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underlying DIHS/DR and SIS/TEN are distinct. We

further suggest that'a prompt differentiation of SCAR may Fumi MIYAGAWA!
be achieved using TARC/MDC and IP-10/MIG chemokine Ayako HASEGAWA!
sets. M Kyoko IMOTO!
Kohei OGAWA!
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Letters to the Editor

Drug-induced hypersensitivity syndrome/drug reaction with
eosinophilia and systemic symptoms with histologic features
mimicking cutaneous pseudolymphoma

Dear Editor,

Drug-induced hypersensitivity syndrome/drug reaction with
eosinophilia and systemic symptoms (DIHS/DRESS) may be
Included In the broad classlfication of drug-Induced pseud-
olymphoma. However, these conditions seem 1o be two dis-
tinct entities, with different clinical features and outcomes.' We

report a case of DIHS/DRESS showing histologic features of
cutaneous pseudolymphoma.

A 31-year-old man presented with a 10-day history of high
faver and generallzed rash. He suffered from bipolar depression
and had been treated with sodium valproate. Twenty-one days
after adding carbamazepine, high fever developed, followed by

e

Figure 1. (a, b) Patient clinical features. Erythroderma with edematous swelling of the face. (¢, d) Histology of the neck skin. Well-
demarcated patches of Infiltrates around the dermal vessels and folliculosebaceous units {c: hematoxylin-eosin, 40x). Dense infil-
trates consisted of lympholid cells predominantly with occaslonal atypical nuclel and minimal nuclear debris (d: hematoxylin-eosin,
400x). (e} Double immunofluorescence labeling of CD3 (green) and FoxP3 (red) revealed 10 double-positive cells In Infiltrates per
high-power field (1000x). (f) Large numbers of CD16* monocytes were observed In edematous dermal paplllae and the peripheries
of the denss infiltrates (100x).
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extensive erythematous plaques, lymphadenopathy and liver
dysfunction. Examination revealed erythroderma on the whole
body (Fig. 1a,b). Cervical, axillary, and inguinal tymph nodes
were swollen. Sodium valproate and carbamazepine were dis-
continued, and the patient was admitted for suspected DIHS/
DRESS. lLaboratory findings on admission were as foljows:
white blood cell count 29 400/pL (eosinophils 7%, atypical lym-
phocytes 34%); AST 119 IU/mL; ALT 318 U/mL; LOH 1105 WU/
ml; y-GTP 806 1U/mL; and soluble IL-2 receptor 2130 U/mL.
Histology of the neck skin revealed edematous dermal papiliae
and wall-demarcated patches of infiltrates around the dermal
vessels and folliculosebaceous units, Dense infiltrates consisted
predominantly of lymphoid cells with occasional atypical nuclet
{Fig. 10,d). By immunohistochemistry, most infilrates were
CD3* T-cells with higher expression of CD8* than CD4*, Double
immunofiuorescence labeling of Infilirates revealed 7-10
CD3*FoxP3* cells per high-power field {Flg. 16). Cells labeled
for B cell markers such as CD20 and CD78a were few, Large
numbers of CD16" monocytes were distribuled in edematous
dermal papillae and the peripheries of the dense infiltrates
(Fig. 11), whereas CD14" cells were few, as reported In a DIHS/
DRESS case series.? Prednisone (0.7 ma/kg/day, diip infusion)
was stanted and slowly tapered. Serum HHV-6 DNA was
detected 20 days after the onset of disease. Anti-HHV-6 IgG
titers Increased significantly (from 40x to 2560x) In paired sera.
A drug-induced lymphocyte stimulation test performed at day
112 of the disease course was positive for carbamazeping (St
index 19.51) and sodium valproate (Sl index 3.53).

Callot et al.! endeavored to separate the two conditions rot-
rospectively, based on 24 cases and an additional 85 pub-
lished cases. The pseudolymphoma group demonstrated
subacute papulonodular or infiltrated plaques devoid of vis-
ceral Involvement.! Histology revealed dense lymphocytic Infil-
trates and occasional Pautder's microabscess mimicking
lymphoma.®* In contrast, the DIHS/DRESS group had acute
widespread rash with high fever, lymphadeniopathy, and muiti-
visceral Involvement.’ Systemic involvement, such as extensive
fymphadenopathy and peripheral blood lsukocytosis with atypi-
cal lymphocytosis were suggestive of pseudolymphoma,

Letters to the Editor

whereas histology of the skin was usually not specific. in the
present case, the clinical manifestation was DIHS/DRESS,
while the histelogy mimicked pseudolymphoma. This case sug-
gested some features of pssudolymphoma in DIHS/DRESS,
afthough the two entities are distinct. Dramatic expansion of
functional regulatory T-cells (Tregs) in peripheral blood and
abundant Tregs in the dermis of DIHS/DRESS patients have
been reported.> A number of CD3*FoxP* cells, presumably
Tregs, were found in the dense Infiltrates In our case. Afthough
the ratio to CD3* cells was not higher than for usual DIHS/
DRESS, Tregs might serve to prevent the further activation and
expansion of effector T cells.
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Immediate-onset anaphylaxis of Bacillus subtilis-fermented

soybeans (natto)

Dear Editor,

I read the Letter to the Editor entitled “involvement of poly
{y-glutamic acid) as an allergen in iate-onset anaphylaxis due
1o fermented soybeans {natto)” by Inomata et al. with Interest.
Natlo 1s a traditional Japanese preserved food made by fer-
menting soy beans with Bacillus subtilis nalto, a type of hay

bacillus. In recant years, there have been Increasing opportuni-
ties to consume natto throughout the world, due to the boom
in health foods and Japaness foods. Unlike ordinary food aller-
gies, natto anaphylaxis is distinguished by symptoms that
appear with a delay of 5-12 h after ingesting natto.>* To our
knowledge, we report the first case of immediate-onset ana-
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lidomide may be considered as a therapeutic option in resis-
tant cases of OFG as long as regular neurological assessment is
carried out.

Department of Dermatology, St Vincent's K. Eustace
Hospital, Dublin 4, Ircland J. Crowry
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Elevated serum thymus and activation-
regulated chemokine (TARC/CCL17) relates to
reactivation of human herpesvirus 6 in drug
reaction with eosinophilia and systemic
symptoms (DRESS)/drug-induced
hypersensitivity syndrome (DIHS)

DOL: 10.1111/bjd. 12948

Dear Eprror, Drug reaction with eosinophilia and systemic
symptoms (DRESS), also known as drug-induced hypersensi-
tivity syndrome (DIHS), is a severe adverse drug-induced reac-
tion. This syndrome is characterized by cutaneous eruptions,
fever, haematological abnormalities (eosinophilia and/or atyp-
ical lymphocytosis) and severe visceral dysfunction.” The
reactivation of human herpesvirus (HHV)-6, as evidenced by
increases in HHV-6 IgG antibody titres and DNA levels, has
been reported in patients with DRESS/DIHS.”™
challenging to diagnose DRESS/DIHS due to its diverse symp-

It is often

toms; therefore, a scoring system (RegiSCAR system) has
recently been developed in an attempt to define DRESS more
appropriately.”

Thymus and activation-regulated chemokine (TARC/
CCL17) is one of the C~C chemokines that works as a ligand
for C-C chemokine receptor 4, and plays important roles in
the T helper 2-type immune response.®”  We recently

reported markedly higher serum TARC levels in patients with
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eruptions including Stevens-Johnson syndrome/toxic epider-
mal necrolysis (SJS/TEN) and maculopapular erythema
(MPE).® Serum TARC levels in the acute stage of DRESS/DIHS
have been correlated with disease activity; therefore, we
proposed that DRESS/DIHS may be diagnosed early by
measuring serum TARC levels. In the present study we
confirmed our previous findings using a larger sample of
patients with DRESS/DIHS. We also showed that the increase
in serum TARC levels may be associated with HHV-6 reacti-
vation.

