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This review attempts to collate all the studies performed in India or comprising a population 
originating from India and to find out if there is an association between the HLA (human 
leucocyte antigen) type of individual and development of Stevens-Johnson syndrome/
toxic epidermal necrolysis (SJS/TEN) subsequent to medication use. The authors performed 
a PubMed search of all articles published in English from 2009 to 2019 for articles that 
studied HLA type in patients who developed SJS/TEN after intake of a specific drug in 
the Asian Indian population or in individuals of Asian Indian origin. The selection criteria 
were satisfied by a total of 11 studies that reported HLA associations with specific drugs, 
which induced SJS/TEN, mainly anti-epileptic drugs, and cold medicine/non-steroidal 
anti-inflammatory drugs. These studies involved a small number of patients, and hence, 
there is limited evidence to conclude if these associations can be extrapolated to a larger 
population of the same ethnicity. Similar multi-center studies need to be conducted with 
a larger sample size to confirm these associations. This would have implications in policy 
making and for understanding the potential of using genetic markers as a screening tool 
before prescribing a drug to a patient, which might make them susceptible to developing 
a potentially life-threatening disease such as SJS/TEN. This is possibly the only mode of 
primary prevention for this potentially fatal severe cutaneous adverse drug reaction.

Keywords: human leucocyte antigen, genetic markers, India, carbamazepine, anti-epileptics, toxic epidermal 
necrolysis, Stevens-Johnson Syndrome, severe cutaneous adverse drug reaction

INTRODUCTION

Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) are diseases, which belong to 
a spectrum of immunological conditions affecting the skin and the mucosa. SJS/TEN are life-
threatening conditions affecting multiple organ-systems, generally warrant intensive care unit or 
burn unit admission (Kohanim et  al., 2016b; Shanbhag et  al., 2020). Beginning as a skin rash 
and involvement of oral and ocular mucosa, it then evolves into necrolysis of the skin with 
involvement of mucosa of different organ systems (Kohanim et  al., 2016a). Currently, supportive 
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care guidelines are available for the treatment of SJS/TEN in 
the acute phase (Creamer et  al., 2016; Seminario-Vidal et  al., 
2020). Despite aggressive treatment in the acute phase, the 
morbidity and mortality associated with SJS/TEN is still high 
(Hsu et al., 2016). On survival of the acute episode of SJS/TEN, 
a multitude of chronic complications affecting different organs 
still occur (Yang et  al., 2016), the most debilitating of which 
are chronic ocular complications leading to corneal blindness 
(Saeed and Chodosh, 2016; Lee et  al., 2017). Hence, primary 
prevention is the best form of prevention for SJS/TEN.

SJS/TEN is categorized as a severe cutaneous adverse reaction 
(SCAR) and multiple drugs have been implicated in the 
pathogenesis (Nguyen et  al., 2019). Prevention is possible if 
patients who are susceptible to this SCAR on being prescribed 
a certain medication are identified. If a strong association is 
identified between ingestion of a drug and an HLA (human 
leukocyte antigen) type, then genetic screening of all patients 
before prescribing this drug to prevent the onset of SJS/TEN 
can be  instituted. However, preemptive genotype screening 
before prescribing such medications is not yet practiced in 
the Asian Indian population due to the disease being uncommon 
and sparse evidence of such associations. This review was 
undertaken with the sole intention of understanding the existing 
evidence linking HLA associations with drug-induced SJS/TEN 
in the Asian Indian population.

