
the bmj | BMJ   2015;101hh4h4 | doi1 02.00;6/bmj.hh4h4

RESEARCH

1

open access

For numbered affiliations see 
end of article.
Correspondence to: C-Y Shen 
bmcys@ibms.sinica.edu.tw
Additional material is published 
online only. To view please visit 
the journal online (http://dx.doi.
org/10.1136/bmj.h4848)
Cite this as: BMJ 2015;351:h4848
doi: 10.1136/bmj.h4848

Accepted: 25 August 2015

Use of HLA-B*58:01 genotyping to prevent allopurinol induced 
severe cutaneous adverse reactions in Taiwan: national 
prospective cohort study
Tai-Ming Ko,1,2 Chang-Youh Tsai,3,4 Shih-Yang Chen,5 Kuo-Shu Chen,6 Kuang-Hui Yu,7 Chih-Sheng 
Chu,8,9,10 Chung-Ming Huang,2,11 Chrong-Reen Wang,12 Chia-Tse Weng,12 Chia-Li Yu,13 Song-Chou 
Hsieh,13 Jer-Chia Tsai,8,9,10 Wen-Ter Lai,8,9,10 Wen-Chan Tsai,8,9,10 Guang-Dar Yin,14 Tsan-Teng Ou,8,9,10 
Kai-Hung Cheng,8,9,10 Jeng-Hsien Yen,8,9,10 Teh-Ling Liou,3 Tsung-Hsien Lin,8 Der-Yuan Chen,4,15,16 
Pi-Jung Hsiao,8,9,10 Meng-Yu Weng,12 Yi-Ming Chen,4,15,16 Chen-Hung Chen,17 Ming-Fei Liu,12 
Hsueh-Wei Yen,8,9,10 Jia-Jung Lee,8 Mei-Chuan Kuo,18 Chen-Ching Wu,8,9,10 Shih-Yuan Hung,19,20 
Shue-Fen Luo,7,21 Ya-Hui Yang,22,23 Hui-Ping Chuang,1 Yi-Chun Chou,1 Hung-Ting Liao,1  
Chia-Wen Wang,1 Chun-Lin Huang,1 Chia-Shuo Chang,1 Ming-Ta Michael Lee,1,24 Pei Chen,1 
Chih-Shung Wong,25,26 Chien-Hsiun Chen,1,27 Jer-Yuarn Wu,1,27 Yuan-Tsong Chen,1,28  
Chen-Yang Shen1,29,30 For the Taiwan Allopurinol-SCAR Consortium

ABSTRACT

ObjeCtive
To evaluate the use of prospective screening for the 
HLA-B*58:01 allele to identify Taiwanese individuals at 
risk of severe cutaneous adverse reactions (SCARs) 
induced by allopurinol treatment.
Design
National prospective cohort study.
setting
15 medical centres in different regions of Taiwan, from 
July 2009 to August 2014.
PartiCiPants
2926 people who had an indication for allopurinol 
treatment but had not taken allopurinol previously. 
Participants were excluded if they had undergone a 
bone marrow transplant, were not of Han Chinese 
descent, and had a history of allopurinol induced 
hypersensitivity. DNA purified from 2910 participants’ 
peripheral blood was used to assess the presence of 
HLA-B*58:01. 

Main OutCOMe Measures
Incidence of allopurinol induced SCARs with and 
without screening.
results
Participants who tested positive for HLA-B*58:01 
(19.6%, n=571) were advised to avoid allopurinol, and 
were referred to an alternate drug treatment or advised 
to continue with their prestudy treatment. Participants 
who tested negative (80.4%, n=2339) were given 
allopurinol. Participants were interviewed once a week 
for two months to monitor symptoms. The historical 
incidence of allopurinol induced SCARs, estimated by 
the National Health Insurance research database of 
Taiwan, was used for comparison. Mild, transient rash 
without blisters developed in 97 (3%) participants 
during follow-up. None of the participants was 
admitted to hospital owing to adverse drug reactions. 
SCARs did not develop in any of the participants 
receiving allopurinol who screened negative for 
HLA-B*58:01. By contrast, seven cases of SCARs were 
expected, based on the estimated historical incidence 
of allopurinol induced SCARs nationwide (0.30% per 
year, 95% confidence interval 0.28% to 0.31%; 
P=0.0026; two side one sample binomial test).
COnClusiOns
Prospective screening of the HLA-B*58:01 allele, 
coupled with an alternative drug treatment for carriers, 
significantly decreased the incidence of allopurinol 
induced SCARs in Taiwanese medical centres.

