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Structured Summary
Background: For HIV positive individuals on tenofovir disoproxil fumarate, clinicians often switch to abacavir to prevent bone and renal toxicities. Tenofovir alafenamide was shown to have an improved renal and bone safety profile over tenofovir disoproxil fumarate in large phase 3 studies. However, no head-to-head comparison of tenofovir alafenamide plus emtricitabine to abacavir plus lamivudine has been performed.
Methods: In a randomised, double-blind, active-controlled trial, HIV-1-positive adults were screened at 79 sites in 11 countries (North America, Europe). Participants were virologically suppressed (HIV-1 RNA <50 copies per mL) on a stable 3-drug regimen containing abacavir plus lamivudine and were randomly assigned (1:1) to switch to tenofovir alafenamide plus emtricitabine or remain on abacavir plus lamivudine, with matching placebo, while continuing third agent. Investigators, participants, study staff, and those assessing outcomes were masked to treatment group. Primary endpoint was proportion with virologic suppression (HIV-1 RNA <50 copies/ mL) at week 48 (by snapshot algorithm), with 10% noninferiority margin. We analysed the primary endpoint in participants enrolled before May 23, 2016 (i.e. when target sample size was reached) and safety in all participants enrolled in this study. This study was registered with ClinicalTrials.gov (NCT02469246).
Findings: Between June 29, 2015 and May 23, 2016, 501 participants were randomised and treated (253 with tenofovir alafenamide plus emtricitabine, 248 with abacavir plus lamivudine). At week 48, virologic suppression was maintained in 90% (227 of 253) of participants on tenofovir alafenamide plus emtricitabine vs 93% (230 of 248) on abacavir plus lamivudine (difference −3·0%, 95·002% CI: −8·2% to 2·0%), showing noninferiority. Few discontinued treatment due to AEs (12 [4%] of 280 and 9 [3%] of 276). Changes in measures of bone and renal safety, as well as changes in lipid parameters, were not significantly different between groups.
Interpretation: Tenofovir alafenamide, in combination with emtricitabine and various third agents, maintained high efficacy with renal and bone safety profile similar to abacavir. In virologically suppressed patients, tenofovir alafenamide-containing regimen can be an alternative to abacavir-containing regimen without concern for new onset of renal or bone toxicities or hyperlipidaemia. 
Funding: Gilead Sciences, Inc.
Research in Context
Evidence before this study
Since the 2015 approval of the first single-tablet regimen containing the NRTI tenofovir alafenamide (an oral prodrug of tenofovir) plus emtricitabine, multiple studies have been conducted that directly compared the efficacy and safety of tenofovir alafenamide with another tenofovir prodrug, tenofovir disoproxil fumarate. These studies have consistently demonstrated that tenofovir alafenamide was as efficacious as tenofovir disoproxil fumarate, but safer from the standpoint of renal and bone toxicity, as assessed by estimated glomerular filtration rate, quantitative urinary protein, and bone mineral density. There are minimal published data on studies that compare regimens containing tenofovir alafenamide plus emtricitabine with other N(t)RTI backbones.
We searched PubMed using each of the terms “tenofovir alafenamide” and “abacavir“, reporting a “trial” or “study”. Searches were limited to articles published in English between January 1, 1997 and June 1, 2017. We found no articles on studies comparing regimens containing tenofovir alafenamide plus emtricitabine to those containing abacavir plus lamivudine.
Added value of this study
This randomised, double-blind, multicentre, placebo-controlled, non-inferiority trial is the first to provide a head-to-head comparison of regimens containing tenofovir alafenamide plus emtricitabine to those containing abacavir plus lamivudine. This switch study showed that both regimens were well-tolerated and had high efficacy. Bone and renal safety profiles of tenofovir alafenamide (plus emtricitabine) and abacavir (plus lamivudine) were similar, reinforcing evidence for improved bone and renal safety profile of tenofovir alafenamide compared with tenofovir disoproxil fumarate.
Implications of all available evidence
In the population we have studied, these data suggest that tenofovir alafenamide is no different from abacavir from renal and bone safety standpoint and that tenofovir alafenamide does not appear to be associated with bone or renal toxicity. 
Main Text
Introduction
All currently recommended regimens in major HIV treatment guidelines include a “backbone” of two nucleoside reverse transcriptase inhibitors (NRTI).1-3 Prior to the availability of tenofovir alafenamide, the two most commonly used backbones were the fixed dose combinations of tenofovir disoproxil fumarate plus emtricitabine or abacavir plus lamivudine. The primary concerns for long-term tenofovir disoproxil fumarate use are renal and bone toxicities.4-7 As such, in individuals at risk for renal and bone toxicities, clinicians may prefer an abacavir–based backbone, despite certain limitations: suboptimal efficacy in treatment-naïve patients with high baseline viral load (≥100,000 copies per mL) when used with boosted atazanavir or efavirenz, lack of antiviral activity against hepatitis B virus, association with cardiovascular events in some observational studies and potential for hypersensitivity reactions necessitating HLA-B*5701 testing prior to use.8
