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RESUMO

A terapia antirretroviral (ART) tem eficicia indiscutivel, no entanto, uma vez que € uma
terapia combinada e ministrada ao longo da vida, o estudo dos efeitos adversos (AE)
€ essencial para a adeséo a ART e prevencédo de falhas no tratamento. A modulacéo
de antirretrovirais sobre o efavirenz para ocorréncia de AE foi analisada o que
demonstrou que a combinagdo zidovudina/lamivudina/efavirenz apresenta maior
suscetibilidade a ocorréncia de efeitos neuropsiquiatricos (P-valor = 0.008),
principalmente tonturas (P-valor = 0.009) e que a zidovudina potencializa a ocorréncia
de tonturas relacionada ao efavirenz ao longo do tempo quando ministrada em
conjunto, embora ndo seja relacionada a este efeito quando combinada a outros
antirretrovirais (P-valor = 0.02). Vinte e seis polimorfismos genéticos foram
genotipados através da plataforma Illumina Veracode® analisados para dez grupos
distintos de efeitos adversos em quatro grupos de antirretrovirais o que demonstrou
uma significativa associacdo de variantes genéticas dentre as quais rs4148380,
ABCC1, gendtipo AG, para AE gastrointestinais relacionados ao tenofovir (P-valor =
0.002); rs2235048, ABCB1, genodtipo GG, para AE metabdlicos relacionados ao
tenofovir (P-valor = 0.0004); e rs3003596, NR1I3, alelo G, para efeitos
neuropsiquiatricos relacionados ao lopinavir/ritonavir (P-valor = 0.002), se mantiveram
apos corregao de Bonferroni (a = 0.002). Os resultados sugerem uma forte modulacao
da variabilidade genética na ocorréncia de AE na ART mais do que a propria

combinacéo de antirretrovirais.

Palavras-chave: Terapia Antirretroviral. Efeitos Adversos. HIV-1. Farmacogenética.



ABSTRACT

Antiretroviral therapy (ART) has indisputable effectiveness, however, since it is a
combined therapy and administered throughout life, the adverse effects (AE) study is
essential for ART adherence and prevention of treatment failures. The antiretrovirals
modulation on efavirenz-related AE occurrence was analyzed, which demonstrated
that the zidovudine/lamivudine/efavirenz combination is more susceptible to
neuropsychiatric effects occurrence (P-value = 0.008), mainly dizziness (P-value =
0.009) and that the zidovudine enhances the efavirenz-related dizziness occurrence
over time when given together, although it is not related to this effect when combined
with other antiretrovirals (P-value = 0.02). Twenty-six genetic polymorphisms were
genotyped using the lllumina Veracode® platform analyzed for ten distinct adverse
effects groups to four antiretrovirals, which demonstrated a significant association of
genetic variants, among which rs4148380, ABCC1, AG genotype, (P-value = 0.002)
for tenofovir-related gastrointestinal AE; rs2235048, ABCB1, GG genotype, (P-valor =
0.0004) for tenofovir-related metabolic AE; and rs3003596, NR1I3, G allele, (P-value
= 0.002) for lopinavir/ritonavir-related neuropsychiatric AE, remained after Bonferroni
correction (a = 0.002). The results suggest a strong modulation of the genetic variability

in the ART-related AE occurrence more than the antiretrovirals combination itself.

Keywords: Antiretroviral Therapy. Adverse Effects. HIV-1. Pharmacogenetic.
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1 INTRODUCAO

Noventa por cento de pessoas vivendo com HIV sob terapia antirretroviral
(ART) € uma meta ambiciosa estabelecida pelo Programa Conjunto das Nacgbes
Unidas voltado para o combate ao HIV/AIDS (UNAIDS) para erradicar a pandemia
contra o HIV até 2030, chamada 90-90-90. Mais do que um desafio de gestédo, a ART,
de eficacia indiscutivel, sempre teve em sua adesao pelo paciente um obstaculo
clinico devido a alta frequéncia de efeitos adversos (AE) ao longo da vida,
principalmente na maioria dos paises em desenvolvimento onde o acesso a
medicacdo ndo é universalizado.

AE séo as principais causas de falhas no tratamento (incapacidade de suprimir
a carga viral a niveis indetectaveis e recuperacdo de células T CD4+ a niveis
satisfatorios) e abandono do tratamento anti-HIV que sdo os problemas mais
desafiadores no manejo de pessoas vivendo com HIV (PVHIV). Neste sentido, a
resposta para a resolucéo destes problemas pode estar em a¢cdes que minimizem a
ocorréncia de efeitos adversos, que, para alguns, acaba sendo ofuscada pela eficacia
da terapia.

Neste contexto surge a variabilidade genética para explicar as diferentes
respostas no tocante a efeitos adversos a terapia antirretroviral. Sendo assim surgem
duas interrogacdes: a combinacao de antirretrovirais na ART modula a ocorréncia de
efeitos adversos, potencializando-os quando em conjunto? A variabilidade genética
do individuo pode modular a ocorréncia de efeitos adversos aos antirretrovirais? As
respostas para estas perguntas podem auxiliar na melhora do tratamento anti-HIV e
na qualidade de vida das PVHIV. Baseado nisso, 0 presente trabalho visa contribuir
com o tema estudando a modulacdo genética dos efeitos adversos a ART em uma

populacao do nordeste brasileiro.
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2 REVISAO DE LITERATURA
2.1 SINDROME DA IMUNODEFICIENCIA HUMANA (AIDS)
2.1.1 Estatisticas globais

Desde o inicio da pandemia do HIV, cerca de 72,3 milhdes de pessoas foram
infectadas, com um total de 35,4 milhes de mortes por causas relacionadas a AIDS.
Sendo assim, existem cerca de 36,9 milhdes de PVHIV no mundo, sendo 34,9 milhdes
de adultos e 2 milhdes de menores de 15 anos (UNAIDS, 2018).

O numero de novos casos foi de 1,8 milhdes no ano de 2017, o que
correspondeu a uma queda de 46% em relacdo ao apice em 1996. Desde 2010, novas
infeccbes pelo HIV entre adultos cairam cerca de 16% e entre criancas a diminuicao
foi de 35%, o que reflete 0 éxito nas estratégias de combate a transmissao vertical
entre a mae e o feto no Utero ou recém-nascido durante o parto. Aproximadamente
9,4 milhdes de PVHIV em todo o mundo ndo sabem que vivem com HIV (UNAIDS,
2018).

As mortes relacionadas a AIDS cairam mais de 51% desde o pico em 2004,
sendo 940.000 no ano de 2017 em comparagao com 1,9 milhdes em 2004, 1,4 milhdes
em 2010, e 1,2 milhdes em 2014 (UNAIDS, 2018).

Embora alarmantes, tais numeros refletem uma tendéncia de diminui¢cdo na
quantidade de novos casos de infeccdo pelo HIV e morte relacionadas a AIDS desde
0 ano 2000, consequéncia da, cada vez melhor, terapia antirretroviral (ART), do
acesso a este tratamento, e de todas as politicas de saude envolvidas. Em
decorréncia, o aumento de PVHIV, como conjunto de todos esses fatores que levaram
a uma melhora acentuada na qualidade de vida dessas pessoas (UNAIDS, 2018). A
figura 1 demonstra o comportamento destas trés variaveis desde o ano de 1990 até o

ano de 2017.
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Figura 1. Comportamento das trés variaveis: adultos e criancas vivendo com HIV, adultos e criangas
recém-infectados pelo HIV e adultos e criancas mortos devido a causas relacionadas a AIDS no mundo.
O grafico mede a quantidade de pessoas em relacéo ao tempo de 1990 a 2017. Adaptados de UNAIDS,

2018.

Em 2017, 21,7 milhdes estavam em tratamento através da ART, um aumento
de 2,3 milhdes de pessoas desde o final de 2016 e 8 milhdes em comparacdo com
2010. Dentre as mulheres gravidas vivendo com HIV, 80% tinham acesso ao
tratamento (UNAIDS, 2018).

A Africa Subsaariana concentra a maior parte de PVHIV, 19,6 milhdes
estimativamente, e, apesar de todos os esforgos, continua apresentando a maior
incidéncia de novos casos. Das 1,8 milhdes de novas infec¢des pelo HIV no ano de
2017, 66% foram nesta regido. A regido oeste e central do continente africano contém
6,1 milhdes de PVHIV, e a regido leste e sudeste da Asia e Pacifico, 5,2 milhdes, séo,
respectivamente, segunda e terceira localidades com maiores prevaléncias de PVHIV

(UNAIDS, 2018).
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A América Latina responde por cerca de 1,8 milhdes de PVHIV e dos 100.000
novos casos em 2017. Ndo houve mudancas significativas no niumero de novas
infeccdes, entretanto o numero de mortes relacionadas a doenca reduziu 12% de 2010
a 2017 (UNAIDS, 2018).

No Brasil, ha cerca de 860.000 PVHIV, um aumento de aproximadamente 75%
desde 2005, enquanto o numero de novas infeccbes aumentou 6% e numero de
mortes por causas relacionadas a AIDS néo se alterou no mesmo periodo. Houve uma
reducao significativa de 67% no numero de novas infeccbes em criangas desde 2005,
o que reflete o0 sucesso das politicas de prevencdo a transmissao vertical (UNAIDS,
2018).

A regido Nordeste, no ano de 2018, apresentou 10.808 novas infec¢des pelo
HIV, isto representa 24,6% dos novos casos no periodo em todo Brasil. Em relagéo
ao ano anterior o nimero de novos casos aumentou cerca de 7%. Pernambuco é o
segundo em quantidade de PVHIV na regido, estando atrds do estado da Bahia

(Ministério da Saude, 2019).

2.1.2 Meta 90 -90-90

A meta 90 — 90 — 90 constitui um conjunto de estratégias e objetivos de
tratamento visando o fim da epidemia mundial de AIDS. Enquanto as metas até 2015
para a AIDS buscavam obter progresso gradativo na resposta, o objetivo a partir de
2015 é por fim a epidemia até 2030, consistindo em trés objetivos principais: chegar
em 2020 com 90% de todas as PVHIV sabendo que tém o virus; 90% de PVHIV
diagnosticadas recebendo ART ininterruptamente; e 90% de todas as PVHIV que

estiverem em ART tendo supresséao viral (UNAIDS, 2017).



21

Segundo a UNAIDS, quando esta meta triplice for alcancada, cerca de 73% de
todas as PVHIV no mundo terdo supressao viral, que consiste a duas a trés vezes
mais que 0s numeros atuais. Estudos matematicos sugerem que tais objetivos uma
vez alcancados até 2020, permitirdo que a epidemia da AIDS tenha um fim até 2030
(UNAIDS, 2017).

Além do tratamento anti-HIV, sdo cruciais intensificar esfor¢os de prevencéao,
incluindo a eliminacdo da transmissao vertical, programa de disponibilizacdo de
preservativos, profilaxia antirretroviral pré-exposicéo, servicos de reducdo de danos
para pessoas que injetam drogas, bem como programas de prevencao dirigidos a
outras populacdes-chave, e esforcos para eliminar o estigma, a discriminagédo e a
exclusdo social, para que seja possivel o sucesso da meta 90-90-90. Acabar com a
epidemia de AIDS exige acesso ininterrupto ao tratamento por toda a vida, sistemas
de saude fortes e sustentaveis, logo, financiamento para manutencdo dos programas
de tratamento (UNAIDS, 2017).

No Brasil, desde 2012, vem ocorrendo um avancgo, observado a cada ano, nos
indices da meta 90-90-90. A proporc¢do de PVHIV diagnosticadas aumentou cerca de
23% entre 2012 e 2018. Em relacédo a PVHIV diagnosticadas sob ART o aumento foi
cerca de 22% no mesmo periodo analisado. Ja em relacdo as PVHIV sob ART em
aproximadamente seis meses em 2018, 93% alcancaram supresséao viral, carga viral
(CV) < 1000 copias/ml, o que manteve este resultado acima da meta, assim como no
ano de 2017. A figura 2 demonstra a evolucdo desses indicadores entre 2012 a 2018

(Ministério da Saude 2019a).
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Figura 2. Status do alcance das metas 90-90-90 no Brasil entre 2012 a 2018. Adaptado de Ministério

da Saude, 2019a.

2.2 VIRUS DA IMUNODEFICIENCIA HUMANA TIPO 1 (HIV-1)

O HIV-1 integra a familia Retroviridae, género Lentivirus, sendo um virus
envelopado com genoma formado por duas moléculas de RNA de fita simples, envolto
por uma dupla camada de fosfolipidios derivada da célula hospedeira, incluindo
proteinas de membrana, que tem a capacidade de sintetizar DNA através de seu RNA
viral (Connor & Ho 1992). Seu material genético possui 9.181 nucleotideos,
distribuidos em nove matrizes abertas de leitura (ORF). Codifica 15 proteinas tipicas
da familia Retroviridae, através de trés genes estruturais (GAG, ENV, POL) e seis
genes funcionais (TAT, REV, NEF, VIF, VPR E VPU) (figura 3). As proteinas que
compde o virus sdo a proteina de matriz (pl7), proteina do capsideo (p24),
nucleocapsideo (p7), proteina p6; codificadas pelo gene GAG, glicoproteina do
envelope gpl20 (gpl20) e glicoproteina do envelope gp4l (gp4l), envolvidas na
formacdo do envelope viral lipoproteico e na entrada do virus na célula alvo,

codificadas pelo gene ENV (figura 4) (Watts et al., 2009; Foley et al., 2018).
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O gene POL codifica as enzimas virais protease, que atua na maturacao do
virus; transcriptase reversa, que atua na sintese de DNA a partir do RNA viral; rnase
H e integrase, esta ultima responsavel por integrar o DNA produzido no DNA do
hospedeiro. Tais enzimas séo produzidas como uma poliproteina precursora de Gag-
Pol sendo processada pela protease viral (Foley et al., 2018).

Os outros seis genes funcionais codificam proteinas regulatérias e acessorias
também envolvidas na infecgédo e patogénese. Em ambas as extremidades 5’ e 3’ do
genoma, existem repeticdes terminais longas (LTR), com a funcéo de inserir o genoma
viral no hospedeiro e regular a expressao de seus proprios genes (Watts et al., 2009;

Foley et al., 2018).
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Figura 3. Esquema do genoma do HIV-1, onde séo representados os genes que codificam as 15
proteinas virais. Flanqueando esses genes, existem repeticdes terminais longas (LTR) envolvidas na

regulacdo do genoma. Figura modificada a partir de Foley et al., 2014.
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Figura 4. Proteinas do HIV-1. Subdivide-se em proteinas estruturais (p17, p24, gp120, gp41, p6 e p7),

enzimas virais (transcriptase reversa, protease, integrase) e proteinas acessoérias (Vpu, Tat, Vif, Vpr,

Rev, Nef). Imagem adaptada a partir de Foley et al., 2014.

2.2.1 Ciclo replicativo

O HIV-1 tem afinidade por células que expressam o receptor CD4 e os

receptores de quimiocinas, receptor tipo 5 (CCR5) e tipo 4 (CXCR4). Nestas se

incluem os linfocitos T CD4+; mondcitos e macréfagos (CD68+) e células dendriticas

(Lucas & Nelson, 2015). As células infectadas liberam particulas virais maduras no

plasma sanguineo e em determinados fluidos corporais: fluido vaginal, sémen e leite

materno, podendo ser transmitidas para outro individuo, através do contato sexual

sem preservativo, amamentacdo, transfusdo de sangue e uso de seringas
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contaminadas (Kilmarx, 2009). A transmisséao do HIV-1 também pode ocorrer de mée
para filho, na gravidez, na hora do parto ou na amamentacdo (Kourtis e Bulterys,
2010).

O ciclo replicativo do HIV-1 pode ser descrito em seis etapas: ligacdo e
penetracdo na célula alvo; desnudamento; retrotranscricdo; integracdo; sintese e
montagem; e, por fim, escape e maturacao (Fanales-Belasio et al., 2010).

As proteinas gp120 e gp41 do envelope viral sdo reconhecidas pelas proteinas
CD4 presentes nas células linfoides. No contato, interacdes conformacionais ocorrem
em gpl20, levando a interacdes com correceptores de quimiocina causando uma
exposicao de dominio hidrofébico em gp41, chamado peptideo de fuséo, que se insere
na membrana celular, permitindo que esta se funda com o envelope viral levando a
penetracdo do capsideo (Berger et al., 1999; Weiss, 2002; Fanales-Belasio et al.,
2010).

