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Introduction
Dolutegravir, a second-generation integrase strand transfer inhibitor (INSTI), currently forms part 
of the WHO-recommended first-line and second-line antiretroviral therapy (ART) regimens.1 As 
genotypic drug-resistance testing is not readily accessible at the time of second-line initiation in 
most low- and middle-income countries (LMICs), substituting tenofovir with zidovudine has 
previously been recommended to ensure at least one fully active nucleoside reverse transcriptase 
inhibitor (NRTI).1,2 However, more recently, second-line ART has been shown to be more effective 
and better tolerated with recycled tenofovir than switching to zidovudine.3 As a result, tenofovir-
lamivudine-dolutegravir (TLD) taken as a fixed-dose combination is the preferred second-line 
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tenofovir-emtricitabine-efavirenz. Participants were switched to tenofovir-lamivudine-
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to 158 weeks. Emergent dolutegravir resistance occurred in ~1% of participants after 2–3 years 
on second-line TLD.
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What this study adds: This study reports longer-term outcomes of second-line TLD from a 
South African clinical trial cohort. Virologic suppression was maintained in approximately 
80%, and dolutegravir resistance was uncommon. These data support the use of TLD in 
second-line regimens without prior resistance testing.
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option, and is initiated without the requirement of resistance 
testing prior to switching regimens in programmatic settings.4,5

Concern has been expressed that dolutegravir resistance may 
be selected among patients switching to dolutegravir with no 
fully active NRTI.6,7 Emergent dolutegravir resistance is rare, 
but has been reported in a small proportion of patients 
switching to second-line dolutegravir-based regimens in 
large randomised trials and in programmatic settings.3,6,8,9 In 
the Nucleosides and Darunavir/Dolutegravir in Africa 
(NADIA) Trial, 9 of 235 participants (4%) developed 
dolutegravir resistance mutations by 96 weeks, three of 
which occurred in the TLD group.3 In a prospective 
observational study conducted in Malawi of adults on first-
line ART switching to TLD, 2 of 101 participants (2%) who 
were viraemic at switch developed dolutegravir resistance at 
6 months.8 As TLD is widely used as second-line ART in 
LMICs, substantial emergence of dolutegravir resistance 
would have major public health implications.4,5,10

Long-term follow-up of patients on TLD as second-line therapy 
is important; first, to assess the longer-term rates of virologic 
suppression and thus the durability of TLD, and, second, to 
determine the incidence of and risk factors for emergent 
dolutegravir resistance. Here, we describe the longer-term 
virologic outcomes of participants from the AntiRetroviral 
Therapy In Second-line: investigating Tenofovir-lamivudine-
dolutegravir (ARTIST) trial, a South African cohort on TLD as 
second-line therapy, with up to 158 weeks of follow-up.

Research methods and design
Study design, participants and setting
In this report, we present prospective data of the longer-term 
(≥ 48 weeks) virologic outcomes of participants from the 
ARTIST trial. This cohort has been described in detail 
elsewhere.11,12,13 In brief, ARTIST was a two-stage 
interventional trial conducted from July 2019 to October 
2022. We enrolled ART-experienced, INSTI-naïve adult 
participants (≥ 18 years old) who experienced virologic 
failure (defined as two consecutive HIV-1 RNA ≥ 1000 
copies/mL taken 2–24 months apart) on a first-line non-
nucleoside reverse transcriptase inhibitor (NNRTI)-based 
ART regimen.11,13,14

In stage one of ARTIST, all participants were initiated on TLD 
as second-line ART with an additional lead-in 50 mg dose of 
dolutegravir daily for the first 14 days to overcome the 
inducing effect of efavirenz.13 In stage two we conducted a 
non-comparative, double-blind, randomised phase II trial 
and participants were randomised to receive either an 
additional lead-in dose of dolutegravir 50 mg daily or placebo 
for the first 14 days with TLD.11,14

Participants from both stages of the ARTIST trial were 
followed up at the research study site with regular HIV-1 
RNA sampling (intervals outlined below) for a minimum of 
48 weeks and until completion of ARTIST stage two in 
October 2022 (hereafter referred to as the clinical trial period). 

After this, participants were referred back to their local HIV 
clinic for continuation of TLD and routine HIV care. From 
May to September 2023, an attempt to contact all surviving 
ARTIST participants was made, and, if contactable and 
available, one to three post-trial visits were scheduled 
(hereafter referred to as the post-trial period).

All visits were conducted in Khayelitsha, Cape Town, South 
Africa, a large, peri-urban informal settlement where 
approximately 500 000 people reside.15 Participants originated 
from three primary care clinics: Site B Community Health 
Centre (CHC), Michael Mapongwana CHC, and Site C CHC.

