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ABSTRACT

INTRODUCTION Approximately 73% of persons with HIV who
receive antiretroviral therapy in Cuba are in viral suppression. The
non-response of the remaining 27% could be due to several factors
including adverse drug reactions and HIV resistance to antiretrovi-
ral drugs, as well as social factors and idiosyncratic characteristics
of each patient. Genetic information explains from 20% to 95% of a
drug’s effects and variations in response. Considering optimization of
therapeutic efficacy in our country, genetic factors of the host should
be identified.

OBJECTIVE Identify polymorphisms affecting genetic variability of
responses to antiretroviral drugs.

EVIDENCE ACQUISITION A literature review was conducted (of orig-
inal articles, published theses, clinical reports and bibliographic review
studies, from 2000 to 2018, in Spanish and English listed in MEDLINE/
PubMed, SciELO, LILACS, PharmGKB and Google Scholar) with the
following key words: pharmacogenetics, human immunodeficiency vi-
rus, anti-retroviral agents, genetic polymorphism, genetic techniques,
pharmacogenomic variants.

INTRODUCTION

HIV Infection has been a global health problem since 1983. At the
end of 2016, approximately 36.7 million people worldwide were
HIV-positive. In mid-2017, approximately 20.9 million people were
receiving antiretroviral (ARV) drugs.[1] AIDS represents the infec-
tion’s advanced clinical stage. To treat HIV, numerous ARVs have
been developed that act on different phases of viral replication
and are used in combination as antiretroviral therapy (ART).

In Cuba, ARV drugs of all classes are used, although some of the
latest-generation ARVs are only available in limited quantities and
use of others has been discontinued due to their toxicity. Cuba’s
ARV drugs are generic and produced domestically, procured by
nongovernmental organizations through projects with The Global
Fund to Fight AIDS, Tuberculosis and Malaria (Global Fund) or
through personal donations. ART in Cuba meets national and in-
ternational therapeutic standards. First-line treatment combines
nucleoside reverse-transcriptase inhibitors (NRTIs) with non-
nucleoside reverse transcriptase inhibitors (NNRTIs). Thanks to
ARV use, incidence of HIV/AIDS-related deaths has fallen since
2005.[2] By December 31, 2018, in Cuba 31,118 persons had
been diagnosed with HIV, 25,497 of whom were alive.[3]

IMPORTANCE: This study is an updated review of the
pharmacogenetics of antiretroviral drugs. There have
been few studies in Cuba on the subject of pharmacoge-
netics and no studies examining its effects on antiretroviral
therapy. The study identified single nucleotide polymor-
phisms associated to 12 antiretroviral drugs. To optimize
therapy, pharmacogenetic and plasma drug monitoring is
recommended for HIV patients.

DEVELOPMENT The review identified 77 relevant publications meet-
ing specific quality criteria. Asummary table was built with data collect-
ed on antiretroviral drugs, genes and proteins involved in polymorphic
variations, their associated effects and relevant scientific references.
Information was included on polymorphisms related to 12 antiretrovi-
ral drugs used in HIV therapy. Polymorphisms determine variations in
proteins involved in drug transport and metabolism and in elements of
immunity. Relevant pharmacogenetic biomarkers recognized by drug
regulatory agencies were identified.

CONCLUSIONS The study identified genetic variations (single-nucle-
otide polymorphisms) associated with 12 antiretroviral drugs. In most
cases, no statistically significant causal association was found. Iden-
tifying polymorphic variations is a medium- and long-term objective
that requires statistical support and adoption of strategies to optimize
antiretroviral therapy. An approach combining plasma-level monitoring
and pharmacogenetic analysis is recommended to optimize therapy for
HIV patients.

KEYWORDS Pharmacogenetics, HIV, anti-retroviral agents, antiret-
roviral therapy, genetic polymorphism, genetic techniques, pharma-
cogenomic variants.

The Joint United Nations Programme on HIV/AIDS (UNAIDS) and
its partners have set global goals for HIV diagnosis, treatment and
viral suppression (known as 90-90-90): by 2020, at least 90% of
people living with HIV should know their serological status, 90%
of those diagnosed should be receiving sustained ART, and 90%
of those receiving ART should have attained viral suppression (vi-
ral load <1000 copies/mL). Cuba shares these goals and in 2018
the country attained 83%—87%—73%,[3] meaning that 27% of pa-
tients receiving therapy did not attain viral suppression.

Factors responsible for non-response could include resistance to
first-line ARV drugs (22% of patients), which has increased for
NRTIs, NNRTIs, and protease inhibitors (Pls), to 52.7%, 54.7%,
and 21.4%, respectively.[4] Adverse reactions (both moderate
and severe) also can affect regimen adherence.[5] Alterations in
blood bioavailability were reported in 25% of patients receiving
the three classes of ARVs within their respective therapeutic win-
dows.[6] The most common reason described in Cuban patients
for changing an ART regimen was the appearance of an adverse
drug reaction (ADR).[7]

