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ARTIST STUDY SUMMARY 

 

As the HIV epidemic matures and more patients are initiated on antiretroviral therapy (ART), 

focus is on ensuring that those on ART are virologically suppressed. Strategies to support 

virologic suppression on second-line regimens include the provision of ART that has a low pill 

burden, good tolerability, a high genetic barrier to resistance, low potential for drug-drug 

interaction, reduced need for laboratory safety monitoring, and low cost. A fixed-dose 

combination of tenofovir-lamivudine-dolutegravir (TLD) fulfils these criteria. 

 

Evidence from the NADIA study 1 and the first stage of the ARTIST study 2 suggested that 

recycling the tenofovir plus lamivudine or emtricitabine (TDF/XTC) backbone from first-line 

through to second-line could protect the regimen from development of resistance mutations to 

dolutegravir. This study (ARTIST stage 2) is a phase 2, randomised, double-blind, placebo-

controlled, non-comparative trial to determine the proportions of participants achieving 

virologic suppression when recycling the TDF/XTC backbone with dolutegravir (TLD fixed-dose 

combination) as a second-line regimen with and without a 14-day lead-in supplementary 50 mg 

dose of dolutegravir, in those failing a tenofovir-emtricitabine-efavirenz (TEE) first-line regimen. 

The rationale for the strategy of giving a lead-in supplementary dose of dolutegravir is to 

compensate for the induction effect of efavirenz on dolutegravir metabolism and transport that 

persists after efavirenz is stopped. 

 

In ARTIST stage 1, 62 participants were initiated on TLD fixed-dose combination daily with a 

lead-in supplementary 50 mg dose of dolutegravir taken 12 hours later (to make the dose 50 

mg twice daily) for the first 14 days, with continuation of TLD for the duration of the study (48 

weeks). Our study findings demonstrated excellent virologic suppression with TLD as a second-

line regimen, showing 85% (95% confidence interval [CI], 73 – 93%) achieving plasma viral load 

<50 copies/mL at 24 weeks, despite substantial baseline nucleoside reverse transcriptase 

inhibitor (NRTI) resistance 2.  

 



In ARTIST stage 2, 130 participants have been randomised to initiate on TLD fixed-dose 

combination daily with a lead-in supplementary 50 mg dose of dolutegravir or placebo taken 12 

hours later for the first 14 days, with continuation of TLD for the duration of the study (48 

weeks). This study is not powered for formal statistical comparison, but the point estimates 

(and 95% CIs) of the two study arms will be informally compared. The protocol for stage 2 

followed the SPIRIT guidelines and has been published 3. 

 

MAIN STUDY PRIMARY AND SECONDARY OUTCOMES 

Primary outcome measure 

• Plasma viral load <50 copies/mL at 24 weeks 

 

Secondary outcome measures 

• Plasma viral load <50 copies/mL at 12 and 48 weeks 

• Plasma viral load <400 copies/mL at 12, 24, and 48 weeks 

• Plasma viral load <50 copies/mL, <400 copies/mL, and <1000 copies/mL at 4 weeks 

• Resistance mutations to dolutegravir by 24 and 48 weeks 

• Acquired resistance mutations to NRTIs by 24 and 48 weeks 

• CD4 cell count change from baseline at 24 and 28 weeks 

• Death by 24 and 48 weeks 

• Grade 3 or 4 adverse events by 24 and 48 weeks 

• Adverse events leading to treatment discontinuation by 24 and 48 weeks 

• Serious adverse events by 24 and 48 weeks 

 

Other outcome measures 

• Creatinine change from baseline at 4, 16, and 48 weeks 

• Body weight change from baseline at 24 and 48 weeks 

• Body mass index change from baseline at 24 and 48 weeks 

• Change in sleep assessment from baseline at 2, 4, 8, 12, 16, 20, 24, 36, and 48 weeks 

• Change in neuropsychiatric assessment from baseline at 2, 4, 12, 24, and 48 weeks 



• Change in neurocognitive assessment from baseline at 2, 4, 12, 24, and 48 weeks 

• Adherence to ART as measured by tenofovir-diphosphate concentrations at 12, 24, and 

48 weeks 

 

This document describes the statistical analysis plan for ARTIST stage 2. 