We evaluated 30 patients diagnosed with DRESS/DIHS
associated with HHV-6 reactivation (22 male and eight
female; median age 52.4 years, range 12-86 years). Fifteen
patients with SJS/TEN (eight male and seven female; median
age 57-7 years, range 33-78 years) and 17 patients with
MPE (10 male and seven female; median age 61.2 years,
range 32-77 years) were also enrolled in this study. We
evaluated serum TARC levels in patients with active skin
eruptions in the acute stage within 15 days of onset (average
day 10.0). Serum samples of SJS/TEN and MPE were
obtained on days 0-10 (average day 4.7) and days 1-11
(average day 4.8), respectively. Serum TARC levels were
measured using enzyme-linked immunosorbent assays (R&D
Systems, Minneapolis, MN, U.S.A.). The results obtained
showed that the mean £ SD serum TARC levels in patients
with DRESS/DIHS (21 023 £ 17 040 pg mL™') were signifi-
cantly higher than those in patients with SJS/TEN
(1543 £ 2770 pg mL™") or MPE (2142 & 3056 pg mL™"),
which was consistent with our previous findings (Fig. 1).®
To exclude the possibility that the major differences in TARC
levels between the three groups were due to the difference
in sampling time, we next analysed the samples that were
obtained from day 5 to day 10 after onset. Sixteen cases of
DRESS, eight of SJS/TEN and seven of MPE fulfilled this cri-
terion. As shown in Figure 1b, mean serum TARC levels in

British Journal of Dermatology (2014) 171, pp415-440

were significantly higher than those in patients with SJS/TEN
(2408 £ 3562 pg mL™') or MPE (4038 + 3784 pg mL™")
even if we included only the samples obtained between day
5 and day 10 after onset.

We then investigated whether serum TARC levels corre-
lated with the RegiSCAR group diagnostic score for DRESS®
and HHV-6 reactivation. This study included 41 patients sus-
pected of having DRESS/DIHS due to their clinical symp-
toms, regardless of HHV-6 reactivation (28 male and 13
female; median age 51-0 years, range 1286 years). Thirty
patients, the same patient population as that in Figure 1la,
had HHV-6 reactivation, while the other 11 cases showed no
evidence of HHV-6 reactivation. Forty-one patients were
graded according to the RegiSCAR scoring system as ‘proba-
ble’ (n=10) or ‘definite’ (n = 31). Serum samples were
obtained during the acute stage, within 15 days of onset. A
weak correlation was found between serum TARC levels and
DRESS scores in 41 patients (r = 0-26; Fig. 2a). Serum TARC
with HHV-6 reactivation (21 023 £
17 040 pg mL™') were significantly higher than those in
patients without HHV-6 (7449 £
12 440 pg mL™") (Fig. 2b).

The present study confirms that serum TARC levels can be a
useful indicator to differentiate DRESS/DIHS with HHV-6 reacti-
vation from other drug eruptions, as we have reported previ-

levels in patients

reactivation

ously.®. We also demonstrated that serum TARC levels in
patients with HHV-6 reactivation were higher than those in
patients without HHV-6 reactivation. This finding led us to
suggest the pathogenic link between serum TARC levels and
HHV-6 reactivation. Although the precise mechanism involved
is largely unknown, one possible explanation is that immuno-
suppression can trigger HHV-6 reactivation through the process
of regulatory T-cell activation induced by elevated TARC.
Another possibility is that elevated TARC levels directly acti-
vate HHV-6 through the chemokine receptor homologues of
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HHV-6.
mechanism.

Further studies are warranted to address this

K. Ocawa'
H. Monito'
A. Haspcawa'
F. Mivacawa'

"Department of Dermatology, Nara Medical
University School of Medicine, 840 Shijo-
cho, Kashihara, Nara 634-8522, Japan
*Department of Dermatology, Showa
University School of Medicine, Tokyo, Japan N. Kopavasui'
H., WATANABE®
H. Supki’
M. TOHYAMA®

*Department of Dermatology, Ehime
University Graduate School of Medicine,
Matsuyama, Japan

K. Hasuimoro®

Y. Kano®
4

*Department of Dermatology, Kyorin
University School of Medicine, Tokyo, Japan

*Department of Environmental Immuno- T. SHIOHARA

Dermatology, Yokohama City University K. Ito®
Graduate School of Medicine, Yokohama, H. Fujira®
Japan M. Ataara’
Correspondence: Hideo Asada. H. Asapa’

E-mail: asadah@naramed-u.ac.jp

References

—

Cacoub P, Musette P, Descamps V et al. The DRESS syndrome: a lit-
erature review. Am | Med 2011; 124:588-97.

Shiohara T, Inacka M, Kano Y. Drug-induced hypersensitivity syn-
drome (DIHS): a reaction induced by a complex interplay among
herpes viruses and antiviral and antidrug immune responses. Aller-
gol Int 2006; 55:1-8.

Tohyama M, Hashimoto X, Yasukawa M et al. Association of

N

w

human herpesvirus 6 reactivation with the flaring and severity of
drug-induced hypersensitivity syndrome. Br J Dermatol 2007;
157:934—40.
4 Criado PR, Criado RF, Avancini JM, Santi CG. Drug reaction with
systemic  symptoms  (DRESS)/drug-induced
hypersensitivity syndrome (DIHS): a review of current concepts.
An Bras Dermatol 2012; 87:435~49.
Kardaun SH, Sidoroff A, Valeyrie-Allanore L et al. Variability in the
clinical pattern of cutaneous side-effects of drugs with systemic
symptoms: does a DRESS syndrome really exist? Br ] Dermatol 2007;
156:609-11.
6 Imai T, Baba M, Nishimura M et al. The T cell-directed CC chemo-
kine TARC is a highly specific biological ligand for CC chemokine
receptor 4. J Biol Chem 1997; 272:15036—42.
Sallusto F, Lanzavecchia A, Mackay C. Chemokines and chemokine
receptors in T cell priming and Th1/Th2 mediated responses.
Immunol Today 1998; 19:568-74.
Ogawa K, Morito H, Hasegawa A et al. Identification of thymus
and activation-regulated chemokine (TARC/CCL17) as a potential
marker for early indication of disease and prediction of disease
activity in drug-induced hypersensitivity syndrome (DIHS)/drug
rash with eosinophilia and systemic symptoms (DRESS). ] Dermatol
Sci 2013; 69:38—43.

eosinophilia  and

1%}

~

o]

Funding sources: This study was partly supported by Health and
Labour Sciences Research Grants (Research on Intractable Diseases)
from the Ministry of Health, Labour, and Welfare of Japan and KA-
KENHI (to H.A., no. 23591650).

Conflicts of interest: none declared.

© 2014 British Association of Dermatologists

Correspondence 427

A novel mutation for disseminated superficial
actinic porokeratosis in the MVK gene

DOL 10.1111/bjd. 12947

Dear Eprror, Disseminated  superficial actinic  porokeratosis
(DSAP) is the most common clinical type of porokeratosis,
characterized by many uniformly small, minimal, annular,
anhidrotic and keratotic lesions developing on patients’ sun-
exposed areas (e.g. face, neck, arms and legs) (Fig. 1a,b).' A
four-generation family with DSAP (Fig. 2a), consisting of 27
individuals (six affected), was identified in Hunan province in
China. The lesions had developed between the ages of 20 and
28 years. Diagnosis of DSAP in each case was made by an
experienced dermatologist based on clinical examination of
the patient, and was confirmed by histological findings of
involved skin. Skin biopsy samples of one patient (11I-3) were
obtained for histological examination (Fig. 1c,d). Biopsy of
individual II-3 revealed a typical cornoid lamella in the
epidermis. The granular layer was absent or decreased under
the parakeratotic column. Peripheral blood samples of 14 indi-
viduals for DNA isolation were collected following informed
consent and institutional ethical committee approval. Labora-
tory examinations (blood, urine, routine liver and renal func-
tion) were normal. Genomic DNA was isolated from the
peripheral blood of the family members by standard methods.
All 11 translated exons plus the flanking splice sites of the
MVK gene (located at 12q24, containing 10 coding exons and
one noncoding exon spanning over 21 kb) were amplified
from the genomic DNA of the proband (III-3) using Premix
LA Taq (TaKaRa Biotechnology Co., Dalian, China).” The pri-
mer sequences are presented in Table 1. The polymerase chain
reaction (PCR) conditions are available on request. The ampli-
fied PCR products were subjected to direct sequencing on an
ABI 3730x] Automated Sequencer, using the ABI Prism Big
Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems, Foster City, CA, U.S.A.). After identification of the
mutation in the proband, genotyping of all included individu-
als was carried out by PCR amplification and direct sequencing
of exon 10 of the MVK gene.

