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Aim: Bictegravir, emtricitabine and tenofovir alafenamide (B/F/TAF) is a single-tablet regimen approved
for the treatment of HIV-1 in treatment-naive (TN) and virologically suppressed people with HIV-1 (PWH).
While the efficacy of antiretroviral therapy (ART) regimens in TN PWH is well established, regimen
selection is often influenced by safety and tolerability concerns. This systematic literature review and
network meta-analysis compares the safety outcomes of B/F/TAF with other ART regimens in TN PWH,
addressing a key aspect of therapeutic decision-making. Materials & methods: A systematic literature
review was performed to identify phase III and IV RCTs assessing B/F/TAF and comparator regimens in TN
adults (≥18 years) with HIV-1. MEDLINE, Embase, Cochrane Database of Systematic Reviews and CENTRAL
databases were last searched on 14 June 2023. Study design, population and outcome definitions were
evaluated to ensure consistency across studies. Bayesian network meta-analyses were conducted where
feasible, following key methodological guidelines. Results: Nineteen studies were included in indirect
comparisons following assessments of heterogeneity and network connectivity. B/F/TAF performed
better than the majority of interventions in safety and tolerability outcomes, notably discontinuation
due to adverse events (AEs), treatment-related AEs and nausea. Additionally, with comparable risk
of experiencing grade 3/4 treatment-emergent AEs, diarrhea and all-cause discontinuation rates to
other interventions, B/F/TAF was non-inferior to any other regimen for all outcomes. B/F/TAF typically
outperformed interventions containing non-nucleoside reverse transcriptase inhibitor third agents in
terms of treatment-related AEs, nausea, and discontinuation due to AEs, although treatment class effects
were not estimated separately. Conclusion: This analysis highlights the favorable safety profile of B/F/TAF
compared with other ART regimens in TN PWH, demonstrating that B/F/TAF remains a safe and well-
tolerated ART option for most TN PWH.

Plain language summary: comparative safety of B/F/TAF in people with HIV-1 who have not yet received
any treatment
What is this article about? B/F/TAF is a single-tablet treatment for HIV-1 which combines three
medications – bictegravir (B), emtricitabine (F) and tenofovir alafenamide (TAF). B/F/TAF is recommended
by US and international guidelines for the treatment of HIV-1 in people who may or may not have received
any treatment before starting B/F/TAF.
This article compares B/F/TAF with other available HIV-1 treatments to see how they differ in terms of
safety for people newly diagnosed with HIV-1.
Why is this important? HIV-1 is a serious global health issue, and a major cause of death and illness
worldwide. Finding safe and effective treatments is crucial for people with HIV-1.
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What methods were used in the research? The researchers reviewed a large number of studies that looked
at B/F/TAF and other treatments. The data were then analyzed to compare how safe these treatments
are for people who are starting HIV-1 therapy for the first time.
What were the results? The analysis found that B/F/TAF has a favorable safety profile compared with
many other HIV-1 treatments, particularly in terms of treatment-related adverse events, nausea and
treatment discontinuation due to adverse events.
What do the results mean? These findings suggest that B/F/TAF is a safe and tolerable option for most
people newly diagnosed with HIV-1. It may be preferable for many patients, as it has fewer side effects
compared with other available HIV-1 treatments.

First draft submitted: 13 December 2024; Accepted for publication: 9 May 2025; Published online:
30 May 2025

Keywords: antiretroviral therapy • HIV-1 • network meta-analysis • safety and tolerability • systematic literature
review

HIV type 1 (HIV-1) is the causative agent of AIDS, a life-threatening and serious infection of global
public health interest, which caused 1.3 million (range: 1.0–1.7 million) new infections and 630,000
(500,000–820,000) AIDS-related deaths in 2023 according to the WHO [1].

Current therapeutic strategies for HIV-1 are centered around the use of modern, effective antiretroviral therapies
(ARTs). While these are not able to eradicate HIV-1 from the human body because of the persistence of a viral
reservoir [2], initiation of guideline-recommended ART can suppress viral replication, preserving CD4 cells and
preventing the onset of AIDS [3]. This enables people with HIV-1 (PWH) to have a life expectancy similar to that of
the general population [4]. Combination ART, comprising multiple active agents from distinct mechanistic classes, is
a proven strategy to achieve and maintain an undetectable viral load. When adhered to as prescribed, this treatment
approach effectively eliminates the risk of sexual HIV-1 transmission, supporting the undetectable = untransmittable
(U = U) strategy, and minimizes the risks of developing drug resistance [5].

Bictegravir, emtricitabine and tenofovir alafenamide (B/F/TAF), is a single-tablet regimen (STR) indicated
in the management of HIV-1 infection in adults and children with HIV-1 who are treatment-naı̈ve (TN) or
treatment-experienced (TE) and virologically suppressed on a stable ART regimen with no known or suspected
substitutions associated with resistance to bictegravir or tenofovir [6]. This STR offers a complete HIV-1 treatment
option, combining the integrase strand transfer inhibitor (INSTI) bictegravir with the established nucleoside reverse
transcriptase inhibitors (NRTIs) emtricitabine and tenofovir alafenamide [6].

B/F/TAF has demonstrated efficacy and safety as an ART regimen in the TN population in multiple clinical
trials [7,8,9,10,11]. Notably, the GS-US-380-1489 and GS-US-380-1490 trials are randomized, double-blind, active-
controlled phase III trials evaluating the efficacy and safety of B/F/TAF in TN adults with HIV-1 infection with a
five-year follow-up. Long-term data from these pivotal trials demonstrate the durable efficacy and favorable safety
profile of B/F/TAF in TN adults with HIV-1 infection [8,10].

