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ABSTRACT

Introduction: Integrase strand transfer inhi-
bitor (InSTI)-based antiretroviral regimens have

become the recommended antiretroviral ther-
apy for people living with HIV (PLWH) who are
antiretroviral-naı̈ve or stably antiretroviral-
treated. This meta-analysis aimed to systemati-
cally review the efficacy and safety of coformu-
lated bictegravir/emtricitabine/tenofovir
alafenamide (BIC/FTC/TAF) among PLWH.
Methods: Randomized controlled trials (RCTs)
were included to compare the efficacy and
safety between BIC/FTC/TAF and other
antiretroviral regimens containing a non-nu-
cleoside reverse transcriptase inhibitor, protease
inhibitor, or integrase strand transfer inhibitor
plus two nucleos(t)ide reverse transcriptase
inhibitors. A Mantel–Haenszel model was used
to investigate the combination or interaction of
a group of independent studies. I2 was used to
determine whether a fixed-effect model or ran-
dom-effect model was to be used.
Results: A total of seven published randomized
clinical trials including 3547 participants were
analyzed; three studies were conducted in
antiretroviral-naı̈ve PLWH and four in stably
antiretroviral-treated PLWH. At week 48, the
efficacy with BIC/FTC/TAF was not statistically
significantly different from that with control
regimens [odds ratio (OR) 1.01 (95% CI 0.79,
1.30)]. BIC/FTC/TAF had comparable safety
profiles to control regimens: OR for all adverse
effects (AEs) was 0.92 (95% CI 0.78, 1.09); OR
for any grade 3 or grade 4 AEs was 0.96 (95% CI
0.66, 1.39); and OR for treatment-related AEs
was 1.31 (95% CI 0.68, 2.53).
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Conclusions: This meta-analysis of published
randomized clinical trials of antiretroviral-naı̈ve
and stably antiretroviral-treated PLWH suggests
that BIC/FTC/TAF is as safe and efficacious as
are its comparators at week 48. The interstudy
differences in selected populations and control
regimens may lead to the high heterogeneity of
the meta-analysis.

Keywords: Adverse effects; Bictegravir/
emtricitabine/tenofovir alafenamide; Highly
active antiretroviral therapy; HIV integrase
inhibitor; Randomized controlled trial;
Sustained virologic response

Key Summary Points

Why carry out this study?

To analyze the efficacy and safety of the
coformulated fixed-dose combination
bictegravir/emtricitabine/tenofovir
alafenamide (BIC/FTC/TAF) tablet
compared to other approved antiretroviral
regimens among people living with HIV
by systematic meta-analysis of published
clinical trial results.

What was learned from the study?

At week 48, the overall efficacy with BIC/
FTC/TAF was not statistically significantly
different from that with control regimens
[odds ratio (OR) 1.01 (95% CI 0.79, 1.30)].

BIC/FTC/TAF had comparable safety
profiles to control regimens: OR for all
adverse effects (AEs) was 0.92 (95% CI
0.78, 1.09); OR for any grade 3 or grade 4
AEs was 0.96 (95% CI 0.66, 1.39); and OR
for treatment-related AEs was 1.31 (95%
CI 0.68, 2.53).

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.14437394.

INTRODUCTION

Since 1996, highly active antiretroviral therapy
(HAART) consisting of two nucleos(t)ide reverse
transcriptase inhibitors (NRTIs) plus either a
protease inhibitor (PI) boosted with ritonavir or
cobicistat, a non-nucleoside reverse transcrip-
tase inhibitor (nNRTI), or an integrase strand
transfer inhibitor (InSTI), has become a new
treatment paradigm for people living with HIV
(PLWH). However, the earlier antiretroviral
regimens required taking several different pills
at multiple times per day, particularly those
regimens for antiretroviral-naı̈ve individuals
with pre-treatment or transmitted antiretroviral
resistance of HIV-1 as well as antiretroviral-ex-
perienced individuals with virologic failure,
which might lead to increases in pill burden and
decreases in adherence and effectiveness [1].
The International Conference on Antiretroviral
Drug Optimization (CADO) suggests that the
characteristics of target product profiles of an
ideal antiretroviral regimen should comprise
safety, efficacy, tolerability, durability, stability,
and convenience, and also be suitable for spe-
cial populations and at lower costs for treat-
ment [2].