Among the most serious ADRs reported in Cuba from 2003—2012
were two hepatotoxicity reactions associated with nevirapine and
lamivudine, and a case of anemia due to zidovudine. No fatal re-
actions were reported during the period studied.[8] There is scant
literature in Cuba on adverse reactions to ARV drugs, due partly
to the low number of ADRs reported by health professionals.[8, 9]
As the number of cases studied is small, ADR statistics may be
underestimated. Cuba’s 2017 Annual Drug Safety Report,[2] lists
14 cases of ARV adverse reactions in a tertiary care institution,
which represents 0.08% of all ADRs reported that year. The drugs
cited in the drug safety reports were nevirapine (50% of reports),
zidovudine (25%), abacavir (16.7%), and tenofovir (8.3%). Adverse
drug reactions reported included headache, Stevens-Johnson syn-
drome, rash, vomiting, itchy skin and acute kidney failure.[2]
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Current Cuban strategies to prevent therapeutic failure include
surveillance of progress markers (viral load and T CD4+ lympho-
cytes) in clinical labs, and in some cases therapy monitoring, but
the patient’s genetic factors are not addressed. Recent advances
in pharmacogenetics (PGx) have made it possible to identify ge-
netic variations that modulate response to these drugs and their
toxicity. The main source of variability in human genomes are vari-
ations in a single nucleotide—adenine (A), thymine (T), cytosine
(C), guanine (G)—known as single-nucleotide polymorphisms
(SNPs).[10]

This study is an updated review of the PGx of ARV drugs. There
have been few studies in Cuba on the subject of PGx and no stud-
ies examining its effects on ART. From the perspective of therapy
optimization, we proposed to compile information on the main ge-
netic polymorphisms described in the literature affecting response
to ART and to identify useful strategies for their implementation in
HIV therapy.

Evidence Acquisition Terms included in the information search:
pharmacogenetics, HIV, anti-retroviral agents, antiretroviral thera-
py, genetic polymorphism, genetic techniques, pharmacogenomic
variants. Bibliographic databases consulted: MEDLINE/PubMed,
SciELO, LILACS and PharmGKB. Search engines: Google and
Google Scholar. Types of documents: original articles, published
theses, clinical reports and bibliographic reviews. Languages:
Spanish and English. Dates of publication: 2000 to 2018. Ex-
clusion criteria: no free access to complete text due to financial
constraints, studies on genetic variations unrelated to HIV or pre-
senting inadequate scientific evidence.

DEVELOPMENT

Of 1143 reports identified in the information search, 77 met the
above-mentioned criteria. Table 1 summarizes information com-
piled on ARV drugs, genes and proteins associated to polymor-
phic variations and effects.

There are six classes of ARV drugs: nucleoside reverse-
transcriptase inhibitors (NRTIs), non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs), protease inhibitors (Pls), entry
inhibitors (Els), fusion inhibitors (Fls), and integrase inhibitors
(INIs). HIV therapy also uses post-attachment inhibitors (ibali-
zumab) and pharmacokinetic enhancers (cobicistat). Despite
advances in patient survival and reduction of HIV-associated
morbidity/mortality, adverse events and disorders associated
with ARVs persist, which limit their benefits and contribute to
drug resistance. The following is a discussion of updated in-
formation on the pharmacogenetics of ARV drugs based on
literature review.

Nucleoside reverse-transcriptase inhibitors (NRTIs)
Abacavir (ABC): hypersensitivity reaction Since its introduc-
tion on the market, ABC has shown high efficacy and an
acceptable toxicity profile for HIV treatment. About 5% of
ABC-treated patients develop a hypersensitivity reaction
(HSR) characterized by potentially fatal multisystemic effects.
Symptoms generally appear within the first six weeks of treat-
ment and range from fever, exanthema, and gastrointestinal
symptoms to lethargy or general malaise. Symptoms general-
ly worsen as treatment continues and improve within 24 hours
of interruption.[11] One study reports this HSR occurring in
3.7% of ABC-treated patients and in up to 14% in some clini-
cal trials.[12]

Although clinical symptoms are nonspecific and difficult to dif-
ferentiate from other reactions, a close association has been
described with presence of allele HLA-B*5701,[13,14] which can

lead to activation of cytotoxic lymphocytes T CD8+, provoking
secretion of two inflammation mediators—tumor necrosis factor
(TNF)-alpha and interferon (IFN)-gamma—associated with ap-
pearance of delayed HSR.[13] The HLA-B*5701 allele is more
prevalent in the Caucasian population (5% to 8%), less common
among Japanese, Chinese and Koreans (< 1%), and rare in Sub-
Saharan Africans. In South American Caucasians, prevalence is
5% to 7%.[14]

A 2002 study supporting the clinical value of identifying the HLA-
B*57:01 allele found genotyping for HLA-B*5701 conducted in
predominantly Caucasian populations had a positive predictive
value of 100% for hypersensitivity to ABC, and absence of this
allele combination had a negative predictive value of 97%.[13] In
2008, a prospective clinical trial revealed that identifying this allele
(and the resulting modification of ARV therapy) was associated
with a decline in incidence of hypersensitivity to ABC from 7.8%
to 2.7%.[14] The HLA-B*5701 allele is identified through flow
cytometry or sequencing with molecular amplification.[15] A skin
test has been developed that has shown a satisfactory correlation
between presence of HLA-B*5701 allele and risk of presenting
HSR,[16] but as false negatives are not uncommon, the test’s use
is not recommended in clinical practice.[17] This is among the
earliest examples of PGx applied to clinical diagnosis in order to
prevent drug-associated toxicity.

