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a b s t r a c t

Recent studies associated the HLA-B⁄1502 allele with carbamazepine (CBZ)-induced Stevens–Johnson
syndrome (SJS)/toxic epidermal necrolysis (TEN) in patients from China, Thailand and Malaysia. No
association has been found in patients from Europe or Japan. Linkage summary reports from East and
South-east Asia predict a highly significant odds ratio (OR) of 84.75 (95% confidence interval
[CI] = 42.53–168.91; p = 8.96 � 10[–15]) with sensitivity and negative predictive values of 92% and
98%, respectively. The higher prevalence of HLA-B⁄1502 allele among certain Asian populations
(10–15%) compared to Caucasians (1–2%) may explain a 10-fold to 25-fold higher incidence of
CBZ-SJS/TEN in patients from Asia. Screening for HLA-B⁄1502 before using CBZ can prevent SJS/TEN in
certain populations, but screening may be less beneficial in populations with low HLA-B⁄1502 allele
frequency and in patients exposed to CBZ for more than 2 months. A retrospective study demonstrated
that the costs of HLA-B⁄1502 screening were less than those of SJS treatment. This article reviews possible
benefits and concerns of HLA-B⁄1502 screening in clinical practice.

� 2011 Published by Elsevier Ltd.
1. Introduction

Therapeutic effects and adverse drug reactions vary from per-
son to person leading to occasional, unpredictable clinical re-
sponses. Genetic differences among individuals mainly underlie
this phenomenon. Pharmacogenetic awareness helps enhance clin-
ical practice by predicting patients who will show good therapeutic
response or suffer potential adverse reactions, and leads to the
reality of personalized medicine, or more precisely worded ‘‘sub-
group’’ medicine. This article reviews the recently discovered asso-
ciations between a major histocompatibility complex (MHC) class I
allele, HLA-B⁄1502, and severe cutaneous allergic reactions caused
by antiepileptic drugs (AED), focusing on carbamazepine (CBZ),
including an explanation of the findings, and applications of genet-
ic screening in clinical practice.

Stevens–Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN) are among the most severe forms of cutaneous allergic reac-
tions. The clinical manifestations include painful mucosal erosions
and wide areas of bullous eruptions resulting from epidermal
necrolysis. The extent of skin detachment distinguishes SJS from
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TEN, corresponding to vesicular eruptions over less than 10% of
the body surface and greater than 30%, respectively.1 SJS/TEN over-
lap is intermediate. SJS has mortality rate of between 5% and 15%
whereas the mortality rate for TEN can be as high as 35%.2 Corneal
scars and visual loss have been reported as disabling permanent
sequelae.3

SJS/TEN requires emergency treatment, although in a minority
of patients, SJS/TEN may resolve spontaneously. Early recognition
and immediate withdrawal of all possible causative drugs is the
mainstay of treatment, but admission to an ICU or burn unit may
be necessary.4 Supportive care is crucial. Glucocorticoids have
not been proven useful in SJS/TEN.5 They may be beneficial in
the early stage of SJS/TEN but may increase the risk of infection,
prolonged wound healing,6 or even increase mortality,7 if bullous
eruption or mucosal erosion is fully developed. The cost of SJS/
TEN treatment is usually high due to prolonged hospitalization,
possible subsequent visual disabilities, and psychosocial sequelae.

In contrast, a non-bullous maculopapular eruption (MPE) is
usually mild and self-limiting upon termination of the offending
drugs.8 However, a severe MPE syndrome, or drug rash with eosin-
ophilia and systemic symptoms (DRESS) can have a mortality rate
of 10%9 and requires treatment with systemic steroids.10,11

Among AED reported to cause SJS/TEN are those containing aro-
matic rings: phenobarbital (PB), phenytoin (PHT), carbamazepine
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(CBZ),12,13 lamotrigine (LTG),14,15 oxcarbazepine (OXC)16 and zon-
isamide (ZNS).17 There is no clear evidence that valproic acid
(VPA) is a culprit drug for SJS/TEN since reports have been con-
founded by the concomitant use of other causal drugs.18,19 These
AED are also used in conditions other than epilepsy such as neuro-
pathic pain, mood disorders and paroxysmal choreoathetosis. Pa-
tients exposed to such AED under these non-epileptic conditions
can also be at risk of developing SJS/TEN.
2. The Associations between the HLA-B⁄1502 allele and induced
SJS/TEN

