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Failure leads to 
more failure 

2
Paredes R, Clotet B, Antiviral Res 2010

Virological failure

Resistance selection / 
evolution

Cross-resistance

More complex, more toxic, 
less tolerable ART

ART adherence more 
difficult

Shorter duration of HIV 
suppresion

First-line ART



Definiciones (GeSIDA) 

• Fracaso virológico (FV): CV >200 cop/mL transcurridas 24 semanas desde el inicio
del TAR, confirmada en una muestra consecutiva. 

• Viremia de bajo nivel (VBN): CVP 50-1000 cop/mL en al menos dos 
muestras consecutivas. Estas viremias se pueden dividir en dos subgrupos:

• CV 50-200: Impacto clínico incierto
• CV 200-1000: Riesgo de fracaso

• Blip: CV 50 - 1000 cop/mL, con CVP previa y posterior <50 cop/mL.



How does viral failure happen?

4
Casadellà M, Paredes R, Virus Res 2017;239:69–81 • CCR5, C-C chemokine receptor type 5

Virological  

failure



What should we do?

• Evaluate & promote adherence

• Check for drug-drug 
interactions

• Evaluate the barrier to 
resistance of current drugs

• Resistance testing  --> 
Cumulative interpretation

• Viral tropism

• Drug levels?

Design a 
better ART

VL 
suppression

• Stop resistance evolution
• Improve CD4+ 
• Less inflammation 
• Less AIDS and non-AIDS events
• Less mortality
• No HIV transmission
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Who and When to Test – IAS-USA 2018
Recommendations When to Test Comments
All individuals with HIV infection if:

• Newly diagnosed and presumably ART-naïve As soon as an individual is 
diagnosed with HIV-1 infection.
In any case, before ART is 
started.

To detect transmitted RAM. Early testing increases the chances 
of detecting TDR before mutations are potentially replaced by 
wild-type virus (particularly relevant for high–fitness cost 
mutations, eg, M184V, K65R, T215Y, and others). Many 
resistance mutations can still be detected even years after 
infection; in particular, low–fitness cost mutations (eg, K103N, 
L90M, etc).
InSTI TDR is currently rare.

• On ART,  with confirmed plasma HIV RNA 
>200 copies/mL after HIV RNA <50 copies/mL

Preferably while on failing ART To detect acquired drug resistance in patients who initially 
responded to ART and, later on, failed.
InSTI RAM should be tested in all treatment failures.

• Do not achieve full virus suppression after 
initiating ART

≥6 months after ART initiation To detect acquired drug resistance in patients who did not 
achieve successful viral suppression to antiretroviral treatment.
InSTI RAM should be tested in all treatment failures.

• Interrupted ART containing an NNRTI with a 
long half-life (eg, efavirenz)

As soon as virus rebounds >  500 
HIV-RNA copies/ mL, 
respectively, before re-initiation 
of ART.

Treatment interruption of such regimens can lead to virtual 
monotherapy with rapid emergence of NNRTI resistance.

• who have a significant increase in viral load in 
a drug-naive individual not on treatment.

After confirmation of increase in 
plasma viremia.

Superinfection with drug-resistant virus may occur







Stanford Drug Resistance Database

Resistance Test Interpretation Scores:

• Susceptible: Total score 0 to 9

• Potential low-level resistance: Total score 10 to 14

• Low-level resistance: Total score 15 to 29

• Intermediate resistance: Total score 30 to 59

• High-level resistance: Total score >= 60



Accumulating Mutations Increase Stanford Scores 
Example: Dolutegravir
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Accumulating Mutations Increase Stanford Scores 
Example: Dolutegravir

Score: 25
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Accumulating Mutations Increase Stanford Scores 
Example: Dolutegravir

Score: 45
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Accumulating Mutations Increase Stanford Scores 
Example: Dolutegravir

Score: 80
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Accumulating Mutations Increase Stanford Scores 
Example: Dolutegravir

Score: 80

Score of 60
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(table 2). Similar findings were observed with the 
Stanford HIVDB algorithm (table 2).

With the IAS-USA mutation list, most pretreatment 
drug resistance mutations occurred at the 20% or more 
threshold [A: The figure seems to show that most patients 
had pretreatment drug resistance at the >20% threshold 
on the IAS list, not most mutations. Please clarify, as 
your previous answer was a little unclear. Where are 
these data shown?] (figure 2). At this threshold, in 
patients with pretreatment drug resistance, the adjusted 
OR for virological failure was 9·2 (95% CI 4·2–20·1) 
compared with those without pretreatment drug 
resistance. Lowering the threshold resulted in adjusted 
ORs of virological failure of 6·8 (95% CI 3·3–13·9) at the 
10% threshold, 7·6 (3·4–17·1) at the 5% threshold, and 
4·5 (2·0–10·2) at the 1% threshold (table 3). Using the 
Stanford HIVDB algorithm, we observed a similar effect 
of pretreatment drug resistance on virological failure at 
the different thresholds, but with slightly lower strength 
of association (table 3).

23 (96%) of 24 NNRTI drug resistance mutations 
among patients with virological failure occurred at 
frequencies of between 5% and 100%, and in controls 
ten (83%) of 12 NNRTI drug resistance mutations 
occurred at frequencies of between 1% and 10%. NRTI 
mutations mainly occurred at the 5% or less threshold in 
patients with virological failure (five [83%] of six) and 
controls (five [56%] of nine; figure 4).