DATA SOURCES AND SELECTION 
CRITERIA

A search was conducted in February 2020 on PubMed for 
articles between January 1, 2009 and December 31, 2019. The 
keywords used were “Stevens-Johnson syndrome,” “toxic 
epidermal necrolysis,” “human leucocyte antigen,” “HLA,” 
“association,” “India,” and “Indian.” Articles in the English 
language were included. Letters, conference abstracts, case 
reports, review articles, editorials, and animal studies were 
excluded. A total of 393 articles were identified, out of which 
382 articles did not fulfill inclusion criteria and were excluded 
after screening the titles and abstracts (Figure  1). A total of 
11 studies met our criteria for inclusion and were further 
analyzed (Mehta et  al., 2009; Chang et  al., 2011; Aggarwal 
et al., 2014; Khor et al., 2014, 2017; Ueta et al., 2014; Ramanujam 
et  al., 2016; Kannabiran et  al., 2017; Srivastava et  al., 2017; 
Devi, 2018; Ihtisham et  al., 2019). Out of these 11 studies, 
three studies included a multi-ethnic population, including 
HLA associations in the Indian population in their countries 
(Chang et  al., 2011; Khor et  al., 2014, 2017).

Associations Between Specific Drugs and 
HLA in the Pathogenesis of SJS/TEN
Most cases of SJS/TEN worldwide are associated with prior drug 
exposure. Certain drugs are implicated in the causation more 
than others such as antibacterial sulfonamides, carbamazepine 
(CBZ), allopurinol, lamotrigine, phenobarbital, phenytoin, 
nevirapine, and oxicam-type non-steroidal anti-inflammatory drugs 
(NSAIDs; Roujeau et  al., 1995). SJS/TEN usually occurs the first 

time the drug is ingested, without prior sensitization, and usually 
within the first 2  months of therapy (Mockenhaupt et  al., 2008).

The basis behind the pathogenesis of SJS/TEN is believed 
to be immunological. Genetic factors influencing drug metabolism 
and the immune response, including HLA genotype, might 
increase the risk of drug hypersensitivity, thus causing SJS/
TEN (Roujeau et  al., 1986; Svensson et  al., 2001). The specific 
HLA allele presents a drug/metabolite to the T-cell receptors 
on cytotoxic T-lymphocytes resulting in cell activation, clonal 
expansion, and extensive keratinocyte death in SJS/TEN (Chung 
et  al., 2008). This immunological hypothesis was given further 
credence by a study in the European population by Roujeau 
et  al. (1987), where they noted that HLA alleles could be  the 
primary genetic factor for determining an individual’s 
susceptibility to SJS/TEN. Further evidence for this finding 
was provided by Chung et  al. (2004) in the Han-Chinese 
population, where presence of HLA-B*15:02 was strongly 
associated with CBZ-related SJS/TEN, and HLA-B*58:01 with 
allopurinol-related SJS/TEN (Hung et  al., 2005b). However, 
HLA-B*15:02 was not significantly associated with CBZ-related 
SJS/TEN in the European population (Lonjou et  al., 2006), 
which is explained by the low allele frequency of HLA-B*1502 
of 1–2% in studies performed on European populations (Geer 
et  al., 1998). This proves that HLA-B*15:02 is not a universal 
marker for CBZ-related SJS/TEN. Hence, it is important to 
study well-defined ethnic populations, identify the causative 
drug accurately, and test for specific HLA associations.

