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Abstract: Adverse drug reactions (ADRs) are considered as 
an important cause of morbidity and mortality. The hyper-
sensitivity reactions are immune-mediated ADRs, which 
are dose-independent, unpredictable and have been asso-
ciated with several HLA alleles. The present review aimed 
to describe HLA alleles that have been associated with 
different ADRs in populations worldwide, the recommen-
dations of regulatory agencies and pharmacoeconomic 
information and databases for the study of HLA alleles in 
pharmacogenetics. A systematic search was performed in 
June 2016 of articles relevant to this issue in indexed jour-
nals and in scientific databases (PubMed and PharmGKB). 
The information of 95 association studies found was sum-
marized. Several HLA alleles and haplotypes have been 
associated with ADRs induced mainly by carbamazepine, 
allopurinol, abacavir and nevirapine, among other drugs. 
Years with the highest numbers of publications were 2013 
and 2014. The majority of the reports have been performed 
on Asians and Caucasians, and carbamazepine was the 
most studied ADR drug inducer. Two HLA alleles’ data-
bases are described, as well as the recommendations of 
the U.S. Food and Drug Administration, the European 
Medicine Agency and the Clinical Pharmacogenetics 
Implementation Consortium. Pharmacoeconomic studies 
on this issue are also mentioned. The strongest associa-
tions remain for HLA-B*58:01, HLA-B*57:01, HLA-B*15:02 
and HLA-A*31:01 but only in certain populations; there-
fore, studies on different ethnic groups would be useful. 

Due to the improvement of drug therapy and the economic 
benefit that HLA screening represents, investigations on 
HLA alleles associated with ADR should continue.

Keywords: abacavir; allopurinol; adverse drug reac-
tions; carbamazepine; human leukocyte antigen (HLA); 
hypersensitivity syndrome; pharmacogenetics; Stevens-
Johnson syndrome.

Introduction
Immunologic-mediated adverse drug reactions (ADRs) are 
included in type B ADRs which are not related to the dose 
and that are uncommon and unpredictable in that they are 
not related with the pharmacodynamics of the drug and 
present high mortality [1]. There is evidence that suscep-
tibility to at least some Type B ADR is found under strong 
genetic influence [2], and identifying genetic risk factors 
for this type of ADRs could significantly decrease health-
care costs and improve the process of drug development 
[3].

The drug-activated immune response is known to 
be mediated by T cells when the drug molecule binds to 
T-cell receptors (TCR). The majority of existing drug mole-
cules have a comparable size of one to three amino acids, 
which is much smaller than the peptide ligands of human 
leukocyte antigen (HLA) class I (8–12  mers) and class II 
(9–25 mers) molecules [4]. Accordingly, the following five 
hypotheses have been proposed in order to explain T-cell 
recognition of a drug antigen presented by a HLA mole-
cule: (i) the hapten/pro-hapten theory, (ii) the p.i. concept, 
(iii) the “altered repertoire” model, (iv) the “altered T-cell 
receptor repertoire” model and (v) the danger hypothesis 
[4–6] (Figure 1).

Briefly, the first hypothesis postulates that the drug or 
its immunogenic metabolite binds by covalent bonds to 
an endogenous peptide and to the HLA molecule, which 
particularly explains the hypersensitivity to beta-lactam 
antibiotics. The p.i. (“pharmacological interaction with 
the immune receptor”) concept considers a non-covalent 
and reversible binding of the molecule directly to the HLA 
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molecule and/or the TCR, which could be the case for car-
bamazepine (CBZ)-induced Stevens-Johnson syndrome 
(SJS) and the HLA-B*15:02 allele. The “altered repertoire” 
model proposes that a drug can non-covalently bind to 
the self-peptide repertoire and alter the conformation of 
this peptide repertoire presented to HLA and TCR protein, 
inducing cutaneous adverse drug reactions (cADRs); in 
this case, the drug may not directly bind to HLA, and 
this hypothesis elucidates in part the association of 
HLA-B*57:01 and abacavir-induced cADRs. The “altered 
TCR repertoire” model suggests that the drug interacts 
first with the TCR, which undergoes a conformational 
change that, in turn, allows binding with an HLA mole-
cule to induce the immune response. Finally, the danger 
hypothesis explains that immune responses are caused 
by endogenous cellular alarm signals (i.e. CD40L, TNF-α, 
IL-1β and IFN-α) from distressed or injured cells, which 
could occur after the processing of the drug as antigen 
[4–6].