The evolution of HIV therapeutics has been
marked by a shift from multiple-tablet regimens
that need to be taken several times per day to
once-daily, single-tablet regimens with fixed-
dose combination (FDC). Several FDC regimens
have become available for the treatment of HIV-
1 infection, which include coformulated efa-
virenz, emtricitabine, and tenofovir disoproxil
fumarate (EFV/FTC/TDF); dolutegravir, lamivu-
dine, and abacavir (DTG/3TC/ABC); rilpivirine,
FTC, TDF (RPV/FTC/TDF); elvitegravir, cobicis-
tat, FTC, TDF (EVG/c/FTC/TDF); EVG, cobicis-
tat, FTC, and tenofovir alafenamide (EVG/c/
FTC/TAF); RPV/FTC/TAF; DTG/RPV; bictegravir,
FTC, and TAF (BIC/FTC/TAF); and DTG/3TC [1].
Most of the international guidelines on
antiretroviral treatment for adults and adoles-
cents living with HIV recommend FDC
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regimens as the first-line regimens for
antiretroviral-naı̈ve patients and as
stable switch regimens for suitable patients who
have achieved viral suppression. In both upda-
ted Department of Health and Human Service
(DHHS) guidelines in February 2021 and Euro-
pean AIDS Clinical Society (EACS) guidelines in
October 2020 [3, 4], two single-tablet three-drug
regimens (BIC/FTC/TAF and DTG/3TC/ABC)
and one two-drug regimens (DTG/3TC) con-
taining InSTI are the approved combinations for
initial treatment of PLWH.

The aim of this systematic review was to
analyze the efficacy and safety of the coformu-
lated FDC BIC/FTC/TAF tablet compared to
other approved antiretroviral regimens among
PLWH.

METHODS

This review was conducted according to the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
for the reporting of systematic reviews and
meta-analysis.

Search Strategy

PubMed, Embase, and Medline Library data-
bases were searched up to December 2020 to
identify randomized controlled trials (RCTs)
that were undertaken for any purpose (equiva-
lence, superiority, or noninferiority), at a single
or multiple centers, in any country, and with
any follow-up duration. PubMed, Embase, and
Medline were searched with the use of the
keywords ‘‘Biktarvy�’’, or ‘‘BIC/FTC/TAF’’, or ‘‘B/
F/TAF’’, or ‘‘bictegravir/emtricitabine/tenofovir
alafenamide’’, and ‘‘randomized controlled
trial’’, and ‘‘HIV-1’’. Reference lists of identified
studies and major reviews, abstracts of confer-
ence proceedings, scientific meetings, and clin-
ical trials registries (www.clinicaltrials.gov) were
searched.

No limitation was used during the literature
search. This article is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors. Research

ethics committee approval was waived because
this study did not involve any human partici-
pants or animals.

Eligibility Criteria

Eligible study for this meta-analysis met the
following criteria:

• The study was designed as an RCT.
• Outcomes of interest were efficacy and safety

assessment among PLWH participating in
the trials.

• Comparisons were conducted between BIC/
FTC/TAF and antiretroviral regimens con-
taining nNRTI, PI, or InSTI plus two NRTIs.

Outcomes

Primary outcome:

• The proportion of subjects with plasma HIV-
1 RNA\ 50 copies/mL at week 48 according
to the US Food and Drug Administration
(FDA) snapshot algorithm [5]

Secondary outcomes:

• The change from baseline in CD4 cell count
and CD4 percentage at week 48

• Safety profile at week 48

Data Extraction

For each eligible study, the main categories were
based on the following: setting, details of par-
ticipants (number and baseline characteristic by
group), details of the study (study design, type,
and duration of follow-up), details of the con-
trol group included, primary and secondary
outcome description, and outcome measures,
safety and tolerability, number of withdrawals
or discontinuations in each group with reasons.
Data at weeks 48 and 96 were considered.