FIGURE 1 | Flowchart of literature search for studies on genetic markers for 
Stevens-Johnson syndrome/toxic epidermal necrolysis in the Asian Indian 
population.
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Successful Implementation of Preemptive 
Genotyping for Prevention of SJS/TEN
The strongest association between HLA type and a drug causing 
SJS/TEN has been found between HLA-B*15:02 and CBZ in 
the Han-Chinese, Thai, and Malaysian populations (Chung 
et  al., 2004; Tassaneeyakul et  al., 2010; Chang et  al., 2011; 
Tangamornsuksan et al., 2013), and HLA-B*58:01 and allopurinol 
in the Han-Chinese population (Hung et  al., 2005b; Somkrua 
et  al., 2011). The United States Food and Drug Administration 
in 2007 issued an alert regarding package labeling and 
recommended genotyping in all East Asian patients prior to 
prescribing CBZ (Ferrell and McLeod, 2008). Certain Asian 
countries, such as Taiwan, Hong Kong, Singapore, and Thailand, 
have since then started HLA-B*15:02 screening programs before 
the prescription of CBZ. This has been incorporated in the 
electronic prescribing system to interface with laboratory records 
to ensure that CBZ is not started in patients untested or 
positively tested for HLA-B*15:02. If patients screen positive 
for this allele, they are provided alternative medications. Certain 
countries like Thailand, Taiwan, and Singapore have included 
the cost of this screening in their national health insurance 
schemes (Dong et  al., 2012; Tiamkao et  al., 2013). In Taiwan, 
this measure clearly translated into a decrease in the incidence 
of CBZ-related SJS/TEN (Chen et  al., 2011). Another study 
from Thailand also showed a significant decrease in the number 
of cases of CBZ-related SJS/TEN if a universal HLA-B*15:02 
screening policy is instituted (Rattanavipapong et  al., 2013). 
Regulatory recommendations for HLA-B*15:02 genotyping 
combined with government subsidy for the test also contributed 
to a reduction in CBZ-related SJS/TEN in Singapore by >90%, 
with additional reductions in number of phenytoin-related  
SJS/TEN cases (Sung et  al., 2020).

Cost-Effectiveness of Preemptive 
Genotyping for the Prevention of SJS/TEN
Calculating the cost-effectiveness of an intervention, such 
as preemptive genotyping, to reduce the incidence of  
SJS/TEN depends on several factors. These include the 
incidence and severity of the SCAR, the sensitivity and 
specificity of the marker, and the availability of inexpensive 
alternative medications with better safety profiles for 
individuals who screen positive for the marker (Chung et al., 
2010). In the Han-Chinese population, the HLA-B*15:02 
marker for CBZ-related SJS/TEN has been found to be 100% 
sensitive and 97% specific (Hung et  al., 2005a). The average 
allele frequency of HLA-B*15:02  in the Han-Chinese 
population is 6% (1.9–12.4%; Gonzalez-Galarza et al., 2011). 
This is still relatively higher than other populations. Hence, 
screening for HLA-B*15:02 allele before starting treatment 
with CBZ in Asian countries is justified in view of high 
frequency of the allele, the seriousness of the consequences 
of SJS/TEN, high sensitivity and specificity of the marker 
as well as availability of alternative anti-epileptic drugs 
(AEDs; Chung et  al., 2010). Whether screening prior to 
prescribing CBZ is financially viable depends on the extra 
cost of the test in a given population, whether the cost of 

the test is partially or fully covered by insurance, whether 
it outweighs the costs of SJS/TEN treatment, expense of 
alternative safer drugs, and subsequent loss of quality of 
life and due to sequelae of the ailment (Locharernkul et  al., 
2011). The second option is avoiding the use of CBZ 
altogether and prescribing alternative medications. However, 
CBZ use is still rampant in most South-East Asian countries 
since it is cheaper, effective, and physicians are experienced 
with its use (Chung et  al., 2010). Alternative medications are 
more expensive preventing them from being cost-effective for 
the health-care system due to their long-term use (Locharernkul 
et al., 2011). Hence, countries in South-East Asia have consistently 
found that HLA-B*15:02 genotyping screening in the 
Han-Chinese population is less expensive than the cost of 
SJS/TEN treatment (both in the acute phase, in the chronic 
phase, including loss of quality-adjusted life years) or the cost 
of providing alternate drugs (Dong et al., 2012; Rattanavipapong 
et  al., 2013; Tiamkao et  al., 2013).

