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Objective: We investigated the prevalence of preexisting M184V/I and associated risk
factors among clinical trial participants with suppressed HIV and evaluated the impact
of M184V/I on virologic response after switching to bictegravir/emtricitabine/tenofovir
alafenamide (B/F/TAF).

Design: Participant data were pooled from six clinical trials investigating the safety and
efficacy of switching to B/F/TAF in virologically suppressed people with HIV.

Methods: Preexisting drug resistance was assessed by historical genotypes and/or
baseline proviral DNA genotyping. Virologic outcomes were determined by last
available on-treatment HIV-1 RNA. Stepwise selection identified potential risk factors
for M184V/I in a multivariate logistic regression model.

Results: Altogether, 2034 participants switched treatment regimens to B/F/TAF and had
follow-up HIV-1 RNA data, and 1825 of these participants had baseline genotypic data
available. Preexisting M184V/I was identified in 182 (10%), mostly by baseline proviral
DNA genotype (n¼167). Most substitutions were M184V (n¼161) or M184V/I
mixtures (n¼10). Other resistance substitutions were often detected in addition to
M184V/I (n¼147). At last on-treatment visit, 98% (179/182) with preexisting M184V/I
and 99% (2012/2034) of all B/F/TAF-treated participants had HIV-1 RNA less than
50copies/ml, with no treatment-emergent resistance to B/F/TAF. Among adult partici-
pants, factors associated with preexisting M184V/I included other resistance, black
race, Hispanic/Latinx ethnicity, lower baseline CD4þ cell count, advancedHIV disease,
longer duration of antiretroviral therapy, and greater number of prior third agents.

Conclusion: M184V/I was detected in 10% of virologically suppressed clinical trial
participants at study baseline. Switching to B/F/TAF demonstrated durable efficacy in
maintaining viral suppression, including in those with preexisting M184V/I.
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Introduction
For people with HIV (PWH) receiving antiretroviral
treatment (ART)that includesnucleosidereverse transcriptase
inhibitors (NRTIs) lamivudine (3TC) or emtricitabine
(FTC), the M184V and M184I substitutions in reverse
transcriptase occur rapidly with incomplete suppressive
therapy [1]. M184V/I confers high-level resistance to 3TC
and FTC, decreases susceptibility to abacavir (ABC) and
didanosine, and increases susceptibility to tenofovir and
zidovudine [2]. In PWH who experienced virologic failure
on 3TC, M184I typically emerges first, because of a more
common nucleotide substitution, only to be replaced by
M184V, which results in virus with higher replicative fitness
[3–6]. Consequently, in clinical practice, M184V is more
often detected after virologic failure on 3TC-containing or
FTC-containing regimens than M184I, and has been
observed in up to 71% of PWH who fail their first line
therapy [7–9]. However, in cases of rilpivirine-based therapy
failure, emergent M184I is more common [10], highlighting
theclinical relevanceofbothM184VandM184Isubstitutions.

As 3TC and FTC have been part of most recommended
regimens for decades, the prevalence of M184V/I among
PWH is high. Nonetheless, M184V/I is often under-
estimated in clinical practice. In the absence of drug
pressure,M184V/I variants are replaced bywild-type virus
in the circulating quasispecies and are no longer able to be
detected by routine plasma HIV genotyping [11,12]. The
replacement ofM184V/I withwild-type also occurs in the
context of transmission: M184V/I is detected in �4% of
acute HIV infections [7,13–21], but only �1% of newly
diagnosed PWH by Sanger sequencing-based genotyping
[22,23]. Despite this decline in circulating virus, drug-
resistant variants are archived in the latent viral reservoir and
can reemerge under therapeutic selective pressure [24,25].
Given the nature of HIV integration into CD4þ T cells,
mutations are likely present for life.