As mentioned previously, several HLA alleles have 
been associated with different induced ADRs. The major-
ity of these are related with cADRs, which comprise 
mild ailments such as maculopapular exanthema (MPE) 

and severe syndromes such as the SJS, toxic epidermal 
necrolysis (TEN) and the drug-induced hypersensitiv-
ity syndrome (DIHS)/drug reaction with eosinophilia 
and systemic symptoms (DRESS) [6, 7]. Furthermore, 
there are reports that also support the implication of 
variations in immune genes with drug-induced liver 
injury (DILI) [8–12], drug-induced proteinuria [13] and 
agranulocytosis [14].

The most common descriptions of associations of 
HLA alleles with ADRs were reported for HLA-B*15:02 
and CBZ-induced SJS [15], HLA-B*58:01 and allopurinol-
induced SJS or DIHS [16] and HLA-B*57:01 with a hyper-
sensitivity reaction to abacavir [17]. Over time, several 
association studies have been performed in different 
populations, and some of these have described that the 
associated HLA allele is drug-specific and that ethnic-
ity matters [18]. Moreover, guideline recommendations 
by regulatory agencies have been published in order to 
prevent different cADRs by means of HLA genotyping 
prior to drug prescription, and databases are now avail-
able to supply information on HLA alleles associated 
with ADR throughout the world. Therefore, in the light of 
these advances in HLA alleles in ADRs the present review 

Figure 1: Models of drug interactions with immunology molecules.
(1) Hapten/pro-hapten theory, (2) p.i. concept, (3) “altered repertoire” model, (4) “altered T-cell receptor repertoire” model and (5) danger 
hypothesis.
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aimed to describe HLA alleles that have been associated 
with several ADRs in worldwide populations, the recom-
mendations of regulatory agencies, pharmacoeconomic 
information and databases for the study on HLA alleles 
in pharmacogenetics.

Methods
We performed a systematic search in June 2016 of rel-
evant articles for this issue in indexed journals and sci-
entific databases (PubMed and PharmGKB). Search words 
included “HLA and adverse drug reactions”. Association 
studies in which at least one HLA allele was related with 
the risk of ADR occurrences were included in the corre-
sponding section. Articles were selected according to their 
relevance on the subject. The whole body of information 
was analyzed and summarized.

HLA alleles associated with adverse 
drug reactions
Ninety-five articles reporting that HLA alleles have been 
associated with ADRs were selected, and the main infor-
mation of the association study was summarized in Table 1 
for CBZ-induced cADRs, Table 2 for HLA alleles related 
to other antiepileptic drugs-induced cADRs, Table  3 for 
allopurinol, abacavir and nevirapine studies with HLA 
and ADRs and Table 4 for reports of HLA alleles in ADRs 
produced by different drugs.

The association of HLA alleles with CBZ-induced 
cADRs has been widely reported for several popula-
tions, including Asians (Han Chinese, Japanese, Korean, 
Thai, Malaysian, Indian, Vietnamese and Singaporean), 
European, North American and Mexican mestizos. The 
most significant associations have been described for 
HLA-B*15:02 allele in Asian populations; however, impor-
tant associations have been found for the HLA-A*31:01 
allele in European, North American, Mexican mesti-
zos and Japanese populations. Other alleles associated 
with CBZ-induced cADRs are HLA-A*01:01:01, -A*02:01, 
-DRB1*14:05, -B*51:01, -B*15:11, -A*02:06, -A*24:02, 
-C*08:01 and -DRB1*12:02 (Table 1). The HLA-B*15:02 
allele also has been associated with other antiepileptic 
drugs-induced cADRs, such as phenytoin and oxcarbaz-
epine. In addition, other HLA alleles have exhibited an 
association with lamotrigine-, phenobarbital-, phenytoin- 
and zonisamide-induced cADRs (Table 2).