Some studies consider HLA-B*5701 genotyping cost-effective,
while others argue that it is expensive, time consuming and re-
quires a specialized laboratory, and thus propose another genetic
marker, HCP5, instead.[18,19] Polymorphism 335T>G, located on
gene P5 in the HLA complex HCPS5, is in linkage disequilibrium
with HLA-B*5701[20, 21] and its identification is easier, more eco-
nomical and quicker. HCP5 SNP genotyping is being used more
frequently as a simple method to detect possible hypersensitivity
to ABC, although it presents some disadvantages.[22] In a study
of 245 HIV patients, a close correlation was observed between
HLA-B*5701 and HCP5 (negative and positive predictive values
of 100% and 93%, respectively).[20]

Tenofovir disoproxil fumarate (TDF): renal toxicity TDF is gen-
erally well tolerated, with an excellent metabolic profile and no
potential mitochondrial toxicity. Its most common ADR is renal
toxicity, which is enhanced if co-administered with other drugs.
The mechanism through which TDF causes renal tubular dam-
age is not well understood; toxicity could be due to mitochondrial
damage or interference with normal cell functions associated with
intracellular drug accumulation.[23]

TDF is a substrate of transport proteins involved in its renal
excretion, which occurs by both glomerular filtration and active
tubular secretion. TDF enters proximal tubular cells by organic
anion transporter (OAT) proteins. Its excretion in urine is medi-
ated by multidrug-resistant protein MRP4, the main transporter
of TDF at the apical level, which regulates TDF levels inside
tubular cells.[24] Intervention of MRP7 and MRP2 proteins has
also been described, although their role is unclear, as is the
mechanism by which polymorphisms in MRP2 affect develop-
ment of tubular dysfunction.[23] Polymorphisms in the genes
encoding these proteins could alter their expression and activ-
ity, affecting TDF pharmacokinetics and favoring its accumula-
tion in renal tubular cells. TDF-associated toxicity can produce
proximal tubular dysfunction and acute tubular necrosis, which
can progress to chronic kidney disease. Toxicity tends to re-
verse when the drug is withdrawn, but recovery may not be
complete.[25] Nephrotoxicity in TDF patients is uncommon
(about 2.5%),[26] but it must be taken into consideration given
the growing use of this drug.
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Table 1: Polymorphisms related to antiretroviral drugs

Nucleoside reverse transcriptase inhibitors

Gene (Protein) _|Variation _ ________ [Effct _______________________________[Reference |
HLA-B HLA-B*5701a° HSR [12-16]
gl;?:ggg)lex 335T>G (rs2395029)2 Alternative marker to determine risk of HSR to ABC [20-22]
3463A>G (rs1751034) — . - [74]
ABCC4 (MRP4)  669C>T (rs899494)7 Affects TDF pharmacokinetics leading to renal toxicity 28]

4131 T>G 0 G>G Associated with increased TDF levels [25]
"CATC" haplotype
24C>T, (rs717620)

ABCC2 (MRP2) ;ggg?::?g;ﬁ%?%gi;) Higher risk of renal tubular disorders P
3972C>T (rs3740066)
24C (rs717620)
ABCC4 (MRP4)  41311>G Increased plasma levels [32]
ABCC4 (MRP4)  3724G>A
Non-nucleoside reverse transcriptase inhibitors
516 G>T® Neurotoxicity of CNS
&:YYPPZzBéSG) (rs3745274) Associated with extremely high plasma levels s
CYP2B6 *6/*6° Prolonged QTc interval [42]
CYP2A9 *9B T>G (rs28399433) Lower EFV metabolism [75,76]
3435 C>T* Associated with increased plasma levels. [40,43]
ABCC1 2677 G>T/A? Significant association with decreased probability ’
of virologic failure
516 G>T Presence of polymorphism associated with varying degrees of (37]
(rs3745274) neuropsychological toxicity
CYP2B6
983 T>C Associated with decrease in NPV clearance [45]
(rs28399499)
HLA-DR HLADRB1* 0101 Risk of HSR and hepatotoxicity [48]
Etﬁ:g Etﬁ:gﬁ:f Higher risk of HSR [49,50]
'(A‘I\I/?gs 11 /P-gp) ?rﬁg 4%21:2) Associated with lower risk of hepatotoxicity [46,47]
UGT1A1 UGT1A1 *28 Hyperbilirubinemia 52,53]
(UGT1A1) (rs887829) Gilbert’'s syndrome ’
ABCB1 3435 C>T? C/C carriers have higher ATV plasma levels than patients with [54]
(P-gp) (rs1045642) C/T or T/T genotypes
UGT1AT"28° Associated with increased risk of hyperbilirubinemia [66,57]
UGT1A1 (rs8175347) ’
(UGT1A1) UGT1A1*6? ::';(I:':'tesased risk of hyperbilirubinemia. Diagnosed only in Asian pa- [57]
CYP3A5 CYP3A5*3 (A6986G) Affects pharmacokinetics of IDV [32,59]
CYP2C19 681G>A Possible effect on plasma levels [40]
ABCB1 (P-gp) 3435C>T Elevated plasma levels [43,60]
(85_2%15311) f’él 39%56) Higher plasma levels of LPV [61,63]
APOE éE('I?Ey :ggff APOAS, Increased risk of severe hypertriglyceridemia [64,65,77]
APOC3 482 C>T, 455 T>C Toxicity — hyperlipidemia [64]
Integrase inhibitors
ABCG2 ?é;;;?‘m) Variations in plasma levels [67]

aStudies with significant causal association

b Causal associations recognized by regulatory agencies and incorporated in directions inserted in prescription drug packaging

The rs numbers are the access numbers in the database of single nucleotide polymorphisms (SNP) in the National Center for Biotechnology Information, NCBI
For updated information visit https://www.pharmgkb.org/ and https://www.fda.gov/drugs/scienceresearch/ucm572698.htm

Abbreviations: HLA-C: human leukocyte antigen-C;

ABCB1: ATP-binding cassette subfamily-B, member 1; HLA-DR: human leukocyte antigen-DR;

