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Factors influencing drug resistance

TDR = transmitted drug resistance

Drug 
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Levels of pretreatmentHIVDR (PDR)

Thanks: Silvia B (WHO) 



ÅPrevalence of any TDR and NNRTI 
resistance is higher among women than 
men in the majority of surveys

PretreatmentNNRTI drug resistance in 
special populations

ÅIn children < 18 months, 
NNRTI resistance =  63.7% 
όфр҈ /LΥ рфΦлҍсуΦпύ 
όǎƛƴƎƭŜ ǎǘǳŘȅΣ {ƻǳǘƘ !ŦǊƛŎŀΣ нлмпҍмсύ

ÅLƴ ŎƘƛƭŘǊŜƴ л му ȅŜŀǊǎ ǎǘŀǊǘƛƴƎ !w¢Σ 
NNRTI resistance = 49.3%
(range 7.5ς100%) 
(meta-analysis, 2014ҍ17)

ҍ Particularly in PMTCT-exposed 
children (4/7 studies found > 50% 
of PMTCT-exposed children had 
NNRTI DR)

WHO. HIV drug resistance report 2017; http://apps.who.int/iris/bitstream/handle/10665/255896/9789241512831-eng.pdf
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PDR in treatment-naïve patients in selected 
countries
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ÅMost pretreatment DR is NNRTI resistance

WHO. HIV drug resistance report 2017; http://apps.who.int/iris/bitstream/handle/10665/255896/9789241512831-eng.pdf



NNRTI and dual-class resistance detected amongst 
patients enrolled according to prior ART exposure 
(SA)

8
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Magnitude of effect of PDR on long-term virological 
outcomes

Å/ƻƘƻǊǘ Řŀǘŀ нллтҍлфΤ  с ŎƻǳƴǘǊƛŜǎ ƛƴ ǎǳō-Saharan 
Africa1

ÅPDR results available for 2579 patients
o 2404 (93%) had no pretreatment DR
o 123 (5%) had PDR to җ мprescribed drug
o 52 (2%) had PDR and received fully active ART 

ÅCD4+ count increased less in patients with PDR than in 
those without (Ċор ŎŜƭƭǎκ˃[ ŀǘ мн ƳƻƴǘƘǎΤ фр҈ /L моς
58; p = 0·002)

ÅA separate retrospective study of 801 HIV-1-infected 
ARV-ƴŀƛǾŜ ǇŀǘƛŜƴǘǎ ŦǊƻƳ нллмҍлф 

o Presence of transmitted NNRTI resistance Ą

1.5-fold increased risk for treatment failure in 
the first 48 weeks after ART initiation2

Odds ratio (OR)

1 2 40.50.25

2·13 (95% CI 1·44ς3·14)
p < 0·0001

No PDR

t5w ǘƻ җ м 
prescribed 
drug

2·30  (95% CI 1·55ς3·40)
p < 0·0001

1. Hamersw[ Ŝǘ ŀƭΣ [ŀƴŎŜǘ LƴŦŜŎǘ 5ƛǎΦ нлмнΤмнΥолтҍмт  2. Taniguchi T et al. AIDS Res Hum Retroviruses 2012; 28:259-264
VF = virologicfailure

OR for VF 

OR for acquired 
resistance = 



More recently  

Å1 148 HIV-positive treatment-naïve 
patients enrolled in trial clinics in 
rural KwaZulu-Natal 

ÅPretreatment drug resistance 
prevalence was 9.5% (109/1,148) at 
20% interval and 12.8%(147/1,148) 
and 5% thresholds 

ÅMedian of 1.36 years (IQR 0.91-
2.13), mostly on TDF/FTC/EFV

DeracheA et al, ClinInfect Dis. 2018 Oct 15. doi: 10.1093/cid/ciy881

Odds ratio (OR)

1 2 40.50.25

No pretreatment DR

Pretreatment DR 
at 5% threshold

No difference between those with only 
NNRTI PDR vs. no PDR at the 5%threshold 

мΦлрΣ фр҈/LҐлΦун мΦоп

Time to virological suppression



WHO technical update and 2018 guidelines
Population First-line regimens Second-line regimens Third-line regimens

Adults and adolescents 
(incl. women ofchildbearing 
potential and 
pregnant women)

Two NRTIs + DTG Two NRTIs +(ATV/r or LPV/r)

DRV/r +DTG + 1ς2 NRTIs 
(if possible,consider 
optimisation using
genotyping)