Several investigations have found a strong associa-
tion of HLA-B*58:01 with cADRs induced by allopurinol, 
mainly in patients with Asian ancestry; however, there are 
also reports that include European and Portuguese popu-
lations in whom this allele has also been associated. Other 
alleles that have been related with allopurinol-induced 
cADRs include HLA-C*03:02 and -A*33:03 in Koreans and 
HLA-DRB1*15:02 and -DRB1*13:02 in Caucasians. Studies 
of abacavir hypersensitivity have been mostly performed 
in Caucasians from the U.S. and Australia. The main asso-
ciated HLA allele is HLA-B*57:01, and only one study (to 
our knowledge) has reported the association of two dif-
ferent alleles from HLA class II (HLA-DR7 and -DQ3) with 
abacavir-induced hypersensitivity. For nevirapine, four 
different HLA alleles in four studies have been found 
associated with ADRs induced by this drug; two of these 
reports identified an association between the HLA-C*04 
allele and hypersensitivity in Han Chinese and SJS/NET in 
Malawian patients. There are also reports that have inves-
tigated the relation of HLA alleles with hepatotoxicity 
induced by this drug (Table 3).

There are several reports of other HLA alleles asso-
ciated with other different drugs-induced ADRs, for 
instance, amoxicillin-clavulanate, antituberculosis drugs, 
asparaginase, aspirin, clozapine, cold medications, 
co-trimaxole, dapsone and penicillins, among others. 
The type of ADRs included in these studies comprises 
hypersensitivity, cADR, drug-induced liver injury, pro-
teinuria, agranulocytosis and other specific reactions, 
such as aspirin-exacerbated respiratory disease and cold 
medicine-related SJS/TEN with severe ocular-surface 
complications. In some cases, the studies have only 
been performed in one population, and the information 
remains not sufficiently strong to be considered in clinical 
recommendations (Table 4).

The studies included comprise years of publica-
tion from 1993 to 2016  with at least one study reporting 
an association between HLA alleles and ADRs published 
per year. The highest number of reports was published 
in 2013 and 2014 (13 per year), which is 6 years after the 
U.S. Food and Drug Administration (FDA) recommenda-
tion on genetic screening for patients of Asian ancestry 
prior to the initiation of CBZ therapy [112] and when the 
number of studies in this subject increased. The major-
ity of the investigations have studied CBZ-induced cADRs 
(29%), followed by allopurinol- and lamotrigine-induced 
cADRs (13% and 7%, respectively). Few studies have been 
performed for abacavir- and phenytoin-induced hyper-
sensitivity (6% for each) and for ADRs induced by amox-
icillin-clavulanate, nevirapine and oxcarbazepine (4% 
for each). Fifty-five percent of the studies have included 
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Asian patients in whom there is a notably higher inci-
dence of cADRs than in Caucasians [113]; however, an 
important percentage of these reports was also performed 

in individuals of Caucasian ancestry (42%); Africans have 
only been included in one study and individuals from 
America in three.

Table 1: HLA alleles associated with carbamazepine-induced cutaneous adverse drug reactions.

ADR type   Population   HLA allele   n +/tot   OR   95% CI   p-Value   References