Several randomised studies have demonstrated the advantages of tenofovir alafenamide compared with tenofovir disoproxil fumarate with respect to renal and bone safety. This is thought to be due to lower plasma tenofovir exposures achieved with tenofovir alafenamide than with tenofovir disoproxil fumarate.9-11 Based on these data, tenofovir alafenamide has either replaced or is included in addition to tenofovir disoproxil fumarate as a recommended backbone for treatment -naïve patients in major treatment guidelines.1-3 As with the other NRTI backbones, tenofovir alafenamide plus emtricitabine is available as a stand-alone fixed dose combination and is also co-formulated with elvitegravir/cobicistat, rilpivirine, darunavir/cobicistat, and bictegravir. To date, there has been no head-to-head comparison of tenofovir alafenamide plus emtricitabine to abacavir plus lamivudine, which remains an important clinical question given the lingering concern for renal and bone safety of tenofovir alafenamide, especially in the context on long-term antiretroviral therapy in an ageing population.
Herein, we describe the safety and efficacy of switching to fixed-dose emtricitabine with tenofovir alafenamide compared with remaining on fixed-dose abacavir plus lamivudine while continuing the same third agent in virologically suppressed individuals with HIV. 
Methods
Study design and participants
GS-US-311-1717 is a randomised, double-blind, multicentre, active-controlled, phase 3 trial undertaken at 79 clinical sites in 11 countries in North America (Canada and U.S.) and Europe (Belgium, Denmark, France, Germany, Ireland, Italy, Spain, Sweden, and the United Kingdom). Study investigators enrolled HIV-1 positive adults (aged ≥18 years) who were virologically suppressed (plasma HIV-1 RNA levels <50 copies/mL) on a stable antiretroviral regimen containing fixed dose combination abacavir plus lamivudine for at least six months before screening; fixed dose combination abacavir plus lamivudine plus dolutegravir was excluded. Participants also had creatinine clearance ≥50 mL/min (calculated by the Cockcroft–Gault equation), which is consistent with the approved label of abacavir plus lamivudine, and no documented historical resistance to emtricitabine, tenofovir, abacavir, or lamivudine. Participants from selected sites also participated in the platelet function substudy. This study was undertaken in accordance with the Declaration of Helsinki and approved by central or site-specific review boards or ethics committees. All participants gave written informed consent. 
This study was conducted according to protocol without substantial deviations and is registered with ClinicalTrials.gov, number NCT02469246.
Randomisation and masking
We randomly assigned (1:1) participants to either switch to fixed-dose tenofovir alafenamide plus emtricitabine (200/10 or 200/25 mg) or to continue fixed-dose abacavir plus lamivudine (600/300 mg) without changing their third agents. Patients on boosted protease inhibitors (atazanavir, darunavir, and lopinavir) who were randomly assigned to switch treatment received the fixed combination of 200 mg emtricitabine with 10 mg tenofovir alafenamide; those on other third agents received 200 mg emtricitabine with 25 mg tenofovir alafenamide. Both regimens were given once a day. As the fixed-dose combination of tenofovir alafenamide plus emtricitabine can be taken without regard to food, regimens (i.e. backbone plus third agent) were taken per the food requirement of the third agent. Participants also received placebo tablets matching the alternative treatment; thus, investigators, participants, and study staff giving treatment, assessing outcomes, and collecting data were masked to treatment group. A computer-generated allocation sequence (block size 4) was created by Bracket (San Francisco, CA, USA), and randomisation was stratified by third agent (boosted protease inhibitor vs other agent) at screening. Study investigators determined eligibility, obtained a participant number, and received automated treatment assignment based on a randomisation sequence.
Procedures