Additionally, the real-world BICSTaR study is an ongoing, multinational, prospective, observational cohort study
evaluating the real-world effectiveness, safety and tolerability of B/F/TAF in TN and TE populations [12]. The
results from BICSTaR further support the findings of the clinical trials by demonstrating high levels of effectiveness
and safety of B/F/TAF in the TN population [12]. Furthermore, B/F/TAF is recommended as first-line ART for
PWH in international guidelines [13,14,15].

Objective
While the comparative virologic efficacy of ART regimens in TN PWH is well-established, the choice of ART
regimen is partly driven by concerns about the safety and tolerability profile of each regimen. Given the ubiquity
of effective ART options, these factors have become critical in determining optimal treatment regimens [4].
This systematic literature review (SLR) and network meta-analysis (NMA) aims to address this critical aspect
in therapeutic strategies for HIV-1 by comparing safety outcomes of B/F/TAF versus other ART regimens in TN
PWH.
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Materials & methods
SLR methods
A comprehensive SLR was conducted to identify relevant B/F/TAF and comparator studies. MEDLINE, Em-
base and The Cochrane Library, including Cochrane Database of Systematic Reviews and Cochrane Central
Register of Controlled Trials (CENTRAL) were last searched on 14 June 2023 using search terms detailed in
Supplementary Table 1. Database searches were supplemented by manual searches of key conference proceedings
and ClinicalTrials.gov to ensure that no studies were missed. Predefined eligibility criteria based on the population,
intervention, comparators, outcomes and study design were used to review all studies identified from these searches
in two stages: an abstract screening stage, followed by a more comprehensive full-text review stage. The SLR
included phase III and IV randomized control trials (RCTs) investigating B/F/TAF and relevant comparators in
individuals with HIV-1 infection, reporting on safety and efficacy outcomes at or around Weeks 24, 48, 96 or 144.
Detailed eligibility criteria are provided in Supplementary Table 2. Two independent reviewers assessed each title,
abstract and full text against the eligibility criteria. The methods and results of all included studies were extracted
into pre-specified data extraction tables in Microsoft Excel by a single individual and independently verified by a
second individual, in line with guidelines from the University of York Centre of Reviews and Dissemination [16].
These included information on study and patient characteristics, efficacy, safety and resistance outcomes. The
quality of all included RCTs in the SLR was assessed using the criteria provided by the Cochrane Collaboration’s
tool for assessing risk of bias [17].

Feasibility assessment for indirect comparisons
When conducting indirect treatment comparisons, it is important to consider any variation between the studies
included in the analysis to determine whether there are any meaningful differences in the study design, population
and outcome definitions between the studies, which may lead to differences in the observed intervention effects [18].

Heterogeneity assessment

As an NMA estimates relative treatment effects, effect-modifying characteristics are required to be balanced across
studies for an NMA to accurately estimate true treatment effects. However, since, to our knowledge, limited clinical
consensus and literature identifying effect-modifiers in first-line HIV-1 exists, we considered heterogeneity in the
following potentially clinically meaningful baseline characteristics: viral load, CD4 cell count, age, race/ethnicity,
hepatitis B/C co-infection, weight, comorbidities and eGFR/renal outcomes.

Interventions, outcomes & timepoints assessed

All relevant ARTs were considered for comparison with B/F/TAF (Supplementary Table 3). Regimens containing
elvitegravir (EVG) were not considered of relevance for these analyses. While EVG-containing regimens were
initially recommended as preferred third agents for TN patients, alongside DTG and RAL, current clinical practice
now prioritizes second-generation INSTIs, such as DTG-containing regimens and B/F/TAF, due to their higher
genetic barrier to resistance and reduced risk of virologic failure [19,20]. A key pharmacokinetic limitation of EVG
is its requirement for coadministration with the booster cobicistat, which inhibits CYP3A and causes significant
drug–drug interactions, complicating use in TN patients who may require polypharmacy [21,22]. Consequently,
while it was included in the search terms in the SLR and its updates for comprehensiveness, EVG was excluded
from these analyses in line with evolving treatment guidelines. Other treatments such as RAL are less typically used
presently, however was retained since unlike EVG, RAL does not require boosting and has fewer drug interactions,
and remains a key option in rescue regimens and in clinical scenarios where drug interactions are a concern [21,22].
Similarly, treatment arms pooling multiple unique regimens were excluded.

The outcomes assessed based on intention-to-treat population results were treatment-related adverse events
(TRAEs; adverse events causally related to the study treatment), grade 3/4 treatment-emergent adverse events
(TEAEs; adverse events that occur or worsen after treatment initiation, regardless of their perceived relationship to
the study drug), diarrhea, nausea, all-cause treatment discontinuation, discontinuation due to adverse events (AEs),
and treatment-emergent resistance mutations (see Supplementary Table 4 for definitions). The specific adverse event
outcomes analyzed in this NMA were selected based on their clinical relevance and alignment with the summary
of product characteristics for B/F/TAF [23]. Nausea and diarrhea were selected as AEs of interest because they are
among the most commonly reported for B/F/TAF, as noted in the summary of product characteristics. Other
AEs, such as depression, dizziness, fatigue and abnormal dreams, are less common for B/F/TAF, with incidence
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rates below 5% for depression and dizziness and below 10% for fatigue across both the GS-US-380-1489 and
GS-US-380-1490 trials [8,10].

The timepoints assessed for this analysis were Week 48 and Week 96, which are key timepoints reported in HIV-1
trials. All the outcomes were assessed separately at each timepoint. Only evidence at these timepoints was included
in the networks and studies which did not report on any of these timepoints were excluded (Supplementary Table
5). Where differences in reporting meant that NMAs were not feasible, a qualitative comparison was conducted
instead, in accordance with Cochrane guidelines [24].

Indirect comparison methods
Analyses conducted

Where feasible, Bayesian NMAs were conducted. NMAs extend the principles of meta-analysis and indirect
treatment comparisons to allow for a connected network of treatments to be quantitatively synthesized [25].

