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CYP2C9 PHENOTYPES BASED ON GENOTYPES
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Warfarin Therapy
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CPIC GUIDELINE FOR PHARMACOGENETICS-GUIDED WARFARING DOSING: 2017 UPDATE
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LIKELY PHENOTYPE ACTIVITY 
SCORE GENOTYPES EXAMPLE OF 

DIPLOTYPES

Ultrarapid metabolizer
(~1-2% of patients)

> 2.0 An individual carrying 
duplications of functional alleles

(*1/*1)xN 
(*1/*2)xN
(*2/*2)xN

Extensive metabolizer
(~77-92% of patients)

1.0 – 2.0

An individual carrying two 
functional  alleles or two 

reduced function alleles or one 
functional and non functional 
allele or one functional and 

reduced function allele

*1/*1, *1/*2,  *2,*2, *1/*9, 
*1/*41, *41/*41, *1/*5, 

*1/*4

Intermediate metabolizer
(~2-11% of patients)

0.5 An individual carrying one 
reduced function  and one 

nonfunctional allele
*4/*41, *5/*9, 

*4/*10

Poor metabolizer
(~5-10% of patients)

0 An individual carrying only 
nonfunctional alleles

*4/*4, *3/*4, 
*5/*5, *5/*6

FCFRP-USP
CYP2D6 phenotypes based

on genotype
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5-10%



FCFRP-USP
Codeine therapy recommendations

based on CYP2D6 phenotype



A tabela abaixo mostra os valores de clearance total, clearance renal e a correlação entre o clearance total e o 
fenótipo para o CYP2D6 para diferentes b-bloqueadores: 

a) Discutir as possíveis razões para as correlações observadas. 

b) Qual o impacto dos dados no regime de dosagem dos referidos fármacos? 

Fármaco clearance total (L/h) clearance renal (L/h) Correlação entre o 
clearance total e o 

fenótipo para o CYP2D6

atenolol 5,0 4,3 Fraca

metoprolol 63,0 6,0 Forte

propranolol 50,0 <0,3 Fraca

timolol 31,0 4,7 Forte

FCFRP-USP Exercício 1



LIKELY PHENOTYPE GENOTYPES EXAMPLE OF 
DIPLOTYPES

PHENOTYPE

Ultrarapid metabolizer : 
normal or increased activity

(~5-30% of patients)

An individual carrying two increased
activity alleles (*17) or one functional
allele (*1) plus one increased-activity

allele (*17)
*1/*17, *17/*17

Extensive metabolizer : 
homozygous wild-type or normal activy

(~35-50% of patients)

An individual carrying two
functional (*1) alleles *1/*1

Intermediate metabolizer : 
heterozygote or intermediate activity

(~18-45% of patients)

An individual carrying one functional
allele (*1) plus one loss-of-function allele

(*2-*8) or one loss-of-function allele (*2-*8)  
plus one increased-activity allele (*17)

*1/*2, *1/*3, 
*2/*17

Poor metabolizer: 
homozygous variant, mutant,

low, or deficient activity
(~2-15% of patients)

An individual carrying two
loss-of-function alleles

*2/*2, *2/*3, 
*3/*3

FCFRP-USP

CYP2C19 phenotypes based
on genotypes
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CYP2C19
(15%)

Pró-fármaco Metabólito ativo
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PHENOTYPE (GENOTYPE) IMPLICATIONS FOR CLOPIDOGREL THERAPEUTIC 
RECOMMENDATIONS

CLASSIFICATION OF 
RECOMMENDATIONS

Ultrarapid
metabolizer
(*1/*17, *17/*17,)  

and extensive
metabolizer (*1/*1)

Normal (EM) or increased (UM) 
platelet inhibition

Clopidogrel:  label-
recommended 

dosage and 
administration

Strong

Intermediate
metabolizer

(*1/*2, *1/*3, *2/*17)
Reduced platelet inhibition and

increased risk for adverse 
cardiovascular events

Alternative 
antiplatelet therapy 

(if no 
contraindication), 

e.g, prasugrel, 
ticagrelor

Moderate

Poor
metabolizer

(*2/*2, *2/*3, *3/*3)

