity examination has been
shown to be useful for the assessment of visual function
related to dry eyes in our previous reports.”" ~** A previous
report has also suggested the possibility that the functional
visual acuity examination might reflect the effect of ocular
surface findings and dry eye states on visual functions.® In
this report, we analyzed the relation of ocular surface
findings with visual function and quality of life in detail by
grading the severity of ocular surface findings. The clinical
severity scores of the examined ocular surface findings were
much higher in the SJS patients. We analyzed whether
visual disturbance and quality of life were similarly affected
in SJS and SS patients without corneal complications or
only with minimal corneal complications. Interestingly, we
observed that visual function and quality of life were
deteriorated in S]S patients with minimal corneal compli-
cations compared with SS patients. Moreover, we noted
more visual dysfunction and declined quality of life in SJS
patients with similar aqueous tear deficiency compared to
SS patients. According to the multiple linear regression
analysis, neovascularization, opacification, and keratiniza-
tion involving the optical axis appeared to have a signifi-
cant effect on the logMAR conventional visual acuities.
SPK, symblepharon, and conjunctivalization also had a
significant effect on the logMAR functional visual acuities.

Qur findings that a stronger correlation existed between
ocular surface grading score and logMAR functional visual
acuity compared to logMAR conventional visual acuity
suggest that functional visual acuity testing can indeed
reflect the effect of clinical complications of ocular surface
disease on visual function in SJS. In the correlations
between visual function and ocular surface grading scores
in the good, intermediate, and poor conventional visual
acuity groups in SJS patients, a strong positive significant
correlation was observed between total ocular surface
grading scores and logMAR Landolt functional visual
acuities in the good conventional visual acuity group and
intermediate conventional visual acuity group, while no
correlation was observed between total ocular surface
grading scores and logMAR Landolt conventional visual
acuities in these groups. These results suggest that func-
tional visual acuity reflects the effect of ocular surface
complications on visual function more sensitively in SJS
patients with good and intermediate conventional visual
acuities. The strong correlation of logMAR functional
visual acuity with ocular surface grading score also suggests
that functional visual acuity may be detecting the effect of
ocular surface disease severity on other visual functions
such as contrast, glare, or higher-order aberrations (com-
pared to conventional visual acuity testing), which needs
to be investigated in future studies employing the above-
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mentioned methodologies in conjunction with functional
visual acuity testing.

The mean of all VFQ)-25 subscale scores was remarkably
worse in the SJS patients compared to normal subjects.
Likewise, the mean of all subscale scores in SS patients was
significantly lower than in the normal subjects. When
analyzed in detail, only the subscale scores of “general
health” and “ocular pain” were worse, without marked
changes in other subscale scores. In SJS patients, as
compared with normal subjects, all VFQ-25 subscale
scores, especially “ocular pain,” “near activities,” “distance
activities,” “mental health,” “role difficulties,” and “driv-
ing,” were very low. These findings suggest that SJS
patients suffer from an actual limitation of vision-related
daily activity rather than a sense of decreased visual
performance and health decline.

A strong negative correlation was observed in the
relation between logMAR conventional visual acuities and
the VFQ-25 composite scores in this study, with a strong
correlation detectable for the relation between the
VFQ-25 composite scores and the logMAR functional
visual acuities.

We had noteworthy observations that patients with SJS
had significantly worse dry eye and visual symptom scores
compared to SS patients. We believe these observations
owe to the presence of a higher incidence of ocular surface
complications in SJS such as symblepharon, corneal opaci-
fication, and SPK.

One of the weak points of the current study is that SJS
patients, SS patients, and normal subjects were not age-
matched. However, it was actually difficult to recruit
subjects with age matching in the current study. In fact,
the age of onset of SS is usually beyond middle age, while
individuals have a risk to be involved with SJS at any age.
Moreover, recruitment of elderly individuals with normal
tear functions as normal control subjects is another chal-
lenging task. It should be noted that the VFQ-25 subscale
scores might have been affected by sex and age differences.
Another weakness was the lack of definitive diagnosis of
SJS/TEN by skin biopsy. We diagnosed S]S or TEN on the
history of the presence of cryptogenic fever and acute
inflammation of mucosal membranes, most commonly
after taking cold remedies, antibiotics, or anti-inflamma-
tory drugs, and on the presence of the chronic ocular
surface complications.

Overall, although standard visual acuity testing is a good
measurement of one aspect of visual function, the func-
tional visual acuity examination provided other important
and detailed information on visual functions related with
clinical findings and vision-related quality of life. In conclu-
sion, SJS patients with good or intermediate visual acuity
scores measured by conventional visual acuity testing were
found to suffer from lower vision-related quality of life, as
assessed by functional visual acuity testing and VFQ scores.

SEPTEMBER 2012

=115 -



ALL AUTHORS HAVE COMPLETED AND SUBMITTED THE ICMJE FORM FOR DISCLOSURE OF POTENTIAL CONFLICTS OF
Interest. None of the authors received lecture fees or equity payments from Nidek. Drs Kazuo Tsubota and Minako Kaido both hold patent rights for
the method and the apparatus for the measurement of functional visual acuity (US patent no: 7470026). All study centers received and shared an official
grant from the Japanese Ministry of Health and Welfare, Tokyo, Japan during the conduct of the study. Involved in conception and design (M.K., C.S.,
SK., K.T.); analysis and interpretation (M.K., C.S., K.T.); writing the article (M.K.); critial revision of the article (M.Y., CS., SK, J.S, Y.T,, Y.H,
T.C., K.T.); inal approval of the article (M.K., M.Y., C.S,, SK,, ]J.S, Y.T,, Y.H, T.C,, K.T.); data collection (M.K., M.Y., C.S,,].S,,Y.T,, Y.H,, T.C.);
provision of materials, patients, or resources (M.K., M.Y., C.S,,]J.S., Y.T., Y.H., T.C.); statistical expertise (M.K.); obtaining funding (M.K., M.Y., C.S.);
lierature search (M.K., C.S.); and administrative, technical, or logistical support (C.S., SK., K.T.). Ethics committee approvals for the examination
procedures and study protocol were obtained at each center for this prospective study (IRB approval number: 17-129, Keio University School of
Medicine, 20. 6, 2006). Written informed consent was obtained from each patient to participate in this study.

10.

11.

12.

13.

14.

15.

VoL. 154, NO. 3

REFERENCES

. Arsujo OE, Floweres FP. Steven-Johnson syndrome. ] Emerg

Med 1984;2(2):129-135.

. Tsubota K, Toda I, Saito H, Shinozaki N, Shimazaki J.

Reconstruction of the corneal epithelium by limbal allograft
transplantation for severe ocular surface disorders. Ophthal-
mology 1995;102(10):1486-1496.

. Power W], Ghoraishi M, Merayo-Llovers ], Neves RA, Foster

CS. Analysis of the acute ophthalmic manifestations of the
erythema multiforme/Stevens-Johnson syndrome/toxic epi-
dermal necrolysis disease spectum. Ophthalmology 1995;
102(11):1669-1676.

. Puangsricharern V, Tseng SCG. Cytologic evidence of cor-

neal disease with limbal stem cell deficiency. Ophthalmology
1995;102(19):1476-1485.

. Tsubota K, Satake Y, Kaido M, et al. Treatment of severe

ocular-surface disorders with corneal epithelial stem-cell
transplantation. N Engl ] Med 1999;340(22):1697-1703.

. Kaido M, Goto E, Dogru M, Tsubota K. Punctal occlusion in

the management of chronic Stevens-Johnson syndrome.
Ophthalmology 2004;111(5):895-900.