No citoplasma, ocorre o desnudamento do capsideo viral, liberando as duas
moléculas de RNA e suas proteinas, necessarias a replicacdo e integracdo. A TR
executa a retrotranscricao, podendo usar os dois moldes distintamente, primeiramente
sintetizando um DNA de fita simples, depois utilizando este como molde para sintetizar
o DNA dupla fita (dsDNA). O RNA viral € degradado por uma rnase presente na TR
(Votteler e Schubert, 2008). Assim o genoma proviral € sintetizado. Em seguida o
dsDNA viral se associa a um complexo de pré-integracao (PIC), e este € transportado
para o nucleo da célula, onde a enzima IN, auxiliada por outras proteinas, atua na
ligagdo do dsDNA viral ao genoma celular. No DNA celular o provirus comanda a
sintese do seu RNA gendmico e suas proteinas, que sdo montados em novas
particulas virais, que entdo brotam da célula, levando consigo partes da membrana

celular para constituir um novo envelope (Votteler e Schubert, 2008; Michaud, et al.,
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2012; Engelman e Cherepanov, 2012). No meio extracelular, as particulas virais
recém-saidas da célula ndo séo infecciosas. Doravante, a protease viral cliva
polipeptidios gag-pol, tornando o virus maduro e infeccioso pronto para um novo ciclo
replicativo (Votteler e Schubert, 2008).

O planejamento dos antirretrovirais, farmacos usados para suprimir a carga
viral, é direcionado majoritariamente a impedir que o HIV-1 conclua o ciclo de
replicacdo e maturacdo. Estratégias direcionadas para inibir as enzimas TR e P, a
fusdo do envelope com a célula alvo, e a ligagdo com quimiocinas, inibidores de
integrase, sao alguns exemplos (Michaud, et al., 2012). A figura 5 esquematiza o ciclo
replicativo do HIV-1, a interacdo com fatores de restricdo e os sitios alvos dos

antirretrovirais.
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Figura 5. Esquema passo a passo do ciclo replicativo do HIV-1. Ligacao e entrada do virus (1 e 2).
Desnudamento (3). Retrotranscricdo e transporte para o nucleo (4 e 5). Integracdo (6). Sintese e
Montagem (7 — 10). Escape e maturacao (11 — 13). Em caixas azuis fatores de restricado celular. Em
caixas brancas locais de sitios alvos de antirretrovirais. INSTI (inibidores de integrase); INTR (inibidores

de TR analogos a nucleosideos); INNTR (inibidores de TR ndo analogos a nucleosideos); outros
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componentes envolvidos: ESCRT (endosomal sorting complex required for transport); P-TEFb (fator de
alongamento de transcrig8o positiva b); LEDGF (lens epithelium-derived growth factor). Adaptado de

Engelman e Cherepanov, 2012.

2.2.2 Patogénese

Nos primeiros dias apds contato com o virus, as células infectadas,
principalmente macréfagos, migram para tecidos linfoides, levando o virus consigo. O
HIV-1 geralmente perturba a resposta imune local e se replica acentuadamente, o que
leva a uma fase aguda caracterizada por uma grande quantidade de virus circulante,
geralmente em titulacdes superiores a 10° copias/mililitro (ml) de plasma. A resposta
imune adaptativa ainda ndo esta desenvolvida, o que aumenta o potencial infeccioso
no inicio da doenca (Sleasman e Goodenow, 2003). No entanto, dependendo de
fatores genéticos e caracteristicas ainda pouco elucidadas, algumas pessoas podem
manter a carga viral em niveis indetectaveis, linfécitos T CD4+ em niveis normais e
nao progredir para infeccdo propriamente dita, sdo conhecidos como controladores de
elite (Ministério da Saude, 2018).

A infeccdo pelo HIV-1 acompanha um conjunto de manifestacdes clinicas
desde a fase aguda, denominado Sindrome Retroviral Aguda (SRA) e cerca de 50%
a 90% dos individuos apresentam-na. Os principais achados clinicos da SRA incluem
febre, sudorese, adenopatia, faringite, exantema, mialgia e cefaleia. Podem ocorrer,
ainda, linfadenomegalia, esplenomegalia, letargia, astenia, anorexia, depressao e
sintomas digestivos (Sleasman e Goodenow, 2003; Ministério da Saude, 2018).

Apés a fase aguda da infecgdo, o sistema imune do hospedeiro comeca a se
sobressair e criar uma resposta contra a presenca do virus, fazendo com que a viremia
diminua. Porém, o HIV-1 apresenta varios mecanismos de escape da resposta imune,

entrando em estado de laténcia e se abrigando em “reservatoérios” virais. Em alguns
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momentos, ocorrem picos de replicacdo viral causando doenca cronica e
assintomatica nos tecidos linfoides (Fanales-Belasio, et. al., 2010).

Entdo, a historia natural da infeccéo pelo HIV-1 pode ser entendida como um
mecanismo de “tap and drain” (algo como “torneira e ralo” no portugués). O
componente tap equivaleria a capacidade do timo do hospedeiro em repor células
CD4+, enquanto o drain equivaleria ao ritmo em que as células CD4+ sdo destruidas
pelo virus, resposta imune citotoxica e pela inflamacéo causada. Ao longo dos anos
de doenca crénica pelo HIV-1, o processo de restauracdo do sistema imune se torna
cada vez mais enfraguecido e este encontra dificuldades em repor as células
destruidas pelo HIV-1, resultando em um continuo déficit de células T CD4+
(Sleasman e Goodenow, 2003).

A imunodeficiéncia avancada, juntamente com o aparecimento de infeccdes
oportunistas, neoplasias € definido por AIDS. Entre as infec¢cdes oportunistas
destacam-se: pneumocistose, neurotoxoplasmose, tuberculose pulmonar atipica ou
disseminada, meningite criptocécica e retinite por citomegalovirus. As neoplasias mais
comuns sdo Sarcoma de Kaposi, linfoma ndo Hodgkin e cancer de colo uterino, em
mulheres jovens (Daar et al., 2001). Nessas situacfes, a contagem de linfécitos T
CD4+ esta abaixo de 200 células/milimetro cubico (mm3) na maioria das vezes. Além
dessas patologias, o HIV-1 pode causar doencas por dano direto a certos 6rgaos ou
por processos inflamatorios, tais como miocardiopatia, nefropatia e neuropatias que
podem estar presentes durante toda a evolucdo da infeccdo pelo HIV-1. Estima-se
gque o tempo médio que um individuo néo tratado leva do contagio até o aparecimento
da forma avancada da doenca, seja de dez anos (Daar et. al., 2001; Hutchinson, 2001;
Ministério da Saude, 2018). Esquema do curso clinico do HIV-1 é apresentado na

figura 6.
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Figura 6. Curso clinico da infec¢do pelo HIV-1. A infeccdo priméria € marcada por uma alta viremia
(linha vermelha) acompanhada da queda do nimero de linfécitos T CD4+ (linha azul). Quando a
resposta adaptativa se estabelece, h4 uma queda da producéo viral, leve crescimento do niumero de
linfécitos T CD4+ levando a uma fase de estabilidade da carga viral (setpoint viral load). Apds anos de
infeccdo crbnica, o sistema imune falha gradualmente, permitindo a replicagdo descontrolada do HIV-
1 com consequente destruicdo em massa de células CD4+ levando a imunodeficiéncia avancada. Sem

tratamento, a infeccéo pelo HIV-1, geralmente, leva a 6bito. Adaptado a partir de An e Winkler, 2010).

O monitoramento do HIV no hospedeiro € feito pela deteccdo da carga viral no
organismo em coépias do RNA do virus por ml de sangue e por contagem de células T
por mm? de sangue. Muitas PVHIV podem nunca vir a desenvolver AIDS (Ministério

da Saude, 2018).

2.3 TERAPIA ANTIRRETROVIRAL
A ART, tratamento anti-HIV, se caracteriza pela combinacdo de trés ou mais

drogas antirretrovirais (Cressey e Lallemant, 2007). Com o advento desta terapia
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houve um decréscimo acentuado na morbidade e mortalidade por causas associadas
a AIDS e esta doenca, que outrora era considerada fatal, passou a ser crbnica (Tozzi,
2010). A ART é a principal causa do aumento da expectativa e qualidade de vida dos
pacientes (Michaud, et al. 2012). A maioria das PVHIV em tratamento vivem uma vida
considerada normal (Ministério da Saude, 2018).

A ART deve ser iniciada logo apos o diagndéstico independente do estado clinico
ou imunolégico do paciente, em virtude dos beneficios relacionados a
morbimortalidade em PVHIV, a diminui¢do da transmisséo da infeccdo e o impacto na
reducado da tuberculose, principal causa de mortes em PVHIV (Ministério da Saude,
2018).

Os antirretrovirais que compde a ART séo distribuidos nas seguintes classes
de acordo com o seu sitio alvo e modo de acéo: Inibidor(es) de TR analogo(s) a
nucleosideo(s) (INTR); inibidor(es) de TR néo analogo(s) a nucleosideo(s) (INNTR);
inibidor(es) de protease (IP); Inibidor(es) de integrase (do inglés, integrase strand
transfer inhibitor INSTI); inibidor(es) de fuséo (IF); inibidor(es) antagonista(s) do CCR5
(IAC) (Tozzi, 2010; Michaud et al., 2012; Barreiro et al., 2014).

A ART inicial deve sempre incluir combinac¢des de trés antirretrovirais sendo
dois INTR, associados a uma outra classe que pode ser um INNTR, ou um IP mais o
ritonavir, ou um INSTI. No Brasil, atualmente, para os casos de inicio de tratamento
deve ser o tenofovir (TDF) mais lamivudina (3TC), que sdo dois INTR, e o dolutegravir
(DTG), que € um inibidor de integrase. A excegéo a esse esquema seria em casos de
coinfeccdo pela tuberculose e PVHIV do sexo feminino com a possibilidade de
engravidar. Em casos de coinfeccao por tuberculose, a droga de escolha é o efavirenz

(EFV), INNTR, ao invés de DTG. Em casos mais severos de coinfecgdo por
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tuberculose, ou esteja presente além desta outra infeccdo oportunista, deve ser
utilizado o raltegravir (RAL), da classe INSTI (Ministério da Saude, 2018).

Conforme as diretrizes do Ministério da Saude, em casos de intolerancia
medicamentosa relacionada ao TDF, este deve ser substituido pelo abacavir (ABC) e,

em ultima analise, pela zidovudina (AZT) (Ministério da Saude, 2018).

2.4 EFEITOS ADVERSOS A TERAPIA ANTIRRETROVIRAL

Embora a ART tenha controlado a infec¢ao pelo HIV-1, estima-se que 25% das
pessoas que iniciam a ART interrompem-na, pelo menos uma vez, devido a falha no
tratamento (incapacidade de suprimir a carga viral a niveis indetectaveis) e,
principalmente, pelos efeitos adversos (AE) causados pelos antirretrovirais, que sao
frequentes e muitas vezes, severos, 0 que € potencializado pelo fato de que os
pacientes soropositivos terdo de tomar a ART por toda a vida (tabela 1). Os niveis de
resisténcia adquirida e a resisténcia cruzada que um medicamento pode exercer no
outro também séo fatores importantes. (Montessori et al., 2004; Michaud et al., 2012;
Ministerio da Saude, 2018).

Os AE podem ser de diferentes tipos, niveis de gravidade e de ocorréncia no
inicio de tratamento ou a longo prazo. A despeito de todas as consequéncias severas
possiveis, prejudicam diretamente a adesédo a ART, condicdo chave para o sucesso
da terapia, e que ainda pode levar a falhas virol6gica e imunoldgica (Montessori et al.,
2004; Michaud et al. 2012; Scott Sutton et al., 2016).

Fatores genéticos, interacdes medicamentosas, etilismo e coinfeccdo com
outras enfermidades podem levar a uma predisposi¢cao de alguns individuos a AE a

ART (Mattevi e Tagliari, 2017).
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INTR podem causar toxicidade mitocondrial, levando a acidose metabdlica,
sindrome metabdlica, e, a longo prazo, lipodistrofia; efeitos que podem elevar o risco
de doencas coronarianas, cardiovasculares e insuficiéncia hepatica (Montessori et al.,
2004; Ministério da Saude, 2018). AZT € muito associado a anemias, miopatias,
leucopenias e depressdo de células CD4+. O TDF pode causar nefropatias e
deficiéncia na reabsorcao tubular (Montessori et al., 2004). IP também podem causar
sindrome metabdlica, intolerancia a glicose, dislipidemias e lipodistrofias, além de
pancreatites e efeitos gastrointestinais (Montessori et al., 2004; Ministério da Saude,
2018). Atazanavir esta associado a hiperbilirrubinemia e nefrolitiase (Montessori et al.,
2004).

Os INNTR estdo associados a hepatotoxicidade, reacdes de
hipersensibilidades. EFV, o INNTR mais ministrado, esta associado a toxicidade ao
sistema nervoso, causando diversos efeitos neuropsiquiatricos, tais como depressao,
tonturas, alucinacdes, sonhos anormais, hiperidrose entre outros (Montessori et al.,
2004; sanchez Martin et al., 2013; Decloedt e Maartens, 2013).

Efeitos osteopatolégicos sdo causados por diversos antiretrovirais (INTR,
INNTR e IP, por exemplo). Inibidores de integrase estdo relacionados a
hepatotoxicidade e reacdes de hipersensibilidade (Montessori et al., 2004; Ministério

da Saude, 2018).

Tabela 1. Efeitos adversos mais frequentes associados aos antirretrovirais mais prescritos. Adaptado
de WHO, 2016.
ANTIRETROVIRAL EFEITOS ADVERSOS FATORES DE RISCO

Abacavir (ABC) Reacéo de hipersensibilidade. Presenca do alelo HLA-B*5701.




ANTIRETROVIRAL EFEITOS ADVERSOS

Atazanavir/ritonavir Anormalidades cardiacas.

(ATZI)

Hiperbilirrubinemia indireta

(ictericia clinica).

Nefrolitiase.

Zidovudina (AZT) Anemia e neutropenia grave.

Acidose latica ou

hepatomegalia grave com
esteatose; lipodistrofia;
miopatia.
Dolutegravir (DTG) Reacao de hipersensibilidade;
hepatotoxicidade.

Darunavir/ritonavir

Hepatotoxicidade.

(DRV/Y)

Reac0es de
hipersensibilidade.
Efavirenz (EFV) Toxicidade persistente no
sistema nervoso central
(SNC).

Convulsoes.

Hepatotoxicidade.

Reacbes de
hipersensibilidade.

Ginecomastia.
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FATORES DE RISCO

Pessoas com doencas cardiacas pré-
existentes; uso de medicamentos que
afetem ao sistema cardiaco.

Presenca do alelo UGT1A1*28.

Historico de nefrolitiase.
Linfécitos T CD4+ < 200 células/mm3.
indice de massa corporal (IMC) >25
(ou peso corporal >75 kg);

exposicdo prolongada ao INTR.

Coinfecgéo com hepatite B ou C;
doencga hepatica.
Doencga hepatica; coinfecgdo com
hepatite B ou C; uso de medicamentos
hepatotoxicos.

Alergias a sulfonamidas.

Depressao ou outro transtorno mental

(anterior ou no inicio).

Historico de convulsdes.
Doenca hepética prévia; coinfeccao
com hepatite B ou C; uso concomitante
de medicamentos hepatotéxicos.

Fatores de riscos desconhecidos.

Fatores de riscos desconhecidos.




ANTIRETROVIRAL

EFEITOS ADVERSOS

Etravirina (ETV) Reacbes de
hipersensibilidade.

Lopinavir/ritonavir Anormalidades cardiacas.

(LPVIY)

Hepatotoxicidade.

Pancreatite.

Dislipidemia.

Diarreia.
Nevirapina (NVP) Hepatotoxicidade; rash
cuténeo grave e reacao de

hipersensibilidade incluindo

sidrome de Stevens-Johnson.

Raltegravir (RAL) Rabdomidlise, miopatia,

mialgia.

Hepatotoxicidade; rash
cuténeo grave e reacao de

hipersensibilidade.
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FATORES DE RISCO

Fatores de riscos desconhecidos.