Significantly reduced platelet
inhibition and increased risk
for adverse cardiovascular 

events

Alternative
antiplatelet therapy

(if no 
contraindication), 

e.g, prasugrel, 
ticagrelor

Strong

Antiplatelet therapy recommendations
based on CYP2C19:  clopidogrel
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CPIC guidelines for CYP2C19 genotype
and clopidogrel therapy: 2013 update
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FCFRP-USP
Bula clopidogrel - Brasil

Considerando as recomendações do CPIC, 
qual o erro dessa bula?



FCFRP-USP Exercício 2

•Uma paciente de 74 anos com doença coronária aguda iniciou o tratamento com

clopidogrel após uma intervenção coronariana (angioplastia). Após múltiplos episódios

de reestenose (estreitamento do vaso com redução do fluxo sanguíneo), a equipe clínica

suspeita de resistência ao clopidogrel e solicita o teste de genotipagem para CYP2C19.

•O exame revelou que a paciente apresenta o genótipo CYP2C19 *2/*2.

•1) Qual o fenótipo da paciente?

•2) Qual o melhor tratamento para esta paciente segundo o CPIC?
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OATP1B1 phenotypes
based on genotypes
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Dosing recommendations for simvastatin
based on OATP1B1 phenotype



FCFRP-USP Exercício 3

Sinvastatina

a) Qual o perfil concentração plasmática versus tempo (em comparação ao gráfico padrão) esperado para
a sinvastatina em um paciente que apresenta baixa atividade da OATP1B1?

b) Espera-se maior ou menor risco de miopatia neste paciente? Explique.
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(80%)

(1-3%)
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Recommended dosing of fluoropyrimidines

by DPYD phenotype



Fluorouracil (FDA)

➤ Increased Risk of Serious or Fatal Adverse Reactions
in Patients with Low or Absent Dipyrimidine
Dehydrogenase (DPD)

➤Patients with partial DPD activity may have
increased risk of severe, or fatal adverse reactions
caused by fluorouracil. There is insufficient data to
recommend a specific dose in patients with partial
DPD activity as measured by any specific test

FCFRP-USP
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(TPMT)

Active metabolites

TGN

Inactive metabolite
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Thiopurine methyltransferase

(TPMT)
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TPMT – Ajuste de dose da 

mercaptopurina baseado no genótipo

Evans Nature Reviews Cancer 2006



Metabolizer- Dosing
recomendations

Classification
recommendation

Normal Higher MeTIPM
Lower TGN metabolites

Start with normal dose

75 mg/m2/day
Strong

Intermediate Low methylTIMP
Moderate to highTGN

metabolites

Start with reduced

doses (30-80%)
Strong

Poor No methylTIMP
metabolite

Extremely high TGN 

metabolites

-Reduce daily dose 

by 10-fold 

-Reduce frequency to 

thrice weekly

-Alternative drug

Strong

FCFRP-USP
Recommended dosing of Mercaptopurine

by TPMT phenotype

Adjust dose based on myelosuppression and disease-specific guidelines



Bula da mercaptopurina (ANVISA)

➤ Pacientes portadores de deficiência hereditária da enzima
tiopurina-metiltransferase (TPMT) podem apresentar
sensibilidade não usual ao efeito mielossupressivo da
Mercaptopurina e podem ser suscetíveis a desenvolver
supressão da medula óssea após o início do tratamento
com Mercaptopurina.