Analyses followed methodology outlined in key methodological guidance documents, in particular, National
Institute of Health and Care Excellence (NICE) Decision Support Unit (DSU) Technical Support Documents
(TSD) 2, 3 and 4 [26,27,28]. Both random effects (RE) and fixed effects (FE) models were fitted. Due to a
limited number of studies per treatment comparison, informative priors for between-study heterogeneity were also
implemented [29].

Networks were generated and assessed by outcome and timepoint, with each treatment represented as a distinct
node. To aid network connectivity, simplifying assumptions were required. In particular, STRs and multitablet
regimens were considered equivalent in the safety networks. This assumption was based on evidence from prior real-
world studies comparing STRs and multitablet regimens [30]. Additionally, different dosages of each individual back-
bone were also considered equivalent: tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) (300 mg/200 mg
QD or 245 mg/200 mg QD) and F/TAF (200 mg/25 mg QD or 200 mg/10 mg QD). However, different
dosages for third agents efavirenz (EFV) (600 and 400 mg) and raltegravir (RAL) (1200 and 400 mg) were not
considered equivalent and were retained as separate regimens. All items of the PRISMA-NMA extension statement
are reported in this manuscript (see Supplementary Table 6) [31].

Data input

Treatment-arm level inputs in terms of number of events and sample size were used for each analysis (see Supple-
mentary Table 7).

Model specification & selection

Binomial distributions with a logit link were fitted for all outcomes. The deviance information criterion was used
for model selection [32]. Further details are provided in the Supplementary Materials (Model Specification).

Results output

For all outcomes, risk differences (RDs) are presented with 95% credible intervals (CrIs) and statistical evidence of
a difference between treatment was determined by whether the CrIs included the value of no effect. Furthermore,
the mean surface area under the cumulative ranking curve (SUCRA) was computed for each treatment.

Software implementation

All analyses were conducted using statistical software R, version 4.3.0 or later, where NMAs were conducted using
the software OpenBUGS version 3.2.3, through the R package R2OpenBUGS [33,34,35]. The OpenBUGS analysis
code is provided in the Supplementary Materials (Model Specification).

Results
SLR & feasibility assessment
Eligibility assessment

Of the 79 RCTs identified in the SLR, 39 were performed in TN PWH. Two studies investigated B/F/TAF in TN
PWH. The flow of records through the various review stages is presented in Figure 1.
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Original SLR and updates 

(July 2017, July 2018, November 2019)

Records included in the original

SLR and previous SLR updates

n = 432 publications

(n = 59 unique studies)

Duplicates n = 6547

Records excluded at title/abstract

review
(n = 834)

Records not retrieved n = 0

Records excluded at full-text

review
(n = 246)

SLR update (June 2023)

Records identified through

database searches

(n = 7707)

Records identified through supplementary searches

(n = 1549)

Records screened at

title/abstract review

Records sought for retrieval

Records screened at

full-text review

Records included from

database searches

Records included in the

2023 SLR Update

Total records included in the

SLR

Studies in the treatment-

naïve population

Studies included in indirect

comparisons

Studies in the treatment-

experienced population

Records included from

supplementary searches

Records screened at

full-text review

Records excluded at title/abstract

review

Records excluded at full-text review

n = 1160

n = 326

n = 326

n = 80

n = 96 publications

(n = 20 unique studies)

n = 528 publications

(n = 79 unique studies)

(n = 39 unique studies)

(n = 40 unique studies)

(n = 19 unique studies)

(n = 1389)

n = 160

(n = 16)

(n = 144)

Congress searches n = 2

ClinicalTrials.gov n = 10

Bibliography searches n = 9

Re-review of studies conducted in

Japan and China n = 123

Irrelevant study design n = 180

Patients without HIV-1 n = 5

Irrelevant intervention n = 31

No relevant outcomes n = 30

•
•

•

•

Irrelevant study design n = 597

Patients without HIV-1 n = 157

Irrelevant intervention n = 52

No relevant outcomes = 28

•
•

•

•

Congress searches n = 6

ClinicalTrials.gov n = 16

Bibliography searches n = 10

Re-review of studies
conducted in Japan and

China that were excluded in

the original SLR and 

updates n = 128

•
•

•

•

Congress searches n = 4

ClinicalTrials.gov n = 6

Bibliography searches n = 1

Re-review of studies

conducted in Japan and

China that were excluded in

the original SLR and 

updates n = 5

•
•

•

•

Irrelevant study design n = 0

Patients without HIV-1 n = 0

Irrelevant intervention n = 0

No relevant outcomes n = 2

•
•

•

•

Irrelevant study design n = 7

Patients without HIV-1 n = 1

Irrelevant intervention n = 2

No relevant outcomes n = 0

•
•

•

•

Irrelevant study design n = 3

Patients without HIV-1 n = 1

Irrelevant intervention n = 5

No relevant outcomes n = 0

•
•

•

•

Irrelevant study design

n = 109
Patients without HIV-1 n = 4

Irrelevant intervention n = 8
No relevant outcomes n = 2

•

•

•

•

•

•

•

•

• Studies that did not report on

outcomes for the treatment-naïve

population (n = 1) 

Studies not connecting to network for
outcomes or timepoints of interest

(n = 3)

Studies not reporting data on
outcomes of interest at timepoints of

interest (n = 6)

Studies reporting on late presenter

population with AIDS or populations

with only acute PWH (n = 2)

Studies without intervention of

interest (n = 8)

