FIGURE 2. Photographs of (Top left) fluorescein corneal staining at baseline, (Top right) fluorescein corneal staining at 52 weeks,
(Bottom left) lissamine green conjunctival staining at baseline, and (Bottom right) lissamine green conjunctival staining at 52 weeks,
in which corneal and conjunctival disorders were improved in dry eye patients with 2% rebamipide (OPC-12759) ophthalmic sus-

pension treatment over 52 weeks.

the same fluorescein corneal staining score, the eye with the
higher lissamine green conjunctival staining score was used;
(4) if both eyes had the same lissamine green conjunctival
staining score, the right eye was used. In the analysis of
dry eye-related ocular symptoms, patients with a dry eye—
related ocular symptom score of O at baseline were excluded.

Analysis of change from baseline to each time point was
calculated for the fluorescein corneal staining score, liss-
amine green conjunctival staining score, TBUT, and dry
eye—related ocular symptoms. Scores at all visits were
compared with baseline using the paired ¢ test. With a
target of 100 patients completing the 52-week study, the
sample size was set at 153 patients.

RESULTS

¢ CHARACTERISTICS OF THE PARTICIPANTS: A total of
154 patients were treated, and 127 of those patients (82.5%)
completed the study (Table 1). All 154 patients who received
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treatment were included in the efficacy and safety analyses.
Demographic and other baseline characteristics of the patients
are shown in Table 2. Of the 154 total patients, 15 patients
(9.7%) were male and 139 patients (90.3%) were female.
The mean age was 59.3 years (range: 24-86 years). Of the
154 patients, 26 patients (16.9%) had primary or secondary
Sjdgren syndrome and 5 patients (3.2%) had Stevens-
Johnson syndrome as the underlying cause of dry eye. At base-
line, the most frequent patient-reported symptom was dryness,
followed by foreign body sensation.

* EFFICACY EVALUATION: Objective signs. At baseline,
the mean fluorescein corneal staining score was 6.6. The
mean fluorescein corneal staining score at week 2 (4.3)
was significantly decreased compared with that at baseline
(P < .001, paired t test), and further improvements were
observed at almost every visit up to 52 weeks (1.9 at week
52) (Figure 1). The mean lissamine green conjunctival
staining score at baseline was 9.4. At week 2, the mean
lissamine green conjunctival staining score (6.8) was
significantly decreased compared with that at baseline
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FIGURE 3. Change from baseline in dry eye-related ocular symptoms: (Top left) foreign body sensation, (Top right) dryness, (Mid-
dle left) photophobia, (Middle right) eye pain, and (Bottom) blurred vision, with 2% rebamipide (OPC-12759) ophthalmic suspen-
sion treatment in dry eye patients over 52 weeks. The scores of all 5 dry eye-related ocular symptoms significantly improved at week 2
compared with baseline, and further improvements were observed at almost every visit up to 52 weeks. *P < .001 compared with

respective baseline, paired t test. SE = standard error.

(P < .001, paired ¢ test), and further improvements were
observed at every visit up to 52 weeks (3.2 at week 52)
(Figure 1). Figure 2 shows the fluorescein comeal staining
and lissamine green conjunctival staining photographs at
baseline and at week 52, in which corneal and
conjunctival disorders were improved.

The mean TBUT gained significantly from baseline
(2.41 seconds) to week 2 (2.96 seconds) (P < .001, paired
t test), and further improvements were observed at every
visit up to 52 weeks (3.74 at week 52) (Figure 1).

Subjective symptoms. At baseline, the mean subjective
dry eye—related ocular symptom scores were 1.9, 2.2, 1.7,
1.6, and 1.8 for foreign body sensation, dryness, photo-
phobia, eye pain, and blurred vision, respectively. The
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mean scores for those same subjective symptoms at week
2(1.2,1.5,1.4,1.1, and 1.3, respectively) were significantly
decreased compared with those at baseline (all P < .001,
paired t test; Figure 3). Further improvements were
observed at almost every visit up to 52 weeks for all dry
eye-related ocular symptoms (0.5, 0.8, 0.6, 0.4, and 0.4,
respectively).

e SAFETY EVALUATION: Adverse events with an inci-
dence of >3% are shown in Table 3. Adverse events were
observed in 126 of the 154 patients (81.8%), and the
most frequent adverse events were mnasopharyngitis
(22.1%) and dysgeusia (13.6%). Incidences of any of the
adverse events did not markedly increase throughout the
52-week treatment period (Table 3).
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Time to Onset of Event

2% Rebamipide (N = 154) n (%)  Week 14 or Earlier =~ Week 14 to Week 28~ Week 28 to Week 42  Week 42 or Later
Total number of patients 126 (81.8) 81 (52.6) 62 (40.3) 52 (33.8) 32 (20.8)
Ocular events
Blepharitis 5(3.2) 1(0.6) 3(1.9) 1(0.6) 0(0)
Conjunctival hemorrhage 8(5.2) 5(3.2) 0(0) 3(1.9) 0(0)
Eye discharge 5(3.2) 4(2.6) 1(0.6) 0(0) 00
Eye irritation 6(3.9) 2(1.3) 3(1.9) 0(0) 1(0.6)
Conjunctivitis 7 (4.5) 4(2.6) 0(0) 2(1.3) 1(0.6)
Allergic conjunctivitis 8(5.2) 0(0) 2(1.3) 5(3.2) 1(0.6)
Trichiasis 8(5.2) 3(1.9) 4(2.6) 1(0.6) 0 (0)
Blurred vision 5(3.2) 5(3.2) 0 (0) 0(0) 0 (0)
Conjunctival hyperemia 5(3.2) 1(0.6) 0(0) 1(0.6) 3(1.9
Nonocular events
Abdominal discomfort 5(3.2) 1(0.6) 2(1.3) 2(1.3) 0 (0)
Nasopharyngitis (infectious) 34 (22.1) 12 (7.8) 11(7.1) 9 (5.8) 2(1.3)
Contusion 6(3.9) 0(0) 4(2.6) 1(0.6) 1(0.6)
Blood urea increased 5(3.2) 1(0.6) 0(0) 1(0.6) 3(1.9
White blood cell count decreased 6 (3.9) 5(3.2) 0(0) 0(0) 1(0.6)
Back pain 6(3.9) 2(1.3) 1(0.6) 2 (1.3 1(0.6)
Dysgeusia 21 (13.6) 20 (13.0) 1(0.6) 0 (0) 0(0)
Allergic rhinitis 6(3.9) 2(1.3) 0(0) 3(1.9 1(0.6)
Eczema 5(3.2) 2(1.3) 2(1.3) 0(0) 1(0.6)

Drug-related adverse events occurred in 36 of 154
patients (23.4%). Dysgeusia (21 patients, 13.6%), blurred
vision (5 patients, 3.2%), and eye irritation (4 patients,
2.6%) were frequently observed as drug-related adverse
events. All events resolved, and all were mild in severity
except for 1 case of dysgeusia (moderate).

No deaths were reported during the study period. Serious
adverse events were observed in 6 patients (3.9%) and
severe adverse events were observed in 2 patients (1.3%);
however, none of these events was judged to be drug related.

DISCUSSION

THE FINDINGS OF THIS OPEN-LABEL, SINGLE-ARM STUDY
suggest the long-term efficacy and safety of 2% rebamipide
ophthalmic suspension, administered 4 times daily for up to
52 weeks, for the treatment of patients with dry eye. For all
objective signs (fluorescein corneal staining, lissamine
green conjunctival staining, and TBUT) and subjective
symptoms, the scores significantly improved at week 2
compared with baseline, and further improvements were
observed at almost every visit up to 52 weeks. The rapid
(2-week) onset of the effect of rebamipide demonstrated
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in this study supported the findings of previous double-
masked, placebo-controlled phase II study, which verified
the significant improvements of rebamipide in both objec-
tive signs and subjective symptoms over placebo.'” The
assessment of symptoms is particularly important in patients
with dry eye, as objective signs do not necessarily represent
the patient’s subjective symptoms. Indeed, it has been
reported that there is only a weak association between self-
reported symptoms and objective measures of dry eye.'®
Improvements in subjective symptoms, as well as objective
signs, are needed for an effective treatment of dry eye.