➤Alguns laboratórios realizam testes para detectar a
deficiência da TPMT. Entretanto, esses testes não
conseguem identificar todos os pacientes com risco de
toxicidade

FCFRP-USP



FCFRP-USP

Nucleoside diphosphatase
(NUDT15)



Metabolyzer Dosing
recomendations

Classification
recommendation

Normal Normal risk of
thiopurine-related, 

myelosuppression

Normal dose 

Strong

Intermediate Increased risk of
thiopurine-related, 

myelosuppression

Reduced dose 

(30-80%) Strong

Poor Greatly increased risk
of thiopurine-related, 

myelosuppression

Reduced dose 

(by 10-fold) Strong

FCFRP-USP
Recommended dosing of Mercaptopurine

by NUDT15 phenotype

Adjust dose based on myelosuppression and disease-specific guidelines
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NUDT15 Polymorphism

Native American Populations of Brazil
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PERSPECTIVES

LETTER TO THE EDITOR

NUDT15 Polymorphism 
in Native American 
Populations of Brazil

Guilherme Suarez-Kurtz1,*, Gisele 
D. Brisson1, Mara H. Hutz2, 
Maria Luiza Petzl-Erler3 and 
Francisco M. Salzano2,4

Two recent Clinical Pharmacology & 
Therapeutics articles focused on the 
pharmacogenetics of the NUDT15 
gene: Yang et al.1 introduced NUDT15 
as the first non- cytochrome P450 gene 
in the Pharmacogenetic Variation 
Consortium database, whereas the updated 
Clinical Pharmacogenetics Implementation 
Consortium guideline for thiopurine is 
based on TPMT and NUDT15 geno-
types.2 Both articles highlight the dis-
tinct worldwide distribution of the first 
identified and most extensively stud-
ied NUDT15 polymorphism linked to 

thiopurine cytotoxicity, namely c.415C>T 
(rs116855232; p.R139C). c.415C>T is part 
of two haplotypes, namely NUDT15*2 
and *3 , both of which have a dramatic loss 
of function and cannot be distinguished 
by testing only for c.415C>T. The c.415T 
allele is reported as most common in East 
Asians and Hispanics, especially those 
with high Native American ancestry, but 
rare in Europeans and Africans.3,4 In this 
letter, we present the first report of the 
distribution of c.415C>T SNP (single- 
nucleotide polymorphism) in Native 
American populations, represented by 
distinct groups living in reservation areas 
in Brazil (Table 1). The study is within 
the scope of population genetics studies 
of Native Americans, approved by the 
Brazilian National Ethics Committee 
(Comissão Nacional de Ética em Pesquisa 
(CONEP) 123/98).

A TaqMan allele discrimination 
assay revealed that the frequency of 
rs116855232 varies over a wide range 
(5.2–31.7%) across the study groups  

(analysis of variance P < 0.0001). The Fst 
statistics pointed to very large pharma-
cogenomic divergence (Fst = 0.295) at 
the rs116855232 locus among the groups. 
Importantly, the frequency range in the 
Guarani and Kaingang (19.4–31.7%) is the 
highest reported so far for any population. 
For comparison, the top frequency in the 
One Thousand Genomes project was 16% 
for Southern Han Chinese, whereas the larg-
est frequency for the Admixed American 
group was 12% in Peruvians. Compared to 
Guarani and Kaingang, the rs116855232 
variant allele was less common (5.2%) in 
the Xavante. This discrepancy cannot be 
accounted for by geographical distances 
(the Xavante and Guarani groups live in rel-
ative proximity in the Center- West region 
of Brazil), linguistic groups (Xavante and 
Kaingang belong to the Gê group), or ex-
tent of admixture. Large differences ( > 10- 
fold) in the frequencies of variants in other 
pharmacogenes, notably CYP2E1*5B and 
GSTT1-null among Native American 
groups, were reported previously and 

Table 1  Amerindian groups investigated: location, languages, and distribution of NUDT15 rs116855232 (c.414C>T)

Population Localities
Geographical 
coordinates Region

Linguistic 
group

Number of 
individuals

Genotype frequency (%) T allele 
frequency (CI 

95%)CC CT TT

Guarani Amambai 23°S, 55°W Center- West Tupi 49 67.3 26.5 6.1 19.4 
(12.8–28.3)

Limão Verde 23°S, 55°W Center- West

Kaingang- 1 Rio das 
Cobras

25°S, 52°W South Gê 60 60.0 28.3 11.7 25.8 
(18.9–34.3)

Ivaí 24°S, 51°W South

Kaingang- 2 Nonoai 27°S, 52°W South Gê 71 54.9 26.8 18.3 31.7 
(24.6–39.7)

Xavante Pimentel 
Barbosa

13°S, 51°W Center- West Gê 87 89.7 10.3 0 5.2 
(2.7–9.5)

CI, confidence interval.