Morbidity and Mortality of SJS/TEN in the 
Asian Indian Population
SJS/TEN is considered to be a rare condition with an estimated 
annual incidence (cases/million population/year) ranging from 
0.6 to 12 cases per million population in different countries 
(Naldi et  al., 1990; Schöpf et  al., 1991; White et  al., 2015; 
Hsu et  al., 2016). Although the incidence of SJS/TEN in 
India is not known, it is possible that the incidence could 
be higher. Sushma et al. (2005) noted that 19.5% of hospitalized 
patients with SCAR over a 9-year period were diagnosed 
with SJS/TEN. A systematic review conducted on SJS/TEN 
in India reported an overall mortality of 12.94% in SJS/TEN 
cases (Patel et  al., 2013), with the most common culprit 
drugs being antimicrobials (sulfonamides being the most 
common – 37%), followed by AEDs (CBZ and phenytoin 
being the most common – 36%), followed by NSAIDs (16%; 
Patel et  al., 2013; Singh et  al., 2015).

SJS/TEN contributes to life-long complications in the chronic 
phase, affecting multiple organ systems, with published reports 
from India discussing ophthalmic sequelae of SJS/TEN including 
bilateral corneal blindness (Kompella et  al., 2002; Basu et  al., 
2018; Vazirani et  al., 2018), respiratory and gastrointestinal 
system complications such as bronchiolitis obliterans (Basker 
et  al., 1997; Dogra et  al., 2014), esophageal strictures, drug-
induced liver injury (Agrawal et  al., 2003; Misra et  al., 2004; 
Devarbhavi et al., 2016). Owing to the morbidity and mortality 
secondary to SJS/TEN in the Asian Indian population, measures 
in reducing the incidence of SJS/TEN could be  beneficial in 
reducing the overall disease burden. Since HLA associations 
are not universal and are ethnicity specific, there is definitely 
a need to study if strong HLA genotype-drug associations in 
the Asian Indian population exist, thus making them more 
susceptible to developing SJS/TEN. Hence, a review of the 
existing literature on studies from India of HLA genotype-drug 
association on patients from the Asian Indian population who 
developed SJS/TEN to a specific drug was undertaken. Due 
to the paucity of such studies, studies performed on patients 
of Indian origin in countries other than India were also included.
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RESULTS OF HLA GENOTYPING IN THE 
ASIAN INDIAN POPULATION WITH  
SJS/TEN

Descriptive information for each study is shown in Table  1. 
Out of the 11 studies, eight studies were from India, while 
three were from Malaysia. Among these eight studies, three 
included populations predominantly from North India (Aggarwal 
et  al., 2014; Ramanujam et  al., 2016; Ihtisham et  al., 2019), 
and one study each included populations predominantly from 
South-India (Devi, 2018) and North-west India (Mehta et  al., 
2009). The studies conducted in Malaysia included a small 
cohort of Indian origin patients, predominantly from South 
India (Chang et  al., 2011; Khor et  al., 2014, 2017). The most 
commonly studied HLA genotype-drug association was 
HLA-B*15:02 and AEDs, specifically CBZ. Two studies focused 
on cold-medicine (CM) related SJS/TEN and studied 
HLA-A*02:06, HLA-A*33:03, and HLA-B*44:03. The number 
of patients tested in each study was small, ranging from 2 to 
9 patients for the AED-related SJS/TEN, and 20–80 patients 
for CM-related SJS/TEN. All studies enrolled controls except 
one. Six studies enrolled controls that were drug-tolerant and 
had not developed SJS/TEN to AED’s, while four studies enrolled 
normal controls with no drug exposure. All studies performed 
polymerase chain reaction with sequence-specific primers for 
HLA antigens.