Introduction
The development of a reliable pharmacogenomic 
approach to prevent adverse reactions with severe com-
plications is a major goal of personalised medicine.1-3 
Severe cutaneous adverse reactions (SCARs) constitute a 
set of life threatening conditions that include drug 
rash  with eosinophilia and systemic symptoms, 
 Stevens-Johnson syndrome, and toxic epidermal necroly-
sis,4  with the lethality rate of toxic epidermal necrolysis 
at up to 35%. SCARs are often caused by drugs but may 
not be accurately predicted based on the pharmacologi-
cal action of a particular drug.5  SCARs are associated 

WhAT IS AlReAdy knoWn on ThIS TopIC
Allopurinol, a first line prescription drug treatment for gout and hyperuricaemia, is 
one of the most common causes of severe cutaneous adverse reactions (SCARs) in 
many countries
There is a strong association between the HLA-B*58:01 allele and allopurinol 
induced SCARs in people of Han Chinese, Thai, Japanese, Korean, European, and 
Portuguese descent
Prospective screening for HLA-B*58:01 before allopurinol treatment in patients with 
an indication for allopurinol treatment could help reduce the incidence of 
allopurinol induced SCARs

WhAT ThIS STudy AddS
Using information from the National Health Insurance research database of Taiwan, 
a historical incidence of seven cases of SCARs was predicted among participants 
receiving allopurinol treatment in a prospective study of adequate sample size
By contrast, in the present study, none of the HLA-B*58:01 negative participants 
who received allopurinol treatment developed SCARs during study follow-up 
This pharmacogenomics approach could provide a strong basis for implementation 
of personalised medicine
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with chemotoxic and T cell mediated inflammatory 
injuries, and can be characterised by a severe idiosyn-
cratic reaction in skin, blistering exanthema of macular 
papules, or mucosal involvement.6

Allopurinol, a first line prescription drug for gout and 
hyperuricaemia,7-10 is one of the most common causes 
of SCARs in Asia and Europe.11-13 Throughout 2012, the 
literature reported about 1000 people who had allopu-
rinol induced SCARs; these patients represented multi-
ple ethnic origins and geographical regions.12 Although 
allopurinol has SCAR related risks and other drug treat-
ments for gout are available, allopurinol is still a com-
mon treatment for gout and hyperuricaemia owing to its 
relative low cost, efficacy, and convenience.

We have reported previously that allopurinol induced 
SCARs correlate strongly with the allele human leuko-
cyte antigen (HLA)-B*58:01 in Han Chinese popula-
tions.14  This finding has been confirmed in Han Chinese 
people from Hong Kong and mainland China, and in 
Japanese, Korean, Thai, and other Asian populations as 
well as European populations.15-21 Among people of Han 
Chinese descent, allopurinol induced SCARs almost 
never occur in non-carriers of HLA-B*58:01, strongly 
suggesting that this allele is involved directly in the 
pathogenesis of SCARs. In addition, HLA-B*58:01 can 
present the allopurinol metabolite, oxypurinol, directly 
to cytotoxic T cells without antigen processing.22-24  
More importantly, T cell mediated cytotoxicity related to 
allopurinol or oxypurinol is restricted to carriers of 
HLA-B*58:01.23 24

Based on our previous findings,14  Han Chinese 
 people who carry HLA-B*58:01 have a much higher risk 
of developing allopurinol induced SCARs than those 
who do not carry the allele (odds ratio 580.3; 95% confi-
dence interval 34.4 to 9780.9; P<0.001). Therefore, if this 
allele was to be used as a marker to predict allopurinol 
induced SCARs, the test would have high sensitivity 
(100.0%) and specificity (85.2%).14 Based on a predicted 
incidence of allopurinol induced SCARs of 0.30% per 
year (95% confidence interval 0.28% to 0.31%), HLA-
B*58:01 would have a negative predictive value of 
100.0% and a positive predictive value of 2.0%. Thus, 
the 100% negative predictive value could warrant the 
use of HLA-B*58:01 genotyping to prevent allopurinol 
induced SCARs in routine clinical practice. We therefore 
sought to determine whether prospective screening via 
HLA-B*58:01 genotyping before allopurinol treatment 
could reduce the incidence of allopurinol induced 
SCARs.