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 105 NUMBER 6 | June 2019 1321

PERSPECTIVES

LETTER TO THE EDITOR

NUDT15 Polymorphism 
in Native American 
Populations of Brazil

Guilherme Suarez-Kurtz1,*, Gisele 
D. Brisson1, Mara H. Hutz2, 
Maria Luiza Petzl-Erler3 and 
Francisco M. Salzano2,4

Two recent Clinical Pharmacology & 
Therapeutics articles focused on the 
pharmacogenetics of the NUDT15 
gene: Yang et al.1 introduced NUDT15 
as the first non- cytochrome P450 gene 
in the Pharmacogenetic Variation 
Consortium database, whereas the updated 
Clinical Pharmacogenetics Implementation 
Consortium guideline for thiopurine is 
based on TPMT and NUDT15 geno-
types.2 Both articles highlight the dis-
tinct worldwide distribution of the first 
identified and most extensively stud-
ied NUDT15 polymorphism linked to 

thiopurine cytotoxicity, namely c.415C>T 
(rs116855232; p.R139C). c.415C>T is part 
of two haplotypes, namely NUDT15*2 
and *3 , both of which have a dramatic loss 
of function and cannot be distinguished 
by testing only for c.415C>T. The c.415T 
allele is reported as most common in East 
Asians and Hispanics, especially those 
with high Native American ancestry, but 
rare in Europeans and Africans.3,4 In this 
letter, we present the first report of the 
distribution of c.415C>T SNP (single- 
nucleotide polymorphism) in Native 
American populations, represented by 
distinct groups living in reservation areas 
in Brazil (Table 1). The study is within 
the scope of population genetics studies 
of Native Americans, approved by the 
Brazilian National Ethics Committee 
(Comissão Nacional de Ética em Pesquisa 
(CONEP) 123/98).

A TaqMan allele discrimination 
assay revealed that the frequency of 
rs116855232 varies over a wide range 
(5.2–31.7%) across the study groups  

(analysis of variance P < 0.0001). The Fst 
statistics pointed to very large pharma-
cogenomic divergence (Fst = 0.295) at 
the rs116855232 locus among the groups. 
Importantly, the frequency range in the 
Guarani and Kaingang (19.4–31.7%) is the 
highest reported so far for any population. 
For comparison, the top frequency in the 
One Thousand Genomes project was 16% 
for Southern Han Chinese, whereas the larg-
est frequency for the Admixed American 
group was 12% in Peruvians. Compared to 
Guarani and Kaingang, the rs116855232 
variant allele was less common (5.2%) in 
the Xavante. This discrepancy cannot be 
accounted for by geographical distances 
(the Xavante and Guarani groups live in rel-
ative proximity in the Center- West region 
of Brazil), linguistic groups (Xavante and 
Kaingang belong to the Gê group), or ex-
tent of admixture. Large differences ( > 10- 
fold) in the frequencies of variants in other 
pharmacogenes, notably CYP2E1*5B and 
GSTT1-null among Native American 
groups, were reported previously and 

Table 1  Amerindian groups investigated: location, languages, and distribution of NUDT15 rs116855232 (c.414C>T)

Population Localities
Geographical 
coordinates Region

Linguistic 
group

Number of 
individuals

Genotype frequency (%) T allele 
frequency (CI 

95%)CC CT TT

Guarani Amambai 23°S, 55°W Center- West Tupi 49 67.3 26.5 6.1 19.4 
(12.8–28.3)

Limão Verde 23°S, 55°W Center- West

Kaingang- 1 Rio das 
Cobras

25°S, 52°W South Gê 60 60.0 28.3 11.7 25.8 
(18.9–34.3)

Ivaí 24°S, 51°W South

Kaingang- 2 Nonoai 27°S, 52°W South Gê 71 54.9 26.8 18.3 31.7 
(24.6–39.7)

Xavante Pimentel 
Barbosa

13°S, 51°W Center- West Gê 87 89.7 10.3 0 5.2 
(2.7–9.5)

CI, confidence interval.

