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ART Temel hedef: Siirdiirilebilir, tam bir viral baskilama saglanmasi

4.6 What to start

[ [J Chapter 4: ART for people living with HIV (continued) I
4.6.1 First-line ART

Preferred regimen

1. DTG in combination with an NRTI backbone is recommended as the preferred first-line regimen for people living
with HIV initiating ART.*

= Adults and adolescents (strong recommendation, moderate certalnty evidence)
= Infants and children with approved DTG dosing” (canditional recommendation, low-certainty evidence)

In settings or populations in which DTG 18 not accessible or unsultable because of toxicity and national levels of pretreatment
HIV drug resistance are =10%, Pl/r-based ARV drugs should bo usad Iin first-line ART. The cholce of Pi/r will depand on the
programmatic characteristics, Alternatively, and if feasible, HIV drug resistance testing can be consideread 1o guide the
seloction of first-line ARYT regimen (500 Soction 4.9 and lTable 4.3)

"As of July 2021, the United States Food and Drug Administration and the European Medicines Agency have approved DTG for

Alternative regimen (adults and adolescents)

2. EFV at low dose (400 mg) in combination with an NRTI backbone Is recommended as the alternative first-line

regimen for adults and adolescents living with HIV Inltiating ART* (strong recommendation, moderate-certalnty
evidence)

“In settings in which pretreatment HIV drug resistance to NNRTIs (8 =10%, EFV-basad ART should he avolded. EFV should aiso
be avolded for people inltiating or reinitiating first-line regimens with previous ARV drug exposure, regardless of the national
prevalence of pretreatment drug resistance. See section 4.9 on HIV drug resistance considerations, Table 4.3 and Fig. 4.3

* CD4 sayisindan bagimsiz erken ART (HIV controller grup haric)
* Genotipik ila¢ duyarlilik test sonucu beklenmemeli

* Genetik bariyeri yiiksek ajanlarla tedavi baslanmali (NRTI&2. gen
INSTI)

Consolidated guidelineson HIV prevention, testing, treatment, service
delivery and monitoring: recommendations for a public health approach. Geneva: World Health
Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.

Giinthard HF, Calvez V, Paredes R, Pillay D, Shafer RW, Wensing AM, Jacobsen DM, Richman DD. Human Immunodeficiency Virus Drug Resistance:2
018 Recommendations of the International Antiviral Society-USA Panel. CID 2019:68: 177-87.
DHHS. Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents Living with HIV, June 2021.




4.9 ARV drug resistance

For people initiating first-line ART with pretreatment HIV drug resistance to NNRTIs, a NNRTI-containing regimen
should be avoided (conditional recommendation, low-certainty evidence).

Consensus statement

n countries in which the prevalence of pretreatment HIV drug resistance to NNRTIs among people initiating first-liné
ART is equal to or greater than 10%, NNRTI-based ART should be avoided.

— ————

Consolidated guidelines on HIV prevention, testing, treatment, service
delivery and monitoring: recommendations for a public health approach. Geneva: World Health
Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.




Viral mutasyonlarin gelisimi

Terap6étik ilag seviyelerinin elde edilememesi/ sirdiiriilmemesi HIV
replikasyonunun devamina ve direncli virislerin ortaya ¢cikmasina neden
olabilir

When drug blood levels fall below the
level needed to prevent resistant virus
from growing, the resistant virus
E overgrows the sensitive virus
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of drug-resistant viruses




Wild-type drug sensitive HIV Current resistance assays have difficulty
in an antiretroviral-nalve person detecting resistant variants if they make up less
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= |lag baskisi oldugunda dominant olan direncli viriis varyanti, ilac kesildiginde
minor varyant haline gelebilir.

= Azinlik populasyonun direngli oldugu ilag kullanildiginda varyant ¢ogalmaya
devam eder, direnc tespit edilebilir duruma gelir

= Viral rezervuarlar ise ART’den etkilenmez ve immiin sistemden kacar.