In this study, the 5 patients with Stevens-Johnson syn-
drome showed an improvement in their objective signs
and subjective symptoms of dry eye up to 52 weeks, and
all of those patients completed the study without discontin-
uation. Severe dry eye was often seen in patients with
Stevens-Johnson syndrome owing to the destruction of
the mucosal architecture that can result in a decrease in
ocular goblet cells.'”"® These findings suggested that 2%
rebamipide could be an effective agent for treating severe
dry eye caused by Stevens-Johnson syndrome.

The 52-week ocular instillation of 2% rebamipide was
well tolerated, and no significant safety concerns were
reported. As reported in the previous phase I and III trials
of rebamipide,'”'* the most common drug-related adverse
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event was dysgeusia, which was probably attributable to the
bitter taste associated with the active ingredient. Naso-
pharyngitis was also relatively common and may reflect
the year-long duration of the study, which encompassed
the annual cold and flu seasons.

Given that dry eye is a chronic condition, effective long-
term treatment is needed.” Some artificial tear products
contain preservatives that can be detrimental to eye health
with long-term use. One such preservative, benzalkonium
chloride, has been shown to destabilize the tear film, distupt
the comeal epithelium, decrease goblet cells, and cause
conjunctival squamous metaplasia, apoptosis, and damage
to deeper ocular tissues.'”*" Such adverse effects are clearly
a concern, and the use of preservative-free ocular products
is thus recommended.”>*' The data from this present study

are promising, showing that the efficacy and safety of
preservative-free 2% rebamipide instilled 4 times daily is
maintained over 52 weeks. These findings suggested that
2% rebamipide may prove to be an excellent treatment option
for patients with dry eye requiring long-term management.

In summary, the findings of this multicenter, open-label,
single-arm study show that 2% rebamipide is effective in
improving both the objective signs and subjective symp-
toms in patients with dry eye, and its efficacy was main-
tained for at least 52 weeks with no particular safety
concerns. The ability of 2% rebamipide to reduce the
corneal and conjunctival epithelial damage and symptoms
associated with dry eye, together with its well-tolerated
safety profile, make it a promising treatment option for
patients with dry eye.
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LETTER TO THE EDITOR

Re: “Folliculitis in Clinically
“Quiet” Chronic Stevens-Johnson
Syndrome”

To the Editor:

Stevens-Johnson syndrome (SJS) is an acute inflamma-
tory disorder that predominantly affects the skin and mucous
membranes including the ocular surface.! In the acute phase,
>50% of SJS patients experience ocular complications.? In the
chronic phase, ocular complications and persistent conjunctival
inflammation may develop.

We previously reported the severity of eyelid complica-
tions that was significantly correlated with visual loss and the
presence of ongoing histologic conjunctival inflammation in
chronic SJS.* It reported that cicatrization of the eyelid margin
and the tarsus might result in entropion and deficiency in eye-
lid closure and blinking, leading to the corneal complications.’
Though the management of eyelid complications in chronic
SJS is often difficult because of the recurrence of trichiasis
and entropion, little is known about the histologic changes in
the eyelid during the chronic phase of SJS. To the best of our
knowledge, there have been no histopathologic studies of the
ciliary follicles in SJS, and hence, we examined eyelid tissue
from chronic SJS patients.

We examined specimens including ciliary follicles from
7 consecutive patients with SIS and 4 patients with no ocular
surface disorders as controls (non-SJS) who underwent eyelid
surgery for treatment of trichiasis with or without entropion
between December 2008 and May 2012.

Patients’ information is shown in Table. Cases 1 to 7
were SJS patients. Case 1 had severe trichiasis and entropion
with ongoing conjunctival inflammation and corneal ero-
sions since her initial attack 2 years previously. Cases 2 to 7
were chronic SJS, and Cases 8 to 11 were non-SJS with no
clinical evidence of ongoing inflammation. Resected tissues
of eyelid margin including ciliary follicles for treatment of
trichiasis were examined histopathologically (all cases) and
immunohistochemically (4 of SJS and 2 of non-SJS). Patients
with a confirmed history of SJS and chronic ocular complica-
tions that persisted for at least 1 year from the onset of SJS
were included. Routine paraffin sections were prepared, and

histopathologic and immunohistochemical examinations were
performed.

Histopathologic examination showed severe diffuse inflam-
matory cell infiltration in Case 1, and moderate inflammation
limited around the ciliary follicles in Cases 2, 5, and 6. Mild inflam-
mation was seen in Cases 3, 4, and 7 to 11. Immunohistochemical
staining was performed in Cases 1 to 4, 8, and 9. CD3, CD4, and
CD45RO positive cells were strongly present in Case 1, moder-
ately present limited around the ciliary follicles in Case 2, and
weakly present in Cases 3, 4, 8, and 9 (Fig.). CD68 positive cells
were strongly present in Case 1, moderately in Case 2, and mildly
in Cases 3, 4, 8, and 9. CD8 positive cells were moderate in Case
1 and weakly present in the others. CD20 positive cells and mast
cell tryptase were weakly positive in all cases. Neutrophil erastase
positive cells were mildly present in Case 3 and 4.

It is interesting to note that recurrence of trichiasis
requiring further surgery was seen not only in Case 1 who
had ongoing conjunctival inflammation but also in Cases 2,
5, and 6 who had chronic SJS during | year after the first
surgery. All recurrent cases had at least moderate histologic
inflammation at the time of initial surgery. Additional sur-
gery was not required in the other cases. This may suggest a
correlation between recurrence of trichiasis and subclinical
inflammation.

Our results indicate that significant inflammatory cells
around the ciliary follicles can be found in some cases of clini-
cally “quiet” chronic SJS. This ongoing subclinical inflam-
mation in patients who may appear clinically quiescent may
contribute to the propensity for recurrence of entropion and
trichiasis in those with chronic SJS.

Akihide Watanabe, M.D.

Chie Sotozono, M.D., Ph.D.

Mayumi Ueta, M.D., Ph.D.

Katsuhiko Shinomiya, Ph.D.

Shigeru Kinoshita, M.D., Ph.D.
Hirohiko Kakizaki, M.D., Ph.D.

Dinesh Selva, ER.A.C.S., FR.A.N.Z.C.O.
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Kajiicho, Kamigyo-ku, Kyoto, Japan 602-0841 (awatanab@
koto.kpu-m.ac.jp)

Patients’ data

Clinical Histologic Mast cell Neutrophil
Caseno. Age Sex Disease Recurrence inflammation inflammation CD3 CD4 CD45RO CD68 CD8 CD20 tryptase erastase
1 38 F SJS 1 Severe Severe et Ak +++ -+ + - + -
2 30 M SIS 2 None Moderate ++ ++ ++ - - + —
3 33 M SIS 0 None Mild - - - + - - + +
4 70 F SJS 0 None Mild - - - + - - + +
5 1 M SIS 2 None Moderate
6 38 F SIS 1 None Moderate
7 383 M SIS 0 None Mild
8 6 M Non-SJS 0 None Mild - - - + - - + -
9 79 M Non-SJS 0 None Mild - - - + - = + -
10 85 M Non-SIS 0 None Mild
11 69 F Non-SIS 0 None Mild
12 38 F Non-SIS 0 None Mild

Age, age at surgery; Clinical inflammation, clinical inflammation at the time of initial surgery; F, Female; Histologic inflammation, inflammative cell infiltration; M,
Male; Recurrence, recurrence of trichiasis requiring further surgery; SJS, Stevens-Johnson syndrome; +++, strong immunoreactive; ++, moderatate immunoreactive; +, mild

immunoreactive; —, weakly immunoreactive.
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Independent strong association of HLA-
A*02:06 and HLA-B*44:03 with cold
medicine-related Stevens-Johnson
syndrome with severe mucosal
involvement