Overall, Lys103Asn/Ser, Gly190Ala/Ser, and Tyr181Cys 
were the most frequently observed mutations, occurring 
mainly among patients with virological failure at 
frequencies of between 5% and 100% (figure 4). By 
contrast, only six controls had Lys103Asn mutation, 
five (83%) of which occurred at the detection threshold of 
10% or less. One control had Gly190Ala mutation 
(occurring at the 90% threshold) and one control had 
Tyr181Cys mutation (occurring at the 10% threshold). 
Val106Ala/Met, Tyr188Cys/Leu, and Lys65Arg mutations 
occurred exclusively among patients with virological 
failure, whereas Asp67Asn, Lys70Arg, Leu74Val, and 
Lys219Gln/Glu mutations occurred only among controls.

We did several additional analyses. We assessed the 
effect of pretreatment drug resistance (IAS-USA list) on 
virological failure across a wider spectrum of detection 
thresholds. Overall, a 30% threshold had the highest 
adjusted OR (14·2, 95% CI 3·5–57·9; appendix p 3), 
which decreased at lower thresholds. When using a 
higher cutoff to define virological failure (1000 copies 
per mL), the strength of the association between 
pretreatment drug resistance and virological failure was 
similar at the 20% and 5% thresholds (appendix p 4). 
When we expressed pretreatment drug resistance as 
mutational load, the effect on virological failure was 
significant only at a higher copy number (≥1000 copies 
per mL; appendix p 5). We found evidence that the 
association between pretreatment drug resistance and 
virological failure was significantly modified by the level 

of adherence, with a greater effect size in highly 
adherent patients than in poorly adherent patients 
(appendix p 6).

Discussion
Ultrasensitive resistance testing for pretreatment drug 
resistance increased our ability to identify people at risk 
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Figure 2: Comparative analysis of pretreatment drug resistance between cases (patients with virological 
failure) and controls at different detection thresholds
Drug resistance was defined as the presence of any IAS-USA mutation for NRTIs and the NNRTIs efavirenz or 
nevirapine or a genotypic sensitivity score less than 3 according to the Stanford HIV Drug Resistance Database 
algorithm. IAS=International Antiviral Society. NRTI=nucleoside reverse transcriptase inhibitor. 
NNRTI=non-nucleoside reverse transcriptase inhibitor.

Sensitivity 
(95% CI)

Specificity  
(95% CI)

Diagnostic odds ratio 
(95% CI)

Number needed 
to treat*

International Antiviral Society mutation list (any NRTI or NNRTIs efavirenz and nevirapine)

≥20% 12% (7–18) 98% (95–99) 5·4 (2·1–13·9) 3

≥10% 13% (8–19) 96% (93–98) 3·8 (1·7–8·6) 4

≥5% 15% (10–22) 96% (92–98) 3·8 (1·8–8·1) 4

≥1 17% (12–24) 92% (88–95) 2·3 (1·2–4·2) 6

Genotypic sensitivity score <3·0 (based on the Stanford HIVDB algorithm)

≥20% 13% (8–19) 98% (95–99) 5·7 (2·2–14·7) 5

≥10% 13% (8–19) 96% (93–98) 3·6 (1·6–7·9) 6

≥5% 16% (10–23) 95% (92–98) 3·7 (1·8–7·6) 6

≥1% 21% (15–29) 91% (86–94) 2·6 (1·5–4·6) 9

Sensitivity denotes the proportion of patients with virological failure who were identified as having pretreatment drug 
resistance. Specificity denotes the proportion of controls (patients without virological failure) who were identified as 
not having pretreatment drug resistance. Diagnostic odds ratio is a measure of the effectiveness of a diagnostic test; 
it describes the odds of having pretreatment drug resistance among patients with virological failure relative to having 
pretreatment drug resistance in the controls, expressed as [(sensitivity × specificity) ÷ (1−sensitivity) × (1−specificity)]. 
NNRTI=non-nucleoside reverse transcriptase inhibitor. NRTI=nucleoside reverse transcriptase inhibitor. *Number of 
patients detected with pretreatment drug resistance at the different mutant detection thresholds who need to be 
treated with fully active antiretroviral therapy to prevent one case of virological failure. Number needed to treat was 
calculated as (1/(OR–1))×π0+(OR/((OR–1) × (1– π0)) [A: OK?] where OR is the odds ratio and π0 is the rate of exposure 
in the controls (rates of virological failure among people without pretreatment drug resistance at the selected cutoff 
estimated from the full cohort), rounded to the next whole number.

Table 2: Diagnostic accuracy measures of different detection threshold cutoffs of pretreatment drug 
resistance

1

5

10

15

20

25

30

35

40

45

50

55

Articles

6 www.thelancet.com/hiv   Published online September 30, 2018   http://dx.doi.org/10.1016/S2352-3018(18)30177-2

of virological failure (sensitivity) compared with the 
conventional 20% detection threshold used in Sanger 
sequencing. However, this increased sensitivity came 
with a reduction in ability to identify people with viral 
suppression (specificity), especially at very low (1%) 
detection thresholds. In an extended analysis, which also 
accounted for pretreatment drug resistance prevalence, 
we found that the diagnostic performance at 5%, 10%, and 
20% detection thresholds did not show any statistically 
significant differences, in terms of positive and negative 
predictive values, diagnostic OR, and number needed to 
treat. Our data also suggest that further reduction of a 
very low (1%) threshold could lead to high misclassi-

fication of patients with viral control as being at risk of 
virological failure (false positives).