ABC: ATP-binding cassette subfamilies-C (members 2 and 4); G (member 2); HSR: hypersensitivity reaction;

APOE: apolypoprotein E; MRP2: Multidrug resistance-associated protein 2;

APOC3: apolypoprotein CllI; MRP4: Multidrug resistance-associated protein 4;

CNS: central nervous system; OATP1B1: organic anion transporter 1B1;

CYP-450: cytochrome P-450; isoform; 2B6, 2A9, 3A5, 2C19; P-gp: P-glycoprotein (multidrug resistance protein 1 (MDR1);
HCP5: human leucocyte antigen complex P5; SLCO1B1: solute carrier organic anion transporter 1B1;
HLA-B: human leukocyte antigen-B; UGT1A1: uridine 5’-diphospho-glucuronosyltransferase 1A1
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In gene ABCC4, which codes the MRP4 protein, three genetic
polymorphisms were identified. Studies have shown that polymor-
phism 3463A>G is related to increased plasma and intracellular
TDF levels as well as decreased renal clearance.[27] These re-
sults need to be confirmed, however, due to the small number of
patients studied (n = 30). Polymorphism 669C>T in this gene was
also identified; it is commonly found in patients who present renal
tubular damage.[28] Another study concluded that after control-
ling for body weight, estimated glomerular filtration rate (GFR)
and concomitant use of a Pl reinforced with ritonavir, the average
TDF plasma level in patients carrying genotype TG or GG ABCC4
4131 was about 30% higher than in patients who were carriers of
TT.[25]

Polymorphisms in the ABCC2 gene that codes MRP2, spe-
cifically the CATC haplotype (combination of polymorphisms
in positions -24C>T, 1249G>A, 3563T>A and 3972C>T) and
-24C allele, have been associated with higher risk of tubulopa-
thy.[28] According to Manosuthi, HIV patients who carry gene
ABCC2 * genotype CC in position -24 or who present a high
tenofovir plasma level have a higher risk of diminished GFR.
[29] According to Izzedine,[28] genotype ABCC2-24CC and al-
lele ABCC2-1249-A have been found more often in patients with
tubular dysfunction than in patients with normal function. How-
ever, Rungtivasuwan[25] and Alvarez Barco[23] did not find that
association. The most commonly observed SNPs in MPR2 play
an indirect role: they affect transport of other substances that
would influence TDF toxicity or by being in linkage disequilibrium
with other SNPs which, when directly associated with expres-
sion of proteins involved in TDF transport, can lead to drug ac-
cumulation inside the cell, causing mitochondrial damage and/or
interference with normal cell function. The most widely accepted
hypothesis on the mitochondrial toxicity mechanism holds that it
is due to inhibition of DNA polymerase y, with a resulting decline
in mitochondrial DNA required to maintain the electron transport
chain proteins. This mitochondrial toxicity has been described
for cidofovir and adefovir. Due to TDF’s structural similarity to
these nucleotide analogues, it is speculated that TDF may also
cause this type of cellular damage.[30]

Toxicity associated with TDF has been shown to be dependent
on concentration, which would justify monitoring plasma TFV
levels for pharmacokinetic studies of kidney function. However,
there are drawbacks to doing so (intraindividual variability, lack of
defined therapeutic range for TDF, etc.). Available information on
genetic polymorphisms in renal toxicity risk with TDF therapies is
contradictory and thus more evidence is needed. If prospective
studies show these effects, patients at risk for developing tubular
damage would be identified early. Use of pharmacogenetic mark-
ers together with quantification of TDF can alert physicians to the
advisability of monitoring renal function.[23]

Lamivudine (3TC) and zidovudine (AZT): polymorphisms associ-
ated with increased plasma levels 3TC has high oral bioavailabil-
ity, wide biodistribution and is generally well tolerated. Common
adverse reactions include nausea, vomiting, diarrhea, stomach
ache, hair loss, fever, insomnia, rash, nasal congestion and joint
ache. AZT can cause serious adverse reactions such as hemato-
logical toxicity, including neutropenia and severe anemia, lactic
acidosis and severe hepatomegalia with steatosis. Cases of he-
patic decompensation have been reported for AZT and prolonged
use has been associated with redistribution of body fat and lipo-
dystrophy syndrome.[31]

A pilot study on the pharmacogenetic aspects of therapy with in-
dinavir, AZT and 3TC in 33 adults living with HIV reported that the
average AZT level was 49% higher in carriers of variant ABCC4

3724G>Athan in wild genotype (GG) carriers.[32] Carriers of vari-
ant 4131T>G of gene ABCC4 also showed a 20% increase in
intracellular 3TC levels.

Few studies have evaluated pharmacogenetics with respect to
AZT and 3TC, but the aforementioned results indicate that varia-
tions in gene coding for drug metabolism can influence ART
efficacy and toxicity. Large-cohort studies are needed for more in-
depth analysis and to validate the role of pharmacogenetic factors
in AZT pharmacokinetics and pharmacodynamics.[33]

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
Efavirenz (EFV): polymorphisms in metabolizing enzymes and
transport proteins that affect plasma levels EFV presents few
clinically significant side effects, but frequently produces psy-
chological and neurological symptoms, especially during the first
three to four weeks of therapy. Not uncommonly, these symp-
toms cause discontinuation. This ARV drug has a narrow thera-
peutic window, since EFV plasma levels over 4 mg/mL have
been associated with high toxicity in the central nervous system,
and at levels below 1 mg/mL incidence of virologic failure ap-
pears to increase.[34]