DNA analysis of the proband showed a heterozygous sub-
stitution of guanine for thymine in exon 10 of MVK, result-
ing in the of glycine with the more
hydrophobic MVK protein  (c.926G>T,
p.Gly309Vval) (Fig. 2b). The missense mutation was detected

replacement
valine in the

in all affected individuals and one asymptomatic 6-year-old
girl (IV-2) in the heterozygous state, but was not detected
in unaffected family members, which provided evidence for
cosegregation of the mutation with the DSAP phenotype in
this family. The asymptomatic carrier in this study is only
6 years old, which shows the age-related penetrance of
DSAP. Furthermore, the missense mutation was absent in
100 ethnically matched controls, suggesting that the muta-
tion was not polymorphous.
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Letter to the Editor

TNF-« as a useful predictor of human herpesvi-
rus-6 reactivation and indicator of the disease
process in drug-induced hypersensitivity syn-
drome (DIHS)/drug reaction with eosinophilia
and systemic symptoms (DRESS)

Dear Editor,

Drug-induced hypersensitivity syndrome (DIHS), which is also
referred to as drug reaction with eosinophilia and systemic
symptoms (DRESS), is a multi-organ systemic reaction character-
ized by rashes, fever, leukocytosis with eosinophilia and atypical
lymphocytes, liver dysfunction, and reactivation of human
herpesvirus-6 (HHV-6) [1-4]. The mortality rate of DIHS/DRESS
has recently been demonstrated to be 2-14% [3,4]. However, the
pathogenesis of this serious syndrome has not been fully
elucidated.

Whether reactivation of members of the Betaherpesvirinae
subfamily, including HHV-6, occurs subsequent to drug hypersen-
sitivity reactions is one of the major clinical focuses in diagnosis of
DIHS/DRESS and selecting the most appropriate treatment for
better outcomes in patients [1]. However, a useful, predictive
marker of HHV-6 reactivation has not been widely accepted.
Moreover, useful biomarkers that reflect the disease process of
DIHS/DRESS have not been reported. Therefore, we conducted
comparative assessments and detailed examinations of patients
with DIHS/DRESS and measured their serum protein levels. We
compared their serum levels with those of patients with other
types of drug eruptions, such as erythema multiforme (EM) due to
drugs/medications and Stevens-Johnson syndrome (S]S)/toxic
epidermal necrolysis (TEN).

This study was approved by the Ethics Committee of Showa
University School of Medicine. Diagnosis of DIHS/DRESS was
determined according to the criteria established by the Japanese
consensus group [1]. Diagnosis of SJS, overlap SJS/TEN, and TEN
were performed according to criteria reported by Bastuji-Garin
et al. [5]. Regarding selection of subjects for the study, 20, 4, and 7
patients who satisfied the full criteria for DIHS/DRESS, SJS/TEN
(with an overlap of SJS/TEN patients; n=2, and TEN patients;
n =2),and EM caused by drugs/medications [1,6] respectively, and
for whom sufficient laboratory data were available. The dermato-
logical manifestations of DIHS/DRESS are as follows: maculopap-
ular rash-type, EM-type, and erythroderma [1,3]. Among the 20
DIHS/DRESS patients, there were 7 cases of maculopapular rash-
type, 5 of EM-type, and 8 of erythroderma (Table 1).

In DIHS/DRESS cases, HHV-6 infection was evaluated by serum
sample serological tests on admission and at various times
thereafter. Titers of IgG and IgM to HHV-6 were determined using
an indirect immunofluorescence antibody assay in all DIHS/DRESS
patients, and serum HHV-6 DNA was measured in 18 of 20 patients

using real-time polymerase chain reaction (PCR) [7]. We deter-
mined the serum levels of interleukin (IL)-6, tumor necrosis factor
(TNF)-o, and IL-13 on admission and after recovery and compared
them with those in patients with EM and SJS/TEN.

Anti-HHV-6 IgG titers were significantly increased in 13 of the
20 DIHS/DRESS patients. The presence of HHV-6 DNA in the serum
of 18 patients was determined, and 10 patients tested positive for
HHV-6 DNA (mean, 25.1 + 7.5 days after onset in nine patients). In
one patient in whom HHV-6 DNA was detected (Pt. 3, Table 1), anti-
HHV-6 IgG titers were not increased significantly.

HHV-6 belongs to the Betaherpesvirinae subfamily, which
contains two additional human herpesviruses: cytomegalovirus
(CMV) and HHV-7 [1]. Previously, increased levels of proinflam-
matory cytokines such as TNF-o and IL-6 have been demonstrated
with HHV-6 and CMV infection [8,9]. However, the exact
mechanisms of reactivation of these viruses have not been fully
elucidated. We determined the serum levels of TNF-a, IL-6, IL-13,
C-reactive protein (CRP), and lactate dehydrogenase (LDH) in 14
patients with DIHS/DRESS whose serum had been stored for
protein analysis on admission (Table 1), and compared these
results between the HHV-6 reactivation and non-reactivation
groups. The serum levels of TNF-c, CRP, and LDH before treatment
were significantly higher in the HHV-6 reactivation group than in
the HHV-6 non-reactivation group (TNF-a, P=0.0220; CRP,
P=0.0264; LDH, P=0.0341) (Fig. 1A-C). In our study, a TNF-a
level of 12 pg/mL, a CRP level of 7 mg/dl, and a LDH level of 600 U/L
were sufficient for detection of HHV-6 reactivation. Eight of
fourteen patients satisfied the threshold of TNF-a. Levels of other
proteins upon admission were not significantly correlated with
either group. IL-13 was undetectable in the sera of all subjects.

Regarding conditions similar to DIHS/DRESS, Kamijima et al.
recently reported the investigation of 28 patients with trichloro-
ethylene hypersensitivity syndrome, including the reaction point
of onset after exposure to trichloroethylene/drugs, clinical
manifestations, blood examination, and period of virus reactiva-
tion [10]. They found that an elevated TNF-« level on admission
was significantly correlated with an increase in HHV-6 DNA during
the clinical course. This result supports our observation that an
increasing level of TNF-« prior to the commencement of treatment
may be an excellent biomarker for the early recognition of HHV-6
reactivation in patients with DIHS/DRESS.

Moreover, the TNF-ct, CRP, and LDH levels decreased significantly
in parallel with the response to treatment in only the DIHS/DRESS
group (TNF-o, P=0.0418; CRP, P=0.0001; LDH, P=0.0026)
(Fig. 1D-F). To date, there have been no widely accepted biomarkers
of the DIHS/DRESS disease process. Yoshikawa et al. reported
elevated TNF-a levels in four of six DIHS/DRESS patients at onset [9].
These results indicate that the serum levels of these proteins reflect
the DIHS/DRESS disease process; however, further investigation
using a larger number of DIHS/DRESS samples is required.
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Fig. 1. Protein levels in the HHV-6 reactivation group and non-HHV-6 reactivation group in DIHS/DRESS {n = 14). In the DIHS/DRESS group, serum levels of TNF-a (*P < 0.05)
(Fig. 1A), CRP (*P < 0.05) (Fig. 1B), and LDH (*P < 0.05) (Fig. 1C) before treatment were significantly higher in the HHV-6 reactivation group than in the non-HHV-6
reactivation group. TNF-o, LDH, and CRP levels decreased significantly in parallel with the response to treatment in only the DIHS/DRESS group (*P < 0.05) (Fig. 1D-F). The
serum IL-6 levels on admission were significantly higher in the DIHS/DRESS group than in the EM group (*P < 0.05) (Fig. 1G). The t-test and Mann~Whitney U-test were
applied to evaluate differences in serum levels between the two groups. Regression analysis was also performed to elucidate trends in treatment responses. Correlations
between two serum levels were examined using Pearson’s correlation test. A P-value of <0.05 was considered to indicate statistical significance for all tests.
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Table 1
Patient data (demographics, causative drugs, onset of symptoms, type of cutaneous eruption, systemic involvement, and HHV-6 reactivation).
Pt. Age Sex Causative drug Onset (days) Type of Leukocytosis (/w!) Eosinophilia Aty lym  ALT (IU/L) Cr (mg/dl) HHV-6 TNF-a CRP LDH

eruption (Jmm?) (%) reactivation (pg/ml) (mg/dl) (1U/1)
154 M Phenytoin 41 Maculopapular Yes (48,000) Yes (3220) Yes (3) Yes(721) Yes (6.63) No nd. nd. n.d.