A strong association between HLA-B⁄1502, a human leukocyte
antigen belonging to MHC class I, and CBZ-induced SJS/TEN was
first reported in Han Chinese patients residing in Taiwan.20 All 44
patients with CBZ-induced SJS/TEN carried HLA-B⁄1502 whereas
3% of CBZ-tolerant (n = 101) and 8.6% healthy controls (n = 93)
tested positive. This gave an odds ratio (OR) of 2504 (95% confi-
dence interval (CI) of 126–49,522), the strongest so far described
between an human leukocyte antigen (HLA) and a disorder. No
other HLA genotypes were associated with CBZ–SJS/TEN, except
for some ancestral haplotypes which were conserved alleles cou-
pled at closely linked loci (CW⁄0801, A⁄1101 and DRB1⁄1202).

This association was later confirmed in their extended study
involving 60 patients with CBZ–SJS/TEN among 91 Chinese or Chi-
nese descendants from Taiwan (n = 88), Hong Kong (n = 2) and the
USA (n = 1).21 Also included were 13 patients with hypersensitivity
syndrome (HSS), 18 MPE, 144 CBZ-tolerant patients and 93 healthy
controls. HLA-B⁄1502 was present in 98.3% of patients with CBZ–
SJS/TEN (n = 60) in contrast to only 4.2% of tolerant control patients
(n = 144). The association showed high statistical significance with
an OR of 1357 (95% CI = 193–8838), while the association was not
observed in the patients with MPE or HSS. No other MHC gene or
single nucleotide polymorphism was found associated with CBZ–
SJS/TEN. Only CW⁄0801 and MICA⁄019 alleles showed strong link-
age disequilibrium with HLA-B⁄1502.

The same genetic susceptibility was shown in another study
involving six Han Chinese patients with AED-induced severe cuta-
neous reactions (four to CBZ, one to LTG and one to PHT) in Hong
Kong.15 HLA-B⁄1502 was present in all SJS/TEN patients whereas
only 14.5% of 48 tolerant controls tested positive, giving an OR of
71.9 (95% CI = 3.7–1415.8). Two patients with HSS were HLA-
B⁄1502 negative. No differences in HLA-B⁄1502 allele frequencies
were found between the 16 patients with MPE (12.5%) and the con-
trols (14.5%).

A study in Malaysia presented 21 patients with CBZ–SJS/TEN in
a mixed population (16 from Malaysia, three from China and two
from India). HLA-B⁄1502 was positive in 75% (12 out of 16 Malay-
sian patients) but in only 15.7% (47 out of 300) race-matched
healthy controls. The HLA-B⁄1502 association was found to be sta-
tistically significant with an OR of 16.15 (p < 0.0001).22

A study conducted in a Bangkok comprehensive epilepsy center,
including patients from all regions of Thailand, also found a signif-
icant association between HLA-B⁄1502 and SJS induced by either
CBZ or PHT.23 All 10 patients with SJS (six with CBZ and four with
PHT) carried the HLA-B⁄1502 allele. No other HLA-B alleles were
associated with SJS. When the allele frequency in 50 tolerant con-
trol patients (38 tolerant to CBZ and PHT, four tolerant to CBZ, se-
ven tolerant to PHT and one tolerant to VPA) were compared,
strong associations were shown between HLA-B⁄1502 and CBZ–
SJS (OR = 25.5; 95% CI = 2.7–242.6; p = 0.0005) and between HLA-
B⁄1502 and PHT–SJS (OR = 18.5; 95% CI = 1.8–188.4; p = 0.005).
No significant association was found in 21 patients with CBZ- or
PHT-induced MPE (five CBZ-induced, nine PHT-induced and seven
combined AED-induced). The ethnicity of 10 patients with SJS/TEN
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was three pure Thai and seven of mixed origin (three Thai–Chinese,
two Thai–Chinese–Peguan [Mon], one Thai–Peguan and one Thai–
Vietnamese).