Pessoas com doencas cardiacas pré-
existentes; uso de medicamentos que
afetem ao sistema cardiaco.
Doenca hepatica prévia; coinfeccéo
com hepatite B ou C; uso concomitante
de medicamentos hepatotéxicos.
AIDS avancgada, abuso de drogas
Fatores de risco para doenga
cardiovascular, como obesidade e

diabetes.

Doenca hepatica prévia; coinfeccéo
com hepatite B ou C; uso concomitante
de medicamentos hepatotéxicos;
linfécitos T CD4+ inicial alto (>250
células/mm?3 em mulheres ou 400
células/mm? em homens.

Uso concomitante de outras drogas
que aumentem o risco de miopatia e
rabdomidlise incluindo estatinas.

Fatores de risco desconhecidos.
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ANTIRETROVIRAL EFEITOS ADVERSOS FATORES DE RISCO

Tenofovir (TDF) Toxicidade renal. Doenca renal prévia; mais de 50 anos;
IMC <18,5 ou baixo peso corporal (<50

kg), especialmente em mulheres;
diabetes ndo tratada; hipertensdo néo
tratada; uso concomitante de farmacos

nefrotdxicos ou de IP.
Diminuicdo de densidade Histéria de osteomalacia ou fratura
mineral 6ssea patologica; fatores de risco para

osteoporose ou perda de densidade

mineral 6ssea; deficiéncia de vitamina

D.
Acidose latica ou Exposicdo prolongada a INTR;
hepatomegalia grave com obesidade; doenca hepatica.

esteatose.

2.5 FARMACOGENETICA DA TERAPIA ANTIRRETROVIRAL

A contribuicdo gendmica atua principalmente em duas grandes abordagens
vinculadas a utilizacdo da ART e que estdo estritamente relacionadas: a primeira é a
identificagdo de mutag6es do HIV-1 que tornam o virus resistente aos antirretrovirais;
e a segunda é a identificacao de polimorfismos genéticos do hospedeiro que modulam
a resposta aos antirretrovirais e seus efeitos adversos decorrentes. Diversos fatores
influenciam na resposta a ART, tais como 0 género, interagcbes medicamentosas e
patologias preexistentes, mas nenhum é tao efetivo e influente na modulacdo das
respostas terapéuticas como os fatores genéticos (Michaud et al., 2012; Barreiro et
al., 2014; Mattevi e Tagliari, 2017).

Uma das primeiras abordagens em farmacogenética da ART foi sobre

variacfes na regido do gene HLA-B associadas a reacOes de hipersensibilidade ao
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ABC, antirretroviral inibidor de TR analogo a nucleosideo (Mattevi e Tagliari, 2017).
Outros polimorfismos em genes que codificam proteinas do metabolismo de
antirretrovirais tais como os genes CYP2B6, CYP3A4 e CYP2A6 da superfamilia CYP
alteram a velocidade do metabolismo e o tempo de exposicéo a droga (Julia di lulio et
al., 2009; Arab-Alameddine et al., 2009; Sanchez Martin et al.,, 2013). Em outro
mecanismo, variacdes em genes que codificam proteinas transportadoras ja foram
relacionadas a fenotipos de toxicidade ou falha terapéutica (Swart et al.,, 2013;
Sanchez Martin et al., 2013).

Desde a entrada no organismo até a sua eliminacdo, os antirretrovirais que
compde a ART ministrada interagem com proteinas envolvidas nas etapas de
absorcdo, distribuicdo, metabolismo e eliminacdo de moléculas biolégicas e
xenobidticos. Muitos antirretrovirais, principalmente os de uma mesma classe,
compartilham de um mesmo conjunto de proteinas como substratos, o que pode levar
a competicdo entre eles. Outros antirretrovirais sdo indutores ou inibidores de
isoenzimas e podem influenciar a farmacocinética de antirretrovirais quando
ministrados em conjunto, promovendo intera¢cdes medicamentosas. Polimorfismos em
genes envolvidos na farmacocinética de antirretrovirais podem afetar
significativamente a biodisponibilidade, diminuindo ou aumentando a exposi¢cao ao
farmaco (Michaud et al., 2012; Barreiro et al., 2014; Mattevi e Tagliari, 2017).

As principais familias de genes envolvidas na farmacocinética de antirretrovirais
séao as familias que codificam transportadores de membrana ABC e SLC, a familia
CYP que codifica isoenzimas metabolizadoras de fase |, a familia UGT que codifica
isoenzimas metabolizadoras de fase Il, e a familia NR que codifica fatores de

transcricdo que regulam a expressao das anteriores (tabela 2).
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A variabilidade na composicédo genética relacionada a exposicdo e resposta a
ART modula a ocorréncia de efeitos adversos e tais efeitos, independentemente de
sua gravidade, prejudicam a adeséo a terapia, sendo esta a principal causa de falha
no tratamento anti-HIV (incapacidade de suprimir a carga viral do HIV a niveis
indetectaveis) (Mufoz-Moreno et al., 2010; Sanchez Martin et al., 2013; Decloedt e
Maartens, 2013; Sarfo et al., 2014; Treisman e Soudry, 2016). A baixa adeséo e/ou
uso indevido da ART, neste caso em decorréncia de efeitos adversos, pode levar a
proliferacéo de cepas virais resistentes e o agravamento da doenca, podendo levar o

individuo a AIDS (Michaud et al., 2012; Scott Sutton et al., 2016).

Tabela 2. Principais isoenzimas metabolizadoras de drogas (superfamilias CYP e UGT),
transportadores de membrana (superfamilias ABC e SLC) e efeitos na disposi¢éo de antirretrovirais

(Julia di lulio et al., 2009; Michaud et al., 2012; Reese et al., 2013; Neumanova et al., 2016). Adaptado

a partir de Michaud et al., 2012.

isoenzimas
metabolizadoras transportadores de membrana
CYP UGT ABC SLC
antirretrovirais substratos substratos  inibidores  substratos | inibidores
INTR
Abacavir UGT1Al ABCB1 OCT1
ABCC4 OCT2
ABCG2
Lamivudina ABCC4 OCT1
ABCG2 OCT2
OCT3
Tenofovir ABCB1 OAT1
ABCC2 OAT3
ABCC4 OCT1
ABCG2 OCT2
Zidovudina UGT2B7 ABCB1 OAT1
ABCC1 OAT2

ABCC4 OCT1
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isoenzimas
metabolizadoras transportadores de membrana
CYP UGT i\={®: SLC
antirretrovirais substratos substratos  inibidores  substratos | inibidores
ABCG2 OCT2
INNTR
Efavirenz CYP2B6 UGT2B7 ABCB1
CYP3A4 ABCG2
CYP2A6 ABCC1
ABCC2
Nevirapina CYP2B6
CYP3A4
CYP3A5
IP
Atazanavir CYP3A4 ABCB1 ABCG2 OATP2B1
CYP3A5 ABCC1
ABCC2
Lopinavir CYP3A4 ABCB1 ABCG2 OATP1A2 OATP2B1
CYP3A5 ABCC1 OATP1A3
ABCC2 OATP1B1
Ritonavir CYP3A4 ABCB1 ABCG2 OCT1
CYP3A5 ABCC1 OCT2
ABCC2 OATP2B1
IAC
Maraviroc CYP3A4 ABCB1
CYP3A5
INSTI
Raltegravir UGT1Al ABCB1 OAT1
Dolutegravir CYP3A4 UGT1A1l ABCB1
UGT1A3 ABCG2

UGT1A9

2.5.1 Superfamilia de genes CYP

Envolvidas no metabolismo de fase | de diferentes antirretrovirais, este grupo
de genes codifica enzimas de mesmo nome do citocromo P450. S&o cerca de 57
genes e mais 59 pseudogenes distribuidos em 18 familias e 43 subfamilias (Lakhman
et al., 2009). Diversos polimorfismos em genes desta familia ja foram associados a

alteracdes na exposicao de antirretrovirais presentes no organismo. O gene CYP2B6,
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localizado no brago longo do cromossomo 19 (19g13.2) abrange uma regido de 28
quilobases (kb) e contém 9 éxons, é dos mais relevantes na farmacogenética da ART
estando envolvido no metabolismo de EFV e NVP (Zanger et al., 2013). No EFV,
devido a sua estreita janela terapéutica, altas concentracdes plasmaticas séo
associadas a efeitos adversos neuropsiquiatricos, enquanto baixas concentracdes
podem levar a falha terapéutica. Os polimorfismos genéticos CYP2B6 516G>T
(rs3745274), CYP2B6 983T>C (rs28399499) e os hapldtipos CYP2B6*4 (rs2272343)
e CYP2B6*6 foram associados a efeitos adversos neuropsiquiatricos relacionados ao
EFV (Thorn et al., 2010). Outros estudos também relataram a associacdo do
polimorfismo CYP2B6 516G>T (rs3745274) ao aumento das concentracdes
plasmaticas de EFV e NVP e consequentes eventos de neurotoxicidade no SNC
relacionado ao EFV e hepatotoxicidade em relacdo a NVP (Rotger et al., 2005; Zanger
et al., 2013; Sanchez Martin et al., 2013; Sarfo et al., 2014; Mattevi e Tagliari, 2017).

Polimorfismos genéticos em regifes nao traduzidas podem ser sitios alvos de
MIiRNA para regular a expressdo génica. Neste contexto, rs1042389 T>C, rs707265
G>A ers28399502 C>A, SNP naregido 3'UTR do gene CYP2B6 foram descritos como
potenciais alvos de miRNA em coortes de populacdes africanas (Swart e Dandara,
2014). Outros polimorfismos como o rs8192709 C>T, ndo sinGnimo, que promove a
mudanca do aminodcido arginina para cisteina na posicéo 22, e rs34097093 C>T,
presente numa regiao stop cédon sao candidatos a moduladores de CYP2B6 sendo
frequentemente avaliados em diferentes populagdes (1000genomes, 2020).

Os genes CYP3A4 e CYP3AS codificam enzimas que estdo entre as principais
envolvidas no metabolismo de varios IP e exercem papel coadjuvante no metabolismo
dos INNTR (Mattevi e Tagliari, 2017). Estes dois genes estdo localizados em um

cluster na regido do brago longo do cromossomo 7 (7q). O ritonavir € um inibidor



40

competitivo da enzima CYP3A4. Devido a esta funcdo, doses de ritonavir sao
utilizadas em associacao no tratamento com IP, como lopinavir e atazanavir, a fim de
aumentar a biodisponibilidade dos mesmos e consequente eficacia clinica (Rock. et
al., 2014).

Em INNTR, autores ja demostraram que atividade da isoenzima CYP3A4
juntamente com a CYP2A6, embora coadjuvantes, é acentuada quando a enzima
CYP2B6 esta prejudicada (Julia di lulio et al., 2009; Arab-Alameddine et al., 2009).
Estudos que investigaram a influéncia genética de variantes em CYP3A4 e CYP3A5
com niveis plasmaticos e/ou efeitos colaterais de NVP e EFV tiveram resultados
negativos (Swart et al., 2013; Hass et al., 2014; Sukasem et al., 2014). Porém, tais
variantes apresentam frequéncias diferentes entre as populacbes o que deve ser
considerado na avaliacdo. Vale ressaltar que embora tais enzimas estejam fortemente
relacionadas ao metabolismo de IP, poucos estudos avaliaram a associacdo de
polimorfismos com niveis plasméticos e ou efeitos colaterais dos mesmos (Mattevi e
Tagliari, 2017; 1000genomes, 2020).

Os principais polimorfismos investigados na modulacdo de resposta a
antirretrovirais nos genes CYP3A4 e CYP3A5 sdo, respectivamente, 392A>G
(haplétipo *1B) (rs2740574), e 6986A>G (haplotipo *3) (rs776746). Estes dois SNP
estdo em forte desequilibrio de ligacao em diferentes populacdes e alguns autores
sugerem que o efeito da variante CYP3A4*1B ¢é devido a variante CYP3A5*3 que
causa um RNA mensageiro incompleto e, consequente, proteina truncada no
aminoacido 102 (Mattevi e Tagliari, 2017). O SNP rs4646437 CYP3A4 resulta em uma
variante genética associada a diminuicdo do metabolismo de antirretrovirais, logo
aumentando a exposicdo a droga. Individuos com o referido polimorfismo exibem

reducado de 90% na depuracgéo do EFV, mesmo a isoenzima CYP3A4 sendo acessoria
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no metabolismo deste antirretroviral (Arab-Alameddine et al., 2009; Barreiro et al.,
2014).

CYP2A6 e CYP1A2 estdo localizados no cromossomo 19 e 15,
respectivamente, e atuam no metabolismo do EFV, por exemplo, mas em vias
metabodlicas acessoOrias. As variantes rs28399433 (haplotipo CYP2A6*48) e
rs8192726 C>A, variante intrénica, (haplétipo CYP2A6*9B) tém sido associadas a
aumento nas concentracdes plasmaticas de EFV numa coorte populacional africana,
embora quando confrontadas com outros estudos em meta-analise, as associacdes

nao tenham se mantido (Ayuso et al., 2019).

2.5.2 Superfamilia de genes que codificam transportadores cassetes ligantes
de adenosina-trifosfato (ABC)

Os genes da superfamilia de transportadores cassetes ligantes de adenosina-
trifosfato (ABC) codificam uma superfamilia de proteinas importantes no transporte
ativo de moléculas mediado por ligacao via adenosina trifosfato (ATP). As subfamilias
B, C e G codificam proteinas envolvidas no transporte de antirretrovirais (Giraud et al.,
2010; Franke et al., 2010).

ABCB1 (MDR1), localizado no brago longo do cromossomo 7 (7921.12)
codifica a glicoproteina P (P-gp) que atua como uma bomba de efluxo que remove
xenobidticos para o meio extracelular, sendo expressa em diversos tecidos, tais como:
intestino, rins, figado, ovario, cérebro e barreiras sangue tecido (Michaud et al., 2012;
Mattevi e Tagliari, 2017) (figura 7). Os farmacos AZT e 3TC sao substratos de ABCB1.
Outros antirretrovirais, embora aparentemente ndo sejam substratos deste
transportador, séo objeto de varios estudos de associacao com polimorfismos ABCB1

(Mattevi e Tagliari, 2017).
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O SNP mais investigado no gene ABCB1 quanto a modulacéo de fenotipos
relacionados a ART é o0 3435C>T (rs1045642). Trata-se de uma mudanca sinbnima
no codon 1145lle da proteina, aminoacido isoleucina, que reduz a expressao da P-gp.
O alelo T deste SNP foi associado a um menor risco de hepatotoxicidade a NVP, a
falha viroldgica no tratamento com IP na ART de primeira linha, resposta ao EFV, entre
outras, sendo investigado em coortes populacionais de diferentes paises, tais como:
Brasil, Estados Unidos, Haiti, Italia, Mocambique, mas com resultados, em sua
maioria, discordantes (Ciccacci et al., 2010; Coelho et al., 2013; Michaud et al., 2012;
Mattevi e Tagliari, 2017).

ABCC1, localizado no brago curto do cromossomo 16 (16p13.11), codifica o
polipeptideo de resisténcia a multiplas drogas tipo 1 (MRP1), também €& um gene
importante no transporte de efluxo de antirretrovirais. Assim como P-gp, MRP1 tem
como substratos AZT, LPV/r, entre outros IP, e sofre inibicdo pelo EFV e TDF
(Bousquet et al., 2009; Michaud et al., 2012, 1000genomes, 2020) O polimorfismo
ABCCL1 816 G>A (rs45560437) foi associado a rigidez muscular, fadiga e irritabilidade
relacionada ao EFV em andlise univariada e multivariada ajustando para uma

Css(max) (Sanchez Martin et al., 2013).

2.5.3 Superfamilia de genes que codificam transportadores carreadores de
solutos (SLC)

A superfamilia SLC apresenta subfamilias que detém um papel importante no
transporte de drogas: transportadores de cations organicos (OCT), transportadores de
anions organicos (OAT) e transportador de urato organico (URAT1) (SLC22A12)
(figura 7). Variantes genéticas nos genes SLC22A6 (OAT1) e SLC22A8 (OAT3) foram

investigadas em relagdo a efeitos adversos renais no tratamento com TDF em
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diferentes estudos, mas com resultados ainda discordantes. Os transportadores
codificados por estes genes participam do transporte de TDF para as células dos
tdbulos proximais dos rins (Rodriguez-Novoa et al., 2009; Coelho et al., 2013; da
Rocha et al., 2015).