Procedures
Detailed procedures and protocols for ARTIST stage one and 
stage two have been published elsewhere.13,14 HIV-1 RNA 
samples were collected at the start of the study, weeks 4, 8, 12, 
16, 20, 24, 36, and 48. For those reaching later time points 
within the clinical trial period, HIV-1 RNA was sampled at 
weeks 72, 96, 120, and 144. A ±14-day time window (±16 days 
in stage two) around visits was used until week 20 and a ±6-
week time window from the week 24 visit. During the post-
trial period, all contactable and willing participants had at 
least one visit with HIV-1 RNA sampling, with all visits being 
conducted at time points greater than 72 weeks after initiation 
of TLD. In participants with HIV-1 RNA values ≥ 50 copies/
mL, the HIV-1 RNA was repeated 28 days later (±16-day time 
window). All participants with HIV-1 RNA ≥ 50 copies/mL 
received enhanced adherence counselling in their home 
language during the trial and post-trial period. HIV-1 RNAs 
were measured using Abbott Realtime® HIV-1 polymerase 
chain reaction assay (Abbott Molecular, Des Plaines, Illinois, 
United States), which quantifies virus RNA over a range of 20 
to 107 copies/mL.

Genotypic antiretroviral resistance testing (GART) using 
Sanger sequencing was performed retrospectively for all 
participants on samples collected at study entry. During the 
clinical trial period, if any HIV-1 RNA after week 12 was 
≥ 50 copies/mL, or if there was < 1 log10 decline in HIV-1 
RNA from the start of the study, or if HIV-1 RNA was 
suppressed and subsequently rebounded to ≥ 50 copies/mL, 
enhanced adherence counselling was performed, and HIV-
RNA was repeated after 2 weeks. Participants with a repeat 
HIV-1 RNA ≥ 500 copies/mL had plasma sent for GART. At 
post-trial follow-up, all participants with HIV-1 RNA 
≥ 500 copies/mL had plasma sent for GART unless they 
reported having interrupted ART at the time of follow-up, in 
which case they were re-initiated on therapy and GART only 
performed if the repeat HIV-1 RNA was ≥ 500 copies/mL 
after 28 days on TLD. GART was performed at the National 
Health Laboratory Service Virology Laboratory at Tygerberg 
Hospital, Cape Town, South Africa. Amplification of the pol 
gene containing reverse transcriptase, protease, and integrase 
regions was performed using the ThermoFisher real-time 
PCR assay (ThermoFisher Scientific Inc., Waltham, 
Massachusetts, United States). We used the Stanford HIV 
drug-resistance database (HIVdb algorithm, version 8.9 for 
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stage one, version 9.1 for stage two, and version 9.5 for post-
trial follow-up) to determine HIV-1 drug-resistance 
mutations (DRMs) and drug-susceptibility interpretations. 
Resistance was classified with the Stanford algorithm, with a 
score of ≥ 15 indicating at least low-level resistance.

We sampled tenofovir diphosphate (TFV-DP) concentrations 
in dried blood spots at week 48 in all participants, and during 
the post-trial follow-up period in participants with HIV-1 RNA 
≥ 50 copies/mL. For TFV-DP dried blood spot samples, we 
collected ethylenediaminetetraacetic acid blood samples, then 
50 µL of whole blood was pipetted onto Whatman™ 903 
Proteinsaver cards (Whatman™ [Cytiva], Buckinghamshire, 
United Kingdom) which were dried overnight and then stored 
in airtight freezer-safe bags at –80 °C. A validated indirect 
method for quantifying TFV-DP was used by the laboratory of 
the Division of Clinical Pharmacology, University of Cape 
Town, which has been described elsewhere.16 The assay has a 
lower limit of quantification of 16.6 fmol/punch.

Outcomes
We previously reported the primary outcomes for stage one 
and stage two of ARTIST.11,13 Using a modified intention to 
treat (mITT) analysis and the Food and Drug Administration 
snapshot algorithm, we reported the proportion of 
participants who had a plasma HIV-1 RNA < 50 copies/mL 
at week 24.13,14 The similar rates of virologic suppression at 
this time point in both stages formed the basis of our rationale 
to combine the data sets for further analyses.

Here, we combine data from stage one and stage two to 
report the longer-term (≥ 48 weeks) virologic outcomes at 
visits conducted within the clinical trial period up to week 
144 as well as in the post-trial period, with follow-up up to 
158 weeks. Specifically, we report the combined (stage one 
and stage two) cohort week 48 results, reporting the 
proportions of participants with available data who had a 
plasma HIV-1 RNA value < 50 copies/mL, the proportion 
with low-level viraemia (50 copies/mL – 999 copies/mL), 
and the proportion with HIV-1 RNA ≥ 1000 copies/mL, at 
specified durations on TLD.

We compare the week 48 with the week 96 virologic outcomes 
of participants on second-line TLD, and describe transitions 
between virologic suppression categories. To assess longer-
term outcomes outside of the clinical trial setting, we compared 
the week 48 and post-trial follow-up virologic outcomes, and 
describe transitions between virologic suppression categories. 
In addition, we analysed the cohort who was virologically 
suppressed at week 48 to report the proportion of participants 
with subsequent rebound viraemia (defined as HIV-1 RNA 
≥ 50 copies/mL after achieving virologic suppression), and the 
proportion of these participants who resuppressed after 
enhanced adherence counselling.

We did stratified analyses of the primary outcome, stratifying 
virologic outcomes by the presence or absence of NRTI 
resistance to both lamivudine and tenofovir at enrolment. 