2 35 F Salazosulfapyridine 23 Maculopapular Yes (13,700) Yes (1781) Yes(3)  Yes (1084) Yes (1.13) Yes 216 1039 1005
365 M Carbamazepine 58 EM-type Yes (10,300) No No Yes (81) No Yes 124 2054 445
4 46 M Carbamazepine 13 EM-type Yes (10,600) No (1038) Yes(1) Yes(87) No Yes nd. nd. nd.
532 M Carbamazepine 21 Erythroderma Yes (10,200) No (1200) Yes(14) Yes(450) No No nd. n.d. nd.
6 42 M Carbamazepine 33 Maculopapular Yes (16,900) No (1183) . Yes(25) Yes(131) No No 0 3.7 248
7 34 M Phenobarbital 33 Maculopapular Yes (10,700) No Yes (33.5) Yes (890) No No 5.7502 34 425
8 27 M Phenobarbital 14 Maculopapular Yes (18,900) Yes (2457) Yes(17) Yes(1156) No Yes 4096 2.26 692
9 51 M Allopurinol 12 Erythroderma Yes (10,100) No (441) Yes (1)  Yes(118) No Yes 24125 6.6 338
10 58 M Carbamazepine 33 Erythroderma Yes (16,800) Yes (4872) Yes (14) Yes (242) Yes (1.7) Yes 13.075 6.8 883
11 49 M Allopurinol 32 Erythroderma Yes (17,100) Yes (7182) Yes (24) Yes (302) Yes(1.4) Yes 38.819 7.7 588
12 86 M Allopurinol 28 EM-type Yes (17,500) Yes (7500) Yes(9) Yes(65) Yes(1.6) Yes 19.678 5.1 584
13 54 F Carbamazepine 27 Erythroderma Yes (22,300) Yes (1806) Yes (24) Yes (422) Yes(1.5) Yes nd. n.d. nd.
14 74 M Carbamazepine 35 Erythroderma Yes (40,000) Yes (4400) Yes (3) Yes (56) No Yes 10.133 6.9 344
15 69 M Carbamazepine 30 EM-type Yes (13,400) Yes (1500) Yes (1) Yes (86) No Yes 4494 12 326
16 47 M Carbamazepine 78 Erythroderma Yes (23,500} Yes (8225) Yes (6) Yes(112) No Yes nd. nd. n.d.
17 35 M Carbamazepine 12 EM-type Yes (15,000) Yes (1500) Yes (7)  Yes (213) No No 5.8931 1.1 453
18 30 M Trichloroethylene 21 Erythroderma Yes (21,700) Yes (5425) Yes (13) Yes (391) Yes(2.0) Yes 159.864 1.8 659
29 45 F  Carbamazepine 31 Maculopapular Yes (12,100) No (630) No Yes (139) No No nd. n.d. n.d.

20 55 F Mexiletine 50 Maculopapular Yes (15,100) Yes (9966) Yes(23) Yes(75) No Yes 11.748 1.5 1168

All patients with a diagnosis of DIHS/DRESS were treated at Showa University Hospital, Department of Dermatology, between August 2001 and March 2013. The study
population comprised 16 males and 4 females ranging in age at the time of the initial examination from 27 to 86 years, with a mean age of 49.3 + 15.7 years in the DIHS/DRESS
group. The mean duration from the initial exposure to the suspected medication until the onset of DIHS/DRESS was 31.2 + 16.3 days. White blood cell counts exceeding 11,000/ L
(normal range 3500-9000/ L) at the initial examination were found in 15 patients (75%). During the clinical course, eosinophilia (>1500/mm?; normal range 70-440/p.L) was noted
in 13 patients (65%). Atypical lymphocytes were found in 18 of 20 patients (90%), and 12 of 20 patients (60%) had >5% atypical lymphocytes. All patients had hepatic abnormalities
(alanine aminotransferase (ALT) above the normal range of 5-251U/L), and 14 patients (70%) had a serum ALT >100 IU/L. Seven patients (35%) had renal dysfunction, one of whom
was on continuous dialysis. HHV-6 DNA of Pt. 16 was positive during the entire course of their illness because of chromosomal integration of HHV-6 DNA.

CRP; C-reactive protein (normal range <0.2 mg/dl), LDH; lactate dehydrogenase (normal range 105-220 U/L).

Onset (day), onset of symptoms (day); Aty Lym (%), Atypical lymphocytosis (%); ALT (IU/L), hepatitis (maximum of ALT (IU/L)); Cr (mg/dl), renal impairment (Cr (mg/dl));

eosinophilia (/mm?), eosinophilia (>1500/mm?); n.d., not done.

Finally, the serum IL-6 levels on admission were significantly
higher in the DIHS/DRESS group than in the EM group (P = 0.0439)
(Fig. 1G). Some DIHS/DRESS patients manifest targetoid erythem-
atous lesions; such patients may be clinically similar to those with
EM due to drugs/medications, especially in the early stage of the
disease course. In fact, 5 of 20 patients showed targetoid
erythematous skin manifestations. Based on our investigation,
IL-6 could be a good marker for the early recognition of DIHS
compared with EM.

In conclusion, we herein present a large case series involving a
single-facility survey of DIHS/DRESS in Japan. This study suggests
that elevated TNF-a during the early onset stage is a good marker
for the early recognition of HHV-6 reactivation. The TNF-« level
also reflects therapeutic responses and could be a useful marker of
the DIHS/DRESS disease process. Early and careful recognition of
these factors make it possible to choose an appropriate treatment
and improve patient outcomes.
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Necrotising fasciitis (NF) is a potentially lethal infection
affecting subcutancous tissue and superficial fascia that
may progress to multiple organ failure, and the prognosis
is often worse when the host is immunocompromised.
The prognosis is influenced by early diagnosis and early
surgical debridement (1). Biologic therapies have been
used in treating intractable inflammatory diseases, inclu-
ding collagen disorders. When using such a treatment
strategy, it is critical to be aware that the treated subject
may be highly susceptible to infection. Tocilizumab is
a humanised monoclonal antibody directed against the
interleukin-6 (IL-6) receptor and is recognised as an
excellent biologic treatment in inflammatory rheumatic
conditions (2). However, we wish to highlight the fact
that its use may be associated with serious adverse
reactions such as NF. It is known that tocilizumab may
completely suppress induced C-reactive protein (CRP)
via neutralisation of IL-6 effects (3). In fact, there have
been a few reports of infections and other adverse events
in subjects treated with tocilizumab (4).

Acta Derm Venereol 95

CASE REPORT

A 53-year-old Japanese man, who had been treated for
4 years with tocilizumab (8 mg/kg every 4 weeks) for
rheumatoid arthritis (RA), developed leg ulcers 2 years
after starting treatment. A skin biopsy was performed
at the time and this showed leukocytoclastic vasculitis
that was an extra-articular manifestation of RA. Two
years later, he presented with redness around the left
leg ulcer associated with inappropriate local treatment
for the past 5 days. In addition, extensive haemorrhagic
bulla formation and erosions were found around the
left leg ulcer. He was admitted to a local hospital and
treated with antibiotics for 2 days. Despite this, the
redness spread from the left leg ulcer to the mid-calf,
and he had difficulty walking due to severe pain.

He was referred to our hospital 24 days after the
last tocilizumab administration. He presented with
widespread purpura and sclerotic change with normal
local temperature, extending from his left toe to mid-

Fig. 1. Haemorrhagic bulla formation
and sclerotic change extending from
left toe to mid-calf are observed (a).
Skin ulcer was observed near the foot
joint for 2 years (b). Radical surgical
debridement was performed 5 h after
admission (c). A split skin graft
was applied (d). Histopathological
findings from haematoxylin- and
eosin-stained tissue sections show
presence of thrombi and severe
neutrophil infiltration (e-g) (e: x 20;
fand g: x400).

© 2015 The Authors. doi: 10.2340/00015555-1952
Journal Compilation © 2015 Acta Dermato-Venereologica. ISSN 0001-5555
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calf (Fig. 1a, b). His vital signs were as follows: blood
pressure, 161/92 mmHg; pulse, 108 beats/min; and
body temperature, 36.9°C. Results of laboratory tests
were as follows: white blood cell count, 22.1 x 10°/1
(neutrophils, 89%); haemoglobin, 9.8 g/dl; CRP, 25.3
mg/dl; sodium, 130 mEqg/l; creatinine, 0.66 mg/dl;
glucose, 154 mg/dl; serum IL-6, 218 pg/ml; and serum
vascular endothelial growth factor (VEGF), 572 pg/ml.
Computed tomography imaging of the affected regions
on the lower left leg showed swelling and contrast
enhancement in the subcutaneous tissue. Furthermore,
exploratory incision of diseased skin exuded a watery,
slightly scented fluid. Microbial culture tests revealed
Group A Streptococcus heavy growth. Radical surgical
debridement was performed 5 h after admission (Fig.
1¢). On the second day of hospitalization, serum IL-6
and VEGF levels had decreased to 57.6 pg/ml and 255
pg/ml, respectively. The patient was treated in the inten-
sive care unit post-surgery with intravenous penicillin
G (24 x10° U/day) and meropenem (3 g/day) and he
gradually showed improvement. At day 21 after the
initial debridement, a split skin graft was successfully
transplanted (Fig. 1d), and he was discharged at day 70.