Mayumi Ueta'2, Nahoko Kaniwa?®, Chie Sotozono!, Katsushi Tokunaga?, Yoshiro Saito®, Hiromi Sawai?,
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Stevens-Johnson syndrome (S]S) and its severe variant, toxic epidermal necrolysis (TEN), are acute
inflammatory vesiculobullous reactions of the skin and mucous membranes. Cold medicines including
non-steroidal anti-inflammatory drugs (NSAIDs) and multi-ingredient cold medications are reported to be
important inciting drugs. We used two sample sets of Japanese patients to investigate the association
between HLA genotypes and cold medicine-related SJS/TEN (CM-SJS/TEN), including
acetaminophen-related SJS/TEN (AR-SJS/TEN) with severe mucosal involvement such as severe ocular
surface complications (SOC). HLA-A *02:06 was strongly associated with CM-SJS/TEN with SOC and
AR-SJS/TEN with SOC. HLA-B*44:03 was also detected as an independent risk allele for CM-, including
AR-SJS/TEN with SOC. Analyses using data obtained from CM-SJS/TEN patients without SOC and patients
with CM-unrelated SJS/TEN with SOC suggested that these two susceptibility alleles are involved in the
development of only CM-SJS/TEN with SOC patients.

tevens-Johnson syndrome (S]S) is an acute inflammatory vesiculobullous reaction of the skin and mucous
membranes such as the ocular surface, oral cavity, and genitals. It is rare but often associated with inciting
drugs and/or infectious agents'™. In patients with extensive skin detachment and a poor prognosis the
condition is called toxic epidermal necrolysis (TEN)*. The annual incidence of SJS and TEN has been reported as
1-6 and 0.4-1.0 cases per million persons, respectively* and the mortality rate as 3% and 27%, respectively®.
The association between human leukocyte antigen (HLA) genotypes and drug-induced severe cutaneous
adverse reactions (SCAR) including SJS/TEN has been reported. In Taiwanese Han Chinese patients the HLA-
B*15:02 allele exhibited a very strong association with carbamazepine-induced SJS/TEN”. Similarly, in Japanese-®
and European individuals® the HLA-A*31:01 allele was strongly associated with carbamazepine-induced SCAR
including SJS/TEN and drug-induced hypersensitivity syndrome (DIHS). Allopurinol, a uric acid-lowering drug,
often induced SCAR including SJS, TEN and DIHS, and allopurinol-induced SCARs were strongly associated
with HLA-B* 58:01 in Han Chinese-'°, Caucasian-'!, and Japanese patients'?, suggesting that different ethnic
groups may share the same risk factor for allopurinol-induced SCARs. Mockenhaupt et al.'* reported that
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Table 1-| Demographic and background data of patients and controls
Explaination of subjects Group 1 {(KPUM} Group 2 (NIHS)
a Number of SJS/TEN patients with SOC who had taken cold medicines for 131 20
treatment of common cold (CM-SJS/TEN with SOC group)
Female/Male 80/51 14/6
Age of onset (years, mean = SD) 266 +17.5 540177
b (which are Number of SJS/TEN patients with SOC who had taken acetaminophen for {59) (14)
included in @) treatment of common cold {Acetaminophen-SJS/TEN with SOC group)
Female/Male 37/22 9/5
Age of onset (years, mean + SD) 31.1x158 352=169
c Patients with SJS/TEN without SOC who had taken cold medicines for 16
treatment of common cold {CM-SJS/TEN without SOC group)
Female/Male /7
Age of onset [years, mean =+ SD) 62.0+250
d Patients with SJS/TEN with SOC who had taken medicines not for treatment 14 38
of common cold (CM unrelated-SJS/TEN with SOC group)
Female/Male 11/3 19/19
Age of onset years, mean = SD) 448 +19.3 57.4 £23.1
the samples excluded because of drug unrelated or detail unknown 17 -
total number of the SJS/TENpatients 162 74
Controls Healthy volunteers 419 220
Female/Male 350/69 131/89
Age {years, mean = SD) - 355x11.0
CM-SJS/TEN: Cold medicine-related SIS/TEN.
SOC: severe ocvlar surface complications.
KPUM: Kyoto Prefectural University of Medicine, NIHS: National Institute of Health Sciences.

allopurinol and anticonvulsants such as carbamazepine are the main
inciting drugs for SJS/TEN; we'* and others™ found that cold med-
icines including non-steroidal anti-inflammatory drugs (NSAIDs)
and multi-ingredient cold medications are also major causative drugs
for SJS/TEN. However, there have been no reports on the association
between HLA genotypes and cold medicines in patients with SCAR.

Many SJS/TEN survivors suffer severe sequelae such as visual
disturbance due to severe ocular surface complications (SOC) in
the acute phase of the disease. In our earlier study of 71 Japanese
SJS/TEN patients we reported the strong association between HLA-
A*02:06 and SJS/TEN with SOC". We found that a considerable
number of these patients used cold medicines to treat the common
cold™. Therefore, in this study we focused on a possible association
between HLA genotypes and cold medicine (NSAIDs and analge-
sics)-related SJS/TEN (CM-SJS/TEN) with severe mucosal involve-
ment including SOC.

Results

HLA-type associated with CM-SJS/TEN with SOC. First we
compared the carrier frequencies of HLA alleles in the 131 CM-
SJS/TEN with SOC patients and in 419 controls. The results are
summarized in Table 2.

HLA-A: HLA-A%*02:06 was strongly associated with CM-SJS/TEN
with SOC (p = 2.8 X 107'%, Pc = 4.8 X 107", odds ratio (OR) = 5.7).
HLA-A*24:02 was inversely associated with CM-SJS/TEN with SOC
(p = 3.9 X 107 Pc = 0.0066, OR = 0.5). HLA-A*03:01 was weakly
associated with the risk for- and HLA-A*11:01 was weakly associated
with resistance to CM-SJS/TEN with SOC; the association was not
significant after Bonferroni correction.

HLA-B: HLA-B*13:01, HLA-B*44:02, HLA-B*44:03, and HLA-
B*46:01 were weakly associated with CM-SJS/TEN with SOC; the
association was not significant after correction. HLA-B*15:01, HLA-
B*52:01 and HLA-B*54:01 were weakly inversely associated with
CM-SJS/TEN with SOC; the association was not significant after
correction.

HLA-C: HLA-C*03:04 and HLA-C*05:01 were weakly associated-
and HLA-C*12:02 was weakly and inversely associated with CM-SJS/
TEN with SOC; the association was not significant after correction.

Next, to confirm these associations we compared the carrier fre-
quency of HLA alleles with p values less than 0.05 before Bonferroni
correction in the 131 CM-SJS/TEN with SOC of Group 1a, in another
20 CM-SJS/TEN with SOC patients (Group 2a) and 220 healthy
controls of Group2.

In Group 2a (n = 20), HLA-A*02:06 and HLA-B*44:03 were
significantly associated with CM-SJS/TEN with SOC (p = 0.0014,
Pc = 0.0056, OR = 5.2 and p = 0.0058, Pc = 0.0406, OR = 4.22,
respectively) (Table 3). However, the other HLA alleles examined
were not significantly associated. Although the patient backgrounds
were a little bit different in Groups la and 2a (1a: CM-SJS/TEN with
SOC as sequelae, 2a: CM-SJS/TEN with SOC in the acute phase), we
identified the same HLA types, HLA-A*02:06 and HLA-B*44:03, as
risk factors for CM-SJS/TEN with SOC.

As we observed the same tendency in Groups la and 2a, we com-
bined the 151 CM-SJS/TEN with SOC patients (Group la, n = 131;
Group 2a, n = 20) to compare the carrier frequencies of HLA-
A*02:06 and HLA-B*44:03 with the frequencies in the 639 combined
healthy controls. (Group 1, n = 419; Group 2, n = 220). The com-
bined data revealed a strong association of HLA-A*02:06 and HLA-
B*44:03 with CM-SJS/TEN with SOC (HLA-A*02:06, p = 2.7 X
107, OR = 5.6; HLA-B*44:03, p = 1.25 X 107%, OR = 1.99)
(Table 4a).