OAT1 esta envolvido no transporte de TDF para as células dos tubulos
proximais dos rins e a ocorréncia de AE renais € associada ao TDF, por conseguinte,
polimorfismos genéticos no gene SLC22A6 que codifica esta proteina sao
frequentemente investigados em relacdo a toxicidade renal relacionada ao TDF

(Casado, 2016; Mattevi e Tagliari, 2017).

Dose oral

Hepa_técito

Velaporta . Figado

5 Dose intravenosa
Lumen |

intestinal Circulagdo
| sistémica
Para fezes
Hepatocito

Figura 7. Esquema exibindo alguns locais de expresséo de transportadores das superfamilias génicas

ABC e SLC. Adaptado a partir de Franke et al., 2010.
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2.5.4 Superfamilia de genes que codificam receptores nucleares (NR)

A superfamilia de genes NR codifica proteinas que atuam na modulacdo da
expressdo génica de outras proteinas que atuam na absorcdo, metabolismo e
eliminacao de xenobioticos, tais como as proteinas do sistema CYP (Chen et al., 2012)
Receptor de Androstano Constitutivo (CAR) é um fator de transcricdo codificado pelo
gene NR1I3 que regula a expressao de metabolizadores INNTR, tais como CYP2B6,
CYP2A6, CYP3A4 e UGT2B7 (Wyen et al., 2011; Sarfo et al., 2014). O polimorfismo
(rs2307424) foi associado ao aumento nas concentracfes plasmaticas do EFV e
descontinuacdo do mesmo de forma antecipada em pacientes afrodescendentes
(Wyen et al., 2011). Da mesma forma o SNP rs3003596, intrénico, foi associado a
reducdo na depuracao do EFV, logo um maior aumento da exposicao a este farmaco

(Mbatchi et al., 2018).

3 OBJETIVOS
3.1 OBJETIVO GERAL
Avaliar a modulacéo de fatores genéticos na ocorréncia de efeitos adversos a

terapia antirretroviral.

3.2 OBJETIVOS ESPECIFICOS
e Avaliar a frequéncia dos efeitos adversos mais comuns a terapia
antirretroviral na ART de primeira linha.
e Verificar se ha suscetibilidade a ocorréncia de determinados efeitos
adversos a ART.
e Verificar se antirretrovirais potencializam efeitos adversos quando

ministrados em conjunto ao longo do tempo.
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e Analisar se a troca de antirretrovirais na ART potencializa efeitos adversos.

e Analisar associacdo genética para vinte e seis polimorfismos nos genes
envolvidos na farmacocinética de antirretrovirais ABCB1; ABCC1; ABCG2;
SLC22A6; NR113; CYP2B6; CYP3A4; CYP2AG6; e CYP1A2 e a ocorréncia de
dez categorias distintas de AE nas terapias com AZT, TDF, LPV/r e EFV.

e Realizar andlises multivariadas ajustadas pelo género, polimorfismos

geneéticos e pela terapia antirretroviral.
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Abstract

Objectives

Our study aims at evaluating if pharmacogenetic variants potentiate the susceptibility
of different adverse effects (AE) in zidovudine (AZT), tenofovir (TDF), lopinavir/ritonavir
(LPV/r), and efavirenz (EFV) anti-HIV therapies in a Brazilian population.

Methods

HIV-infected patients under antiretroviral therapy (ART) were recruited in Recife,
Brazilian Northeast. A retrospective analysis of official medical records was realized to

collect clinical data concerning AE occurrence and twenty-six genetic single nucleotide
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polymorphisms (SNPs) of ABC, SLC, CYP, and NR superfamilies were analyzed by
lllumina VeraCode® platform.

Results

One hundred twenty-three patients (64.7%) had AE reported during ART. Univariate
statistical analysis demonstrated that the substitution of TDF for AZT increased the risk
of hematological AE (P-value = 0.0007), EFV use instead of LPV/r increased
neuropsychiatric AE risk (OR = 2.4; P-value = 0.005), and, inversely, the LPV/r
presence instead of EFV increased gastrointestinal AE risk (OR = 2.2; P-value = 0.01).
The results evidenced some pharmacogenetics associations after Bonferroni's
correction: rs4148380, ABCC1, AG genotype, increased by twenty-four-fold the risk of
TDF-related gastrointestinal AE (OR = 24; P-value = 0.002); rs2235048, ABCB1, GG
genotype, increased risk TDF-related metabolic AE (P-value = 0.0004), G allele;
rs3003596, NR1I3, increased by nine-fold the susceptibility of LPV/r-related
neuropsychiatric AE (OR = 9.0, P-value = 0.002, G allele. The genetic associations
observed were maintained for rs4148380 and rs3003596 polymorphisms after
adjusted analyzes.

Conclusions

The results suggest a strong modulation of pharmacokinetic variants in AE occurrence

in ART in this Brazilian population.

Keywords: antiretroviral therapy; adverse effects; HIV-1; pharmacogenetic.
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Introduction

Ninety percent of people living with HIV (PHIV) under antiretroviral therapy
(ART) is one of the ambitious objectives established to HIV pandemic eradication until
2030, called 90-90-90 (1). More than a management challenge, ART adherence is a
clinical obstacle due to the high frequency of antiretroviral therapy adverse effects (AE)
occurrence, especially in underdeveloped countries where access and clarification of
the population are sometimes hampered (2-5).

AE is recurrent in PHIV life-long. Acute effects impair therapy adherence,
causing treatment failures (inability to suppress HIV viral load to undetectable levels
and immunological recuperation failure), and usually results in ART dropout. Chronic
and severe AE potentiate the death risk in PHIV, so they should be monitored and
managed (3,6-9).

Our study aims at evaluating if genetic polymorphisms in genes involved in ART
pharmacokinetics potentiate the risk or protection of different AE related in zidovudine
(AZT), tenofovir (TDF), lopinavir/ritonavir (LPV/r), and efavirenz (EFV) therapies in

Brazilian PHIV.

Methods
Study design

PHIV under ART regimens followed up at Institute of Integral Medicine
Professor Fernando Figueira (IMIP) in Recife, Pernambuco state, Northeast Brazil,
were recruited. The IMIP research ethics committee approved the study (protocol
number 3629-13) in accordance with the Declaration of Helsinki. All patients consented
to their participation study through interviews and signed a consent form document.

Blood samples were collected for DNA extraction and a retrospective analysis of official
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medical records was accomplished to collected clinical data (viral load, CD4+ T cell
counts) regarding AE, and ART-period. Official medical records contain all clinical,
laboratory, ART-effectiveness, and AE occurrence data about HIV-patients during
long-life treatment, being updated at each consultation in three months' periods.

Inclusion criteria were as follows: older than 18 years on the ART start date;
received ART for at least one year with good treatment response; optimal therapy
adherence - estimated indirectly by medication possession ratio (10) (an optimal
adherence was defined as MPR 295%) - viral load, and CD4+ T cell counts; no virologic
treatment failures; no history of drugs abuse; no history of autoimmune and chronic
diseases.

The patients were characterized in case (AE occurrence) and control (no AE
occurrence) groups according to the antiretroviral (AZT, TDF, LPV/r, and EFV) use.
The AE were categorized in effect groups that affect a same organ, tissue or system

and have common characteristics according to Supplementary Table 1.

Demographical and clinical evaluations
Gender, age at the ART beginning and clinical data (viral load and CD4+ T cell

counts) were collected.

Genetic analysis

The patient's DNA were extracted and then genotyped through VeraCode®
platform of GoldenGate® lllumina Inc (San Diego, California, USA) technology.
Genotyping data were extracted with lllumina Genome Studio 2.0. The quality control

(QC) was performed using PLINK software version 1.9. Samples and genetic variants
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with less than 90% global call rate were withdrawn (11). Alleles significantly out Hardy-
Weinberg equilibrium were also removed with a threshold P-value <0.001.

Twenty-six pharmacogenetic SNPs distributed in nine genes of ABC, SLC, CYP
and NR superfamilies: ABCB1 (rs1128503, rs2235048, rs3842, rs2214102); ABCC1
(rs113264879, rs129081, rs212091, rs16967632, rs4148380, rs8056298); ABCG2
(rs115770495, rs1448784, rs2231142); SLC22A6 (rs11568628, rs11568629,
rs4149170); NR1I3 (rs3003596); CYP2B6 (rs1042389, rs28399499, rs707265,
rs8192709, rs28399502, rs34097093); CYP3A4 (rs4646437); CYP2A6 (rs8192726);

and CYP1A2 (rs762551) were genotyped (details in Supplementary Table 2).

Statistical analysis

Statistical analyses were performed by R software, version 4.0.2 for Windows.
Fisher exact was used to evaluating of AE categories occurrence risk regarding in AZT
by TDF exchange, and EFV by LPV/r exchange, and vice versa. Univariate statistical
was used to evaluating if ART pharmacokinetics genetic variants were associated to
AE occurrence in AZT, TDF, LPV/r, and EFV-therapy. Odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated. Bonferroni correct was applied with
corrected a = 0.002.

Logistic Regression Model was used to evaluating if possible genetic
associations will remain when adjusted for gender, genetic polymorphisms in related

genes, and ART regimens.

Results

Study population
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One hundred ninety patients (108 females and 82 males) under ART met all the
criteria and were study included. PHIV demographical and clinical data are shown in
Table 1. The patients presented an ART effectiveness clinical response. The mean
CD4+ T cell increased after ART and over 90% of PHIV reduced to viral load to

undetectable levels (<40 copies/ml).

Table. 1 Demographic and clinical data of study population, (n = 190).

Characteristics (n = 190) Value, mean, SD (range) or n (%)
Age 33.6 + 8.3 (18-63)
Gender n (% female) 108 (56.8)
AZT/3TC/EFV regimen* 87 (45.8)
AZTI3TC/LPVIr regimen* 72 (37.9)
TDF/3TC/EFV regimen* 38 (20)
AZT/3TC/IATZIr regimen* 21 (11)
Other regimens 78 (41)
AE occurrence 123 (64.7)
CD4+ T cell counts (cells/pl) before starting ART 417 + 233.5 (36-1041)
CD4+ T cell counts (cells/pl) during ART 567 + 242.5 (237-1259)
Undetectable plasma viral load 177 (93.1)

3TC, lamivudine; AE, antiretroviral therapy adverse effects; ART, antiretroviral therapy; ATZ/r,
atazanavir/ritonavir; AZT, zidovudine; EFV, efavirenz; LPV/r, lopinavir/ritonavir; TDF, tenofovir. *Eighty

patients used two or more regimen during the analyzed period.

Adverse effects occurrence

One hundred and twenty-three PHIV reported AE during ART (64.7%). The AE
were grouped into hepatic, neuropsychiatric, metabolic, gastrointestinal,
hematological, bony, muscular, respiratory, renal, and epithelial (details in

Supplementary Table 1).
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The distribution of AE occurrence in the AZT, TDF, LPV/r, and EFV cohort, were

summarized in Table 2. Neuropsychiatric AE was more reported in patients using ART

containing AZT, TDF, and EFV (35.8%, 29.5%, and 43.6% respectively). The

Gastrointestinal AE was more common in patients who used LPV/r (42.0%).

Table 2. AE frequency in PHIV related to AZT, TDF, LPV, and EFV therapy.

AE categories n (%)

Antiretrov neuropsy gastrointe hematolo
iral hepatic chiatric  _metabolic  stinal gical bony muscular respiratory  renal  epithelial
AZT 25(15.4) 58(35.8) 20(12.3) 54(33.3) 22(13.6) 11(6.8) 5(3.1) 7 (4.3) 6(3.7) 5(3.1)
TDF 9(14.7) 18(29.5) 4(6.5) 12(19.7) 0(0) 9(14.7) 1(1.6) 3 (4.9 2(3.2) 1(1.6)
LPV/r 14 (17.3) 23(28.4) 10(12.3) 34(42.0) 9(11.1) 8(10.0) 1(1.2) 3(3.7) 3337 1(12
EFV 28 (24.0) 51(43.6) 11(9.0)0 29(24.8) 14(12.00 15(12.8) 5(4.3) 6 (5.1) 543 5(4.3)

AE, antiretroviral therapy adverse effects; AZT, zidovudine; EFV, efavirenz; LPV/r, lopinavir/ritonavir; TDF, tenofovir.

Univariate statistical analysis

The exchange of TDF to AZT in the ART showed a higher risk of hematological

AE occurrence (P-value = 0.0007). For neuropsychiatric (OR = 1.3, P-value = 0.43),

gastrointestinal (OR = 2, P-value = 0.05), and metabolic AE (OR = 2, P-value = 0.33)

there were no statistically significant differences between TDF or AZT. For bony AE,

using AZT as a reference, there were not significant differences in exchange to TDF

use (OR = 2.3, P-value = 0.07). The substitution of LPV/r for EFV increased the risk of

neuropsychiatric AE (OR = 2.3, P-value: 0.008), as well as the exchange of EFV for

LPV/rincreased the risk also of twice for gastrointestinal AE (OR = 2.2, P-value = 0.01).

For others AE no significant differences were founded. The results are summarized in

Table 3.
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AE OR [95% ClI] (P-value)
neuropsychiatric
AZT 1.3 [0.7 - 2.7] (0.43)
TDF reference
EFV 2.3 [1.2 - 4.4] (0.008)
LPVIr reference
gastrointestinal
AZT 2 [1 - 4.6] (0.05)
TDF reference
LPV/r 2.2 [1.1-4.2] (0.01)
EFV reference
hematological
AZT inf* [2.3 - inf] (0.0007)
TDF reference
bony
TDF 2.3 [0.8 - 6.7] (0.07)
AZT reference
metabolic

AZT 2 [0.6 - 8.4] (0.33)
TDF reference

hepatic
EFV 1.5 [0.7 - 3.3] (0.3)
LPVIr reference

AE, antiretroviral therapy adverse effects; AZT, zidovudine; EFV, efavirenz; LPV/r, lopinavir/ritonavir;

TDF, tenofovir; 95% CI, 95% confidential interval; OR, odds ratio; P-value, a = 0.05 *inf, positive

infinity.
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One thousand and forty statistical interactions to investigate significative results
in the modulation of pharmacokinetic genetic variants in the AE occurrence ART-
related were performed (twenty-six genetic polymorphism, ten AE categories, and the
four most prescribed antiretrovirals in our population). The results are summarized in

Table 4.



57

Table 4. Genetic association tests to determine the modulation of genetic polymorphisms in genes involved in the pharmacokinetics of antiretrovirals over

the AE occurrence AZT, TDF, LPV/r, and EFV-related.

genotype frequencies AE antiretroviral
SNP*
case n (%) control n (%) genotypes** OR [95% ClI] P-value
rs1128503 7/27 (25.9) 50/89 (56.2) AG-AA? hepatic EFV 0.3[0.1-0.7] 0.005
ABCB1 G>A 3/6 (50.0) 16/155 (10.3) AA3 renal AZT 8.7 [1.6-46.7] 0.018
rs2235048 13/28 (46.4) 59/88 (67) AG-GG? hepatic EFV 0.4 [0.2-1] 0.05
ABCB1 32/58 (55.2) 38/104 (36.5) AG* neuropsychiatric AZT 2.1[1.1-4.1] 0.02
A>G 9/11 (81.8) 84/151 (55.6) AG-GG? bony AZT 3.6[0.7-17.1] 0.07
1/9 (11.1) 23/51 (45.1) AG* bony TDF 0.1[0-1.3] 0.04
2/3 (66.7) 9/78 (11.5) GG3 renal LPV/r 15.3 [1.3-186.6] 0.03
4/4 (100) 6/56 (10.7) GG! metabolic TDF - 0.0004**
rs3842 12/22 (54.5) 39/140 (27.9) TC* hematological AZT 3[1.2-7.8] 0.01
ABCB1 T>C 6/9 (66.7) 23/72 (31.9) TC4 hematological LPVIr 4.3 [1-18.6] 0.04
2/11 (18.2) 4/151 (2.6) ccs bony AZT 8.2 [1.3-50.7] 0.04




rs2214102

ABCB1 C>T

rs113264879

ABCC1 G>A

rs129081

ABCC1 C>G

rs212091

ABCC1

T>C

rs4148380

ABCC1 G>A

3/12 (25.0)

2/9 (22.2)
2/9 (22.2)

2/15 (13.3)

3/14 (21.4)

1/6 (16.7)

0/9 (0)

3/9 (33.3)

4/12 (33.3)

2/3 (66.7)

2/3 (66.7)

2/47 (4.3)

2/72 (2.8)
1/52 (1.9)

2/102 (2.0)

60/103 (58.3)

106/155 (68.4)

24/72 (33.3)

2/52 (3.8)

1/49 (2.0)

3/58 (5.2)

7/78 (9.0)

TC!