Methods
study design
Owing to the tight association between HLA-B*58:01 
and life threatening SCARs induced by allopurinol, this 
study was approved by our institutional review board 
as a non-randomised study, using historical incidence 
as a control. We recruited patients from 15 participating 
hospitals throughout Taiwan (see author affiliations 
and web appendix). There were nine points of interac-
tion with patients who did not have the HLA-B*58:01 
allele and 10 points of interaction with HLA-B*58:01 

carriers: the initial screening visit, a second clinic visit 
for HLA-B*58:01 carriers, and weekly telephone inter-
views for both groups during the two month follow-up. 
Recruited patients were aged between 6 months and 99 
years, and had not previously taken allopurinol within 
three months. In accordance with clinical indications at 
the time of screening, these patients would have 
received allopurinol and thus were invited to partici-
pate in the study. The efficacy of all treatments to reduce 
levels of uric acid was evaluated on the basis of the 
guideline for gout management.8-10

We excluded patients who had undergone a bone 
marrow transplant, were not of Han Chinese descent, 
and had a history of allopurinol induced hypersensitiv-
ity. Han Chinese descent was confirmed via a multiple 
choice questionnaire that asked patients to report the 
ethnic origin of both parents and grandparents.

We prescribed and dispensed allopurinol to all par-
ticipants at the initial screen, but we asked that each 
person defer taking allopurinol until the HLA-B*58:01 
genotyping results were finalised. Blood samples 
were collected and transferred to our central labora-
tory for HLA-B*58:01 genotyping. We reported the 
genotyping results to the participating physicians 
within three days.

Patients who tested positive for HLA-B*58:01 were 
asked to return to their respective hospitals within three 
days. We then explained their risk of allopurinol 
induced SCARs and recommended that they take alter-
native medicine. Those who tested negative for HLA 
B*58:01 (and who also were counselled about SCARs 
risk) were started on allopurinol treatment. In our pre-
vious large scale retrospective study,14  all patients 
developed SCARs during the study period within two 
months of starting allopurinol treatment, which was in 
agreement with what has been reported consistently in 
the literature.25 We therefore interviewed all partici-
pants by telephone during the two month period fol-
lowing initial screening (for HLA-B*58:01 negative 
patients) or after the second clinic visit (for HLA-B*58:01 
positive patients) to monitor for symptoms of adverse 
drug reactions, including SCARs. If early symptoms of 
SCARs developed, a participant was asked to return to 
the clinic immediately for dermatological evaluation. 
We monitored all patients throughout the study’s dura-
tion, apart from those who had a protocol violation or 
were lost during follow-up.

The study was performed in accordance with Good 
Clinical Practice Standards and the provisions of the 
Declaration of Helsinki. The research ethics committee 
at Academia Sinica in Taipei and the institutional 
review board at each participating clinic approved the 
study. We obtained written informed consent from all 
participants or from parents or guardians for partici-
pants aged 21 years or younger.

genotyping of Hla-b*58:01
Whole blood (2 mL) was collected from each participant 
in a Monovette tube and stored at 4-12°C, and each sam-
ple was sent to the central lab on the day obtained. We 
isolated genomic DNA with the QIAamp DNA purification 
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system (Qiagen). The presence or absence of HLA-
B*58:01 was determined by the PG5801 DNA detection 
kit (Pharmigene). The kits are based on a real time poly-
merase chain reaction with sequence specific primers 
for HLA-B*58:01. To confirm the genotyping results, the 
first 900 samples were also examined in parallel with a 
reverse line blot using an HLA sequence oligonucle-
otide (Dynal Biotech); the results were consistent in 
each sample.

annual incidence
We diagnosed SCARs using code 695.1 in both ICD-9 
(international classification of diseases, 9th revision) 
and ICD-9-CM (clinical modification), which are com-
monly used in studies of adverse drug reactions.26 27 The 
ICD-9-CM 695.1 code covers all SCARs, including drug 
rash with eosinophilia and systemic symptoms, 
 Stevens-Johnson syndrome, and toxic epidermal necro-
lysis. The number of participants with this code was 
determined from the National Health Insurance 
research database, as provided by the National Health 
Insurance administration of Taiwan. 