HIV rezervuarlari

RETROVIRAL LATENCY

Peripheral blood Lymph nodes

, = | * Cogu hastada plazmada HIV RNA
T T Tar T Tew Macrophage  Tow  Tew saptanmasa da viral replikasyonun
o e O devam etmekte

Tio TmMm  ¥8T Monocyte

O Follicular- Tro Tet
dendritic
Gut-associated NK Ty cell *Dokularda HIV DNAve CD+4 T
TR | Centralnervous system lenfositlerden proviral DNA (+)
Macrophage Tam Tem :‘ N ’\
Microglia Astrocyte

Tissues (e.g., lungs, skin)

o O

Tam Thim Macrophage

Macrophage

Gunthard HF et al.Evolution of envelope sequences of human immunodeficiency virus type 1in cellular reservoirs in the

setting of potent antiviral therapy. J Virol, 1999; 73:9404-12.
Pomerantz RJ.Reservoirs of HIV-1: The main obstacles to viral eradication. Clin Infect Dis. 2002; 34:91-7.




Direnc gelisimi

Virise bagl nedenler

Rekombinasyon yetenegi M
varyant olusumunda cesitlilik
(quacispecies)

Replikasyon kapasitesi 1 (10
milyar virion/giin)

RT enzimi nedenli hatali sentez
ve diizeltememe (1/10000)
Mutasyon sikhgi (glinde 20
milyon) ™ N

Direncli varyantin rolatif
dayanikhg

Latent rezervuarlarin varligi
(PBMG, lenf nodu, AC, SSS

Antiviral ajanin hedef
proteinini kodlayan
gende mutasyon

Hastaya bagli nedenler

= {lac rejimine uyum (ilaci
birakma, diizensiz kullanim)
® [laci tolere edebilme

Antivirale bagh

nedenler
ilacin replikasyonu
tamamen engelleyebilmesi
* Farmakokinetik
= jlacin saglanabilirligi
= Genetik bariyer

Ho et al. 1995; Wei wt al. 1995; Coffin 1995




Genetik Bariyer:
Direnc icin gerekli mutasyon sayisi,
Direncin gelisme kolayligi
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Genetic Barrier to Resistance
(Approximate # mutations needed to fail)

Clutter, D.S et al. (2016)., 46, 292-307

Diisiik genetik bariyer:
(1 Mutasyonla bile diren

=~ NRTI:3TC, Frc

= NNRTI: NvP, EFy
. i ) delaviri

Orta derecede b:’t;::’ S
~ NNRTI: etravirin
- NRTI: ddl, TAF ve ABC
Yiiksek genetik bariyer:

=~ Ritonavirjle gl
= NRTI: AZT, daT

~ Integraz inhibitérler: DTG, BIC

—_—
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Antiretroviral ila¢ Direnci
Tedavi iliskili (Acquired, Kazanilmis)

SUBOPTIMA

L * ART alan ve suboptimal ila¢ diizeyine sahip
ARV LEVELS & ve eenee .o o ee .
" 5, hastalarda gorilir (Orn. Disiik tedavi uyumu)
Resistanc

Resistanced S r e * Direncli suslarin ortaya ¢ikmasi ART’ye yanitin
... e i azalmasi ve virolojik basarisizliga neden olabilir
Wilc_i-type Treatment- o

Virus EmDergent ° En Slk tlp
rug

Resistance

Aktarilmis (Transmitted)
* ilaca direncli mutasyona sahip viriisle enfeksiyon
* Mutasyonun yarattigl viral fitnesstaki azalma nedeniyle

EXPOSURE 4 _ ART yoklugunda bircok direncli sus, vahsi tip HIV
Cw ¥ tarafindan domine olabilir veya vahsi tipe geri
Transrg;ssio. = dOnU§eblllr
N e ey — Mutant suslar kronik enfekte hastalarda tespit
“orug Patient edilemeyebilir seviyede olabilir (ancak yine de

Resistance

arsivlenebilir)

— ART kullanimi mutant susun yeniden ortaya ¢ikmasina
ve ardindan virolojik basarisizliga neden olabilir

— En 6nemli tip

NYSDOH AIDS Institute. HIV Resistance Assays. June 2016 (Updated Feb 2020). 2. Clutter, D et al. Infect
Genet Evol 2016; 46:292-307



https://www.hivguidelines.org/antiretroviral-therapy/hiv-resistance-assays/

Aktarilabilen direnc (TDR)