Two NRTIs + EFV Two NRTIs + DTG

Children (0ς10 years) Two NRTIs +DTG Two NRTIs +(ATV/r or LPV/r)

Two NRTIs+ LPV/r Two NRTIs + DTG

Two NRTIs + NNRTI Two NRTIs + DTG

1. http://www.who.int/hiv/pub/arv/arv-2016/en/World Health Organization. HIV treatment interim guidance. Accessed August 2018

Å Guidelines include recommendations on the selection of ARV drugs in response to high levels of 
DR1

ҍRecommend countries consider changing their first-line ART regimens away from NNRTIs if 
levels of NNRTI DR reach 10%



WHO technical update and 2018 guidelines
Population First-line regimens Second-line regimens Third-line regimens

Adults and adolescents 
(incl. women ofchildbearing 
potential and 
pregnant women)

Two NRTIs + DTG Two NRTIs +(ATV/r or LPV/r)

DRV/r +DTG + 1ς2 NRTIs 
(if possible,consider 
optimisation using
genotyping)

Two NRTIs + EFV Two NRTIs + DTG

Children (0ς10 years) Two NRTIs +DTG Two NRTIs +(ATV/r or LPV/r)

Two NRTIs+ LPV/r Two NRTIs + DTG

Two NRTIs + NNRTI Two NRTIs + DTG

Å Guidelines include recommendations on the selection of ARV drugs in response to high levels of 
DR1

ҍRecommend countries consider changing their first-line ART regimens away from NNRTIs if 
levels of NNRTI DR reach 10%

1. http://www.who.int/hiv/pub/arv/arv-2016/en/World Health Organization. HIV treatment interim guidance. Accessed August 2018



SINGLE: ABC/3TC/DTG vs TDF/FTC/EFV

Primary objective

ÅNon inferiority of DTG at W48: % HIV RNA < 50 copies/mL by ITT, snapshot 
analysis (1-sided significance level of 2.5%, lower margin of the 95% CI for 
the difference = -10%, 90% power) 

Walmsley SL, N EnglJ Med. 2013 Nov 7;369(19):1807-18; 
Walmsley SL, JAIDS 2015; 70:515-9; Walmsley SL, ICAAC 2012. Abs.H556b; 
PappaK, ICAAC 2014, Abs. H-647a; TebasP, AIDS 2015; 29:2459-64

48 Week efficacy results 

Conclusions
ÅVirologic superiority of DTG + ABC/3TC over TDF/FTC/EFV was confirmed 

at Weeks 96 and 144

Study design



DTG in first-line treatment when NNRTI DR 
is prevalent

Countries in sub-Saharan Africa with substantial prevalence of NNRTI drug resistance in ART initiators should transition 
from EFV to DTG in first-line ART regimens

ÅRate of HIV DR acquisition of DTG at 
a similar level to that of ATV/r

ÅDTG generally found to be 
associated with lower risk of toxicity 
than both EFV and PIs 

Risk of neurological toxicity is half 
that of EFV Ą reduced risk of 
toxicity Ą less discontinuation

PhillipsA et al, Lancet HIV 2017; 5: e146ς54
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Dolutegravir NTD signal
Tsepamo study, Botswana

Neural tube defects in
4/426 pregnancies 
(0.94%)

Updated data since 01 
May 2018: 4/596 (0.67%)

95% CI still does not 
overlap with other groups  

Zash, TUSY15



Guidance on the use of DTG in women

ART history Clinicalscenarios DHHS BHIVA WHO

ART-naive or using 
a non-DTG 
containing 
regimen

Early pregnancy*

Late pregnancy

Childbearing age potential, 
not using contraception

Childbearingage potential, 
using effective/consistent contraception

On DTG containing 
regimen

Early pregnancy*

Late pregnancy

Childbearing age potential, 
not using contraception

Childbearingage potential, 
using effective/consistent contraception

Do not initiate DTG/ switch 
to other effective options

Initiate /continue to DTG or 
switch to other effective  options 

Initiate/ switch to DTG

* The definition of early pregnancy period varies in different guidelines.  
DHHS: < 8 weeks from LMP; BHIVA : 1st trimester; WHO: < up to 8 weeks from conception.