Statistical Analysis

The information on BIC/FTC/TAF efficacy from
the RCTs was analyzed using a Mantel–Haenszel
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model to investigate the combination or inter-
action of a group of independent studies. Clin-
ical heterogeneity was explored, and statistical
heterogeneity was assessed using Cochrane’s
Q test to calculate the weighted sum of squared
differences between individual study effect and
pooled effect across studies. The heterogeneity
was examined using the I2 statistic for the per-
centage of variation across the studies that was
due to heterogeneity rather than chance, with I2

of 0% as no heterogeneity, 25% as low hetero-
geneity, 50% as moderate heterogeneity, and
75% as high heterogeneity [6]. When I2 was less
than 50%, studies were pooled using a fixed-
effect model, whereas, when I2 was greater than
50%, random-effect model was used. The
p value of BIC/FTC/TAF versus other control
treatment groups and the 95% confidence
interval (CI) were analyzed using data extracted
from controlled studies. The bias risk tool was
provided by the Cochrane Collaboration to
evaluate the quality of the literature using
RevMan software 5.3 [7].

For the continuous outcome when the
authors only provided the median, first and
third quartiles of data, but not mean and stan-
dard deviation from the reported summary
data, the quantile estimation (QE) method
originally introduced by McGrath et al. was
applied to estimate the sample mean and stan-
dard deviation [8].

RESULTS

Overview of Literature Search

The search of the three databases identified 115
titles from the initial evaluation, of which 12
were duplicated and discarded, and 59 were not
relevant to review question and discarded,
resulting in 44 unique citations. The full text
was obtained for seven published studies that
were examined in detail, with 37 articles
excluded due to either being not RCTs, dupli-
cated or overlapped data in multiple records,
not investigating main outcomes of interest, or
no available results published because the trials
were not yet completed. The remaining seven
studies were included in this systematic review

and meta-analysis and the PRISMA flow chart of
the searching process is described in Fig. 1. All
included studies were based on moderate- to
high-quality evidence. Table 1 provides a brief
description of the details of the seven included
studies. The RCTs listed in Table 1 were non-
inferiority studies where the non-inferiority
margin was 0.12 for GS-US-141-1475, GS-US-
380-1489, and GS-US-380-1490 and 0.04 for GS-
US-380-1844, GS-US-380-1878, GS-US-380-
1961, and GS-US-380-4030 according to US
Food and Drug Administration (FDA) guidance
for antiretroviral-naı̈ve populations and viro-
logically suppressed populations, respectively
[5].

Study Characteristics

A total of seven studies that included 3547
participants were analyzed in this review. Fur-
ther description by main eligibility criteria is
summarized in Table 2. Three double-blinded
studies enrolled 1372 antiretroviral-naı̈ve HIV-
1-infected participants who were randomized to
either BIC/FTC/TAF or control groups (DTG ?

FTC/TAF or DTG/3TC/ABC). Four studies
enrolled 2175 antiretroviral-treated participants
who had achieved viral suppression and were
randomized to either BIC/FTC/TAF or control
groups (DTG/3TC/ABC or remaining on current
treatment). All studies assessed virologic out-
comes at week 48. The median age ranged from
31.5 to 50.5 years and approximately 24.3% of
the participants were female. In GS-US-380-
1961, only female subjects were recruited.

Efficacy Profile of BIC/FTC/TAF Versus
Other Control Groups at Week 48

Efficacy data for BIC/FTC/TAF and control
groups were extracted from the seven selected
RCTs and the primary endpoint at week 48.
Figure 2 shows a forest plot of the results of the
meta-analysis. In part 1.1.1 of Fig. 2, the I2 of
the meta-analysis was 18% for the seven selec-
ted studies, indicating that the studies were
considered of very low heterogeneity to each
other and, therefore, a fixed model was used for
the meta-analysis. Mantel–Haenszel fixed effect
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of odds ratio (OR) was 1.01 (95% CI 0.79, 1.30;
p = 0.92), which indicates that the differences
in terms of overall efficacy between BIC/FTC/
TAF and control groups were not statistically
significant.