Results of Studies of Associations 
Between HLA Alleles and Anti-Epileptic 
Drugs in the Indian Population With  
SJS/TEN
The studies performed in India in Table 1 show that HLA-B*15:02 
remains a significant risk predictor of CBZ-related SJS/TEN. 
The average allele frequency of HLA-B*15:02  in the Indian 
population among different communities evaluated primarily 
from the North Indian population is 2.5% (0–6%; Rajalingam 
et  al., 2002; Rani et  al., 2007). Since the carrier frequency in 
the Indian population is lower than the Han-Chinese population, 
there is a need to test for other susceptibility genes for 
CBZ-related SJS/TEN in the Indian population. In a study by 
Khor et  al. (2017), HLA-A*31:01 was found to be  associated 
significantly with CBZ-related SJS/TEN in Indians. In another 
study by Ihtisham et  al. (2019), HLA-B*57:01 was found to 
be associated significantly with CBZ-related SJS/TEN in Indians. 
The allele frequency of HLA-A*31:01 and HLA-B*57:01  in the 
Indian population among different communities is 3.52% 
(primarily from South India) and 2–8% (from both North 
and South India; Gonzalez-Galarza et  al., 2011), respectively. 
Although the frequencies of these alleles are similar to the 
allele frequency of HLA-B*15:02  in the Indian population, the 
utility of testing these alleles have not been otherwise studied 
widely for CBZ-related SJS/TEN. Collection of data from 
multiple centers will be  useful as samples collected from 
individual centers may prove to be  too small to attain a 
statistical significance. Also, the carrier frequency for 
HLA-B*15:02 may not be  homogenously distributed in the 

Indian population, and multiple studies across the length and 
the breadth of the country are required to establish this, in 
the normal population.

CBZ is a commonly used AED in India because of affordability 
and easy availability and most studies on HLA type-drug 
association in SJS/TEN have focused on this drug. However, 
few studies have tested for susceptibility genes for SJS/TEN 
caused by other aromatic AED’s (phenytoin and lamotrigine) 
in the Indian population (Aggarwal et  al., 2014; Srivastava 
et  al., 2017; Devi, 2018). However, the prescribing patterns 
for these drugs in India are not yet known, and hence, it is 
unclear if preemptive genotyping for these will prove to 
be  useful and cost-effective. Also, it is essential to enroll 
controls that are tolerant to the drug in these studies to enable 
the study of cost-effectiveness of using such a test for screening.

Guidelines are available, provided by the Clinical 
Pharmacogenetics Implementation Consortium (CPIC) for 
appropriate usage of drugs like CBZ, oxcarbazepine, and 
phenytoin, which are some of the main culprit drugs for SJS/
TEN (Leckband et al., 2013; Caudle et al., 2014; Phillips et al., 
2018; Karnes et al., 2020). These guidelines provide therapeutic 
recommendations on how these drugs need to be  utilized 
when genotyping results are available. Since these guidelines 
greatly assist clinicians in applying genetic information to 
patient care, thus optimizing the therapeutic usage of these 
drugs, physicians who routinely prescribe these drugs should 
be  aware of these guidelines.

Results of Studies of Associations 
Between HLA Alleles and Cold Medicines 
(NSAIDs) in the Indian Population
Two studies studied associations between CM-related SJS/TEN 
and HLA-A*02:06, HLA-A*33:03, HLA-B*44:03, and 
HLA-C*07:01  in the Asian Indian population (Ueta et  al., 
2014; Kannabiran et  al., 2017). Patients with the specific 
phenotype of severe ocular complications (SOC) in the chronic 
phase were selected for these studies, although exact drug 
etiology for SJS/TEN in all cases was not known in both 
studies. The details of these are mentioned in Table  1. In 
patients with SOC in the chronic phase with CM-related SJS/
TEN, an association has been noted between HLA-A*02:06  in 
Japanese and Koreans, HLA-B*44:03  in Indian, Brazilian 
Caucasians, Thai, and Japanese populations, and HLA-C*07:01 in 
the Indian and Thai population (Ueta, 2015; Jongkhajornpong 
et  al., 2018). Also, a significant genome-wide association 
between CM-related SJS/TEN and IKZF1 SNPs (single nucleotide 
polymorphisms) were noted in the Japanese, Korean, Indian, 
and Thai populations with severe mucosal involvement (SMI), 
suggesting that IKZF1 might be  a potential marker for 
susceptibility to CM-related SJS/TEN with SMI (Ueta et  al., 
2015; Chantaren et  al., 2019). The genotypes of the associated 
SNP in the IKZF1 gene reflected a quantitative difference in 
the ratio of transcripts of the gene produced by alternative 
splicing (Ueta et  al., 2015).