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 105 NUMBER 6 | June 2019 1321

PERSPECTIVES

LETTER TO THE EDITOR

NUDT15 Polymorphism 
in Native American 
Populations of Brazil

Guilherme Suarez-Kurtz1,*, Gisele 
D. Brisson1, Mara H. Hutz2, 
Maria Luiza Petzl-Erler3 and 
Francisco M. Salzano2,4

Two recent Clinical Pharmacology & 
Therapeutics articles focused on the 
pharmacogenetics of the NUDT15 
gene: Yang et al.1 introduced NUDT15 
as the first non- cytochrome P450 gene 
in the Pharmacogenetic Variation 
Consortium database, whereas the updated 
Clinical Pharmacogenetics Implementation 
Consortium guideline for thiopurine is 
based on TPMT and NUDT15 geno-
types.2 Both articles highlight the dis-
tinct worldwide distribution of the first 
identified and most extensively stud-
ied NUDT15 polymorphism linked to 

thiopurine cytotoxicity, namely c.415C>T 
(rs116855232; p.R139C). c.415C>T is part 
of two haplotypes, namely NUDT15*2 
and *3 , both of which have a dramatic loss 
of function and cannot be distinguished 
by testing only for c.415C>T. The c.415T 
allele is reported as most common in East 
Asians and Hispanics, especially those 
with high Native American ancestry, but 
rare in Europeans and Africans.3,4 In this 
letter, we present the first report of the 
distribution of c.415C>T SNP (single- 
nucleotide polymorphism) in Native 
American populations, represented by 
distinct groups living in reservation areas 
in Brazil (Table 1). The study is within 
the scope of population genetics studies 
of Native Americans, approved by the 
Brazilian National Ethics Committee 
(Comissão Nacional de Ética em Pesquisa 
(CONEP) 123/98).

A TaqMan allele discrimination 
assay revealed that the frequency of 
rs116855232 varies over a wide range 
(5.2–31.7%) across the study groups  

(analysis of variance P < 0.0001). The Fst 
statistics pointed to very large pharma-
cogenomic divergence (Fst = 0.295) at 
the rs116855232 locus among the groups. 
Importantly, the frequency range in the 
Guarani and Kaingang (19.4–31.7%) is the 
highest reported so far for any population. 
For comparison, the top frequency in the 
One Thousand Genomes project was 16% 
for Southern Han Chinese, whereas the larg-
est frequency for the Admixed American 
group was 12% in Peruvians. Compared to 
Guarani and Kaingang, the rs116855232 
variant allele was less common (5.2%) in 
the Xavante. This discrepancy cannot be 
accounted for by geographical distances 
(the Xavante and Guarani groups live in rel-
ative proximity in the Center- West region 
of Brazil), linguistic groups (Xavante and 
Kaingang belong to the Gê group), or ex-
tent of admixture. Large differences ( > 10- 
fold) in the frequencies of variants in other 
pharmacogenes, notably CYP2E1*5B and 
GSTT1-null among Native American 
groups, were reported previously and 

Table 1  Amerindian groups investigated: location, languages, and distribution of NUDT15 rs116855232 (c.414C>T)

Population Localities
Geographical 
coordinates Region

Linguistic 
group

Number of 
individuals

Genotype frequency (%) T allele 
frequency (CI 

95%)CC CT TT

Guarani Amambai 23°S, 55°W Center- West Tupi 49 67.3 26.5 6.1 19.4 
(12.8–28.3)

Limão Verde 23°S, 55°W Center- West

Kaingang- 1 Rio das 
Cobras

25°S, 52°W South Gê 60 60.0 28.3 11.7 25.8 
(18.9–34.3)

Ivaí 24°S, 51°W South

Kaingang- 2 Nonoai 27°S, 52°W South Gê 71 54.9 26.8 18.3 31.7 
(24.6–39.7)

Xavante Pimentel 
Barbosa

13°S, 51°W Center- West Gê 87 89.7 10.3 0 5.2 
(2.7–9.5)

CI, confidence interval.