cADR   Japanese   -A*31   10/15   11.20   2.668–47.105   0.001   [19]
cADR   Japanese   -A*31:01   37/61   10.80   5.9–19.6   3.64 × 10−15   [20]
DRESS   European   -A*31:01   7/10   57.60   11.0–341.0   <0.001   [21]
DRESS   Chinese   -A*31:01   5/10   23.00   4.2–125   <0.001   [21]
HSS   North American   -A*31:01   3/6   26.36   2.53–307.89   0.002   [22]
HSS   European   -A*31:01   10/27   12.41   1.27–121.03   3.5 × 10−8   [23]
MPE   Mexican mestizo   -A*01:01:01   3/5   7.29   1.02–52.01   0.028   [24]
MPE   Mexican mestizo   -A*31:01:02   2/5   ND   ND   0.006   [24]
MPE   Han Chinese   -A*02:01   11/80 (2n)   ND   ND   0.033   [25]
MPE   Han Chinese   -DRB1*14:05   7/80 (2n)   ND   ND   0.003   [25]
MPE   North America   -A*31:01   6/26   8.57   1.67–57.50   0.004   [22]
MPE   European   -A*31:01   23/106   8.33   3.59–19.36   8.0 × 10−7   [23]
MPE/DRESS   Han Chinese   -A*31:01   14/74   6.86   2.4–19.9   2.7 × 10−3   [26]
MPE/DRESS   Han Chinese   -B*51:01   18/74   4.56   2.0–10.5   0.01   [26]
MPE/HSS   Chinese   -A*31:01   8/31   12.17   3.6–41.2   0.0021   [27]
SCAR   Japanese   -A*31:01   11/44 (2n)   4.33   2.07–9.06   0.0004   [28]
SJS   Han Chinese   -B*15:02   44/44   2504   126–49,522   3.1 × 10−27   [15]
SJS   North American   -B*15:02   3/9   38.65   2.68–2239.5   0.002   [22]
SJS   Chinese and Malaysian  -B*15:02   6/6   ND   ND   0.0345   [29]
SJS   Korean   -B*15:11   3/7   18.00   2.3–141.2   0.011   [30]
SJS   Indian   -B*15:02   6/8   71.40   3.0–1698   0.0014   [31]
SJS   Thai   -B*15:02   6/6   25.50   2.68–242.61   0.0005   [32]
SJS/TEN   Vietnamese   -B*15:02   32/38   33.78   7.55–151.03   <0.001   [33]
SJS/TEN   Han Chinese   -B*15:02   24/26   89.25   19.25–413.83   3.51 × 10−18   [34]
SJS/TEN   North Indian   -B*15:02   2/9   ND   ND   0.035   [35]
SJS/TEN   Han Chinese   -B*15:02   8/35   18.22   3.66–90.66   0.000   [36]
SJS/TEN   Singaporean   -B*15:02   13/13   181.00   8.7–3785   6.9 × 10−8   [37]
SJS/TEN   Chinese   -B*15:02   41/53   58.10   17.6–192   <0.001   [21]
SJS/TEN   Singaporean   -B*15:02   5/5   27.20   2.67 to  ∞    <0.05   [38]
SJS/TEN   Han Chinese   -B*15:02   24/26   89.25   19.25–413.83   3.51 × 10−18   [39]
SJS/TEN   Japanese   -A*02:06   51/110   5.07   ND   6.9 × 10−10   [40]
SJS/TEN   Han Chinese   -A*24:02   9/16   3.18   1.11–9.11   0.03   [41]
SJS/TEN   Han Chinese   -B*15:02   13/18   17.55   5.31–58.06   <0.001   [41]
SJS/TEN   Thai   -B*15:02   32/34   75.40   13.0–718.9   <0.001   [42]
SJS/TEN   European   -A*31:01   5/12   25.93   4.93–116.18   8.0 × 10−5   [23]
SJS/TEN   Han Chinese   -B*15:02   16/17   152.00   12–1835   <0.0001   [43]
SJS/TEN   Han Chinese   -B*15:02   9/9   114.83   6.25–2111.03   <0.001   [44]
SJS/TEN   Malaysian   -B*15:02   12/17   16.15   4.57–62.4   7.87 × 10−6   [45]
SJS/TEN   Japanese   -B*15:11   4/28   16.30   4.76–55.6   0.0004   [46]
SJS/TEN   Chinese   -B*15:02   8/8   184.00   33.2–1021.0   <0.05   [47]
SJS/TEN   Thai   -B*15:02   37/42   54.76   14.62–205.13   2.89 × 10−12   [48]
SJS/TEN   Chinese   -B*15:02   59/60   1357.00   193.4–8838.3   1.6 × 10−41   [27]
SJS/TEN   Chinese   -C*08:01   56/60   86.80   29.3–254.6   7.8 × 10−27   [27]
SJS/TEN   Chinese   -DRB1*12:02   41/60   11.40   5.6–22.9   2.3 × 10−11   [27]
SJS/TEN  > 5% 
skin detachment

  Han Chinese   -B*15:02   25/25   97.60   42.0–226.8   5.8 × 10−43   [26]