 

1. Study information 

The number of patients screened and enrolled (or excluded) will be summarised by reasons for 

exclusion. For participants enrolled in the study, the number of participants discontinued study 

or lost to follow-up (LTFU) will be tabulated by reasons and last study visits. This information 

will be summarised in a CONSORT flow diagram, according to the 2010 CONSORT Statement 4. 

 

2. Baseline characteristics 

Baseline characteristics will be described in each study arm (tabulated as below). Categorical 

characteristics will be described using numbers and percentages. Continuous characteristics will 

be described using medians and interquartile ranges (IQRs).  We will describe means (standard 

deviations) for continuous variables that are normally distributed. 



 
 

3. Analysis of the primary endpoint  

The primary endpoint is the proportion of participants achieving virologic suppression (defined 

as plasma viral load [VL] <50 copies/mL) at 24 weeks. We will describe the proportion (and 95% 

CI) of participants achieving a VL <50 copies/mL at 24 weeks in each study arm. The visit 

window for the primary endpoint is +/- 6-weeks. No formal between-group comparison will be 

made for the primary endpoint as we do not have sufficient power. 

 

We will use the modified intention to treat (ITT) analysis according to the Food and Drug 

Administration (FDA) Snapshot algorithm for analysing virologic failure 5. All participants who 

receive ≥1 dose of the study medication will be part of the analysed cohort. The FDA Snapshot 

algorithm regards those with measured VL ≥50 copies/mL, discontinued study/study drug due 



to lack or loss of efficacy, missing VL within the visit window, intolerance or adverse event 

because of any drug in the regimen requiring switch, and drug substitution not permitted by 

the protocol as failures 5. LTFU will be regarded as failure. Stopping or switching because of 

dolutegravir or NRTI intolerance or adverse events will be regarded as failure. Switching for 

reasons of stopping contraception, wish to become pregnant, becoming pregnant, transfer out 

for nonclinical reasons, and death from non-HIV and nondrug causes (as assessed by the study 

investigator) will not be regarded as failure and will be excluded from the population. 

 

4. Analysis of secondary efficacy endpoints and time to event analysis 

A modified ITT analysis at 12 and 48 weeks will be performed to describe the proportions (and 

95% CIs) of participants achieving a VL <50 copies/mL (using the FDA Snapshot algorithm as 

described above) in each study arm. A secondary analysis will describe the proportions (and 

95% CIs) of participants achieving a VL <400 copies/mL at 12, 24, and 48 weeks using the 

modified ITT analysis and the FDA Snapshot algorithm in each study arm. We will describe the 

median VL (and IQR) and the proportions (and 95% CIs) of participants achieving a VL <50 

copies/mL, a VL <400 copies/mL, and a VL <1000 copies/mL, at 4 weeks using the modified ITT 

analysis and the FDA Snapshot algorithm in each study arm. 

 

The proportions of participants with a VL <50 copies/mL at each VL testing timepoint 

(measured at weeks 4, 8, 12, 16, 20, 24, 36, and 48) will be presented with 95% CIs in each 

study arm. The visit window is +/- 16-days around each visit except week 24 which has a 

window of +/- 6-weeks. A graph that plots proportions (with 95% CIs) of participants with VL 

<50 copies/mL at each VL testing timepoint in each study arm will be presented. We will 

tabulate VL outcomes at each study visit (virologic suppression [defined as a VL <50 copies/mL 

or a VL <400 copies/mL] and virologic non-suppression) using percentages and 95% CIs. If the 

proportion suppressed is 0 or 100%, a one-sided 97.5% CI will be estimated. The median time to 

virologic suppression (and IQR) will be described and a Kaplan Meier survival analysis will be 

performed to describe this outcome.  

