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INTRODUCTION
Although severe cutaneous adverse reactions (SCARs) rarely 
occur, the prevention and early detection of SCARs are very 
important because of their high mortality and morbidity. 
Mortality is reported as 10% in Stevens–Johnson syndrome 
(SJS), 25–30% in toxic epidermal necrolysis (TEN), and 10% in 
drug hypersensitivity syndrome.1,2

Among the drugs commonly causing SCARs, such as allopu-
rinol, carbamazepine, phenytoin, phenobarbital, lamotrigine, 
abacavir, sulfonamides, and several nonsteroidal anti-inflam-
matory drugs, allopurinol is one of the most frequently involved 
causative agents of SCARs in many countries, including Korea.3 
Allopurinol, a xanthine oxidase inhibitor, is a urate-lowering 
agent prescribed frequently to patients with hyperuricemia or 
gout. The cutaneous adverse reactions caused by allopurinol are 
relatively common and occur at a rate of 2% (ref. 4); the inci-
dence of SCARs is also relatively high (0.4%) among patients 
who are prescribed allopurinol.5 Once SCARs occur, the mor-
tality rate increases to 25% in cases related to allopurinol, which 
is higher than those of other drugs.6,7 Therefore, physicians have 
to pay more attention to recognize and prevent the development 

of SCARs when they prescribe allopurinol.8 Chronic renal 
insufficiency (CRI) is a well-known risk factor for allopurinol-
induced SCARs and is an underlying disease that needs an allo-
purinol prescription for the related hyperuricemia.

The association between the occurrence of severe drug 
hypersensitivity reactions and human leukocyte antigen (HLA) 
alleles has recently been reported. In Han Chinese patients, 72–
100% of those with carbamazepine-induced SJS/TEN had HLA-
B*15:02 (refs. 9,10). In Caucasian patients, 44–94% of those 
with abacavir hypersensitivity were HLA-B*57:01-positive.11,12 
Patients with allopurinol-induced SCARs also showed a strong 
association with HLA-B*58:01 in studies performed in Asians, 
such as Han Chinese, Thais, Vietnamese, and Koreans. In par-
ticular, 100% of Han Chinese and Thai patients with allopuri-
nol-induced SCARs showed positivity for HLA-B*58:01.6,13,14

In our previous case–control study we observed a very strong 
positive association between allopurinol-induced SCARs and 
the HLA-B*58:01 allele in a Korean population (odds ratio = 
97.8; 95% confidence interval: 18.3–521.5).14 In our retrospec-
tive cohort study reported in 2011, a strong positive association 
between allopurinol-induced SCARs and HLA-B*58:01 was 
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Purpose: This study was conducted to evaluate the usefulness of 
human leukocyte antigen (HLA) typing in preventing allopurinol-
induced severe cutaneous adverse reactions (SCARs) through the 
application of an allopurinol tolerance induction protocol or pre-
scription of other alternative medications in high-risk patients.
Methods: HLA typing was performed in patients with chronic 
renal insufficiency who needed allopurinol. HLA-B*58:01-negative 
patients were prescribed the usual dose of allopurinol. For HLA-
B*58:01-positive patients, administration of either allopurinol based 
on a 28-day tolerance induction protocol or alternative medications 
was initiated. Hypersensitivity reactions were surveyed for 90 days 
and compared with the result of a previous retrospective cohort study.
Results: Among a total of 401 study subjects, no SCARs were noted 
in HLA-B*58:01-positive patients with application of the tolerance 
induction protocol (n = 30) or alternative medications (n = 16), nor 

were any SCARs observed in HLA-B*58:01-negative patients who 
started allopurinol at the usual dose (n = 355). Compared with the 
previous retrospective cohort study, a significant reduction in SCARs 
was observed in HLA-B*58:01-positive patients (0 vs. 18%; P = 0.002).

Conclusion: This study shows the usefulness of HLA-B*58:01 
screening in identifying patients at high risk for the development 
of allopurinol-induced SCARs and suggests that application of a 
 tolerance induction protocol or alternative medications could be an 
effective strategy to prevent allopurinol-induced SCARs in HLA-
B*58:01-positive patients.
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confirmed in Korean patients with CRI (odds ratio = 179.24; 
95% confidence interval: 10.19–3,151.74 (ref. 15). These asso-
ciations between SCAR development and certain HLA alleles 
provide us with a pharmacologic screening tool to avoid the 
serious morbidity and mortality of SCARs in high-risk patients 
who possess a certain HLA allele.