To account for missing data at later time points, we combined 
HIV-1 RNA data from the clinical trial period, the post-trial 
follow-up visits and additional samples taken by local 
antiretroviral clinics (HIV-1 RNAs quantified using the same 
laboratory method as described above). We present these 
data separately.

In addition, we report the proportion of participants with 
emergent INSTI resistance mutations detected on GART. We 
describe the emergent resistance mutations, dolutegravir 
resistance level, HIV-1 RNA trajectories and profiles in these 
participants.

Secondary outcomes for this observational report included 
assessing the longer-term clinical outcomes in participants 
on TLD as second-line ART. We report the clinical outcomes 
(including all-cause mortality, hospitalisation, and incident 
tuberculosis) and objective adherence measures (quantified 
using TFV-DP concentrations in dried blood spots) in 
participants who were contactable and attended post-trial 
follow-up.

Statistical analysis
Appropriate packages from R software version 4.2 (R 
foundation for Statistical Computing, Vienna, Austria) and 
STATA software version 17 (STATA Corporation, College 
Station, Texas, United States) were used for statistical 
analysis. Alluvial diagrams depicting virologic outcomes at 
different time points were drawn using alluvial (version 1.2) 
and ggalluvial (version 0.12.5) packages.17,18 We describe 
categorical data using proportions with 95% confidence 
intervals (CIs), and used the binomial exact method to 
calculate all 95% CIs. Median values (with interquartile 
ranges [IQR]) for non-parametric data or mean values (with 
standard deviations) for parametric data were used to 
describe continuous data. Between-group differences were 
analysed using chi-squared tests (or Fisher’s exact tests if the 
number in any cell was ≤ 5) for categorical data and Wilcoxon 
Rank Sum tests for non-parametric continuous data.

Ethical considerations
Ethical approval was granted by the Human Research Ethics 
Committee at the University of Cape Town (reference 
numbers: 039/2019 and 288/2023). All participants provided 
written informed consent for inclusion in ARTIST and a 
separate informed consent for post-trial follow-up was 
obtained from ARTIST participants at the first post-trial visit. 
Participant data confidentiality was maintained throughout 
the study. This study was registered on ClinicalTrials.gov 
(reference number: NCT03991013).

Results
Participants and characteristics at enrolment
We enrolled 192 participants in ARTIST, 62 participants 
during stage one and 130 in stage two. The duration of 
longer-term follow-up and number of participants with 
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available HIV-1 RNA results at each visit are shown in the 
Online Appendix 1, Figure 1-A1. HIV-1 RNA results were 
available in 177 participants at the week 48 visit, 72 
participants at the week 96 visit during the clinical trial 
period, and 127 participants were contactable and attended 
post-trial follow-up (Online Appendix 1, Figure 1-A1). 
Participants at the post-trial visit had a median duration of 
126 weeks (IQR 101, 162) since the initiation of TLD as 
second-line ART, with 32/127 (25%) having completed ≥ 158 
weeks on TLD as second-line ART.

The baseline characteristics (i.e., at initial enrolment into 
ARTIST) for all participants and for those included in the 
week 96 and post-trial follow-up analyses are shown in 
Table 1. Of the 192 participants, 191 were previously on 
tenofovir-emtricitabine-efavirenz as first-line ART and 
26/192 (14%) had previous exposure to stavudine or 
zidovudine. GART results at enrolment into ARTIST were 
available in 176/192 (92%) participants. The K65R mutation 
was detected in 76/176 (43%) participants and the M184V/I 
mutation in 154/176 (88%), with other NRTI mutations 
described in the Online Appendix 1, Table 1-A1. In 127/176 
(72%) participants, at least low-level resistance (Stanford 
score ≥ 15) to both tenofovir and lamivudine was present at 
enrolment into the trial and prior to initiation of TLD.

Virologic outcomes
The virologic outcomes during the clinical trial period are 
displayed in Figure 1, and longer-term (≥ 48 weeks) 
virologic outcomes, including post-trial follow-up, are 
presented in Table 2. At 48 weeks, 151/177 (85%; 95% CI 79, 
90) of those with HIV-1 RNA results and 151/186 (81%; 
95% CI 75, 87) using a mITT analysis had HIV-1 RNA 

< 50 copies/mL (Table 2 and Online Appendix 1, Table 
2-A1). During the clinical trial period, 74% (95% CI 62, 83) 
of 72 participants at 96 weeks were virologically suppressed, 
and 78% (95% CI 70, 85) of 127 participants with post-trial 
follow-up were found to be virologically suppressed 
(Table 2). Virologic outcomes during post-trial follow-up 
for the unsuppressed participants were: 14/127 (11%) had 
HIV-1 RNA 50 copies/mL – 999 copies/mL and 14/127 
(11%) had HIV-1 RNA ≥ 1000 copies/mL. When stratified 
according to the presence of NRTI resistance at enrolment, 
we found that participants with resistance to both NRTIs at 
enrolment were more likely to be suppressed at week 48 
(92% [95% CI 86, 96]) compared to those with at least one 
active NRTI (72% [95% CI 57, 84]) (P < 0.01), but no 
significant differences were observed at later time points 
(Online Appendix 1, Table 3-A1).