" En stk NRTI>NNRTI>PI>INSTI

" Naive hastalarda ABD %11-24.5, Avrupa’da %6-11 arasinda ve genelde stabil

" Almanya’da %9.2 (RESINA, n=2078)

" ingiltere, 2014-2016 yillari arasinda (n=655) Pl %2.4, NRTI %3.4, NNRTI %2.9

" ABD’de 2014-18 arasinda 50747 hastada %18.9 TDR; Pl %4.2, NRTI %7, NNRTI %12

" Cin’de %2.2; Pl 0.3, NRTI %0.9, NNRTI %0.9

® Macaristan MSM %20.7; Pl %20.6, NRTI %9.5, NNRTI %1.2

" ingiltere: %8; ileri yas ve non-B tip enfeksiyonda risk yiiksek

" Portekiz NRTI %6.8, NNRTI %8.9; Subtip B ve dusuk viral yik TDR riskini artirmakta

Sapozhnikovj et al. HIV Medicine 2017; 18:756-63.
Tostevin et al. HIV Med 2017; 18:204-13

Vella S, et al.Clin Infect Dis 2005, 41: 239-246

Wensing AM, et al. J Infect Dis 2005; 192: 958-966
Weinstock HS, et al. J Infect Dis. 2005; 189: 2174-2180.

Oette et al. Intervirology 2012; 55:154-159.

Chen et al. BMC Infect Dis 2012; 12: 382

Mbisa JL aet al. J Antimicr Chemother 2020; 75: 3311-18.
Mc Clung et al. Clin Infect Dis. 2021; 27:ciab583.

Glnthard HF, CID 2019: International Antiviral Society-USA Panel.
Jun Lan et. Al Virol J . 2021 Sep 6;18(1):181.

Eva Ay et al. J Glob Antimicrob Resist. 2020 Mar:20:124-130
Richardson D. Et al. Int J STD AIDS 2021;32(2):199-201
Pingarillo M et al. Viruses. 2020; 30;12(11):1238.




ARV sinifina gére TDR yayginhgi

2013-2016 (N=36,288), ABD

20
193 — - —ill— -l 19
15 == Any
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12.4 NNRTI
11.3
10 NRTI
3
~ Pl
E 6.8 6.7
0 5 46 == INSTI
> 4
0
P
0 0.8 O— ¢ — — 1.1
2013 2014 2015 2016

En sik NNRTI ve NRTI direnci,
Pl direnci daha az yaygin ve INSTI direnci nadir

McClung RP et al. Conference on Retroviruses and Opportunistic Infections 2019. Seattle, WA. Poster 526;2. DHHS. Guidelines for the Use

of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents. https://aidsinfo.nih.gov/guidelines/archive/adult-and-adolescent-
guidelines. June 2021




ABD ve Fransa’da aktarilan direncg

CDC: TDR in MSM ANRS Survey: TDR from Patients
(N=10,894) in US (2008-2011) (N=799) with Primary HIV
Infection in France (2010-2013)
> 1 RAM # o% 2 1 RAM, % 10.6
Any 1,894  17.4% Pl 2.0
NNRTI 984 9.0% NRTI 5.1
NRTI 722 6.6% NNRTI 4.0
Pl 498 4.6% INSTI 1.5

= TDR risk faktorii: MSM ve B subtip

= TDR mutasyon prevalansi ABD’dehafif artista, Fransa’da stabil
= ABD’de NNRTI TDR en sik tip

Banez-Ocfemia C, et al. CROI; 2014 Boston. #579
Chaix M, et al. CROI 2014; Boston. #582