Recommended therapeutic use of
abacavir in relation to HLA-B genotype
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TRANSLATION

HSR resolve after discontinuation of abacavir, drug rechallenge 
is contraindicated because immediate and life-threatening reac-
tions, including anaphylaxis and even fatalities, can occur.21 In 
addition, an allergy to abacavir should be noted in the patient’s 
medical record. Previous data have shown that peripheral blood 
mononuclear cells from hypersensitive patients have a detect-
able immune response when cultured with abacavir in vitro,22,23 
including increased expression of interferon-γ, tumor necrosis 
factor-α, and other inflammatory cytokines, showing a clear role 
of the immune system in mediating abacavir HSR.

Linking genetic variability to variability in drug-related 
 phenotypes
There is substantial evidence linking the presence of the 
HLA-B*57:01 genotype with phenotypic variability (see 
Supplementary Table S3 online). The application of a 
 grading system to the evidence linking genotypic variability to 
 phenotypic variability indicates a high quality of evidence in the 
majority of cases (see Supplementary Table S3). The evidence 
described below and in Supplementary Table S3 provides the 
basis for the recommendations in Figure 1 and Table 2.

In 2002, two independent research groups reported the initial 
association between HLA-B*57:01 and abacavir HSR24,25 using 
cohort and case–control designs. The association was replicated 

in a UK population in 2004.26 However, the results were not 
broadly generalizable because the populations studied were pre-
dominantly white males. Nevertheless, given the strength of the 
observed association, some centers began implementing pro-
spective screening of HLA-B*57:01 in all HIV-positive patients 
to exclude HLA-B*57:01 positivity before starting abacavir. 
This approach led to significant reductions in the incidence of 
HSR.27–29 These studies, along with the retrospective SHAPE 
study,30 found that HLA-B*57:01 was also predictive of HSR in 
females and in African Americans.

Moreover, the results of PREDICT-1, the first double-blind, 
prospective, randomized trial of a genetic test to reduce adverse 
drug events, showed that genetic prescreening for HLA-B*57:01 
resulted in no immunologically confirmed HSR events among 
HLA-B*57:01-negative patients in the genetic testing arm,31 vs. 
a 2.7% incidence of immunologically confirmed HSR among 
842 unscreened patients in the standard-of-care control arm. 
The results of PREDICT-1 and the existing body of evidence 
prompted the FDA to implement a black box warning in 2008 
about the high risk of HLA-B*57:01-associated HSR. The FDA 
recommended that all patients be screened before being treated 
with abacavir (including those who had previously tolerated the 
drug and were being restarted on the therapy) and that abacavir 
not be initiated in carriers of HLA-B*57:01. Abacavir is one of a 
limited number of drugs for which the FDA has recommended 
genetic testing prior to use, and it remains one of the best exam-
ples to date of pharmacogenetics being integrated into routine 
medical practice.

Therapeutic recommendations
We agree with others32–36 that HLA-B*57:01 screening should 
be performed in all abacavir-naive individuals before initiation 
of abacavir-containing therapy (see Table 2); this is consistent 
with the recommendations of the FDA, the US Department 
of Health and Human Services, and the European Medicines 
Agency. In abacavir-naive individuals who are HLA-B*57:01-
positive, abacavir is not recommended and should be consid-
ered only under exceptional circumstances when the potential 
benefit, based on resistance patterns and treatment history, out-
weighs the risk. HLA-B*57:01 genotyping is widely available in 
the developed world and is considered the standard of care prior 
to initiating abacavir. Where HLA-B*57:01 genotyping is not 

Patient being
considered for

abacavir

Perform
HLA-B*57:01
genetic test

Positive

Do not prescribe
abacavir. Select an
alternative agent.

Does the patient
have signs and

symptoms of HSR?

Yes

Discontinue
abacavir and switch
to alternative agent.

No

Continue abacavir.

Negative

Initiate abacavir
therapy and

monitor for HSR.