For patients who are hypersensitive to a certain drug, reintro-
duction of an etiologic agent should be prohibited, and choos-
ing alternative drugs is recommended. To determine whether 
to continue using the culprit drug, a tolerance induction pro-
cedure—a procedure to induce immune tolerance based on a 
desensitization protocol—has recently been increasingly used 
in patients with a drug allergy.16

We performed this study to evaluate the clinical usefulness of 
(i) HLA-B*58:01 screening and (ii) application of an allopurinol 
tolerance induction protocol or administration of alternative 
medications for the primary prevention of allopurinol-induced 
SCARs in high-risk patients by comparing our results with the 
incidence of allopurinol hypersensitivity of a previous retro-
spective cohort study of a similar population.

MATeRIALs AND MeTHODs
study subjects
This study was performed from March 2011 to November 2012 
with the permission of the institutional review board of Seoul 
National University Hospital (H-1009-009-331). The study 
subjects were allopurinol-naive patients with CRI older than 18 
years of age who needed allopurinol medication for the treat-
ment of gout or hyperuricemia. For comparative analysis of 
clinical characteristics, the following data were collected: each 
patient’s age, sex, height, body weight, white blood cell count 
with differentials, liver function, renal function, and uric acid 
concentration. Estimated creatinine clearance was calculated 
using the Cockcroft–Gault formula. History of underlying dis-
ease and concomitant administration of thiazide, another risk 
factor for allopurinol-induced SCARs or immunomodulatory 
drugs, were also assessed.

HLA typing
Genomic DNA was extracted from white blood cells in periph-
eral blood using the salting out method.17 HLA-B alleles were 
analyzed by direct DNA sequence analysis with well- established 
protocols.18,19

study flows
HLA-B tests were done after receiving the written consent of the 
patients (Figure 1). If the patients were HLA-B*58:01-negative, 
allopurinol was started at 50 or 100 mg, according to their cre-
atinine clearance. If patients were HLA-B*58:01-positive and 
agreed to allopurinol administration, allopurinol was started 
at 50 μg/day on the first day and slowly escalated to 100 mg/
day on 28th day, according to the tolerance induction protocol. 
Subsequently, dose was adjusted based on the renal clearance 
of individual subjects in either the HLA-B*58:01-positive or 

-negative group.20 Because the target serum uric acid concen-
tration for the treatment of hyperuricemia is still controversial 
in chronic kidney disease, it was determined by nephrologists; 
the recommended target concentration was less than 6 mg/dl 
for the treatment of gout.

When allopurinol hypersensitivity reactions were diagnosed, 
allopurinol administration was stopped immediately. If there 
were suspicious symptoms suggesting hypersensitivity reac-
tions between telephone surveys, the patients were educated to 
report their symptoms to an investigator immediately. When 
patients withdrew their informed consent or discontinued allo-
purinol because of adverse reactions other than hypersensitivity 
or improvement of hyperuricemia before the end of the 90-day 
study period, they were not included in the analysis.

If patients were HLA-B*58:01-positive and did not agree to 
allopurinol administration, benzbromarone or febuxostat was 
administered. The patients were followed up weekly for 90 days 
by telephone survey about the presence of a hypersensitivity 
reaction. To see the effectiveness of HLA-B*58:01 screening 
itself, HLA-B*58:01-positive patients treated with alternative 
medicines were grouped together with HLA-B*58:01-positive 
patients who underwent allopurinol tolerance induction.