. Kaido M, Dogru M, Yamada M, et al. Functional visual

acuity in Stevens-Johnson syndrome. Am J Ophthalmol 2006;
142(6):917-922.

. Sotozono C, Ueta M, Koizumi N, et al. Diagnosis and

treatment of Stevens-Johnson syndrome and toxic epidermal
necrolysis with ocular complications. Ophthalmology 2009;
116(4):685-690.

. Rieger G. The importance of the precorneal tear film for the

quality of topical imaging. Br ] Ophthalmol 1992;76(3):157-
158.

Niesen U, Businger U, Hartmann P, Senn P, Schipper 1.
Glare sensitivity and visual acuity after excimer laser photo-
refractive for myopia. Br ] Ophthalmol 1997;81(2):136-140.
Ghaith AA, Daniel ], Stulting RD, Thompson KP, Lynn M.
Contrast sensitivity and glare disability after radial keratot-
omy and photorefractive keratectomy. Arch Ophthalmol 1998;
116(1):12-18.

Roland M, lester M, Maci A, Calabria G. Low spatial-
contrast sensitivity in dry eyes. Cornea 1998;17(4):376-379.
Liu Z, Pflugfelder SC. Corneal surface regularity and the
effect of artificial tears in aqueous tear deficiency. Ophthal-
mology 1999;106(5):939-943.

Nakamura X, Bissen-Miyajima H, Toda I, Hori Y, Tsubota K.
Effect of laser in situ keratomileusis correction on contrast
visual acuity. J Cataract Refract Surg 2001;27(3):357-361.
Huang FC, Tseng SH, Shih MH, Chen FK. Effect of artificial

tears on corneal surface regularity, contrast sensitivity, and

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

VISUAL PERFORMANCE IN STEVENS-JOHNSON SYNDROME

- 116 -

glare disability in dry eyes. Ophthalmology 2002;109(10):
1934-1940.

Bron A], Tifffany JM, Gouveia SM, Yokoi N, Voon LW.
Functional aspects of the tear film lipid layer. Exp Eye Res
2004;78(3):347-360.

Kojima T, Ishida R, Dogru M, et al. A new noninvasive tear
stability analysis system for the assessment of dry eyes. Invest
Ophthalmol Vis Sci 2004;45(5):1369-1374.

Puell MC, Benitez-del-Castillo J]M, Martinez-de-la-Casa ], et
al. Contrast sensitivity and disability glare in patients with
dry eye. Acta Ophthalmol Scand 2006;84(4):527-531.

Koh S, Maeda N, Hirohara Y, et al. Serial measurements of
high-order aberrations after blinking in patients with dry eye.
Invest Ophthalmol Vis Sci 2008;49(1):133-138.

Goto E, Yagi Y, Matsumoto Y, Tsubota K. Impaired func-
tional visual acuity of dry eye patients. Am J Ophthalmol
2002;133(2):181-186.

Goto E, Yagi Y, Kaido M, Matsumoto Y, Konomi K, Tsubota
K. Improved functional visual acuity after punctal occlusion
in dry eye patients. Am ] Ophthalmol 2003;135(5):704-705.
Ishida R, Kojima T, Dogru M, et al. The application of a new
continuous functional visual acuity measurement system in
dry eye syndrome. Am J Opthalmol 2005;139(2):253-258.
Goto E, Ishida R, Kido M, et al. Optical aberrations and
visual disturbances associated with dry eye. Ocul Surf 2006;
4(4):207-213.

Kaido M, Ishida R, Dogru M, Tamaoki T, Ysubota K. Efficacy
of punctum plug treatment in short break-up time dry eye.
Optom Vis Sci 2008;85(8):758-763.

Fox RI, Robinson CA, Curd JG, Kozin F, Howell FV.
Sjogren’s syndrome: proposed criteria for classification. Ar-
thritis Rheum 1986;29(5):577-585.

Sotozono C, Ang LP, Koizumi N, et al. New grading system
for the evaluation of chronic ocular manifestations in pa-
tients with Stevens-Johnson syndrome. Ophthalmology 2007;
114(7):1294-1302.

Van Bijsterveld OP. Diagnostic tests in the Sicca syndrome.
Arch Ophthalmol 1969;82(1):10-14.

Suzukamo Y, Oshika T, Yuzawa M, et al. Psychometric
properties of the 25-item National Eye Institute Visual
Function Questionnaire (NEI VF(Q-25), Japanese version.
Health Qual Life Outcome 2005;3:65.

Miyata K, Amano S, Sawa M, Nishida T. A novel grading
method for superficial punctuate keratopathy magnitude and
its correlation with corneal epithelial permeability. Arch
Ophthalmol 2003;121(11):1537-1539.

Bron AJ, Benjamin L, Snibson GR. Meibomian gland dis-
eases. Classification and grading of lid changes. Eye 1991;
5(Pt 4)395-411.

511



Biosketch

Minako Kaido graduated from the Medical University of Occupational and Environmental Health, Fukuoka, Japan in
1991. She joined Dr Tsubota’s dry eye and cornea team at Tokyo Dental College Ichikawa Hospital in 1995 and has been
a pivotal member of Dr Tsubota’s team at Keio University School of Medicine, Tokyo Japan since 2004. She received her
PhD degree in 2012. Dr Kaido’s work is focused on the treatment of dry eyes and functional visual acuity technology.

VOL. 154, NO. 3 VISUAL PERFORMANCE IN STEVENS-JOHNSON SYNDROME 511.el

- 117 -



Downloaded from bmjopen.bmj.com on May 1, 2013 - Published by group.bmj.com

Open Access

BM]

open

accessible rados restarch

To cite: Sotozono C,

Fukuda M, Ohishi M, et al.
Vancomycin Ophthalmic
Ointment 1% for methicillin-
resistant Sfaphylococcus
aureus or methicillin-resistant
Staphylococcus epidermidis
infections: a case series. BMJ
Open 2013;3:e001206.
doi:10.1136/bmjopen-2012-
001206

» Prepublication history for
this paper are available
online. To view these files
please visit the journal online
{http://dx.doi.org/10.1136/
bmjopen-2012-001206).

Received 11 June 2012
Revised 29 October 2012
Accepted 14 December 2012

This final article is available
for use under the terms of
the Creative Commons
Attribution Non-Commercial
2.0 Licence; see
http://bmjopen.bmj.com

For numbered affiliations see
end of article.

Correspondence to
Chie Sotozono;
csotozon@koto.kpu-m.ac.jp

Vancomycin Ophthalmic Ointment
1% for methicillin-resistant
Staphylococcus aureus or methicillin-
resistant Staphylococcus epidermidis
infections: a case series

Chie Sotozono,' Masahiko Fukuda,? Masao Ohishi,® Keiko Yano,* Hideki Origasa,®
Yoshinori Saiki,® Yoshikazu Shimomura,? Shigeru Kinoshita '

ABSTRACT

Objectives: To investigate the efficacy and safety of
Vancomycin Ophthalmic Ointment 1% (Toa
Pharmaceutical Co., Lid, Toyama, Japan) in patients
with external ocular infections caused by methicillin-
resistant Staphylococcus aureus (MRSA) or methicillin-
resistant Staphylococcus epidermidis (MRSE).
Design: A case series.

Setting: This study was a multicentre, open-label,
uncontrolled study in Japan approved as orphan drug
status.

Participants: Patients with MRSA or MRSE external
ocular infections unresponsive to the treatment of
fluorogquinolone eye drops.

Interventions: Vancomycin Ophthalmic Ointment 1%
was administered four times daily.