ADR, adverse drug reaction; cADR, cutaneous adverse drug reaction; CI, confidence interval; DRESS, drug reactions with eosinophilia and 
systemic symptoms; HLA, human leukocyte antigen; HSS, hypersensitivity syndrome; MPE, maculopapular exanthema; ND, not determined; 
n +/tot, number of subjects positive for the HLA allele associated/total of subjects included in the association study; OR, odds ratio; SCAR, 
severe cutaneous adverse drug reactions; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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Databases with HLA alleles 
and adverse drug reactions

As can be observed in Tables 1–4, several class I and II 
HLA alleles have been associated with ADRs in different 
populations. The HLA allele associated in a certain ethnic 
group is largely influenced by the frequency of the specific 
allele among the studied population [18, 114]. In order to 
facilitate the investigation and associations of HLA alleles 
and ADRs, two databases have been designed [115, 116]. 
Both of these permit easy and rapid access to relevant 
information about a specific drug, ADR or HLA allele 
related with ADR pharmacogenomics.

One of these belongs to the Allele Frequency Net Data-
base (http://www.allelefrequencies.net), a free, central-
ized resource that contains information on the allele, the 
haplotype and the genotype frequencies of several immune 
genes, including HLA alleles, in different populations [117]. 
This website was released in 2003 [118], and since then, the 
database has grown significantly in terms of the number 
of populations covered and the number of users and cita-
tions [115]. Therefore, to assist HLA and pharmacogenetic 
studies, this database contains collated data sets from the 
literature, with information that not only facilitates meta-
analyses but that also enables users to examine the quality 
of published studies by comparing the frequencies of HLA 
alleles reported in healthy volunteers’ cohorts with those 

Table 2: HLA alleles associated with antiepileptic drugs-induced cutaneous adverse drug reactions.

Drug ADR Population HLA allele n  + /tot OR 95% CI p-Value References

Antiepileptic drugs SJS/TEN Han Chinese -B*15:02 6/6 71.9 3.7–1,415.8 1.48 × 10−4 [49]
SJS/TEN Han Chinese -B*15:02 15/27 18.75 5.29–66.44 0.000 [50]

Lamotrigine cADR Norwegian -A*24:02 10/28 ND ND 0.027 [51]
cADR Japanese -DRB1*04:05 6/16 ND ND 0.01 [52]
cADR Japanese -DQB1*04:01 6/16 ND ND 0.01 [52]
MPE Korean -A*24:02 15/21 4.09 1.22–13.69 0.025 [53]
MPE Korean -A*24:02/ 

-C*01:02
10/21 7.88 1.81–34.28 0.007 [53]

MPE Mexican mestizo -A*02:01:01/ 
-B*35:01:01/ 
-C*04:01:01

4/10 18.33 1.99–169.08 0.0048 [24]

MPE Han Chinese -A*30:01 6/86 (2n) ND ND 0.013 [25]
MPE Han Chinese -B*13:02 6/86 (2n) ND ND 0.013 [25]
SCAR European -A*68:01 4/44 (2n) 19.22 1.01–365 0.012 [54]
SJS/TEN Korean -B*44:03 3/5 ND ND 0.099 [55]

Oxcarbazepine MPE Han Chinese -B*38:02 3/28 (2n) 3.33 1.78–22.46 0.018 [56]
MPE Han Chinese -B*13:02 4/28 (2n) 7.83 2.32–26.41 0.001 [57]
MPE Han Chinese -B*15:02 4/9 8.8 1.85–41.79 0.011 [58]
SJS Han Chinese -B*15:02 3/3 80.7 3.8–1714.4 8.4 × 10−4 [59]

Phenobarbital SJS/TEN Japanese -B*51:01 6/8 16.71 3.66–83.06 0.004 [60]
Phenytoin DRESS Malay -B*15:13 3/3 59 2.49–1395.74 0.003 [61]

MPE Mexican mestizos -C*08:01 2/2 ND ND 0.002 [24]
SJS Thai -B*15:02 4/4 18.5 1.82–188.40 0.005 [32]
SJS/TEN Malay -B*15:13 7/13 11.28 2.25–59.60 0.003 [61]
SJS/TEN Malay -B*15:02 8/13 5.71 1.41–23.10 0.016 [61]
SJS/TEN Han Chinese -B*15:02 7/15 3.44 1.08–11.00 0.047 [34]
SJS/TEN Han Chinese -B*15:02 7/15 3.5 1.10–11.18 0.045 [39]
SJS/TEN Han Chinese -B*15:02 8/26 5.1 1.8–15.1  0.0041 [59]
SJS/TEN Han Chinese -B*13:01 9/26 3.7 1.4–10.0 0.0154 [59]
SJS/TEN Han Chinese -C*08:01 9/26 3 1.1–7.8 0.0281 [59]
SJS/TEN Han Chinese -DRB1*16:02 7/26 4.3 1.4–12.8 0.0128 [59]