However, preemptive genotyping before prescribing cold 
medications may not be feasible as these are commonly prescribed 
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drugs and are available over-the-counter (Tangamornsuksan 
et al., 2020). Ascribing the cause of SJS/TEN to cold medications 
is problematic due to protopathic bias, where NSAIDs may 
be given to patients for the prodromal symptoms, which occur 
when SJS/TEN has already set in but is yet to evolve into a 
full-blown disease (Horwitz and Feinstein, 1980; Roujeau et al., 
2018). Hence, the ALDEN (assessment of drug causality for 
epidermal necrolysis) algorithm comes into play here, where 
strict guidelines are followed to find out if a certain drug 
caused SJS/TEN so as not to create a situation, where drugs 
that might not have caused SJS/TEN are labeled so and have 
to be  avoided (Sassolas et  al., 2010). Strict definitions are 
required for labeling the day of disease-onset (Kelly et al., 1995). 

With AED’s, there is credible evidence that they are known 
to cause SJS/TEN (Roujeau et  al., 1995; Mockenhaupt et  al., 
2008). However, the same amount of evidence for cold-
medications, such as salicylates, ibuprofen, and acetaminophen, 
causing SJS/TEN does not exist (Mockenhaupt et  al., 2008; 
Lebrun-Vignes et al., 2018). Also, most studies that have found 
a genetic association between CM-related SJS/TEN and HLA 
type have been in the population of SJS/TEN patients in the 
chronic phase (Ueta, 2015), which predisposes these studies 
to a recall bias. Using the ALDEN algorithm in the chronic 
phase may not be  accurate unless rigorous documentation is 
available. Thus, it may be  difficult to conclude that NSAIDs 
were the primary reason for SJS/TEN, especially in patients 

TABLE 1 | Descriptive information of the studies on genetic markers for Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) in the Asian Indian population.

S.no Author Country Allele studied Number of Indian 
patients with SJS/
TEN with allele

Number of controls with 
allele

Drug Reported OR, 
95% CI, p value

1 Mehta et al., 2009
Gujarat, Northwest 
India HLA-B*15:02 6/8 0/10 normal controls CBZ

71.40, 3.0–1,698, 
0.0014

2 Chang et al., 2011

Malaysia (multi-ethnic 
population with Indians, 
predominantly South 
Indian)

HLA-B*15:02 2/2
47/300 normal controls from 

Malaysian population
CBZ NA

3
Aggarwal et al., 
2014

Chandigarh, North 
India HLA-B*15:02

2/9 (CBZ) 
0/8 (Phenytoin)

50 tolerant controls (0/37 on 
CBZ, 0/13 on phenytoin)

CBZ, PHT
NA, NA, 0.035

4 Khor et al., 2014

Malaysia (multi-ethnic 
population with Indians, 
predominantly South 
Indian)

HLA-B*15:02 2/5
52 Indian CBZ-tolerant 

controls
CBZ

16.7, 1.7–163, 
0.0349

5 Ueta et al., 2014 India
HLA-A*02:06 
HLA-B*44:03

1/20  
12/20

3/55 normal controls 
6/55 normal controls

Cold medicine¶ 
(multi-ingredient 
cold medications 
and NSAIDs)

0.91, 0.09–9.06, 
0.939; 10.88,  
4.04–29.3, 1.87. 
E-07

6
Ramanujam et al., 
2016

New Delhi, North India HLA-B*15:02 1/2 25 LEV-tolerant controls LEV NA

7 Khor et al., 2017

Malaysia (multi-ethnic 
population with Indians, 
predominantly South 
Indian)

HLA-B*15:02 
HLA-A*31:01

2/6 (HLA-B*15:02) 
3/6 (HLA-A*31:01)

2/57 (HLA-B*15:02) 
5/57 (HLA-A*31:01) 