Figure 1 Treatment algorithm for clinical use of abacavir based on HLA-
B*57:01 genotype. HLA-B, human leukocyte antigen B; HSR, abacavir 
hypersensitivity reaction.

Table 2 Recommended therapeutic use of abacavir in relation to 
HLA-B genotype

Genotype

Implications 
for phenotypic 
measures

Recommendations 
for abacavir

Classification of 
recommendationsa

Noncarrier of 
HLA-B*57:01

Low or reduced 
risk of abacavir 
hypersensitivity

Use abacavir per 
standard dosing 
guidelines

Strong

Carrier of  
HLA-B*57:01

Significantly 
increased risk 
of abacavir 
hypersensitivity

Abacavir is not 
recommended

Strong

HLA-B, human leukocyte antigen B.
aRating scheme described in Supplementary Data online.

FCFRP-USP
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Genetic test interpretation
Clinical genotyping tests are available to identify HLA-B alleles. 
It is preferable to perform only specific tests for HLA-B*57:01 
because more extensive HLA genotyping does not add clinically 
useful information with regard to abacavir treatment. Unlike 
many other pharmacogenetic associations, HLA-B allele status 
has no effect on abacavir pharmacodynamics or pharmacoki-
netics; it only influences the likelihood that an HSR will occur. 
Furthermore, given the codominant expression of HLA-B, geno-
typing results are either “positive” (HLA-B*57:01 being present 
in one or both copies of the HLA-B gene) or “negative” (no 
copies of HLA-B*57:01 are present), with no intermediate phe-
notype. The assignment of the likely HLA-B phenotype, based 
on allele diplotypes, is summarized in Table 1. The prevalence 
pattern of HLA-B alleles varies significantly by population, and 
it has been extensively studied in geographically, racially, and 
ethnically diverse groups (see Supplementary Tables S1 and S2 
online). The frequency of the HLA-B*57:01 allele is lowest in 
African and Asian populations and is totally absent in some 
African populations as well as in the Japanese. In European 
populations, this allele is relatively common, with a frequency 
of 6–7%. The highest frequency of HLA-B*57:01 is reported in 
Southwest Asian populations, where up to 20% of the popula-
tion are carriers.

Available genetic test options
Several methods of HLA-B genotyping are commercially avail-
able. The Supplementary Data online and the Pharmacogenetic 
Tests section of PharmGKB (http://pharmgkb.org/resources/
forScientificUsers/pharmacogenomic_tests.jsp) contain more 
information on available clinical testing options.

Incidental findings
Variations in HLA-B have been associated with several autoim-
mune conditions. For example, the presence of the HLA-B27 
type is associated with development of ankylosing spondylitis,10 
which commonly occurs alongside other inflammatory condi-
tions, including uveitis, psoriasis, and inflammatory bowel dis-
ease. Despite decades of research, the causative mechanism for 
this is still unclear.

Several variants in HLA-B have been associated with other 
adverse drug reaction phenotypes. Patients with the HLA-B*15:02 

genotype are at increased risk of developing Stevens–Johnson 
syndrome from treatment with carbamazepine,11 whereas HLA-
B*58:01 is associated with an increased risk of severe cutaneous 
adverse reactions in response to allopurinol.12

In addition to abacavir HSR, HLA-B*57:01 has previously been 
linked to flucloxacillin-induced liver injury.13 Although the rela-
tive risk of liver injury was more than 40 times greater in HLA-
B*57:01-positive patients than in HLA-B*57:01-negative ones, 
the incidence of flucloxacillin hepatotoxicity is rare (<1 in 5,000), 
significantly less than that of abacavir HSR; therefore routine 
screening for HLA-B*57:01 is not done to assess susceptibility 
to flucloxacillin-induced liver injury.