The real-world implications of improved detection of 
patients with virological failure by use of a more sensitive 
detection threshold needs to be balanced against the 
probable increase in false positives. In a hypothetical 
example of a population of 100 000 patients starting ART, 
in which we assume that pretreatment drug resistance 
prevalence is 10%, use of a 1%, 5%, or 10% pretreat-
ment drug resistance detection threshold rather than a 
20% threshold could result in detection of an addi-
tional 500 (42% increase), 250 (25% increase), or 
100 (8% increase) patients who are likely to have 
virological failure. However, this comes at the expense of 
an additional 5400 (300% increase), 1800 (100% increase), 
or 1800 (100% increase) patients who are likely to be 
misclassified as being at risk of virological failure 
(appendix p 2). Consequently, the use of a very low (1%) 
detection threshold could result in a higher number of 
patients unnecessarily being started on more costly, 
alternative, first-line ART regimens. Comprehensive 
mathematical modelling will be needed to project the 
optimal trade-off for the 5% and 20% threshold, and the 
clinical and cost implications at the population level.

Although there is no consensus, some studies have 
shown the clinical impact of minority variants in both 
treatment naive and experienced populations.17,18,21 A key 
limitation in previous studies was the exclusion of 
patients with major circulating variants (drug resistance 
mutations circulating at ≥20% of the virus population), 
and therefore an inability to determine an optimum 
detection threshold for use with ultrasensitive resistance 
assays. Our study analysed the entire spectrum of 
thresholds for the detection of drug-resistant virus 
populations. Although most clinically relevant mutations 
exist as major variants, we showed that use of more 
sensitive thresholds might improve detection of patients 
who are likely to have virological failure. These findings 
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Figure 3: Predictive values to identify patients at risk of virological failure for 
different pretreatment drug resistance thresholds across different 
pretreatment drug resistance prevalences
Positive predictive value and negative predictive value as a function of different 
pretreatment drug resistance prevalences. Positive predictive value denotes the 
proportion of patients identified as having pretreatment drug resistance who 
are predicted to have virological failure. Negative predictive value denotes the 
proportion of patients identified as not having pretreatment drug resistance 
who are predicted to have virological suppression.

Participants with 
pretreatment drug 
resistance

Cases with 
pretreatment drug 
resistance

Unadjusted OR (95% CI) p value Adjusted OR* (95% CI) p value

International Antiviral Society mutation list (any NRTI or NNRTIs efavirenz and nevirapine)

≥20% 24 18 6·7 (2·3–19·1) 0·001 9·2 (4·2–20·1) <0·0001

≥10% 28 19 4·1 (1·6–10·0) 0·002 6·8 (3·3–13·9) <0·0001

≥5% 34 23 4·7 (2·1–10·6) <0·0001 7·6 (3·4–17·1) <0·0001

≥1% 46 26 2·3 (1·3–4·4) 0·007 4·5 (2·0–10·2) <0·0001

Genotypic sensitivity score <3·0 (based on the Stanford HIVDB algorithm)

≥20% 25 19 5·7 (2·4–13·7) <0·0001 5·4 (2·1–14·1) 0·001

≥10% 30 20 3·3 (1·3–8·4) 0·010 4·3 (1·9–9·6) <0·0001

≥5% 36 24 3·8 (1·7–8·3) 0·001 4·6 (2·2–9·7) <0·0001

≥1% 55 32 2·8 (1·4–5·5) 0·004 3·3 (1·5–7·5) 0·004

NNRTI=non-nucleoside reverse transcriptase inhibitor. NRTI=nucleoside reverse transcriptase inhibitor. OR=odds ratio. *Adjusted for sex, type of non-nucleoside reverse 
transcriptase inhibitor and nucleoside reverse transcriptase inhibitor initiated, adherence, and previous antiretroviral exposure.

Table 3: Effect of pretreatment drug resistance on 12-month virological failure and determination of clinically relevant resistance thresholds

A “Sanger-like” cut-off for NGS is just fine: NNRTIs

Inzhaule S et al. Lancet HIV 2018



Co-Receptor Tropism Assays - DHHS

Perform a tropism test:

• Whenever the use of a CCR5 co-receptor antagonist is being considered (AI)

• For patients who exhibit virologic failure on a CCR5 antagonist (BIII)

• Phenotypic is preferred (AI)

• Genotypic tropism assay as an alternative tropism test (BII)

• Proviral DNA tropism assay can be used in aviremic patients (BII)



Preventing DR accumulation
• REGAIN virus suppression quickly

ARV drugs during non 
suppression

Tolerable VL When should ART be 
changed

ART change

TXF / XTC 200 /mL ASAP No need to switch the 
backbone

NNRTIs None Immediately 2nd gen INSTIs

bPIs 200 /mL ASAP DRV + 2nd gen INSTIs

RAL / ELV None Immediately 2nd gen INSTIs

DTG / BIC None Immediately DRV + 2nd gen INSTIs
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MDR HIV

• Bajema K, et al. IAS 2019. Abstract MOPEB246
ARV, antiretroviral; CNICS, CFAR Network of Integrated Clinical System

§ Susceptible to ≤2 drug classes with ≤2 active drugs per class, according to a resistance test
§ CNICS Cohort: >26,000 ARV-treated adults in the US

Prevalence of Heavily Treatment–Experienced Patients 
With Multiclass Resistance/Limited Treatment Options 
§ CNICS cohort of > 26,000 ART-experienced people with HIV receiving care in the US

§ Limited treatment options defined as ≤ 2 available classes with ≤ 2 active drugs per 
class by resistance testing