Based on the study flow mentioned above, the incidence 
of allopurinol-induced SCARs based on the absence or pres-
ence of the HLA-B*58:01 allele was assessed. In addition, we 
compared the incidence of SCARs induced by allopurinol 
before and after introduction of HLA-B screening to prove 
the usefulness of the tolerance induction protocol for the 
prevention of SCARs in high-risk patients. The incidence 
assessed in our retrospective cohort study was used as a his-
torical control.11

Figure 1 Prospective study to prevent allopurinol-induced severe 
cutaneous adverse reactions (sCARs) in high-risk patients. HLA, human 
leukocyte antigen.
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Allopurinol tolerance induction protocol
Patients who were HLA-B*58:01-positive based on the 
HLA screening test were prescribed allopurinol following a 
28-day schedule for the slow oral tolerance induction pro-
tocol21 (Supplementary Table S1 online). The allopurinol 
tolerance induction protocol used in this study was origi-
nally made for patients who had allopurinol-induced macu-
lopapular eruptions. It is a slow tolerance induction protocol 
that starts with a dose of 50 μg allopurinol and is doubled at 
3-day intervals, reaching 100 mg on the 28th day. After the 
28th day, the allopurinol dose was titrated, taking into con-
sideration the serum creatinine and uric acid  concentrations, 
from day 29 to day 90.

Definition of hypersensitivity reaction to allopurinol
Allopurinol hypersensitivity reaction was defined as cutaneous 
symptoms such as pruritus, urticaria, maculopapular eruption, 
and erythema that develop after the introduction of allopuri-
nol and then disappear with the discontinuation of allopurinol. 
SCARs include SJS, TEN, and allopurinol hypersensitivity syn-
drome.8,22 SJS was defined as skin detachment across less than 
10% of the body surface area, SJS/TEN was defined as detach-
ment between 10 and 30% of the body surface area, and TEN 
was defined as detachment of more than 30% of the body sur-
face area.22 Allopurinol hypersensitivity syndrome was defined 
as present when patients with a clear history of exposure to allo-
purinol met at least two major criteria, including worsening of 
renal function, acute hepatocellular injury, and a generalized 
rash, or one of the major criteria plus at least one of the follow-
ing minor criteria: fever, eosinophilia, and leukocytosis.8

Allopurinol hypersensitivity reactions were evaluated by two 
board-certified allergy specialists and defined as a case of certain 
or probable causality based on the World Health Organization 
Adverse Reaction Terminology assessment.23

statistical analysis
The sample size was determined taking into account a 20% 
dropout rate and a significant reduction of SCARs in the HLA-
B*58:01 group by avoiding allopurinol (usual dosage) with 
HLA-B screening. To see the significant reduction in the inci-
dence of SCARs to 4% or less from the previous 18%, at least 
33 HLA-B*58:01-positive patients with CRI were needed when 
using PASS 2008 software (NCSS, Kaysville, UT). To get 33 
subjects with HLA-B*58:01, a total of 345 Korean subjects were 
required. Considering that the phenotype frequency of HLA-
B*58:01 in South Korea is 12.2% (ref. 19) and the previous inci-
dence rate of 18% in HLA-B*58:01-positive patients with CRI,15 
the estimated number of patients prone to allopurinol-induced 
SCARs was 7.58 of 345 Korean subjects with CRI.

Statistical analysis was performed with SPSS version 16.0 
(SPSS, Chicago, IL). Continuous variables were expressed as 
means and SD; categorical variables were expressed as a num-
ber and percentage. To compare the clinical characteristics 
according to the presence of HLA-B*58:01, the χ2 test, two-
tailed Fisher’s exact test, and Mann–Whitney test were used.

To test the preventive effect of HLA-B*58:01 screening for 
serious allopurinol hypersensitivity, we compared the incidence 
of allopurinol hypersensitivity in the current prospective study 
to that of our previous retrospective cohort study, which had 
been carried out using a similar study population in the same 
institution. P < 0.05 was considered statistically significant.

ResULTs
Characteristics of the study population
A total of 425 patients were screened for HLA-B*58:01. Forty-
eight patients (11.3%) were HLA-B*58:01-positive and 377 
patients (88.7%) were HLA-B*58:01-negative. Two of the 48 
HLA-B*58:01-positive patients and 6 of the 377 HLA-B*58:01-
negative patients withdrew their consent. In addition, 16 
HLA-B*58:01-negative patients were excluded from the analy-
sis because of protocol violation; other reasons for exclusion 
included incompliance in 8 patients, discontinuation of allo-
purinol due to adverse reactions other than hypersensitivity 
in 4 patients, and no need for allopurinol maintenance due to 
rapid improvement of the urate concentration in 4 patients. 
Therefore, a total of 401 patients, 46 HLA-B*58:01-positive 
and 355 HLA-B*58:01-negative, were subjected to the analysis 
(Figure 2).