The enrolment characteristics of participants who were 
suppressed at week 96 and post-trial follow-up were similar 
to unsuppressed participants at these timepoints (Table 3); 
however, those with a higher enrolment HIV-1 RNA were 
more likely to be unsuppressed at post-trial follow-up. In 
unsuppressed participants at week 96 of the clinical trial 
period or during the post-trial follow-up, we found that 
12/16 (75%) and 15/28 (54%), respectively, resuppressed 
(HIV-1 RNA < 50 copies/mL) at subsequent visits after 
enhanced adherence counselling.

The week 48 and week 96 virologic outcomes were 
compared in those with data available, and participants’ 
categorical transitions between these timepoints are 
displayed in Figure 2a. We found that 7/14 (50%) 
participants with unsuppressed HIV-1 RNA at week 48 and 
available data at week 96 had transitioned into the 

TABLE 1: Characteristics of participants in the ARTIST cohort at the time of initiation of tenofovir-lamivudine-dolutegravir as second-line antiretroviral therapy.†
Characteristic All participants in the ARTIST cohort ‡

(N = 192)
Participants included in the week 96 analysis

(N = 72)
Participants included in the post-trial follow-up 

analysis (N = 127)
n N % Median Interquartile 

range
n N % Median Interquartile 

range
n N % Median Interquartile 

range

Age - - - 38 33–45 - - - 38 31–45 - - - 39 33–46
Sex
Female 132 192 69 - - 56 72 78 - - 90 127 71 - -
Male 60 192 31 - - 16 72 22 - - 37 127 29 - -
BMI§ - - - 28.6 23.4–34.3 - - - 29.1 23.4–34.7 - - - 30.7 23.7–35.2
Underweight 7 192 3.6 - - 3 72 4 - - 2 127 1.6 - -
Normal 58 192 30 - - 19 72 26 - - 35 127 28 - -
Overweight 41 192 21 - - 17 72 24 - - 21 127 17 - -
Obese 86 192 45 - - 33 72 46 - - 69 127 54 - -
CD4 lymphocyte count 
at enrolment (cells/µL)

- - - 250 170–344 - - - 277 190–379 - - - 246 175–339

Log10 HIV-1 RNA at 
enrolment (copies/mL)

- - - 4.0 3.5–4.6 - - - 4.1 3.5–4.4 - - - 4.1 3.5–4.7

NRTI resistance
Resistance to both 3TC/
FTC and TDF

127 176 72 - - 46 65 71 - - 84 117 72 - -

Resistance to either 
3TC/FTC or TDF

40 176 23 - - 13 65 20 - - 26 117 22 - -

No NRTI resistance 
detected

9 176 5 - - 6 65 9 - - 7 117 6 - -

3TC, lamivudine; ART, antiretroviral therapy; ARTIST, Antiretroviral Therapy in Second-line: investigating Tenofovir-lamivudine-dolutegravir; BMI, body mass index; CD4, cluster of differentiation 4; 
eGFR, estimated glomerular filtration rate; FTC, emtricitabine; NRTI, nucleoside reverse transcriptase inhibitor; TDF, tenofovir.
†, All values are reported as median (interquartile range) or n (%) unless otherwise specified; ‡, Refers to the pooled cohort from stage one and stage two of the ARTIST trial; §, Body Mass Index 
(BMI) categories: underweight refers to BMI ≤ 18.5 kg/m2; normal, BMI 18.5–25 kg/m2; overweight, BMI 25–30 kg/m2; obese, BMI ≥ 30 kg/m2.
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virologically suppressed category by this visit, and 44/56 
(79%) participants who were suppressed at week 48, 
remained suppressed at week 96. In the post-trial follow-up 
period, 12/17 (71%) of participants who were unsuppressed 
at 48 weeks had achieved virologic suppression at the post-
trial visit (Figure 2b).

We combined HIV-1 RNA data from samples taken by local 
HIV clinics with the clinical trial and post-trial follow-up 
visits and found that longer-term virologic outcomes were 
similar using combined data from these multiple settings 
(Online Appendix 1, Table 4-A1). Using these combined data, 
we found that 137/151 (91%) participants who were 

Note: ‘Missing’ refers to all reasons for not having available HIV-1 RNA data, including death, loss to follow-up and HIV-1 RNA sampling outside the window period.

FIGURE 1: Virologic outcomes for participants in the ARTIST study at specified follow-up visits during the clinical trial period.