Slide credit: clinicaloptions.comBajema. IAS 2019. Abstr MOPEB246.
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MDR HIV in rich countries

20
• ART, antiretroviral therapy

Images:ID 41629285 © Dontcut | Dreamstime.com (left) and Gfycat.com(right)

§ Adolescents with 
perinatal infection

§ Adults infected early in 
the epidemic with 
successive virtual 
mono/dual ART

Dr Paredes – Personal Communication



Management of DR HIV

21• DR, drug resistance; VF, virologic failure

§ Management by an HIV DR expert  
§ Consider: 
– Adherence, adherence, adherence 
–Most VFs today are resolved with adherence reinforcement 
– Toxicity / tolerance 
– Treatment history à It is possible to predict resistance… although sometimes there are 

surprises! 
– Consider all previous genotypes à Resistance mutations do not disappear 
– Viral load and CD4+ 

§ Baseline VL predicts nadir CD4, residual viraemia, and risk of VF 
§ Low CD4 + predicts VF

§ Hit hard and de-escalate when virus is suppressed



22

Basis for HIVDR (MDR) management

bDRV, boosted darunavir; BID, twice daily; bPI, boosted protease inhibitor; DTG, dolutegravir; ETR, etravirine; Inh, isoniazid; 
NNRTI, non-nucleoside reverse transcriptase inhibitor; TDF, tenofovir disoproxil fumarate; XTC, either emtricitabine FTC or lamivudine 3TC

bPI
(bDRV BID)

Integrase 
inhibitor 
(DTG BID)

NRTI
(XTC +/-

TDF)

New ARVs
(often in clinical trials)
• Islatravir
• Fostemsavir
• Ibalizumab
• Lenacapavir

Drugs with residual use
• Maraviroc
• Enfuvirtide

COMBINE CURRENT ART DRUGS 
AIMING FOR RESIDUAL ACTIVITY

NNRTI
(DOR, ETR)



NRTIs retain antiviral activity in the presence of 
resistance (1)

23
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the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between April 12, 2010, and April 29, 2011, 1837 patients 
were screened for eligibility, of whom 1277 patients were 
randomly assigned to an intervention group. 426 patients 
were assigned to protease inhibitor plus NRTI, 433 patients 
were assigned to protease inhibitor plus raltegravir, and 
418 patients were assigned to protease inhibitor mono-
therapy (figure 1); baseline characteristics were similar 
across treatment groups (table 1).3 Patients had advanced 
first-line treatment failure with high viral load (median 
69 782 copies per mL; 530 [42%] of 1277 patients had viral 
loads of >100 000 copies per mL) and low CD4 count 
(median 71 cells per μL; 787 [62%] of 1277 patients had 
counts of <100 cells per μL), and extensive baseline 
resistance (769 [98%] of 787 patients had one or more 
major NRTI mutations).14 In the protease inhibitor plus 
NRTI group, 336 (79%) of 426 patients received tenofovir 
in their initial second-line regimen (all with lamivudine or 
emtricitabine; 37 [9%] patients had zidovudine as a third 
NRTI). By 144 weeks, 106 (8%) of 1277 patients had died, 
30 (2%) had withdrawn or were lost to follow-up, and 
ten (1%, two patients in the protease inhibitor plus NRTI 
group, eight in the protease inhibitor monotherapy group) 
had switched ART due to treatment failure (figure 1).

At week 144, 317 (86%) of 367 participants in the protease 
inhibitor plus NRTI group had viral loads of less than 
400 copies per mL, 276 (75%) had viral loads of less than 

50 copies per mL, and 321 (87%) had viral loads of less 
than 1000 copies per mL (table 2). At week 144, intermediate 
or high-level resistance to one or more NRTIs (excluding 
lamivudine and emtricitabine) taken during the trial was 
seen in ten participants (3% of protease inhibitor plus 
NRTI group overall, adjusting for failed genotypes) and to 
lopinavir in seven patients (2%, one with intermediate-
level cross-resistance to darunavir; table 2).

In the protease inhibitor plus raltegravir group, 
312 (81%) of 383 participants had viral loads of less than 
400 copies per mL, 275 (72%) had viral loads of less than 
50 copies per mL, and 321 (84%) had viral loads of less 
than 1000 copies per mL at week 144 (table 2). Viral-load 
suppression to less than 400 copies per mL was greater 
in the protease inhibitor plus raltegravir group than in 
the protease inhibitor plus NRTI group at week 4 
(p<0·0001; figure 2; appendix p 4), but by week 24 there 
was no evidence of a difference (p=0·19). From week 36 
to week 144, a small, but significant, overall difference 
between the groups initially favoured protease inhibitor 
plus raltegravir and subsequently protease inhibitor plus 
NRTI (p=0·005; figure 2). At week 144, for the primary 
complete-case analysis at less than 400 copies per mL, 
protease inhibitor plus raltegravir was not superior to 
protease inhibitor plus NRTI and did not meet the non-
inferiority criterion (95% lower confidence limit for 
the difference exceeded prespecified 10% margin), but 
was not significantly inferior to protease inhibitor plus 
NRTI (difference –4·9% [95% CI –10·2 to 0·3]; p=0·07; 
table 2, appendix p 6). Similar results were seen with the 
per-protocol analysis (–5·0% [–10·2 to 0·2]; p=0·06; 

Figure 2: Plasma viral load of less than 400 copies per mL to week 144 in the three treatment groups
NRTI=nucleoside reverse-transcriptase inhibitors. GEE=generalised estimating equations. p values comparing the groups by GEE across all weeks from week 36 
onwards (testing any direction of effect): global GEE p<0·0001, protease inhibitor plus raltegravir vs protease inhibitor plus NRTI GEE p=0·005, protease inhibitor 
monotherapy vs protease inhibitor plus NRTI GEE p<0·0001.