A funnel plot of the selected studies accord-
ing to a log (OR) distribution for the efficacy
data was symmetrical, which demonstrated a
lack of publication bias in this meta-analysis, as

shown in Supplementary Fig. 1 (Fig. S1). GS-US-
141-1475 [9] is located at the very right side of
the funnel plot because of the small sample size
of the study, which was more heterogenous
compared to other selected studies. As a result
of the presence of heterogeneity, GS-US-141-
1475 [9] was excluded from further subgroup
analysis described in part 1.1.2 of Fig. 2 for
antiretroviral-naı̈ve participants. In part 1.1.2,

Fig. 1 PRISMA flow chart of the selection process for identification of eligible studies for pooling
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Table 1 Selected eligible studies after systematic review

Study
name

Methods Interventions Targeted
population

Outcome data extracted

GS-US-

141-

1475

[9]

Phase 2,

multicenter,

double-blind

RCT

BIC ? FTC/TAF FDC ? DTG

placebo versus DTG ? FTC/TAF

FDC ? BIC placebo

HIV-1-infected,

antiretroviral-

naı̈ve adults

1. HIV-1 RNA\ 50 copies/

mL at week 48

2. Change from baseline in

CD4? cell count at week 48

3. Percentage of participants

with adverse events (AEs)

GS-US-

380-

1489

[10]

Phase 3,

multicenter,

double-blind,

non-inferiority

RCT

BIC/FTC/TAF ? DTG/3TC/ABC

placebo versus DTG/3TC/

ABC ? BIC/FTC/TAF placebo

HIV-1-infected,

antiretroviral-

naı̈ve adults

1. HIV-1 RNA\ 50 copies/

mL at weeks 48 and 96

2. Change from baseline in

CD4? cell count at weeks 48

and 96

3. Percentage of participants

with AEs

GS-US-

380-

1490

[11]

Phase 3,

multicenter,

double-blind,

non-inferiority

RCT

BIC/FTC/TAF ? DTG

placebo ? FTC/TAF placebo versus

DTG ? FTC/TAF ? BIC/FTC/

TAF placebo

HIV-1-infected,

antiretroviral-

naı̈ve adults

1. HIV-1 RNA\ 50 copies/

mL at weeks 48 and 96

2. Change from baseline in

CD4? cell count at weeks 48

and 96

3. Percentage of participants

with AEs

GS-US-

380-

1844

[12]

Phase 3,

multicenter,

double-blind,

non-inferiority

RCT

BIC/FTC/TAF ? DTG/3TC/ABC

placebo versus DTG/3TC/

ABC ? BIC/FTC/TAF placebo

Virologically

suppressed

HIV-1-

infected

adults

1. Percentage of participant

with virologic failure (HIV-1

RNA[ 50 copies/mL) at

week 48

2. Change from baseline in

CD4? cell count at week 48

3. Percentage of participants

with AEs

GS-US-

380-

1878

[13]

Phase 3,

multicenter,

open-label, non-

inferiority RCT

BIC/FTC/TAF FDC or

remaining on current antiretroviral

regimen consisting of ATV/r, DRV/r,

ATV/r or ATV/c, or DRV/r or

DRV/c plus either FTC/TDF or

3TC/ABC

Virologically

suppressed

HIV-1-

infected

adults

1. Percentage of participant

with virologic failure (HIV-1

RNA[ 50 copies/mL) at

week 48

2. Change from baseline in

CD4? cell count at week 48

3. Percentage of participants

with AEs

1336 Infect Dis Ther (2021) 10:1331–1346



studies that recruited antiretroviral-naı̈ve par-
ticipants demonstrated non-inferiority in the
efficacy of BIC/FTC/TAF compared to the active
controlled group, for which the OR was 0.75
(95% CI 0.50, 1.13; p = 0.17). Similarly, the
subgroup analysis for studies enrolling virolog-
ically suppressed participants indicates non-in-
feriority in efficacy of BIC/FTC/TAF compared
to that of the active controlled group, with an
OR of 1.19 (95% CI 0.86, 1.66; p = 0.29) as
shown in part 1.1.3 of Fig. 2.