All 57 Indian CBZ-tolerant 
controls

CBZ

13.8, 1.51–124.99, 
0.04; 10.4, 1.64–
65.79, 0.023

8
Srivastava et al., 
2017

India HLA-B*15:02 1/3 NA Lamotrigine NA

9
Kannabiran et al., 
2017

India
HLA-A*33:03 
HLA-B*44:03 
HLA-C*07:01

37/80 (HLA-A*33:03) 
50/80 (HLA-B*44:03) 
47/80 (HLA-C*07:01)

10/50 (HLA-A*33:03) 
6/50 (HLA-B*44:03) 
9/50 (HLA-C*07:01) 

All 50 normal controls

Cold medicineǂ

2.8, 1.4–5.5, 2.9.E-
02; 10.1, 4.4–23.1, 
1.3.E-09; 6.2, 3.0–
12.7, 6.9.E-07

10 Devi, 2018 Kerala, South India HLA-B*15:02
1/4 (CBZ), 0/8 
(phenytoin)

11 tolerant controls (0/3 on 
CBZ, 0/18 on phenytoin)

CBZ, PHT NA

11 Ihtisham et al., 2019 New Delhi, North India
HLA-B*57:01 
HLA-
DRB1*07:01

2/5 in CBZ-induced 
SJS/TEN cases 
(HLA-B*57:01)3/5 in 
CBZ-induced SJS/
TEN cases (HLA-
DRB1*07:01)

4/70 CBZ-tolerant positive for 
HLA-B*57:01; 

12/70 CBZ-tolerant controls 
positive for  

HLA-DRB1*07:01

CBZ

11.00, 1.41–85.81, 
0.05; 7.25,  
1.09–48.18, 0.01

HLA, human leucocyte antigen; CBZ, carbamazepine; PHT, phenytoin; LEV, levetiracetam; NSAIDs, non-steroidal anti-inflammatory drugs; and NA, not available.   
¶The exact drug etiology for SJS/TEN was not known in all patients; specific phenotype of patients with severe ocular complications in the chronic phase of SJS/TEN were studied.  
ǂThe exact drug etiology for SJS/TEN were known in 28.8% (23/80) patients; specific phenotype of patients with severe ocular complications in the chronic phase of SJS/TEN were studied.
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on multiple medications. Roujeau et  al. (2018) suggested that 
it is possible that idiopathic SJS/TEN or SJS/TEN caused due 
to infections such as Mycoplasma pneumoniae could be  labeled 
CM-related SJS/TEN if the ALDEN algorithm is not 
rigorously followed.

In a systematic review from India, NSAIDs were found 
to be responsible in 16% cases, cold-medications among these 
constituted 55% of total NSAIDs causing SJS/TEN (Patel 
et  al., 2013). However, no drug causality algorithms were 
used to deduce this information. Also, self-medication with 
NSAIDs is common due to the availability of these over-
the-counter (OTC; Doomra and Goyal, 2020). In a recent 
study from India, NSAIDs were found to be  the second 
most common causative factor for SCAR (Thakkar et  al., 
2017). However, the information regarding causative drugs, 
especially NSAIDs in this study was not available in one-fourth 
cases due to use of OTC medications and absence of 
documentation. Hence, preemptive genotyping for these drugs 
may not be  practical.