DISCUSSION

Histopathological findings from necrotic tissue revea-
led severe neutrophil infiltration, and occlusion of the
vascular lumen by thrombi was detected (Fig. le-g).
This type of occlusion in patients with NF has been
previously described (5). In this case, serum VEGF
levels dramatically decreased after debridement of
necrotic tissue. It is known that VEGF contributes to
growth of vessels in inflammatory diseases (6). Thus,
we speculate that there is an association between oc-
clusion of the vascular lumen in necrotic tissue and
elevated serum VEGF levels in patients with NF.
Lack of constitutional symptoms in the presence
of serious infection has been reported in RA patients
treated with tocilizumab (7). Mild adverse events may
often be overlooked and these may lead to lethal com-
plications. We have identified 2 other published reports
that have evaluated NF in patients who were treated
with tocilizumab for RA (8, 9). In those cases, it was
difficult to make an initial diagnosis of NF because
the patients lacked typical laboratory findings, such as
elevated CRP and white blood cell count. In the NF case
described here, the CRP levels were abnormally high. It

Short communication 371

is possible that these controversial findings were influ-
enced by the period of time since the final tocilizumab
administration. However, all cases reported severe pain,
and none of them described local warmth. Appropriate
diagnostic methods, including computed tomography
imaging, needle aspiration, and exploratory incision,
have led to accurate diagnosis, and they can improve
the prognosis of patients who develop NF following
tocilizumab treatment.

Our experience highlights the fact that increased
attention and low investigation threshold should be
maintained in patients treated with tocilizumab. Early
recognition and treatment of serious infections may
improve prognosis in patients treated with biologics.
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henytoin (diphenylhydantoin) is a widely prescribed an-

tiepileptic drug and remains the most frequently used

first-line antiepileptic drug in hospitalized patients.>* Al-
though effective for treating neurological diseases, phenytoin
can cause cutaneous adverse reactions ranging from mild rash
(maculopapular exanthema) to life-threatening severe cutane-
ous adverse reactions.>*® Phenytoin-related severe cutaneous
adverse reactions include
drug reactions with eo-
sinophilia and systemic
symptoms (DRESS), Ste-
vens-Johnson syndrome
(SJS), and toxic epidermal

ALDEN algorithm of drug causality
for epidermal necrolysis

DRESS drug reaction with
eosinophilia and systemic symptoms

GWAS genome-wide association

study necrolysis (TEN).6 Ste-
SJS Stevens-Johnson syndrome vens-Johnson syndrome
SNP single-nucleotide polymorphism and TEN are variants of the
TEN toxic epidermal necrolysis same mucocutaneous blis-

tering reaction disease and
carry high morbidity and mortality (10%-50%).4® DRESS, also
known as drug-induced hypersensitivity syndrome, is charac-
terized by generalized maculopapular eruptions, high fever, eo-
sinophilia, atypical lymphocytes, and visceral involvement and
has a mortality rate of approximately 10%.%7 Phenytoin-
related severe cutaneous adverse reactions frequently impair
the internal organs, leading to the highest mortality among the
different antiepileptic drug-related cutaneous reactions.®
The pharmacogenomic basis of phenytoin-related severe cu-
taneous adverse reactions remains unknown. By candidate gene
approach, HLA-B*15:02 was identified as associated with phe-
nytoin-related severe cutaneous adverse reactions in Asians;
however, the strength of the association is much weaker than
that found for carbamazepine-related SIS-TEN.%"2 The US Food
and Drug Administration has suggested that physicians should
avoid prescribing phenytoin or fosphenytoin as an alternative
to carbamazepine in patients who carry HLA-B*15:02.*3 To in-
vestigate the genetic factors associated with phenytoin-
related severe cutaneous adverse reactions, we carried out a ge-
nome-wide association study (GWAS) followed by direct
sequencing of the associated genes and replication analyses
using samples from Taiwan, Japan, and Malaysia.

e sns ]
Methods

Recruitment of Cases and Drug-Tolerant Controls

Patients with phenytoin-related cutaneous adverse reactions
were recruited from the Chang Gung Memorial Hospital
(CGMH) health system and Taiwan Severe Cutaneous Ad-
verse Reactions Consortium in Taiwan, Hospital Sultanah Ami-
nah Johor Bahru in Malaysia, and centers collaborating with
the National Institute of Health Sciences and Osaka Univer-
sity in Japan between 2002 and 2014. All cases were evalu-
ated by at least 2 dermatologists, who reviewed all available
photographs, histological data, and clinical information, in-
cluding type of cutaneous reactions, date of onset, and drug
history, dosage, and duration. Phenotypes of severe cutane-
ous adverse reactions were clinically assessed using the diag-
nostic criteria established by the Registry of Severe Cutane-
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ous Adverse Reactions Consortium, which maintains a
multinational registry of severe cutaneous adverse reactions
cases reported by physicians from many countries (Austria,
France, Germany, Israel, Italy, the Netherlands, Spain, South
Africa, Taiwan, the United Kingdom, and Vietnam, etc).*7 Ste-
vens-Johnson syndrome and TEN are characterized by a rap-
idly developing blistering exanthema of purpuric macules and
target-like lesions accompanied by mucosal involvement and
skin detachment. Stevens-Johnson syndrome was defined as
skin detachment less than 10% of the body surface area,
SIS-TEN overlap as skin detachment from 10% t0 29%, and TEN
as skin detachment greater than 30%.*° The criteria and scor-
ing system of DRESS include cutaneous involvement with typi-
cal rash (eg, exfoliative dermatitis, diffuse maculopapular ex-
anthema), fever, eosinophilia, lymph node enlargement,
atypical lymphocytes, internal organ involvement (liver, kid-
ney, central nervous system, lung, heart, muscle), and time of
resolution.” The maculopapular exanthema phenotype is char-
acterized by generalized cutaneous erythematous macules and
papules and is self-limited without systemic involvement. We
used 2 methods, the Naranjo score'* and ALDEN (algorithm of
drug causality for epidermal necrolysis),*> to determine the
drug causality as phenytoin. Drug-tolerant patients who had
received phenytoin for more than 3 months without evi-
dence of adverse reactions were enrolled as controls from the
departments of neurology or neurosurgery of the CGMH health
system in Taiwan in 2002-2014. Written informed consent was
obtained from each participant. This study was approved by
the institutional review board of the ethical standards com-
mittee of each study site/institute.

GWAS, Direct Sequencing, and Linkage Disequilibrium
Analysis

GWAS was performed using the Affymetrix SNP Array 6.0 plat-
form, which is composed of 909 622 single-nucleotide poly-
morphisms (SNPs). The genotype calls were generated using
the Birdseed method (Birdseed version 2) with Affymetrix
Power Tools (version apt-1.10.2). The mean call rate of each ar-
ray is 98.7% (SD, 0.95%). We excluded SNPs with a call rate of
less than 0.90 and P<5.5x1078 (0.05/909 622) (P<.05 with Bon-
ferroni correction for multiple comparisons) in a Hardy-
Weinberg equilibrium test of data from participants from the
general population of Taiwan. We performed GWAS analysis
and principal component analysis and constructed a quantile-
quantile plot using MATLAB version 8.1 and Bioinformatics
Toolbox version 4.3 (MathWorks). After quality control mea-
sures and principal component analysis implementation, a total
of 854 035 SNPs were used in the GWAS discovery. To inves-
tigate functional SNPs, we designed polymerase chain reac-
tion primers (listed in eTable 1 in the Supplement) for direct
sequencing (Sanger method) of the exons of associated genes
in severe cutaneous adverse reactions cases. Then, the geno-
types of missense/nonsense SNPs identified from direct se-
quencing were further examined in the samples of severe cu-
taneous adverse reactions cases, phenytoin-tolerant controls,
and population controls by TagMan assays (Life Technolo-
gies). Haploview software (version 4.1) was used to draw the
linkage disequilibrium maps of chromosome 10: 96.0-97.5 Mb
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containing the CYP2C region. We calculated the D’ and r? val-
ues to estimate the independence of the SNPs in the samples.