Primary and secondary outcome measures:

The subjective and objective clinical scores and bacterial
cultures were collected at days 0 (baseline), 3, 7 and 14.
The primary outcome was clinical response evaluation
(efficacy rate) determined as complete response, partial
response, no response and worsening. Secondary
outcome was the eradication of the bacteria. Safety was
assessed by adverse events including cases in which
neither MRSA nor MRSE was detected.

Results: Twenty-five cases with MRSA (20) or

MRSE (5) infections were enrolled. Of these 25 cases,
4 discontinued the treatment due to the negative
results for bacterial culture during screening or at
baseline. Of the 21 cases with conjunctivitis (14),
blepharitis (3), meibomitis (1), dacryocystitis

(2) or keratitis (1), 14 (66.7%) cases were evaluated as
being excellently (complete response, 2 cases)

or well ( partial response, 12 cases) treated. The
eradication rates were 68.4% in MRSA (13 of 19 cases)
and 100% in MRSE (2 of 2 cases). Ten adverse events
occurred in 7 (28.0%) of 25 cases at the local
administration site.

Conclusions: Vancomycin Ophthalmic Qintment

1% was considered to be useful for the treatment of
intractable ocular MRSA/MRSE infections.

 ARTICLE SUMMARY.

INTRODUCTION

Methicillin-resistant Staphylococcus avreus
(MRSA) was first reported in 1960, the same
year that methicillin was developed,’ and it is
still a bacteria that is frequently detected in hos-
pitals worldwide.? In the field of ophthalmology,
ocular infections such as dacryocystitis, conjunc-
tivitis and keratitis are often reported,”” and
infectious keratitis and endophthalmitis caused
by MRSA are increasing problems throughout
the world.®*° In recent years, the number of
multidrug-resistant MRSA strains showing resist-
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ance to other antibiotics such as aminoglycosides, minocy-
clin and fluoroquinolones has been on the rise.'"'
Staphylococcus epidermidis has developed the same bacterial
resistance as S aureus and has now been termed as
methicillinresistant S epidermidis (MRSE). Moreover, previ-
ous reports have shown that MRSE can cause ophthalmic
infections and blindness.* '°

Vancomycin, a glycopeptide antibiotic, is known to be
effective for treating MRSA infections. Since its injection
formulation was first approved for the indication of
infectious disease due to Gram-positive bacteria in 1958
in the USA, vancomycin has become an approved anti-
biotic throughout the world and is highly valued particu-
larly for the treatment of MRSA infections.” '° In the
therapy of ocular infections, a topical application of
vancomycin solutions prepared by in-house prescription
is often used.'® 17 However, vancomycin is unstable in an
aqueous solution. In addition, vancomycin solutions pre-
pared by in-house prescription using saline are acidic,
and the irritation of the solutions to tissues causes
patient compliance problems.'”

We first prepared vancomycin ophthalmic ointments
for the treatment of destructive MRSA keratitis postla-
mellar keratoplasty and found that the infectious kerati-
tis healed dramatically.* '® Considering the fact that
vancomycin is a drug that exerts its actions time depend-
ently,'® an ophthalmic ointment with high tissue reten-
tivity, is well suited for clinical use. Indeed, vancomycin
ophthalmic ointments remained at least 3 h after admin-
istration in a 5-year-old boy with severe MRSA keratitis. It
has been suggested that vancomycin ophthalmic oint-
ments remain longer on the ocular surface compared
with vancomycin solutions.'® However, those ointments
have proved to be difficult to prepare, and a commer-
cially made product with long-term stability that can be
distributed at an effective concentration to the site of an
infection has been in demand.

Vancomycin  Ophthalmic  Ointment 1%  (Toa
Pharmaceutical Co., Ltd, Toyama, Japan) was developed
for the treatment of MRSA/MRSE ocular infections.?’ In
2001, it was designated as an orphan drug for the treat-
ment of ‘ocular infections, such as blepharitis, conjunc-
tivitis and keratitis caused by MRSA and MRSE’ (Grant
No. 18-152, dated 23 April 2001). Thereafter, a phase I
study confirmed the safety and tolerability of vancomycin
ophthalmic ointment in healthy adult volunteers. In this
study, we investigated the efficacy and safety of
Vancomycin Ophthalmic Ointment 1% in patients with
external ocular infections caused by MRSA or MRSE.

MATERIALS AND METHODS

Study design

This study was a multicentre, open-label, uncontrolled
study approved as orphan drug status. The study protocol
was designed to evaluate the efficacy and safety of
Vancomycin Ophthalmic Ointment 1% in patients with
MRSA or MRSE external ocular infections. The study

included a 3-day (or more) screening period with the
treatment of fluoroquinolone eye drops, and a 14-day
treatment period during which patients received
Vancomycin Ophthalmic Ointment 1% (four times daily;
figure 1). It was approved by the institutional review
board at each study site. The study was carried out in
accordance with the tenets set forth in the Declaration of
Helsinki and in compliance with the ‘Good Clinical
Practice (GCP)’ stipulated by the Ministry of Health,
Labour and Welfare of Japan. Written informed consent
was obtained from each patient at the respective institu-
tion before the initiation of the study protocol.

Screening and eligibility

The subjects involved in this study were patients with
external ocular infections caused by MRSA or MRSE
who were diagnosed with conjunctivitis, blepharitis, hor-
deolum, meibomitis, dacryocystitis and keratitis after
presentation at 1 of 20 medical institutions in Japan
between February 2006 and February 2007. Patient
inclusion and exclusion criteria are shown in box 1.
Only the patients who met all of the inclusion criteria
were enrolled in this study.

Dosage regimen of the study drug

Vancomycin Ophthalmic Ointment 1% (containing
10 mg (potency) of vancomycin hydrochloride per
gram) was administered at a dose of around 1 cm
(approximately 50 mg) four times (morning, noon,
evening and before bedtime) daily. The study treatment
was started in the morning. The maximum treatment
period was 14 days, and the treatment was terminated
before 14 days in cases with diminishing subjective and
objective findings of ocular infection.

Evaluation methods

Efficacy

The results of the bacteriological evaluation and clinical
symptom assessment at days 3, 7 and 14 after the study

Patiens with MRSA or MRSE
external ocular infections

Screening period

(3 days or more) l quinoloneeye drops

Efigibility Determined Baseline {Day 0}

Treatmentperiod 1 Vancomycin ophthalmicointment 1%

{ 14 days)
Clinical symptom assessment Day3, 7 and 14
and Bacteriological evaluation
Figure 1 Study design. External ocular infections caused by

methicillin-resistant Staphylococcus aureus or methicillin-resistant
Staphylococcus epidermidis and cases in which fluoroquinolone
eye drops showed no clinical effect were enrolled.
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Box1 Inclusion/exclusion criteria.

treatment initiation, and at study treatment completion or
discontinuation, were evaluated and judged in comparison
with those at the study treatment initiation (day 0; base-
line). In cases with bilateral infection, either the severely
affected eye or the right eye was evaluated.

In the clinical symptom assessment, symptoms and
findings were scored according to the evaluation criteria,
and the course of clinical symptoms at screening, at day 0
(baseline) and at days 3, 7 and 14 after the study treat-
ment initiation, and study treatment completion or dis-
continuation were evaluated. Eye discharge, eye pain,
foreign body sensation, photophobia and lacrimation as
symptoms and redness (hyperaemia) and oedema (swel-
ling), swelling of the eyelid, lacrimal-sac fluid reflux and
keratitis as objective findings were classified into four
levels and recorded as follows: notably severe (+++),
3 points; marked (++), 2 points; obvious (+),1 point; and
none (—), 0 points.