DRAWBACKS OF PREEMPTIVE 
GENOTYPING BASED ON HLA 
ASSOCIATIONS

One possible drawback of preemptive genotyping is highlighted 
by Chen et  al. (2016) in a study, where they evaluated the 
cost-effectiveness of pharmacogenetic screening. They noted 
that HLA-B*15:02 screening policy in Hong Kong has not 
been cost-effective due to a shift in prescription from CBZ 
to alternate AED’s, an increase in SJS/TEN caused by phenytoin 
intake post a policy to implement screening, poor adherence 
to the policy (Chen et al., 2014), an unwillingness of clinicians 
to wait for the screening results before prescribing alternative 
AED’s causing an increase in expenditure by screening but 
this not being translated to immediate benefits of screening. 
The unwillingness to wait for the screening test’s result was 
due to a long-turnaround time for the result and the need 
for an additional consultation to be  scheduled. Clinicians 
preferred prescribing phenytoin as no genetic screening was 
required, this led to an increase in SJS/TEN caused by phenytoin, 
such that the overall burden of AED-induced SJS/TEN was 
unchanged (Chen et  al., 2014). Chen et  al. (2016) suggested 
that the cost-effectiveness of implementing this screening test 
may be  improved by enhancing policy adherence by clinicians, 
making clinicians aware of SJS/TEN caused by other AED’s, 
and by less expensive rapid point-of-care genotyping. Full 
genotyping may be  expensive and specific allele typing may 
be  more practical and cost-effective. Testing for specific HLA 
alleles, including HLA-B*15:02 should be made easily accessible 
and economical. At present, the expected cost of single HLA 
genotyping in India is approximately 80–100 USD with a 
turnaround time of 2–3  weeks, making this test expensive 
combined with a long-waiting time to decide if the drug can 
be  prescribed.

Using an alternative, safer AED without the need to performing 
genotyping is another form of reducing costs (Locharernkul 

et  al., 2011). However, this requires more research on safety 
profiles of different AED’s. Although prevention of SJS/TEN 
will benefit a patient with high-risk of developing it, it is not 
clear whether the additional cost of screening will be  covered 
by insurers, employers or the national health care systems 
(Locharernkul et  al., 2011).

Also, HLA genotype may not be  the only predictive 
factor for the development of SJS/TEN. Other than HLA 
genotype, factors such as initial drug dosing and renal 
function tests could also impact the risk of drug-induced 
SJS/TEN (Stamp et  al., 2012; Ramasamy et  al., 2013; Chung 
et  al., 2015). For example, for allopurinol-induced SCAR, 
HLA-B*58:01 allele is not absolutely necessary or sufficient 
to explain the disease. The positive predictive value is 
estimated to be  2.7%, implying that other risk factors may 
be  involved in the pathogenesis (Lonjou et  al., 2008; 
Tassaneeyakul et  al., 2009; Chung et  al., 2015). Hence, in 
conjunction with HLA genotyping, further investigations 
are required to explain the role of HLA in predicting the 
development of SJS/TEN.

DIRECTIONS FOR FUTURE RESEARCH

Further research is required in finding the true incidence 
rates of SJS/TEN in India, preferably via a registry-based 
approach. The most common causative drugs that cause 
SJS/TEN in India need to be  ascertained nation-wide. 
Prescribing patterns of these drugs need to be  studied to 
be  able to quantify the risk of SJS/TEN with the use of 
such medications. Physicians should be  made aware of the 
pharmacogenomics of SJS/TEN and availability of preemptive 
genotyping. Physicians should also be  made aware of CPIC 
guidelines for appropriate therapeutic usage of drugs that 
commonly cause SJS/TEN, when genotyping results 
are available.

Genotyping for specific HLA associations could be  made 
more accessible, less expensive, with rapid results.

More studies need to be conducted in the normal population 
in various communities across the country in order to ascertain 
the prevalence of certain HLA alleles implicated in the 
development of SJS/TEN. Next, studies need to be conducted, 
preferably via a multi-centric approach in patients with SJS/
TEN after exposure to a certain drug, to find if an HLA 
association exists. However, such studies first need to establish 
drug causality stringently. Once these factors are taken into 
consideration, certain policy recommendations can 
be  instituted. Prevention of SJS/TEN may be  possible by the 
integration of an effective pharmacovigilance system into 
routine health care.

CONCLUSIONS

Although SJS/TEN is considered as a rare disease, the burden 
of the disease is great with high degrees of morbidity and 
mortality with severe long-term sequelae in survivors affecting 
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multiple organ systems. These create a substantial economic 
burden for the patient as well as the caregivers. Further research 
on primary prevention of this dreaded disease is necessary.
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