A multicenter study carried out in north-eastern Thailand
involving 42 Thai and Thai–Chinese patients also showed strong
association between HLA-B⁄1502 and CBZ–SJS/TEN.24 The HLA-
B⁄1502 allele was positive in 88.1% of 42 patients with CBZ–SJS/
TEN but in only 11.9% of 42 tolerant controls, giving an OR of
54.76 (95% CI = 14.62–205.13).

Interestingly, the association between HLA-B⁄1502 and CBZ–SJS/
TEN was population specific. The allele was not found in eight out
of 12 Caucasian patients with CBZ–SJS/TEN (six French and two
Germans).25 However, the remaining four patients who tested po-
sitive in this study were of Asian descent (one each from Vietnam,
China, Cambodia and Reunion Island). In another study in the Uni-
ted Kingdom involving 99 people of Caucasian descent, which con-
sisted of 20 patients with severe cutaneous reactions (18 with
DRESS and two with SJS/TEN) and 36 PTH-tolerant and 43 CBZ-tol-
erant controls, the HLA-B⁄1502 allele was not found to be a genetic
marker among all subjects.26 Only two patients with CBZ–SJS/TEN
were included in this study.

In Japan, a multicenter study of 58 patients, which included se-
ven patients with CBZ–SJS/TEN, also reported no association with
HLA-B⁄1502.17 A subsequent study including five patients with
CBZ–SJS from Japan found suggestive associations with HLA-
B⁄1518, HLA-B⁄5901 and HLA-C⁄0704 alleles, but not with HLA-
B⁄1502.27

These findings show that HLA-B⁄1502 is a strong genetic marker
for CBZ–SJS/TEN with ethnic preponderance in certain Asian popu-
lations. In Table 1, in which the current findings of the genetic sus-
ceptibility of all reported articles concerning East and South-east
Asian populations is summarized, a highly significant OR of 84.75
(95% CI = 42.53–168.91; p = 8.96 � 10–15) with very high sensitiv-
ity of 92% and negative predictive value of 98% is predicted in cer-
tain Asian people. However, a false positivity of 4.2% to 19% was
seen in CBZ-tolerant controls.

Association between HLA-B⁄1502 and severe cutaneous allergic
reactions induced by other AED have also been reported. PHT–SJS
was associated with HLA-B⁄1502 in one patient from a Han Chinese
series.15 Statistical significance was first shown in a Thai study.23

All four patients with PHT–SJS carried the HLA-B⁄1502 allele,
whereas eight out of 45 PHT-tolerant controls tested positive, giv-
ing a significant OR of 18.5.

The association between HLA-B⁄1502 and LTG-induced15 or
OXC-induced severe cutaneous reactions16 was reported in an indi-
vidual Chinese patient from two separate studies. HLA genotyping
performed in patients of European ancestry suffering from LTG-in-
duced severe cutaneous reactions found no association with HLA-
B⁄1502 but had a marginal association with HLA-B⁄5801,
-Cw⁄0718 and -DQB1⁄0609, the latter two alleles strongly corre-
lated with HLA-B⁄5801.28,29 The findings again show ethnic prepon-
derance of genetic susceptibility to AED-induced SJS/TEN.

No association between HLA-B⁄1502 and AED-induced HSS or
MPE has been shown.15,21,23 This suggests a possible difference in
the genetic–immunologic mechanism between SJS/TEN and HSS/
MPE. Non-bullous cutaneous reactions were associated with bio-
markers other than HLA-B⁄1502. In Han Chinese, CBZ–MPE/HSS
showed genetic linkage to HLA-A⁄3101 (OR = 12.17; 95% CI = 3.6–
41.2). CBZ–HSS was not linked to the HLA-B marker as in CBZ–
SJS/TEN, but to motilin gene polymorphisms in the MHC class II
terminal region.21 Protective effects of HLA-B⁄0702 against CBZ-in-
duced severe cutaneous reactions was found in a study with Cau-
casian patients.26 The findings regarding HSS/MPE biomarkers
need replication before conclusions can be drawn.