In the bacteriological evaluation, samples for bacterial
culture and identification were collected with sterile
swabs from the eyes of patients at screening, at day 0
(baseline) and at days 3, 7 and 14 after the study treat-
ment initiation, and at study treatment completion or
discontinuation. These samples were inoculated into
aerobic media, and the antibiotic sensitivity of the iso-
lated bacterial strains was tested at the central laboratory
for microbial testing (Research Foundation for
Microbial Diseases of Osaka University). The effect

towards negative conversion at days 3, 7 and 14 was cal-
culated and evaluated.

The efficacy was determined as complete response (eradi-
cation of detected bacteria (estimated causative bacteria,
hereinafter referred to as ‘the bacteria’) within 4 days
and the disappearance of main symptoms within
1 week), partial response (1) eradication of the bacteria
within 1 week and the disappearance of main symptoms
within 2 weeks, (2) eradication of the bacteria within
4 days and a symptom score changed to >1/4 to <1/2
within 1 week or (3) no eradication of the bacteria but a
symptom score changed to <1/3 within 1week), no
response (efficacy not corresponding to partial response
or better) and worsening (deterioration of the main
symptoms or symptom score compared with those at
baseline).

Safety evaluation

All adverse drug reactions (ADRs) were recorded, and
the frequency and incidence of the ADRs were then
evaluated.

Analysis methods

Efficacy

The main efficacy analysis population was defined as a
‘full analysis set (FAS)’ not including patients with major
GCP violations. Analyses in a ‘per protocol set (PPS)’,
the population meeting the protocol criteria, were also
performed. The results of the bacteriological evaluation
and clinical symptom assessment were classified into five
levels (complete response, partial response, no response,
worsening and indeterminate) and a frequency table
was then prepared. In addition, the percentage of
patients with complete response and a partial response
was calculated as an ‘efficacy rate’ that was evaluated by
a one-sample exact test (two-sided significance level of
0.05: null hypothesis, efficacy rate: 10%) based on a
binomial distribution. The 95% ClIs for the efficacy rates
were also calculated. In the bacteriological evaluation,
the percentages of patients with eradication of MRSA or
MRSE at the treatment completion or discontinuation
were calculated as eradication rates.

Safety

In a ‘safety population (SP)’, patients who received at
least one dose of the study drug and excluding those
with major GCP violations, the frequency (number of
patients with ADRs, number of ADRs and incidence)
was tabulated by a system organ. Causal relationship,
severity and outcomes in each ADR were judged by the
attending physician.

RESULTS

Disposition of patienis

In regard to the analysis populations, 25 patients, not
including a patient with a major GCP violation, were
adopted to the SP. Of the 25 patients in the SP, 4 patients
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with treatment discontinuation due to negative results
for bacterial culture during screening or at baseline
were excluded, and 21 patients were included in the
FAS. Of the 21 patients adopted into the FAS, 3 patients
with protocol deviations were excluded and 18 patients
were included in the PPS (table 1). As to the demo-
graphic characteristics of the patients, the mean age was
72.1£14.0 years (hereinafter: mean+SD).

Efficacy

In the clinical response evaluation (efficacy rate) defined
as the primary endpoint, the efficacy rate was 66.7% in
both the FAS and PPS. It was significantly higher in both
populations as compared with the efficacy rate of 10%
specified in the null hypothesis (p<0.001). The 95% CIs
for the efficacy rate were 43-85.4% in the FAS and
41-86.7% in the PPS. In the evaluation by bacterial

strain, the efficacy rates for MRSA were 63.2% in the FAS
and 62.5% in the PPS. The efficacy rates for MRSE were
100% in both the FAS and PPS. In the evaluation by
disease, conjunctivitis was most frequent, and the efficacy
rates were 71.4% in the FAS and 72.7% in the PPS
(table 2). In the bacteriological evaluation, the eradica-
tion rates were 68.4% (13 of 19 cases) for MRSA and
100% (2 of 2 cases) for MRSE in the FAS (figure 2).

Safety

Ten ADRs occurred in seven (28%) patients, and all the
ADRs occurred at the local administration site. The
main ADRs were eyelid oedema in three (12%) patients
and conjunctival hyperaemia in three (12%) patents.
Eyelid oedema, increased eye discharge and swelling of
the face were moderate, and the other events such as
conjunctival hyperaemia, abnormal sensation in the eye

4 Sotozono G, Fukuda M, Chishi M, et al. BMJ Open 2013;3:e001206. doi:10.1136/bmjopen-2012-001206
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Culture positive case numbers

Day 3

Day 0
(baseline)

Figure 2 Bacteriological evaluation at 3, 7 and 14 days after
initiation of treatment.

and pruritus at the application site were mild. Treatment
was discontinued only in one patient with atopic derma-
titis who developed swelling of the face and bilateral
swelling of the eyelid. All the ADRs were confirmed to
have resolved after the study completion.

DISCUSSION
In recent reports on drug-susceptibility of detected bac-
teria in the field of ophthalmology, the resistance rates of
MRSA to ophthalmic antibiotics such as levofloxacin, cef-
menoxime and erythromycin have risen. In contrast, the
susceptibility rate of MRSA to vancomycin is reportedly
still 100%.2 '' '*'® Physicians in the clinical setting use
ophthalmic solutions prepared by in-house prescription
from bulk powder for injection, and their efficacy for
MRSA or MRSE ocular infections has been previously
reported.4 1617 Nonetheless, vancomycin for local ophthal-
mic use has yet to become available on the open market.

Since vancomycin exerts its actions time dependently,'®
an ophthalmic ointment with high tissue retentivity is
well suited for clinical use. Vancomycin Ophthalmic
Ointment 1% is a product with good stability achieved by
creating an ophthalmic ointment in which vancomycin is
dispersed in an oily base.?® ! This case series showed that
Vancomycin Ophthalmic Ointment 1% is useful for the
treatment of external ocular MRSA or MRSE infections.

In this study, the subjects were defined as patients in
whom MRSA or MRSE was detected in a bacterial test, and
moreover, whose symptoms did not improve after local
treatment with fluoroquinolone eye drops. Due to such
strict inclusion criteria, the number of patients enrolled is
small. It was difficult to obtain participants in whom
acutely severe infections occurred. In most of the hospitals
involved in this study, vancomycin solutions prepared by
in-house prescription had already been used for sight-
threatening severe infections such as severe MRSA kerati-
tis. Most of the cases in this study were chronic and/or pro-
longed mild infections in elderly patients.

Of the total 25 patients, 10 ADRs occurred in 7 (28%)
patients, and all the ADRs occurred at the local

administration site. The main ADRs were eyelid oedema in
three (12%) patients and conjunctival hyperaemia in three
(12%) patients. All of the ADRs were confirmed to have
resolved after the study completion. In terms of the sys-
temic distribution following the administration of vanco-
mycin ophthalmic ointment, plasma concentrations after
administration were below the detection limit in all subjects
in the phase I study. Vancomycin ophthalmic ointment was
presumably a product that would be quite unlikely to cause
systemic ADRs based on its pharmacokinetics.

The proportion of MRSA in conjunctival bacterial
flora is reportedly high in elderly individuals and in
patients with atopic dermatitis or neonates.”***
Postoperative endophthalmitis or keratitis can occur in
these MRSA carriers, and the application of vancomycin
in conjunctival MRSA carriers might be effective in pre-
venting MRSA infections.