The National Health Insurance research database is 
reliable and applies to nationwide studies in Tai-
wan,28-30 and was established by the Taiwanese govern-
ment when the National Health Insurance system was 
launched in 1995. The database is a single payer health 
insurance plan managed by the Taiwanese govern-
ment, and provides healthcare for nearly all the Tai-
wanese population (enrolment was 99.5% in 2008). 
More than 92% of Taiwanese healthcare facilities have 
been contracted by the National Health Insurance sys-
tem. Data obtained from the National Health Insurance 
research database are therefore comprehensive.

We estimated the annual incidence of allopurinol 
induced SCARs in Taiwan as the annual number of 
SCARs cases caused by allopurinol divided by the 
annual number of new allopurinol users. In 2005, we 
published an article stating the potential of HLA-B*58:01 
as a biomarker for preventing  allopurinol-induced 
SCARs.14 After this, some physicians began to genotype 
HLA-B region before allopurinol treatment. This mea-
sure could confound our analysis. Therefore, to obtain a 
suitable control group, we adopted the most recent, 
non-confounded data (that is, 2001-04 data) from the 
National Health Insurance research database.

statistical analysis
The prevalence of the HLA-B*58:01 allele in the Han 
Chinese population residing in Taiwan has been cal-
culated to be 20%.31 Therefore, 2169 people would 
provide a power of 86% (using the two sided, one 
sample binomial test) to detect a reduction in the inci-
dence of allopurinol induced SCARs from 0.30% per 
year (95% confidence interval 0.28% to 0.31%; that is, 
30 cases per 10 000 new recipients) to 0.03%. We used 
the two sided, one sample binomial test to compare 
the rate of allopurinol induced SCARs in the prospec-
tive screening population with historical incidence. 
All P values are two tailed, and P<0.05 was considered 
to be significant.

Patient involvement
No patients were involved in setting the research 
 question or the outcome measures, nor were they 
involved in the design and implementation of the study. 
There are no plans to involve patients in dissemination.

Results
Participants
From July 2009 to August 2014, we enrolled 2926 partic-
ipants, of whom 2910 underwent genotyping and were 
included in the two month follow-up (fig ). Male and 
female patients accounted for 83% and 17% of the total 
group, respectively, with mean age 54.9 years (range 
14-99; table 1). Indications for allopurinol treatment 
included chronic tophaceous gout (35%), hyperuricae-
mia (24%), chronic tophaceous gout plus hyperuricae-
mia (16%), chronic tophaceous gout plus other 
conditions (7%), and other conditions (17%; table 1).

Hla-b*58:01 screening
Of the 2910 enrolled participants, 571 (20%) were identi-
fied as carrying the HLA-B*58:01 allele and were coun-
selled not to take allopurinol; these patients were 
prescribed alternative drugs or counselled to continue 
taking their medication before the study. Of these partic-
ipants, we monitored for adverse events and found that 
two were lost during follow-up, 354 took an alternative 
drug treatment, and 215 took their prestudy medication 
(fig). Alternative drug treatments were benzbromarone, 
bisoprolol fumarate, bromhexine hydrochloride, 
brompheniramine, colchicine,  febuxostat, hydroxychlo-
roquine, sulfasalazine, sulfonylurea, and sulfinpyrazone 
(web table). Of the remaining 2339 (80%) participants 
who did not have the HLA-B*58:01 allele, 155 did not 
take allopurinol and 11 were lost during follow-up. This 
left 2173 participants who took allopurinol and were 
monitored (fig).

2910 included in study

2339 (80.4%) HLA-B*58:01
negative participants

569 did not take allopurinol
(354 were given

alternative medications)

2173 took allopurinol

155 did not take
allopurinol

11 lost to follow-up
2 lost to follow-up

16 excluded owing to
protocol violations

2926 enrolled

571 (19.6%) HLA-B*58:01
positive participants

enrolment and outcomes. allopurinol was prescribed and 
provided for all participants at the time of the screening 
visit, but they were asked to defer taking the drug until the 
results of genetic testing were available. all participants, 
regardless of allele status, were followed for three months, 
with weekly telephone interviews
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adverse events
Of 2910 participants, 97 (3%) developed mild and 
transient rash and itching, but none had a combina-
tion of rash, itching, and localised blisters (table 2). 
Of those with rash or itching, three participants were 
found to carry HLA-B*58:01 and presented with 
symptoms after taking alternative medicine 
 (benzbromarone; table 2). None of the participants 
was  diagnosed with SCARs, as defined by the RegiS-
CAR Group (main characteristics included multisys-
temic involvement and frequent eosinophilia). Other 
adverse events were fever, sore throat, fatigue, dizzi-
ness, insomnia, and gastrointestinal symptoms. 
These adverse events were found in both HLA-B*58:01 
positive and  negative participants. There was no sig-
nificant correlation between specific symptoms and 
HLA-B*58:01 status (table 2).

