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Introduction
The efficacy and safety of pharmacological therapy depends on the 

peculiarities of absorption, distribution, metabolism and excretion of 
drugs.1,2 The genetic polymorphisms of Human Leukocyte Antigens 
(HLA) and Cytochromes P450 (CYP) have been proposed as key 
elements for drug susceptibility. The cytochromes P450 CYP2C19, 
CYP2C9, CYP2D6, CYP2B6, CYP3A4 and CYP3A5 are essential 
for the susceptibility to antiepileptic drugs (AEDs) used clinically 
such as Phenytoin (PHT) and Carbamazepine (CBZ); these hepatic 
isoenzymes exhibit genetic polymorphism with interindividual 
variability in catalytic activity. The metabolism of drugs is mainly 
determined by the effect of the enzymes of the group of CYP.3-6

Epilepsy is one of the most prevalent neurological disorders 
worldwide, affecting approximately 70 million people in the world 
and at least 5 million of them are in Latin America. The general 
prevalence of epilepsy in Colombia is 11.3 per 1,000. No significant 
differences were found between the regions, except in the east, where 
the prevalence is higher. The prevalence rate of active epilepsy is 
10.1 per 1,000. Despite numerous attempts to develop safe and safe 
antiepileptic drugs, the occurrence of adverse effects is inevitable; 
Because they have different mechanisms of action, they can cause 
undesirable effects, whether neurological, psychiatric and affections 
of different organs and systems.7,8 The SJS has a global incidence of 
two cases per million inhabitants, with a significant social impact due 

to a mortality rate of 20-25%, prolonged disability and rejection by 
the survivors of the use of medications.9-11

Adverse effects of antiepileptic drugs are classified into 
idiosyncratic adverse effects, adverse effects related to pharmacology 
and biological effect after modifying seizure frequencies. Stevens-
Johnson Syndrome (SJS) is one of the idiosyncratic adverse effects 
related to PHT and CBZ.Stevens-Johnson syndrome (SJS) is a rare and 
life-threatening adverse skin reaction that is often triggered by certain 
medications including certain antiepileptic drugs.12,13 Several studies 
in the American continent have reported that among the antiepileptic 
drugs with SJS reactions, Carbamazepine stands out with a percentage 
of 11.1% and Phenytoin 7.1% in more than two thousand patients 
studied. It has been reported that within the etiological factors of 
SJS, in 67% there is a higher incidence with the use of anticonvulsant 
occupied in 55% by Carbamazepine and Phenytoin.14

In Colombia, the District Pharmacovigilance Program of the 
Secretary of Health of Bogotá reported that between 2008 and 2015 the 
aforementioned drugs accounted for 44.55% of adverse drug reactions 
in which Stevens Johnson syndrome was included, indicating that 
17% of these were given by Carbamazepine.15

Phenytoin and Carbamazepine are one of the pillars of treatment 
for epileptic-convulsive status.16-18 The dosage is complex due to its 
highly unusual pharmacokinetics and whichrequires adjustments that 
can be made in line with the weight, sex and age of the patient. The 
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Abstract

The genetic polymorphisms of the Human Leukocyte Antigens (HLA) and Cytochromes 
P450 (CYP) CYP2C19 and CYP2C9 have been proposed as key elements for susceptibility 
to antiepileptic drugs such as Phenytoin (PHT) and Carbamazepine (CBZ). These hepatic 
isoenzymes and HLA´s exhibit genetic polymorphism with interindividual variability in 
catalytic activity. Stevens-Johnson Syndrome (SJS) is one of the idiosyncratic adverse 
effects related to PHT and CBZ. The aim of this work is to relate the polymorphisms of 
the HLA and CYP alleles with the Stevens- Johnson syndrome caused by phenytoin and 
carbamazepine in the Amerindian population of Colombia.

Methodology: A systematic search was carried out in Clinical Key, Pro Quest and PubMed, 
the results were tabulated and organized according to their expression to be analyzed by 
means of the MEGA7 software, using Allele Frequencies to know the allelic frequency of 
HLA in the Colombian Amerindian population.