Congress searches n = 908

ClinicalTrials.gov n = 197

Bibliography searches n = 316

Re-review of studies conducted in Japan and China that

were excluded in the original SLR and updates n = 128

•
•

•

•

MEDLINE n = 2155

Embase n = 2395

CDSR n = 3142

CENTRAL n = 15

•
•

•

•

•

•

•

•

Congress searches n = 902

ClinicalTrials.gov n = 181

Bibliography searches n = 306

•
•

•

Figure 1. PRISMA flowchart for inclusion in systematic literature review and indirect treatment comparisons.
CDSR: Cochrane Database of Systematic Reviews; ITC: Indirect treatment comparison; PRISMA: Preferred reporting
items for systematic reviews and meta-analyses; PWH: People with HIV-1; SLR: Systematic literature review.
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The following exclusions were made when assessing eligibility of studies for the NMA:

• Eight studies that did not report on relevant treatment regimens were excluded [36,37,38,39,40,41,42,43]

• Two studies reporting on pooled regimens were excluded [36,37]

• One study reporting on a non-randomized pooled backbone was excluded [39]

• Five studies reporting on EVG-based regimens were excluded [40,41,42,43]

• Following an assessment of heterogeneity at baseline, two studies reporting on late presenter population with
AIDS or populations with only acute PWH were excluded [44,45]

• Six studies that did not report data at timepoints of interest or the outcomes of interest were ex-
cluded [46,47,48,49,50,51]

• Three studies that did not connect to the network for the outcomes or timepoints of interest through a common
comparator were excluded [52,53]

• One study that recruited TN PWH, but did not report outcomes for the TN population was excluded (patients
who demonstrated virologic suppression following an induction phase were randomized to receive treatment,
and outcomes were only reported for virologically suppressed patients) [54]

Overall, 19 studies were eligible for inclusion in indirect comparisons, with 14 studies reporting on outcomes of
interest at Week 48 and 14 studies reporting Week 96 results. A list of studies excluded from the NMA is provided
in Supplementary Table 5.

Study characteristics

All 19 studies eligible for inclusion in indirect comparisons were published between 2009 and 2021. Of these 19
studies, 14 were conducted in multiple countries whereas five trials took place in a single country. The majority
of studies (13/19) were phase III or IIIb studies, with the remaining studies being phase IV studies. Blinding was
carried out in 8/19 studies, and 5/19 studies were reported as being noninferiority studies. Further details can be
found in Supplementary Table 8.

Quality assessment

Top-line summaries of the quality assessments for the 19 studies included in indirect comparisons are presented
in the Supplementary Materials (Supplementary Tables 9 & 10). Quality assessments were based solely on data
from published studies identified in the SLR. Overall, randomization and treatment allocation were carried out
appropriately, and treatment arms were well-balanced in terms of prognostic factors at baseline. However, it was
common for not all measured outcomes to be reported. The most substantial limitation of the RCTs overall was a
lack of blinding (11/19 studies were not blinded), which may have led to bias in the ascertainment and reporting of
safety outcomes. However, the inclusion of unblinded studies was deemed necessary to form the network between
key treatment nodes, including DRV (+ or /) r + TDF/FTC, ATV (+ or /) + TDF/FTC, EFV + ABC/3TC and
RPV (+ or /) TDF/FTC.

Patient baseline characteristics

Heterogeneity in patient baseline characteristics was assessed for studies eligible for analysis. Patient baseline
characteristics are summarized below and presented in Supplementary Table 11. Study populations had mean
ages between 34 and 38 years and were predominantly male. One study (ARIA) was conducted only in female
participants. There was some evidence of heterogeneity in the ethnicity of the participants recruited. For most
studies (10/19), White PWH made up the majority of the participants. However, two studies (ENCORE1 and
ACTG5257) had a higher proportion of Black participants and there was one study where only Asian participants
were recruited (Epzicom-Truvada).

For all included studies, reported mean viral loads were between low (i.e., 10,000 copies/ml [4 log10 copies/ml)
and high (i.e., 100,000 copies/ml [5 log10 copies/ml]) viral loads and mean CD4 cell counts were above the 200
cells/ul threshold for AIDS. However, there was some heterogeneity across studies in both characteristics. Hepatitis
B status was poorly reported (6/19), whereas hepatitis C status was reported more frequently (13/19). Where
reported, the prevalence of hepatitis B and C was typically low, with some small differences across studies.
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Summary of feasibility assessment

Due to differences in reporting of resistance mutations across studies, the low incidence and the agent-specific nature
of resistance, NMAs were not feasible for treatment-emergent resistance mutations, and a qualitative comparison
was conducted instead.

Aside from resistance mutations, which were only assessed in participants with protocol-defined virologic failure,
NMAs were deemed feasible for all outcomes of interest. Despite some differences in patient characteristics across
trials (ethnicity, age, viral load and baseline CD4 cell counts), it was deemed suitable to compare differences in
safety events across trials via NMAs, as per previous indirect comparisons in this field [55,56,57]. Most treatment
regimens connected indirectly to B/F/TAF in the network at Week 48 and Week 96; however, many of these
connections were via two or more studies. As such, these comparisons may be less robust than those that connect
to B/F/TAF either directly or via one common comparator.

Indirect comparisons
Week 48 results

Network diagrams at Week 48 for all safety outcomes are displayed in Figures 2, 3 & 4 and all Week 48 results are
summarized in Table 1, and presented as forest plots in Figures 5, 6 & 7. Additional results such as absolute risk,
mean SUCRA scores and probability best are presented in the Supplementary Materials (Supplementary Tables
12–14). With no substantial difference in deviance information criterion between the FE and informative prior
RE models and comparable residual deviances, the informative prior RE model was selected as the favored model
for all outcomes of interest (see Supplementary Tables 15–20 for model fit). Use of RE models was also considered
to be suitable from a clinical perspective in incorporating between-study heterogeneity.