We conducted post-baseline study visits at weeks 4, 8, 12, 24, 36, and 48, after which participants will continue masked treatment with visits every 12 weeks until week 96. Laboratory tests included haematological analysis, serum chemistry tests, fasting lipid parameters, CD4 counts, measures of renal function [creatinine clearance and urine albumin-to-creatinine ratio, retinol binding protein-to-creatinine ratio, and β2-microglobulin-to-creatinine ratio; Covance Laboratories, Indianapolis, IN, USA], and measurement of HIV-1 RNA concentration (Roche TaqMan 2.0; Roche Diagnostics, Rotkreuz, Switzerland). For any participant who had a confirmed HIV-1 RNA ≥50 copies per mL (within two to four weeks of the first sample) and the confirmation HIV-1 RNA ≥400 copies per mL or having HIV-1 RNA ≥400 copies per mL at week 48, or at the last visit on study drug, we performed resistance testing consisting of genotyping and phenotyping of reverse transcriptase (RT) along with protease (PR) or integrase (IN) as applicable (Monogram Biosciences, Inc., South San Francisco, CA, USA). For those participants, we also retrospectively performed deep sequencing of baseline samples (proviral DNA) (Monogram Biosciences, Inc., South San Francisco, CA, USA).
Dual energy x-ray absorptiometry (DXA) scans for hip and lumbar spine bone mineral density (BMD) was performed before drug administration at baseline and then at weeks 24 and 48. A centralised centre, blinded to study group assignment, read all scans (BioClinica, Newtown, PA, USA). Safety was assessed by physical examinations, laboratory tests, 12-lead electrocardiogram, concomitant drugs, and recording of adverse events, which were coded using the Medical Dictionary for Regulatory Activities (MedDRA, version 19.1).
Outcomes
The primary outcome was the proportion of participants who had plasma HIV-1 RNA <50 copies per mL at week 48 as determined by the U.S. Food and Drug Administration (FDA)-defined snapshot algorithm.12 Additional efficacy endpoints included virologic efficacy in subgroups of age, gender, race, geographic region, and study medication adherence, the proportion of participants with plasma HIV-1 RNA <50 copies per mL at week 48 when classifying missing as failure (M=F) and missing as excluded (M=E), participants with HIV-1 RNA <20 copies per mL at week 48 by the snapshot algorithm, and change in CD4 count from baseline at week 48.
Other secondary outcomes included mean percentage changes from baseline in hip and lumbar spine bone mineral density at week 48, median changes in eGFR, and median percentage changes from baseline in urine retinol binding protein-to-creatinine ratio and urine β2-microglobulin-to-creatinine ratio at week 48. 
Statistical analysis
The primary endpoint analysis was performed on the full analysis set (all participants who were randomised and had received at least one dose of the study drug on or before May 23, 2016) after the participants of the planned sample size (n=500, see below) had completed their week 48 study visit or had prematurely discontinued the study drug. We added the cut-off date (i.e. “on or before May 23, 2016”) to the protocol’s definition of full analysis set and documented it in the statistical analysis plan, while the study was ongoing but prior to analysing the data. We did not assess the week 48 efficacy in subjects who did not have a chance to reach that time point (i.e. those who enrolled after May 23, 2016), but plan to do so at the next data cut off (i.e. week 96). We tested the primary assessment of non-inferiority with a conventional 95% confidence interval (CI) approach for the difference in response rates with a prespecified non-inferiority margin of 10%. Assuming a response rate of 87% at week 48, a sample size of 500 participants randomly assigned (1:1) would achieve at least 90% power to detect non-inferiority at a one-sided alpha level of 0·025. Two planned independent data monitoring committee interim analyses were performed after all enrolled participants had completed their week 12 study visit or had prematurely discontinued study drugs, and again when they completed their week 24 study visit or had prematurely discontinued study drugs. An α penalty of 0·00001 was spent on each planned interim analysis. Therefore, the significance level for the two-sided non-inferiority test at week 48 was 0·04998, corresponding to a 95·002% CI. We constructed the difference in the response rate and its 95.002% CI based on an Exact method. In the primary endpoint analysis, participants were classified into three categories in the week 48 window (between days 295 and 378): 1) virologic success (ie. HIV-1 RNA <50 copies per mL at week 48); 2) virologic failure (HIV-1 RNA ≥50 copies per mL at week 48, study drug discontinuation before week 48 due to lack of efficacy, or before week 48 with the last available HIV-1 RNA ≥50 copies per mL); 3) no virologic data in the week 48 window (i.e. missing HIV-1 RNA data, or study drug discontinuation prior to week 48 with the last available HIV-1 RNA <50 copies per mL). Given the new FDA guidance for switch studies, we also performed a similar analysis for the difference in rates of virologic failure using a prespecified noninferiority margin of 4%. 
We also analysed the primary efficacy endpoint using the per-protocol analysis set, which included the participants in the full analysis set, but excluding those who had committed any major protocol violations (eg. discontinued study drug before week 48 [except when discontinued due to lack of efficacy] or had an adherence rate in the lowest 2.5 percentile).