Results: It was found that the increased risk of Stevens- Johnson syndrome by Phenytoin and 
Carbamazepine was significantly linked with HLA-A*23: 01, HLA-A*30: 01, HLA-A*30: 
02, HLA-A*03:01, HLA-A*11: 01, HLA-A*26: 01, HLA-A*29: 02, HLA-A*68: 01, 
HLA-A*02: 01, HLA-A*02:22 relating HLA-B*15: 02 and HLA-B*51: 01 as a risk factor 
and HLA-A*24: 02 as a protective marker for SJS. In the population studied in this work, 
the presence of the alleles HLA-A*23:01, HLA-A*30:01, HLA-A*30:02, HLA-A*03:01, 
HLA-A*11:01, HLA-A*26:01, HLA-A*29:02, HLA-A*68:01, HLA-A*02:01, 
HLA-A*02:22, HLA-B*15:02 and HLA-A*24:02, like CYP2C9*3 and CYP2C19.
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initial dose should be lower in the context of liver failure. Side effects 
related to acute doses include sedation, ataxia, dizziness, nystagmus, 
nausea, and cognitive impairment. These drugs are highly allergenic, 
produce skin rashes ranging from mild rashes to life-threatening 
hypersensitivity reactions. Certain HLA class I alleles are associated 
with the SJS induced by Phenytoin and Carbamazepine.17-20

Methodology
A systematic search was performed in the PubMed and Elsevier 

databases with the following MeSH: >> pharmacogenomics <<, >> 
CYP/genetics <<, >> HLA antigens/genetics <<, >> Anticonvulsants/
adverse effects <<, >> Phenytoin/Adverse effects <<, >> 
Carbamazepine/Adverse effects <<, >> Stevens-Johnson syndrome/
chemically induced/genetic <<. Search filters were used to show only 
those studies called: Observational studies, meta-analyzes and/or 
systematic reviews. Product of the search in the PubMed database, 6 
studies published between July 2008 and December 2018 made with 
humans were obtained. Of the 6, 4 were observational and 2 were review 
type. We included observational or experimental studies that included 
patients with HLA and CYP polymorphisms using phenytoin and 
carbamazepine, designed to evaluate partial and complete remissions 
in response to treatment with these drugs. The bibliography of each 
selected study was reviewed in search of other relevant articles; In 
addition, additional information was searched in the Elsevier database 
with the topic of >> Phenytoin-Carbamazepine/Adverse effects <<, 
>> Stevens Johnson syndrome <<. The epidemiological studies were 

obtained in the web portal of the same, using Allele Frequencies as a 
source of consultation to know the allelic frequency in the Amerindian 
population of Colombia.

Results
The association between genetic polymorphisms of HLA classes 

I and Cytochrome P450: CYP2C9*3 and CYP2C19 related to 
Phenytoin and Carbamazepine to Stevens-Johnson Syndrome (SJS) 
caused generally by adverse drug reactions in Thai and Chinese-
Han population was investigated (Figure 1).23-27 It was found 
that the alleles HLA-A*23: 01, HLA-A*30: 01, HLA-A*30: 02, 
HLA-A*03: 01, HLA-A*11: 01, HLA-A*26 : 01, HLA-A*29: 02, 
HLA-A*68: 01, HLA-A*02: 01, HLA-A*02: 22 relating HLA-B*15: 
02 and HLA-B*51: 01 as a risk factor and HLA-A*24: 02 as a 
protective marker for SJS. The presence of the alleles HLA-A*23: 
01, HLA-A*30: 01, HLA-A*30: 02, HLA-A*03: 01, HLA-A* was 
found in the population studied in this study. 11:01, HLA-A*26: 
01, HLA-A*29: 02, HLA-A*68: 01, HLA-A*02: 01, HLA-A*02: 
22, HLA-B*15: 02 and HLA-A*24: 02, as well as CYP2C9*3 and 
CYP2C19*2 (Table 2).28-42 There is an association between the alleles 
HLA-B*15: 02 and HLA-A*24: 02 and Stevens-Johnson Syndrome 
induced by Phenytoin and Carbamazepine in Asians, these alleles 
being presented characteristically in the Colombian population, so they 
should be studied as protective markers and genetic predisposition for 
this syndrome (Table 1 and Figure 2).
 

Figure 1 NJ analysis of the HLA alleles involved in the study. 

Figure 2 Mechanism of allergic drug reaction. 

https://doi.org/10.15406/ppij.2021.09.00334


Stevens-Johnson syndrome: relation with phenytoin and carbamazepine associated with HLA and CYP 
polymorphism in Colombia

105
Copyright:

©2021 Parga-Lozano et al. 