Direng testleri ne zaman yapilmalr? _ﬁ

« mitial Treatment of HIV

o HIV drug-ressiance iesting is recommended at riiry mifo care for peaple with BV 1 guide the selection of the nital
aniretrowrd (ARV) regmen (All).  anfirebrovral therapy (ART) s defermed, repeat tesfing may be considered at fre ime
of ART miation (CHIL

o Genotype, rather than phenolypic, fesing s e prefered resisiance festing o gude fherapy n ARV-naive patienis (Al

o Inpeopie with early {acuie and recen) HIV mieciion, n pregnant people with HIV. or n pecple who will niiaie ART on fhe
day of or soon afier HIV diagnosss, ART miiabon shouid not be delayed while awailing resssiance fesiing resulfs; e
regimen can be modified once resulls are reporied (Al

o Siandard genolypic drugressiance tesing in ARV-naive persons mvoives fesing for muizdons n the reverse
franscripiase and protease genes if Fransmilied misgrase stand Fansier mhibdor (INSTI) resisiance s suspecied or fhe
pesson has used long-acing cabolegrar (CAB-L A} as pre-exposure prophylauas {PrEP) n the past, prowiders shouid
ensure fhat genolypic ressiance fesing aiso inciudes the miegrase gene (Alll).

. or Antiretroviral Therapy-Experienced People
+ HIV drug-resistance testing should be performed to assist the selection of active drugs when changing ARV regimens in—

o People with virologic failure and HIV-RNA levels =200 copies/mL (Al for >1,000 copies/mL, Alll for
501-1,000 copies/mL, Clll for confirmed HIV RNA 201-500 copies/mL). For peaple with confirmed HIV-RNA levels
>200 copiesimL but <500 copies/mL, drug-resistance testing may be unsuccessful but should still be considered.

o People with suboptimal viral load reduction (All).

+ Reverse franscriptase and protease genotypic resistance testing should be performed on everyone with virologic failure;
integrase resistance testing (which may need to be ordered separately) should be performed on individuals experiencing
virologic failure while receiving an INSTI-based regimen (All).

Virolojik failure durumunda direnc testi;

ART naive bireyde:

PR-RT

* Erken (Akut-recent) enfeksiyonda

* Gebe

PR-RT-INSTI

e TDRINSTI stiphesi varsa, PrEP- CAB-
LA kullanim éykidsd —INSTI DR

Tedavi deneyimli bireyde:

PR-RT

 Virolojik failure (HIV RNA >200 kopya)
* Suboptimal viral supresyon
PR-RT-INSTI

* INSTI ted alanlarda virolojik failure

* ART alimina devam ederken ya da ART birakilmissa 4 hafta icinde yapilmali
* 4 haftadan sonra da tedavi icin bazi bilgiler elde edilebilir ancak drug-selective baski

olmadigr icin mutasyonlar izlenemeyebilir

Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents with HIV, Sept 2022




Direnc testlerinin klinik kullanimi

* Direng testleri tedavi kararlarini belirlemek i¢in 6nemli araglardir

= RNA genotipleme ¢ogu klinik durumda genellikle tercih edilen testtir
= HIV RNA genotipleme ile kagirilan direng¢ Proviral DNA genotipleme ile saptanabilir

= RNA genotipleme cogu klinik durumda genellikle tercih edilen testtir. Sadece tespit
edilebilir viral yuk varliginda yapilabilir**

= Virolojik baskilanma saglanmis ve sonrasinda LLV (<200 kopya/mL) bireylerde Proviral
DNA genotipleme-PBMC DNA faydali olabilir. Direnc¢ testi denenebilir. Viral yiikden
bagimsiz ancak direncli populasyon saptama orani daha diisiik??

= Proviral DNA genotipik analizi "arsivlenmis" veya sirkilasyonsuz viral direnc¢ hakkinda bilgi

saglayabilir.
Figure 1a. Standard resistance assays Figure 1b. Proviral DNA analyzes archived proviral DNA
analyze embedded in host cells during virus replication?
viral RNA in plasmat
HIV-1-Infected Plasma HIV-1 Blood Vessel HIV-1-Infected Uninfected Cell

Celis Uninfected Cell Virions Cells

Monogram Biosciences. GenoSure Archive. https://www.monogrambio.com/hiv-tests/suppression-management/genosure-archive |

DHHS. Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents Living with HIV, June 2021. Available at: [
http://aidsinfo.nih.gov/guidelines |