There has been concern about the growing resistance
of S aureus to vancomycin.® Particular attention should
be paid to not facilitate the growth of bacterial resistance
to vancomycin. MRSA isolated from ocular infections is
often susceptible to chloramphenicol, fourth-generation
fluoroquinolones and other antibiotics.'® *° Thus, it is
preferable to use Vancomycin Ophthalmic Ointment
1% only for a short period of time and only for patients
who specifically require this new drug.
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Visual Improvement after Cultivated Oral
Mucosal Epithelial Transplantation

Chie Sotozono, MD, PhD,! Tsutomu Inatomi, MD, PhD,! Takahiro Nakamura, MD, PhD,’

Noriko Koizumi, MD, PhD," Norihiko Yokoi, MD, PhD,! Mayumi Ueta, MD, PhD,! Kotone Matsuyama, BS,?
Keiko Miyakoda, MS, MPH ,? Hideaki Kaneda, MD, PhD,? Masanori Fukushima, MD, PhD,?

Shigeru Kinoshita, MD, PhD!

Purpose: To report the effectiveness, disease-specific outcomes, and safety of cultivated oral mucosal
epithelial sheet transplantation (COMET), with the primary objective of visual improvement.

Design: Noncomparative, retrospective, interventional case series.

Participants: This study involved 46 eyes in 40 patients with complete limbal stem cell deficiency (LSCD)
who underwent COMET for visual improvement. These LSCD disorders fell into the following 4 categories:
Stevens-Johnson syndrome (SJS; 21 eyes), ocular cicatricial pemphigoid (OCP; 10 eyes), thermal or chemical
injury (7 eyes), or other diseases (8 eyes).

Methods: Best-corrected visual acuity (BCVA) and ocular surface grading score were examined before surgery;
at the 4th, 12th, and 24th postoperative week; and at the last follow-up. Data on COMET-related adverse events and
postoperative management were collected. The outcomes in each disease category were evaluated separately.

Main Outcome Measures: The primary outcome was the change in median logarithm of the minimum angle
of resolution (logMAR) BCVA at the 24th postoperative week. The secondary outcome was the ocular surface
grading score.

Results: Median logMAR BCVA at baseline was 2.40 (range, 1.10 to 3.00). In SJS, logMAR BCVA improved
significantly during the 24 weeks after surgery. In contrast, the BCVA in OCP was improved significantly only at
the 4th postoperative week. In 6 of the 7 thermal or chemical injury cases, logMAR BCVA improved after planned
penetrating keratoplasty or deep lamellar keratoplasty. Grading scores of ocular surface abnormalities improved in all
categories. Of 31 patients with vision loss (logMAR BCVA, >2) at baseline, COMET produced improvement (logMAR
BCVA, =2) in 15 patients (48%). Visual improvement was maintained with long-term follow-up (median, 28.7 months).
Multivariate stepwise logistic regression analysis showed that corneal neovascularization and symblepharon were
correlated significantly with logMAR BCVA improvement at the 24th postoperative week (P = 0.0023 and P = 0.0173,
respectively). Although postoperative persistent epithelial defects and slight to moderate corneal infection occurred in
the eyes of 16 and 2 patients, respectively, all were treated successfully with no eye perforation.

Conclusions: long-term visual improvement was achievable in cases of complete LSCD. Cultivated oral
mucosal epithelial sheet transplantation offered substantial visual improvement even for patients with end-stage
severe ocular surface disorders accompanying severe tear deficiency. Patients with corneal blindness such as
SJS benefited from critical improvement of visual acuity.

.Financial Disclosure(s): The author(s) have no proprietary or commercial interest in anymaterials discussed
in this article. Ophthalmology 2013;120:193-200 © 2013 by the American Academy of Ophthalmology.

<

Corneal renewal and repair are mediated by corneal epithelial
stem cells situated mainly in the limbus, the narrow region
between the cornea and the bulbar conjunctiva.' Damage or
depletion of the corneal epithelial stem cells, known as
limbal stem cell deficiency (ILSCD), leads to conjunctival
invasion that results in vascularization and scarring of the
cornea with an associated profound loss of vision.' Limbal
stem cell deficiency can be caused by Stevens-Johnson
syndrome (SJS), ocular cicatricial pemphigoid (OCP), and
thermal or chemical injury, which are all characterized by
the loss of corneal epithelial stem cells. Such LSCD may
cause severe ocular surface diseases (OSDs) in which cic-
atrization resulting from conjunctival fibrosis, symblepha-

© 2013 by the American Academy of Ophthalmology
Published by Elsevier Inc.

ron, and severe dry eye greatly disrupt visual function and
can progress gradually with chronic inflammation.>~* To
date, few effective medical or surgical treatments for severe
OSDs have been available.’'*

Since 1998, the authors have used amniotic membrane
transplantation to treat severe OSDs. Amniotic membrane
exhibits an anti-inflammatory effect and also acts as a
substrate for epithelialization.’® The results of previous
studies have shown that amniotic membrane transplantation
alone'”'® or amniotic membrane transplantation combined
with limbal transplantation®!?-*° promoted epithelialization,
reduced pain, reconstructed the fornix, and minimized in-
flammation of the ocular surface to a remarkable degree in

ISSN 0161-6420/13/$—see front matter 193
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patients with severe OSDs. Based on these promising re-
sults, novel methods have been developed for the culti-
vation of allogeneic corneal”®?' or autologous oral
mucosal?*~>" epithelial cells on a denuded amniotic mem-
brane. Immunologic rejection and increased risk of infec-
tion or systemic adverse effects associated with the long-
term immunosuppressive therapy accompanying allograft
transplantation® encouraged changing to autologous culti-
vated oral mucosal epithelial transplantation (COMET) in
patients with severe OSDs in 2002.%-11-2326

To clarify the effectiveness, disease-specific outcomes, and
safety of COMET, all of the clinical data from all 72 patients
that the authors treated with COMET since 2002 were ana-
lyzed. The objective of this present study was to summarize the
long-term clinical outcomes of 40 of those 72 patients who
underwent COMET with the primary objective of visual im-
provement between June 2002 and December 2008.

Patients and Methods

Patients

Autologous COMET was performed on consecutive patients who
were diagnosed with total LSCD based on the complete disappear-
ance of the palisades of Vogt and 360° of conjunctivalization.' The
COMET treatment protocol was approved by the ethical review
board of Kyoto Prefectural University of Medicine, Kyoto, Japan,
in 2002. The final decision to perform COMET was made by the
university’s team of corneal specialists. Before the surgery, written
informed consent was obtained from all patients in accordance with
the tenets of the Declaration of Helsinki for research involving human
subjects. The current retrospective study used an itemized data col-
lection form, and the medical records of all patients who underwent
COMET between June 2002 and December 2008 were examined
retrospectively. This retrospective study protocol was approved by the
ethical review board of Kyoto Prefectural University of Medicine in
2009. In this study, 40 of the 72 patients who underwent COMET
were analyzed with the primary objective of visual improvement.

Cell Culture

All of the COMET sheets were prepared at the good manufactur-
ing practices —graded Cell Processing Center at Kyoto Prefectural
University of Medicine as previously described.?*>® Autologous
oral mucosal epithelial cells were obtained from a 6-mm—diameter
biopsy specimen obtained from each patient’s buccal mucosa, and
the cells then were cultured on an amniotic membrane spread on
the bottom of a culture insert and were cocultured with mitomycin
C-inactivated 3T3 fibroblasts (NIH-3T34; RIKEN Cell Bank, Tsu-
kuba, Japan). The cultured cells were submerged in medium for
approximately 1 week and then were exposed to air by lowering

. the medium level (airlifting) for 1 to 2 days. All amniotic mem-
brane was obtained from caesarean sections according to the
preparation method described previously.?* Although fetal bovine
serum initially was used as a culture medium, autologous serum
was used in later cultures to reduce the risk of transmitting non-
human pathogens.>®

Transplantation and Postoperative Management

The surgical procedure (see the Supplemental Video, available at
http://aaojournal.org) and postoperative management have been
described previously.>*> In patients with severe symblepharon or

194

a large area of bare sclera exposed during surgery, amniotic
membrane was transplanted onto the bare sclera to reconstruct
conjunctival fornices.'® In patients with a cataract, phacoemulsi-
fication and aspiration plus intraocular lens implantation were
performed simultaneously with COMET. No penetrating kerato-
plasty or deep lamellar keratoplasty was performed simultaneously
with COMET. For patients with severe corneal stromal opacity, a
2-step surgical approach was planned, with the first step being
COMET and the second step being either penetrating or deep
lamellar keratoplasty.””