0 4 12 24 36 48 64 80 96 112 128 144
0

20

40

60

80

100

Pa
tie

nt
s w

ith
 vi

ra
l lo

ad
 o

f <
40

0 
co

pi
es

 p
er

 m
L (

%
)

Time from switch to second line (weeks)

Protease inhibitor plus NRTI
Protease inhibitor plus raltegravir
Protease inhibitor monotherapy

Number with
viral-load result

Protease inhibitor
plus NRTI

Protease inhibitor
plus raltegravir

Protease inhibitor
monotherapy

426

433

481

374

389

374

381

394

385

382

389

378

386

382

379

395

400

389

382

392

370

378

379

391

380

351

369

342

351

367

383

375

Hakim JG, et al. Lancet Infect Dis 2018;18:47–57

Plasma VL <400 c/mL to Week 144 in the three treatment groups



NRTIs retain antiviral activity in the presence of 
resistance (2)

• ABC, abacavir; DDI, drug–drug interaction; GSS, genotypic susceptibility score; PI, protease inhibitor; ZDV, zidovudine 24
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their prescribed second-line regimen: regimen included 
tenofovir plus lamivudine or emtricitabine in 176 (77%); 
patients had median five NRTI mutations; 75% with 
TAM1 and 69% with TAM2. 128 (33%) of 391 had 
one predicted-active NRTI prescribed: regimen included 
tenofovir plus lamivudine or emtricitabine in 113 (88%); 
median two mutations; 30% with TAM1 and 47% with 
TAM2. 33 (8%) of 391 had at least two predicted-active 
NRTIs prescribed: regimen included tenofovir plus 
lamivudine or emtricitabine in 26 (79%); median zero 
mutations.

At week 144, 176 (89%) of 198 prescribed a second-line 
protease inhibitor and NRTI regimen containing no 
predicted-active NRTIs had viral suppression (viral load 
<400 copies per mL) compared with 312 (81%) of 383 in 
the protease inhibitor and raltegravir group (risk 
difference 7·4%; 95% CI 1·6 to 13·3; p=0·02). At week 
96, 181 (88%) of 205 prescribed a regimen with no 
predicted-active NRTIs had viral suppression compared 
with 233 (61%) of 380 in the protease inhibitor 
monotherapy group (27·0%; 20·4 to 33·6; p<0·0001; 
figure). At week 144, 95 (85%) of 112 prescribed a regimen 
with one predicted-active NRTI had viral load suppression 
compared with 176 (89%) of 198 prescribed a regimen 
with no predicted-active NRTIs (–4·1%; –12·0 to 3·9; 
p=0·30). Furthermore, 20 (77%) of 26 with two to three 
predicted-active NRTIs had viral suppression (–12·0%; 
–28·7 to 4·8%; p=0·08 compared with no predicted-
active NRTIs). Across the whole follow-up period, greater 
predicted activity of prescribed NRTIs was associated 
with worse viral load suppression (global generalised 
estimating equation p=0·0004; figure). A similar pattern 
of responses for all study weeks was seen with predicted 
activity of prescribed NRTIs calculated by genotypic 
susceptibility score (p=0·003; figure), and in analyses 
including only those failing on tenofovir first-line 
(p<0·0001), with viral load thresholds of less than 
50 copies per mL (same rank, but difference attenuated, 
p=0·4; appendix p 3), or less than 1000 copies per mL 
(p=0·003; appendix p 4), and excluding patients in 
Malawi taking three NRTIs (p=0·03; appendix p 5).

In the protease inhibitor and NRTI group, increased 
viral load or reduced CD4 cell count at baseline, being 
unemployed or a student, working more hours if 
employed, and reporting being non-adherent at more 
visits were all independently associated with reduced 
probability of a viral load of less than 400 copies per mL 
at week 144 (table 2). Adjusting for these factors, 
increased genotypic susceptibility score remained 
associated with reduced probability of a viral load of less 
than 400 copies per mL (p=0·001); the effect remained 
(p=0·004) after restricting analysis to those with a 
genotypic susceptibility score of less than 2 (appendix 
p 8). Adjusting for these factors and genotypic 
susceptibility score, there was no evidence of an 
association between any individual mutation, TAM1, or 
TAM2 and a viral load of less than 400 copies per mL 

(p>0·05, data not shown). Results were very similar 
including all factors with p<0·2 on univariable analysis 
without backwards elimination, and using backward 
elimination with exit p>0·2 (appendix p 8).

Discussion
We found that NRTIs predicted by resistance testing to 
contribute limited or no antiviral activity to a protease 
inhibitor-containing second-line regimen still had sub-
stantial virological effect, at least as good as that obtained 
from a fully active drug from a new class (raltegravir). 
This suggests that in the context of a switch from a first-
line NNRTI-based to a second-line protease-inhibitor-
based regimen, predictions based on genotypic resistance 
testing might overestimate the detrimental effect of 
cross-resistance on the activity of NRTIs. Prediction of 
clinical outcomes from genotypic resistance tests is 
challenging,10,11 and algorithms might be particularly poor 
at predicting the combined effects of NRTI mutations 
that could sometimes be antagonistic.