Citation: Parga-Lozano C, Santodomingo N. Stevens-Johnson syndrome: relation with phenytoin and carbamazepine associated with HLA and CYP 
polymorphism in Colombia. Pharm Pharmacol Int J. 2021;9(3):103‒107. DOI: 10.15406/ppij.2021.09.00334

Table 1 HLA allele frequencies in the studied Colombian population

Allele Allelic Frequency (%)

HLA-A

*02:01 16

*02:22 9.6

*03:01 21

*11:01 14.7

*23:01 11.9

*24:02 45.7

*26:01 9.1

*29:02 22

*30:01 8.3

*30:02 11.3

*68:01 10.6

Table 2 CYP allele frequencies in the world populations43

Alelle Frequency (%) Populations

CYP2C9*3

30.9 Europeans

5.8 Africans

79.5 East Asians

60.6 South Asians

32.3 Admixed Americans

CYP2C19*2

44.7 Europeans

32.6 Africans

78.5 East Asians

70.7 South Asians

43.9 Admixed Americans

Discussion
There are several genes involved in metabolism and response 

to drugs; the most common are the genes of the Cytochrome P450 
family (CYP), which encode enzymes that control the metabolism of 
more than 80% of prescription drugs. Patients who have variations 
in certain CYP genes often do not metabolize drugs to the same 
extent or extent as the average person. The existence of these genetic 
polymorphisms has several clinical implications.44 Four possible 
phenotypes have been determined based on the metabolizing activity 
of CYP2 enzymes: the Extensive Metabolizer (MS) is considered as a 
normal person since it processes the drugs in a timely and appropriate 
manner, Intermediate Metabolizer (IM) processes the drugs a little 
slower than an EM, a Poor Metabolizer (PM) that is not capable of 
processing drugs and a Ultra Rapid Metabolizer (UM) is a person 
who transforms drugs quickly. These polymorphisms are responsible 
for the adverse effects of drugs such as PHT and CBZ. Although 
the difference in the metabolic capacity of various drugs means that 
PMs have a higher risk of developing adverse effects to drug used 
at standard doses, unless there are alternative metabolic pathways. 
SJS is a disorder of the immune system that can be caused by drugs 
or medications; in some groups this pharmacological reaction may 
be aggravated by genetic factors such as the presence of alleles 

HLA-A*23: 01, HLA-A*30: 01, HLA-A*30: 02, HLA-A*03: 01, 
HLA-A*11: 01, HLA-A*26: 01, HLA-A*29: 02, HLA-A*68: 01, 
HLA-A*02: 01, HLA-A*02: 22 (Table 1 and Figure 2).45-47

The Amerindian population descended from groups of hunter-
gatherers of Siberian origin who migrated to America through the 
Bering Bridge, formed during a brief period of the last glaciation 
(Würm or Wisconsin), due to the decline in the level of the oceans.48

According to several theses of anthropology and archeology, the 
natives of America are from Asia. These thesis postulate that a branch 
of the Mongolian race crossed the Berring Strait and arrived in North 
America, then under Central and South America. They claim that the 
Asian and American continents were united 25,000 years ago in a 
period between 12,000 and 15,000 years ago. It is believed that there 
is kinship between American Indians and Eskimos.47-51 These HLA 
alleles have been found in the Thai and Chinese-Han populations 
associated with the Stevens-Johnson syndrome, the HLA-B*51: 01 
allele was found with a ratio of 32.70% in the Amerindian population 
of Colombia, the presence of this Allele in the Amerindian population 
could be due to the different displacements of individuals from Asia 
to South America in the directions previously spoken thus showing a 
gene flow with the Asian population.52-54

Some patients who had the aforementioned HLA alleles suffered 
from SJS induced, but could be tolerant to other medications, so it 
is advisable to carry out previous studies of the allelic variants of 
HLA and CYP2 before administering these drugs to patients since 
CYP2C9*3 is typically associated with these two drugs. These HLA 
alleles are characteristically presented in the Amerindian population of 
Colombia, so it should be studied as a marker of genetic predisposition 
for SJS in Amerindians since certain HLA alleles in Amerindians 
show gene flow with Asians, Australians and inhabitants of the Pacific 
Ocean occurred in different times and in different directions (Table 1 
and Figure 1).54
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