The mean age of the cohort was 58.15 ± 15.49 years, and it 
included 287 men (71.6%). There were no differences in age, 
sex, body mass index, liver function, renal function, or pre- as 
well as post-allopurinol uric acid concentrations between the 
HLA-B*58:01-positive and the HLA-B*58:01-negative groups 
(Table 1). The final allopurinol dose was not different between 
these groups (103.45 ± 42.11 vs. 95.00 ± 29.26 mg; P = 0.151). 
In addition, history of coadministration of thiazide or immu-
nosuppressive drugs, such as systemic steroids and cyclospo-
rine, and underlying diseases including allergic disease, did not 
differ between groups.

Allopurinol hypersensitivity according to the presence of 
HLA-B*58:01
Allopurinol was administrated via a tolerance induction pro-
tocol (n = 30) or substituted with benzbromarone (n = 11) or 
febuxostat (n= 5) in 46 patients with the HLA-B*58:01 allele. 
During the 90-day period of drug administration, none of the 
46 patients with the HLA-B*58:01 allele developed SCARs. 
Only one patient (2.2%) experienced a very mild rash. This 
75-year-old male patient had only several erythematous pap-
ules without fever or mucosal involvement on the 73rd day, 
and the skin lesions rapidly improved 4 days after ceasing the 
administration of allopurinol.

Although none of the 355 HLA-B*58:01-negative patients tak-
ing the usual dose of allopurinol experienced SCARs, 17 patients 
(4.8%) developed simple maculopapular eruptions (Figure 2). 
Their mean age was 63.94 ± 12.34 years, and 12 (70.6%) were 
men. The mean dose of allopurinol was 76.47 ± 25.72 mg, and 
the onset of rash occurred 35.18 ± 24.70 days after starting the 
allopurinol medication. Maculopapular eruption disappeared 
after discontinuation of allopurinol. There were no significant 
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Figure 2 Flowchart of study design. Among a total of 425 patients with chronic renal insufficiency, 401 patients completed the study, and none of them 
experienced severe cutaneous adverse reactions (SCARs). *Withdrawal of allopurinol regardless of hypersensitivity.
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Table 1 Comparison of clinical characteristics according to the presence of HLA-B*58:01

HLA-B*58:01-
negative (n = 355)

HLA-B*58:01-positive

P valuea P valuebTotal (n = 46)
Allopurinol tolerance 
induction (n = 30)

Sex (% male) 249 (70.1) 38 (82.6) 25 (83.3) 0.078 0.126

Age (years) 58.32 ± 14.93 56.82 ± 19.46 59.97 ± 19.44 0.622 0.572

Body mass index 24.04 ± 3.74 24.77 ± 4.67 24.48 ± 4.61 0.334 0.578

WBC (per µl) 6,896.77 ± 2,090.29 6,367.38 ± 1,684.26 6,065.93 ± 1,739.8 0.117 0.051

Eosinophil counts (per µl) 216.71 ± 163.96 249.29 ± 155.95 225.07 ± 123.85 0.226 0.796

ALT (IU/l) 19.21 ± 13.32 25.50 ± 29.43 26.87 ± 34.60 0.159 0.238

BUN (mg/dl) 33.72 ± 17.38 29.38 ± 16.56 31.52 ± 18.36 0.110 0.507

Creatinine (μmol/l) 236.91 ± 200.67 315.59 ± 438.46 387.19 ± 528.63 0.237 0.132

Estimated Ccr (ml/min) 38.00 ± 24.13 44.37 ± 32.52 37.77 ± 30.61 0.112 0.961

Uric acid (mg/dl)

  Baseline 8.64 ± 1.83 8.16 ± 2.02 9.08 ± 1.64 0.095 0.210

  After 90 days 7.31 ± 1.39 7.16 ± 1.42 7.14 ± 1.45 0.622 0.421

Use of thiazide diuretics, n (%) 21 (5.9) 3 (6.5) 3 (10.0) 0.535 0.285

Use of systemic steroid, n (%) 12 (3.4) 0 (0) 0 (0) 0.227 0.372

Use of cyclosporine, n (%) 10 (2.8) 0 (0) 0 (0) 0.291 0.440

Underlying diseases, n (%)