0 4 12 24 36 48 64 80 96 112 128 144
0

Vi
ra

l lo
ad

 <
40

0 
co

pi
es

 p
er

 m
L (

%
)

20

40

60

80

100
A

0 4 12 24 36 48 64 80 96 112 128 144
0

Vi
ra

l lo
ad

 <
40

0 
co

pi
es

 p
er

 m
L (

%
)

Weeks from switch to second-line

20

40

60

80

100
B

 PI plus 0 active NRTIs (n >188)
 PI plus 2–3 active NRTIs (n >23)
 PI monotherapy (n >374)

 PI plus 1 active NRTI (n >104)
 PI plus raltegravir (n >351)

 PI plus 0·25–0·75 GSS (n >134)
 PI plus 2 GSS (n >20)
 PI monotherapy (n >374)

 PI plus 0 GSS (n >107)
 PI plus 1–1·75 GSS (n >54)
 PI plus raltegravir (n >351)

Figure: Viral load suppression by second-line regimen
Suppression defined as <400 copies per mL. Predicted active NRTIs are prescribed NRTIs with no more than 
low-level resistance on baseline genotype (A) By number of predicted-active NRTIs; global p<0·0001; within 
PI and NRTI group, global p<0·0004. (B) By genotypic susceptibility score; global p<0·0001; within PI and 
NRTI group, global p=0·003. GSS=genotypic susceptibility score. NRTI=nucleoside reverse-transcriptase 
inhibitor. n=minimum number of viral load values available at any follow-up timepoint in each group. 
PI=protease inhibitor. 
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NRTIs retain antiviral activity in the presence of 
resistance (3)
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In addition to our finding of substantial efficacy of 
NRTIs that had limited or no predicted activity, the 
paradoxical association we found between greater 
predicted NRTI activity and worse viral load suppression 
also contrasts with standard assumptions underlying 
resistance. Our findings are consistent with other 
second-line studies that have also found an absent or 
paradoxical association between NRTI resistance and 
outcomes,12–17 but several features of our study (especially 
the prospectively collected adherence data and availability 
of two comparison groups) allow for more robust 
interpretation. The inferior viral suppression observed in 
those individuals with two or more fully active NRTIs 
in the prescribed regimen is probably explained by 
treatment adherence: this very small group of patients 
had no resistance mutations detected at baseline and 
probably comprised those who concealed complete non-
adherence at study entry and continued to have poor 
adherence during second-line. The high viral load 
suppression in those taking NRTIs with limited or no 
predicted activity is probably not explained by residual 
confounding by adherence, elevated viral load, or other 
baseline factors associated with resistance because the 
effects persisted after adjustment. Furthermore, the 
randomised comparison of the entire protease inhibitor 
and NRTI group versus the protease inhibitor mono-
therapy group (ie, with all confounding removed) showed 
viral load suppression was increased in the protease 
inhibitor and NRTI group overall, which can only be 
because of the presence of ongoing NRTI activity.7 Our 
interpretation is further supported by a randomised 
comparison of protease inhibitor monotherapy versus 
protease inhibitor plus lamivudine as maintenance in 
second-line therapy that showed clear additional 
contribution of lamivudine despite almost universal 
lamivudine resistance.18

The observed NRTI effect might, in part, arise from 
resistance mutations such as Met184Val and Lys65Arg 
affecting viral replicative capacity, with effects increasing 

with more mutations.19–21 The effect of resistance 
mutations on viral replication fidelity might also protect 
the protease inhibitor by limiting the development of 
new mutations to escape drug pressure, thus increasing 
regimen durability.22,23 Pharmacokinetic considerations 
might enhance these benefits; NRTIs, such as tenofovir 
and lamivudine, have long intracellular half-lives that 
might help to maintain viral suppression when protease 
inhibitor levels are low (with late or occasional missed 
doses) and this effect might be independent of predicted 
activity. This potential effect could explain why we 
observed that the NRTIs were capable of matching the 
suppression obtained with raltegravir (a drug with a 
relatively short intracellular half-life) in combination 
with a protease inhibitor.

The strengths of our study include large numbers of 
patients, long follow-up, high retention, regular viral 
load testing at predetermined timepoints, centralised 
viral load and resistance testing, and the availability of 
two relevant treatment comparison groups (especially 
the protease inhibitor monotherapy group) that enable 
the contribution of NRTIs to the regimen to be delineated. 
Although patients were participating in a clinical trial, 
the trial eligibility criteria were kept broad and we 
followed the widely used approach of clinical and 
CD4 cell count monitoring (targeted viral load testing 
was done to confirm treatment failure before changing 
therapy, but there was no real-time viral load testing 
during the trial). The results are therefore probably 
generalisable to patients failing first-line therapy in 
programmes that follow the public health approach to 
ART delivery.

The main limitation of our study is that most patients 
were taking zidovudine-based first-line regimens; 
whereas, contemporary WHO guidelines recommend 
tenofovir-based first-line ART. The similar results seen in 
the analysis of the subgroup failing on first-line tenofovir, 
however, support the generalisability of our findings. The 
protease inhibitor was standardised in this trial to 

Unadjusted odds ratio 
(95% CI)

p value Adjusted odds ratio 
(95% CI)

p value

Genomic susceptibility score of second-line regimen 
(per 0·5 higher)

0·78 (0·61–0·99) 0·04 0·61 (0·46–0·81) 0·001

Proportion of non-adherent visits (per 10% higher)* 0·66 (0·55–0·79) <0·0001 0·61 (0·49–0·77) <0·0001