Zonisamide SJS/TEN Japanese -A*02:07 5/12 9.77 3.07–31.1 0.018 [60]

ADR, adverse drug reaction; cADR, cutaneous adverse drug reaction; CI, confidence interval; DRESS, drug reactions with eosinophilia and 
systemic symptoms; HLA, human leukocyte antigen; MPE, maculopapular exanthema; ND, not determined; n  + /tot, number of subjects 
positive for the HLA allele associated/total of subjects included in the association study; OR, odds ratio; SCAR, severe cutaneous adverse 
drug reactions; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

http://www.allelefrequencies.net
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of worldwide populations. This resource only includes 
case-control studies with statistical evidence provided for 
the association and in which high-resolution HLA genotyp-
ing was performed. From each report, information about 
ethnicity, the drug of interest and the proportion of cases 
and controls carrying the HLA allele implicated in ADRs is 
extracted and summarized in the database [115].

The second of these is denominated the HLADR data-
base (http://pgx.fudan.edu.cn/hladr/). This is an in-house 
database that manually collected the information of 1786 
records after an extensive search and review of the litera-
ture and curation of reports of HLA alleles associated with 
ADRs. The information compiled from each report contains 
the following: drugs, ADRs, HLA alleles, the ethnic and 

geographic origins of the study subjects, a 2 × 2 contin-
gency table reflecting the association strengths (p-value, 
odds ratio [OR], sensitivity, specificity, positive-predictive 
values and negative-predictive values) and FDA drug-labe-
ling changes resulting from the drug-HLA associations. The 
association strengths across different studies were incom-
parable because different statistical methods were applied 
in the original reports; consequently, the designers of this 
database performed the Fisher’s exact test and the Hal-
dane’s modification to recalculate the p-value and the OR 
for each association study, respectively. In addition, this 
resource standardized the names of ADRs and HLA alleles 
based on reference databases such as PharmGKB and inter-
national ImMunoGeneTics (IMGT) project/HLA [116].

Table 3: HLA alleles associated with adverse reactions induced by allopurinol, abacavir and nevirapine.

Drug   ADR   Population   HLA allele   n  + /tot   OR   95% CI   p-Value   References

Allopurinol   cADR   Japanese   -B*58:01   4/7   65.6   2.9–1497.0   9.73 × 10−4   [62]
  cADR   Han Chinese   -B*58:01   38/38   580.07   32.18–10456.80  7.01 × 10−18   [63]
  MPE   Han Chinese   -B*58:01   26/40   8.5   4.2–17.5   2.3 × 10−9   [64]
  SCAR   Han Chinese   -B*58:01   96/106   44   21.5–90.3   2.6 × 10−41   [64]
  SCAR   Han Chinese   -B*58:01   87/92   127.6   40.8–398.6   <0.001   [65]
  SCAR   Han Chinese   -B*58:01   45/48   108.5   33.7–346.3   <0.0001   [66]
  SCAR   Portuguese   -B*58:01   16/25   39.11   4.49–340.51   5.9 × 10−4   [67]
  SCAR   Han Chinese   -B*58:01   19/19   229.7   11.7–4520.4   <0.0001   [68]
  SCAR   Korean   -B*58:01   23/25   97.8   18.3–521.5   2.45 × 10−11   [69]
  SCAR   Korean   -C*03:02   23/25   82.1   15.8–426.5   9.39 × 10−11   [69]
  SCAR   Korean   -A*33:03   22/25   20.5   5.4–78.6   3.31 × 10−6   [69]
  SCAR   Han Chinese   -B*58:01   51/51   580.3   34.4–9780.9   4.7 × 10−24   [16]
  SCAR   Caucasian   -B*58:01   3/7   13.6   2.77–69.45   0.003   [70]
  SCAR   Caucasian   -DRB1*15:02   2/7   22.6   3.28–160.72   0.005   [70]
  SCAR   Caucasian   -DRB1*13:02   2/7   11.1   1.94–7.64   0.037   [70]
  SJS/TEN   Korean   -B*58:01   5/7   ND   ND   0.013   [71]
  SJS/TEN   Thai   -B*58:01   27/27   348.3   19.2–6336.9   <0.001   [72]
  SJS/TEN   Japanese   -B*58:01   4/20 (2n)   40.83   10.5–158.9   <0.0001   [73]