  Hypertension 217 (61.1) 33 (71.7) 20 (66.7) 0.162 0.549

  Diabetes 104 (29.3) 10 (21.7) 5 (16.7) 0.285 0.140

  Nephrotic syndrome 28 (7.9) 2 (4.3) 2 (6.7) 0.381 0.508

  Malignancy 38 (10.7) 4 (8.7) 4 (13.3) 0.456 0.418

  Liver disease 12 (3.4) 1 (2.2) 0 (0) 0.549 0.372

  Asthma 4 (1.1) 0 (0) 0 (0) 0.613 0.722

  Gout 28 (7.9) 5 (10.9) 2 (6.7) 0.489 0.580

ALT, alanine aminotransferase; BUN, blood urea nitrogen; Ccr, creatinine clearance; HLA, human leukocyte antigen; WBC, white blood cell count.
aComparison between HLA-B*58:01-negative patients and HLA-B*58:01-positive patients. bComparison between HLA-B*58:01-negative patients and HLA-B*58:01-positive 
patients who underwent allopurinol tolerance induction. Figures in the first three columns are mean +/- SD.
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differences in sex, age, underlying disease, laboratory test results, 
or dose of administered allopurinol between the 17 patients with 
hypersensitivity reaction and the 338 patients without reaction.

Comparison of incidence of allopurinol hypersensitivity 
reactions with that of a previous retrospective study
To test the preventive effect of HLA-B*58:01 screening for allo-
purinol hypersensitivity reaction, we compared the incidence 
of allopurinol hypersensitivity in the current prospective study 
with that from the HLA-B*58:01 screening in our previous ret-
rospective cohort study.15 Whereas the previous retrospective 
study revealed a 2.0% incidence of allopurinol-induced SCARs, 
no SCARs developed after 90 days of allopurinol administra-
tion after the introduction of HLA-B*58:01 screening and a 
tolerance induction protocol (2.0 vs. 0%; P = 0.003; Figure 3). 
Of the 46 HLA-B*58:01-positive patients, 8.28 patients were 
expected to have SCARs, considering the 18% incidence of 
SCARs in the previous retrospective cohort study of a similar 
population. However, none of the HLA-B*58:01-positive 46 
patients had SCARs. Compared with the previous study, this 
demonstrates a significant reduction of SCAR incidence in 
the 46 HLA-B*58:01-positive patients with the help of HLA-B 
screening (18 vs. 0%; P = 0.002; Figure 3).

By contrast, compared with the previous retrospective cohort 
study, a higher incidence of maculopapular rash was observed 
in the current prospective study, both in total study subjects 
and in patients without HLA-B*58:01 (1.6 vs. 4.5%; P = 0.012 
and 1.8 vs. 4.8%; P = 0.018, respectively; Figure 3).

subgroup analysis of patients treated with allopurinol
Among 385 patients treated with allopurinol, 30 HLA-
B*58:01-positive patients with tolerance induction and 355 

HLA-B*58:01-negative patients were compared. There was no 
difference in age, sex, renal function, final allopurinol dose, or 
underlying diseases, including allergic disease, between the two 
subgroups (Table 1). Compared with the previous retrospec-
tive cohort study,15 a significant reduction of SCAR incidence 
was observed in the 30 HLA-B*58:01-positive patients who 
underwent the allopurinol tolerance induction protocol (18 vs. 
0%; P = 0.011), in spite of using a similar final allopurinol dose 
(115.00 ± 56.24 vs. 103.45 ± 42.11 mg; P = 0.304).

DIsCUssION
This study highlights the clinical usefulness of the HLA-B*58:01 
test in patients with CRI to prevent allopurinol-induced SCARs 
and the safety of allopurinol administration in patients without 
HLA-B*58:01. Along with these findings, we also showed the 
potential benefit of a tolerance induction protocol, a gradual 
increase in allopurinol based on a slow oral desensitization 
protocol, as a preventive measure for patients at high risk for 
allopurinol-induced SCARs.