EFV is metabolized by isoenzyme 2B6 of cytochrome P450 (CY-
P2B6) through primary oxidative hydroxylation.[34] Several poly-
morphisms have been associated with variations in this protein’s
expression. The gene’s allelic variation that appears to have the
biggest effect on hepatic expression of CYP2B6 and metabolism
of EFV is the change of G to T in codon 516.[35-38] The effect
of this change is decreased activity of the encoded protein; so
carriers of this allele (especially homozygous persons) eliminate
EFV more slowly, have higher EFV plasma levels[38] and higher
incidence of especially intense and prolonged neuropsychological
toxicity. The marked increase in EFV’s half-life increases the pa-
tient’s risk of developing resistance to the drug if it is suspended at
the same time as all other ART components. In most of one study
population, the polymorphism is associated with varying EFV
plasma levels and central nervous system toxicities, suggesting
that in patients presenting T/T genotype, prescribing lower EFV
dosage could ensure reduced side effects without compromising
drug efficacy,[39] but another study found no correlation between
neurotoxicity and EFV plasma levels.[40] In any case, a com-
bination of genotyping CYP2B6 and drug monitoring has been
proposed to minimize toxicity and viral resistance.[41] Besides
neurotoxicity, elevated EFV plasma levels have been associated
with prolonged QTc interval in subjects with genotype CYP2B6
*6/*6, since they presented higher EFV levels in comparison with
genotype *1/*1,[42] although the full potential of EFV to prolong
the QTc interval may not be completely verified until conclusion of
the study.[43]

Genetic polymorphisms of P glycoprotein (P-gp) also called mul-
tidrug resistance protein 1 (MDR1) have been widely studied.
Among the most important are 3435 C>T and 2677 G>T/A, asso-
ciated with decreased expression of the protein.[43] Several stud-
ies suggest that these polymorphisms could be related to low EFV
levels. However, results are not conclusive.[41] One study notes
that although these MDR1 variations have been significantly as-
sociated with resistance to EFV, exposure to these plasma levels
is not the only pharmacological determinant of resistance, indicat-
ing the need for further studies to determine the mechanism by
which an MDR1 polymorphism can affect virologic response.[40]
According to Alonso-Villaverde[44] genotype C/C in codon 3435
of the MDR1 gene is associated with increased high-density li-
poprotein (HDL) cholesterol levels in patients who receive EFV.
This observation is supported by the fact that P-gp is involved in
lipoprotein metabolism.
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The fact that certain genetic polymorphisms may influence and
condition significant differences in EFV pharmacokinetics be-
tween individuals could have important implications for effective
ART. EFV is currently administered at a fixed dose of 600 mg
daily. The possibility that a lower dose could reduce ADRs while
sustaining efficacy in patients with allelic variations of CYP2B6
associated with higher exposure to the drug is attractive and has
already been successfully applied in isolated cases.[41]

Nevirapine (NVP): hypersensitivity reaction NVP is metabo-
lized mainly by enzymes CYP3A4 and CYP2B6, with a smaller
contribution from CYP3AS5. Several studies have reported that
polymorphisms 516G>T[38] and 983T>C[45] in the CYP2B6
gene are associated with variations in NVP pharmacokinetics
in different ethnic populations. Patients who are homozygous
for this allelic variation presented NVP plasma levels 1.7 times
higher than patients homozygous for the common allele.[37]
Clinical implications of this observation are unclear, but since
higher NVP plasma levels have been associated with greater
risk of hepatic toxicity, patients with polymorphic allele 516G>T
may present elevated hepatic enzymes during NVP therapy.
[39]

P-gp could be involved in transporting NVP outside cells. Reduced
P-gp expression could cause NVP accumulation and higher plas-
ma drug levels. Polymorphism 3435C>T in the MDR1 gene has
been associated with low P-gp expression. In a study on patients
in South Africa, this polymorphism was associated with lower risk
of hepatotoxicity after starting NVP therapy.[46] Another report de-
scribed the same observation, in which the T allele in MDR1 was
associated with a lower risk of hepatotoxicity in patients receiv-
ing EFV or NVP.[47] A lower risk of hepatotoxicity in T/T carriers
is paradoxical, since higher intracellular concentrations of NVP
would be expected.[39]

Approximately 5% of patients treated with NVP experience an
HSR consisting of rash and fever; hepatitis and other systemic
symptoms also may occur occasionally, and in some cases can
be fatal. Most side effects appear one to six weeks after start of
therapy. The mechanism involved in appearance of NVP-related
ADRSs is not well understood. Skin reactions are most likely medi-
ated by the major histocompatibility complex (MHC-I) and influ-
enced by the CYP2B6 metabolism of NVP, while hepatic toxicity
is most likely mediated by MHC-II and not affected by its metabo-
lism. The simultaneous presence of allele HLA-DRB1*01:01 and
more than 25% of LT-CD4+ significantly increases risk of HSRs
and hepatotoxicity from NVP.[48]

Patients in Sardinia, Italy, who presented unusually high levels of
HSRs to NVP compared with other ethnic groups were studied
to see if there was a relationship with specific HLA antigens.[49]
The study examined 49 HIV patients who were treated with NVP
and 82 patients who were not. Approximately 26% of the patients
receiving NVP (13/49) developed HSRs; of these, 46% (6/13)
presented haplotypes HLA-Cw*8 and HLA-B*14, compared with
only 5% (2/36) in the group who received NVP and did not de-
velop HSR. Although the study was not able to determine which
of the two haplotypes was more related to HSR, in a later study
on a Japanese population where haplotype HLA-B*14 was not
present, association between haplotype HLA-Cw*8 and risk of
developing HSR due to NVP was confirmed.[50]

Protease inhibitors (Pls)

Atazanavir (ATV): hyperbilirubinemia ATV is included in first-line
ART, both for patients initiating ART and those who have inter-
rupted therapy due to intolerance of other ARVs. Atazanavir is
metabolized primarily by isoenzyme CYP3A4 of cytochrome P450

and acts as an inhibitor of this isoenzyme and of others, such as
uridine-glucuronosyltransferase 1, polypeptide A1 (UGT1A1).