estimates of expected historical incidence of sCars
Records from the National Health Insurance research 
database revealed that allopurinol was prescribed for at 
least three months for 137 380 people in 2001, 117 896 in 
2002, 107 873 in 2003, and 102 060 in 2004 who had not 
previously taken allopurinol—dating back to at least 
the beginning of the previous calendar year (table 3). 
We then compared historical incidence of allopurinol 
induced SCARs in 2001, 2002, 2003, and 2004 with the 
incidence seen in study participants. Our estimated 
incidence of SCARs among allopurinol users in 2001, 
2002, 2003, and 2004 in Taiwan were therefore 0.32%, 
0.30%, 0.28%, and 0.29%, for each year in 2001-04, 
respectively. The mean estimated incidence (0.30% per 
year, 95% confidence interval 0.28% to 0.31%) was used 
as the historical incidence for further analysis.

incidence of sCars after genetic screening
Based on the estimated historical incidence of 0.30% 
per year, we expected seven cases of drug rash with 
eosinophilia and systemic symptoms, Stevens-Johnson 
syndrome, and toxic epidermal necrolysis among the 
2173 participants in our study who took allopurinol. 
However, none of these disorders was found for any of 
the participants, which differed significantly from the 
historical incidence (P=0.0026, using the two side, one 
sample binomial test; table 3).

discussion
Principal findings
Our results indicate that screening Han Chinese 
patients for HLA-B*58:01 allele before initiating allopu-
rinol treatment, and then withholding allopurinol from 
those who carry the allele would likely reduce the inci-
dence of allopurinol induced SCARs. In the present 
study, adverse cutaneous reactions (including oral 
lesions and rash) that developed in the participants were 
mild, transient, and localised. In addition, under contin-
uous and systematic monitoring of dermatological 

table 2 | adverse events during two month follow-up

adverse event

Hla-b*58:01 positive participants 
receiving alternative drug 
treatment (n=354)

Hla-b*58:01 negative 
participants receiving 
allopurinol (n=2173)

total 
(n=2910)

Mild cutaneous events
Rash and itching 3* 94 97
Blisters 0 0 0
Oral ulcers 0 2 2
Rash, itching, oral ulcers, and fever 0 1 1
Rash, itching, and other adverse events 0 22 22
severe cutaneous events
Drug reaction with eosinophilia and systemic symptoms 0 0 0
Urticaria 0 0 0
Stevens-Johnson syndrome or toxic epidermal necrolysis 0 0 0
Other adverse events†
Fever 0 1 1
Sore throat 0 2 2
Fatigue 0 5 5
Other 20 117 137
Data are no of participants having adverse events.
*All three participants took benzbromarone.
†Each participant may have had more than one adverse event. Adverse events with a low frequency are not listed.

table 1 | Participant characteristics

Characteristic

Presence of Hla-b*58:01 allele

P*
total 
(n=2910)Positive (n=571)

negative 
(n=2339)

sex (no (%))
Male 460 (80.6) 1950 (83.4) 0.11 2410 (82.8)
Female 111 (19.4) 389 (16.6) 0.11 500 (17.2)
age (years)
Mean (range) 54.8 (19-99) 54.9 (14-95) 0.86 54.9 (14-99)
Kidney function (no)†
Renal insufficiency 120 444 0.27 564
indication for allopurinol (no (%))
Chronic tophaceous gout 204 (35.7) 820 (35.1) 0.76 1024 (35.2)
Hyperuricaemia 141 (24.7) 555 (23.7) 0.63 696 (23.9)
Chronic tophaceous gout plus 
hyperuricaemia

97 (17.0) 371 (15.9) 0.51 468 (16.1)

Chronic tophaceous gout plus other 43 (7.5) 173 (7.4) 0.91 216 (7.4)
Other conditions‡ 86 (15.1) 420 (18.0) 0.10 506 (17.4)
*Comparison of clinical characteristics between HLA-B*58:01 positive and negative participants.
†Renal insufficiency was defined as greater than 1.3 mg/dL of serum creatinine.
‡Including urate nephropathy, prevention of recurrent nephrolithiasis, and prevention of recurrent calcium 
oxalate stones.
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symptoms, many HLA-B*58:01 negative patients with 
transient and mild skin lesions resumed taking allopu-
rinol without a recurrence of symptoms. 