Systemic corticosteroid (betamethasone, 1 mg/day) and cyclo-
sporine (2 to 3 mg/kg daily) were administered to prevent postop-
erative inflammation and immunologic response and then were
tapered, depending on the clinical findings. Dexamethasone (0.1%)
and antibiotic eye drops were instilled 4 times daily. Dry-eye
patients were administered artificial tears. A therapeutic soft con-
tact lens was used for at least 1 month to protect transplanted
epithelium from mechanical ablation.

Postoperative Follow-up and Outcomes

Best-corrected visual acuity (BCVA) was converted to the loga-
rithm of the minimum angle of resolution (logMAR). Ocular
surface conditions including corneal appearance (epithelial de-
fects, clinical conjunctivalization, neovascularization, opacifica-
tion, keratinization, and symblepharon) were graded by at least 2
ophthalmologists (C.S., T.I., and T.N.) on a scale from 0 to 3
according to their severity, in accordance with a previously re-
ported grading system.>” Severe OSDs are characterized by an
associated loss of conjunctival stem cells, and the severity of
conjunctival involvement affects the visual prognosis. There-
fore, findings on upper and lower fornix shortening were added
to evaluate the grade of conjunctival appearance. Fornix short-
ening was graded from O to 3 based on the following clinical
features: normal depth (grade 0), shortened by less than one
quarter (grade 1), shortened by one quarter to one half (grade
2), and shortened by more than one half (grade 3). Upper and
lower fornix shortenings were graded separately. The sum of
each grading score was defined as the ocular surface grading
score (maximum, 24).

Each patients logMAR BCVA, ocular surface grading score,
and data on adverse events related to COMET or postoperative
management were collected from the medical records at these
specific time points: before surgery; at the 4th, 12th, and 24th
postoperative weeks; and at the last follow-up examination. The
primary outcome was the change in logMAR BCVA at the 24th
postoperative week. Because other ocular diseases can affect this
visual outcome, a secondary outcome, the ocular surface grading
score, also was defined.

Statistical Analysis

The change in BCVA and ocular surface grading score from
baseline at each visit, except for the last visit, was analyzed using
the Wilcoxon signed-rank test in each disease category (SIS, OCP,
thermal or chemical injury) except for other diseases. Multivariate
stepwise logistic regression analysis was used to determine the
factors influencing visual improvement.

This study defined the critical visual improvement rate as the
proportion of patients in whom BCVA at the 24th postoperative
week had improved to at least 0.01, as a percentage of the patients
with a BCVA of less than 0.01 at baseline. Patients with a visual
acuity of 0.01 or more can read and walk using vision aids. Thus,
an improvement to at least 0.01 indicates a capacity for indepen-
dence in daily life. If data were missing from the 24th postoper-
ative week, data from follow-up at the last visit were substituted.
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Eligible for COMET
(72 cases, 81 eyes, 86 surgeries)

v

Corneal reconstruction for vision improvement

40 cases (46 eyes, 47 surgeries)

Number of surgeries

One eye (1 time) 33 cases
Both eyes (1 time for each) 6 cases
One eye (2 times) 1 case

Corneal reconstruction for the management of
acute phase persistent epithelial defect (PED)
9 cases (10 eyes, 10 surgeries)

Conjunctival fornix reconstruction

21 cases (22 eyes, 22 surgeries)

Others 5 cases (5 eyes, 7 surgeries)

Reconstruction of ocular surface after

tumor resection
4 cases (4 eyes, 6 surgeries)
Cosmetic

1 case (1 eye, 1 surgery)

A Y

A 4

Thermal/chemical

6 cases, 7 eyes

Others

Idiopathic stem cell deficiency

8 cases, 9 eyes

3 cases, 3 eyes

Stevens-Johnson Ocular
syndrome cicatricial injury
17 cases, 21 eyes pemphigoid
9 cases,
10 eyes

Radiation keratopathy
1 case, 1 eye, 2 surgeries

Graft-versus-host disease

1 case, 1 eye
Congenital aniridia

1 case, 1 eye
Salzmann’s corneal

degeneration 1 case, 1 eye

Drug toxicity 1 case, 1 eye

Figure 1. Diagram showing flow of study. Seventy-two patients (81 eyes) underwent cultivated oral mucosal epithelial sheet transplantation (COMET)
between June 2002 and December 2008, and 40 patients (46 eyes) were analyzed for visual improvement in this study. Both corneal reconstruction and
conjunctival fornix reconstruction were carried out in 3 cases, in the same eye in 1 case, and counted separately.

All statistical analyses were conducted at the Translational
Research Informatics Center (Kobe, Japan) with the use of SAS
software, version 9.1 (SAS Inc, Cary, NC) or JMP software,
version 8.2 (SAS Inc). P values of less than 0.05 were considered
statistically significant.

Results

Patient Characteristics

Between 2002 and 2008, 47 COMETs (46 eyes in 40 patients)
were performed on 21 eyes with SJS, 10 eyes with OCP, 7 eyes
with thermal or chemical injury, and 9 eyes with other causes of
LSCD (Fig 1). Although 23 eyes (48.9%) previously had been
treated with ocular surgery, all of these previous treatments had

failed and recurrence of fibrovascular ingrowth on the cornea was
observed. Of the 47 surgeries performed, symblepharon and kera-
tinization of the cornea were present in 37 eyes (78.7%) and 10
eyes (21.3%), respectively, thus indicating that most of the eyes
were inflicted with end-stage severe OSDs (Table 1).

Outcomes of Cultivated Oral Mucosal Epithelial
Sheet Transplantation

Cultivated autologous oral mucosal epithelial sheets were gener-
ated successfully from all patients. In all patients, COMET was
performed successfully and no epithelial damage was observed
during surgery. Cultivated oral mucosal epithelial sheet transplan-
tation was combined with amniotic membrane transplantation in
34 (72%) of the 47 surgeries and with cataract surgery in 11 eyes
(23%; Table 2, available at http://aaojournal.org). In 10 patients

195
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Table 1. Baseline Characteristics in Patients Who Underwent Autologous Cultivated Oral Mucosal Epithelial Transplantation

Stevens-Johnson Ocular Thermal/Chemical
Total Syndrome Pemphigoid Injury Others

No. of COMETs 47 10 7 9
Age (yrs)

Median 57.0 73.5 50.0 34.0

Range 9-86 14-71 62-86 27-19 9-75
Duration of illness (yrs)

Median 12.3 17.9 3.5 6.0 5.08

Range 0.3-40.0 3.0-38.0 0.3-15.0 0.5-24.0 0.5-40.0
Prior ocular surgery (%) 23 (48.9) 9(42.9) 4 (40.0) 3(42.9) 7(71.8)
Planned 2-step operations (%) 10 (21.3) 2(9.5) 0(0) 6 (85.7) 2(22.2)
Symblepharon (%) 37 (78.7) 18 (85.7) 10 (100.0) 6(85.7) 3 (33.3)
Keratinization (%) 10 (21.3) 8 (38.1) 1(10.0) 0(0) 1(11.1)
Preoperative visual acuity™® B

Median 2.40 2.70 2.70 2.40

Range 1.11-3.00 1.40-3.00 1.52-2.70 1.22-2.70 1.10-2.70
Preoperative ocular surface grading score

Median 14.0 15.0 17.0 13.0 8.0

Range 5.0-21.0 8.0-21.0 10.0-21.0 7.0-17.0 5.0-19.0

COMET = autologous cultivated oral mucosal epithelial transplantation.