AG?
AG?

AG?

CG*

CG-GG?

TC!

AG?

AG?

AG!

AG!

gastrointestinal

hematological
bony

bony

hematological

renal

hematological

hepatic
gastrointestinal

respiratory

renal

TDF

LPV/r

TDF

EFV

EFV

AZT

LPV/r

TDF

TDF

TDF

LPV/r

7.5[1.1-51.5]

10 [1.2-82.3]
14.6 [1.2-182.4]

7.7 [1-59.4]

0.2 [0-0.7]

0.09 [0-0.8]

0[0]

12.5 [1.7-90.5]

24 [2.4-243.1]

36.7 [2.6-527.7]

20.3 [1.6-252.9]

0.04

0.04

0.03

0.06

0.008

0.01

0.05

0.01

0.002***

0.007

0.018
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rs1448784 219 (22.2)
ABCG2 A>G 2/8 (25.0)
rs2231142
2/25 (8.0)
ABCG2 G>T
rs3003596 22/28 (78.6)
NR1I3 A>G 32/57 (56.1)
7/18 (38.9)
6/23 (26.1)
5/12 (41.7)

19/22 (86.4)
719 (77.8)
3/5 (60.0)
2/3 (66.7)

5/6 (83.3)

13/28 (46.4)

1/52 (1.9)

3173 (4.1)

31/137 (22.6)

53/89 (59.6)

41/104 (39.4)

4/43 (9.3)
9/58 (15.5)
6/49 (12.2)
85/139 (61.2)
30/72 (41.7)
19/112 (17.0)
9/58 (15.5)

48/111 (43.2)

21/85 (24.7)

AG?

AG?

GT-TT?

AG-GG?

AG*

GG!

GG!

GG3

AG-GG?

AG*

GG3

GG3

AG*

TC*

bony

bony

hepatic

hepatic
neuropsychiatric

neuropsychiatric
neuropsychiatric
gastrointestinal
hematological
hematological
muscular
respiratory

respiratory

gastrointestinal

TDF

LPV/r

AZT

EFV

AZT

TDF

LPV/r

TDF

AZT

LPV/r

EFV

TDF

EFV

EFV

14.6 [1.2-182.4]

7.8 [1-1-56]

0.3[0.1-1.3]

2.5[1-6.7]
2[1-4]
6.2 [1.5-25.1]
9.0 [1.5-52.8]
5.1[1.2-21.4]
4[1.1-14.2]
4.9 [1-25.2]
7.3[1.1-47]
10.9 [1-133.1]

6.6 [1-58]

2.6 [1.1-6.4]

0.03

0.06

0.07

0.06

0.04

0.008

0.002***

0.027

0.01

0.04

0.03

0.05

0.04

0.03
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rs1042389

CYP2B6 T>C

rs28399499

CYP2B6 T>C

rs707265

CYP2B6 G>A

rs4646437

CYP3A4 G>A

4/5 (80.0)
5/6 (83.3)
1/2 (50.0)

5/6 (83.3)

5/20 (25.0)
4/10 (40.0)
2/54 (3.7)

2/5 (40.0)

17/25 (68.0)

1/54 (1.9)
0/34 (0)
0/6 (0)

1/2 (50.0)

2/51(3.9)
13/22 (59.1)

719 (77.8)

49/152 (32.2)
57/151 (37.7)
3/77 (3.9)

29/107 (27.1)

10/141 (7.1)
4171 (5.6)
13/107 (12.1)

10/111 (9.0)

61/136 (44.9)

9/107 (8.4)

6/47 (12.8)
68/155 (43.9)

2/59 (3.4)

9/66 (13.6)
54/140 (38.6)

22/72 (30.6)

TC#
TC-CC?
ccs

TC4

TC!
TC!
TC!

TC!

GA-AA?

AA3

AA3

GA*

AA3

AA3
GA*

GA*

muscular
respiratory
respiratory

respiratory

metabolic
metabolic
gastrointestinal

renal

hepatic
gastrointestinal
gastrointestinal

renal

renal

neuropsychiatric
hematological

hematological

AZT

AZT

LPV/r

EFV

AZT

LPV/r

AZT

EFV

AZT

AZT

LPV/r

AZT

TDF

EFV

AZT

LPV/r

8.4 [1-77.2]
8.2 [1-72.4]
24.7 [1.2-496.7]

13.45 [1.5-120]

4.4[1.3-14.5]
11.2 [2.2-56.3]
0.3[0-1.3]

6.7 [1-45.2]

2.6 [1.1-6.5]
0.2 [0-1.7]
0 [0]

0 [0]

28.5 [1.3-638.8]

0.3[0-1.2]
2.3[1-5.7]

8 [1.5-41.4]

0.03

0.02

0.06

0.005

0.02

0.004

0.06

0.07

0.03

0.07

0.04

0.04

0.05

0.06

0.07

0.006
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rs8192726
5/15 (33.3)

CYP2A6 C>A
rs762551 2/9 (22.2)
CYP1A2 A>C 2/11 (18.2)
1/6 (16.7)

11/102 (10.8)

29/51 (56.9)

23/49 (46.9)

84/154 (54.5)

AC!

AC-CC?
AC*

AC-CC?

bony

hepatic
gastrointestinal

renal

EFV

TDF

TDF

AZT

4.1[1.2-14.3]

0.2 [0-1.1]
0.2 [0-1.3]

0.2 [0-1.5]

0.03

0.05

0.07

0.06
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AE, antiretroviral therapy adverse effects; AZT, zidovudine; TDF, tenofovir; LPV/r, lopinavir/ritonavir; EFV, efavirenz; 95% CI, 95% confidential interval; OR,

odds ratio; P-value, a = 0.05; *only the SNPs with significance statistical level smaller equal the 0.07 was been shown; **genetic model, lcodominant, 2 dominant,

3recessive, “overdominant.*** statistically significant after Bonferroni correction (a = 0.002).
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Genetic polymorphisms significantly associated to AE after Bonferroni's
correction were inserted in the logistic regression model adjusted by gender, ART, and

ABCB1, ABCC1, NR1I3, and CYP3A4 genetic polymorphisms. These results are

showed in Table 5.

Table 5. Logistic regression model to evaluate the significant genetic associations observed to

AE occurrence adjusted by gender, antiretroviral therapy, and SNP.

variables [risk] estimate OR [95% Cl] P-value

TDF-related metabolic AE

rs2235048 ABCB1 [GG! genotype] 60.9030 2.8e+26 [0 —inf]  0.99
gender -40.7460 2e-18 [0 — inf*] 0.99

rs4148380 ABCC1 [AG! genotype] 20.8160 1.1e+09[0—inf]  0.99
rs3003596 NR1I3 [GG?! genotype] 19.8440 4.1e+08 [0 — inf*] 0.99
intercept -40.4160 - 0.99

TDF-related gastrointestinal AE

rs4148380 ABCC1 [AG! genotype] 40283 56.2[4.5-2247.7] 0.006
gender -0.2441 0.8[0.1-4.7] 0.95
TDF-containing ART [TDF with LPV/r] 1.9266 6.9 [0.7 - 83.7] 0.09
rs2235048 ABCB1 [GG! genotype] -2.4143 0[0-2] 0.19
rs3003596 NR1I3 [GG?! genotype] 1.3091 3.7[0.5-33.9] 0.2
intercept -1.4361 - 0.11

LPV-related neuropsychiatric AE

rs3003596 NR1I3 [AG-GG2 genotype] 2.3597 10.6[2.6-73.3] 0.003
gender 0.9051 2.5[0.6 - 13.8] 0.25

rs4148380 ABCC1 [AG! genotype] 0.4775 1.6 [0.3 - 8.6] 0.57
rs2235048 ABCB1 [GG! genotype] -1.2008 0.3[0-1.8] 0.22
rs4646437 CYP3A4 [AG! genotype] 0.2076 1.2[0.3-4.4] 0.75

intercept -3.3359 - 0.002
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AE, antiretroviral therapy adverse effect; TDF, tenofovir; LPV/r, lopinavir/ritonavir; 95% CI, 95%
confidential interval; OR, odds ratio; P-value, a = 0.05; codominant model; 2dominant model; *inf,

positive infinity.

Discussion

The AE prevalence in our study (64.7%) was similar to the described in previous
studies performed in different populations, showing neuropsychiatric AE as the most
frequent (3,12). Although being less-severe symptoms, these acute effects tend to be
more frequent, impair ART adherence, and may lead to treatment failure (6-9,13). In
our cohort, AZT/3TC/EFV combination was the most used treatment, which favors an
increased risk of neuropsychiatric AE since EFV has been associated with such effects
(4,14).

The antiretrovirals exchange is very common in ART, whether due to virological
and immunological failure, adverse effects, or temporary conditions such as
pregnancy. In our cohort, the substitution of TDF for AZT was associated with a very
high risk of AE hematological (OR: inf, P-value = 0.0007). AZT is described as a causer
of anemias and leukopenia (15). TDF and AZT did not show significant differences in
neuropsychiatric AE (OR = 1.3, P-value = 0.43), although these effects were frequent
in our AZT cohort. Corroborating with a previous study that suggests increased risk of
neuropsychiatric AE to AZT only EFV-combined (14).

TDF has been associated with potential causes to loss of bone density and other
bone disorders in PHIV, however, although bony AE TDF-related was relatively
frequent regarding AZT our cohort, no significant differences were founded (OR = 2.3,
P-valor = 0.07). Bony EA are time-dependent, more frequent with aging and
TDF(16,17). TDF use is more recent than AZT use in first-line ART in Brazil, which

suggests underestimated data.
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The switch from EFV to LPV/r increased risk of gastrointestinal AE (OR = 2.2,
P-value = 0.01), as well as the exchange LPV/r by EFV increased risk of
neuropsychiatric AE. EFV and LPV are described as involved in neuropsychiatric and
gastrointestinal occurrence, respectively in many studies (2,4,14,15,18). These results
suggest that antiretrovirals exchange should be monitored and evaluated according to
ART effectiveness, severity, effects duration, and ART adherence.

Four SNPs in ABCB1 gene, 1236C>T (rs1128503), rs2235048, 4036A>G
(rs3842), rs2214102; two SNPs in ABCCL1 gene, 883G>A (rs113264879), 1293 G>A
(rs4148380), and SNP rs1448784 ABCG2 gene were associated to different AE-
occurrence in AZT, TDF, and LPV/r cohort, however, only two SNPs continued
significantly associated after Bonferroni’s correction: rs2235048, ABCB1l, GG
genotype, was associated to increased risk TDF-related metabolic AE (P-
value=0.0004), however such SNP has not remained associated in the adjusted
analysis, and rs4148380, ABCC1, AG genotype, was associated to a twenty-four fold
higher risk of TDF-related gastrointestinal AE (OR=24, P-value=0.002), that when
adjusted by gender, LPV/r presence in TDF-containing ART, ABCB1 rs2235048, and
NR1I3 rs3003596 the gastrointestinal AE risk increases considerably (OR=56.2, P-
value=0.006) both unprecedented. ABCB1, ABCC1 and ABCG2 encode efflux
transporters (P-glycoprotein, multidrug resistance associated protein, and breast
cancer resistance protein, respectively) that cast out organic compounds and
xenobiotics of intracellular environment, such as AZT, TDF, and LPV/r which are
substrates (3,19—-22). Such proteins are significantly expressed in various cell types in
diverse locations, such as small intestine, liver, blood-brain-barrier, kidneys,
lymphocytes, testicles, hematopoietic stem cells, and others (3), which corroborate

with the AE variability related to their substrates, AZT, TDF, and LPV/r, in our study.
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Polymorphisms that decrease transporters expression lead to bioaccumulation within
the cell, which may trigger AE (3,7,18,23-25). The rs2235048, ABCB1, was described
as in strong linkage disequilibrium with the 3435C>T rs1045642, that codify a synonym
variant that reduced the P-glycoprotein expression (26). Kajinami reported that
rs1045642 in ABCB1 (tagged by rs2235048) haplotype was associate with an LDL
smaller reduction in and HDL greater increases with atorvastatin therapy in female
(27), which suggests a relationship between the genetic variants presence and the
metabolic response modulation.

The SNP rs4148380, a 3' UTR variant, never been associated with AE
occurrence to ART before. Bousquet et al. demonstrated that TDF reduced ABCC1
MRNA expression in vitro (28), which partly explains the high-risk results obtained for
AG heterozygous genotype (rs4148380) in codominant model, that is being potentiated
by TDF interaction.

In our cohort, CYP genes SNPs: CYP2B6, 1421T>C (rs1042389), 983T>C
(rs28399499), 1355A> G (rs707265); CYP2A6, (rs8192726); and CYP3A4
(rs4646437) were associated to AE occurrence, seven different categories, in AZT,
EFV, and LPV cohort. CYP genes superfamily codify to phase | metabolizers that add
hydroxyl radicals to xenobiotic molecules and organic compounds to attribute greater
solubility in order to be eliminated by the organism (3,29,30). Genetic polymorphisms
in CYP genes may change the metabolism, increasing or decreasing the metabolizers
expression, which may lead to treatment failure phenotype due to metabolism above
the therapeutic range, or, in the opposite direction, toxicity phenotype due to drug
prolonged exposure and consequent adverse effects (4,29-31).

CYP2B6 rs28399499 SNP have been associated to EFV undesirable effects

(7)(32), and increase of EFV plasma concentration (CC genotype) and Nevirapine
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(33,34). Other CYP2B6, and CYP2A6 SNPs have been associated with increased EFV
plasma concentration to levels above the therapeutic range, principally, 516G>T
(rs3745274), in different populations (4,7,18,30,33,35). CYP2B6, CYP2A6 are two
most involved in EFV metabolism (30,36). EFV has a narrow therapeutic range, 1 to 4
ug/ml, therefore, increased exposure, increased AE risk (4,18,37).

CYP3A4 is strongly implicated in LPV metabolism, for this reason, LPV is
ministered with ritonavir, a CYP3A4 competitive inhibitor (7). Olagunju et al. reported
an LPV/r lower clearance in CYP3A4 to rs35599367 minor variant presence, TT
genotype (38). We suggest that the increased risk of CYP family SNPs-related AE-
different occurrence will be due to respective antiretrovirals excessive bioavailability.

NR1I3 rs3003596 SNP was associated to higher risk of AZT, TDF, LPV/r, and
EFV related AE-varied occurrence. After Bonferroni’'s correction, the rs3003596 G
allele remained associated to a nine-fold higher risk of LPV/r-related neuropsychiatric
AE occurrence (OR=9.0, P-value=0.002) that remained when adjusted for gender and
ABCB1 rs2235048, ABCC1 rs4148380, and CYP3A4 rs4646437 genetic
polymorphisms (OR=10.6, P-value=0.003). NR1I3 gene encode to constitutive
androstane receptor (CAR), a transcription factor that regulate to various phase I,
phase II, phase 0 enzymes, and transporters expression, such as CYP2B6, CYP2AG6,
CYP3A4, UGT2B7, ABCB1, ABCG2, and other, being activated by xenobiotics
presence (39), that in part explain AE variabilities, with distinct pathway and etiology
for four types of distinct antiretrovirals associated to a same genetic variant.
rs3003596, an intronic SNP, that induce of CAR expression, has been associated with
an EFV clearance reduction, C allele (40), which corroborates with our results, given
that a minor clearance increases drug bioavailability in the organism and, therefore,

higher risk of AE occurrence (18). In different cohorts, seven NIR1I3 SNPs, rs3003596
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included, has been associated with hematological toxicity, neutropenia, hemoglobin,
and platelets low (41,42), which suggest AE varied occurrence associated to
rs3003596 observed in AZT, TDF, LPV/r and EFV cohorts to may be antiretrovirals
independent.