Treatment-related adverse events
The estimated absolute risk of PWH experiencing any TRAE on B/F/TAF was 22% (Supplementary Table 12).
This risk was statistically lower for B/F/TAF compared with EFV + ABC/3TC, EFV (+ or /) TDF/FTC and
ATV (+ or /) r + TDF/FTC and numerically lower compared with all seven other interventions included in
the network (A). B/F/TAF had a mean SUCRA of 0.84 (the highest mean SUCRA value of any intervention),
suggesting that, on average, it outperformed 84% of interventions included in this network (Supplementary Table
13). Compared with B/F/TAF, the risk of experiencing TRAEs was between 14 and 39 percentage points higher
for non-nucleoside reverse transcriptase inhibitor (NNRTI)-based regimens (RD between 0.14 [-0.10, 0.46] and
0.39 [0.05, 0.64]). For INSTI-based regimens, there was a less clear trend in favor of B/F/TAF. While RAL-
containing regimens performed similarly to B/F/TAF, the risk of experiencing TRAEs was numerically higher for
DTG-containing regimens compared with B/F/TAF. For PI-based regimens, the risk of TRAEs was higher for
ATV (+ or /) r + TDF/FTC and similar for DRV (+ or /) r +TDF/FTC versus B/F/TAF.

Grade 3/4 TEAEs
The estimated absolute risk of PWH experiencing any grade 3/4 TEAE on B/F/TAF was 9% (Supplementary
Table 12). This risk was numerically lower for B/F/TAF compared with EFV (+ or /) TDF/FTC, and comparable
with the three other interventions (DTG (+ or /) ABC/3TC, RPV (+ or /) TDF/FTC and DTG + F/TAF)
included in the network (B). B/F/TAF had a mean SUCRA of 0.50, suggesting that, on average, it performed
better than half of the five interventions included in this network (Supplementary Table 13).

Diarrhea
The estimated absolute risk of PWH experiencing diarrhea on B/F/TAF was 12% (Supplementary Table 12).
This risk was numerically lower for B/F/TAF compared with DRV (+ or /) r + TDF/FTC and ATV (+ or /)
r + TDF/FTC, and similar to the four other treatments included in this analysis (A). B/F/TAF had a mean SUCRA
of 0.64 (the joint highest mean SUCRA value of any intervention), suggesting that, on average, it performed better
than 64% of the seven interventions included in this network (Supplementary Table 13). Compared with B/F/TAF,
the risk of experiencing diarrhea was 20 percentage points higher for DRV (+ or /) r + TDF/FTC (RD: 0.20
[-0.06, 0.64]) and four percentage points higher for ATV (+ or /) r + TDF/FTC (RD: 0.04 [-0.07, 0.27]).

Nausea
The estimated absolute risk of PWH experiencing nausea on B/F/TAF was 9% (Supplementary Table 12). This
risk was statistically lower for B/F/TAF compared with DRV (+ or /) r + TDF/FTC and DTG (+ or /)
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GS-US-380-1490

GS-US-1489

GS-US-380-1490

B/F/TAF

DTG (+ or /) ABC/3TC

DTG + F/TAF

RPV (+ or /) TDF/FTC

SINGLE

EFV (+ or /) TDF/FTC

RPV (+ or /) TDF/FTC

STaR

EFV (400) + TDF/FTC

EFV + ABC/3TC

EFV (+ or /) TDF/FTC

STARTMRK

RAL (1200) + TDF/FTC

RAL + TDF/FTC

SINGLE

DTG (+ or /) ABC/3TC

ATV (+ or /) + TDF/FTC

METABOLIK

DRV (+ or /) r + TDF/FTC

DTG + F/TAF

B/F/TAF

GS-US-380-1489

ASSERT

ENCORE1

ECHO

ARIA

ONCEMRK

Figure 2. Analysis networks at Week 48: AE outcomes. (A) TRAE. (B) Grade 3/4 TEAE. Green indicates two-arm trials;
node size indicates the number of PWH receiving each intervention; edge width indicates the number of trials
informing a given comparison. The network includes 11 comparators for TRAEs, and five comparators for grade 3/4
TEAEs.
AE: Adverse event; PWH: People with HIV-1; TEAE: Treatment emergent adverse event; TRAE: Treatment-related
adverse event.

10.57264/cer-2024-0231 J. Comp. Eff. Res. (2025) e240231



Comparative safety of B/F/TAF vs other ARV therapy regimens in TN HIV-1 Research Article