Change from baseline in CD4 cell count at week 48 was summarised by treatment group with descriptive statistics based on recorded, on-treatment data in the full analysis set. The differences in changes from baseline in CD4 cell count between treatment groups and the 95% CIs were constructed with analysis of variance model, including treatment group and the third agent stratum as fixed effects in the model.
The safety population included all randomised participants who received at least one dose of study drug. All safety data collected after the date study drug was first taken and up to 30 days after the last dose of study drug, if the participant discontinued treatment, are included in safety analysis.  
For treatment comparison of categorical data, we used the Fisher’s exact test. For continuous bone mineral density data, we used the analysis of variance model with third agent stratum and treatment group as fixed effects. For continuous renal data, we used the rank analysis of covariance, adjusting for baseline and third agent stratum.  
We used SAS® Software Version 9.4 was (SAS Institute Inc., Cary, NC, USA) for all analyses.
Role of the funding source
Gilead Sciences funded the study, collected, and analysed the data, interpreted the results, and helped to write the report. AW, FAP, EDJ, DP, GDP, VE, FR, PR, PP, GC, PWGM, and FC enrolled participants, reviewed and interpreted analyses of data, and edited and approved the draft manuscript. MSR and AC designed the study. MY performed the data analyses, which were reviewed and interpreted by SC, MD, AC, and MSR. The first draft was written by AW and MSR. All authors contributed to edits of the final report. AW and MSR made the decision to submit the manuscript for publication. 
Results
Between June 29, 2015 and January 10, 2017, 626 participants were screened, 567 were randomized, and 556 received at least one dose of study drug: 280 participants received tenofovir alafenamide plus emtricitabine, 276 abacavir plus lamivudine (Figure 1). Baseline characteristics were generally balanced between the two treatment groups, although the tenofovir alafenamide plus emtricitabine group had fewer women (Table 1). Of all randomized and treated participants (n=556), 501 received study drug on or before 23 May 2016, thereby reaching the target sample size (n=500), and were included in the efficacy analysis; the remaining 55 participants who were enrolled at a later date and thereby did not have a chance to reach week 48 visit at the time of data cut off were not included in the efficacy analysis; however, they were included in the safety analysis. We enrolled more participants than the target sample size to allow sufficient number of participants in the platelet function substudy (n=61), the data of which are still being analysed. The study is ongoing and will continue through week 96.
Switching to regimens containing the fixed-dose combination of tenofovir alafenamide plus emtricitabine was virologically non-inferior to remaining on regimens containing the fixed-dose combination of abacavir plus lamivudine for the primary outcome of proportion of participants with plasma HIV-1 RNA <50 copies per mL at week 48 as determined by the snapshot algorithm using the full analysis set (90% [227 of 253 participants] vs 93% [230 of 248], difference −3·0%, 95·002% CI: −8·2% to 2·0%) (Table 2). Noninferiority was also seen for the proportion of participants with virologic failure at week 48 (2% [4 of 253 participants] vs 1% [2 of 248], difference 0.8%, 95.002% CI: -1.5% to 3.3%). Treatment discontinuation due to administrative reasons (e.g. withdrawal of consent, loss to follow up, etc) contributed to the numerically lower percentage of virologic success with tenofovir alafenamide plus emtricitabine (Figure 1). Viral suppression was high in both treatment groups for per-protocol analysis set (99% [221 of 223] for tenofovir alafenamide plus emtricitabine 99% [228 of 230] for abacavir plus lamivudine, difference -0·0%, 95·002% CI -2·5% to 2·3%). Results from the M=F and M=E analyses were consistent with the primary endpoint. We observed no significant differences in efficacy among subgroups (appendix page 2). With a cutoff of <20 copies per mL, viral suppression at week 48 by the snapshot algorithm occurred in 87% (220 of 253) of participants in the tenofovir alafenamide plus emtricitabine group and 88% (217 of 248) in the abacavir plus lamivudine group (difference in percentages -0·5%, 95% CI -6·5% to 5·5%). Changes in CD4 cell count (mean [SD]) at week 48 were -29 (153·5) cells per μL for tenofovir alafenamide plus emtricitabine 1 (177·3) cells per μL for abacavir plus lamivudine (P=0.063); changes in CD4 percentage were 0.7 (3.72) % and 0.1 (3.27) %.
Five participants were evaluated for resistance per protocol; 4 in the tenofovir alafenamide plus emtricitabine group and 1 in the abacavir plus lamivudine group. One participant in the former group (with third agent raltegravir) with a pre-existing Met184Val (M184V) mutation developed reverse transcriptase mutation Lys65Lys/Arg (K65K/R) at week 36, but no integrase mutation. One participant in the latter group (with third agent atazanavir plus cobicistat) developed protease mutations Met46Ile (M46I), Ile50Leu (I50L), and Asn88Ser (N88S) at week 12. None of these mutations were detected at baseline using deep sequencing.