    SJS/TEN   European   -B*58:01   15/27   80   34–187   <10−6   [74]
Abacavir   AHS   Caucasian   -B*57:01   18/20   6934   321–149,035   <0.0001   [75]

  AHS   White from U.S.   -B*57:01   42/42   1945   110–34,352   <0.0001   [17]
  AHS   Black from U.S.   -B*57:01   5/5   900   38–21,045   <0.0001   [17]
  AHS   Caucasian   -B*57:01   7/7   ND   ND   <0.001   [76]
  AHS   Western Australian  -B*57:01   17/18   960   NS   <0.00001   [77]
  AHS   North American   -B*57   39/84   23.6   8.0–70.0   <0.01   [78]
  AHS   Western Australian  -B*57:01   14/18   117   29–481   <0.0001   [79]
  AHS   Western Australian  -B*5701, -DR7, -DQ3   13/18   822   43–15,675   <0.0001   [79]

Nevirapine   cADR   Thai   -B*35:05   25/243   18.96   4.87–73.44   4.6 × 10−6   [80]
  Hepatotoxicity   South African   -B*58:01   12/51   ND   ND   0.033   [81]
  Hepatotoxicity   South African   -DRB1*01:02   8/51   ND   ND   0.044   [81]
  Hypersensitivity   Han Chinese   -C*04   8/64   3.61   1.13–11.49   0.03   [82]

    SJS/TEN   Malawian   -C*04:01   23/36   17.52   3.31–92.8   NS   [83]
Nevirapine 
and Efavirenz

  Hypersensitivity   French   -DRB1*01   5/6   ND   ND   0.04   [84]

ADR, adverse drug reaction; AHS, abacavir hypersensitivity; cADR, cutaneous adverse drug reaction; CI, confidence interval; HLA, human 
leukocyte antigen; MPE, maculopapular exanthema; ND, not determined; NS, not specified; n  + /tot, number of subjects positive for the HLA 
allele associated/total of subjects included in the association study; OR, odds ratio; SCAR, severe cutaneous adverse drug reactions; SJS, 
Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

http://pgx.fudan.edu.cn/hladr/
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International medicine agencies 
recommendations on HLA alleles 
and drug prescriptions
International medicine agencies as the FDA in the U.S. 
and the European medicine agency (EMA) have made rec-
ommendations based on evidence published about HLA 
alleles associated with ADRs in drugs such as CBZ, allopu-
rinol, abacavir and phenytoin, among others. These data 
have been added to the specific drug-label information 
in order to improve the safety of the drug and to inform 
physicians about the usefulness of performing HLA geno-
typing prior to prescribing the drug [112, 119]. In addition, 
the clinical pharmacogenetics implementation consortium 
(CPIC) has published guidelines for the dosing of abacavir, 
allopurinol, CBZ and phenytoin considering the patient’s 
HLA genotype [120–127]. Recommendations from the three 
previously mentioned international medicine agencies 
are summarized in Table 5. For abacavir, the international 
medicine agencies and the CPIC highly recommend HLA 
genotyping in all patients with HIV of any ethnicity prior 
the prescription of this drug and avoiding the administra-
tion of abacavir in patients who are carriers of the HLA-
B*57:01 allele. In contrast, for allopurinol there is no 
well-established recommendation for routine HLA testing, 
although EMA and CPIC consider that the prescription of 
allopurinol should be evaluated carefully if it is known 
that the patient is an HLA-B*58:01 carrier. In the case of 
CBZ, genetic testing for HLA is recommended in patients 
with Asian ancestry or, specifically, for Han Chinese and 
Thai population, but the use of this antiepileptic is con-
traindicated in any patient positive for the HLA-B*15:02 
allele regardless of the patient’s ancestry. In addition, the 
agencies recommend that the use of CBZ in patients car-
rying HLA-A*31:01, especially of Caucasian or Japanese 
origin, should be considered if the benefits are thought 
to exceed the risks. Additionally, the recommendation for 
antiepileptic drug prescription is to avoid phenytoin and, 
in some cases, oxcarbazepine, eslicarbazepine acetate and 
lamotrigine in patients positive for HLA-B*15:02.