GS-US-380-1490

GS-US-380-1489

DRV (+ or /) TDF/FTC

B/F/TAF

DTG + F/TAF

ATV (+ or /) r + TDF/FTC

ARIAGS-US-380-1490

METABOLIK

B/F/TAF DTG (+ or /) ABC/3TC
EFV (+ or /)TDF/FTC

SINGLE

STARTMRK

ECHO

RPV (+ or /) TDF/FTC

RAL + TDF/FTC

ATV + c + TDF/FTC

DTG (+ or /) ABC/3TC

ARIA

SINGLE

METABOLIK GS-US-216-0114

ATV (+ or /) r + TDF/FTC

DTG + F/TAF

DRV (+ or /) r + TDF/FTC

RAL (1200) + TDF/FTC

ONCEMRK
GS-US-216-0114

ATV + c + TDF/FTC

EFV (+ or /) TDF/FTC

GS-US-380-1489

Figure 3. Analysis networks at Week 48: specific AE outcomes. (A) Diarrhea. (B) Nausea. Green indicates two-arm
trials; node size indicates the number of PWH receiving each intervention; edge width indicates the number of trials
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Figure 5. Forest plots: AE outcomes (RD [95% CrI] of comparators vs B/F/TAF). (A) TRAE (Week 48). (B) Grade 3/4
TEAE (Week 48). Forest plot showing how each comparator treatment (right) performed versus B/F/TAF; results are
given as the RD and 95% CrIs. Orange indicates INSTI third agents, green indicates NNRTI third agents and purple
indicates PI third agents. RAL (1200) refers to the 1200 mg dosage of raltegravir, while RAL refers to the 400 mg
dosage of raltegravir.
AE: Adverse event; CrI: Credible interval; INSTI: Integrase strand transfer inhibitor; NNRTI: Non-nucleoside reverse
transcriptase inhibitor; PI: Protease inhibitor; RD: Risk difference; TEAE: Treatment-emergent adverse event; TRAE:
Treatment-related adverse event.
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Figure 6. Forest plots: specific AE outcomes (RD [95% CrI] of comparators vs B/F/TAF). (A) Diarrhea (Week 48). (B)
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Forest plot showing how each comparator treatment (right) performed versus B/F/TAF; results are given as the RD
and 95% CrIs. Orange indicates INSTI third agents, green indicates NNRTI third agents and purple indicates PI third
agents. RAL (1200) refers to the 1200 mg dosage of raltegravir, while RAL refers to the 400 mg dosage of raltegravir.
AE: Adverse event; CrI: Credible interval; INSTI: Integrase strand transfer inhibitor; NNRTI: Non-nucleoside reverse
transcriptase inhibitor; PI: Protease inhibitor; RD: Risk difference.

10.57264/cer-2024-0231



Research Article Curteis, Eddowes, Chen et al.

0.04 (-0.04, 0.20)

DRV (+ or /) r + TDF/FTC

ATV (+ or /) r + TDF/FTC

EFV (+ or /) TDF/FTC

DTG + F/TAF

ATV + c + TDF/FTC

DTG (+ or /) ABC/3TC

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

RD and 95% CrI (comparator vs B/F/TAF)

B
/F

/T
A

F

RAL (1200) + TDF/FTC

RAL + TDF/FTC

EFV (400) + TDF/FTC

RPV (+ or /) TDF/FTC

EFV + ABC/3TC

DRV/c/F/TAF

DTG (+ or /) r + TDF/FTC

ATV (+ or /) r + TDF/FTC

EFV (+ or /) TDF/FTC

DTG + F/TAF

ATV + c + TDF/FTC

DTG (+ or /) ABC/3TC

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

RD and 95% CrI (comparator vs B/F/TAF)

B
/F

/T
A

F

RAL (1200) + TDF/FTC

RAL + TDF/FTC

EFV (400) + TDF/FTC

RPV (+ or /) TDF/FTC

EFV + ABC/3TC

Favors comparator Favors B/F/TAF

Favors comparator Favors B/F/TAF

0.09 (-0.02, 0.28)

0.03 (-0.03, 0.14)

0.01 (-0.05, 0.12)

0.01 (-0.04, 0.12)

0.00 (-0.05, 0.13)

-0.00 (-0.06, 0.11)

-0.01 (-0.06, 0.12)

-0.01 (-0.07, 0.18)

-0.01 (-0.05, 0.05)

-0.02 (-0.05, 0.03)

0.16 (0.02, 0.64)

0.13 (0.02, 0.54)

0.07 (0.00, 0.42)

0.06 (0.00, 0.37)

0.06 (0.00, 0.34)

0.04 (-0.00, 0.31)

0.03 (-0.00, 0.33)

0.03 (-0.00, 0.26)

0.03 (-0.00, 0.17)

0.02 (-0.01, 0.16)

-0.00 (-0.01, 0.00)

0.00 (-0.01, 0.17)

Figure 7. Forest plots: discontinuation outcomes (RD [95% CrI] of comparators vs B/F/TAF). (A) All-cause
discontinuation (Week 48). (B) Discontinuation due to AE (Week 48). Forest plot showing how each comparator
treatment (right) performed versus B/F/TAF; results are given as the RD and 95% CrIs. Orange indicates INSTI third
agents, green indicates NNRTI third agents and purple indicates PI third agents. RAL (1200) refers to the 1200 mg
dosage of raltegravir, while RAL refers to the 400 mg dosage of raltegravir. EFV (400) refers to the 400 mg dosage of
efavirenz, while EFV refers to the 600 mg dosage of efavirenz.
AE: Adverse event; CrI: Credible interval; INSTI: Integrase strand transfer inhibitor; NNRTI: Non-nucleoside reverse
transcriptase inhibitor; PI: Protease inhibitor; RD: Risk difference.
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ABC/3TC and numerically lower compared with all other interventions except DTG + F/TAF and RPV (+ or /)
TDF/FTC, which had a comparable risk of experiencing nausea (B). B/F/TAF had a mean SUCRA of 0.83 (the
second-highest mean SUCRA value of any intervention), suggesting that, on average, it performed better than 83%
of the ten interventions included in this network (Supplementary Table 13). Compared with B/F/TAF, the risk of
experiencing nausea was 50 percentage points higher for the PI-based DRV (+ or /) r + TDF/FTC regimen (RD:
0.50 [0.05, 0.85]), and 11 percentage points higher for the INSTI-based DTG (+ or /) ABC/3TC regimen (RD:
0.11 [0.00, 0.27]). For other NNRTI- and INSTI-based regimens, the risk of nausea was similar or numerically
higher compared with B/F/TAF (RD between -0.02 [-0.08, 0.25] and 0.10 [-0.03, 0.33] for NNRTI- and between
0.01 [-0.05, 0.13] and 0.08 [-0.06, 0.46] for INSTI-based regimens).

All-cause discontinuation
The estimated absolute risk of PWH discontinuing on B/F/TAF due to any cause (not specifically due to AEs alone)
was 7% (Supplementary Table 12). Differences in risk were small; however, B/F/TAF showed numerically fewer
all-cause discontinuations than EFV + ABC/3TC, ATV + c + TDF/FTC, and EFV (+ or /) TDF/FTC, and was
comparable to the remaining eight regimens in the network (A). B/F/TAF had a mean SUCRA of 0.56, suggesting
that, on average, it performed better than 56% of the 12 interventions included in this network (Supplementary
Table 13).