The overall results of the efficacy assessment
between BIC/FTC/TAF and active controls in
this meta-analysis suggests that the FDC of BIC/
FTC/TAF has high antiretroviral efficacy in both
antiretroviral-naı̈ve and virologically sup-
pressed populations. These meta-analysis results
were consistent with the results of individual
RCTs, which have demonstrated that BIC/FTC/
TAF was non-inferior to active controls. Figure 3
provides the forest plot of the treatment

difference for all included studies, except GS-
US-141-1475 [9], owing to the lack of available
data, which indicated that all of the selected
studies had its lower limit bound stay within
the non-inferiority margin as defined by the US
FDA snapshot algorithm.

Change of CD4 Cell Count at Week 48

The changes of CD4 cell count from baseline to
week 48 are also visualized by forest plot as
shown in Fig. S2. The random effect model was
used because the I2 was greater than 50%. The
results from seven selected studies showed no
significantly different changes of CD4 count at
week 48, with a mean difference of - 2.86 cells/
mm3 (95% CI - 20.27, 14.55; p = 0.75). How-
ever, greater changes of CD4 count were
observed in GS-US-141-1475 [9], GS-US-380-
1489 [10], and GS-US-380-1490 [11], which

Table 1 continued

Study
name

Methods Interventions Targeted
population

Outcome data extracted

GS-US-

380-

1961

[14]

Phase 3,

multicenter,

open-label, non-

inferiority RCT

BIC/FTC/TAF FDC or remaining on

their baseline regimen of EVG/c/

FTC/TAF, EVG/c/FTC/TDF, or

ATV/r ? FTC/TDF

Virologically

suppressed

HIV-1-

infected

women

1. Percentage of participants

with virologic failure (HIV-1

RNA[ 50 copies/mL) at

week 48

2. Change from baseline in

CD4? cell count at week 48

3. Percentage of participants

with AEs

GS-US-

380-

4030

[15]

Phase 3,

multicenter

double-blind,

non-inferiority

RCT

BIC/FTC/TAF ? DTG

placebo ? FTC/TAF placebo versus

DTG ? FTC/TAF ? BIC/FTC/

TAF placebo

Virologically

suppressed

HIV-1-

infected

adults

1.Percentage of participant

with virologic failure (HIV-1

RNA C 50 copies/mL) at

week 48

2. Change from baseline in

CD4? cell count at week 48

3TC lamivudine, ABC abacavir, ATV atazanavir, ATV/c cobicistat-boosted atazanavir, BIC bictegravir, c cobicistat, DTG
dolutegravir, DRV darunavir, DRV/c cobicistat-boosted darunavir, EVG elvitegravir, FDC fixed-dose combination, FTC
emtricitabine, RCT randomized controlled trial, r ritonavir, TAF tenofovir alafenamide, TDF tenofovir disoproxil fumarate
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included antiretroviral-naı̈ve participants. In
GS-US-380-1844 [12], GS-US-380-1878 [13], GS-
US-380-1961 [14], and GS-US-380-4030 [15]
that recruited virologically suppressed partici-
pants, the changes of CD4 count were lower
than those in antiretroviral-naı̈ve participants.

Safety Profile of BIC/FTC/TAF Versus
Other Control Groups

The comparisons of safety profile between BIC/
FTC/TAF and other control groups were ana-
lyzed including all adverse events (AEs), any
grade 3 or grade 4 AE occurring during the
treatment period, and treatment-related AEs
shown in Fig. S3a, b, and c, respectively. Fixed-
effect model was used for meta-analysis in all AE
analysis because of low heterogeneity being
noted (I2 = 25%). Any grade 3 or grade 4 AE and
treatment-related AEs were analyzed by

random-effect model due to the fact that the I2

was greater than 50% (72% and 90%, respec-
tively), indicating the heterogeneity between
the selected studies.