Pharmacoeconomic perspective 
of HLA genotyping prior to drug 
prescription
Among the benefits of the use of pharmacogenomics 
in clinical practice are those of guiding the initial drug Dr
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regimen, individualizing the regimen, increasing efficacy 
and avoiding ADRs [131]; thus, the implementation of 
pharmacogenomics in routine practice can improve dif-
ferent drug treatments [132].

Pharmacogenetic testing is also of relevance for 
the economic resources of the patient or the public 
health system. Several studies have demonstrated that 
HLA testing prior to various drug prescriptions is cost-
effective but that this also depends on the population 
to which it will be applied. For instance, HLA-B*15:02 
genotyping prior to CBZ prescription is cost-effective for 
Singaporean Chinese, Malays and Thai patients [133, 134] 
but not for Singaporean Indians [133]. For Europeans, a 
study reports that testing for HLA-A*31:01 represents a 
cost-effective use prior to initiation of CBZ therapy [135]. 
Contrariwise, testing for HLA-B*58:01 did not represent 
a benefit in allopurinol therapy in Singaporean patients, 
in contrast with the profit observed in Thai and Korean 
populations [71, 136]. HLA-B*57:01 screening prior to 
abacavir was found to be cost-effective for patients from 
Spain and Germany [137, 138]. However, a systematic 
review found that there is cost-effectiveness in the use of 
pharmacogenetic biomarkers to avoid ADRs in common 
drug therapies [139].

On the other hand, several investigations have been 
performed in order to develop assays that reduce the cost 
of HLA screening, i.e. nested allele-specific PCR and PCR-
RFLP for HLA-A*31:01 detection [140, 141], flow cytometry 
pre-screening [142], real-time PCR [143] for HLA-B*57:01 
and the flow cytometry test for HLA-B*58:01 [144]. Fur-
thermore, the search for single-nucleotide polymorphisms 
in linkage disequilibrium with specific HLA alleles could 
diminish the cost of HLA genotyping and make it more 
available for different populations [145, 146].

However, there are some limitations for HLA geno-
typing in cases of rare ADRs that should be taken into 
account. In general, the incidence of ADRs associated 
with HLA alleles is low; for instance, allopurinol hyper-
sensitivity has been reported in 0.1% [147], and it repre-
sents a problem in association studies. This explains the 
small sample size observed in the majority of studies, 
which limits the study power for detecting significant 
associations [148]; however, meta-analyses can help 
solve this problem, especially in populations that are 
widely studied. In addition, investigations employing 
a scarce number of patients could lead to many associ-
ated HLA alleles, in which further studies are required in 
order to confirm their use as pharmacogenetic biomark-
ers. This situation could impact the cost-effectiveness 
of HLA typing prior to drug prescription in uncommon 
ADRs [149].

In sum, several HLA alleles have been associated with 
ADRs to common drugs; however, the strongest associa-
tions remain for HLA-B*58:01, HLA-B*57:01, HLA-B*15:02 
and HLA-A*31:01, but only in certain populations. In addi-
tion, the majority of the studies have been performed in 
Asians and Caucasians, and there is a lack of reports on 
other populations. This situation renders it difficult for 
international medicine agencies to offer global recom-
mendations on HLA genotyping prior to drug prescription 
or for their including more populations in their warnings. 
Moreover, it might be possible that more HLA alleles are 
associated with ADRs in other, not yet studied ethnic 
groups; therefore, pharmacogenomic investigations on 
this issue should not be pushed aside. The existence of 
HLA allele databases that facilitate these studies and the 
reports that assure the cost-effectiveness of HLA screening 
could ease pharmacogenomic research of ADRs focused 
on HLA alleles.
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