Discontinuation due to AE
The estimated absolute risk of PWH discontinuing on B/F/TAF due to AE was 1% (Supplementary Table
12). This risk was statistically lower for B/F/TAF compared with EFV + ABC/3TC, EFV (+ or /) TDF/FTC,
RAL + TDF/FTC, ATV + c + TDF/FTC and ATV (+ or /) r + TDF/FTC, and numerically lower or comparable
to the seven other interventions including all remaining PI-based, INSTI-based, and NNRTI-based regimens (B).
B/F/TAF had a mean SUCRA of 0.85 (the second-highest mean SUCRA of any intervention), suggesting that, on
average, it performed better than 85% of the 13 interventions included in this network (Supplementary Table 13).
Compared with B/F/TAF, the risk of PWH discontinuing due to AE was between 13 and 16 percentage points
higher for the NNRTI-based regimens containing EFV 600 mg (RD between 0.13 [0.02, 0.54] and 0.16 [0.02,
0.64]) and between 6 and 7 percentage points higher for the INSTI-based RAL + TDF/FTC regimen and the
PI-based regimens containing ATV.

Resistance mutations
Resistance mutations are summarised in Supplementary Table 21. Due to differences in reporting of resistance
mutations across studies, the low incidence and the agent-specific nature of resistance, no NMA was feasible for
treatment-emergent resistance mutations. As such, we summarise results qualitatively here. For the B/F/TAF arms in
both the GS-US-380-1489 and GS-US-380-1490 trials, no subject developed treatment-emergent resistance to any
study drug. This drug resistance profile was similar to DTG-containing regimens, which were commonly associated
with no resistance mutations. In contrast, a small number of both INSTI- and NRTI-associated resistance mutations
were generally observed for RAL-containing regimens. Similarly, a small number of NNRTI- and NRTI- associated
resistance mutations were observed for EFV-containing regimens whereas RPV + TDF/FTC had a substantially
larger number of NNRTI- and NRTI-associated resistance mutations. Finally, no or very few resistance mutations
were typically observed for PI-containing regimens. In summary, B/F/TAF did not lead to the development of any
resistance mutations, while RAL- or NNRTI-containing regimens had the largest number of resistance mutations.

Week 96 results

Results from Week 96 showed broad consistency with Week 48, indicating that similar safety profiles were sustained
for this later timepoint (Supplementary Table 22).

Discussion
Summary of findings
SLR & feasibility assessment

This analysis of interventions in the treatment of HIV-1 in TN PWH was based on evidence from RCTs identified
in an SLR, whose most recent update was conducted in June 2023. A total of 39 studies were identified in TN
PWH. The feasibility of conducting indirect comparisons with the studies identified in the SLR was then assessed.
Overall, 19 studies were eligible for indirect comparisons after application of suitable eligibility criteria and an
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assessment of network connectivity. Analyses were deemed to be feasible for all outcomes of interest (other than
resistance mutations) at Week 48 and Week 96.

Indirect comparisons

The NMA revealed that B/F/TAF had superior safety compared with many other ART regimens and was not
statistically inferior for any outcome versus any intervention.

In particular, the results showed that B/F/TAF had a more favorable safety profile compared with NNRTI-
containing regimens. Compared with PI-containing regimens, B/F/TAF substantially reduced nausea alongside
some improvements for other safety outcomes such as TRAEs and discontinuations due to AEs. While B/F/TAF
generally had a similar safety profile to other INSTI-containing regimens, the risk of nausea and discontinuation
due to AE was lower for B/F/TAF. Furthermore, B/F/TAF had a lower risk of TRAE compared with DTG-
containing regimens. The estimated absolute risk of PWH discontinuing on B/F/TAF due to AEs was 1%, which
was numerically lower than the majority of other ART regimens included in the analysis. Although PI regimens are
generally associated with a high risk of diarrhea, only numerical differences were observed versus B/F/TAF [58]. In
particular, the lack of statistical significance versus DRV (+ or /) r + TDF/FTC is likely due to the limited sample
size of the METABOLIK study informing this comparison (n = 34 in the DRV/r arm, and n = 31 in the ATV/r
arm) [59]. Furthermore, B/F/TAF was not associated with any resistance mutations, while RAL- and NNRTI-based
regimens lead to substantially larger numbers of resistance mutations.

These findings collectively support the potential of B/F/TAF as a valuable treatment option for HIV-1 infection,
and reaffirm the favorable safety and tolerability profile of B/F/TAF, which aligns with its status as a preferred
first-line regimen in both US and UK HIV-1 treatment guidelines [12,60]. However, in resource-limited settings,
access to B/F/TAF may be impeded by economic and access constraints. Despite these barriers, its simplified
dosing regimen and fewer side effects could make B/F/TAF a promising option in these settings.

Previous NMAs in the TN population have considered regimens of different backbones but the same third agent
as either distinct or equivalent within a network [56,57,61]. Our analysis was in line with Radford et al. and Zhang
et al. in not assuming equivalency of backbones of regimens of the same third agent [56,58]. For instance, in our
NMA, DTG (+ or /) ABC/3TC, DTG + 3TC, DTG + F/TAF and DTG + TDF/FTC were treated as separate
treatment nodes. Additionally, the results of our NMA are consistent with earlier indirect comparisons of ARTs
in TN PWH, demonstrating that B/F/TAF yields noninferior safety outcomes to other ARTs [56,57,58]. Notably,
our NMA provides a more comprehensive overview of safety and is the first to provide comparative evidence on
specific AEs, such as nausea and diarrhea, when comparing B/F/TAF to ART regimens.