The comparisons of safety profile between
BIC/FTC/TAF and selected control groups
shown in Figs. S3a, b, c indicated the safety
concerns neither favored BIC/FTC/TAF group or
selected control groups as the OR was 0.92 (95%
CI 0.78, 1.09; p = 0.34) for all AE analysis, 0.96
(95% CI 0.66, 1.39; p = 0.83) for any grade 3 or
grade 4 AE analysis, and 1.31 (95% CI 0.68,
2.53; p = 0.42) for treatment-related AE analysis.
Although the data did not demonstrate statis-
tically significant differences in subgroup anal-
ysis in terms of safety assessment, the analyses
of overall AE and any grade 3/4 AE (Fig. S3a and
b, respectively) showed a trend of lower safety
concerns with BIC/FTC/TAF compared with
active control group, whereas the analysis of
treatment-related AE (Fig. S3c) showed a trend

Fig. 2 Meta-analysis shown in forest plot for the efficacy with BIC/FTC/TAF versus other control groups
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of higher safety concerns with BIC/FTC/TAF,
which may be due to the observation bias rela-
ted to the open-label study design.

Weight Changes of BIC/FTC/TAF Versus
Control Group from Baseline

As limited available data for weight changes
from baseline were published, only week 144
data for GS-US-380-1489 [10] and GS-US-380-
1490 [11] and week 48 data for GS-US-380-4030
[15] were included in this meta-analysis. The QE
method was used to estimate the mean and
standard deviation from the given median and
IQR found in the published studies [15, 16].
From the given estimated mean of each group
as presented in Fig. S4, the weight increase was
more evident in antiretroviral-naı̈ve partici-
pants compared to virologically suppressed
participants. The overall weight gain noted for
both BIC/TFC/TAF and control group was not
statistically significant with a mean difference
of 0.17 kg (95% CI - 0.30, 0.64; p = 0.48).

DISCUSSION

BIC/FTC/TAF (Biktarvy�, GS-9883) is an oral
single-table regimen approved for once-daily
treatment of HIV-1 infection in adults with no
known substitution associated with resistance
to the individual component. We performed a
systematic review on all published clinical trial
data of BIC/FTC/TAF and carried out a meta-
analysis on the virologic outcome of those
studies. The endpoint of the trials was the pro-
portion of participants in each treatment group
that achieved plasma HIV RNA\ 50 copies/mL
at week 48. On the basis of the meta-analysis,
treatment with BIC/FTC/TAF and with active
control group led to similarly high levels of viral
suppression at week 48 (OR 1.01; 95% CI 0.79,
1.30) and there were no significant differences
in terms of changes of CD4 cell count given the
mean difference of 2.86 cells/mm3 (95% CI -

20.27, 14.55). Safety assessment indicated no
safety benefit favoring either BIC/FTC/TAF or
active control group, given the OR of 0.92 (95%
CI 0.78, 1.09) for all AE analysis, 0.96 (95% CI

Fig. 3 Forest plot for the treatment difference based on
plasma HIV-1\ 50 copies/mL at week 48 for studies
consisting of antiretroviral-naı̈ve participants and HIV-

1[ 50 copies/mL at weeks 48 for studies consisting of
virologically suppressed participants
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0.66, 1.39) for any grade 3 or grade 4 AE analy-
sis, and 1.31 (95% CI 0.68, 2.53) for treatment-
related AE analysis.

BIC/FTC/TAF is a complete regimen for
treatment of HIV-1 infection in adults who are
antiretroviral-naı̈ve or to replace the current
antiretroviral regimen in those who are viro-
logically suppressed. The efficacy results in
subgroup analysis are consistent with the non-
inferiority to DTG-based therapy (DTG/3TC/
ABC or DTG ? FTC/TAF) in achieving virologic
suppression in antiretroviral-naı̈ve adults at
48 weeks (OR 0.75; 95% CI 0.50, 1.13). Simi-
larly, BIC/FTC/TAF was non-inferior to ongoing
DTG/3TC/ABC or boosted EVG- or PI-based
therapy in preventing virologic rebound over
48 weeks in antiretroviral-treated participants
(OR 1.19; 95% CI 0.86, 1.66).