One disadvantage associated with ATV use is that 20%-50% of
patients treated with this drug develop hyperbilirubinemia, and
about 6% present jaundice. Prevalence of the UGT1A1*28 varia-
tion (the most common polymorphism in the UGT1A1 superfam-
ily) was found in 9%—-60% of patients, with the highest prevalence
in Africa.[51] This alteration does not have clinical consequences,
but treatment is suspended in some patients, usually due to jaun-
dice intensity. This ADR is attributed to competitive inhibition by
ATV and the UGT1A1 enzyme responsible for conjugation and
clearance of bilirubin and occurs more often (5%—10%) in the pop-
ulation with Gilbert syndrome (benign congenital disorder charac-
terized by spontaneous increase in bilirubin plasma values). This
syndrome is associated with the UGT1A1*28 allele, defined by the
presence of seven repetitions of the dinucleotide TA (TA7) in the
gene’s promoting region that codes the enzyme, which translates
into reduced enzyme activity and asymptomatic hyperbilirubine-
mia.[52]

Another study confirmed the association between this allele and
risk of hyperbilirubinemia; 67% of the individuals homozygous for
the UGT1A1*28 allele who received ATV or IDV had at least two
episodes of hyperbilirubinemia, compared with 7% in the group
not treated with either of these drugs. The UGT1A1*28 allele is
the cause of Gilbert syndrome. Prevalence of the UGT1A1*28 al-
lele varies significantly between populations. Hyperbilirubinemia
associated with atazanavir is more predictable if considered in
conjunction with UGT1A1 genotypes, basal bilirubin and the initial
hemoglobin values.[53]

A study in Spain on 118 patients treated with ATV enhanced with
ritonavir (RTV) showed a correlation between bilirubin values and
ATV plasma levels, and a relationship between ATV plasma levels
and polymorphism 3435C>T in the MDR1 gene that codes P-gp.
[54] This is the same profile observed in Caucasian patients with
genotype CT/TT, who have lower ATV levels even when ATV is
enhanced with RTV. Although ATV plasma levels are directly relat-
ed to bilirubin levels, risk of severe hyperbilirubinemia increases
even more in the presence of the UGT1A1*28 (TA7) allele. In the
study, C/C carriers had higher ATV plasma levels than patients
with C/T or T/T genotype, which suggests that P-gp plays an im-
portant role in the bioavailability of ATV. The change in nucleotide
C for T in position 3435 and in the MDR1 gene is silent (does not
generate phenotypic changes) so it does not change the coded
amino acid.[55] Consequently, this may be a marker for another
P-gp gene polymorphism with functional effects.

Differences in ATV plasma levels in patients with different P-gp
genotypes could be particularly relevant and some patients may
need higher ATV plasma levels to inhibit replication of the virus.
In such cases, patients with genotype MDR1 CC could have a
pharmacokinetic advantage over patients with other genotypes.
These studies also show the clinical value of the UGT1A1 test
before prescribing ATV, at least in Caucasian patients.[54]

Indinavir (IDV): hyperbilirubinemia IDV is another PI that is not
currently widely used due to its difficult dose prescription and its
narrow therapeutic index. From 5% to 25% of patients who re-
ceive it develop hyperbilirubinemia through the same mechanism
as atazanavir.[17] Patients with the additional dinucleotide (TA)
present in allele *28 have increased bilirubin levels compared with
those who do not have the polymorphic allele.[56] A study in Thai-
land of patients treated with IDV suggests that a different allele,
UGT1A1*6, can predispose a patient to hyperbilirubinemia more
than the UGT1A1*28 allele.[57]

MEDICC Review, April-July 2019, Vol 21, No 2-3

Peer Reviewed 63



Review Article

IDV is metabolized mainly in the liver by isoenzyme CYP3A5,
which shows wide genetic variation. The *3 allele is one of the
best known in CYP3AS5; its prevalence varies with ethnicity .[58]
A guanine in position 6986 in this allele creates a cryptic splicing
site in intron 3, which leads to an aberrant splicing in the major-
ity of transcriptions and reduced expression of CYP3A5 protein.
[59] Presence of this variation has been associated with low or
null expression of CYP3AS5 protein, and thus, low IDV clearance.
As a result, individuals with this polymorphism tend to present
higher IDV plasma levels and more commonly suffer from kidney
stones (nephrolithiasis) in IDV-containing therapy. Although these
data can appear clinically insignificant due to the benign nature of
increased bilirubin, such findings illustrate an important point: ge-
netic variability in pharmacological targets affects drug response.
[32]

Nelfinavir (NFV): polymorphisms that affect its plasma levels Me-
tabolism of NFV is mainly hepatic due to the CYP450 pathway.
Enzymes CYP3A and CYP2C19 appear to be predominant in hu-
mans. An association has been noted between 681G>A (CYP2
C19*2) and NFV plasma concentrations.[40] Individuals who are
heterozygous or homozygous for the rare allele present higher
concentrations of this Pl than individuals homozygous for the
common allele. The same study also showed that heterozygous
individuals have lower NFV levels.