(n = 9)

(n = 4)

(n = 38)

(n = 141)
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(n = 20)
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(n = 9)

(n = 15)

(n = 79)
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Week 4Enrolment Week 12 Week 24 Week 48 Week 72 Week 96 Week 144

(n = 163)

Missing HIV-1 RNA ≥ 1000 copies/mL HIV-1 RNA 50–999 copies/mL HIV-1 RNA < 50 copies/mL

TABLE 2: Longer-term virologic outcomes in ARTIST trial participants on tenofovir-lamivudine-dolutegravir as second-line antiretroviral therapy.
Timepoint HIV-1 RNA < 50 copies/mL HIV-1 RNA ≥ 50 copies/mL HIV-1 RNA 50–999 copies/mL HIV-1 RNA ≥ 1000 copies/mL

n N % 95% CI n N % 95% CI n N % 95% CI n N % 95% CI

Follow-up visits during the clinical trial period†
Week 48 visit 151‡ 177 85 79–90 26 177 15 10–21 17 177 10 6–15 9 177 5 1–6
Week 72 visit 95 114 83 75–90 19 114 17 10–25 14 114 12 7–20 5 114 4 1–9
Week 96 visit 53 72 74 62–83 19 72 26 17–38 11 72 15 8–26 8 72 11 5–21
Week 120 visit 26 34 76 59–89 8 34 24 11–41 4 34 12 3–27 4 34 12 3–27
Week 144 visit 20 29 69 49–85 9 29 31 15–51 3 29 10 2–27 6 29 21 8–40
Post-trial follow-up visit§ 
All participants¶ 99 127 78 70–85 28 127 22 15–30 14 127 11 6–18 14 127 11 6–18
72–96 weeks on TLD 22 27 81 62–94 5 27 19 6–38 2 27 7 1–24 3 27 11 2–29
96–144 weeks on TLD 48 62 77 65–87 14 62 23 13–35 9 62 15 7–26 5 62 8 3–18
≥ Week 144 weeks on TLD 29 38 76 60–89 9 38 24 11–40 3 38 8 2–22 6 38 16 6–31

ART, antiretroviral therapy; ARTIST, Antiretroviral Therapy in Second-line: investigating Tenofovir-lamivudine-dolutegravir; RNA, ribonucleic acid; TLD, tenofovir-lamivudine-dolutegravir.
†, July 2019 to October 2022. Denominator (N) refers only to those with available HIV-1 ribonucleic acid (RNA) results at the indicated visit and within the window period for that visit. Visits were 
conducted with a ±6-week window period; ‡, 151/186 (81%; 95% CI 75–87) if a modified intention to treat (mITT) population was used. See Online Appendix 1, Table 2-A1; §, Post-trial follow-up 
conducted from May to September 2023; ¶, Median (interquartile range) duration since the initiation of tenofovir-lamivudine-dolutegravir was 124 weeks (interquartile range 101 weeks–162 weeks).
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suppressed at the week 48 visit had one or more subsequent 
documented HIV-1 RNA measurement, and 70% of these 
participants maintained virologic suppression in all available 
samples taken at subsequent time points. Resistance to both 
NRTIs was present in higher proportions of participants with 
virologic rebound and these participants had higher 
enrolment HIV-1 RNA (Online Appendix 1, Table 5-A1). In 
those with at least one episode of viraemia after week 48, 
28/36 (78%) of those with available data were found to 
resuppress subsequently to an HIV-1 RNA < 50 copies/mL 
(Online Appendix 1, Table 5-A1).

Genotypic antiretroviral resistance testing
Twenty-nine participants met criteria for GART, with three 
participants meeting criteria for GART on two occasions 
(Table 4). Two of the 32 (6%) tests conducted failed to amplify 
and, in one participant, the protease and reverse transcriptase 
fragment did not amplify but integrase was still tested. 
The median (IQR) duration on TLD at the time of GART 
was 95 weeks (49–143) and 21 participants (78%; N = 27 
available test results) had dual NRTI resistance at enrolment.

Dolutegravir resistance was detected in two participants 
(7%) with at least one GART result (i.e., 1% of the 192 
participants in the ARTIST cohort). In one participant, 
virologic rebound to 853 copies/mL developed at week 96 
after being virologically suppressed until week 72 (Figure 3a), 
and intermediate-level dolutegravir resistance with the 
G118R mutation was detected at GART. In the other 
participant, a gradual HIV-1 RNA increase was noted from 
week 72 to week 144 (Figure 3b), and the participant had an 
HIV-1 RNA value of 7701 copies/mL with high-level 
dolutegravir resistance (E138K, G118R, G163R, and T66A 
mutations) at week 146. In both participants, resistance to 
both tenofovir and lamivudine in addition to high-level 
NNRTI resistance was present at the time of initiation of 
TLD, with the specific DRMs shown in Figure 3a and 
Figure 3b. Both participants were switched to tenofovir-
emtricitabine-darunavir/ritonavir as third-line ART and 
both were found to resuppress (HIV-1 RNA < 50 copies/mL) 
by the completion of the post-trial follow-up period.