Analysis of Concentrations of Plasma Phenytoin

We obtained convenience plasma samples from phenytoin-
tolerant controls (including those with continuous use of phe-
nytoin and those who were able to discontinue phenytoin
therapy and provided their serial blood samples before or af-
ter drug withdrawal) and severe cutaneous adverse reactions
cases. Plasma samples of controls who received the mainte-
nance dosage were collected within 24 hours after the last dose
of phenytoin. Available samples from phenytoin-tolerant con-
trols and patients with severe cutaneous adverse reactions were
obtained before or after withdrawal of phenytoin. The date of
drug withdrawal in patients with severe cutaneous adverse re-
actions was usually the same day or near the onset of severe
cutaneous adverse reactions when phenytoin was recog-
nized as the associated drug. The plasma concentration of total
phenytoin in samples was determined by fluorescence polar-
ization immunoassay using Axsym Phenytoin Assay (Abbott)
in the Department of Laboratory Medicine of the CGMH (Col-
lege of American Pathologists number 3291201-02). Standard
calibrators (0.0, 2.5, 5.0, 10.0, 20.0, and 40.0 pg/mL) were used
to generate the standard curve. The assay system has a sensi-
tivity of 0.5 pg/mL. This sensitivity is defined as the lowest
measurable concentration that can be distinguished from zero
with 95% confidence. Interday and intraday variability in pre-
cision were determined using human serum with 6.9, 14.0, and
24.0 pg/mL of phenytoin added, which yielded a coefficient
of variation of less than 2.9%. Accuracy by recovery was de-
termined by adding phenytoin to human serum and to buffer
at concentrations of 2.5, 4.0, 8.0, 12.0, 16.0, 20.0, 30.0, and 36.0
pg/mL, and the mean recovery was 101.5% (SD, 3.9%).

Statistical Analysis

We conducted the statistical analysis for the association by
comparing the allele or genotype frequencies between cases
and controls in modes of inheritance (additive model, reces-
sive model, or dominant models). The associations were ex-
amined by Fisher exact tests and rank-ordered according to the
lowest P value in these models. All P values were 2-tailed. A
Bonferroni correction was applied for the multiple compari-
sons and adjusted the P values using the numbers of tests
(n=854 035 SNPs for GWAS, n=17 for HLA-A genotypes, and
n=36 for HLA-B genotypes). A corrected P<.05 was consid-
ered to be statistically significant, and significant P values were
P=.0029 for HLA-A (0.05/17), P=.0014 for HLA-B (0.05/36), and
P=5.9 x 107® for GWAS (0.05/854 035). Odds ratios (ORs) were
calculated using a Haldane modification, which added 0.5 to
all cells to accommodate possible zero counts. Fisher exact
tests, Bonferroni correction, and OR calculation were per-
formed by MATLAB version 8.1 and Statistics Toolbox ver-
sion 8.2 (MathWorks), and a meta-analysis was conducted using
Review Manager (RevMan) version 5.2. Pooled ORs using aran-
dom-effects model were calculated from studies with phe-
nytoin-related severe cutaneous adverse reactions or popu-
lation controls and CYP2C9*3 allele analysis. Study
heterogeneity was investigated by calculating 7*and I°. The sta-
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tistical significance was defined as P < .05. The concentra-
tions of plasma phenytoin in the different groups were com-
pared by nonparametric tests.

Additional information regarding methods to determine
drug causality, estimates of the prevalence of phenytoin-
related cutaneous adverse reactions, and HLA genotyping
methods is provided in the eAppendix in the Supplement.

o
Results

For the initial GWAS, direct sequencing of the associated loci,
and replication analysis, we enrolled a total of 168 cases with
phenytoin-related cutaneous reactions (n=90 severe cutane-
ous adverse reactions [n=48 SJS-TEN and n=42 DRESS] and
n=78 maculopapular exanthemas) and 130 tolerant controls
from Taiwan (Table 1). Of the 90 cases with severe cutaneous
adverse reactions, 13 patients died as a result of the episode
(Table 1). The average daily dose of phenytoin showed no sig-
nificant difference between the 90 severe cutaneous adverse
reactions cases (mean, 314 mg/d; 95% CI, 292-330 mg/d) and
130 phenytoin-tolerant controls (mean, 323 mg/d; 95% CI, 309-
337 mg/d; P=.42) (Table 1). Based on the data from the Taiwan
National Health Insurance and CGMH databases, the esti-
mated prevalence was 0.24% for phenytoin-related SJS-TEN,
0.21% for phenytoin-related DRESS, and 3.6% for phenytoin-
related maculopapular exanthema in Taiwan.

As control participants in the GWAS, we randomly se-
lected 412 healthy individuals from a Taiwan biobank under
anationwide population study, which comprises 9980 Han Chi-
nese descendants.'® There was no self-report of adverse drug
events by any of these 412 participants from Taiwan, where 98%
of the population is made up of Han Chinese. We performed
the GWAS using samples from 60 cases of phenytoin-related
severe cutaneous adverse reactions (n=38 SJS-TEN and n=22
DRESS) initially enrolled from a referral center (CGMH) and the
412 controls from Taiwan. The principal component analysis
plots (eFigure 1in the Supplement) could not separate the 60
severe cutaneous adverse reactions cases from 412 general con-
trols, suggesting that there is no population stratification be-
tween cases and controls. The principal component analysis
located most of the Taiwanese severe cutaneous adverse re-
actions cases as among southern, central, and northern Han
Chinese of mainland China (eFigure 2 in the Supplement).

The GWAS discovered a cluster of 16 SNPs on chromosome
10G23.33 (96.4-97.0 Mb) that reached the genome-wide signifi-
cance threshold (P < 5.9 x 1078) for association with phenytoin-
related severe cutaneous adverse reactions (Figure 1). Eight SNPs
with the lowest P values were located on CYP2C genes, com-
prising CYP2C18 (NCBI Entrez gene 1562), CYP2C19 (NCBI En-
trez gene 1557), CYP2C9 (NCBI Entrez gene 1559), and CYP2C8
(NCBI Entrez gene 1558) (Table 2). The quantile-quantile plot
confirmed a marked excess of significantly associated SNPs on
chromosome 10 (eFigure 3in the Supplement). Direct sequenc-
ing of the CYP2C genes of patients identified 2 missense vari-
ants, 151057910 (CYP2C9*3; p.I359L) and 13758581 (CYP2C19*1C;
Pp.V331l), showing statistically significant association with phe-
nytoin-related severe cutaneous adverse reactions (Table 2 and
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Table 1. Demographic Data and Clinical Features of Patients With Phenytoin-Related Cutaneous Adverse Reactions and Phenytoin-Tolerant Controls

Enrolled in Taiwan

Abbreviations: DRESS, drug reaction with eosinophilia and systemic symptoms;
GPT, glutamic pyruvic transaminase; MPE, maculopapular exanthema; NA, not
applicable; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

2 A duration of 2 days was observed in a patient who received intravenous
phenytoin infusion.

®Values of glutamic-pyruvic transaminase were 2 times greater than normal.

€ The creatinine value was 1.5-fold higher than the normal value range (0.4-1.5
mg/dL) after drug intake.

eTable 2 in the Supplement). The association between the 10
variants and phenytoin-related severe cutaneous adverse re-
actions wasreplicated in an independent set of 30 cases of phe-
nytoin-related severe cutaneous adverse reaction (n=10 SJS-
TEN and n=20 DRESS) recruited from the Taiwan Severe
Cutaneous Adverse Reactions Consortium and 130 phenytoin-
tolerant controls (Table 2). All 10 SNPs in the 412 general con-
trols were in Hardy-Weinberg equilibrium (Table 2).