Despite the similar safety profile between
BIC/FTC/TAF and active control groups, the
bothersome symptoms of the participants
assessed using the HIV-Symptom Index (HIV-SI)
in GS-US-380-1489 and GS-US-380-1844
revealed that some symptoms were less frequent
with BIC/FTC/TAF than with DTG/3TC/ABC
over 48 weeks’ treatment, with the most
notable differences being in reports of fatigue/
loss of energy, nausea/vomiting, dizziness/light-
headedness, and difficulty sleeping in adjusted
logistic regression analyses [17]. The most
common treatment-related AEs with BIC/FTC/
TAF included headache, diarrhea, and nausea in
the included studies. Furthermore, no partici-
pants receiving BIC/FTC/TAF who had viral
rebound developed treatment-emergent resis-
tance-associated mutations (RAMs) in all inclu-
ded studies, indicating that BIC/FTC/TAF
demonstrated a high resistance barrier. In GS-
US-141-1475 [9], one participant with emer-
gence of T97A InSTI mutation was seen in the
DTG group, while one participant developed
M184M/I/V resistance while on EVG/c/FTC/TAF
regimen in GS-US-380-1961 [14]. BIC also dis-
played in vitro activity against HIV-1 strains
with mutations conferring resistance to EVG
and raltegravir (RAL), with 50% maximal effec-
tive concentration (EC50) values of \5 nmol/L
for all viruses with single InSTI RAMs (e.g.,
Y143R, Q148R) and\5 or\ 10 nmol/L for the

majority of those with double or triple InSTI
RAMs (e.g., E92Q/N155H ± G163R) [18].

Weight gain was more evident during the
first 2 years of the initiation of antiretroviral
therapy for antiretroviral-naı̈ve PLWH in this
meta-analysis, which was consistent with the
recent pooled analysis of eight RCTs [19]. Black
race and female sex have been noted to be
associated with greater weight gain. The asso-
ciation between weight gain and low CD4 count
and high plasma HIV RNA at baseline in the
pooled analysis suggests the return-to-health
phenomenon. Weight gain with InSTI-, DTG-,
and BIC-based regimens was greater than that
with NNRTI- or PI-based regimens; the causes
for the differences observed remain unclear. The
well-tolerated and easier-to-take characteristics
of InSTI-based regimens might be contributory.

The heterogeneity noted in AE and CD4
assessments between studies may be due to the
following factors. First, different regimens were
selected for active control arm (Table 1). Sec-
ond, different populations were targeted,
antiretroviral-naı̈ve vs stably antiretroviral-
treated population. Third, there were two dif-
ferent study designs, double-blinded vs open-
label. The more frequently reported AE in the
switch arm (BIC/FTC/TAF) may have been
influenced by the open-label study design as
participants who were stable and tolerating
their baseline regimens were less likely to report
symptoms or to attribute these symptoms to
study drugs than those who switched to a new
regimen. Fourth, GS-US-380-1961 [14] only
recruited HIV-positive women whereas other
studies recruited both adult male and female
subjects. Moreover, the different proportions of
female subjects ranged from 5.5% to 17%,
which may also lead to some degree of hetero-
geneity. Last, the baseline conditions between
the selected studies varies. For instance, some
studies allowed recruitment of subjects with
both chronic infection with hepatitis B virus
(HBV) and hepatitis C virus (HCV) or advanced
HIV infection, but others only recruited rela-
tively healthy populations with good renal
function.

Current HIV treatment guidelines recom-
mend regimens containing an InSTI plus two
NRTIs as the first-line treatment. However,
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individual InSTIs have different characteristics
that may influence the treatment choice, and
not all available InSTIs are appropriate for some
patients, compared with other antiretrovirals
from other antiretroviral classes. For example,
RAL must be dosed 400 mg twice daily and is
not coformulated with other antiretrovirals as a
complete regimen. EVG is dosed once daily
when given with a pharmacokinetic booster
and is available as a complete regimen when
coformulated with cobicistat, FTC, and either
TDF or TAF. DTG is coformulated with ABC and
3TC as a single tablet, but ABC is not appro-
priate in individuals positive for HLA-B*5701
and has been linked to increased risk of car-
diovascular events in several epidemiological
studies [20, 21]. Moreover, exposure to DTG
appears to confer a higher risk of neural tube
defect in newborns of HIV-positive mothers
than other regimens or HIV-negative mothers,
though there are insufficient data for pregnant
women with exposure to BIC/FTC/TAF [22].
Overall, the FDC of BIC/FTC/TAF, containing
an unboosted, once-daily InSTI, has encom-
passed the ideal characteristics of the target
drug profile of safety, efficacy, tolerability,
durability, stability, and convenience, and is
suitable for most HIV-infected populations.