In summary, the available information demonstrates a strong
genetic association between HLA-B⁄1502 and CBZ–SJS/TEN in
ning of carbamazepine-induced severe cutaneous allergic reactions. J Clin
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Table 1
Studies conducted in Asia of the association between carbamazepine (CBZ)-induced Stevens–Johnson syndrome (SJS)/toxic epidermal necrolysis (TEN) and the HLA-B⁄1502 allele

Study no./Yearref Patient groups No. Ethnicity HLAB⁄1502 Non-HLAB⁄1502 p-Value OR 95% CI

1/200621 CBZ-SJS/TEN 60 Han Chinese 59 1 1.6 � 10–41 1357 193.4–8838.3
CBZ-tolerant controls 144 6 138

2/200715 CBZ-SJS/TEN 4(6)� Han Chinese 4(6)� 0(0)� 1.48 � 10–4 71.9 3.7–1415.8
Controls� 48 7 41

3/200822 CBZ-SJS 21 Malaysian, Chinese, Indian 17(12)– 4(4)– <0.0001 16.15§ –
Controls�� 300 47 253

4/200823 CBZ-SJS/TEN 6 Thai, mixed Thais 6 0 0.0005 25.5 2.68–242.61
CBZ-tolerant controls 42 8 34

5/201024 CBZ-SJS 42 Thai, Thai–Chinese 37 5 2.89 � 10–12 54.76 14.62–205.13
CBZ-tolerant controls 42 5 37

All Asian studies:
SJS/TEN 133 123 10 8.96 � 10–15 84.75 42.53–168.91
Controls 576 73 503

AED = Antiepileptic drugs, CI = confidence interval, LTG = lamotrigine, OR = odds ratio, PB = phenobarbital, PHT = phenytoin, TPM = topiramate, VPA = valproic acid.
� Patients with CBZ-SJS/TEN = four, PHT-SJS/TEN = one and LTG-SJS/TEN = one. Numbers in parentheses were used to calculate OR in the article; numbers without paren-
theses were used in this combined calculation.
� AED-tolerant controls (CBZ, LTG, PB, PHT, TPM, VPA); positivity of HLA-B⁄1502 in 16 CBZ-tolerant controls were not mentioned in the article.
§ Sensitivity = 92%, specificity = 87% (no other details were available in the abstract).
– 21 Patients with CBZ-SJS/TEN: 16 from Malaysia, three from China and two from India; 12 out of 16 patients from Malaysia and all from China and India were positive for
HLA-B⁄1502. Numbers in parentheses were used to calculate OR in the article; numbers without parentheses were used in this combined calculation.
�� Race-matched healthy controls.
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patients residing in South-east Asia and Eastern China, as well as a
small population of European or American residents with Asian
ancestry. The significant association of PHT–SJS/TEN with HLA-
B⁄1502 was also found in a few Asian patients of which findings
need replication in broader populations. The HLA-B⁄1502 allele is
one of the pharmacogenetic biomarkers that shows clear prepon-
derance to ethnicity in a certain geographic distribution.25
3. Current explanations

It is unclear how HLA-B⁄1502 is responsible for the phenotype of
SJS/TEN induced by CBZ or other AED. The HLA-B⁄1502 allele is
found in high prevalence among population in the East and
South-east Asian regions,30 being most prevalent (9–10%) in the
Han Chinese in China.31 People in Thailand, Malaysia, Singapore,
Philippines and the Khandish Pawra region of India have a preva-
lence of more than 5%. A high prevalence of 5% is also seen in
Asians residing in North America.32 The HLA-B⁄1502 is one of the
most common HLA-B alleles among Thai,33 Burmese,34 Vietnam-
ese35 and Western Javanese36 but is rare in Caucasians. In a prior
study of European populations, the allele frequency was only 1%
to 2%.37

If the association between HLA-B⁄1502 and AED-induced severe
cutaneous allergic reactions has a role in the pathogenesis of SJS/
TEN, higher incidences of such complications should be seen in
particular Asian subgroups compared to Caucasians. A review of
the prevalence of SJS/TEN in the world populations seems to sup-
port this hypothesis.