The 10 SNPs are common (minor allele frequencies =0.19)
in severe cutaneous adverse reactions cases, yet rare (minor
allele frequencies 0.017-0.063) in the population controls from
Taiwan (n = 412) and the southern (n = 500), central (n = 500),
and northern (n = 500) Han Chinese samples (eTable 3 in the
Supplement). The 10 SNPs showed strong linkage disequilib-
rium in the data sets of 412 controls and 90 severe cutaneous
adverse reactions cases but a smaller linkage disequilibrium

JAMA August 6, 2014 Volume 312, Number 5

block in 130 phenytoin-tolerant controls (Figure 2 and eTables
4-6 and eFigure 4 in the Supplement). Among the 7 haplo-
types inferred from 3 SNPs (rs3758581, 151057910, and
1s6583967), the risk haplotype (haplotype 2) was absent in 130
phenytoin-tolerant controls and showed significant associa-
tion with phenytoin-related severe cutaneous adverse reac-
tions (eFigure 5 in the Supplement). Because the estimated
prevalence of phenytoin-related severe cutaneous adverse re-
actions is very low in Taiwan, the genotyping data of 130 phe-
nytoin-tolerant controls and 412 population controls was com-
bined. All 10 SNPs exhibited significant association with
phenytoin-related severe cutaneous adverse reactions in the
combined-samples analysis (90 cases and 542 controls) and
showed P>.05 for heterogeneity between studies (Table 2). Data
from the GWAS, replication, and combined-samples analysis
allrevealed that CYP2C9*3 showed significant association with
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Figure 1. Genome-Wide Association Scan and Linkage Disequilibrium Map for the CYP2C Region Associated

With Phenytoin-Related Severe Cutaneous Adverse Reactions
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phenytoin-related severe cutaneous adverse reactions (OR, 12;
95% CI, 6.6-20; P = 1.1 x 107" in the combined-samples analy-
sis) (Table 2).

We compared the SNP data of the subgroups of 168 pa-
tients with phenytoin-related cutaneous adverse reactions and
130 phenytoin-tolerant controls and found that CYP2C9*3 ex-
hibited significant association with phenytoin-related SJS-
TEN (OR, 30; 95% CI, 8.4-109; P = 1.2x107*°), DRESS (OR, 19;

jama.com

(0<D" values <0.5), purple (D" = Q).

95% CI, 5.1-71; P = 7.0x1077), and maculopapular exanthema
(OR, 5.5; 95% CI, 1.5-21; P = .01) (eTable 7 in the Supplement).
The significant association between CYP2C9*3 and phenytoin-
related cutaneous adverse reactions was also noted when com-
paring data from cases with that of the 412 population con-
trols (eTable 7).

We examined the association between CYP2C9*3 and phe-
nytoin-related severe cutaneous adverse reactions using
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Table 2. Ten Significant SNPs Associated With Phenytoin-Related Severe Cutaneous Adverse Reactions in the GWAS Discovery, Direct Sequencing,

Replication, and Combined Samples

Abbreviations: GWAS, genome-wide association study: HET, P value of the
heterogeneity test between studies; HWE, Hardy-Weinberg equilibrium P
values for 412 controls from the general population; MAF, minor allele
frequency; OR, odds ratio; SNP, single-nucleotide polymorphism; UTR,
untranslational region.

2 The genomic coordinates are based on NCBI Human Genome Build 37.5. Gene
ID: CYP2(18: NCBI Entrez gene 1562; CYP2C19: NCBI Entrez gene 1557;
CYP2C9: NCBI Entrez gene 1559; CYP2(8: NCB! Entrez gene 1558; and
Cl100rf129: NCBI Entrez gene 142827.

bSixty cases of severe cutaneous adverse reactions vs 412 controls from the
general population.

© Thirty cases of severe cutaneous adverse reactions vs 130 phenytoin-tolerant
controls.

9 Ninety cases of severe cutaneous adverse reactions vs 542 controls.

© Pvalues were calculated by Fisher exact test for the risk allele. All SNPs were
discovered by the GWAS except rs3758581 and rs1057910, which were
identified by direct sequencing on the associated genes.

samples from 9 patients with SJIS-TEN and 2869 population
controls from Japan and 6 severe cutaneous adverse reac-
tions cases and 374 population controls from Malaysia.'” Demo-
graphic and clinical data for patients with phenytoin-related
severe cutaneous adverse reactions from Japan and Malaysia
are shown in eTable 8 in the Supplement. Allele frequencies
of CYP2C9*3 were 17% to 22% in samples from patients with
phenytoin-related severe cutaneous adverse reactions but only
2.7% to 2.8% in samples from the population controls of Ja-
pan and Malaysia (eTable 9 in the Supplement). CYP2C9*3
showed statistically significant association with phenytoin-
related severe cutaneous adverse reactions in both Japanese
(OR, 10; 95% CI, 3.4-32; P = 1.2 x 103} and Malaysians (OR, 6.9;
95% CI, 1.4-34; P = .048) (eTable 9). We further analyzed the
association between CYP2C9*3 and phenytoin-related severe
cutaneous adverse reactions by meta-analysis usinga random-
effects model and classified cases and controls according to
their phenotype (SIS-TEN or DRESS) and ethnicity (Taiwan-
ese, Japanese, or Malaysian) (Figure 3). The results of the meta-
analysis showed a pooled OR of 12 (95% CI, 6.4-22; z = 7.82;
P < .00001) for a CYP2C9*3 association with phenytoin-
related SJS-TEN, a pooled OR of 9.2 (95% CI, 4.3-20; z = 5.70;
P < .00001) for a CYP2C9*3 association with phenytoin-
related DRESS, and an overall OR 0f11(95% CI, 6.2-18; z = 8.58;
P < .00001) for a CYP2C9*3 association with phenytoin-
related severe cutaneous adverse reactions in Asians (Figure 3).

JAMA August 6, 2014 Volume 312, Number 5

Although no SNPs on HLA region reached genome-wide sig-
nificance, we examined the HLA association because of the im-
munological characteristics of phenytoin-related severe cuta-
neous adverse reactions.?®*® Phenytoin-related severe
cutaneous adverse reactions showed no link with HLA-A and a
very weak association with HLA-B*13:01, HLA-B*15:02, and HLA-
B*51:01, in which their P values become nonsignificant after Bon-
ferroni correction (eTable 10 in the Supplement). In the sub-
group analysis, only phenytoin-related SJS-TEN showed
significant association with HLA-B*15:02 (OR, 5.0; 95% CI, 2.0-
13; P = 7.0 x 107%; P = .025 after Bonferroni correction) (eTable
10). Adding HLA-B*1502 to CYP2C9*3 genetic screening im-
proved the sensitivity to 62.5% for phenytoin-related SJIS-TEN
but decreased the specificity (eTable 11 in the Supplement).

The concentrations of plasma phenytoin were determined
in the samples of participants, including (1) 90 phenytoin-
tolerant controls with continuous use of phenytoin; (2) 11 phe-
nytoin-tolerant controls who were able to discontinue phe-
nytoin therapy; (3) 14 patients with SJS-TEN; and (4) 26 patients
with DRESS (Table 3 and eFigure 6 in the Supplement). The av-
erage concentration of plasma phenytoin in the 90 phenytoin-
tolerant controls was 11.8 pg/mL (95% CI, 11.0-12.6 pug/mL)
(Table 3). The day of drug withdrawal in the 11 phenytoin-
tolerant controls and 40 patients with severe cutaneous ad-
verse reactions was labeled as day 0 (eFigure 6, B-D). Nine
samples from patients with severe cutaneous adverse reac-
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tions were obtained before drug withdrawal because these pa-
tients were hospitalized and received phenytoin for seizure pro-
phylaxis. Before drug withdrawal, plasma concentrations of
phenytoin were significantly higher in patients with SJS-TEN
(mean, 34 pg/ml; 95% CI,1.8-66 pg/mL) compared with the phe-
nytoin-tolerant controls (mean, 11 ug/mL; 95% CI, 9.1-13 ug/
mL; P = .015) (Table 3). After drug withdrawal for 1 to 5 days, con-
centrations of plasma phenytoin rapidly decreased in phenytoin-
tolerant controls (mean, 2.5 pg/mL; 95% CI, 1.5-3.5 pig/mL) but
remained significantly high in patients with SJS-TEN (mean, 12
ng/mL; 95% Cl, 4.6-19 ug/ml; P = .0004) and patients with DRESS
(mean, 5.5 ug/mL; 95% Cl, 2.8-8.3 pg/mlL; P = ,029) (Table 3). Fur-
thermore, significantly delayed clearance of plasma phenytoin
was observed in patients with severe cutaneous adverse reac-
tions with CYP2C9*3 (mean, 17 pg/mL; 95% CI, 5.9-27 ug/mL;
P =.0002) and in noncarriers (mean, 4.9 pg/mL; 95% CI, 3.1-6.7
Kg/mL; P = .015) (Table 3). The CYP2C9*3 carriers with severe cu-
taneous adverse reactions had significantly higher levels of
plasma phenytoin than patients without the risk allele (P = .022).
However, the average daily dose showed no difference be-
tween patients with severe cutaneous adverse reactions carry-
ing CYP2C9*3 (n = 12; mean, 300 mg/d; 95% CI, 300-300 mg/d)
and noncarriers (n = 28; mean, 304 mg/d; 95% CI, 291-316 mg/
d). These data suggest that rs1057910 (CYP2C9*3) contributes to
phenytoin-related severe cutaneous adverse reactions.