NFV plasma levels are influenced by polymorphisms in the MDR1
gene. A correlation between NFV plasma levels and genotypes in
position 3435 has been described.[43] A study described lower
levels in patients carrying the T/T variation, although carriers of
the T/T allele have reportedly shown higher levels of T CD4 cells
when receiving NFV therapy, despite its unfavorable pharmacoki-
netic profile. However, this observation has not been confirmed by
other authors.[39] Another study showed that heterozygous (C/T)
children who are carriers of polymorphism 3435 had higher NFV
plasma levels than children with C/C or T/T genotypes.[60] The
researchers measured intracellular NFV levels in lymphoblastoid
cell lines and examined genotypes of the 3435 position, finding
significantly higher NFV levels in the T/T genotype than in the C/C
or C/T genotypes. These data support the prior observation of bet-
ter immunologic recovery in NFV therapy for T/T carriers. It is not
clear whether presence of the T allele is associated with higher
or lower NFV plasma levels. Differences between the two studies
[39,60] e.g., age of population studied and concomitant drugs that
may influence P-gp activity, could explain differing results.

Lopinavir (LPV): polymorphisms associated with increased plas-
ma levels One study showed significant association of polymor-
phism SLCO1B1 T521C with higher LPV plasma levels in patients
who are homozygous for the mutant allele,[61] which would sug-
gest that LPV’s entry into the liver via transporter SLCO1A2 is an
important determinant of exposure to LPV. However, no significant
associations were observed between LPV levels and polymor-
phisms of genes SLCO1A2 and SLO1B3.[62]

Another study examined the influence of several genetic varia-
tions of gene SLCO1B, showing higher LPV plasma levels in
carriers of mutant allele (521C) than in patients who were homo-
zygous for the wild type allele (521TT). Reduced LPV capture by
hepatocytes in carriers of allele 521C could explain these results.
However, additional studies are needed to confirm clinical impor-
tance of SLCO1B1 polymorphisms in LPV pharmacokinetics.[63]

Ritonavir (RTV): dyslipidemia RTV is widely used at low doses as
an enhancer of other Pls, increasing their plasma levels due to its
inhibitor effect on the cytochrome P450 enzymatic system. Seri-
ous adverse reactions to RTV include possible metabolic toxicity

and its effect on adipose tissue due to possible long-term conse-
quences for cardiovascular risk.

A longitudinal cohort study of 329 patients followed for 3 years
in Switzerland confirmed an association between SNPs of C-llI
(APOC3) apolipoprotein and hyperlipidemia. A group of patients
carrying both variations of APOC3 and APOE (5.8%) presented
higher risk of severe hypertriglyceridemia from treatment with
RTV.[64]

A 4-year longitudinal study of 438 HIV-1 patients examining the
effect of 20 SNPs on 13 genes associated with dyslipidemia in
the general population suggests participation of other genes in
lipidic ART response.[65] The objective was to help predict which
patients were at risk for developing secondary dyslipidemia from
ART. The study concluded that variations in 5 genes (ABCAT,
APOA5, APOC3, APOE and CETP) helped explain triglyceride
and cholesterol plasma levels, especially in the ART context.
However, these findings lack current clinical applicability because
of the partially unknown polygenic nature of the mechanism in-
volved.

Variations in the APOC3 allele and its genes appear to contribute
significantly to increased triglyceride plasma levels, more or less
equal in measure to factors such as age and RTV use. Polymor-
phisms in gene APOC3 associated with higher risk of hyperlipid-
emia include -482C>T, -455T>C and 3238C>G.[64] Foulkeset al.
found that race/ethnicity was a predictor of plasma lipids in HIV-1
patients on ART and a significant difference in the influence of
apoC-lIl genotypes on Pl use across ethnic groups in the associa-
tion with triglycerides.[66]

Integrase inhibitors (INls)

Dolutegravir (DTG): polymorphisms that can affect DTG plasma
levels Dolutegravir is a potent and well-tolerated INI drug. It is
metabolized in the liver via the uridine diphosphate glucuronosyl-
transferase 1 (UGT1A1) family and cytochrome P450 (CYP3A4)
family.

Genetic polymorphisms of ABCG2 were associated with maxi-
mum DTG plasma levels.[67] The genetic polymorphism of
ABCG?2 altered the protein’s expression level in experiments on
plasmid transfection. Substitution of nucleotide C for A in posi-
tion 421 significantly reduced the protein’s expression and activity.
This genotype’s low expression level can help explain the high
DTG levels, because absorption of DTG from intestinal lumen to
capillaries increases in the presence of low expression of ABCG2
in the intestines. The authors propose that it is possible to predict
high DTG plasma levels by identifying genotype before starting
DTG-containing therapy. In ABCG2 patients, DTG dose can be
lowered to minimize possible toxicity and cost without compromis-
ing its potency.[67]

Summary Analysis

In summary, a literature review identified 12 ARV drugs with thera-
peutic responses affected by genetic polymorphisms. To facilitate
application by health professionals working with HIV patients,
Table 1 summarizes data obtained on these 12 drugs and the as-
sociated polymorphisms and effects.