As a result of vigorous new drug developments in the recent 
era, morbidity and mortality due to adverse drug reactions have 
become a huge burden.24 Drug allergy is considered immuno-
logically mediated and classified into categories I–IV by the 
Gell and Coombs classification.25 Delayed drug hypersensitiv-
ity reaction is mainly related to type IV hypersensitivity, that 
is, a T-cell-mediated reaction.25 SJS/TEN is especially related to 
CD8+ T lymphocytes and the associated class I HLA-restricted 
processes such as HLA-A, -B, and -C.26

Many studies have been performed to demonstrate the asso-
ciation between certain drugs and HLA alleles in the devel-
opment of SCARs, and a strong correlation was reported for 
several drugs.9,11,13–15,27,28 Therefore, many researchers recently 

Figure 3 Comparison of the incidences of allopurinol hypersensitivity reactions with those in a previous retrospective study. Incidences of severe 
cutaneous adverse reaction (SCAR) were significantly reduced in the prospective study as compared with the previous retrospective study. †From ref. 15. ‡Treated 
with a tolerance induction protocol or alternative medications.20
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have attempted to prevent the occurrence of SCARs through 
HLA screening, despite the long-lasting belief that a type B 
reaction is unpredictable.27,29 As an example of this attempt, 
Chen et al.27 completely prevented the development of SJS and 
TEN by screening for HLA-B*15:02 before carbamazepine use 
in 4,877 southeast Asian subjects, which proved the signifi-
cant usefulness of HLA-B*15:02 screening. In the PREDICT-1 
study, HLA-B*57:01, a known risk marker for abacavir hyper-
sensitivity reaction, was screened for in 1,956 human immu-
nodeficiency virus (HIV)-infected patients before abacavir 
administration. With this screening test to exclude the high-
risk patients from abacavir medication, abacavir hypersensitiv-
ity reaction was significantly reduced (7.8 vs. 3.4%; P < 0.001), 
and an immunologically confirmed hypersensitivity reaction 
never occurred in the prospective screening group.29 This find-
ing suggests the clinical usefulness of giving the HLA screening 
test before abacavir administration in HIV patients.

The current study revealed the usefulness of the HLA-
B*58:01 screening test before allopurinol use for the prevention 
of allopurinol-induced hypersensitivity responses in subjects 
with renal insufficiency, which is consistent with the finding of 
our previous retrospective cohort study, performed in a similar 
population at the same institution.14,15

Most exciting is that our study is the first to provide sub-
stantial evidence to support the effectiveness of a toler-
ance induction protocol to prevent the development of 
allopurinol-induced hypersensitivity response in a group of 
high-risk patients. This unique design is based on the idea 
that primary prevention of hypersensitivity reaction can 
be attained by inducing immunological tolerance with the 
introduction of a “desensitization protocol.” The desensitiza-
tion method is used to induce tolerance artificially in subjects 
with a drug allergy in order to prevent recurrence. In clini-
cal fields, a rapid desensitization method is widely used for 
Immunoglobulin E–mediated hypersensitivity reactions by 
drugs such as β-lactam antibiotics or antineoplastic drugs, 
with a high success rate.16 Rapid desensitization induces tem-
porary unresponsiveness to a drug antigen by administering 
the drug from an extremely low concentration to the usual 
concentration by doubling the dose in 15-min intervals for 
several hours.16 T-cell-mediated hypersensitivity is, however, 
a major mechanism in delayed hypersensitivity reaction, 
which requires dozens of days to increase the dose step by 
step for tolerance induction.30 In the current study we used 
a 28-day slow tolerance induction protocol adapted from 
the desensitization protocol described by Fam et al.,21 which 
showed successful tolerance induction in 78% of hyperurice-
mic patients with allopurinol-induced maculopapular erup-
tion, and borrowed the idea from the fact that allopurinol 
administration by a slow desensitization protocol could avoid 
activating already existing memory cells into effector cells. 
We speculated that slow, gradual escalation of the drug based 
on a tolerance induction protocol might help to skip the gen-
eration of effector and memory T cells, although the exis-
tence of those cells was not verified in the study. A previous 

study reported that the starting dose was a risk factor for 
allopurinol hypersensitivity syndrome.31 In addition, Yun et 
al.32 reported that a high concentration of allopurinol is an 
important factor for the generation of drug-specific T cells in 
the presence of the HLA-B*58:01 allele. Based on our previ-
ous retrospective cohort study, the current study showed that 
potentially 5.4 new cases of SCAR among 30 HLA-B*58:01-
positive patients were successfully prevented with the intro-
duction of the tolerance induction protocol. This finding 
suggests the promising role of the tolerance induction pro-
tocol as a preventive measure for delayed hypersensitivity 
for a group of high-risk patients. The mechanistic details of 
T-cell regulation by slow gradual antigen administration in 
the desensitization method used in patients with drug allergy 
still remain unclear, however, and the mechanism of achiev-
ing tolerance by slow, gradual administration in high-risk 
but allopurinol-naive subjects could be different from that in 
patients who are already sensitized.