Comparison between CM-SJS/TEN with and without SOC.
Among 16 CM-SJS/TEN without SOC patients (Group 2c), 2
carried HLA-A*02:06 and none carried HLA-B*44:03 (Table 4b).
These carrier frequencies did not differ significantly from the
Group 2 controls (p = 1.000 and p = 0.2324, respectively). These
results suggest that HLA-A*02:06 and HLA-B¥44:03 are not
common risk factors for both CM-SJS/TEN with and without
SOC, but were risk factors for only CM-SJS/TEN with SOC.

For further confirmation we compared the carrier frequency of
both HLA alleles in the 151 combined CM-SJS/TEN with SOC
patients (Group la, n = 131, Group 2a, n = 20) and in the 16
CM-SJS/TEN without SOC patients in Group 2c. The carrier fre-
quencies of both alleles were significantly higher in the CM-SJS/TEN
with SOC (Group la + Group 2a) than in the CM-SJS/TEN without
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Table 2 | Results of association analysis for HLA types and CM-SJS/TEN with SOC in Group 1 (KPUM)* =+~
HLA genotype Carrier frequency (%) Dominant model analysis

Case (n = 131) Control {n = 419) P Pc Odds ratio (95% Cl)
HLA-A
A*02:06 62/131 (47.3%) 57/419 (13.60%) 2.79.E-16 4.75E-15 5.71 (3.666-8.881)
A*03:01 5/131 (3.82%) 4/419 (0.95%) 0.0242 0.412 4.12 (1.089-15.564)
A*11:01 10/131 (7.6%) 71/419 (16.95%) 8.67.E-03 0.147 0.405 (0.202-0.811)
A*24:02 57/131 (43.5%) 256/419 (61.10%) 3.89.E-04 6.60.E-03 0.490 (0.330-0.730)
HLA-B
B*13:01 10/131 (7.6%) 13/419 (3.10%) 0.0237 0.807 2.58 (1.104-6.032)
B*15:01 11/131 (8.4%) 69/419 (16.47%} 0.0222 0.755 0.465 (0.238-0.908)
B*44:02 5/131 (3.82%) 5/419 (1.19%) 0.0498 1.69 3.29 (0.936-11.532)
B*44:03 31/131(23.7%) 66/419 (15.75%) 0.0381 1.29 1.66(1.024-2.682)
B*46:01 22/131 (16.8%) 38/419 (9.07%) 0.0133 0.453 2.02 (1.148:3.566)
B*52:01 12/131 (9.2%) 79/419(18.85%) 9.16.E-03 0.311 0.434 (0.228-0.825)
B*54:01 10/131 {7.6%) 61/419 (14.56%) 0.0391 1.33 0.485 (0.241-0.976)
HLA-C
C*03:04 42/131 (32.1%) 98/419 (23.39%) 0.0467 0.841 1.55{1.00-2.38)
C*05:01 5/131(3.82%) 5/419 (1.19%) 0.0498 0.897 3.29{0.936-11.532)
C*12:02 13/131 (9.9%) 80/419 (19.09%) 0.0145 0.262 0.467 (0.251-0.870)
P: P values obtained with x*tests.
Pc: P values corrected for the multiplicity of testing by the number of comparisons {17, 34, and 18 for HLA-A, HLA-B and HLA-C, respectively).
CM-SJS/TEN: cold medicine related SJS/TEN who had taken cold medicine.
SOC: severe ocular surface complications.
Cl: confidence interval.

SOC (Group 2¢) (HLA-A*02:06, p = 0.00812, OR = 6.2; HLA-
B¥44:03, p = 0.02023, OR = 11.59) (Table 4b).

Analysis of CM unrelated-SJS/TEN with SOC. As shown in Table 1,
Group 1d contained 14- and Group 2d contained 38 patients with
CM unrelated (other medicine related) -SJS/TEN with SOC. Among
the 14 CM unrelated-SJS/TEN with SOC patients from Group 1d, 3
carried HLA-A*02:06 and 4 carried HLA-B*44:03. Among the
38 CM unrelated SJS/TEN with SOC patients from Group 2d, 4
manifested HLA-A*02:06 and 2 had HLA-B*44:03. To obtain
higher power, we combined the data from the 52 CM unrelated -
SJS/TEN with SOC patients from Groups 1d (n = 14) and 2d (n =
38) and compared their carrier frequency with that of combined

healthy volunteers (n = 639). As shown in Table 4c, the carrier
frequencies of HLA-A*02:06 and HLA-B*44:03 were comparable
in the 2 groups (52 CM unrelated -SJS/TEN with SOC patients
and 639 controls) and the difference was not statistically significant.

Analysis of acetaminophen-SJS/TEN with SOC (AR-SJS/TEN
with SOC). Acetaminophen is contained as an analgesic in most
cold medicines. At least 59 patients in Group 1b and 14 in Group
2b were known to have taken acetaminophen for a few ~ several days
before the onset of SJS/TEN. Therefore we examined the association
of HLA-A*02:06 and HLA-B*44:03 with acetaminophen-related SJS/
TEN (AR-SJS/TEN) with SOC using the combined data (73 AR-SJS/
TEN with SOC from 59 in Group 1b and 14 in Group 2b). In all 73

Carrier frequency (%)

Table 3 | Results of quociaﬁoh analysis between HLA fypés and CM-SJS/TEN with SOC in Group 2 (NIHS)

Dominant model analysis

HLA genotype Case (n = 20) Control (n = 220) P Pc Odds ratio (95% Cl)
HLA-A

A*02:06 9/20 (45.0%) 30/220 (13.6%) 0.0014 0.00560 5.18(1.98-13.56)
A*03:01 0/20 (0%) 19/220 (8.6%) 0.3804

A*11:01 2/20 (10.0%) 39/220 (17.7%) 0.5408

A*24:02 14/20 (70.0%) 132/220 (60.0%) 0.4770

HLA-B

B*13:01 2/20 (10%) 6/220 (2.7%) 0.1364

B*15:01 2/20 (10%) 39/220(17.7%) 0.5408

B*44:02 0/20 (0% 4/220 (1.8%) 1.0000

B*44:03 8/20 {40.0%) 30/220 (13.6%) 0.0058 0.0406 4.22(1.59-11.19)
B*46:01 2/20 {10%) 18/220 {8.2%) 0.6764

B*52:01 1/20 {5.0%) 48/220 (21.8%) 0.0857

B*54:01 5/20 (25%) 33/220 (15.0%) 03316

HLA-C

C*03:04 6/20 (30%) 43/220 (19.5%) 0.2573

C*05:01 0/20 (0%) 4/220 (1.8%) 1.0000

C*12:02 1/20(5.0%) 47/220 (21.4%) 0.1388

P: pvalues obtained by Fisher's exact tests are shown.

CM-SJS/TEN: cold medicine related SJS/TEN who had taken cold medicine.
SOC: severe ocular surface complications.
Cl: Confidence interval.

Pc: pvalues corrected for the mutiplicity of festing by the number of comparisons: {4, 7 and 3 for HLA-A, HLA-B and HLA:C, respectively).
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Table 4 | Results of assocxohon anclyses using combmed SIS/TEN patients’ data e
a. Comparison between CM-SJS/TEN with SOC (Group 1a and Group 2a) and combined healthy vo|unfeers da’fa

Carrier frequency (%)

Dominant model analysis

CM-SJS/TEN with SOC

Control {Combined

HLA genotype (Group 1a and Group 2a) hedlthy controls) p Odds ratio (95% Cl)
A*02:06 71/151 (47.0%) 87/639 {13.6%) 2.72E-20 5.63(3.81-8.33)
B*44:03 39/151 (25.8%) 95/639 (14.9%) 0.00125 1.99(1.30-3.03)

b. Comparison between CM-SJS/TEN with SOC (Group 1a and Group 2a) and without SOC (Group 2c)

Carrier frequency (%)

Dominant model analysis

CM-SJS/TEN with SOC CM-SJS/TEN without
HLA genotype (Group 1a and Group 24} SOC (Group 2¢) p Odds ratio (95% Cl)
A*02:06 71/151 (47%) 2/16(12.5%) 0.00812 .21(1.36-28.28)
B*44:03 39/151 (25.8%) 0/16 (0%) 0.02023 11.59%(0.68-197.7)

c. Comparison of CM unrelated SIS/TEN with SOC and combined healthy volunteers’ data

Carrier frequency (%)

Dominant model analysis

CM unrelated-SIS/TEN with SOC

Control {Combined

HLA genotype {Group 1d and Group 2d) healthy controls) )
A*02:06 7/52(13.5%) 87/639 (13.6%) 0.975
B*44:03 6/52 (11.5%) 95/639 (14.9%) 0.514

d. Comparison between Acetaminophen-SJS/TEN with SOC (Group 1b and Group 2b) and combined healthy volunteers’ data

Carrier frequency (%)

Dominant model analysis

Acetaminophen-SJS/TEN with SOC

Control {Combined

HLA genotype {Group 1b and Group 2b) healthy controls} p Odds ratio (95% Cl)
A*02:06 37/73 (50.7%) 87/639 (13.6%) 2.54E-15 6.52(3.91-10.88)
B*44:03 20/73 (27.4%) 957639 (14.9%) 0.0059 2.16(1.27-3.78)

*Woolf's correction.