Longer-term post-trial clinical outcomes
We considered the longer-term post-trial clinical outcomes 
including CD4 count, hospitalisation, all-cause mortality, and 
incident tuberculosis for participants at the post-trial follow-
up visits (Online Appendix 1, Table 6-A1). Participants had a 
median increase (95% CI) in CD4 count of 192 cells/µL (155, 
223) since TLD initiation, and the cumulative incidence of 
tuberculosis was 3/127 (2%). In total, four participants (2%) 
died during the clinical trial and post-trial period. Two 
participants died during the clinical trial period, one of 
COVID-19 pneumonia and the other of sepsis-related 
complications. At the post-trial follow-up visit, a further two 
participants had died; one of sepsis and the other from trauma. 
Hospitalisation was documented in 9/127 (7%) participants, 
of which three causes for admission were unrelated to HIV.TA
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FIGURE 2: Alluvial diagrams showing transitions between virologic outcomes comparing (a) participants at week 48 and those with outcome data at week 96 of the clinical 
trial period (n = 72); and (b) participants at week 48 and those with outcome data at post-trial follow-up period (n = 127).
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TABLE 4: HIV-1 Genotypic Antiretroviral Resistance Testing (GART) findings in ARTIST participants with viraemia and meeting criteria for GART.
n % Median IQR

GART results available (N = 32)†
Stage 1 and 2 15 47 - -
Post-trial follow-up 17 53 - -
Participant characteristics at enrolment (N = 28)
Age - - 36 32–42
Sex (female) 18 62 - -
Baseline CD4 lymphocyte count in cells/µL - - 176 128–324
Baseline HIV-1 RNA in log10 copies/mL - - 4.3 4.0–4.9
Baseline dual NRTI resistance (N = 27) 21 78 - -
Laboratory findings at the time of GART (N = 30)
CD4 lymphocyte count in cells/µL - - 242 144–379
HIV-1 RNA in log10 copies/mL - - 4.1 2.9–5.2
Duration from TLD initiation to GART (N = 30)
Duration in weeks - - 95 49–143
≤ 48 weeks 8 27 - -
48–96 weeks 8 27 - -
96–144 weeks 6 20 - -
≥ 144 weeks 8 27 - -
NRTI resistance mutations‡ (N = 30)
0 14 46 - -
1–2 9 30 - -
≥ 3 7 23 - -
NNRTI resistance mutations§ (N = 30)
0 3 10 - -
1–2 16 53 - -
≥ 3 11 37 - -
INI resistance mutations¶ (N = 30)
0 28 93 - -
1–2 1 3 - -
≥ 3 1 3 - -
PI resistance mutations (major)| (N = 30)
0 29 97 - -
1–2 1 3 - -
≥ 3 0 0 - -
Stanford resistance levels†† (N = 30)
Lamivudine resistance levels - -
Susceptible 15 57 - -
Intermediate resistance 1 3 - -
High-level resistance 11 37 - -
Not tested 1 3 - -
Tenofovir resistance levels - -
Susceptible 20 67 - -
Low-level resistance 4 13 - -
Intermediate resistance 1 3 - -
High-level resistance 4 13 - -
Not tested 1 3 - -
Dolutegravir resistance levels - -
Susceptible 21 70 - -
Intermediate resistance 1 3 - -
High-level resistance 1 3 - -
Not tested 7 23 - -

Note: During the clinical trial period, GART was conducted in participants with repeat HIV-1 RNA ≥ 500 copies/mL 2 weeks after enhanced adherence counselling, and in all participants with HIV-1 
RNA ≥ 500 copies/mL at the post-trial follow-up. In the post-trial follow-up, GART was omitted if participants reported having interrupted antiretroviral therapy and were not on ART at the time of 
the visit.
ART, antiretroviral therapy; ARTIST, Antiretroviral Therapy in Second-line: investigating Tenofovir-lamivudine-dolutegravir; CD4, cluster of differentiation 4; GART, genotypic antiretroviral 
resistance testing; INI, integrase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; TLD, tenofovir-
lamivudine-dolutegravir.
†, 32 genotypic antiretroviral resistance testing conducted in 29 participants (three participants had repeated GART at two different time points); two tests were excluded due to failure of 
amplification in the protease, reverse transcriptase, and integrase gene fragments; in one test there was failure of amplification in protease and reverse transcriptase but not in integrase and this 
test was included; ‡, NRTI resistance mutations: (1) Non-thymidine analogue mutations: M184I/V (n = 11); K65R (n = 4); L74I (n = 2); Y115F (n = 3); K70E/N (n = 5); (2) Thymidine analogue mutations 
(TAMs): K70R (n = 1), K219E/R/Q (n = 4), T215Y (n = 1), D67N (n = 4), L210F (n = 1), M41L (n = 1), A62V (n = 1); §, NNRTI resistance mutations: (1) Major: L100I (n = 0), K101E (n = 1), K103N/S (n = 
23), V106M (n = 3), Y181C/I/V (n = 0), Y188H/Y (n = 1), G190A/R/S (n = 3), F227 (n = 3), M230L (n = 1). (2) Additional NNRTI mutations: A98G (n = 2), E138A/G/Q (n = 9); ¶, INI resistance mutations: 
(1) Major: G118R (n = 2), E138K (n = 1), T66A (n = 1). (2) Accessory: G163R (n = 1) | PI resistance mutations: (1) Major: V82I/V (n = 1); ††, Stanford scoring system: (1) ‘Susceptible’, total score < 
10; (2) ‘Potential low-level resistance’, total score between 10 and 14; (3) ‘Low-level resistance’, total score between 15 and 29; (4) ‘Intermediate resistance’, total score between 30 and 59; and (v) 
‘High-level resistance’, total score ≥ 60.
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Objective measure of adherence
TFV-DP concentrations in dried blood spots were available 
for 168/177 (95%) participants with available HIV-1 RNA 

data at week 48. The median (IQR) TFV-DP concentration 
was 1194 fmol/punch (910, 1653), and was higher in the 
participants who were virologically suppressed at this time 
point (1257 fmol/punch; IQR 963, 1694) compared to those 