Approach to use of DTG across different guideline making bodies

WHO 2018; https://www.bhiva.org/BHIVA-statement-on-Dolutegravir; https://aidsinfo.nih.gov/news/2109/recommendations-regarding-the-use-of-dolutegravir-in-adults-and-adolescents-with-hiv-who-are-pregnant-or-of-child-bearing-potential



Safety and Efficacy of DTG and EFV600 in first-line ART  
(summary 2018 WHO Systematic Review and NMA)

Major outcomes DTG vs EFV600 QUALITY OF EVIDENCE

Viral suppression (96 weeks) DTG better moderate

Treatmentdiscontinuation DTG better high

CD4+ recovery (96 weeks) DTG better moderate

Mortality comparable low

AIDS progression comparable low

SAE comparable low

Reference: Steve Kanters, For WHO ARV GDG, 16-18 May 2018



LPV/r in first-line treatment when NNRTI DR 
is prevalent

In RLS, LPV/r-based regimen was associated with significantly 
fewer virologic failures and resistance mutations

Clumeck N et al, AIDS. 2014; 28: 1143ς53

Å Additionally, high levels of NNRTI resistance observed in children in South Africa and Togo 
ǎǳǇǇƻǊǘ ²IhΩǎ нлмо ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ǘƘŀǘ ŀƭƭ ŎƘƛƭŘǊŜƴ ғ о ȅŜŀǊǎ ōŜ ǎǘŀǊǘŜŘ ƻƴ LPV/r-based 
regimens, irrespective of PMTCT exposure1

NVP  + TDF/FTC or ZDV/3TC

LPV/r  + TDF/FTC or ZDV/3TC

425 treatment-naive 
adults patients 

randomised

Å At baseline, major DRMs were found in 3/27 NVP-failing patients and in 0/13 
patients who failed in the LPV/r group

1. WHO. HIV drug resistance report 2017; http://apps.who.int/iris/bitstream/handle/10665/255896/9789241512831-eng.pdf
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DIAMOND: Study design

ϝ9Ǿŀƭǳŀǘƛƻƴǎ ŎƻǳƭŘ ōŜ ǇŜǊŦƻǊƳŜŘ ǎƻƻƴŜǊ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǊŜǎǳƭǘǎΤ ϞLƴǘŜǊƛƳ ŀƴŀƭȅǎŜǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴŎŜ ŀƭƭ ǇŀǘƛŜƴts had been assessed for 
safety at Day 3 and resistance at Week 4, and were updated when all patients continuing treatment reached Week 24

ÅDIAMOND is an ongoing, phase 3, single-arm, open-label, prospective, multicentrestudy evaluating DRV/Cobi/FTC/TAF 
in a rapid initiation model of care over 48 weeks

ÅObjective: Assess efficacy and safety of DRV/Cobi/FTC/TAF in a rapid initiation model of care in newly diagnosed, 
HIV-1ςinfected, treatment-naive patients; baseline viral resistance in the study population 

NCT03227861 HuhnG et al. IAC Congress 2018; Poster WEPEC200



FDA Snapshot (N=109) Observed (n=98)

Å 91% (99/109) of patients continued treatment through Week 24 ςNo patients discontinued 
due to receipt of baseline resistance and only 3 discontinued due to safety stopping rules
ҍ No patients discontinued due to lack of efficacy and no patients had protocol-defined 

virologic failure; there was only 1 discontinuation due to an AE

Å Mean HIV-1 RNA decreased from baseline to 
Week 24 by 3.08 log10 copies/mL

Å Mean ± SE CD4 count was 413 ± 24 at baseline 
and 589± 30 cells/mm3 at Week 24

Week 24: Change from baseline in 
log 10 HIV - 1 RNA (Observed)

DIAMOND: Week 24 efficacy

These findings, together with the demonstrated efficacy, high barrier to resistance, safety profile, and convenience of the 
DRV/Cobi/FTC/TAF single-tablet regimen, suggest that D/C/F/TAF should be considered a recommended treatment option in a 

rapid initiation model of care

HuhnG et al. IAC Congress 2018; Poster WEPEC200
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ÅPretreatmentHIVDR: 17.5%

Å13.9% had NNRTI resistance

Å3.1% of participants had 
NNRTI and NRTI resistance

Å0.5% are resistant to NRTI

ÅThree participants harboured 
single major PI mutations 
(I54V, I84V)

Hunt et al 2017

Most prevalent HIVDR mutations contributing to PDR 
in South Africa
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Rilpivirine? ςactive against K103N

ÅSuccessful switch to RPV/TDF/FTC in HIV-1-infected patients with an 
isolated K103N mutation acquired during prior NNRTI therapy