HLA-B*57:01 has also been shown to be overrepresented in 
HIV long-term nonprogressors,14,15 the small group of HIV-
positive patients in whom, despite the absence of antiretroviral 
therapy, the condition does not progress to AIDS. This suggests 
that HLA-B*57:01 in some way confers a host immune response 
that is better able to control the virus. In addition, HLA-B*57:01 
has been associated with a lower viral load set point (i.e., the 
amount of viral RNA detectable in blood during the asympto-
matic period of HIV) in Caucasians;16 similar associations, with 
lower viral loads, have been observed in African Americans with 
the closely related allele HLA-B*57:03.17

DRUG: ABACAVIR
Background
Abacavir is a nucleoside reverse transcriptase inhibitor indi-
cated for the treatment of HIV infection, in combination with 
other medications, as part of highly active antiretroviral therapy. 
Abacavir competitively inhibits viral reverse transcriptase, sup-
pressing HIV’s ability to convert its RNA genome into DNA 
before insertion into a host cell’s genome. It is commercially 
available as a single agent (Ziagen) or coformulated as a fixed-
dose combination with other nucleoside reverse transcriptase 
inhibitors, lamivudine (Epzicom/Kivexa) and lamivudine/zido-
vudine (Trizivir). As compared with a tenofovir-based highly 
active antiretroviral therapy regimen, an abacavir-based one 
showed a significantly shorter time to virologic failure and also 
a shorter time to first adverse event in patients with baseline 
viral loads >100,000 copies/ml18 but showed no differences in 
virologic failure rates in patients with lower baseline viral loads. 
Abacavir received significant attention after the report of an asso-
ciation of the drug with an increased risk of myocardial infarc-
tion19 as compared with other nucleoside reverse transcriptase 
inhibitors; however, subsequent analyses,20 including a meta-
analysis conducted by the US Food and Drug Administration 
(FDA), have failed to show any such association.

Although abacavir is generally well tolerated, ~5–8% of 
patients experience HSR during the first 6 weeks of treatment 
if genetic prescreening is not performed. Symptoms of HSR 
increase in severity over time if the drug is continued despite 
the progressive symptoms. Symptoms of an HSR include at 
least two of the following: fever, rash, gastrointestinal symp-
toms (e.g., nausea, vomiting, abdominal pain), fatigue, cough, 
and dyspnea. Suspicion of an HSR warrants immediate discon-
tinuation of abacavir. If the symptoms of clinically diagnosed 

Table 1 Assignment of likely HLA-B phenotypes based on 
genotypes

Likely phenotype Genotypes
Examples of 
diplotypes

Very low risk of 
hypersensitivity (constitutes 
~94%a of patients)

Absence of *57:01 alleles 
(reported as “negative”  
on a genotyping test)

*X/*Xb

High risk of hypersensitivity 
(~6% of patients)

Presence of at least one  
*57:01 allele (reported as  
“positive” on a genotyping  
test)

*57:01/*Xb

*57:01/*57:01

HLA-B, human leukocyte antigen B.
aSee Supplementary Data online for estimates of genotype frequencies among 
different ethnic/geographic groups. b*X = any HLA-B genotype other than *57:01.
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ZIAGEN (abacavir sulfate)
FDA LABEL 

➤Patients who carry the HLA-B*5701 allele are
at high risk for experiencing a hypersensitivity
reaction to abacavir. Prior to initiating therapy
with abacavir, screening for the HLA-B*5701
allele is recommended; this approach has been
found to decrease the risk of hypersensitivity
reaction.
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Bula do abacavir (ANVISA)

➤O status relativo ao teste de HLA-B * 5701
deve ser considerado antes de se iniciar o
tratamento com Abacavir e também antes de
reiniciar o tratamento com este medicamento em
pacientes com status desconhecido do alelo
HLA-B * 5701, ainda que previamente tenham
tolerado o Abacavir.
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Gene Drug *CPIC Guideline FDA Label

CYP2C19 clopidogrel ✓ ✓
TPMT thiopurines ✓ ✓
SLCO1B1 simvastatin ✓
CYP2C9/VKORC1 warfarin ✓ ✓
CYP2D6 codeine ✓ ✓
DPYD fluorouracil, capecitabine ✓ ✓

HLAB abacavir ✓ ✓

*CPIC, Clinical Pharmacogenetics Implementation Consortium

Pharmacogenetic information in the FDA label