Note: ‘Baseline’ refers to the time of initial enrolment into ARTIST.
3TC, lamivudine; DTG, dolutegravir; GART, genotypic antiretroviral resistance testing; INI, integrase inhibitor; LDL, lower than detectable limit; NRTI, nucleoside reverse transcriptase inhibitor; 
NNRTI, non-nucleoside reverse transcriptase inhibitor; RNA, ribonucleic acid; TDF, tenofovir.

FIGURE 3: Diagrams depicting the HIV-1 ribonucleic acid (RNA) trajectories in two participants who developed dolutegravir resistance. Participant (a) developed intermediate 
dolutegravir resistance (Stanford score: 50), detected at week 96; clinical information: female, 40 years old, baseline HIV-1 RNA 4.30 log10 copies/mL, baseline CD4 lymphocyte 
count: 256 cells/μL. Participant (b) developed high-level dolutegravir resistance (Stanford score: 70), detected at week 146; clinical information: Male, 39 years old, baseline 
HIV-1 RNA 4.30 log10 copies/mL, baseline CD4 lymphocyte count: 175 cells/μL.
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who were unsuppressed (842 fmol/punch; IQR 472, 1390) 
(P < 0.001). The relationship between virologic outcomes at 
week 48 and objective adherence as measured by TFV-DP 
concentrations in dried blood spots is shown in the Online 
Appendix 1, Figure 2-A1. The participant who developed 
dolutegravir resistance at week 96 was found to have a TFV-
DP concentration within the lower quartile (681 fmol/punch) 
at week 48, despite being virologically suppressed at this 
visit. Conversely, the participant who developed dolutegravir 
resistance at week 146 did not have a TFV-DP concentration 
below the median value of the cohort at this timepoint. At 
post-trial follow-up, lower TFV-DP concentrations were 
significantly associated with HIV-1 RNA ≥ 1000 copies/mL 
(161 [IQR 53, 758]) compared to HIV-1 RNA < 50 copies/mL 
(965 [IQR 761, 1101]) (P < 0.01). Additionally, TFV-DP 
concentrations in DBS confirmed improved adherence to 
ART from visit one (549, [IQR 163, 1050]) to visit two (895 
[IQR 418, 1107]) and visit three (1020 [IQR 779, 1325]), 
suggesting that enhanced adherence counselling was having 
a positive effect.

Discussion
Our longer-term follow-up of ARTIST participants confirms 
that virologic outcomes for people on TLD as second-line 
ART are durable and that approximately 80% of participants 
remain virologically suppressed when follow-up is extended 
to 3 years. We show that the proportion of participants with 
virologic suppression at 1 year is comparable at 2 years of 
follow-up; and that similar proportions of virologic 
suppression are found in participants being followed up in 
routine care beyond follow-up in the clinical trial setting. 
Treatment-emergent dolutegravir resistance was uncommon 
(~1%) on second-line TLD in this cohort.

The favourable longer-term virologic outcomes found in this 
study are comparable to other clinical trials that assessed the 
efficacy of second-line TLD with recycled NRTIs.3,19,20 These 
findings add to the body of evidence supporting the use of 
TLD in second-line ART and provide reassuring data for 
many LMICs where second-line TLD is already standard of 
care.21 Virologic suppression at week 48 in our study (~80%) 
was similar to virologic suppression demonstrated in the 
VISEND (82% HIV-1 RNA < 1000 copies/L) and D2EFT (78% 
HIV-1 RNA < 50 copies/L) trials.20,22 Similarly, proportions 
with virologic suppression at 96 weeks (74%) and post-trial 
follow-up through 158 weeks (78%) were comparable to 
week 96 results from NADIA, where 189/235 (80%) of the 
dolutegravir group achieved an HIV-1 RNA < 50 copies/mL 
at this time point.3 In addition, we found that although 
approximately 30% of participants who are virologically 
suppressed at 1 year on second-line TLD will have subsequent 
episodes of viraemia, the majority resuppressed after 
enhanced adherence counselling. This is consistent with our 
previous findings, where we showed that the trajectory of 
most ARTIST participants with transient viraemia was to 
resuppressed, thus highlighting the importance of adherence 
support and virologic monitoring in those on TLD as second-
line therapy.12