We did not identify any participants with SCARs, 
which indicates that the incidence of allopurinol 
induced SCARs in HLA-B*58:01 negative patients is quite 
low. So far, all study participants have been followed up 
for at least nine months, and no cases of SCARs have 
been reported. Hence, in this cohort, the incidence of 
SCARs at two month follow-up is the same as the inci-
dence after nine months. Moreover, we attempted to 
identify SCARs in our prospective cohort by searching 
Taiwan’s National Health Insurance research database 
using the unique identification numbers of individual 
Taiwanese patients; no SCARs were identified by this 
approach. Therefore, occurrence of allopurinol induced 
SCARs could be successfully prevented by the use of a 
genetic screening protocol.

Our results lend support to the use of HLA-B*58:01 
screening to prevent allopurinol induced SCARs.32 How-
ever, as for any new pharmacogenomic test, the use and 
safety of any alternative drug treatments must be docu-
mented. Of 569 HLA-B*58:01 carriers in the present 
study, 354 (62%) were given alternative treatment, 
whereas the other carriers continued to take their pre-
study medication (such as colchicine and non-steroidal 
anti-inflammatory drugs). Among the 354 HLA-B*58:01 
carriers treated with an alternative drug, the only symp-
tom documented during the two month follow-up was 
mild, transient rash in three (1%) participants.

implications for clinical practice
In addition to the safety benefit to patients, HLA-
B*58:01 screening could also be considered a cost 
effective intervention. Many medical societies world-
wide, including the American College of Rheumatol-
ogy, currently recommend the use of a xanthine 
oxidase inhibitor with either allopurinol or febuxostat 
as first line treatment for hyperuricaemia.29  Benzbro-
marone is a uricosuric compound that has been used to 
control hyperuricaemia. It is effective in lowering levels 
of serum uric acid, especially in patients with low urate 
excretion. However, benzbromarone has a risk of 
severe hepatotoxicity as well as acute renal colic, and 
the drug has been withdrawn from the market or has 
not been available in some countries (including the 
United States and some European countries).33  These 
are the main reasons why benzbromarone or other uri-
cosuric compounds have not been given to all patients 
with gout.34

There are two potential treatment strategies against 
gout, which have identical therapeutic efficacy but dif-
ferent costs for government and society. One strategy is 
global substitution of allopurinol with the new xan-
thine oxidase inhibitor, febuxostat; the other is to use 
allopurinol for patients who are HLA-B*58:01 negative 
and substitute allopurinol with febuxostat in patients 
who are HLA-B*58:01 positive. 

Recently, cost effectiveness analyses carried out in 
Thai and Korean populations suggested that HLA-
B*58:01 testing is a more cost effective measure than 
global substitution of febuxostat for allopurinol.35 36 
Because the negative predictive value of HLA-B*58:01 
for allopurinol induced SCARs is 100%, the risk of 
developing allopurinol induced SCARs among HLA-
B*58:01 negative patients would be very low. In view of 
the cost effectiveness or efficacy of other drug treat-
ments for similar indications, not prescribing allopuri-
nol to HLA-B*58:01 positive patients is likely to be 
prudent, despite the low estimated positive predictive 
value (2%) of the test.

Potential impact of study findings
In the present study, prospective screening by HLA-
B*58:01 genotyping before allopurinol treatment in 
2926 people with an indication for allopurinol treat-
ment could successfully reduce the incidence of allopu-
rinol induced SCARs (from seven expected cases of 
SCARs to none in the 2173 patients who took allopuri-
nol). These results suggest that HLA-B*15:02 screening 
of about 110 000 new users of allopurinol in Taiwan 
each year could prevent about 330 cases of allopurinol 
induced SCARs every year. 