= ]
Discussion

Phenytoin has a narrow therapeutic range (10-20 pg/mL) and
nonlinear pharmacokinetics and is metabolized to inactive hy-
droxyphenytoin, 5-(4’-hydroxyphenyl)-5-phenylhydantoin (p-
HPPH), primarily (90%) by the cytochrome P450 (CYP) 2C9
enzyme.'? Formation of p-HPPH is thought to proceed viaare-
active arene oxide intermediate, which has been proposed for
the induction of phenytoin hypersensitivity.’**® In this study,
we report CYP2C variants, including CYP2C9*3, known to cause
93% to 95% reduction in phenytoin clearance,”** as impor-
tant genetic factors for phenytoin-related severe cutaneous ad-
verse reactions. We detected accumulated phenytoin in pa-
tients with severe cutaneous adverse reactions, particularly
CYP2Cg9*3 carriers. Patients with SJS-TEN exhibited slower me-
tabolism and a stronger strength of association with the CYP2C
SNPs than patients with DRESS. Delayed clearance was also
noted in patients with severe cutaneous adverse reactions with-
out CYP2C9*3, suggesting that nongenetic factors such as re-
nal insufficiency, hepatic dysfunction, and concurrent use of
substances that compete or inhibit the enzymes may also affect
phenytoin metabolism and contribute to severe cutaneous ad-
verse reactions. Such characteristics share the features of the
drug-accumulation hypothesis of allopurinol-related severe cu-
taneous adverse reactions, in which the risk factors include high-
doseregimen, renal failure, concomitant diuretic, and high con-
centration of oxypurinol.?7 Further studies are needed to
investigate how the CYP2C variants and the accumulated reac-
tive metabolites affect cutaneous adverse reactions.

Among the 10 risk alleles, the missense 151057910 is the
only one with known function associated with reduced CYP2C9
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Figure 2. Linkage Disequilibrium Heat Maps for the CYP2C Region
Associated With Phenytoin-Related Severe Cutaneous Adverse
Reactions
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The linkage disequilibrium heat maps are drawn based on pairwise D' values of
the 10 risk single-nucleotide polymorphisms using the data of 412 controls (A)
and 90 cases of phenytoin-related severe cutaneous adverse reactions (B).

enzyme activity and phenytoin-related neurological
toxicity.*>*3 The SNP 151057910 forms CYP2C9*3 and part of
CYP2C9*18. Another risk SNP, rs3758581, present on the
CYP2C19*1B and CYP2C19*1C normal haplotypes, is a mis-
sense mutation yet has no obvious effects on CYP2C19 activ-
ity or drug metabolism.?+?%2° The SNP 153758581 may be a sur-
rogate marker for rs1057910 because of the strong linkage
disequilibrium between the 2 SNPs. In our 90 samples from pa-
tients with severe cutaneous adverse reactions, we did not de-
tect CYP2C9*2 (rs1799853). The frequencies of CYP2C9*3 vary
in ethnic groups (0.8%-10%).283° CYP2C9*3 was reported to
be associated with phenytoin maculopapular exanthema
(P = .007) in Koreans.>* A GWAS using samples from 40 cases
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Figure 3. Distribution of the CYP2C9*3 Variant in Cases With Phenytoin-Related Severe Cutaneous Adverse Reactions and Population Controls

Cases of Phenytoin-Related

Severe Cutaneous
Adverse Reactions, No. Population Controls, No.
CYP2C9*3 Total CYP2C9*3 Total Odds Ratio CYP2C9*3 : CYP2C9*3 Weight,
Subgroup Carriers  Participants Carriers  Participants (95% C1) Less Likely i More Likely %
SIS/TEN o
Taiwan 20 48 0 A 00 (6.75-29.02) —E— 24.4
Japan 3 9 153 2869 8.88(2.20-35.83) — 6.6
Malaysia 1 4 21 374 5.60 (0.56-56.20) — 2.4
Subtotal 61 3655 11.96 (6.42-22.28) < 334
Total No. of CYP2C9*3 carriers 24 194 o
Heterogeneity: ©2=0.00; x3=0.77; P=.68; 12=0%
Test for overall effect: z=7.82; P<.00001
Taiwan 13 42 ) 20 412 8.79(3.97-19.43) —F— 20.5
Malaysia - 1 2 21 374 16.81(1.02-278.24) — > 16
Subtotal 44 786 9.22 (4.30-19.78) < 22.2
Total No. of CYP2C9*3 carriers 14 41
Heterogeneity: 2=0.00; 3 =0.19; P=.66; 12=
Test for overall effect: z=5.70; P<.00001
All severe cutaneous adverse reactions (SJS/TEN and DRESS)
Taiwan 33 90 20 412 11.35(6.10-21.12) —&— 33.5
Japan 3 9 153 2869 8.88 (2.20-35.83) — 6.6
Malaysia 2 5 21 374 8.40 (1.46-48.54) — 42
Subtotal 105 3655  10.63 (6.20-18.24) <> 44.4
Total No. of CYP2C9*#3 carriers 38 194 )
Heterogeneity: t2=0.00; x3=0.18, P=.91; 12=0%
Test for overall effect: 2=8.58; P<00001 -
T AL AR T
0.1 1.0 10 100
Qdds Ratio (95% CI)

Patients with phenytoin-related severe cutaneous adverse reactions were
recruited at the Chang Gung Memorial Hospital health system and the Taiwan
Severe Cutaneous Adverse Reaction Consortium in Taiwan, Hospital Sultanah
Aminah Johor Bahru in Malaysia, and centers collaborating with the National
Institute of Health Sciences and Osaka University in Japan. Study weighting
(indicated by size of data markers) refers to the proportion of participants who

were recruited from each study. The t2 and I represent measures of
heterogeneity. Diamonds represent pooled odds ratios (Mantei-Haenszel
method, random effects) and error bars indicate 95% Cls. DRESS indicates drug
reaction with eosinophilia and systemic symptoms; SJS, Stevens-Johnson
syndrome; TEN, toxic epidermal necrolysis.

with maculopapular exanthema and 4 cases with severe cu-
taneous adverse reactions caused by phenytoin and 1296 con-
trols from a British population? failed to discover genome-
wide significant variants; this may be explained by the limited
sample size and maculopapular exanthema phenotype of most
of the cases.

This study has several limitations. The sample sizes of se-
vere cutaneous adverse reaction cases and phenytoin-
tolerant controls were small, and we did not have samples from
other population groups to replicate the genetic association.
For the pharmacokinetic analysis, we had only a few avail-
able plasma samples, and most of the severe cutaneous ad-
verse reaction samples were collected after drug withdrawal.
Additionally, drug-tolerant participants were younger and more
likely to be male than patients with severe cutaneous adverse
reactions, which may account for some of the observed dif-
ferences in drug metabolism.

This study highlights that genetic variants of metaboliz-
ing enzymes contribute to severe cutaneous adverse reac-
tions, which is different from the previous HLA studies.333%
Although the clinical manifestations and prognosis are quite
different between SJS-TEN and DRESS, our data suggest some
shared genetic factors. We propose that delayed clearance and
accumulation of reactive metabolites caused by genetic vari-
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ants of drug-metabolizing enzymes may be the primary fac-
tor, and that immunogenicity, such as the presence of risk HLA
alleles and specific T-cell receptor clonotypes in susceptible
individuals, may facilitate the development and guide the dif-
ferent types of cutaneous adverse reactions.3®4° Further in-
vestigation is required to determine how a complex interplay
of impaired drug metabolism, accumulation of reactive drug
compounds, HLA presentation of the drug/peptide antigens,
T-cell receptor recognition, and historical immune memory
triggers drug hypersensitivity.

EEmaTTmT
Conclusions

This study identified CYP2C variants, including CYP2C9*3,
known toreduce drug clearance, as important genetic factors
associated with phenytoin-related severe cutaneous adverse
reactions. These findings may have potential to improve the
safety profile of phenytoin in clinical practice and offer the pos-
sibility of prospective testing for preventing phenytoin-
related severe cutaneous adverse reactions. More research is
required to replicate the genetic association in different popu-
lations and to determine the test characteristics and clinical
utility.
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