*Logarithm of the minimum angle of resolution units.

with severe corneal stromal opacity, a 2-step surgical approach
was planned, with COMET followed by penetrating keratoplasty
or deep lamellar keratoplasty.”™ Three patients underwent the
second surgery before the 24th postoperative week and 5 patients
underwent the surgery after the 24th week, but 2 patients did not
undergo the second surgery during the study period.

The median preoperative logMAR BCVA was 2.40, and in 31
of the eyes (66%), visual acuity was poorer than 20/2000 (<0.01,
logMAR >2). The median preoperative ocular surface grading
score was 18.0 (range, 5 to 21). The median patient follow-up
period with observation of the primary outcome was 28.7 months
after transplantation (range, 6.2 to 85.6 months). Because of het-
erogeneous etiologic mechanisms, the outcomes in each category
are described separately.

Disease-Specific Outcomes

Stevens-Johnson Syndrome. Seventeen patients with SJS under-
went COMET (Table 2, available at http://aaojournal.org). The
BCVA improved significantly at 4, 12, and 24 weeks after surgery
(P = 0.0005, P = 0.0010, and P = 0.0117, respectively; Fig 2A).
The ocular surface grading score also improved significantly at 4, 12,
and 24 weeks after surgery (P<<0.0001 for each time point; Fig 2B).

Ocular Cicatricial Pemphigoid. Nine patients (10 eyes) with
OCP underwent COMET (Table 1). All 9 patients were older than
60 years, older than many of the patients in this study with other
diseases (Table 2, available at http://aaojournal.org). The BCVA
was improved significantly at the 4th postoperative week (P =
0.0156), but this improvement later disappeared (Fig 2A). In
contrast, improvement of the ocular surface grading score was
sustained throughout the follow-up period (P = 0.0020, P =
0.0020, and P = 0.0078, respectively; Fig 2B).

Thermal or Chemical Injury. Seven patients (7 eyes) with
thermal or chemical injury underwent COMET. Their BCVA did
not change until the 24th postoperative week; however, the ocular
surface grading score in all 7 patients improved significantly (P =
0.0156 for each visit; Fig 2A, B). Although penetrating kerato-
plasty or deep lamellar keratoplasty surgery was planned for 6 of
these 7 patients, only 2 patients underwent this second surgery
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before the 24th postoperative week visit. Both the BCVA and
ocular surface score improved in all 7 patients after the planned
surgeries were performed.

Others. Eight other patients underwent COMET: 3 with idio-
pathic stem cell deficiency, 1 with radiation keratopathy, 1 with
graft-versus-host disease, 1 with congenital aniridia, 1 with Salz-
manns corneal degeneration, and 1 with drug-toxicity—induced
LSCD. In 6 of these 8 patients, BCVA was improved significantly;
however, no improvement was seen in 2 of these patients (Table 2,
available at http://aaojournal.org; Fig 2A). The 2 patients with no
improvement had severe dryness on the ocular surface and had the
highest ocular surface grading score in this group. In addition,
severe lagophthalmos was present in the 1 patient with radiation
keratopathy because of severe lid scarring after irradiation for
retinoblastoma. One other patient with graft-versus-host disease
had longstanding inflammation on the ocular surface. In both of
these 2 cases, keratinization and symblepharon progressed gradu-
ally after COMET. Six patients who demonstrated improvement
had a low preoperative ocular surface grading score, yet this score
was improved considerably in all patients at the 24th postoperative
week (Table 2; Fig 2B).

Critical Visual Improvement Rate

The critical visual improvement rate for SIS, OCP, and thermal or
chemical injury was 50.0% (7/14), 42.9% (3/7), and 20.0% (1/5),
respectively, although the second planned surgery>® (penetrating
or deep lamellar keratoplasty) had yet to be carried out at the 24th
postoperative week in 7 of 10 eyes. The clinical observations on
both preoperative and postoperative anterior segment slit-lamp
photographs are shown in Figure 3 (available at http://aacjournal.
org). All patients demonstrated an improvement in their BVCA to
0.01 or more, from a baseline condition of vision loss.

Factors Influencing Visual Improvement

Multivariate stepwise logistic regression analysis was used to
estimate the factors influencing postoperative visual acuity after
COMET, and the following factors were chosen as variables:
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Figure 2. Graphs showing preoperative (Pre) and postoperative clinical outcomes. A, Best-corrected visual acuity (BCVA). The BCVA values for each
patient are shown grouped according to the cause of corneal dysfunction: Stevens-Johnson syndrome (SJS), ocular cicatricial pemphigoid (OCP), thermal
or chemical injury, and others. The change in BCVA from baseline at each visit, except for the last visit, was analyzed using the Wilcoxon signed-rank
test in each disease category (S]S, OCP, thermal or chemical injury) except others. Open circles represent cases treated with autologous cultivated oral
mucosal epithelial transplantation (COMET) only. Triangles represent cases treated with a planned 2-step surgical combination of COMET followed by
penetrating keratoplasty (PK) or deep lamellar keratoplasty (DLKP). Open triangles are before the second operation, and closed triangles are after the
second operation. The horizontal line within each box represents the median value, the bottom and top lines of the box represent the 25th and 75th
percentiles, respectively, and the horizontal lines below and above the box represent the lowest and highest values, respectively (or are located 1.5 times
the interquartile range away from the box). *P<0.05, **P<0.01, ***P<<0.001 (2-sided). B, Total ocular surface grading score. Ocular surface grading
scores for each patient were calculated and are shown according to each cause of corneal dysfunction: SJS, OCP, thermal or chemical injury, and others.
Scores for 8 components of the ocular surface were calculated by the grading system. The total scores before surgery and at the 4th, 12th, and 24th
postoperative weeks and at last follow-up examination were calculated. Open circles represent patients treated with COMET only. Triangles represent
patients treated with a planned 2-step surgical combination of COMET followed by PK or DLKP. Open triangles are before the second operation, and
closed triangles are after the second operation. The change in ocular surface grading score from baseline at each visit, except for the last visit, was analyzed
using the Wilcoxon signed-rank test in each disease category (S]S, OCP, thermal or chemical injury) except others. The horizontal line within each box
represents the median value, the bottom and top lines of the box represent the 24th and 75th percentiles, respectively, and the horizontal lines below
and above the box represent the lowest and highest values, respectively (or are located 1.5 times the interquartile range away from the box). *P<0.05,
##P<(.01, ***P<0.001 (2-sided). w = weeks.
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Table 3. Summary of Adverse Events in Patients Who Underwent Autologous Cultivated Oral
Mucosal Epithelial Transplantation

Disease Category

Stevens-Johnson

Ocular Cicatricial ~ Thermal or Chemical

Event Total Syndrome Pemphigoid Injury Others

Hepatic dysfunction 1 1
Drug-induced allergy 1 1
Persistent epithelial defect 16 10 3 2 1
Corneal stromal melting after the 2 1 1

epithelial defect
Qcular infection (keratitis, 2 2

endophthalmitis)
Infiltration 3 2 1
Elevation of IOP resulting from 4 1 2 1

steroid use

IOP = intraocular pressure.
No life-threatening serious adverse events were observed.

disease category, patient age, 2-step surgery, combination with
amniotic membrane transplantation, combination with cataract sur-
gery, preoperative logMAR BCVA, and the 8 components of the
ocular surface grading system. Corneal neovascularization and
symblepharon were found to be correlated significantly with log-
MAR improvement at the 24th postoperative week (P = 0.0023
and P = 0.0173, respectively). Visual prognosis was better in the
eyes with slight symblepharon than in the eyes with severe sym-
blepharon. In contrast, it was better in the eyes with severe neo-
vascularization than in the eyes with slight neovascularization.