Based on our previous experience, this expectation of 
impact is reasonable. Carbamazepine, which used to be 
the most common drug causing Stevens-Johnson syn-
drome and toxic epidermal necrolysis in Taiwan, is now 
only the eighth most common drug causing these life 
threatening conditions. This change is attributable to 
our previous prospective study showing that screening 
of the allele HLA-B*15:02 could reduce the incidence of 
carbamazepine induced Stevens-Johnson syndrome or 
toxic epidermal necrolysis.30 Subsequent coverage of 
the genotyping by the Taiwan’s National Health Insur-
ance system led to nationwide screening for HLA-
B*15:02 by the medical community. 

strengths and limitations of study
The development of a reliable pharmacogenomics 
based approach to prevent adverse reactions with 

table 3 | Historical incidence of allopurinol induced sCars in 2001-04, compared with incidence among study participants

variable
Year
2001 2002 2003 2004

No of new recipients of allopurinol 137 380 117 896 107 873 102 060
No of participants with allopurinol induced SCARs 438 348 307 295
Incidence (%) of allopurinol induced SCARs (95% CI) 0.32% (0.29% to 0.35%) 0.30% (0.27% to 0.33%) 0.28% (0.25% to 0.32%) 0.29% (0.26% to 0.32%)
P value comparing historical incidence and actual 
incidence among study participants*

0.0018 0.0026 0.0038 0.0040

SCARs=severe cutaneous adverse reactions.
*P values calculated by the two side, one sample binomial test.
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severe complications is a good example to demonstrate 
that the concept of personalised medicine can be a clin-
ical reality. So far, there have been three critical findings 
involving adverse drug reactions: allele HLA-B*15:02 for 
carbamazepine induced Stevens-Johnson syndrome or 
toxic epidermal necrolysis; HLA-B*57:01 for abacavir 
induced drug hypersensitivity; and as seen in the pres-
ent study, HLA-B*58:01 for allopurinol induced SCARs. 

These findings show the potential benefits of genetic 
testing to prevent adverse drug reactions in the clinical 
setting owing to extremely high negative predictive val-
ues. To achieve this goal, solid evidence collected from 
different clinics and based on reliable laboratory tests is 
essential, as well as the development of effective strate-
gies to incorporate these tests into routine practice. 
More importantly, a prospective study to demonstrate 
that these relevant processes can be performed in clini-
cal settings is also needed. Therefore, the PREDICT-1 
study team and our group investigated the use of a pro-
spective screening approach to prevent abacavir 
induced drug hypersensitivity in 200837  and carbamaz-
epine induced Stevens-Johnson syndrome or toxic epi-
dermal necrolysis in 2011.30 

Compared with the use of other HLA alleles as bio-
markers for preventing drug hypersensitivity, HLA-
B*58:01 can be used in a broader spectrum of ethnic 
groups. The strong association between HLA-B*58:01 
and allopurinol induced SCARs has been found in ethnic 
groups other than the Han Chinese, including Thai, Jap-
anese, Korean, and European groups.16-18 20 21 38 Studies in 
Taiwan, Japan, Europe, and Israel have shown that allo-
purinol is now a major cause of drug induced SCARs.11- 13 

In countries where the HLA-B*58:01 is relatively 
 prevalent (for example, the carrier prevalence among 
Taiwanese population with HLA-B*58:01 is 20%) and 
where a tight association has been found, screening for 
this allele could be beneficial for preventing allopurinol 
induced SCARs. However, the implementation of HLA-
B*58:01 screening certainly requires caution in some 
populations, such as Japanese and European groups, 
because not all patients with allopurinol induced SCARs 
carry the allele in those populations.21 38  Furthermore, in 
countries where the allele frequency is low (about 1%), 
restricting the screening for this allele to a more high 
risk group of patients (for example, chronic renal fail-
ure) could also be a strategy for preventing SCARs.14 39 

For countries or populations in which the prevalence 
is ill defined, further studies to estimate the prevalence 
are suggested for possible use of this screening. In 
addition, because the association between the HLA-
B*58:01 allele and mild cutaneous adverse reaction 
induced by allopurinol has been found in mainland 
China,19 future investigations might be needed to 
examine whether screening for the HLA-B*58:01 allele 
could reduce the prevalence of allopurinol induced 
maculopapular eruption. 
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