In our cohort, some SNPs in different genes showed protective associations:
ABCB1 gene, rs1128503 (EFV- related hepatic AE) and rs2235048 (TDF-related bony
AE); ABCC1, rs129081 (EFV-related hematological AE, and AZT-related renal AE);
and CYP2B6, rs707265 (LPV/r related gastrointestinal AE, and AZT related renal AE).
Coelho et al reported to ABCB1 3435C>T (rs1045642) and ABCC1 198217T>C
(rs212091) has been associated with virological failure in first-line ART containing
protease inhibitors in Brazilian study (43). ABCB1 rs1045642 is in strong linkage
disequilibrium with the rs2235048 in various populations, and rs1128503 shown clues
in the Iberic population (44), that corroborate with our finding for AE protective genetic
association, given that AE and ART-virological failure demonstrated inverse etiology
(3,18,45).

CYP2B6 rs707265 has been associated to higher clearance and low methadone
plasma concentration (46), one of their substrates, which suggests this SNP increased

protein activity, therefore less risk of AE.

Conclusions

The pharmacogenetic results suggest a strong and variable modulation in ART-
related adverse effects in four antiretrovirals (AZT, TDF, LPV/r, and EFV) in Brazilian
anti-HIV treatment. Gene expression regulators SNPs, such as transcriptional factor,
NIR1I3, for example, and 3' UTRs variants, in which are miRNA target sites, tend to

modulate responses to stimuli more strongly, in large pathways, which have
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multifactorial characteristics, such as ART-related adverse effects occurrence, as
noted in our cohort.

We emphasize the need for further studies in other populations to contribute to
a future pre-ART pharmacogenetics genes analysis at clinical routine to diminish the

impacts of ART adverse effects on patients’ health and quality of life.
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Supplementary table 1. Adverse effects categories related to ART.

76

AE categories description

hepatic neuropsychiatric metabolic gastrointestinal hematological bony muscular __ respiratory renal epithelial
cholestasis anorexia diabetes mellitus appetite lack anemia arthralgia muscle dyspnoea dysuria alopecia
anxiety dyslipidemia bundling granulocytopenia backache edema hemoptysis nephrolithiasis dry skin
hepatotoxicity asthenia glucose intolerance diarrhea jaundice myalgia pollakiuria
due to drug convulsions hyperglycemia eating disorder leukopenia bone edema proteinuria skin
intolerance depression insulin resistance epigastralgia nose bleed decreased renal colic darkening
discouragement lipodystrophy vitamin D
increased c- dizziness metabolic syndrome osteoarthritis skin spots
reactive emotional instability — mitochondrial toxicity osteophyte
protein fainting osteoporosis
hallucination
increased headache
gamma- hearing loss
glutamyl hyperactivity
transferase hypothermia
insanity
increased insomnia
transaminases irritability

pruritus
skin rash
steatosis

memory loss
night sweating
nightmare
paresthesia
phonophobia
photophobia
sadness
sleep apnea
sleep disorder
somnolence
spatial disorientation
suicidal thought
tremors
visual-acuity loss

AE, antiretroviral therapy adverse effects.



Supplementary table 2. Single nucleotide polymorphisms analyzed.

SNP Gene MAF* Chromosome Position Function Variant type
rs1128503 G>A ABCB1 0.42 7 87550285 efflux membrane transporters Synonymous (Gly412Gly)
rs2235048 A>G ABCB1 0.40 7 87509195 efflux membrane transporters intronic region

rs3842 T>C ABCB1 0.19 7 87504050 efflux membrane transporters 3’ untranslated region
rs2214102 C>T ABCB1 0.02 7 87600185 efflux membrane transporters 5’ untranslated region
rs113264879 G>A  ABCC1 0.02 16 16142164 efflux membrane transporters 3’ untranslated region
rs129081 C>G ABCC1 0.48 16 16142082 efflux membrane transporters 3’ untranslated region
rs212091 T>C ABCC1 0.14 16 16142793 efflux membrane transporters 3’ untranslated region
rs16967632 G>A ABCC1 0.02 16 16142926 efflux membrane transporters 3’ untranslated region
rs4148380 G>A ABCC1 0.06 16 16142574 efflux membrane transporters 3’ untranslated region
rs8056298 G>T ABCC1 0.05 16 16142666 efflux membrane transporters 3’ untranslated region
rs115770495 C>T  ABCG2 0.02 22 88090508 efflux membrane transporters 3’ untranslated region
rs1448784 A>G ABCG2 0.07 4 88091168 efflux membrane transporters 3’ untranslated region
rs2231142 G>T ABCG2 0.12 4 88131171 efflux membrane transporters Missense (GIn141Lys)
rs11568628 C>A  SLC22A6 0.02 11 62984439 influx membrane transporters Synonymous (Pro84Pro)
rs11568629 T>C  SLC22A6 0.02 11 62984340 influx membrane transporters Synonymous (Pro117Pro)
rs4149170 C>T  SLC22A6 0.42 11 62984817 influx membrane transporters 5’ untranslated region
transcription regulation of genes involved
rs3003596 A>G NR1I3 0.50 1 161234427 in drug and endobiotic metabolism Downstream gene region
drug metabolism and biological molecule
rs1042389 T>C CYP2B6 0.23 19 41018248 synthesis modulation 3’ untranslated region
drug metabolism and biological molecule
rs28399499 T>C CYP2B6 0.02 19 41012316 synthesis modulation Missense (1le328Thr)
drug metabolism and biological molecule
rs707265 G>A CYP2B6 0.26 19 41018182 synthesis modulation 3’ untranslated region
drug metabolism and biological molecule
rs8192709 C>T CYP2B6 0.05 19 40991369 synthesis modulation Missense (Arg22Cys)
drug metabolism and biological molecule
rs28399502 C>A CYP2B6 0.01 19 41016965 synthesis modulation 3’ untranslated region
drug metabolism and biological molecule
rs34097093 C>T CYP2B6 <0.01 19 41012465 synthesis modulation Stop (Arg378*)
drug metabolism and biological molecule
rs4646437 G>A CYP3A4 0.36 7 99767460 synthesis modulation Intronic region



rs8192726 C>A CYP2A6 0.10

rs762551 A>C CYP1A2 0.37

19

15

40848591

74749576

drug metabolism and biological molecule
synthesis modulation

drug metabolism and biological molecule
synthesis modulation

Intronic region

Intronic region

MAF, minimum allele frequency; *global MAF (44).
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5 DISCUSSAO GERAL

Efeitos adversos a terapia antirretroviral apresentaram prevaléncias similares
a de estudos prévios nos dois modelos de estudos abordados, quais sejam o artigo
em submissédo exposto no item 4 e o artigo publicado no periédico Journal of
Pharmacy and Pharmacology apresentado no Apéndice A (Sharma et al., 2008;
Michaud et al., 2012; Sanchez Martin et al., 2013) e foi observado que determinados
antirretrovirais e combina¢des sdo mais susceptiveis a causar efeitos adversos ao
longo da terapia. Tal condicao ficou evidente nas andlises de troca de antirretrovirais
ao longo da terapia, onde o risco de ocorréncia era modulado pela presenca do
antirretroviral, como observado por exemplo ao se trocar EFV, um INNTR, pelo LPV/r
0 risco aumentava para a ocorréncia de AE neuropsiquiatricos e quanto ao inverso,
presenca do LPV/r, o risco estava aumentado para AE gastrointestinais. Alguns
autores ja relataram susceptibilidades especificas a determinados AE para alguns
antirretrovirais (Montessori et al., 2004; Sdnchez Martin et al., 2013).

Também foi observado de forma inédita que a presenca de AZT na ART
contendo EFV modula a ocorréncia de tonturas ao longo do tempo, 0 que sugere um
efeito sinérgico, potencializando tonturas apenas quando combinado ao EFV e néo
um efeito aditivo, haja vista que o AZT, assim como outros INTR, n&o esté relacionado
a ocorréncia de tonturas quando combinado a outros antirretrovirais (Valeriano et al.,
2020). Nas analises voltadas para efeitos adversos neuropsiquiatricos (NPAE),
embora a estatistica univariada tenha mostrado aumento de risco de ocorréncia de
NPAE relacionado ao EFV, ficou claro que este resultado refletia o risco de tonturas,
devido a sua alta frequéncia em nossa coorte em comparacao com outros NPAE
relacionados ao EFV, sendo maior até do que em outros estudos em diferentes

populacdes (Michaud et al., 2012; Ma et al., 2016). AZT € associado a ocorréncia de
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anemia, cuja tonturas € um de seus sintomas, embora AZT nunca tenha sido implicado
diretamente como causador de tonturas (Treisman et al., 2016; Ikunaiye et al., 2018),
e, tal fato, poderia explicar os nossos achados. Entretanto, em nossa coorte, apenas
dois pacientes que tiveram tonturas foram diagnosticados com anemia, sendo
substituido AZT por outro INTR na ART. Mesmo removendo estes dois pacientes, 0s
resultados se mantiveram, exibindo risco aumentado de ocorréncia de tonturas ao
longo do tempo em pacientes tratados com ART contendo AZT e EFV.

A variabilidade genética em genes que regulam a farmacocinética de
antirretrovirais foi associada a uma forte modulacdo de respostas, tanto de risco
aumentado quanto de protecdo a AE na ART, conforme ja relatava alguns autores
(Barreiro et al., 2014; Mattevi e Tagliari, 2017), maior até do que observado na
combinacdo de antirretrovirais. De forma inédita, o SNP rs4148380 G>A, ABCC1,
regidao 3’'UTR, gendtipo AG, foi associado significativamente a um alto risco de efeitos
gastrointestinais relacionados ao TDF. Quando ajustado por outros dois SNP em
regides intronicas, com resultados significativos em nossa coorte na modulagéo do
TDF: rs2235048, ABCB1, e rs3003596, NIR113, além do género e da presenca do
LPV/r ministrado em conjunto ao TDF, o risco mais que duplica. ABCC1 é um
transportador de efluxo com a funcéo de expulsar da célula xenobiéticos, assim como
outros transportadores da familia ABC, também é frequentemente expresso em
diferentes locais, como intestino delgado, figado, barreiras sangue-tecido, rins,
linfocitos, células hematopoiéticas, o que corrobora com a variabilidade de AE
relacionados aos antirretrovirais que interagem, seja como substrato, no caso do AZT
e LPV/r, ou como inibidor, que € o caso do TDF em relagédo ao ABCC1, observada em
nosso estudo (Van Waterschoot et al., 2010; Franke et al., 2010; Michaud et al., 2012,

Neumanova et al.,, 2014; Neumanova et al., 2016) Bousquet e colaboradores
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demonstraram que o TDF reduziu a expressao de mRNA de ABCCL in vitro (Bousquet
et al., 2009). E sugestivo que a reducéo da atividade do transportador pela inibicao da
expressao génica capitaneada pelo TDF e pela presenca do alelo A, gendtipo AG, do
SNP rs4148380, 3'UTR, investigado apenas uma unica vez numa coorte chinesa para
Leucemia Mieloide Aguda (LMA) em pacientes sob quimioterapia baseada em
antraciclinas, que esta em sitio de regulacdo de miRNA, podem levar a bioacumulacao
intracelular e assim desencadear AE (Cao et al., 2017). Destaca-se ainda a presenca
do LPV/r modulando efeitos gastrointestinais relacionados ao TDF. Tal qual ocorreu
em nossa coorte, LPV/r é bem descrito na literatura como relacionado a efeitos
gastrointestinais (Montessori et al., 2004) o que, no nosso estudo, enfatiza uma
modulacao conjunta entre a variabilidade genética e a combinacgéo antirretroviral.

O SNP rs2235048 A>G, ABCBL, regido intrénica, genétipo GG, foi associado
a risco elevado de ocorréncia de efeitos metabdlicos relacionado ao TDF, entretanto
a associacdo nao se manteve nas andlises ajustadas. TDF é substrato de ABCB1, e
rs2235048, esta em forte desequilibrio de ligacdo com o0 rs1045642 3435C>T, ABCB1
em muitas populacdes. Este polimorfismo codifica uma variante sinbnima responsavel
pela reducdo da expressao de P-gp (Hattori et al., 2018; 1000genomes, 2020).
Kajinami e colaboradores reportaram que rs1045642, haplétipo ABCB1, marcado por
rs2235048, foi associado a uma menor reducdo de LDL e maiores aumentos de HDL
em mulheres sob terapia com artovastatina (Kajinami et al., 2004), o que sugere uma
relacdo entre a presenca da variante genética e a modulacao de efeitos metabolicos.

O polimorfismo localizado no gene NR1I3 rs3003596 A>G, regido intronica,
foi associado a um maior risco de ocorréncia de AE variados relacionados a AZT, TDF,
LPV/r e EFV. Apés corre¢cdo de Bonferroni, o alelo G, no modelo dominante, foi

associado a um risco nove vezes maior de ocorréncia de AE neuropsiquiatrico
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relacionado ao LPV/r, que, quando ajustado para o género e polimorfismos genéticos
rs2235048 ABCB1, rs4148380 ABCCl e rs4646437 CYP3A4 cuja proteinas
expressas sao responsaveis pelo metabolismo e transporte do LPV/r, a associagao se
mantém. O gene NR1I3 codifica o receptor de androstano constitutivo (CAR), um fator
de transcricdo que regula a expressao de varias enzimas metabolizadoras fase |, fase
I, fase O e transportadores, tais como CYP2B6, CYP2A6, CYP3A4, UGT2B7, ABCB1,
ABCG2 e outros, sendo ativado pela presenca de xenobiéticos (Mbatchi et al., 2018),
0 que em parte explica as variabilidades dos EA com vias de etiologias distintas para
quatro tipos de antirretrovirais distintos associados a uma mesma variante genética.
O referido SNP rs3003596, alelo G, que é intrénico, foi associado a reducdo da
depuracéo do EFV (Swart et al., 2012), o que corrobora com nossos resultados, visto
gue uma depuracdo menor aumenta a biodisponibilidade do farmaco no organismo e,
portanto, maior risco de ocorréncia de EA (Barreiro et al.,, 2014). Em diferentes
coortes, sete SNP NIR1I3, rs3003596 incluido, foram associados a toxicidade
hematoldgica, neutropenia hemoglobina e plaquetas baixas (Van Erp et al., 2009;
Chew et al., 2014), o que sugere que a ocorréncia variada de EA associada a
rs3003596 observada nas coortes de AZT, TDF, LPV/r e EFV podem ser
independentes dos antirretrovirais.

Por fim outros SNP nos genes ABCB1, ABCC1, ABCG2, CYP2B6, CYP3A4 e
CYP2A6 foram associados a fenotipos de risco ou de protecdo a AE, mas nao se
mantiveram apos correcdo de Bonferroni. Os resultados farmacogenéticos sugerem
uma modulacéo forte e variavel nos AE relacionados a AZT, TDF, LPV/r e EFV,
principalmente para os polimorfismos, rs4148380 G>A, regido 3' UTR, ABCC1;
rs2235048 A>G, regido intronica, ABCB1 e rs3003596 A>G, regido intronica, NR1I3

gue demostraram forte modulacéo na ocorréncia de AE relacionada a antirretrovirais
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0 que evidencia o potencial dessas regifes como sitios de regulacédo génica, sejam

polimorfismos intrénicos que podem ser sitios de splicing alternativo ou de regulacao,

ou em regides 3’'UTR como alvos potenciais para miRNA. Mais estudos devem ser

conduzidos em diferentes populacdes.

6 CONCLUSAO

1.

Efeitos adversos a terapia antirretroviral sdo frequentes e apresentaram

prevaléncias similares a de estudos anteriores em diferentes populacdes.

. Foi evidenciado que AZT quando comparado ao TDF, EFV em relacdo ao

LPV/r e LPV/r em relacdo ao EFV apresentam suscetibilidade a ocorréncia
de determinados AE, e que deve ser ponderado nos eventos de trocas em

regimes ART.

. AZT potencializa tonturas relacionadas ao EFV quando combinados ao

longo do tempo, o que demostra a modulacdo exercida por antirretrovirais

sobre a ocorréncia de efeitos adversos quando ministrados em conjunto.

. Foi observada uma forte modulacdo da variabilidade genética em genes

envolvidos na farmacocinética de antirretrovirais na ocorréncia de efeitos
adversos, seja de risco aumentado ou de protecao.

Polimorfismos em regides potenciais para regulacdo génica, tais como
regides 3'UTR e regides intrénicas, ou em fatores de transcrigdo envolvidos
na expressao de varios genes, como o NR1I3, apresentaram resultados mais
significativos na modulacéo de efeitos adversos a terapia antirretroviral.
Novos marcadores genéticos preditivos de efeitos adversos foram propostos

nos genes ABCC1, ABCB1 e NR1I3.
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ANEXO B — TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da pesquisa: Fatores Genéticos Humanos Envolvidos no Curso da
Infeccéo pelo HIV: Transmissao Vertical, Imunidade e Resposta a Terapia
Antirretroviral.