Both treatments were well tolerated, with most adverse events reported as mild or moderate in severity. Table 3 shows adverse events reported by 5% or more of participants in either treatment group. Adverse events leading to study drug discontinuation were uncommon, occurring in 4% (12 of 280) of participants in the tenofovir alafenamide plus emtricitabine group and 3% (9 of 276) in the abacavir plus lamivudine group. Incidence of treatment-related adverse events and serious adverse events was similar between groups. Three individuals had serious, treatment-related adverse events: renal colic (n=1) and neutropenia (n=1) in the tenofovir alafenamide plus emtricitabine group and myocardial infarction (n=1) in the abacavir plus lamivudine group. None of these events led to discontinuation of study drugs. Two participants in the tenofovir alafenamide plus emtricitabine group and none in the abacavir plus lamivudine group died. The causes of death were sudden cardiac death in one participant and myocardial infarction in the other; both had underlying cardiovascular risk factors and neither event was considered to be related to treatment by the investigator. Grade 3 or 4 laboratory abnormalities were reported for 22% (62 of 280) of participants on tenofovir alafenamide plus emtricitabine 18% (49 of 276) on abacavir plus lamivudine (appendix page 2).
There were no cases of proximal tubulopathy reported by the investigator in either group. Two participants on tenofovir alafenamide plus emtricitabine discontinued due to renal adverse events. One participant on the 3rd agent raltegravir had acute kidney injury due to dehydration and vomiting, all of which resolved after discontinuation; no findings of proximal tubulopathy were seen, such as glycosuria, proteinuria, or acidosis (i.e. low bicarbonate). The other participant on the 3rd agent nevirapine discontinued treatment due to small increase in serum creatinine (+0.2 mg/dL) without any other renal abnormalities. None in the abacavir plus lamivudine group discontinued due to renal adverse event. 
Minimal and similar changes in creatinine clearance were seen at week 48 for both groups (Figure 2). Similar findings were seen regardless of creatinine clearance at baseline (Appendix Table 2). Similar number of participants in each group had confirmed ≥ 25% decline in creatinine clearance (0.7% [2 of 279] vs 1.5% [4 of 275], p=0.45). Treatment-emergent proteinuria of Grade 2 and above occurred less in the tenofovir alafenamide plus emtricitabine group (2% [6 of 279] vs 7% [20 of 275], p=0.005). At week 48, changes in tubular proteinuria (%, median) (as a continuous variable) were similar between groups: retinol binding protein 4% vs 16%, p=0·16 and β2-microglobulin 4% vs 5%, p=0·63 (Figure 2). At week 48, tubular proteinuria (as a categorical variable) occurred in a similar number of participants: retinol binding protein (>159 µg per g) 15% [27 of 178] vs 15% [27 of 186], p=0.84 and β2-microglobulin (>300 µg per g) 6% [11 of 197] vs 6% [13 of 205], p=0.50. 
Changes from baseline in hip and lumbar spine BMD were minimal and not significantly different between the tenofovir alafenamide plus emtricitabine group and the abacavir plus lamivudine group; mean percentage changes at week 48 were 0·27 vs 0·16 at the hip (p=0·55) and 0·10 vs 0.03 at the spine (p=0·78) (Figure 3). Similar findings were seen regardless of T-score at baseline (Appendix Table 3). Similar number of participants had greater than or equal to 5% decrease in BMD at week 48 (spine 4% [8 of 213] vs 4% [8 of 217]; hip 1% [3 of 212] vs 2% [4 of 212]). Three participants had fractures (one in the tenofovir alafenamide plus emtricitabine group and 2 in the abacavir plus lamivudine group). All fractures were regarded as related to trauma and not to treatment, and none led to discontinuation of study drug.
Changes from baseline in fasting total cholesterol, LDL-cholesterol, and triglycerides did not show significant differences between groups at week 48; changes in HDL-cholesterol were statistically significantly different (-2 vs 2 mg/dL, p=0.0003) (Table 4). There were no differences between groups in changes in total cholesterol to HDL ratio. 
Discussion
In this large, phase 3, randomised, active-controlled clinical trial, the efficacy of switching to fixed-dose combination tenofovir alafenamide plus emtricitabine was non-inferior to that of remaining on abacavir plus lamivudine, each while continuing the same third agent (boosted protease inhibitor or unboosted agent), in maintaining viral suppression at 48 weeks in adults with HIV. After switching to tenofovir alafenamide from abacavir, renal, bone, and lipid safety parameters demonstrated no significant changes. Both treatments were well tolerated.