P: P values obtained by ¥2tests.

CMSJS/TEN: cold medicine related SJS/TEN who had taken cold medicine.
SOC: severe ocular surface complications.

Cl: Confidence interval.

patients with AR-SJS/TEN with SOC, we found a significant
association with both alleles (HLA-A*02:06, p = 2.5 X 107", OR
= 6.5; HLA-B*44:03, p = 0.0059, OR = 2.2) (Table 4d).

Discussion

In this study we examined possible HLA risk factors for CM-SJS/
TEN with SOC using two independently collected data sets of
Japanese SJS/TEN patients.

The carrier frequency of HLA-A*02:06, which we reported to have
a very strong association with causative drug-unspecified SJS/TEN
with SOC'™', was significantly higher in CM-SJS/TEN with SOC
patients than in the healthy controls. This significant association
was maintained in AR-SJS/TEN with SOC.

On the other hand, the carrier frequency of HLA-A*02:06in the 16
CM-SJS/TEN without SOC patients of Group 2c and the 52 CM-
unrelated SJS/TEN with SOC patients from Groups 1d and 2d did
not significantly differ from that in our healthy controls. These
results suggest that HLA-A*02:06 is a risk factor for CM-SJS/TEN
with SOC but not for CM-SJS/TEN without SOC or CM-unrelated
SJS/TEN with SOC.

Moreover, HLA-A*02:06 and HLA-B*44:03 might not be primarily
associated with only infection related SJS/TEN, because drug-unre-
lated SJS/TEN with SOC in KPUM, which seemed to be only infec-
tious agents-related SJS/TEN, was not associated with HLA-A*02:06
and HLA-B*44:03 in our preliminary study (Supplemental Table 1).

The carrier frequeny of HLA-A*02:06 in all of our healthy con-
trols was 13.6% (Tables 2 and 3), indicating that HLA-A*02:06 is a
very common allele in the Japanese. However, as it is very rare in
Caucasians and less frequent in Southern Han Chinese®, in these
populations, this allele might not be a major risk factor for CM-SJS/
TEN with SOC. We also found a significant association between
HLA-B*44:03 and CM-SJS/TEN with SOC (including AR-SJS/TEN
with SOC). This association was not detected in CM-SJS/TEN with-
out SOC patients nor in CM-unrelated SJS/TEN with SOC patients.
This again suggests HLA-B*44:03 as a risk factor for CM-SJS/
TEN with SOC. Data on our controls (Tables 2 and 3) indicate
that HLA-B*44:03 is a common HLA-B type in the Japanese
population. Unlike HLA-A*02:06, HLA-B*44:03 is observed in
Asians, Caucasians and Africans®. Reports from the USA® and
France®?* showed that the HLA-B12 (HLA-Bw44) antigen was sig-
nificantly increased in Caucasian SJS patients. The HLA-BI2
antigen is mainly coded by HLA-B*44:02 or HLA-B*44:03 (http://
www.allelefrequencies.net/).

Cold medicines were reported to be major causative drugs in SJS/
TEN in Europe* and in its drug safety communications, the U.S. Food
and Drug Administration (http://www.fda.gov/Drugs/DrugSafety/
ucm363041.htm) alerted to the possibility of serious skin reactions
to acetaminophen. The significant association of HLA-B12 with SJS/
TEN in European patients may be attributable to their genetic back-
grounds. To determine whether HLA-B*44:03 is a common risk
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factor for CM-SJS/TEN with SOC in various populations, independ-
ent association studies in divergent ethnic groups are needed.

Because HLA-A*02:06 is rarely a haplotype with HLA-B*44:03
(http://www.allelefrequencies.net/), these two HLA alleles might be
independent genetic risk factors that render the host susceptible to
severe mucosal disorders and to severe sequelae such as visual dis-
turbance when SJS/TEN develops after the administration of cold
medicines including NSAIDs. In our study, 96 of 151 patients
(63.6%) with CM-SJS/TEN with SOC (group 1, n = 131; group 2,
n = 20) harbored either HLA-A*02:06 or HLA-B*44:03. On the
other hand, only 177 of our 639 controls (27.7%) had one of these
HLA alleles.

Forman et al”® and Leaute-Labreze*® reported other infectious
agents as triggers of SJS/TEN. Elsewhere” we showed that rs3775296T/
T, a SNP of Toll-like receptor 3 (TLR3), was a risk factor for SJS/TEN
with SOC and that the interaction between rs3775296T/T and HLA-
A*02:06 exerted more than additive effects. TLR3 is a pattern-recog-
nizing receptor related to innate immunity after viral infections that
often produce common cold symptoms. Moreover, cold medicines
such as acetaminophen and NSAIDs, including ibuprofen and lox-
oprofen, commonly down-regulate the production of prostanoid
including PGE,. We also reported earlier that in our study popu-
lation, EP3, which is one of the PGE, receptors, polymorphisms were
strongly associated with SJS/TEN with SOC'* and that the EP3 pro-
tein levels were much lower in the conjunctival epithelial cells of SJS/
TEN patients than in the control subjects'***. It is noteworthy that in
our earlier study of SJS/TEN with SOC patients' about 80% had
CM-SJS/TEN with SOC. It might be possible that not only cold
medicine but cold medicine with infectious agent could cause CM-
SJS/TEN with SOC, because the patients develop CM- SJS/TEN with
SOC by taking cold medicines after having common cold induced by
infectious agents. We believe that interactions between HLA risk
factors detected in the current study and TLR3, and/or EP3 might
be keys in the pathogenesis of CM-SJS/TEN with SOC.

In summary, we reported the association between certain HLA
types and CM-SJS/TEN with SOC. We propose that HLA-A*02:06
and HLA-B*44:03 be considered as strong risk factors for CM-SJS/
TEN with SOC. Our findings may help to elucidate the pathogenesis
of CM-SJS/TEN with SOC.

Methods

Our study was approved by the institutional review board of Kyoto Prefectural
University of Medicine, Kyoto, Japan, the National Institute of Health Sciences,
Tokyo, Japan, and the Faculty of Medicine, University of Tokyo, Tokyo, Japan. All
experimental procedures were conducted in accordance with the principles set forth
in the Helsinki Declaration. The purpose of the study and the experimental protocols
were explained to all participants and their prior written informed consent was
obtained.

Patients and controls. Japanese SJS/TEN patients (n = 236) were independently
recruited at Kyoto Prefectural University of Medicine (KPUM)(Group 1, n = 162)
and by the Japan Severe Adverse Reactions Research Group, mainly conducted by the
National Institute of Health Sciences (NIHS) (Group 2, n = 74).