Pesquisador responsavel Comité de Etica em Pesquisa

Antonio Victor Campos Coelho Rua dos Coelhos, 300, Boa Vista, Recife, PE.
Local de trabalho: Laboratdério de Diretoria de Pesquisa, Prédio Orlando Onofre,
Imunopatologia Keizo Asami (LIKA) 1° andar.
Av. Prof. Moraes Rego, 1235, Cidade Funcionamento: 22 a 6° feira, 7h as
Universitaria, Recife, PE. CEP: 50670-901. 11h30/13h30 as 16h.
Telefone: 2101-2542 Telefone: 2122-4756
antonio.victor@ufpe.br comitedeetica@imip.org.br

Médico supervisor da pesquisa
Luiz Claudio Arraes de Alencar (IMIP)
lularraes@hotmail.com

Convidamos vocé a participar de uma pesquisa que estamos realizando sobre
diferencas genéticas envolvidas no comportamento do HIV no organismo. Algumas
pessoas combatem melhor o virus que outras durante a infec¢do; outras respondem
melhor a terapia com os antirretrovirais. Além disso, algumas criancas adquirem o
virus durante o parto ou amamentacao (transmissao vertical), enquanto outras nao.
Estamos fazendo essa pesquisa para tentar descobrir se diferencas genéticas
expliguem essa diferenca entre as pessoas convivendo com o HIV e pretendemos
recrutar 400 voluntarios ao todo. Essa pesquisa € importante porque podera contribuir
para que no futuro os médicos melhorem os tratamentos contra o HIV. Além disso,
vocé podera solicitar aos pesquisadores que comuniguem 0s resultados a vocé e a
seu médico para que ele avalie se vocé obteria beneficios com as descobertas.

Com sua autorizacdo, gostariamos de realizarmos entre uma e cinco coletas
de pequenas quantidades do seu sangue (no maximo 8 mL por coleta), colhidas
durante os exames de rotina de acompanhamento da infeccao pelo HIV. Caso sejam
necessarias mais de uma coleta, elas serdo feitas a cada trés ou quatro meses, de
acordo com a rotina de suas consultas. Solicitamos também a sua autorizacdo para
utilizar dados do prontuario, como idade que iniciou 0 acompanhamento médico e 0s
resultados dos seus ultimos exames de rotina para avaliar o controle do HIV. Como a
Genética esta em constante evolugdo, é possivel que novas pesquisas além desta
sejam realizadas com suas informacdes e material bioldgico armazenados. Caso isso
ocorra, 0s pesquisadores entrardo em contato com o comité de ética e com vocé para
solicitar nova autorizacao.

Informamos qgue o _material contribuido por vocé serd armazenado no
Laboratério de Imunopatologia Keizo Asami (LIKA), que fica na Universidade
Federal de Pernambuco (UFPE). Seu material ndo serd enviado a outros
pesquisadores brasileiros ou estrangeiros, permanecendo apenas no LIKA. O
endereco do LIKA e as formas de contato com 0s pesquisadores estdo no
comeco desse documento.

Informamos que 0s riscos que voceé corre ao participar da pesquisa sao apenas
sintomas provocados pela coleta do sangue como: vermelhiddo e dor no brago no
local da coleta e enjoo. Além disso, todas as suas informacdes pessoais estarao
seguras. Nenhuma pessoa fora da pesquisa tera acesso a elas.
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A participacdo na pesquisa é totalmente voluntaria. Ndo havera nenhum gasto
pela sua participacdo, ndo recebendo cobranca com o que sera realizado. Vocé
também ndo receberd nenhum pagamento ou beneficio financeiro pela sua
participacdo. Da mesma forma, ndo havera nenhum prejuizo a vocé caso ndo queira
participar ou desistir de participar desta pesquisa.

Caso vocé se sinta prejudicado(a) pelo andamento da pesquisa, asseguramos
gue voceé recebera todas as assisténcias cabiveis neste hospital, incluindo o direito de
solicitar indenizagdo aos pesquisadores por eventuais danos. Caso VOcé possua
alguma duavida acerca dos objetivos do estudo, por favor, entre em contato com 0s
responsaveis pela pesquisa. Além disso, se vocé tiver alguma consideragéo ou duvida
sobre esta pesquisa, também pode entrar em contato com o comité de Etica em
Pesquisa em Seres Humanos do IMIP (CEP-IMIP), que objetiva defender os
interesses dos participantes, respeitando seus direitos e contribuir para o
desenvolvimento da pesquisa desde que atenda as condutas éticas.

Eu,
____(nome completo) compreendi as informacdes repassadas e autorizo que seja
realizada a avaliacdo genética da amostra de sangue coletada, e concordo que 0s
dados obtidos sejam utilizados para pesquisa. Declaro que fui informado(a) pela
equipe do pesquisador Sergio Crovella sobre os objetivos da pesquisa e estou
consciente de que:

1. Concordei em patrticipar da pesquisa sem nenhum tipo de pressao;

2. Posso a qualguer momento entrar em contato por telefone com o

pesquisador se tiver qualquer duvida sobre os procedimentos, riscos e

beneficios da pesquisa;

3. Posso a qualquer momento desistir de participar da pesquisa, sem que iSso

prejudiqgue meu atendimento no hospital,

4. O pesquisador poderd ter acesso ao meu prontuario e que minhas

informacgdes pessoais serdo mantidas em sigilo;

5. Recebi uma cépia deste documento.

Assinatura do Voluntéario

Assinatura da Testemunha Assinatura da Testemunha

Assinatura do Pesquisador Responsavel

Numero do prontuério Cédigo de amostra

Inclus&o no Braco (Transmisséao vertical do HIV) C do estudo?
SIM () | NAO ()
Se SIM, aplicar o termo de assentimento para a coleta do(a) filho(a) da paciente.
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Introduction

Efavirenz is a non-nucleoside

reverse transcriptase

Abstract

Objectives Neuropsychiatric adverse effects (NPAE) related to efavirenz, mainly
dizziness, is detrimental to human immunodeficiency virus (HIV) treatment. Our
study aims at evaluating if zidovudine use potentiates the risk of dizziness related to
efavirenz when used together and whether there are significant differences in over
time distribution of this NPAE and others relatively frequents regarding efavirenz
regimen without zidovudine.

Methods Human immunodeficiency virus-infected patients under efavirenz-
containing different therapy were enrolled. A retrospective analysis of official medical
records was accomplished to collect clinical data regarding NPAE occurrence and
severity. Univariate statistic and statistical model based on survival analyses were
performed.

Key findings One hundred sixty-two patients were included, of these seventy-seven
(47.5%) had NPAE reported, such as dizziness (more frequent), depression and
insomnia. Univariate statistical analysis demonstrated that the combined use of
efavirenz with zidovudine increased the NPAE risk (OR: 2.5; P-value: 0.008), mainly
dizziness risk (OR: 3.5; P-value: 0.009) and survival analysis showed that such
combination is associated with dizziness occurrence faster (HR: 2.9; P-value: 0.02).
Conclusions The results may contribute to clarify the dizziness occurrence
dynamics in therapy with efavirenz and zidovudine by identifying susceptibilities and
assisting in the choice of combined antiretroviral therapy.

The low adherence to HIV therapy, because of adverse
events, is the main cause of treatment failure (inability to

Research Paper

inhibitor (NNRTI), an antiretroviral widely used in many suppress HIV viral load to undetectable levels), usually
countries in antiretroviral therapy (ART) against human resulting in ART interruption. ¥ Since antiretroviral treatment

immunodeficiency  virus  (HIV). Although frequently is & lifelong one, it is difficult to measure the damage of long-
prescribed together with zidovudine and lamivudine term adverse effects. 511 NPAE due to efavirenz is related to

because of the availability of formulations and its €levated plasma concentrations of this drug, being the effects
effectiveness, it is no longer included at the first-line ART ~most common: dizziness, insomnia, somnolence, irritability,
regimen. =81 However, the efavirenz is naturally related to tremors and hyperhidrosis, with some patients coming to
higher rate of neuropsychiatric adverse effects (NPAE) and develop more serious effects such as depression, psychosis,
minimizing these effects is a necessity because they Mmania, suicidal thoughts, paranoia and cognitive impairment.
undermine patients’ health and adherence to therapy. -7~ [10.12713]


mailto:jeyzon_@live.com

Josue Jeyzon de Lima Soares Valeriano et al.

Does zidovudine use increase the risk of any NPAE
related to efavirenz when used together? This question is
one of the objectives of this study besides to evaluate the
frequency of reported neuropsychiatric effects during
efavirenz-containing treatment.

Methods
Study design

HIV-infected subjects under efavirenz-containing ART
regimens, followed at Institute of Integral Medicine
Professor Fernando Figueira (IMIP) in Recife,
Pernambuco state (Northeast Brazil), were enrolled. The
IMIP research ethics committee approved the study
(protocol number 3629-13), in accordance with the
Declaration of Helsinki, and all patients consented to their
participation through interviews and signed a written
informed consent form. A retrospective analysis of official
medical records of these patients was performed to collect
clinical data regarding efavirenz-related NPAE occurrence
and severity. Medical records are clinical and laboratory
data annotated in standard document of medical
assessments of treatment every two months for each
patient, where the doctor evaluated the clinical status,
effectiveness of anti-HIV treatment, including the
occurrence of adverse effects. All patients underwent the
same clinical evaluation procedure. Inclusion criteria were
as follows: older than 18 years; received ART regimen at
standard dose according to guideline (for efavirenz an oral
dose 600 mg once a day) [@; optimal therapy adherence
(estimated indirectly by medication possession ratio
(MPR), 181 where optimal adherence was defined as MPR
295%); and no reported history of neurological diseases or
neuropsychiatric treatment. Exclusion criteria were as
follows: virological treatment failure and comedication with
drugs known to be inducers or inhibitors of antiretroviral
metabolism. 1571

The patients were characterized according to efavirenz-
containing ART regimens used during treatment. Then,
they were classified according to efavirenz-related
adverse effects occurrence: individuals who discontinued
efavirenz-containing regimens due to NPAE versus those
who did not. Another classification was performed
according to adverse effect period: patients that reported
NPAE until the fourth week of therapy versus who that
reported these effects after such period since the NPAE
reported in therapy with efavirenz occur for two up to four
weeks, then disappear. [8:10.12.17]

Demographical and clinical
evaluations

In medical record analysis, information from queries in the
period of ART containing efavirenz was collected, including

Zidovudine-efavirenz increase risk of dizziness

the date of each event. Demographic (sex and age at the
beginning of treatment with efavirenz) and clinical information
(viral load and CD4+ T lymphocyte counts during the
treatment period with efavirenz) were also assessed.

Statistical analysis

Statistical analyses were performed by R software, version
3.5.1 for Windows. Fisher exact test was used to test
neuropsychiatric effects occurrence risk regarding sex and
zidovudine and efavirenz combination use. Odds ratios (OR)
and their respective 95% confidence intervals (95% CI) were
calculated.

Additionally, a survival analysis was used to evaluate if
zidovudine and non-zidovudine in efavirenz-containing ART
regimens differ significantly regarding the NPAE occurrence
as time-dependent exposure. In summary, it means assessing
whether a variable influence in adverse effects occurrence in
less time or if there are no significant differences. The time
(therapy duration) was registered in weeks and analysis was
done retrospectively through patient's medical record,
measuring exposure time until the report of NPAE. Endpoint
primary: occurrence of any NPAE. Second endpoint:
dizziness, depression or insomnia occurrence.

The log-rank test was used for univariate survival analyses
and Cox proportional hazards regression demonstrated the
contribution of each variable in modulation the efavirenz-
related NPAE risk. Hazards ratios (HR) and their 95% CI were
calculated. The level of statistical significance for all analysis
was set at a = 0.05.

Results
Study population

One hundred and sixty-two patients (87 female and 75 male)
treated with efavirenz-containing backbone met all the criteria
and were included in the analysis. Demographical and clinical
characteristics of the patients are summarized in Table 1. The
follow-up time of therapy varied between 1.4 and 723 weeks
(approximately 14 years), with a mean follow-up time of 143
weeks (approximately 3 vyears). In general, the patients
presented an efficient clinical response during the treatment.
The mean CD4+ lymphocyte cell count before treatment was
about 395 cells/uyl and after efavirenz-containing therapy was
about 499 cells/pl, in addition over 90% of patients reduced
viral load to an undetectable (<40 copies/ml) plasma HIV load.
However, 22% of the patients that presented NPAE had also
detectable viral load peaks interspersed with undetectable
viral load periods during ART. Sixty-three per cent of patients
(n = 102) were therapy naive at the beginning of efavirenz
treatment.
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Neuropsychiatric adverse effects clinically diagnosed during
quarterly medical appointments were dizziness, headache,
hallucinations, insomnia, somnolence, abnormal

Table 1 Demographic and clinical data of study population,

(n=162)
Characteristics Value, mean = SD (range) or n
(%)
Age at efavirenz-containing 32.3 8.4 (18-62)

ART start (years)
Sex — n (% female)

AZT/3TC/EFV regimen?
TDF/3TC/EFV regimen?
Other/EFV regimens?
Presence of NPAE

Discontinued efavirenz-
containing regimens due tu
NPAE

NPAE frequency in
AZT/3TC/EFV regimen?
NPAE frequency in
AZTI/3TC/EFV regimens?
Therapy naive at efavirenz-
containing ART start

Duration of efavirenz-
containing ART (weeks)
Duration of AZT/3TC/EFV
therapy (weeks)
Duration  of
therapy (weeks)
Duration of Other/EFV therapy

non-

TDF/3TC/EFV

(weeks)

Duration of efavirenz-
containing ART until
discontinuation due to NPAE
(weeks)

CD4+ T cell counts (cells/ul)
before  starting efavirenz-

containing ART

CD4+ T cell counts (cells/ul)
during efavirenz-containing
ART

Undetectable plasma viral load

Patients who reduced viral
load after efavirenz-containing
ART

Patients who had NPAE and
detectable viral load peaks
interspersed with undetectable
viral load periods

87 (53.7%)
127 (69.4%)
50 (27.3%)
6 (3.3%)

77 (47.5%)
23 (29.9%)

65 (51.2%)

16 (29.6%)

102 (63%)

143.5 + 147.3 (1.4-723.4)
145.6 + 139.2 (1.4-705.1)
73 + 84 (1.6-398.4)

197.6 + 267 (9.4-723.4)

51.8 + 60 (1.4-219)

395 + 237.5 (36-1008)

499 + 236.7 (35-1259)

149 (92%)
152 (94%)

17 (22%)

3TC, lamivudine; ART, antiretroviral therapy; AZT, zidovudine; EFV,
efavirenz; Non-AZT, other nucleoside reverse transcriptase inhibitors
except zidovudine; NPAE, neuropsychiatric adverse effects; TDF,
tenofovir. #Nineteen patients used two different efavirenz-based
regimens, while one patient used three different efavirenz-based

regimens during the therapy.
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dreams (nightmares), sleep disturbances, photophobia,
phonophobia, memory ailments, sadness, depression and

suicidal thoughts, anxiety, irritability, hyperactivity,
convulsions, hyperhidrosis, paresthesia and fatigue.
Others non-specific NPAE that caused efavirenz

intolerance were described in official medical records as
‘intolerance to efavirenz'.

Neuropsychiatric adverse effects occurrence

One hundred twenty-seven patients used
zidovudine/lamivudine/efavirenz regimen, fifty patients
received tenofovir/lamivudine/efavirenz combination and
six patients were submitted to other efavirenz-containing
regimens. It is noteworthy that nineteen patients used two
different efavirenz-containing regimens and one patient
was submitted to three efavirenz-containing regimens. In
our study, 47.5% (n = 77) of patients reported NPAE
during efavirenz therapy. Specifically, 51.2% (n = 65) of
exposure periods to zidovudine/lamivudine/efavirenz
regimen resulted in efavirenz-related NPAE, while that
exposure periods to efavirenz-containing regimens without
zidovudine  (non-zidovudine/lamivudine/efavirenz)  had
NPAE occurrences in 29.6% (n = 16; Table 1). Among
patients who used zidovudine/lamivudine/efavirenz and
non-zidovudine/lamivudine/efavirenz regimens in different
moments of treatment, 40% (n = 8) reported NPAE only
when zidovudine was present, 10% (n = 2) only when
zidovudine was not present, and 15% (n = 3) in both
cases.