Benzbromarone and febuxostat are alternatives to allopuri-
nol. Benzbromarone has a urate-lowering effect by inducing 
renal uric acid leakage and can be used in patients with mild 
to moderate renal insufficiency, but it may be hepatotoxic.33 
Febuxostat has emerged as a new nonpurine selective inhibitor 
of xanthine oxidase that is expected to be useful in patients with 
mildly decreased renal function.34 In this study benzbromarone 
was administered in 11 patients and febuxostat in 5 patients 
with the HLA-B*58:01 allele. During the 90-day period of drug 
administration, none of them developed drug hypersensitivity 
reactions, including SCARs. This indicates that benzbromarone 
or febuxostat may be used as an alternative drug to allopurinol 
in a group of high-risk patients with HLA-B*58:01.

From 2005 to 2010, the mean medical cost per person with 
an allopurinol-induced SCAR was US $48,255 in the same 
hospital where this study was performed (data not shown). 
Considering the incidence of SCAR in our previous retrospec-
tive cohort study,15 about US $400,000 would have been spent 
for 8.28 patients with potential SCARs among 401 study sub-
jects without HLA-B*58:01 screening. Therefore, the cost of the 
HLA-B allele test for 401 study subjects (US $19,667) was only 
4.9% of the estimated cost of treating potential SCARs.

In this study one patient in the HLA-B*58:01-positive group 
developed allopurinol-induced maculopapular eruption, even 
with application of the drug tolerance induction protocol. 
However, this patient had very mild rash without mucosal 
involvement or any other symptoms suggesting SCAR, and the 
skin lesions rapidly resolved in 4 days after ceasing the admin-
istration of allopurinol. Considering that SCARs usually prog-
ress to full-blown features even after discontinuation of the 
causative agents, it is less likely that the case might have been 
a potential SCAR.

In contrast to SCARs, the incidence of maculopapular 
eruption in this study population increased as compared with 
that of the previous retrospective cohort study (Figure  3). 
It is very likely, however, that the incidence of mild hyper-
sensitivity might have been underestimated in the previous 
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retrospective cohort study, considering the nature of a retro-
spective study.

There are some limitations in this study. The study proved 
statistical significance, but its sample size was not large enough 
to generalize the study result to the general population. In spite 
of this limitation, the relatively high frequency of HLA-B*58:01 
in the Korean population (12.2%) enabled us to attain clinical 
significance with a relatively small number of subjects. Another 
limitation is the lack of information on data about the inci-
dence of allopurinol-induced SCARs in other populations with 
or without CRI and the lack of a concurrent control group of 
HLA-B*58:01-positive subjects starting with the usual dose of 
allopurinol, for ethical reasons. Instead, a previous retrospective 
cohort study done at the same institution was used as a historical 
control. The other limitation is that the final uric acid concentra-
tions at 90 days were not vigorously controlled below 6 mg/dl 
because uric acid concentration for the treatment of hyperuri-
cemia in chronic kidney disease is still controversial, especially 
when the patient is treated with allopurinol. Therefore, a large-
scale replication study in another population would be needed 
to further support the clinical significance of HLA-B*58:01 
screening and the use of an intolerance induction protocol for 
the primary prevention of SCARs in high-risk patients.

In conclusion, the current study demonstrated the usefulness 
of the HLA-B*58:01 screening test before allopurinol use for 
the prevention of allopurinol-induced SCARs in subjects with 
renal insufficiency, which is consistent with the finding of our 
previous retrospective cohort study, performed in a similar 
population at the same institution. Our studies also highlight 
that tolerance induction in a group of high-risk patients could 
be an effective strategy to significantly reduce the morbidity 
and mortality related to SCARs.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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