Unemployed or student vs employed 0·39 (0·21–0·72) 0·003 0·22 (0·07–0·63) 0·005

Hours worked by employed and students (per 10 h higher) 1·03 (0·92–1·17) 0·6 0·83 (0·70–0·99) 0·04

Baseline viral load per doubling 0·82 (0·70–0·95) 0·01 0·80 (0·67–0·97) 0·02

Baseline CD4 cell count per doubling 1·24 (1·02–1·50) 0·03 1·33 (1·04–1·71) 0·02

n=317, excluding those with missing week 144 viral load, baseline genotype or baseline employment status. Baseline refers to switch to second-line therapy (enrolment into 
the trial). Univariable analyses are in the appendix. Adjusted odds ratio adjusted for the factors given in the table. Factors not selected (p>0·05): sex, age, viral subtype, years 
on first-line antiretroviral treatment, diabetes, family history of cardiovascular disease, previous CNS disease, previous tuberculosis, smoking, alcohol consumption, 
household income, food availability, years of education, estimated glomerular filtration rate, haemoglobin, glucose, presence of individual mutations in the baseline 
genotype (where >10% prevalence), presence of combinations of 2 mutations in the baseline genotype (where >10% prevalence). *Scheduled visit that was either missed or 
where the participant self-reported missing pills since the last visit. 

Table 2: Multivariable model for viral load <400 copies per mL at week 144 in protease inhibitor and nucleoside reverse-transcriptase inhibitor group

Paton NI, et al. Lancet HIV 2017;4:e341-48CNS, central nervous system
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income countries with mainly genotyping-guided 
selection of NRTIs and viral-load monitoring.23 
We also found that the raltegravir combination 
had a safety profile similar to that of the NRTI 
combination and may therefore be an alternative 
second-line regimen in resource-rich settings where 
individualized therapy is feasible. The trend toward 
a modest advantage of raltegravir with respect to 
the increase in the CD4+ count, without differ-
ences in viral-load suppression, may reflect inde-
pendent effects of raltegravir on T-cell activation 
or survival,24,25 but there was no associated clinical 
benefit at week 96. Follow-up to week 144 will as-
sess longer-term outcomes and cost-effectiveness, 
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week 48 are provided in Figure S3 in the Supplementary Appendix.
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income countries with mainly genotyping-guided 
selection of NRTIs and viral-load monitoring.23 
We also found that the raltegravir combination 
had a safety profile similar to that of the NRTI 
combination and may therefore be an alternative 
second-line regimen in resource-rich settings where 
individualized therapy is feasible. The trend toward 
a modest advantage of raltegravir with respect to 
the increase in the CD4+ count, without differ-
ences in viral-load suppression, may reflect inde-
pendent effects of raltegravir on T-cell activation 
or survival,24,25 but there was no associated clinical 
benefit at week 96. Follow-up to week 144 will as-
sess longer-term outcomes and cost-effectiveness, 
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Figure 2. Viral-Load Suppression and Drug Resistance at Week 96.

Panel A shows the proportion of patients with various levels of viral-load 
suppression. Panel B shows the proportion of patients with intermediate- or 
high-level drug resistance. Resistance to NRTIs is limited to drugs taken dur-
ing the trial and excludes resistance to lamivudine or emtricitabine. In the 
two panels, I and T bars indicate 95% confidence intervals. The outcomes at 
week 48 are provided in Figure S3 in the Supplementary Appendix.
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income countries with mainly genotyping-guided 
selection of NRTIs and viral-load monitoring.23 
We also found that the raltegravir combination 
had a safety profile similar to that of the NRTI 
combination and may therefore be an alternative 
second-line regimen in resource-rich settings where 
individualized therapy is feasible. The trend toward 
a modest advantage of raltegravir with respect to 
the increase in the CD4+ count, without differ-
ences in viral-load suppression, may reflect inde-
pendent effects of raltegravir on T-cell activation 
or survival,24,25 but there was no associated clinical 
benefit at week 96. Follow-up to week 144 will as-
sess longer-term outcomes and cost-effectiveness, 
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Figure 2. Viral-Load Suppression and Drug Resistance at Week 96.

Panel A shows the proportion of patients with various levels of viral-load 
suppression. Panel B shows the proportion of patients with intermediate- or 
high-level drug resistance. Resistance to NRTIs is limited to drugs taken dur-
ing the trial and excludes resistance to lamivudine or emtricitabine. In the 
two panels, I and T bars indicate 95% confidence intervals. The outcomes at 
week 48 are provided in Figure S3 in the Supplementary Appendix.
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• Area of circles are proportional to size of cohort failing second-line treatment. Solid line and dashed line are quadratic line of best 
fit and 95% confidence interval, respectively 
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In summary, reported rates of virological suppression among 
patients receiving second-line PI-based ART in sub-Saharan 
Africa are similar to those observed with "rst-line ART and 
comparable to the outcomes of similar regimens in Asian and 
Western settings. #ere is a signi"cant gap in achieving the 
third part of the WHO 90-90-90 strategy for epidemic control. 
Reporting of second-line ART provision and rates of virolog-
ical suppression among recipients is crucial to understanding 
of epidemic control and should be strongly encouraged. Given 
that more than one-third of patients did not achieve virological 
suppression, de"ning the optimal de"nition and management 
of second-line ART failure, both with and without PI resistance, 
in this setting is an urgent research priority.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to bene"t the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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NADIA
No need to 
switch the NRTI 
backbone 