NYSDOH AIDS Institute. HIV Resistance Assays. June 2016 (Updated Feb 2020). https://www.hivguidelines.org/antiretroviral-therapy/hiv-resistance-
assavs/ [ 1IN



https://www.monogrambio.com/hiv-tests/suppression-management/genosure-archive

Direnc testlerinin klinik kullanimi

= Tedavi seceneklerini sinirlar ve tedavi sonuclarini etkiler

= Duyarhlik #klinik etkinlik

= Direnc testi halen kullanilmakta olan ila¢ rejimine direnci yansitir

= Yeni bir ART rejimi olusturulurken, dnceki ve mevcut tiim ila¢ direnci test sonuclari ve
ilac gecmisi goz onlinde bulundurulmalidir.

= Tedavinin herhangi bir agsamasinda kullanilan ilaca direnc varsa, yeni yapilan direnc
testinde ilaca duyarli olsa bile ila¢ tekrar kullaniimamalidir.

DHHS, AIDSinfo. Pharmacokinetics. Updated March 2019. 2.

Aarnoutse RE et al. Drugs. 2003;63:741-753 3. Luber AD. MedGenMed. 2005;7:69 4. Zdanowicz MM. Am J Pharm Educ. 2006;70:100; DHHS. Drug
Resistance. Published January 2019; 6. Clutter DS et al. Inf Gen Evol. 2016;46:292-307. 7. DHHS. Guidelines for the Use of Antiretroviral Agents in
Adults and Adolescents Living with HIV, June 2021 8. NYSDOH AIDS Institute. HIV Resistance Assays. June 2016 (Updated Feb 2020).

https://www.hivguidelines.org/antiretroviral-therapy/hiv-resistance-assays/




Direnc¢ nasil okunur?

Referans sekansa gore niikleik asit diziliminde degisimler
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lla¢ direnci saptama yéntemleri

Fenotipik duyarlilik testi

= Bir virtisiin farkli ARV konsantrasyonlarinda biiyiime yetenegini 6lcer

= Hastanin virlistiiniin 1C50'si ilaca duyarli (vahsi tip) bir referans virlistin IC50'si ile
karsilastirihr ve farki tanimlanir

= Viriis inhibisyonu icin gerekli ilag miktari élciillir Replikasyonu %50 (1C50) inhibe eden
ila¢c konsantrasyonu belirlenir ve referans HIV susu sonuclari ile karsilastirilir

[0

P
' @' A z trn?\t\clﬂ';::stalon .22. PCR i
. e” «

Patient virus Viral RNA Viral cONA Amplified DNA
atatatete T fecti e ——
RRRRE $¥©- ransfection ===
e tatate: { )
- B -— IO}
-~
Quantification Drug Pseudovirion HIV-1 resistance
and reporting concentration collection test vector
plate testing assembly

* Fenotipik testler teknik olarak genotipik testlerden daha karmasik, emek yogun ve pahali
* Bilinen/stiphelenilen karmasik ila¢ direnci mutasyon paterni tespitinde genotipik testlere
eklenebilir

1.  DHHS. Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents Living with HIV, June 2021. Available at:
2. NYSDOH AIDS Institute. HIV Resistance Assays. June 2016 (Updated Feb 2020). https://www.hivguidelines.org/antiretroviral-therapy/hiv-resistance-assays/



http://aidsinfo.nih.gov/guidelines

llac direnci saptama ydntemleri

Genotipik duyarlilik testi

I.  Sekans temelli testler: Sanger, NGS

Il. Nokta mutasyon temelli testler: allel spesifik PCR, oligonukleotid
ligation assay,...

Reading Frame

.v-

s mror oSt &Y a5 pstae Eii 20 oo

o 1co0C 2000 3000 <000 5000 S000 7000 S000 SO0 9719
Base Pairs

* Duyarllik indirekt olarak olcalir
* Testlerin yorumlanmasi zor

* Tuim mutasyon paternleri bilinmiyor, 6z.
* Fenotipik metoda goére hizli (1-2

yeni ilaglar
hz.a.fta) : * Mixture tespitinde subjektivite
. g,fg(?;eh olarak daha ucuz ($100 - - Viral yiik >500 kopya/ml Gzerinde ise

. . sonuclar iyi
* Teknik gereksinim daha az * %20 altinda minér populasyonlarda

* Subtip belirlenebilir mutasyonlarin tespitinde iyi degil




Sanger sekanslama
= Altin standart

= Genomdaki bolgeleri sekanslama icin
zincir sonlandirma metodu kullantilir.