In the US Food and Drug Administration (FDA) post-marketing
adverse events reports, the frequencies of SJS/TEN were more than
10 times higher in some Asian people (from Malaysia, Thailand,
Taiwan, the Philippines) than those in Caucasians.38,39 The cumula-
tive estimate report by Novartis, the CBZ manufacturer, between
2000 and 2006, revealed an SJS/TEN incidence of 4.1 to 5.9 per
10,000 patient year exposure in some Asian countries, whereas
only 0.2 to 0.9 per 10,000 were reported in European countries
and USA.40 The occurrence of adverse cutaneous drug reactions
among new CBZ users was 1–6 per 10,000 in Caucasian pa-
tients,14,41 compared to 17–25 per 10,000 in Thailand and Tai-
wan.23,42 This confirms an approximately 3-fold to 25-fold higher
frequency in Asian populations than in Caucasians. The presence
of the HLAB⁄1502 allele in high frequency seems to correlate with
Please cite this article in press as: Locharernkul C et al. Pharmacogenetic scree
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the high incidence of CBZ-SJS/TEN among certain Asian
populations.13

The MHC class I and II molecules expressed on the cell mem-
brane form grooves capable of binding to specific antigenic pep-
tides and present them to specific T cells. Differences in MHC
among individuals determine variations in immune reactions spe-
cific to different drugs. Activation of helper T-cells with increased
expression of CD25 and HLA-DR has been shown to be a mechanism
of non-immediate cutaneous reactions from drugs.43 As evidenced
by the experimental finding that specific T-cell clones of patients
with CBZ-MPE/HSS may recognize CBZ depending on the presence
of HLA class-matched antigen-presenting cells,44 the interaction of
T-cell receptor complex and MHC (TRC-MHC-peptide) may initiate
CBZ-specific immune responses in SJS/TEN. CBZ-specific CD4+,
CD8+ and CD4+CD8+ T cells has been identified and character-
ized.45 Of interest, CBZ rapidly stimulates T cells via a direct inter-
action with MHC and specific T-cell antigen-specific receptors,
without a requirement for antigen processing.46

HLA-B⁄1502 seems to be involved in SJS/TEN for certain drugs in
certain patients. Some HLA-B⁄1502-positive patients who devel-
oped SJS from CBZ were tolerant to formerly prescribed aromatic
AED such as PB, PHT or LTG.23 Additionally, the mere presence of
HLA-B⁄1502 does not seem to be sufficient to cause SJS/TEN from
CBZ. About 4% to 19% of CBZ-exposed patients who harbor HLA-
B⁄1502 do not develop SJS/TEN, making a false positivity of as high
as 19%.17,20,22–24

Although the presence of HLA-B⁄1502 may not entirely explain
the mechanism of severe cutaneous allergic reactions associated
with a single gene allele at a single locus, evidence suggests it is
unlikely that the association resulted from a strong linkage dis-
equilibrium with other genes (for example, CW⁄0801 and
MICA⁄019).21,28 Other CBZ-specific immune mediators (for exam-
ple, tumor necrosis factor-alpha47 or cytotoxic T-cells48) have been
demonstrated and could play a part in final keratocyte apoptosis.
However, the initial trigger interaction between the drug and ge-
netic susceptibility is unclear. While drug-specific activation of
cytokine-producing cytotoxic CD8+ T cells has been demonstrated
in abacavir hypersensitivities, of which the antigen recognition is
uniquely restricted by HLA-B⁄5701,49 specific CBZ modified pep-
tides have not been detected among many peptides bound to
HLA-B⁄1502 in patients with CBZ-SJS/TEN.48

The HLA-B⁄1502 allele is not only insufficient, but its presence is
also not necessary in the causation of SJS/TEN. This is evidenced by
ning of carbamazepine-induced severe cutaneous allergic reactions. J Clin
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the absence of HLA-B⁄1502 in Caucasian and Japanese patients who
developed CBZ-SJS/TEN.17,25 Other HLA alleles may also have a role
in SJS/TEN across different ethnic groups exposed to different
drugs. From the available evidence, the only conclusion that can
be drawn is that HLA-B⁄1502 is strongly associated with CBZ-SJS/
TEN in certain Asian populations. A patient’s ethnicity is related
to the prevalence of HLA-B⁄1502, the strength of association be-
tween the biomarker and AED-SJS/TEN and, as a result, the inci-
dence of SJS/TEN in the population. The mechanisms between
ethnicity, genetics, reactions to drugs and phenotypic correlation
need to be further elucidated.
Fig. 1. Schematic of strategies in evaluating cost effectiveness of blood screening
for the HLA-B⁄1502 allele prior to prescribing carbamazepine (CBZ) in an outpatient
epilepsy setting showing that (a) screening for HLA-B⁄1502 can prevent the possible
Steven–Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) by avoiding CBZ in
test-positive individuals, but may be misleading in 5% to 19% of patients who are
false positive; in contrast, in most patients who are HLA-B⁄1502 negative, CBZ can
be used rather safely since the negative predictive value is very high (98%); and (b)
without HLA-B⁄1502 screening, there is low risk of developing SJS/TEN that may
increase medical costs, social loss as well as morbidity and mortality, but without
HLA-B⁄1502 screening, alternative safer antiepileptic drug (AED) can be used. This
strategy may cost more, or still carries a risk of hypersensitivity or adverse reactions
(AR), depending on which AED is used. (This figure is available in colour at
www.sciencedirect.com.)
4. Applications to clinical practice