Strengths & limitations
The strengths of this work include that the SLR was conducted conforming to Cochrane guidelines, and identified
RCTs assessing the safety of complete ART regimens for the treatment of HIV-1, meaning that the evidence
informing the analysis was systematically identified and up to date. Data extracted during the SLR included a
range of study characteristics, patient baseline characteristics and outcomes, allowing a comprehensive feasibility
assessment to be conducted, and a range of clinically relevant safety outcomes to be considered for analysis. A
systematic feasibility assessment ensured that studies informing the indirect comparisons were broadly comparable
in terms of study design, patient populations and reported outcomes.

Reporting on outcomes of interest was mostly consistent across included studies, which meant that connected
networks were possible for most outcomes at the timepoints of interest. Some differences were observed in definition
of discontinuation (with some studies only reporting on study rather than treatment discontinuation). However,
these differences are expected to have limited impact on the discontinuation results.

Bayesian NMAs were conducted, with the methodology used in line with key methodological guidance docu-
ments (in particular, NICE DSU TSDs 2, 3 and 4) [26,27,58]. Multiple models were independently fitted for each
outcome, allowing for an assessment of the most appropriate model for each outcome. Specifically, although both
RE and FE models were fitted, RE models were selected to allow for between-study heterogeneity. Networks at
Week 48 included evidence from most of the regimens of interest and included regimens with INSTI, NNRTI and
PI third agents, allowing for comparisons across most key competitors and across different treatment classes.

Limitations of this work include that the SLR, on which the NMA was based, was restricted to publications
written in English; hence, relevant publications in other languages would have been excluded, which may limit the
global relevance of the results. In addition, only phase III RCTs and beyond were included, meaning that any study
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using observational data in a real-world setting would not have been captured. Future work may wish to explore
longer-term data given the critical role of ART safety and tolerability in ensuring long-term adherence for sustained
HIV-1 management. Another limitation of the studies included in this NMA was the lack of blinding, which may
have introduced bias in the reporting of safety outcomes, particularly AEs, which are often subjective and susceptible
to influence by awareness of treatment allocation among participants or investigators. Nonetheless, inclusion of
unblinded studies was necessary to maintain network connectivity across key treatment nodes. Furthermore, the last
searches for this SLR were conducted in June 2023; however, to our knowledge no critical new data on interventions
and outcomes considered in the present NMA have been published since the search date.

While the feasibility assessment was thorough and identified suitable evidence, the heterogeneity assessment of
clinically meaningful characteristics did show some potential imbalances across studies included in the NMA. In
particular, there was evidence of differences in patient demographics across studies, particularly with regards to
age and ethnicity. These differences could, for example, influence discontinuation events across studies. However,
appropriate decisions were made to limit heterogeneity where feasible, namely, studies reporting on a late presenter
population with AIDS or populations with only acute PWH were excluded in order to reduce the heterogeneity
in baseline viral load and CD4 cell count across studies and ensure that all CD4 cell counts were above the 200
cells/ul threshold for AIDS. Furthermore, RE models were used to accommodate some degree of heterogeneity
across studies, although it is worth noting that most treatment contrasts were informed primarily by single studies,
and therefore limited information was available to robustly estimate the between-study heterogeneity parameter.

While the NMA was conducted on networks that included regimens with INSTI, NNRTI and PI third agent
classes, the effect of treatment classes was not specifically estimated. Further work may wish to explore the effect of
specific third agent classes, in addition to the effects of individual regimens explored via this analysis.

Conclusion
This analysis provides valuable insights into the comparative safety profile of B/F/TAF versus various ART regimens
for HIV-1 infection in TN PWH. The analysis was based on a rigorous SLR and comprehensive feasibility assessment
and included 20 high-quality RCTs.

B/F/TAF performed better than the majority of interventions in safety and tolerability outcomes, notably
discontinuation due to AEs, TRAEs and nausea. Additionally, with comparable risk of experiencing grade 3/4
treatment-emergent AEs, diarrhea and all-cause discontinuation rates to other interventions, B/F/TAF was non-
inferior to any other regimen for all outcomes.

While the heterogeneity in patient demographics may have some influence on the results, the findings of this
NMA support the conclusion that B/F/TAF has a comparable or favorable safety profile over the majority of ART
regimens for HIV-1 infection.

Supplementary data
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Summary points

• HIV-1 continues to be a significant global health concern, with 1.3 million new infections and 630,000
AIDS-related deaths in 2023.

• Bictegravir, emtricitabine and tenofovir alafenamide (B/F/TAF) is a single-tablet regimen approved for managing
HIV-1 infection in treatment-naı̈ve (TN) and virologically suppressed people with HIV-1 (PWH) on a stable ART
regimen with no known or suspected substitutions associated with resistance to bictegravir or tenofovir.

• Clinical trials have demonstrated the efficacy and safety of B/F/TAF in TN populations, making it one of the
recommended initial ART regimens for most PWH.

• The aim of this systematic literature review (SLR) and network meta-analysis (NMA) was to compare the safety
outcomes of B/F/TAF with other ART regimens in TN PWH, focusing on critical safety and tolerability outcomes.

• A comprehensive search of MEDLINE, Embase, and The Cochrane Library was conducted, identifying relevant
studies of B/F/TAF and comparator regimens. Bayesian NMAs were conducted to evaluate comparative safety
profiles of included regimens.

• Out of 39 identified studies in TN PWH, 19 studies were deemed suitable for indirect comparisons based on
heterogeneity and network connectivity assessments.

• The NMA revealed that B/F/TAF demonstrated superior safety compared with many other ART regimens and was
not statistically inferior for any outcome versus any intervention.

• The estimated risk of discontinuation due to adverse events (AEs) was 1%, with B/F/TAF particularly
outperforming NNRTI-containing regimens and PI-containing regimens in terms of safety and tolerability.

• B/F/TAF showed a favorable safety profile with reduced treatment-related AEs, discontinuations due to AEs, and
nausea compared with other regimens, while being non-inferior for all assessed outcomes. B/F/TAF is therefore a
comparatively safe and tolerable option for initial ART therapy in TN PWH.
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