= Elde edilen sekans HIV DB kullanilarak
yorumlanir

= Viral mutantlar total virlis miktarinin
>%20 ise saptanabilir

= Ticari kitler mevcut: Abbott, ABL
= In-house testler

NGS

= Sekanslama: Ligasyonla ya da
sentezle

= Duyarhlik yuksek, hizli

= %5 altindaki varyantlar tespit
edilebilir... .Min6r populasyonlarin
analizi klinik olarak anlami?, hatali
direnc sonucu nedenli ila¢ degisimi?

= Biyoinformatik bilgi gerekli,
yorumlama zor

= Gelistirilmesi gerekli




“ Sanger vs NGS

= Akut HIV-1 enfeksiyonlarinin %70-90’1 tek bir virls varyantiile gelisir
= %10-30’unda disiik oranlarda azinlikta olan varyantlar aktarilir

= Nadiren DRM tasiyan azinlik varyantlar ila¢ almamis akut enfekte vakalarda
bulunabilir.

= Akut enfeksiyonda DRM tasiyan azinlik varyantlarin tedaviyi negatif etkiledigi
belirlenmemis

= Bazi calismalarda kronik enfekte ve NNRTI (EFV, NEV) alanlarda tedavi
basarisinda azalma izlenmistir. NGS??

Abrahams MR et al. J Virol 2009 83 3556-67.

Cozzi-Lepri A et al. J Antimicrob Chemother 2015 70 930-40.
GianellaS et al. J Virol 2011; 85. 8359-67.

Metzner KJ et al. J Infect Dis 2010; 201: 1063-71.

Mrtzner KJ et al. AIDS 2014; 28. 2231-9.

LiJZ, et al. JAMA 2011; 305: 1327-35.




Viral genom

Proviral DNA
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PCR clean-up
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Mutation scoring: RT HIVDB 8.9-1 (2019-10-25)
NRTI ABC AZT DT DDI FIC 3MC TOF

K65R 45 -15 60 60 30 » 60

M184V 15 -1 -18 10 60 60 -10

Total 60 -2 50 70 % % 50

NNRTI DOR EFV ETR NVP RPY

E138A 0 0 10 0 15

Total 0 0 10 0 15

Mutasyon Skorlari

(1) 0-9: Duyarl

(2) 10-14: Olasi diisiik diizey direnc (PLLR): Biiyiik olasilikla tam duyarli, fakat degerlendirilen
dizide daha 6nce ARV ile karsilasmis olduguna isaret eden mutasyonlar s6z konusu

(3) 15-30: Diisiik diizeyde direnc (LLR): Suboptimal virolojik yanit

(4) 30-59 : Orta diizeyde direnc (IR): ilac mutlaka kullanilmak isteniyorsa, ilacin genetik
bariyerinin ylksek olmasi ya da fazla ila¢ seceneginin bulunmamasi gerekir.

(5) 60 ve lizeri: Yiiksek diizeyde direng




Diren¢ mutasyonlarinin kaybolmasi

= Tedavi kesilirse

= Tedavi degistirilirse

= Wild-type baskin hale gecerse

Minority variant halde kalirlar




Tropizm testi
= HIV gp120, CD4 ve kemokin reseptdrii (CR5 ve/veya CXCR4) kompleks olusturur ve
virs hicre icine girer.
" CCR5 reseptdr antagonistleri gp120 ve CCR5 baglanmasini engeller.

" Test ile tedavide CCR5 reseptdér antagonistinden fayda goriip goremeyecegi
belirlenir

" Gp 120 zarf glikoproteinin V3 bdlgesi sekanslanir = env gen bélgesi

" Sekans sonucu virtisiin R5 tropik olup olmadigini belirlenir ->R5 tropik ise CCR
reseptdr inh fayda gordir.

[Rec