Between October 2004 and May 2013, 162 SJS/TEN with SOC were treated at
Kyoto Prefectural University of Medicine; of these, 71 were included in our previous
study'. The diagnosis of SJS/TEN with SOC was based on a confirmed history of
acute-onset high fever, serious mucocutaneous illness with skin eruptions, and the
involvement of at least 2 mucosal sites including the oral cavity and ocular surface.
Some of the patients had developed SJS/TEN many years before recruitment for this
study. Of the 162 patients in Group 1, 131 patients had taken cold medicines such as
NSAIDs and multi-ingredient cold medications for a few ~ several days before
disease onset for common-cold symptoms; they were classified as CM-SJS/TEN with
SOC (Group 1a). Although the specific drugs were not identified by all 131 CM-SJS/
TEN with SOC patients, 59 of 131 CM-SJS/TEN with SOC patients (45%) reported
taking medicines containing acetaminophen (AR-SJS/TEN with SOC, Group 1b).
Among the 162 of SJS/TEN with SOC patients (Group 1), 14 patients (Group 1d) were
classified as CM unrelated-SJS/TEN with SOC, because they manifested anticon-
vulsants-related SJS/TEN with SOC (n = 10) or SJS/TEN with SOC after being treated
with antimalarial-, anticancer-, or anti-depressive agents or steroids n = 4), We also
excluded 17 patients; in 9 SJS/TEN with SOC the drugs were unknown and in 8 SJS/
TEN with SOC were not related to drugs.

Group 2 (n = 74) consisted of patients with newly-developed SJS/TEN; they were
recruited between June 2006 and May 2013 by participating institutes or via a nation-
wide blood sampling network operated by the NIHS in cooperation with the Ministry
of Health, Labour and Welfare, the Pharmaceutical and Medical Devices Agency, and
the Federation of Pharmaceutical Manufacturers’ Association of Japan. The criteria
proposed by Bastuji-Garin et al.'® were used for a diagnosis of SJS/TEN in this group.

Ocular surface complications were judged to be severe ocular complications (SOC)
when pseudo-membrane formation and/or conjunctival or corneal epithelial defects
were observed in the acute phase. As shown in Table 1, Group 2 (n = 74) consisted of
20 patients with CM-SJS/TEN with SOC (Group 2a), all but 6 of these presented with
AR-SJS/TEN with SOC (Group 2b). Group 2 also included 16 patients with CM-SJS/
TEN without SOC (Group 2¢), and 38 patients with CM-unrelated-SJS/TEN with
SOC (Group 2d). The background of the 236 patients with SJS/TEN in groupl and
group2 is summarized in Table 1.

Healthy Japanese volunteers (n = 639) served as the controls. They were inde-
pendently recruited by the University of Tokyo (n = 419)" and by Kyoto Prefectural
University of Medicine (n = 220)"® and served for comparison studies of patient
groups 1 and 2, respectively. In this study we enrolled only mainland Japanese.

HLA genotyping. We analyzed HLA-A, -B, and -C of all 162 group 1 patients, which
consist of 131 CM-SJS/TEN with SOC (group 1a), 14 CM-unrelated (other medicine
related) SJS/TEN with SOC (group 1d), and 17 SJS/TEN with SOC excluded because
of being drug-unrelated and detail unknown. We performed polymerase chain
reaction (PCR) assays followed by hybridization with sequence-specific
oligonucleotide probes (PCR-SSO) using commercial bead-based typing kits
(Wakunaga, Hiroshima, Japan). In group 2 (n = 74) we performed high-resolution
HLA typing with a sequence-based method using SeCoreA, -B, and -C, locus
sequencing kits (Invitrogen Corp., Brown Deer, W1, USA) and ABI 3730 and 3130
DNA sequencers (Applied Biosystems, Foster City, CA, USA). HLA genotypes were
assigned using Assign SBT- or Assign ATF software (versions 3.2.7b and 1.0.2.41;
respectively, Conexio Genomics, Western Australia, Australia). We also genotyped
all volunteers for HLA-A, -B, and -C using PCR-SSO and commercial bead-based
typing kits (Wakunaga or One Lambda, CA, USA).

Statistical analysis. We compared the carrier frequency of individual HLA alleles
between our patients and controls based on the dominant model using the %*-test
(Labo Server software;World Fusion, Tokyo, Japan) or Fisher’s exact test (JMP
version 7.0.1 software; SAS Institute Japan Ltd., Tokyo, Japan). Significance levels
were corrected with the Bonferroni correction for multiple comparisons.
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among patients with the HLA-A* 31:01
allele who are given carbamazepine,
oxcarbazepine or eslicarbazepine:

a perspective review

Nahoko Kaniwa and Yoshiro Saito

Abstract: Carbamazepine is a drug that is widely used for the treatment of epilepsy,
trigeminal neuralgia and bipolar disorder. This drug is also known to cause cutaneous adverse
drug reactions (cADRs) in up to 10% of patients. The recent progress in pharmacogenetics has
revealed that human leukocyte antigen (HLA] genotypes are associated with a susceptibility

to the cADRs caused by particular drugs. For carbamazepine-induced Stevens-Johnson
syndrome and toxic epidermal necrolysis, very strong associations with HLA-B*15:02 have
been found mainly in patients of Southeastern Asian origin. In some countries, prescreening
HLA-B*15:02 allele has already been put to practical use as a biomarker to avoid the life-
threatening adverse drug reactions. In this review, another risk factor for carbamazepine-
induced cADRs is discussed, namely HLA-A*37:01. We compare the strength of the association
between HLA-A*31:01 and carbamazepine-induced cADRs based on reports for various ethnic
populations; discuss the difference between the HLA-A*31:01 and HLA-B*15:02 biomarkers and
the usefulness of prescreening HLA-A*31:01 to detect patients at high risk for carbamazepine-
induced cADRs; and refer to points that remain to be resolved.

Keywords: Biomarker, HLA genotype, hypersensitivity syndrome, Stevens-Johnson syndrome,

toxic epidermal necrolysis

introduction

Carbamazepine is one of most commonly pre-
scribed drugs for the treatment of epilepsy,
trigeminal neuralgia and bipolar disorder. It is
also known to be the most common inducer of
cutaneous adverse drug reactions (cADRs). The
clinical manifestations of cADRs caused by car-
bamazepine vary widely, ranging from a mild skin
rash, such as maculopapular eruption (MPE) and
erythema exsudativum multiforme (EEM) minor,
to severe rashes such as EEM major, Stevens—
Johnson syndrome (S]S), toxic epidermal necrol-
ysis (TEN) and drug-induced hypersensitivity
syndrome (DIHS). SJS and TEN, with their
characteristic mucosal and cutaneous disor-
ders, including blisters, are considered to rep-
resent different severities of the same disease

[Bastuji-Garin ez al. 1993]. The most widely
accepted classification for these two disorders is
based on the degree of skin detachment expressed
in terms of the percentage of body surface area
affected. SJS is defined as an area of skin detach-
ment that involves less than 10% of the body sur-
face. SJS-TEN overlap is defined as an area of
skin detachment that affects from 10% to less
than 30% of the body surface. TEN is defined as
a level of skin detachment of no less than 30%.
DIHS and MPE are categorized as nonbullous
cADRs [Naisbitt er al. 2003]. DIHS is a severe
adverse reaction that leads to multiorgan failure
and is hypothesized to be associated with the reac-
tivation of herpesvirus 6 [Hashimoto, 2006].
DIHS has also been referred to as a drug reaction
with eosinophilia and systemic symptoms (DRESS)
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or hypersensitivity syndrome (HSS). In this
review, either DIHS or HSS is used according to
the disease name used in the original article.
Whereas MPE is a mild skin rash, SJS/TEN and
DIHS are life-threatening adverse reactions. The
incidences of SJS/TEN and DIHS are very low
(two to three cases per million per year), but their
mortality is very high (5-30%). SJS/TEN is cur-
rently understood to be reactions that involve
cytotoxic CD8+ T cells, and DIHS and MPE are
also believed to have immune etiologies [Naisbitt
et al. 2003].

The occurrence of cADRs is a very significant
problem, both for physicians and patients, because
it is unpredictable and often leads to a discontinu-
ation of treatment. However, recent studies have
revealed that human leukocyte antigen (HLA)
genotypes are linked to a predisposition to the
cADRs induced by particular drugs, including
carbamazepine, and these genotypes are thus
thought to be promising biomarkers. In this
review, the associations between HLA-A*31:01
and cADRs induced by carbamazepine and its
analogs are discussed.