Tenofovir alafenamide has been extensively studied in comparison to tenofovir disoproxil fumarate in treatment-naïve or virologically suppressed patients. These studies have consistently shown the safety advantages of tenofovir alafenamide over tenofovir disoproxil fumarate with regards to renal and bone safety. However, these data support only the relative safety advantage of tenofovir alafenamide over tenofovir disoproxil fumarate, but not its absence of renal or bone toxicities. 
Previous studies have compared tenofovir disoproxil fumarate versus abacavir in treatment-naïve or virologically suppressed patients. From an efficacy standpoint, tenofovir disoproxil fumarate appeared more potent than abacavir, when administered with efavirenz or boosted atazanavir, particularly in patients with high viral load;13-14 however, when combined with dolutegravir, no difference was seen.15 From a safety standpoint, tenofovir disoproxil fumarate has been associated with decline in eGFR and bone mineral density. Importantly, abacavir is not associated with renal and bone toxicity, making it an ideal comparator to evaluate the renal and bone safety of tenofovir alafenamide.
In our study, we assessed creatinine clearance and other renal safety parameters, such as urine beta-2-microglobulin to creatinine ratio and urine retinol binding protein to creatinine ratio, which are markers specific for proximal tubular dysfunction.16 No significant changes in these renal safety parameters from baseline were seen in those switching to tenofovir alafenamide from abacavir. There were no cases of proximal tubulopathy or Fanconi syndrome in either group; two participants with renal discontinuation in the tenofovir alafenamide plus emtricitabine group did not have proximal tubulopathy or Fanconi syndrome. No significant changes in bone mineral density were seen in those switching to tenofovir alafenamide from abacavir. These data suggest that, in virologically suppressed patients, the effects of tenofovir alafenamide on renal function and bone are no different from those of abacavir.
The assessment of tolerability, as reported by participants, in our study was robust because of the double blind design. Both treatments were well-tolerated, as indicated by similar incidences of common adverse events (e.g. diarrhoea, headache, etc). This is reassuring to those who may be reluctant to switch to a fixed-dose combination of tenofovir alafenamide plus emtricitabine due to concerns of tolerability. 
In previous studies, the switch to tenofovir alafenamide from tenofovir disoproxil fumarate resulted in an increase in plasma lipids (total cholesterol, LDL cholesterol, and triglycerides).10-11 This has been attributed to a reduction in plasma concentrations of tenofovir, which has lipid-lowering effects, rather than to a specific effect of tenofovir alafenamide. Consistent with these findings, in our study no clinically relevant differences in lipid parameters were seen between tenofovir alafenamide and abacavir. 
Emergence of resistance in this study was very uncommon. To date, results of comparative studies in treatment-naive or virologically suppressed patients have shown no difference in the pattern or amount of resistance between tenofovir disoproxil fumarate or tenofovir alafenamide based regimens.
Our study is the first head-to-head comparison of tenofovir alafenamide plus emtricitabine to abacavir plus lamivudine, providing important insight into its safety profile in a double-blind setting. The wide range of third agents used in combination with tenofovir alafenamide plus emtricitabine further strengthens the generalizability of our study. Our study also had limitations. We enrolled patients who were already tolerating abacavir, which may have biased the safety assessment in favour of the abacavir arm. Importantly, the study is ongoing and will continue through week 96. Women were under represented, and white men who have sex with men were over represented. We assessed the renal and bone safety with surrogate markers (creatinine clearance, proteinuria, and bone mineral density); this is justified given that clinical events of interest (e.g. proximal tubulopathy, fractures) occur rarely. Lastly, our study was not powered to assess other rare clinical events of potential interest, such as cardiovascular events.
In summary, in combination with various third agents, the fixed-dose combination of tenofovir alafenamide plus emtricitabine was well-tolerated and had high efficacy, with rare emergence of drug resistance. Importantly, tenofovir alafenamide was no different from abacavir with regards to renal and bone toxicity. In patients with creatinine clearance above 50 mL/min who are virologically suppressed, tenofovir alafenamide plus emtricitabine can be an alternative to abacavir plus lamivudine without concern for new onset of renal or bone toxicities or hyperlipidaemia.
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Tables and figures
[bookmark: _Ref483308102]Table 1. Baseline demographic and clinical characteristics
	Characteristic
	Tenofovir alafenamide plus emtricitabine
(n=280)
	Abacavir plus lamivudine
(n=276)