Adverse Events

A summary of the adverse events in the 40 patients who underwent
COMET is shown in Table 3. No life-threatening serious adverse
events were observed in any of the transplantations. Systemically,
moderate liver dysfunction occurred in 1 patient (2.5%; 95%
confidential interval [CI], 0.1 to 13.2), but liver function normal-
ized after the discontinuationof systemic drugs.

Postoperative persistent epithelial defects occurred in the eyes
of 16 (40.0%) of the 40 patients (95% CI, 24.9 to 56.7), and rather
frequently in the SIS eyes (60.0% of SJS patients). Corneal stro-
mal melting after the epithelial defect occurred in 2 patients (5.0%;
95% CI, 0.6 to 16.9), but neither eye became perforated. All of
these patients were treated successfully. Slight to moderate corneal
infection occurred in 2 patients (5.0%; 95% CI, 0.6 to 16.9);
however, both patients healed without scarring. A suspected in-
fection with cell infiltration on the cornea®® occurred in 3 patients,
yet in each patient, it healed within 1 week after receiving a topical
instillation of antibiotics. Although a slight elevation of intraocular
pressure resulting from steroid use was seen in 4 patients (10.0%;
95% CI, 2.8 to 23.7), this returned to the normal range after
reduction of the steroid dose. None of the patients required glau-
coma surgery.

Discussion

Severe OSD has proven to be one of the most difficult
disorders to treat, and for many patients, vision loss is the
end result.>®-3! Keratoprosthesis surgery is one possible way
to obtain visual improvement in end-stage severe OSDs;
however, serious complications such as endophthalmitis,
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glaucoma, and tissue melting can arise, especially in SJS or
OCP, and can lead to permanent vision loss.>*’

At the beginning of 2002, the authors performed ocular
surface reconstruction using tissue-engineered autologous
oral mucosal epithelial sheets for the first time.>* In a report
of the initial results from the first 12 cases, the successful
long-term engraftment of cultivated oral mucosal cells and
their transparency was confirmed.** Since then, COMET
has been used to treat OSD patients, with careful consider-
ation of the surgical indications.”* 2% The authors per-
formed 86 COMET operations between 2002 and the end of
2008 for visual improvement, epithelialization of persistent
epithelial defects, or conjunctival reconstruction (Fig 1).

In this study, the clinical efficacy and safety of 47
COMETs were evaluated for visual improvement. In 23
eyes (48.9%), previous ocular surgery such as corneal trans-
plantation or amniotic membrane transplantation already
had been carried out unsuccessfully at other hospitals.
Symblepharon was involved in 37 eyes (78.7%) and
keratinization was involved in 10 eyes (21.3%). Sym-
blepharon indicates conjunctival involvement, and patho-
logic keratinization means that the eye is at the end stage of a
severe OSD with chronic inflammation.™** Most of these eyes
had severe tear deficiency, which is an important prognostic
parameter for surgical outcome.*® Although such eyes com-
monly are considered to have contraindications for ocular
surface reconstruction, COMET offered substantial visual im-
provement even for patients with such advanced disease.

In more than half of the eyes, preoperative visual acuity
was limited to counting fingers or hand movements. It is
striking that such patients were able to come to the hospital
without assistance during the 24 weeks after undergoing
COMET. For this reason, critical visual improvement rate is
proposed as a clear end point for measuring surgical out-
come. Considering that most of the eyes in this study were
at the end stage of a severe OSD, these results are very
favorable and encouraging.

In this study, the preoperative ocular surface grading
score was higher (more diseased) in patients with SJS and
OCP than in those with thermal or chemical injuries or other
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diseases. It should be noted that visual improvement was
statistically significant in SJS. In contrast, visual acuity was
not improved at the 24th postoperative week in patients with
thermal or chemical injury, despite the improvement in total
ocular surface grading score. The corneal stroma was dam-
aged severely in most cases of thermal or chemical injury,
and such patients obtained visual improvement after under-
going the planned second surgery with penetrating kerato-
plasty or deep lamellar keratoplasty. In general, the prog-
nosis of penetrating or deep lamellar keratoplasty alone for
severe OSDs is very poor.> However, the findings of this
study show that patients with severe OSDs with corneal
stromal opacity can obtain visual improvement after under-
going the surgical combination of COMET and penetrating
or deep lamellar keratoplasty.

Best-corrected visual acuity was not improved at the
24th postoperative week in patients with OCP, despite sig-
nificant improvement of the ocular surface grading score.
Because OCP is a progressive autoimmune disease, patho-
logic keratinization or thickening of the epithelium occurred
readily after COMET, thus disrupting visual acuity.

No serious systemic complications occurred in any of the
patients. The incidence of postoperative persistent epithelial
defects was relatively high, yet still similar to or lower than
that reported with other therapies.®*°~*® Considering that
corneal perforation is a common complication after corneal
reconstruction in severe OSDs,**~4 it is noteworthy that no
perforation occurred and that none of the eyes demonstrated
vision loss after COMET. Ocular surface reconstruction
with a combination of COMET and amniotic membrane
transplantation was needed to achieve the total replacement
of cicatrized tissue. Because cultured epithelial cells on
amniotic membrane attach to a basement membrane with
hemidesmosomes,?? these cells can avoid being dropped off
and actually survive, regardless of an unstable tear film and
the mechanical trauma of blinking. When used as the sub-
strate for oral mucosal cells, amniotic membrane may play
a role in protecting the cornea from melting.

Multivariate stepwise logistic regression analysis showed
that symblepharon and neovascularization are prognostic fac-
tors for visual improvement. Although disease-specific out-
comes showed different patterns as described above, disease
category was not related to visual prognosis. However, the
sample size may be too small to perform such subgroup
analyses. Multivariate stepwise logistic regression analysis
also was performed for all 86 surgeries to determine the factors
influencing persistent epithelial defects. Having SJS and a very
low tear meniscus were the prognostic factors for persistent
epithelial defects (P = 0.0204 and P = 0.0388, respectively).
Thus, it is likely that both the disease category and dryness of
the eye influenced the prognosis.

Long-term ocular surface appearance was examined in
17 of the 72 patients with a follow-up of more than 3
years.™ No further surgery was carried out in these patients.
The ocular surface in each case became stable from 6
months after COMET, with a gradual reduction in corneal
neovascularization,” as others have reported in similar
studies.® Moreover, postoperative invasion of conjunctival
tissue and symblepharon formation was inhibited signifi-
cantly for more than 3 years.** Deep lamellar or penetrating

keratoplasty was performed for the patients with corneal
stromal opacity after the stabilization of the ocular surface
(as the second step of a 2-step surgical combination), in
most cases from 24 weeks after COMET.

After COMET, upper or lower eyelid cicatricial entro-
pion with various degrees of tarsal-plate atrophy sometimes
was found. In cases with an eyelid abnormality, eyelid surgery
was performed to correct entropion, trichiasis, or lagophthal-
mos. Eyelid condition is an important factor for maintaining
ocular surface stability, as well as for avoiding complications
such as infection or persistent epithelial defects.

In conclusion, the findings of this retrospective study
showed that long-term visual improvement can be obtained in
end-stage severe OSDs with complete LSCD 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 SIS
benefited from critical improvement of visual acuity.
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