HLA proteins

HLAs are a family of proteins that are involved in
immune reactions by presenting antigens to T
cells. HLLA-A, -B and -C are categorized as class I
molecules that are ubiquitously expressed on the
surface of cells, including keratinocytes. HLA-DR,
-DQ, and -DP are categorized as class II mole-
cules that are expressed mainly on the surface of
antigen-presenting cells, such as B cells, mac-
rophages and dendritic cells. The genes for all the
HILAs are on the short arm of chromosome 6 and
are known to be highly polymorphic. For example,
more than 1000 alleles of HLA-A, -B and -C have
been identified to date [Robinson ez al. 2011].

A brief introduction of associations of
carbamazepine-induced Stevens-Johnson
syndrome and toxic epidermal necrolysis

with HLA-B*15:02 and HLA-B75

Very strong associations between HLA-B*15:02
and carbamazepine-induced SJS/TEN have been
found among the Han Chinese in Taiwan [Hung
et al. 2006; Chung er al. 2004], which were con-
firmed by various case—control studies of
Southeastern Asian patients [Kulkantrakorn er al.
2011; Wang eral. 2011; Zhang eral. 2011;
Tassaneeyakul eral. 2010; Mehta eral. 2009;

Locharernkul er al. 2008; Man et al. 2007; Lonjou
et al. 2006]. HLA-B*15:02 is a member of the
serotype HLA-B75. In addition to HLA-B*15:02,
carriers of some HILA-B75 members, including
HLA-B*15:08, HLA-B15:11 and HLA-B*15:21,
with carbamazepine-induced SJS/TEN have also
been detected in Asian countries, including India,
Thailand, Korea and Japan [Kaniwa ez al. 2010;
Tassaneeyakul er al. 2010; Mehta eral. 2009].
The involvement of HLLA-B75 members in the
development of SJS/TEN was suggested by an in
vitro study using a cell line transfected with
cDNAs of these alleles, which underwent lysis by
cytotoxic T cells activated by carbamazepine
through recognition by the T-cell receptor (TCR)

[Wei et al. 2012]. Thus, HLLA-B75 can be said to

be a risk factor for carbamazepine-induced SJS/
TEN in Asian individuals. It is noteworthy that
HILA-B*15:02 is a risk factor only for SJS/TEN
but not for other phenotypes of cADRs, and is
also restricted to patients of Asian origin.

Associations of carbamazepine-induced

cADRs with HLA-A*31:01

As shown in Table 1, HLA-A*31:01 was reported
for the first time to have associations with carba-
mazepine-induced MPE/HSS, but not with SJS/
TEN, in Han Chinese patients in Taiwan [p =
0.0022, odds ratio (OR) = 17.5, 95% confidence
interval (CI) = 4.6-66.5] [Hung et al. 2006].The
sensitivity of HLA-A*31:01 in Han Chinese
patients with carbamazepine-induced MPE/HSS
was 0.25. This was followed by a report by
Kashiwagi and colleagues that allelic frequency of
HLA-A*31:01 in Japanese patients with carba-
mazepine-induced severe cADRs (z = 22 includ-
ing four SJS cases) was significantly higher than
in a general Japanese population (p = 0.0004, OR
= 4.33 and sensitivity = 0.50) [Kashiwagi et al.
2008]. The following five studies listed in Table 1,
including our unpublished data, also revealed the
tendency of a high allelic or carrier frequency of
HILA-A*31:01 in both SJS/TEN and various
other types of cADRs, including DIHS/HSS,
EEM or MPE, compared with that in tolerant
control patients or in general populations. It
should be noted, however, that the p values are
dependent on the sample sizes of the studies,
and sometimes no significant differences were
detected because of a small sample size. In a study
with Korean patients, three of seven patients with
SJS/TEN and 10 of 17 patients with HSS carried
HILA-A*31:01, and the carrier frequency in the
latter was significantly higher than in tolerant
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controls or a general population [Kim ez al. 2011].
The sensitivity of HLA-A*31:01 in Korean
patients with carbamazepine-induced SJS or HSS
was 0.54 (13/24). In a study of Japanese patients
conducted by Ozeki and colleagues, HLA-
A*31:01 was significantly associated with carba-
mazepine-induced DIHS, SJS/TEN and other
types of skin rashes (sensitivity for all phenotypes
= 0.58) [Ozeki eral. 2011]. In their study, an
especially strong association was detected between
SJS/TEN and HLA-B*31:01. In another Japanese
study by Niihara and colleagues, eight of nine
patients with carbamazepine-induced DIHS car-
ried HLA-A*31:01, an association that was statis-
tically significant (sensitivity for all phenotypes =
0.67) [Niihara ez al. 2012].We previously reported
the involvement of HLA-B*15:11 in the develop-
ment of carbamazepine-induced SJS/TEN in
Japanese patients [Kaniwa er al. 2010]. In our
sample, 9 of 21 patients with carbamazepine-
induced SJS/TEN carried HLA-A*31:01, and the
association was statistically significant (p = 0.0047,
OR=3.7,95% CI = 1.55-8.86; sensitivity = 0.43)
(unpublished data). HLA-A*31:01 was also
reported to be a biomarker for various carbamaze-
pine-induced cADRs in Europeans, ranging from
a mild skin rash, such as MPE, to severe cADRs,
including SJS/TEN, and the sensitivity of HLA-
A*31:01 for all phenotypes was 0.26 (38/145)
[McCormack eral. 2011]. The situation that
HLA-A*31:01is involved in various phenotypes of
skin rash caused by carbamazepine in white
patients was similar to those observed in Asian
patients. A recently conducted case—control study
including children living in Canada also detected
significant correlations of HLA-A*31:01 with car-
bamazepine-induced HSS and MPE, but there
were no correlations with SJS [Amstutz er al.
2013]. In this study, three patients with SJS who
were of Asian origin carried the HLA-B*15:02
allele.

As mentioned above, the sensitivities of HLA-
A*31:01 observed in studies with Korean and
Japanese patients ranged from 43% to 67%, and
they were higher than those observed among Han
Chinese in Taiwan and among Europeans (26%
for both ethnic groups). However, the observed
variation in association strengths of HLA-
A*31:01 with carbamazepine-induced cADRs
among various ethnic groups was smaller than
that in associations of HLA-B*15:02 with carba-
mazepine-induced SJS/TEN. Yip and colleagues
estimated a pooled OR of 9.5 (95% CI = 6.4—
13.9) for the association of HLA-A*31:01 with

carbamazepine-induced cADRs among the stud-
ies with Korean, Japanese, Chinese and European
patients [Yip ez al. 2012].

Population allelic frequency of HLA-A*31:01

in various ethnic groups

The HLA-A*31:01 allele in general populations
varies among different ethnic groups [Kurose
etal. 2012]. HLA-A*31:01 is a common allele
among Japanese individuals (allelic frequency
0.071-0.093). Its frequency is comparable among
Korean individuals and white individuals (0.050,
and 0.018-0.042 respectively) and is lower among
Chinese in both mainland China and Taiwan
(0.022 and 0.018 respectively). HLA-A*31:01 is a
rare allele among African individuals, in whom its
frequency is on average 0.01. There have been no
reports on whether HLA-A*31:01 is linked to car-
bamazepine-induced cADRs in African patients.

Comparison between HLA-B*15:02

and HLA-A*31:01 as risk factors for
carbamazepine-induced cutaneous adverse
drug reactions

Although, as mentioned above, the association
between HLA-B*15:02/HLLA-B75 and carbamaz-
epine-induced SJS/TEN appears to be restricted
to Asian patients, associations between HILA-
A*31:01 and carbamazepine-induced cADRs have
been detected both in Asian and European patients.
However, its associations with cADRs were rather
weak compared with the associations between
HILA-B*15:02 and carbamazepine-induced SJS/
TEN observed in Southeast Asian countries, for
which the sensitivities were nearly 100%.