	Age (years)
	52 (20, 79)
	52 (24, 74)

	Men
	240 (86%) 
	215 (78%)

	Women
	40 (14%)
	61 (22%)

	Race
	
	

	White
	205 (73%)
	199 (72%)

	Black or African descent
	64 (23%)
	66 (24%)

	Other
	11 (4%)
	11 (4%)

	Creatinine clearance by Cockcroft-Gault (CG) formula (mL/min)
	100.2 (82.6, 118.4)
	100.8 (82.2, 123.3)

	HIV risk factor
	
	

	Heterosexual sex
	81 (29%) 
	91 (33%)

	Homosexual sex
	181 (65%) 
	165 (60%)

	Intravenous drug use
	15 (5%) 
	17 (6%)

	CD4 count (cells per μL)
	654 (489, 849)
	700 (546, 891)

	Duration of exposure to abacavir (years)
	8 (3, 11)
	8 (4, 11)

	Ever received tenofovir disoproxil fumarate 
	114 (41%)
	108 (39%)

	Third agent
	
	

	Non-nucleoside reverse transcriptase inhibitor
	142 (51%)
	147 (53%)

		Nevirapine
	81 (29%) 
	74 (27%)

		Efavirenz
	44 (16%) 
	50 (18%)

		Rilpivirine
	17 (6%) 
	23 (8%)

	Boosted protease inhibitors
	84 (30%)
	83 (30%)

	Darunavir 
	50 (18%) 
	50 (18%)

	Atazanavir 
	30 (11%) 
	25 (9%)

	Lopinavir 
	4 (1%) 
	8 (3%)

	Integrase inhibitor
	52 (19%)
	45 (16%)

	Raltegravir
	34 (12%) 
	33 (12%)

	Dolutegravir
	18 (6%) 
	12 (4%)

	Other
	2 (1%)
	1 (< 1%)

	Maraviroc
	2 (1%)
	0

	Maraviroc plus raltegravir
	0
	1 (<1%)


Data are median (IQR) or n (%), except for age, which is median (range).

[bookmark: _Ref483308115]Table 2. Virologic outcomes at week 48
	
	Tenofovir alafenamide plus emtricitabine 
(n=253)
	Abacavir plus lamivudine
(n=248)

	
	
	

	Virologic success (HIV‑1 RNA < 50 copies per mL)
    
	227 (90%) 
	230 (93%)

	
	Difference: -3.0% (95% CI: -8.2% to 2.0%)a; p=0.27b

	Virologic failure

	4 (2%) 
	2 (1%)

	
	Difference: 0.8% (95% CI: -1.5% to 3.3%)
P=0.69b

	HIV‑1 RNA ≥ 50 copies per mL
	2 (0.8%) 
	1 (<1%)

	Discontinued Due to Lack of Efficacy
	0
	1 (<1%)

	Discontinued Due to AE/Death and Last Available HIV-1 RNA ≥ 50 copies per mL
	1 (<1%)
	0

	Discontinued Due to Other Reasonsc and Last Available HIV-1 RNA ≥ 50 copies per mL
	1 (<1%)
	0

	No Virologic Data
	22 (9%) 
	16 (6%)

	Discontinued Due to AE/Death and Last Available HIV-1 RNA < 50 copies per mL
	10 (4%) 
	6 (2%)

	Discontinued Due to Other Reasons* and Last Available HIV-1 RNA < 50 copies per mL
	10 (4%) 
	6 (2%)

	Missing Data but on Study Drug
	2 (1%) 
	4 (2%)


Data are n (%). AE: adverse event
a	Difference in percentages of subjects with HIV-1 RNA <50 and ≥ 50 copies/mL at week 48 between treatment groups and its 95.002% CI were calculated based on an unconditional exact method using 2 inverted 1-sided tests with the standardized statistic.
b	P-value for the superiority test comparing the percentages of subjects with HIV-1 RNA <50 and ≥50 copies/mL between treatment groups were from the Fisher's exact test.
c	Other reasons include subjects who discontinued study drug due to investigator’s discretion, withdrawal of consent, lost to follow-up, noncompliance with study drug, protocol violation, pregnancy.