 



We will describe CD4 cell count measured at weeks 24 and 48 using medians and IQRs, and 

describe change in CD4 cell count from baseline. 

 

Between-group differences for secondary endpoints will be analysed with Chi-squared tests (or 

Fisher’s exact tests if the number in any cell is ≤5) for binary data and with Wilcoxon rank sum 

tests for continuous data. 

 

5. Analysis of participants who do not virologically suppress 

5.1. Description of participants by outcome (suppressed versus unsuppressed) 

We will describe the following characteristics comparing participants who are virologically 

suppressed (achieving a VL <50 copies/mL and a VL <400 copies/mL) and those not suppressed 

(VL ≥50 copies/mL and VL ≥400 copies/mL) at 24 and 48 weeks. 

• Age (median and IQR) 

• Sex (proportion female) 

• NRTI resistance at baseline (proportion) using the Stanford algorithm for prediction of 

drug-susceptibility, with a score of ≥15 indicating at least low-level resistance 6: 

o 2 fully active NRTIs (both with a Stanford score <15 indicating susceptibility or only 

potential of low-level resistance) 

o 1 fully active NRTI (one with a Stanford score <15 and one with a Stanford score ≥15) 

o No fully active NRTIs (both with a Stanford score ≥15 indicating at least low-level 

resistance to both NRTIs) 

• Baseline VL (median and IQR) 

• Baseline CD4 count (median and IQR) 

• Previous ART duration (median and IQR) 

• Prior exposure to AZT or D4T (proportion) 

• Tenofovir-diphosphate (TFV-DP) concentrations at 24 and 48 weeks (proportion in each 

concentration category) described in details in section 5.3 below 

 



5.2. Description of treatment-emergent dolutegravir and NRTI resistance 

VL measurement is obtained at baseline, 4, 8, 12, 16, 20, 24, 36, and 48 weeks. If any VL after 

week 12 is ≥50 copies/mL, or if there is less than one log decline in VL from baseline, or if VL is 

suppressed at any timepoint and subsequently rebounds to ≥50 copies/mL, intensive 

adherence counselling is performed, and VL measurement is repeated after two weeks. If there 

is no decline and the repeat VL is ≥500 copies per mL, a genotypic resistance testing is 

performed on a new sample at this timepoint and on the baseline sample.  

 

The number and proportion of participants who develop dolutegravir resistance mutations and 

emergent NRTI mutations by 24 and 48 weeks in each study arm will be described.  The 

individual mutations and Stanford scores 6 will also be described. We will describe the number 

and proportion of participants who had virologic failure (defined as having two consecutive VLs 

>1000 copies/mL after 12 weeks) by 24 and 48 weeks in each study arm. 

 

5.3. Analysis of adherence 

TFV-DP concentrations on dried blood spots are conducted as an objective measure of 

adherence. Proportions in each concentration category will be described at 24 and 48 weeks for 

participants who are not virologically suppressed (VL ≥50 copies/mL and VL ≥400 copies/mL) 

and compared with those who achieved virologic suppression (VL <50 copies/mL and VL <400 

copies/mL) in each study arm. 

 

TFV-DP concentrations will be categorised using the threshold defined by Anderson et al 7. 

• <350 fmol/punch (men: <1.2 doses per week and women: <0.6 doses per week) 

• 350 – 700 fmol/punch (men: 1.2 – 3.2 doses per week and women: 0.6 – 2.0 doses per 

week)  

• 700 – 1250 fmol/punch (men: 3.2 – 6 doses per week and women: 2.0 – 5.3 doses per 

week) 

• >1250 fmol/punch (men: >6 doses per week and women: >5.3 doses per week) 

 



TFV-DP concentrations (median and IQR) and the proportion of participants in each category 

using the threshold defined by Anderson et al 7 will be described at baseline, 12, 24, and 48 

weeks for all participants (regardless of virologic success or failure).  