We found that participants with resistance to both NRTIs on 
enrolment genotypic resistance testing were more likely to be 
virologically suppressed at 48 weeks of follow-up. The absence 
of NRTI resistance at the time of changing regimens often 
implies poor adherence, which likely persists on second-line 
ART, and may explain this finding. Additionally, the cost to 
viral fitness with NRTI resistance and, in particular, the 
crippling nature of the M184V/I and the K65R/N mutations, 
contributes to the efficacy of TLD in the absence of a fully 
active NRTI.23 In NADIA, more than 90% of participants with 
no predicted active NRTIs achieved HIV-1 RNA < 400 copies/
mL at week 48, and, in the subgroup with the K65R/N 
mutation, 96% achieved suppression in the tenofovir group.19,24 
Moreover, the nucleoside resistance mutation, K65R, has been 
shown to prevent the emergence of dolutegravir resistance in 
vitro.25 These factors may highlight the advantage of using of 
TLD as second-line ART and the recycling of tenofovir and 
lamivudine/emtricitabine in third-line ART for those failing 
TLD.4,26,27 However, conversely, a large observational study 
showed that NRTI resistance was an important risk factor for 
the development of dolutegravir resistance.10

We detected acquired dolutegravir resistance in two 
participants (~1% of this cohort) and dolutegravir resistance 
was detected at durations of 96 and 146 weeks after the 
initiation of TLD as second-line ART. This is consistent with 
other trial and programmatic data where dolutegravir 
resistance has been reported in 2% – 4% of patients on 
dolutegravir-based second-line ART.2,3,6,8 In our cohort, both 
cases of dolutegravir resistance were detected after 72 weeks 
duration of TLD and it is possible that, because of 
dolutegravir’s high genetic barrier to resistance, higher 
proportions of emergent resistance may only be detected 
after longer durations of second-line dolutegravir-based 
therapy.28 It is also possible that dolutegravir resistance could 
develop more rapidly in settings where individuals have 
unchecked viraemia for significant periods of time. In 
DAWNING (a phase 3b trial comparing dolutegravir to 
LPV/r, both with dual NRTI therapy, in adults failing first-
line therapy), two of 312 (1%) participants developed 
dolutegravir resistance by 48 weeks and, when follow-up 
was extended to 158 weeks, a further five participants were 
found to have INSTI resistance mutations.6,9,29 In both 
DAWNING and NADIA, no protease inhibitor (PI) resistance 
was detected, indicating that the genetic barrier to resistance 
of dolutegravir is not as high as PIs, the previous standard of 
care in second-line. 3,6,9,29

The two participants with dolutegravir resistance in this 
cohort were found to have resistance to both tenofovir and 
lamivudine as well as high-level NNRTI resistance at 
enrolment. A recent analysis of over 700 samples sent for 
genotypic resistance testing showed that NRTI resistance was 
a major risk factor for the development of dolutegravir 
resistance (adjusted odds ratio of 4.62; 95% CI 1.24, 17.2 for 
potential-low/low, and 7.01; 95% CI 2.52, 19.48 for 
intermediate/high-level NRTI resistance), which highlights 
that dolutegravir’s barrier to resistance is significantly lower in 
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second-line compared to first-line therapy where 
accompanying NRTIs are fully active, despite the fact that the 
majority of patients achieve virologic suppression on second-
line TLD.10 These findings together suggest that although dual 
NRTI resistance does not increase the risk of virologic failure 
on second-line TLD, it may increase the risk of resistance in 
those with viraemia.10 Other contributing factors which may 
have increased the risk of dolutegravir resistance developing 
in these two cases are high-level NNRTI resistance at the time 
of TLD initiation, sub-optimal adherence, relatively high HIV-
1 RNA at TLD initiation (compared to the rest of the cohort), 
and relatively low CD4 lymphocyte counts (< 300 cells/µL in 
both cases) (Figure 3a and Figure 3b).10,29,30,28,31

Strengths and limitations
Our study has the following strengths. First, we add to the 
current literature by reporting some of the longest duration 
of follow-up data from participants on second-line TLD with 
recycled NRTIs. Second, we assess virologic outcomes in 
both a clinical trial setting and a routine-care setting. Third, 
given the rigorous implementation of our resistance testing 
indications, it is unlikely that dolutegravir resistance was 
missed among those participants who attended study visits.

Our study also has limitations. The included sample of 
participants was relatively small, single-community-based, 
female-predominant, and had relatively low HIV-1 RNA values 
at study entry. In addition, missing data at later time points – 
which was only partially compensated for by using data from 
the post-trial visits and routine care – is a limitation of this study. 
However, it is notable that within our setting, the observed loss 
of contact is more likely explained by changed contact numbers 
than genuine loss to follow-up from routine care.

Conclusion
Our data are reassuring, showing that the longer-term 
virologic outcomes on TLD as second-line ART are 
favourable, with sustained virologic suppression in 
approximately 70% – 80% up to 3 years after the initiation of 
TLD. This supports current recommendations that tenofovir 
and lamivudine can be recycled safely and effectively with 
dolutegravir without the requirement of a genotypic 
resistance test prior to starting, which has particularly 
advantageous public health implications for LMICs. Of 
concern is that a small proportion develop dolutegravir 
resistance. There is a need for monitoring and management 
algorithms to be developed for patients on second-line TLD, 
including reliable objective measures of adherence,32 to 
ensure that dolutegravir resistance is detected timeously in 
the minority of patients who develop it while avoiding 
unnecessary costly resistance testing.
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