The most common reported NPAE was dizziness,
present in 24.1% (n = 39) of the patients, followed by
depression 10.5% (n = 17), insomnia 8.6% (n = 14) and
asthenia 7.4% (n = 12). Other less-frequent (n < 10) effects
were also reported, such as sadness, anxiety, sleeps
disturbance, paresthesia, abnormal dreams, somnolence,
irritability, hallucinations and photophobia. Unspecific
NPAE reported as ‘intolerance to efavirenz’, occurred in
6.2% of patients (n = 10). Phonophobia, memory loss,
suicidal thoughts, hyperactivity, convulsion and cognitive
impairment were also observed but with low frequency (n <
3), and hyperhidrosis was not reported in our cohort.
Headache was reported in 13.6% (n = 22) of patients, but
this symptom is commonly attributed to zidovudine alone,
therefore, was not considered. ["1% The NPAE frequencies
are summarized in Figure 1.

Among the seventy-seven patients who presented
efavirenz-related NPAE, 29.9% (n = 23) had the efavirenz-
containing regimen discontinued after the occurrence of
these events (Table 1). They represent 14.2% of all HIV-
positive patients treated with efavirenz.
Zidovudine/lamivudine/efavirenz combination was the most
discontinued ART regimen with 14.2% of the cases (n =
18) whereas the discontinuation of non-
zidovudine/lamivudine/efavirenz occurred in 9% (n = 5).
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Figure1l Neuropsychiatric adverse effects frequency in human immunodeficiency virus-positive patients under efavirenz-containing
antiretroviral therapy. The data were extracted through a retrospective analysis in the official medical records of patients.

Regarding the NPAE occurrence distribution before or
after the fourth week of efavirenz therapy, dizziness was the
unique effect that had similar occurrence distribution in
these two periods, averaging 67.0 weeks among those who
reported it after the fourth week of treatment. Despite that,
insomnia, 78.5% (n = 11, mean = 61.3 weeks) and
depression, 100% (mean = 78.6 weeks), were more
frequent after the fourth week of treatment. Dizziness and
insomnia persisted in about 45% (n = 9; n = 5, respectively)
of the patients who reported such effects after the fourth
week, with respective persistence mean duration of 36.5
and 43.6 weeks. Depression persisted in 6% (n = 1) of
patients; however, 41% (n = 7) had medical intervention to
prevent persistence. These data are summarized in Table 2.

Univariate statistical analysis
results

Neuropsychiatric adverse effects in patients who received
regular doses of efavirenz ~was twice more

common in women than men (OR = 2.1; 95% CI = 1.1 to 4.3;
P-value = 0.01). Moreover, when comparing such effects in
exposure periods to zidovudine/lamivudine/efavirenz
regimen versus non-zidovudine/lamivudine/efavirenz
combinations, we observed that the zidovudine presence
increases by two-and-half-fold the risk to develop any NPAE
(OR = 2.5; 95% CI = 1.2 to 5.3; P-value = 0.008). When
dizziness is assessed, the risk is about three-and-half-fold
higher (OR = 3.5; 95% CI = 1.3 to 12.4; P-value = 0.009).
For depression (OR = 3.4; 95% CI = 0.7 to 32.3; P-value =
0.1), and insomnia (OR = 0.7; 95% CI = 0.2 to 3; P-value =
0.76) we found no statistical significant differences according
to Fisher Exact test. Somnolence, sleep disturbances,
abnormal dreams and insomnia were also analysed, but all
together as sleep-related NPAE. However, we did not
observe a significant difference when comparing sleep-
related NPAE in efavirenz-containing regimen with and
without zidovudine (OR = 1.7, 95%

Table 2 Occurrence distribution of dizziness, depression and insomnia before or after the fourth weeks of efavirenz-containing antire-

troviral therapy.

Under EFV-related NPAE occurrence

T = 0—4 weeks T = 4 weeks

Occurrence Mean EFV swap® Occurrence Mean EFV swap® Effect persistence® Mean
Event distribution n (%)  (weeks)  n (%) distribution n (%)  (weeks) n (%) n (%) (weeks)®
Dizziness 19 (48.7) 2.4 1(5.2) 20 (51.3) 67.0 5 (25.0) 9 (45.0) 36.5
Depression® 0 (0.0) - - 17 (100.0) 78.6 6 (35.3) 1(5.8) -
Insomnia 3(21.4) 1.6 1(33.3) 11 (78.5) 61.3 2 (18.2) 5 (45.4) 43.6

EFV, efavirenz; NPAE, neuropsychiatric adverse effects; T, duration on of EFV therapy. *Change for a non-efavirenz-containing therapy.
bEffect persistence’ refers to the patients who had the NPAE for a long time. °Forty-one per cent (n = 7) of depression-patients had

medical intervention to prevent persistence.
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Table 3 Univariate analysis results for NPAE occurrence between
efavirenz-containing regimens with and without zidovudine

EFV-containing ART
regimens Fisher exact test
Non-AZT/ AZT/3TC/ o P-value
STCIEFV. EFVn=  (95%Cl) (a=0.05)
Event n =54 (%) 127 (%)
Any NPAE 16 (29.5) 65(51.2) 2.5(1.2-5.3) 0.008
Dizziness 5(9.2) 34 (26.8) 3.5(1.3- 0.009
12.4)
Depression 2 (4.0) 15(11.8) 3.4(0.7- 0.1
32.3)
Insomnia 5(9.2) 9 (7.0) 0.7 (0.2-3) 0.76
Sleep-related 6(11.0) 22(17.3) 1.7(0.6-5.4) 0.37
NPAE
3TC, lamivudine; 95% CI, 95% confidence interval; ART,

antiretroviral therapy; AZT, zidovudine; EFV, efavirenz; Non-AZT,
any nucleoside reverse transcriptase inhibitor, except zidovudine;
NPAE, neuropsychiatric adverse effects; OR, odds ratio.

The level of statistical significance for all analysis was set at a =
0.05 (in bold).

Cl = 0.6 to 5.4; P-value = 0.37). These results are sum-
marized in Table 3.

Survival analysis results

Survival analyses were used for assessing any NPAE, as
primary endpoint, and dizziness, depression and insomnia
occurrence as secondary endpoint. Such outcomes were
chosen because they were the most frequent effects in our
cohort. Survival curves for any NPAE, dizziness,
depression and insomnia are showed in Figure 2.
Concerning dizziness, the log-rank test showed significant
differences in treatment time until its occurrence, when
comparing  zidovudine/lamivudine/efavirenz  to  non-
zidovudine/lamivudine/efavirenz use (log-rank X? = 5.4; P-
value = 0.02). The Cox regression showed that dizziness
appeared 2.9 times faster when the patients used
zidovudine and efavirenz combination (HR = 2.9; P-value
= 0.02). Furthermore, the zidovudine presence or absence
in efavirenz-containing regimens did not influence either
on depression (log-rank X2 = 0.9; P-value = 0.3; HR = 2.0;
P-value = 0.35), or insomnia occurrence (Log-rank X2 =
0.8; P-value = 0.4; HR = 0.6; P-value = 0.37) and any
NPAE as primary endpoint (Log-rank X2 = 3.8; P-value =
0.05; HR = 1.7; P-value = 0.05; Table 4).

Discussion

The frequency of efavirenz-treated patients enrolled in our
study that reported NPAE (47.5%) was like previous
studies performed in different populations. Decloedt and
Maartens reported that NPAE affected about 68% of
efavirenz receiving patients. ¥ In fact, it has been
described in other studies that the frequencies of patients
with such effects range from 40% to 70%. [8:18.19]

Zidovudine-efavirenz increase risk of dizziness

Efavirenz is a neuroactive drug being able to easily cross the
blood—brain barrier. [8:18]

The high proportion of patients affected by these events,
especially dizziness, shows the importance of studying the
distribution of efavirenz-related NPAE and their impact on
patients receiving ART. Given the effectiveness of this drug,
[58.19] it js noteworthy that these symptoms occurred despite an
efficient clinical response to treatment, undetectable viral load
in 92% of patients, 94% reducing the HIV load and 499 cells/pl
CD4+ lymphocyte T cell mean counts, after an average count
of 395 cells/ ul before efavirenz-based therapeutics.

In our cohort, 28% of patients need to change the efavirenz-
containing regimens, despite the high frequency of patients
who reported NPAE (47.5%), showing that the continuity of
neuropsychiatric effects could favour the irregular use of
therapy and, consequently, treatment failure or a transient
response.>18! |n fact, we observed that 22% of the patients who
reported NPAE showed detectable viral load peaks
interspersed with undetectable viral load periods, which may be
consequence of the irregular use of ART because of an
underlying adverse effect.[®

The most frequent NPAE reported worldwide in therapy with
efavirenz are as follows: dizziness, insomnia, abnormal
dreams, irritability, somnolence, paresthesia, anxiety and
depression. 510201 These effects were also very frequent in our
cohort, being dizziness twice more frequent compared to the
second one efavirenz-related NPAE. It generally does not show
a high frequency as observed in our cohort compared to other
efavirenz-related NPAE. [10.12-15]

Some studies have reported that these symptoms could
appear between the second and fourth week after the
beginning of treatment and then disappear. [/10.12171 However,
we observed that insomnia and depression frequently occurred
after the fourth week of treatment. Dizziness and insomnia
persisted for several weeks in about 45% of patients who had
events after the fourth week, while in the other 55% such
effects did not persist. In contrast, depression persisted among
6% of the individuals. This may be due to medical intervention
to prevent the effects in the long term. Previous studies also
evidenced that NPAE may last longer in some patients [58.12.13]
and some patients could develop more serious effects such as
psychosis, mania, suicidal thoughts and depression at long
term. [10,14,15,21]

The incidence of NPAE in patients, followed up in our study,
under the efavirenz treatment was about twice more common in
women. In fact, Burger et al. 22 showed that the mean plasma
efavirenz concentration was 30% higher in women than in men,
possibly due to differences in efavirenz clearance between
genders, even if these differences are not sufficient to suggest
dose adjustments. [23.24]
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Survival by ART for dizziness
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Figure 2 Survival curves generated from survival probabilities versus time-to-event in weeks regarding efavirenz-containing regimens
with and without zidovudine for NPAE, dizziness, depression and insomnia. Survival probabilities decrease over time in the zidovudine
and efavirenz combi- nation presence. 3TC, lamivudine; ART, antiretroviral therapy; AZT, zidovudine; EFV, efavirenz; Non-AZT, any
nucleoside reverse transcriptase inhibitor, except zidovudine; NPAE, neuropsychiatric adverse effects.

Our results showed that the zidovudine presence in
efavirenz-containing regimen significantly increases the
risk of NPAE, mainly for dizziness in univariate analysis
and in time-dependent exposure. Although univariate
analysis showed increase to NPAE risk, it was clear that
this result reflects the risk of dizziness because of its high
frequency in our cohort; furthermore, the other symptoms
analysed showed no significant differences in efavirenz-
containing regimens with and without zidovudine. In
addition, dizziness appeared faster when the patients
used ART regimen with zidovudine and efavirenz.
Although zidovudine has been associated with occurrence
of anaemia, which dizziness is one of the symptoms, this
antiretroviral by itself has never been implicated directly in
dizziness regardless anaemia presence, though be
involved in others NPAE occurrence.7.2528] Moreover, of
the patients treated with zidovudine-containing ART that
reported dizziness, only two individuals developed
anaemia and had to change ART regimen. Even without
these two patients, the statistical analyses maintained the
association results, showing the increased dizziness risk
in patients treated with zidovudine and efavirenz-
containing regimens.

Thus, the differences observed between zidovudine/lami-
vudine/efavirenz  and non-zidovudine/lamivudine/efavirenz
combination regimens in regarding a higher risk for dizziness
occurrence could exist because of a zidovudine and efavirenz
synergic effect, potentiating efavirenz dizziness only when
both are combined, and not an additive effect of zidovudine
with efavirenz. In fact, the overall effect of these two drugs
combined is greater than it could be the individual effects
summing both antiretrovirals, thus, increasing efavirenz-
related dizziness. If it would be merely an additive effect,
zidovudine/efavirenz and non-zidovudine/efavirenz regimens
should not present differences in dizziness occurrence, since
both drugs without the efavirenz presence do not present
differences in dizziness occurrence, as demonstrated in this
work. Although no longer used in combination at the first-line
ART regimen, zidovudine/efavirenz treatment is still
recommended as an alternative option when the first-line
regimens are contraindicated or not available. B! However, our
study shows the impact of this therapy combination choice on
HIV-positive patients under ART.

Efavirenz and zidovudine have already been cited as
competing for the major glucuronidation enzyme for both
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Table 4 Survival analysis results for any NPAE, dizziness, de-
presssion and insomnia occurrence

Log-rank HR [95%
test (P- Cl] (P-
value, a = value, a =
Risk factor Event 0.05) 0.05)
NPAE occurrence, n (%)
Non-AZT + 16 3.8 (0.05) Reference
3TC + EFV (n (29.6)
= 54)
AZT + 3TC + 65 1.7 [1.0-
EFV (n = 127) (51.2) 2.98] (0.05)
Dizziness occurrence, n
(%)
Non-AZT + 5 5.4 (0.02) Reference
3TC + EFV (n (10.0)
= 54)
AZT + 3TC + 34 2.9[1.13-
EFV (n = 127) (26.7) 7.48] (0.02)
Depression occurrence,
n (%)
Non-AZT + 2(2.0) 0.9(0.3 Reference
3TC + EFV (n
= 54)
AZT + 3TC + 15 2.0 [0.46-
EFV (n = 127) (11.8) 9.02] (0.35)
Insomnia occurrence, n
(%)
Non-AZT + 5 0.8 (0.4) Reference
3TC + EFV (n (10.0)
= 54)
AZT + 3TC + 9 (7.0) 0.6 [0.20-
EFV (n =127) 1.83] (0.37)

3TC, lamivudine; 95% Cl, 95% confidence interval; AZT,
zidovudine; EFV, efavirenz; HR, hazard ratio (by Cox proportional
model); Non-AZT, any nucleoside reverse transcriptase inhibitor,
except zidovudine; NPAE, neuropsychiatric adverse effects. The
level of statistical significance for all analysis was set at a = 0.05
(in bold).

UGT2B7 when coadministered and, therefore, exhibiting
inhibited glucuronidation by one another in a
concentration-dependent manner. 271 This glucuronidation
mechanism is responsible for the clearance of these
antiretroviral drugs, and this interaction can affect the
bioavailability of efavirenz in the body. [27:28]

Because of the retrospective nature, there are some
limitations of this study that has to be addressed. First, the
small sample number in this study may not reflect the real
NPAE frequency related to efavirenz-containing ART.
Another point is the occurrence of dizziness, it is known
that there are many other causes of dizziness in ART-
treated patients, including genetic factors, which may or
may not be related to efavirenz-containing regimen or
combined with zidovudine, and that could not be assessed
since it was not available in medical records. However,
some patient’s inclusion and exclusion criteria (history of
neurological diseases or neuropsychiatric treatment, for
example) were established to minimize bias. Finally, it is
important to note that the number of patients who used

Zidovudine-efavirenz increase risk of dizziness

zidovudine in efavirenz-containing regimens is greater than
the number of patients who used non- zidovudine/efavirenz
in our cohort, which may influence the results. Faced with
these, controlled studies are recommended with higher and
similar numbers of individuals between groups.

Conclusions

Our study showed a high percentage of patients who
presented dizziness and other NPAE related to efavirenz
therapy, and these effects were not restricted to the
beginning of treatment. It has been shown that the
incidence of such effects was twice more common in
women. In addition, the zidovudine/lamivudine/efavirenz
combination was more likely to cause dizziness than the
non-zidovudine combined to lamivudine and efavirenz in
HIV treatment, specifically dizziness. Therefore, the study of
ART adverse effects should not be limited to a single drug,
but also the possible pharmacological interactions, a way to
conduct better the treatment regimen choices. These
susceptibility factors could be relevant to understand the
dynamics of toxicity in efavirenz therapy and to direct
pharmacokinetic and pharmacogenetic studies to minimize
the risk of adverse effects in people living with HIV/AIDS.
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