At first, the association of HLA-A*31:01 was
thought to be limited to carbamazepine-induced
HSS or MPE, but not with SJS/TEN in Han
Chinese populations. However, various case—
control studies that were conducted independently
in other Asian countries and in Europe showed sig-
nificant correlations between HLA-A*31:01 and
the SJS/TEN caused by carbamazepine. Therefore,
it can be concluded that HLA-A*31:01 is involved
in the onset of both SJS/TEN and nonbullous
cADRs, such as HSS and MPE.

The mechanism by which small molecules such
as drugs (<1000 Da) become antigenic and rec-
ognized by T cells has not been elucidated. Two
major concepts have been proposed [Adam ez al.
2011]. One is the hapten/prohapten concept, and
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the other is the p-i concept (pharmacological
interactions of drugs with immune receptors).
B-Lactam antibiotics have been shown to bind
covalently to lysine residues of serum albumin as
a hapten, and peptides modified with a hapten,
which are generated by intracellular processing,
embedded in HLLA molecules are considered to
be presented by antigen-presenting cells to TCRs
(hapten concept) [Monshi et al. 2013; Jenkins
et al. 2009]. Using a cell line transfected with
HLA-B*15, Wei and colleagues showed that
HILA-B75 members, including HLA-B*15:02
and HLA-B*15:11 proteins, promoted cell lysis
by cytotoxic T cells that had been activated by
carbamazepine [Wei eral. 2012]. In contrast,
members of other serotypes of HLA-B*15, such
as HLLA-B62 and HLLA-B72, cannot promote cell
lysis by cytotoxic T cells activated by carbamaze-
pine. The 63rd amino acid (the next amino acid
of putative carbamazepine binding site) of mem-
bers of serotype HLLA-B75 is asparagine, whereas
that of serotypes HLLA-B62 or HLLA-B72 is glu-
tamic acid. Thus, carbamazepine is bound nonco-
valently to the HLLA-B75 molecules, and the TCR
recognizes its complex for T-cell activation (p-i
concept). In addition to the specific HLA allele,
HLA-B*15:02, a skewed usage of specific reper-
toires of the third complementarity-determining
region of the TCR, such as VB-11-ISGSY, is
reported to be required to develop carbamaze-
pine-induced SJS/TEN [Ko ez al. 2011].

To date, no information has been available on the
pathogenic mechanisms of HLA-A*31:01 mole-
cules inducing hypersensitive reactions to carba-
mazepine (or its metabolites), including
mechanisms of antigen presentation and TCR
recognition. The pathogenesis for the HIA-
A*31:01 molecule may be different from that for
HILA-B*15:02 molecules, because HLA-A*31:01
is linked not only to SJS/TEN but also to various
phenotypes of cADRs. The diverging points for
such clinical manifestations should be clarified.

The alleles HLA-A*31:01 and HLA-B*15:11
were found exclusively in each case of our
Japanese patients (our unpublished data) and of
Korean patients [Kim er al. 2011]. Unlike other
ethnic groups, either HLA-A*31:01 or HLA-
B*15:11 can be said to be a risk factor for carba-
mazepine-induced SJS/TEN in Korean and
Japanese individuals because more than half of
the patients with carbamazepine-induced SJS/
TEN in these countries carry either of the alleles
(6/7 in Korean patients and 14/21 in Japanese

patients) [Kim eral 2011} (our unpublished
data). Therefore, the combined biomarkers may
be of use to detect patients at high risk of carba-
mazepine-induced SJS/TEN in Korean and
Japanese individuals.

Cutaneous adverse drug reactions caused

by oxcarbazepine and eslicarbazepine
Oxcarbazepine and eslicarbazepine, which are
metabolized differently from carbamazepine, have
been developed to avoid the severe adverse reac-
tions caused by carbamazepine. Oxcarbazepine
was approved in 2007 in the USA and eslicarbaz-
epine was approved in 2009 in Europe. Although
SJS/TEN cases caused by oxcarbazepine were
fewer than those caused by carbamazepine [Buggy
eral. 2010; Dogan er al. 2008; Le Louét eral
2008], there have been many reports of oxcarbaz-
epine-caused severe cADRs. To date, two studies
with Chinese patients have pointed out the
involvement of HLA-B*15:02 in oxcarbazepine-
induced SJS/TEN [Hu et al. 2011; Hung et al.
2010]; however, another study with Chinese
patients detected no significant correlation
between the disease and this allele [He eral
2012].There have been no reports concerning the
involvement of HLA-A*31:01 in oxcarbazepine-
induced SJS/TEN. Since eslicarbazepine, which
is the active metabolite of oxcarbazepine, was
approved only quite recently, reports on severe
cADRs have not been accumulating.

Usefulness of prescreening HLA-A*31:01

On the basis of the knowledge obtained from vari-
ous retrospective case—control studies with
Southeastern patients [Kulkantrakorn ez al. 2011;
Wang et al. 2011;Zhang et al. 201 1;Tassaneeyakul
et al. 2010; Mehta et al. 2009; Locharernkul ez al.
2008; Man et al. 2007; Hung er al. 2006; Lonjou
et al. 2006; Chung et al. 2004] and a positive
result obtained from a prospective case—control
study performed in Taiwan to examine the useful-
ness of prescreening the risk factor [Chen ez al.
2011], the screening for HLA-B*15:02 prior to
the initiation of carbamazepine treatment is cur-
rently mandatory in Taiwan and Singapore, and
for patients in the USA who have ancestry at high
risk for carbamazepine-induced SJS/TEN.

For HLA-A*31:01,Yip and colleagues [Yip ez al.
2012] examined the usefulness of prescreening by
a meta-analysis, using data obtained from three
studies [McCormack et al. 2011; Ozeki ez al
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2011; Hung ez al. 2006]. The performance char-
acteristics of HLA-A*31:01 for Han Chinese,
Japanese and European patients estimated by Yip
and colleagues are as follows: sensitivity 0.262—
0.584; specificity 0.871-0.972; positive predictive
value 0.119-0.427; and negative predictive value
0.921-0.986. In every ethnic group, the number
of patients needing to be tested in order to pre-
vent one case (NNT) was estimated at less than
100, which was much smaller than the NNT
(461) for screening HLA-B*15:02 for Taiwanese
individuals [Yip et al. 2012]. This difference may
be caused by the fact that HLA-B*15:02 is linked
only with the rarer, but more severe cADRs, SJS/
TEN, whereas HLA-A*31:01 is linked even with
frequently occurring mild skin rashes, such as
MPE, as well as with SJS/TEN. The usefulness of
HLA-A*31:01 prescreening should be further
discussed taking several points into consideration:
the clinical impact of avoiding mild skin reactions,
alternative drugs for HLA-A*31:01-positive
patients and cost-effectiveness of the prescreening
test. The results of an ongoing prospective study
on the effects of a HLA-A*31:01 prescreening test
for prevention of carbamazepine-induced cADRs
conducted in Japan by a Riken group (M. Kubo,
http://www.biobankjp.org/pgx/outline/cbz.html)
would have much impact on this issue.

Because HLA genotyping methods currently being
used in clinical laboratory testing are laborious, time
consuming and expensive, a more inexpensive, sim-
ple and rapid genotyping method is required for
prescreening HLA-A*31:01. A new, simple and
rapid pharmacogenetic test for detecting HLA-
A*31:01 was developed, which uses the InvaderPlus
(Hologic, Inc., Bedford, MA, USA) assay and sur-
rogate single-nucleotide polymorphisms that were
found by a genome-wide association study to be
highly linked with HLA-A*31:01 [Aoki et al. 2012].
Uchiyama and colleagues developed another simple
and inexpensive method for the detection of HLA-
A*31:01, using a nested HLA-A allele-specific
primer polymerase chain reaction combined with
restriction fragment length polymorphism analysis
[Uchiyama et al. 2013].

Conclusion

Unlike the case of HLA-B*15:02, HLA-A*31:01 is
a risk factor for various types of carbamazepine-
induced cADRs, ranging from mild ones such as
MPE to severe ones, including SJS/TEN and
DIHS, in both Asian and white patients. The
pathogenesis of HLA-A*31:01 involvement in the

development of cADRs remains to be elucidated,
which could help discriminate rashes that are likely
to progress from those that are likely to resolve.
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