 

6. Analysis of secondary safety and tolerability endpoints 

Secondary safety and tolerability analyses will be performed, using the all-patients-treated 

approach (excluding participants who were randomised but never started on the study 

medication). We will describe the numbers and proportions of participants in each study arm 

who develop serious adverse events, laboratory and/or clinical Grade 3-4 adverse events 

(graded according to the Division of AIDS [DAIDS] criteria 8), and discontinuation of any drug in 

the TLD regimen by 24 and 48 weeks.  

 

We will describe creatinine at weeks 4, 16, and 48 using medians and IQRs at each time point. 

We will describe weight (and BMI) at weeks 24 and 48 using medians and IQRs, and describe 

change in weight (and BMI) from baseline. 

 

We will describe the numbers and proportions of participants in each study arm who develop 

insomnia (measured with the insomnia severity index 9 at baseline, 2, 4, 8, 12, 16, 20, 24, 36, 

and 48 weeks), and describe change in insomnia severity index scores from baseline. We will 

describe the numbers and proportions of participants in each study arm who develop anxiety 

and depressive symptoms (measured with the brief symptoms inventory anxiety subscale 10 and 

the centre for epidemiology studies depression scale 11 at baseline, 2, 4, 12, 24, and 48 weeks), 

and describe change in scores from baseline. We will describe the time to development of such 

events and the severity where available. We will describe the median and IQRs of 

neurocognitive assessment scores in each study arm (measured with the Simioni symptom 

questionnaire 12 and the cognitive assessment tool rapid version 13 at baseline, 2, 4, 12, 24, and 

48 weeks), and describe change in scores from baseline.  

 



We will describe the number and proportion of women of child-bearing potential who become 

pregnant within the study period (48 weeks), and describe the outcomes of the mother and of 

the newborn child.  

 

We will describe the number and proportion of deaths (all-cause) within the study period (48 

weeks) and report specific causes of death. 

 

7. Subgroup analyses related to the primary endpoint, secondary efficacy endpoints, and 

time to event analysis 

We will describe the proportions (and 95% CIs) of participants who achieve a VL <50 copies/mL 

at 24 and 48 weeks and the time to virological suppression (Kaplan Meier survival curves), 

overall and in each study arm, stratified by NRTI resistance present at baseline 6: 

• 2 fully active NRTIs (both with a Stanford score <15) 

• 1 fully active NRTI (one with a Stanford score <15 and one with a Stanford score ≥15) 

• No fully active NRTIs (both with a Stanford score ≥15) 

 

A secondary analysis will describe the proportions (and 95% CIs) of participants who achieve a 

VL <400 copies/mL at 24 and 48 weeks and the time to suppression (Kaplan Meier survival 

curves), overall and in each study arm, stratified by NRTI resistance at baseline. 

 

8.  Sensitivity analyses 

A sensitivity analysis at weeks 12, 24, and 48 will describe the proportions (and 95% CIs) of 

participants who achieve a VL <50 copies/mL and those who achieve a VL <400 copies/mL in 

each study arm. This sensitivity analysis will include only those still in the study and receiving 

the study drug. The following participants will be excluded from this sensitivity analysis: 

• Participants who have evidence of poor adherence (low TFV-DP concentration <350 

fmol/punch) 

• Participants who are LTFU or missing a VL within the visit window 



• Participants who stop or were changed from the study drug for reasons other than 

failure of the regimen (i.e., for lack or loss of efficacy, intolerance, or adverse event 

because of any drug in the regimen requiring switch) 

• Participants excluded from the modified ITT analysis for reasons described in section 3 

above 

 

9.  Protocol deviations 

A list of all protocol deviations (major and minor) will be compiled. These will be defined 

according to the relevant trial Standard Operating Procedures, and in accordance with the 

guidance of the Human Research Ethics Committee at the University of Cape Town. These will 

be presented as supplementary material in the trial publication. 

 

10.  Publication  

This statistical analysis plan will be published online (updated on clinicaltrials.gov) before 

locking the database for analysis. 
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