In the drug safety studies consulted,[5,8,68] an HSR to abaca-
vir (ABC) was not among the most frequently reported ADRs in
Cuba; this could be due as much to underreporting of ADRs to
ARV drugs as to the infrequent prescription of ABC.[5] In treat-
ment-naive patients, therapy preferably begins with 3TC, AZT and
NVP. In the Pedro Kouri Tropical Medicine Institute, various cases
of rashes and Stevens Johnson syndrome associated with NVP
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use have been reported.[68] The authors suggest that this could
be because HIV patients have higher exposure to medications
and pronounced immunosuppression, as well as coinfection with
other viral agents that could stimulate the immune system and
predispose them to ADRs. However, appearance of these ADRs
could also result in patients carrying the alleles associated with
them—an association yet to be demonstrated.

The presence of genetic polymorphisms in metabolizing enzymes
or transport/receptor proteins in certain individuals affects the
PK/PD processes of some ARV drugs.[39,62,69] Increased ARV
plasma levels can have various side effects, including rash,[13]
anemia,[32,33] and hepatotoxicity.[38,70] When concentrations
drop to suboptimal levels, viral suppression is incomplete and
selective pressure triggers viral resistance to that drug. For this
reason, we recommend monitoring blood levels in Cuban HIV pa-
tients who present ADRs or viral resistance to determine if ARV
levels are within the therapeutic window and to adjust the dosage
accordingly.

Most ARV drugs belong to the Pl family. This group of drugs is
one of the most widely used clinically. Pls are generally enhanced
with RTV due partly to that drug’s high genetic barrier for develop-
ing resistance (meaning that accumulation of multiple mutations
is needed to induce resistance). Patients with HIV receiving Pls
as part of their ART are at high risk of suffering dyslipidemias and
lipodystrophy syndrome. This association is relevant because
these ADRs are among those often associated with treatment in-
terruption and they occur frequently in Cuba.[68]

In their drug labelling, the US Food and Drug Administration
(FDA), European Medicines Agency (EMA), and Japan’s Pharma-
ceuticals and Medical Devices Agency (PMDA) now include in-
formation concerning the following pharmacogenetic biomarkers:
—HLA-B for ABC, due to its proven association with appearance
of an HSR. It is one of the most cited examples in the literature
consulted. Before starting treatment with ABC, all patients should
be tested to detect the HLA-B * 5701 allele as this drug is contra-
indicated in positive cases. Even if the association is negative or
cannot be determined, suspension of the drug is clearly indicated

after any hypersensitivity reaction to ABC appears, since its con-
tinuation could lead to more severe symptoms or even death;[71]
—CYP2B6 for EFV due to association in carriers of CYP2B6 *6/*6
genotype with high EFV plasma levels and prolonged QTc inter-
val, according to the FDA,;

—CYP2B6 516 G>T (rs3745274) genotype for EFV due to recog-
nized association with increased EFV plasma levels, according to
the PMDA and EMA; and

—UGT1A1 for DTG since carriers of this polymorphism tend to
have higher plasma DTG levels, according to the FDA. In the lit-
erature consulted, however, Chen[72] concluded that the associa-
tion is not clinically significant.

In current clinical practice abroad, specifically in management of
HIV patients, most drugs are submitted to dosage adjustments a
priori based on each patient’s genetic information and a posteriori
based on the patient’s response. However, in light of therapeutic
failure rates, new strategies are needed to optimize ART. Figure 1
shows two proposed interventions combining plasma level moni-
toring and pharmacogenetic analysis. The purpose of the first
intervention (A) is to determine the most appropriate prescription
according to a patient’s genetic information and is a useful guide
for preventing the severe ADRSs reported in therapeutic guidelines
and drug safety studies. Based on the scientific evidence, we rec-
ommend that this strategy be implemented in patients prescribed
ART containing NVP or ABC. The second recommended action
(B)—applicable to patients receiving ART who present therapeu-
tic failure and whose resistance test was negative—is to conduct
therapeutic drug monitoring and identify polymorphisms to deter-
mine if a dosage should be adjusted or therapy changed. The
triggering ARV drugs in this case are EFV and TDF, due to the nu-
merous dosing regimens proposed, associated toxicities and po-
tential interactions, together with the patient’s noncompliance with
the therapeutic regimen. Incorporating these recommendations
into treatment implementation protocols requires a laboratory with
molecular biology capacity, drug quantification and specialized
personnel to conduct the proposed diagnostics.

In Cuba, these biomarkers could be introduced in clinical prac-
tice according with the government’s newest set of guidelines for

Figure 1: Intervention proposals based on pharmacogenetic tests for Cuban HIV patients
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pharmacogenomics studies enacted in 2018.[73] The first recom-
mendation is to study the incidence of adverse events and thera-

HIV transmission.

peutic failures associated with ARV drugs, since current statistics

are inaccurate due to underreporting. Also, findings from this re-
view have led to recommendations for clinical practice innovation
to combine plasma level monitoring and pharmacogenetic analy-
sis. We recommend that ARV plasma levels be monitored to help
estimate the extent of influence of polymorphisms in ARV efficacy

CONCLUSIONS

and that operational and cost-benefit studies be conducted to

measure the impact and feasibility of this type of diagnosis. Incor-
porating these measures into clinical practice could help extend
the therapeutic index of ARV treatment regimens, minimize the
likelihood of developing drug resistance and ADRs, and resultin a
sustained response that improves patient quality of life and helps

attain viral suppression in 90% of patients treated, thus reducing

Twelve ARV drugs were identified that have been studied for their
possible association with genetic variations (SNPs) in several
genes, although in most cases there was no statistical support for
a causal association.

To the extent that statistical analysis supports associations be-
tween these SNPs, clinical response and other pharmacological
factors, combining drug monitoring with the identification of poly-
morphic variations before or during therapy is a medium- to long-
term strategy to optimize ART. M-
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