RokxC et al HIV Med. 2014 Nov;15(10):611-4



ECHO/THRIVE study results: TDF/FTC/RPV vs TDF/FTC/EFV

Molina JM, Lancet. 2011;378:238-46; Cohen CJ, Lancet. 2011;378:229-37; Cohen CJ, AIDS. 2013;27:939-50;   Rimsky L, J AcquirImmune DeficSyndr. 2012;59:39-46; Rimsky L, Antivir Ther. 2013;18:967-77
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ÅN(t)RTI background had no effect on virologicresponse
ÅNo differences between treatment groups in virologicresponse by gender, region or race 

ECHO and THRIVE Week 48 analysis: VL < 50 copies/mL by baseline VL (ITT-TLOVR) 



Hazard ratio (95% CI)

EFV (n=1096) Reference

RPV (n =156) 0.33 (0.20 ; 0.54)

LPV/r (n=292) 2.80 (2.30 ; 3.40)

ATV/r (n=386) 1.06 (0.88 ; 1.29)

DRV/r (n=504) 0.94(0.77 ; 1.14)

RAL (n=149) 1.47 (1.12 ; 1.92)

Real-world data: Swedish cohort study 2009ς2014: 
treatment-naïve patients 

Å2541 treatment-naïve patients started 2583 episodes of treatment with a new third agent

ÅCompared with EFV, patients on RPV were least likely to discontinue treatment, whilst patients on 
LPV/r were most likely to discontinue treatment, followed by RAL

Higher risk of discontinuation 
than EFV

Lower risk of discontinuation than 
EFV 

Häggblomet al. PLoSOne. 2017:12 e0171227

50.2



ICONA: Comparison of durability of first-line EFV and RPV 
with TDF/FTC

ÅAfter adjustment, compared to those starting RPV, patients treated with EFV were more likely to 
discontinue at least one drug 

ÅŦƻǊ ŀƴȅ ŎŀǳǎŜ ώǊŜƭŀǘƛǾŜ ƘŀȊŀǊŘ όwIύ пΦлфΤ фр҈ /L нΦуф ҍ рΦулϐ 

ÅŦƻǊ ǘƻȄƛŎƛǘȅ όwI нΦноΤ фр҈ /L мΦлр ҍ пΦтоύ 

ÅŦƻǊ ƛƴǘƻƭŜǊŀƴŎŜ όwI рΦмтΤ фр҈ /L нΦсс ҍ млΦлтύ

ÅŦƻǊ ǇǊƻŀŎǘƛǾŜ ǎǿƛǘŎƘ όwI млΦфсΤ фр҈ /L оΦмт ҍ отΦутύ

ÅRPV was better tolerated, less toxic and showed longer durability than EFV, without a significant 
difference in rates of discontinuation because of failures

EFV with TDF/FTC RPV with TDF/FTC P value

Discontinue җ м ŘǊǳƎin 
regimen

26% 13% P < 0.0001

TaramassoL et al, HIV Med. 2018 May 30. doi: 10.1111

ARV-naïve

Baseline viral load 

HIV RNA < 100 000 copies/mL RPV + TDF/FTC

EFV + TDF/FTC



Other future options? 
Doravirineretains antiviral potency against the most prevalent 
NNRTI-associated resistant viruses

Using clinically relevant 
concentrations of each drug 
corrected for protein binding, 
no viral breakthrough was 
detected with doravirine in 
resistance selections using 
K103N, Y181C, and 
K103N/Y181C mutants

Feng M et al, CROI 2016; Poster 503; http://www.croiconference.org/sites/default/files/posters-2016/506.pdf Feng M et al. AntimicrobAgents ChemotherΦ нлмсΤслΥннпмҍт

http://www.croiconference.org/sites/default/files/posters-2016/506.pdf


Activity against 
INSTI-resistant mutants
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Cabotegravirhas shown efficacy 
against five different NNRTI-
resistant or NRTI-resistant 
viruses, with activity equivalent 
to that against wild-type virus 
(fold change  values ranged 
from 0.9 to 1.4)

Yoshinaga T et al, AntimicrobAgents Chemother. 2015;59:397-406    Smith et al. Retrovirology2018;15:37

Other future options? 
Bictegravirand cabotegravir show activity against InSTI- and 
NNRTI-associated resistant viruses



Reduced drug regimens in ARV-naïve patients

Courtesy: J Arribas