2 x 2 factorial, open-label, noninferiority 
trial, we randomly assigned patients for 
whom first-line therapy was failing (HIV-1 
viral load, ≥1000 copies per milliliter) to 
receive dolutegravir or ritonavir-boosted 
darunavir and to receive te- nofovir or 
zidovudine; all patients received 
lamivudine. 
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Dolutegr avir or Darunavir with Zidovudine or Tenofovir for hiv

switch to dolutegravir. Models that have estimat-
ed a substantial negative effect of NRTI resistance 
on the efficacy of dolutegravir regimens may 
have, on the basis of this assumption, underesti-
mated the population health benefits arising 
from universal dolutegravir treatment.21

We did not find evidence of the superiority 
of dolutegravir that was seen in three previous 
trials in which dolutegravir was compared with 
a protease inhibitor, each given with NRTIs, in 
first-line or second-line therapy.13,23,24 The absence 
of superiority may reflect a better side-effect 
profile or a greater potency of darunavir as com-
pared with those of the alternative protease in-

hibitors that were used in some earlier trials, the 
effect of the NRTI resistance milieu (as discussed 
above), or differences among trials in their ap-
proach to the detection and management of non-
suppressed viral loads. Our trial has also strength-
ened the evidence base for using darunavir with 
NRTIs in the public health approach. Given the 
absence of a negative effect of NRTI cross-resis-
tance on its observed activity, the darunavir-
based regimen should provide good viral sup-
pression whether it is used after failure of an 
NNRTI-based or a dolutegravir-based regimen.

Although viral load suppression at 48 weeks 
is the standard trial efficacy outcome, other 

Figure 3. Subgroup Analysis of Viral Suppression in the Tenofovir and Zidovudine Groups.

Shown is the percentage of patients with a viral load of less than 400 copies per milliliter at week 48, according to randomly assigned 
treatment group and prespecified subgroups. The first subgroups shown are the other factorial randomization groups (i.e., the doluteg-
ravir group and darunavir group). The percentage of patients with suppression is based on the FDA snapshot algorithm and includes all 
patients with data available for subgroup classification. The widths of the confidence intervals have not been adjusted for multiple com-
parisons and cannot be used to infer treatment effects.
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DTG activity in subjects with RAL resistance1,2
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VIKING: DTG Activity in Patients With RAL Resistance

§ Patients with VF on RAL-based regimen continued background regimen and added DTG 
through Day 10 followed by background regimen optimization

HIV-1 RNA Level Change After DTG Addition According to FC in DTG IC50 vs WT
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Q148 + 1
Q148 + 2
Mixture
N155
Y143
Other IN mutations

DTG 50 mg QD

DTG 50 mg BID

0.5 1 2 4 8 16 32

0.5 1 2 4 8 16 32

0.0
-0.5
-1.0
-1.5
-2.0
-2.5
-3.0

0.0
-0.5
-1.0
-1.5
-2.0
-2.5
-3.0

1. Eron. JJ, et al. Infect Dis 2013;207:740–8
2. Soriano V et al.. EACS 2011. Abstr PS1/2LB. FC, fold change; IC50, half maximal inhibitory concentration; IN, integrase; RAL, raltegravir; WT, wild type



DTG versus RAL alignment in active site

RAL



VIKING-3: DTG BID in subjects with RAL and EVG 
resistance

EVG, elvitegravir; ITT-E, intention-to-treat exposed; OBR, optimised background regimen

32Castagna A. J Infect Dis 2014;210:354–62
Vavro CL, et al. EUDRW 2014. Abstr O_10. 
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VIKING-3: DTG BID in Previously Treated Patients With 
RAL and EVG Resistance

HIV-1 RNA < 50 c/mL at Wks 24 and 48 (ITT-E)
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§ 4 of 33 patients with N155H 
mutation at baseline had 
protocol-defined virologic 
failure
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DOR and NNRTI resistance
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Doravirine

In vitro 
resistance 
profile shows 
DOR is active 
against major 
variants 
selected by 
EFV and RPV

Mutations 
Selected by DOR 
(V106A, F227L, 
L234I, V108I)

Mutations 
Selected by EFV

Mutations 
Selected by RPV

Feng. Antimicrob Agents Chemother. 2015;59:590.
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ISLATRAVIR (MK-8951)
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Inhibitory Quotients of MK-8591 and NRTIs 
Against Wild-Type and NRTI-Resistant HIV-1

QD, once daily Grobler JA, et al. CROI 2021. Abstract 481 (P3530)



Susceptibility of DOR-resistant clinical isolates to 
ISL (MK-8591)
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Impact of DOR-associated mutations on 
susceptibility to ISL (MK-8591)
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GESIDA: Si no hay opciones

• JAMÁS INTERRUMPIR EL TRATAMIENTO (AI)

• Evitar la monoterapia funcional (A-III). 

• Construr un tratamiento “puente” (A-III) hasta que sea possible un TAR supresor
con 2-3 FAR activos (A-III).

• Derivar al paciente a un centro con experiencia y acceso a nuevos FAR (ensayos o 
programas de acceso expandido) (A-III).



Conclusions
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bPI
(bDRV BID)

Integrase 
inhibitor 
(DTG BID)

NRTI
(XTC +/-

TDF)

COMBINE CURRENT ART DRUGS 
AIMING FOR RESIDUAL ACTIVITY

NNRTI
(DOR, ETR)

New ARVs
(often in clinical trials)
• Islatravir
• Fostemsavir
• Ibalizumab
• Lenacapavir

Drugs with residual use
• Maraviroc
• Enfuvirtide

HIV-RNA <50 c/ML
Never STOP ART