Currently, several RCTs with BIC/FTC/TAF
targeting special populations are registered with
ClinicalTrials.gov for further investigations on
the safety, tolerability, and efficacy. GS-US-380-
4458 (NCT03547908) is evaluating the safety
and tolerability of HIV/HBV-coinfected
patients. Furthermore, the median age of the
study populations included in this meta-analy-
sis is 40.2 years, and sparse data are available on
the efficacy and safety in PLWH who are aged
65 years and older or those who are aged 18 or
younger. In GS-US-380-4449 that recruited 86
virologically suppressed elderly patients (me-
dian age 69 years), the virological suppression
rate was 90.7% [23]. The phase 1b study of GS-
US-380-5310 (NCT03960645) is registered to
target virologically suppressed, pregnant
women in their second and third trimesters.
Since the latter study is still in the recruitment
period, it was not included in this meta-analy-
sis. In VIKING-3, a single-arm, open-label
phase III study, DTG had demonstrated short-

and long-term antiviral activity in subjects with
integrase resistance [24]. Future research of BIC/
FTC/TAF in PLWH with HIV-1 harboring inte-
grase resistance or in antiretroviral-experienced
PLWH who are viremic is needed.

There are several weaknesses of BIC/FTC/
TAF. First, BIC is a substrate of CYP3A and
UGTA1A1 and, coadministration with strong
inducers of CYP3A and UGT1A1, such as
St. John’s wort, rifampin, and rifapentine, can
lead to significant decreases of plasma concen-
tration of BIC [25]. Second, BIC inhibits organic
cation transporter 2 (OCT2) and multidrug and
toxin extrusion transporter 1 (MATE1); there-
fore, the plasma concentrations of coadminis-
tered drugs, such as dofetilide, that are
substrates of OCT2 and MATE1 may increase.
Third, the safety data on the birth outcome of
pregnant women in the first trimester remains
sparse. World Health Organization (WHO)
guidelines published in July 2019 stated that,
because of the declining incidence of neural
tube defect with the increasing number of
included pregnant women and the benefit out-
weighs the risk, DTG remains the preferred
antiretroviral drug for the first- and second-line
regimens for pregnant women [26].

Although this meta-analysis demonstrates
the similar efficacy, safety, and tolerance profile
of BIC/FTC/TAF compared to the selected con-
trol treatments, there are some limitations in
common from the selected RCTs. All the trials
were powered for the primary efficacy endpoint
at 48 weeks of treatment, but not powered for
secondary outcomes. Therefore, the treatment-
related AEs of BIC/FTC/TAF, such as central
nervous system events seen in participants
treated with DTG, might only become apparent
after longer durations of clinical use or in
broader patient populations. The eligible par-
ticipants were relatively healthy and only a
small proportion of study participants had
advanced HIV disease. The female population
remained under-represented in all included
studies except for GS-US-380-1961. The pro-
portions of participants with chronic HCV or
HBV coinfection were small. All the studies
included in this meta-analysis are sponsored by
the respective drug manufacturer. Also, five of
the included studies are double-blinded design,
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in which the pill burden for the participants in
those studies was greater than one pill because
of the placebo drug, which does not reflect the
real-world experience with single-tablet FDC
BIC/FTC/TAF. On the basis of the aforemen-
tioned limitations, phase IV post-marketing
surveillance studies are warranted to further
monitor boarder patient populations with a
longer safety follow-up duration, and also to
evaluate the real-world applicability of evidence
derived from RCTs.

CONCLUSIONS

This meta-analysis of seven published clinical
trials suggests that, at week 48, BIC/FTC/TAF is
as safe and efficacious as are its comparators
among antiretroviral-naı̈ve and stably
antiretroviral-treated PLWH.
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