After the significant association between HLA-B⁄1502 and CBZ-
SJS/TEN was documented, the US–FDA announced in the 12/12/
2007 FDA Alert38 that ‘‘patients with ancestry in at-risk population
should be screened for the HLA-B⁄1502 allele prior to starting CBZ’’
and that ‘‘patients who test positive for HLA-B⁄1502 should not be
treated with CBZ unless the expected benefit clearly outweighs the
increased risk of SJS/TEN’’. They also recommended that the
screening information be reflected in updated CBZ labeling.

In another FDA Alert on 11/24/2008,50 based on subsequent
data of the association between HLA-B⁄1502 and PHT-SJS/TEN, it
was stated that ‘‘health care providers should consider avoiding
PHT and fosphenytoin as alternatives for CBZ in patients who test
positive for HLA-B⁄1502’’.

Pharmacogenetic screening of HLA-B⁄1502 before starting CBZ
seems promising to prevent life-threatening allergic reactions.
One practical question to be addressed is which groups of patients
need to be screened.

Screening HLA-B⁄1502 in a population carrying high frequency
of this allele is obviously more beneficial than testing in those
carrying low allele frequencies. Since evidence suggests a high
prevalence of HLA-B⁄1502 and high incidences of AED-induced
SJS/TEN in South-east Asian countries and China, it is prudent
to conduct HLA-B⁄1502 screening in people residing in, or
migrating from, the following specific geographic regions:
South-east and Eastern China, Taiwan, Thailand and Malaysia,
where the strong association between SJS/TEN and HLA-B⁄1502
has been firmly established. People residing in other Asian coun-
tries having high prevalence of HLA-B⁄1502, but with no known
association, such as Singapore, Vietnam, Indonesia, the Philip-
pines, some parts of India, as well as people of Asian ancestry
living in other continents are also recommended testing.38 For
populations with low HLA-B⁄1502 allele frequencies (less than
1%) and without genetic associations found, Japanese or Cauca-
sians, the yield of screening is apparently modest. According to
the available data, no possible estimation of the screening
advantage can be made in other countries where the prevalence
of HLA-B⁄1502 and genetic susceptibility are unknown.

Most of the allergic reactions to CBZ develop within the first 2
months after starting the drug.41 Patients tolerant to CBZ for more
than 2 months may be considered having low risk for developing
SJS/TEN and do not need to be screened.

In Fig. 1 the possible strategies for screening that will affect the
cost-effectiveness of HLA-B⁄1502 testing in clinical practice are pre-
sented.51 The worthiness of screening prior to prescribing CBZ de-
pends upon the extra cost of the test in a given population,
whether it outweighs the costs of SJS/TEN treatment, expense of
alternative safer drugs, subsequent loss and sequelae of the
ailment.

At present, a genetic test for HLA-B⁄1502 is unavailable in most
hospitals around the world, especially in developing countries. The
test is based on the polymerase chain reaction (PCR)–DNA
Please cite this article in press as: Locharernkul C et al. Pharmacogenetic scree
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amplification technique, requires experienced laboratory staff and
takes several hours for the results. Although the causative drug
may be discontinued, bullous eruptions can quickly develop after
early presentation of rash symptoms and it is therefore safer to test
for the allele and know the result before starting CBZ treatment.
Screening may be inconvenient in an outpatient epilepsy setting
by delaying CBZ initiation and imposing additional costs. Faster
and cheaper approaches in HLA genotyping have been developed re-
cently, which could make it suitable for an outpatient setting. A 1-
hour loop-mediated isothermal amplification procedure-based
DNA amplification technique has been developed in Hong Kong to
substitute for the time-consuming PCR technique.52 A 4-hour,
PCR-based test kit has been developed and marketed in Taiwan.53

Application of these tests in different ethnic groups needs careful
interpretation due to the presence of population-specific HLA-B
alleles which can possibly result in false positivity.