[bookmark: _Ref483308323]Table 3. Adverse events 
	
	Tenofovir alafenamide plus emtricitabine  
(n=280)
	Abacavir plus lamivudine
(n=276)

	Any adverse event
	233 (83%) 
	228 (83%)

	Grade 3 or 4 adverse event
	27 (10%) 
	18 (7%)

	Serious adverse event
	26 (9%) 
	17 (6%)

	Study drug-related adverse event
	38 (14%) 
	38 (14%)

	Study drug-related serious adverse event
	2 (1%) 
	1 (<1%)

	Any adverse event leading to study drug discontinuation*
	12 (4%) 
	9 (3%)

	Death
	2 (1%) 
	0

	Adverse event ≥ 5% in either group
	
	

	Nasopharyngitis
	36 (13%)
	31 (11%)

	Diarrhea
	24 (9%)
	25 (9%)

	Upper respiratory tract infection
	25 (9%)
	34 (12%)

	Headache
	20 (7%)
	14 (5%)

	Cough
	18 (6%)
	15 (5%)

	Arthralgia
	18 (6%)
	20 (7%)

	Back pain
	13 (5%)
	17 (6%)

	Urinary tract infection
	6 (2%)
	14 (5%)

	Fatigue
	15 (5%)
	10 (4%)


Data are n (%).
*Some participants had more than on adverse event leading to study drug discontinuation. Adverse event-related study drug discontinuations in the tenofovir alafenamide plus emtricitabine group included nausea (n=2), lymph node tuberculosis, headache, paraesthesia, anxiety, acute kidney injury, abdominal distension, vomiting, toothache, feeling jittery, blood creatinine increased, decreased appetite, dehydration, and burning sensation (n=1 for all). Adverse event-related study drug discontinuations in the abacavir plus lamivudine group included depression and pruritis (n=2 for each), myalgia, dry mouth, arthralgia, bone pain, diarrhea, dysaesthesia, dermatitis, rash, dyspnea, panic attack, suicide attempt, affective disorder, and tinnitus (n=1 for all).

[bookmark: _Ref484441186][bookmark: _Ref460241395]Table 4. Changes from baseline in fasting lipid parameters at week 48 
	Metabolic Assessment
	Tenofovir alafenamide plus emtricitabine  
(n=280)
	Abacavir plus lamivudine
(n=276)
	p‑value

	
	n
	Median (Q1, Q3)
	n
	Median (Q1, Q3)
	

	Total cholesterol (mg/dL)
	
	
	
	
	

		Baseline
	274
	198 (170, 229)
	270
	201 (176, 226)
	0.65

		Change at Week 48
	217
	-1 (-18, 20)
	227
	3 (-13, 22)
	0.18

	Direct LDL (mg/dL)
	
	
	
	
	

		Baseline
	275
	122 (100, 147)
	270
	125 (104, 147)
	0.44

		Change at Week 48
	218
	2 (-14, 19)
	227
	4 (-11, 19)
	0.54

	Triglycerides (mg/dL)
	
	
	
	
	

		Baseline
	274
	125 (83, 177)
	270
	131 (94, 184)
	0.13

		Change at Week 48
	217
	0 (-25, 36)
	227
	0 (-37, 30)
	0.48

	HDL (mg/dL)
	
	
	
	
	

		Baseline
	274
	55 (45, 67)
	270
	52 (43, 66)
	0.14

		Change at Week 48
	217
	-2 (-6, 4)
	227
	2 (-4, 7)
	0.0003

	Total cholesterol to HDL ratio
	
	
	
	
	

		Baseline
	274
	3.6 (2.9, 4.3)
	270
	3.7 (3.0, 4.7)
	0.10

		Change at Week 48
	217
	0.0 (-0.3, 0.5)
	227
	0.0 (-0.5, 0.4)
	0.14


Only laboratory measurements under fasting status were summarized.
P‑values were from the 2‑sided Wilcoxon rank sum test to compare the 2 treatment groups.

[bookmark: _Ref483308090]Figure 1. Study profile 

 

*12 participants met eligibility criteria but not enrolled: 5 due to withdrawal of consent, 2 due to outside of visit window, 4 due to loss to follow-up, and 1 due to other reasons
^ One additional participant discontinued due to AE (sudden cardiac death), but is included in the next row “2 died”.
† One participant died due to the AE of sudden cardiac death and discontinued due to the same AE; the other participant died due to the AE of myocardial infarction and discontinued due to death
[bookmark: _Ref483308738]Figure 2. Changes in measures of renal safety 
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Figure 3. Change in (A) lumbar spine and (B) hip bone mineral density
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