In Thailand, HLA-B genotyping utilizing PCR techniques costs
approximately US$80–95 (3,000 Baht) per test. Testing can be
cheaper when blood is tested specifically for the HLA-B⁄1502 allele
rather than the whole HLA or HLA-B genomes. A retrospective
cost-effectiveness analysis of the HLA-B⁄1502 screening done in
Thailand showed that the costs of screening per case using the
PCR-based HLA-B genotyping kit exceeded those of SJS/TEN treat-
ment. Screening costs less than SJS treatment when the specific
test for HLA-B⁄1502 is used (US$27–32 or 1,000 Baht per test)
(Fig. 2). However, the cost-effectiveness of HLA-B⁄1502 screening
in clinical practice among different ethnic groups should be
systematically evaluated.

The expense of alternative AED for CBZ also affects the cost-ben-
efit of the screening. PHT, LTG, OXC and ZNS have induced SJS/TEN so
they are not suitable to be used as alternative drugs. Fosphenytoin
should also be avoided in HLA-B⁄1502-positive patients.50 In Thai-
land, the cost price per tablet of other novel AED such as gabapentin,
pregabalin, levetiracetam or topiramate is approximately 2 to 5
times higher than the cost price of CBZ and 5 to 10 times higher than
that of PHT, while the cost of VPA, a broad-spectrum first-line AED, is
comparable to CBZ but slightly higher than PHT. The use of an alter-
native drug in test-positive patients seems to be cheaper than the
costs of SJS/TEN treatment without screening but this speculation
needs to be confirmed. Using a safer AED without performing the
ning of carbamazepine-induced severe cutaneous allergic reactions. J Clin
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Fig. 2. Cost-effectiveness study of HLA-B⁄1502 screening to prevent Steven–Johnson
syndrome/toxic epidermal necrolysis (SJS/TEN) from carbamazepine showing: (a)
and (b) compared to (e) that the costs of HLA-B⁄1502 screening per case detected
will exceed those of SJS treatment when a polymerase chain reaction-based HLA-B
genotyping kit was used; whereas (c) and (d) compared to (e), screening costs will
be less than SJS treatment if a HLA-B⁄1502-specific test is used. (f) The cost of SJS
treatment per case, which included one patient who had an unusually prolonged
hospitalization. (This figure is available in colour at www.sciencedirect.com.)
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HLA-B⁄1502 screening is another line of practice challenging cost-
effectiveness evaluation. Nonetheless, a drug may be considered
‘‘safe’’ only because its adverse effect has not yet been revealed. A re-
cent study demonstrated that use of VPA in early pregnancy could
result in impaired cognitive function in the child, a serious adverse
effect.54

Screening of genetic susceptibility can raise some ethical issues.
While a person at high-risk of developing SJS/TEN will benefit, this
incurs an additional cost. It is uncertain in most countries whether
the policy of health care providers, insurers or employers will
financially support the expenses of this new test. Another risk to
be considered is the possibility of discrimination on genetic
grounds once personal genetic information has been revealed by
a blood test.

There are still some practical problems to be solved. How can
HLA-B⁄1502 be used to prevent SJS/TEN induced by PHT or other
aromatic AED? What is the association between HLA-B⁄1502 and
SJS/TEN in other ethnic groups? Are there other undiscovered
strong genetic predictors for AED-induced severe cutaneous aller-
gic reactions? How can ethnicity be reliably identified? How can
cross-cultural marriage or migration influence these genotypic dis-
tributions? Large-scale study in various ethnic groups and prospec-
tive studies of the cost-effectiveness of this biomarker screening
are needed to answer the above questions.
5. Conclusions

Application of HLA-B⁄1502 screening to prevent CBZ-induced
severe allergic reactions is a good example of potential pharmaco-
genetic applications in medicine. While the significance of these
findings in modifying our clinical practice is to be validated, they
offers us promise of how our expanding knowledge of pharmaco-
genetics can benefit certain individuals.
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