The single tablet regimen bictegravir/FTC/tenofovir
alafenamide (B/F/TAF) is a guideline-recommended
initial therapy for HIV [26–28]. It is also approved as a
replacement regimenwhen switching therapies in virolog-
ically suppressed PWH who have no known substitutions
associatedwith resistance to its individual components [29].
Given thehigh prevalence ofM184V/I andwidespreaduse
of B/F/TAF in clinical practice, whether suppressed PWH
with this substitution can be switched to B/F/TAF is of
interest.We summarize here the results of a comprehensive
review of PWH enrolled in clinical trials of switching
therapy toB/F/TAF,with a focus on thosewithM184V/I.
Methods

Participants and study design
Participants included in this analysis were enrolled in one of
the following sixclinical trials: studies4030,4580 (BRAAVE
2020), 1844, 1878, 4449, or 1474 (ClinicalTrials.gov
NCT03110380, NCT03631732, NCT02603120,
NCT02603107, NCT03405935, NCT02881320, respec-
tively) [30–35]. At screening, participantswere virologically
suppressed (HIV-1RNA<50 copies/ml for 3 or 6months)
on a three-drug antiretroviral regimen (not counting
pharmacoenhancing drugs). Additional details on trial
design and population age groups can be found in Table
1. Studies 4030 and 4580 permitted the enrollment of
participants with documented M184V/I, whereas studies
1844, 1878, 4449, and 1474 excluded those with known or
suspected M184V/I. All studies excluded substitutions
associatedwith bictegravir resistance, and all but Study 4030
excluded other substitutions associated with FTC or TAF
resistance, if known prior to enrollment. All trials were
undertaken in accordance with the Declaration of Helsinki
and approved by review boards or ethics committees. All
participants provided written informed consent.

Resistance analyses
Baseline resistance was assessed using two methods. First,
historicalHIV-1genotypes fromprior plasmaHIV-1RNA
population sequencing (or from prior proviral DNA
sequencing in a minority of reports) were collected if
available at enrollment, and resistance-associated substitu-
tions in protease, reverse transcriptase and integrase were
recorded. Second, HIV-1 proviral DNA genotyping using
theGenoSureArchive (MonogramBiosciences, South San
Francisco, CA, USA) assay was performed retrospectively
on baseline/day 1 samples from all adult participants with
available samples and from select pediatric participants. For
theGenoSure Archive assay, cell-associatedHIVDNAwas
deep-sequenced, then bioinformatics filters removed
APOBEC-mediated hypermutated sequences, and a
consensus sequence was reported (hereafter referred to as
BL-DNA genotype). Composite baseline sequences were
derived from cumulative historical and/or BL-DNA
genotypic data. As data on preexisting resistance were
obtained at or after enrollment in the trials, some
participants had exclusionary drug resistance substitutions
detected after study drugs were initiated. All participants
found to have preexisting resistance to any component of
B/F/TAF were allowed to continue B/F/TAF and were
included in all efficacy analyses.

Testing for resistance development was performed using
the PhenoSenseGT, GeneSeq Integrase, and PhenoSense
Integrase assays (Monogram Biosciences) for participants
with HIV-1 RNA 200 copies/ml or greater at study
endpoints, last on-treatment visit, or the visit following
HIV-1 RNA 50 copies/ml or greater (confirmed
virologic failure), without resuppression of HIV-1
RNA to less than 50 copies/ml. Drug resistance
substitutions were adapted from IAS-USA [36].

Outcomes
All studies had postbaseline visits at weeks 4 and 12 and
then every 12weeks thereafter. Plasma HIV-1 RNA
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levels were measured using Roche TaqMan 2.0 (Roche
Diagnostics, Rotkreuz, Switzerland). Efficacy was
assessed for all participants who switched to B/F/TAF.
The proportion of participants with plasma HIV-1 RNA
less than 50 copies/ml at each timepoint was calculated by
imputing missing as excluded (M¼E). Additionally, the
proportions of participants with last available on-
treatment HIV-1 RNA less than 50 copies/ml and
greater than or equal to 50 copies/ml were determined
for all participants with at least one postswitch HIV-1
RNA measurement using the last observation carried
forward imputation.

Statistical analysis
Potential factors associated with preexisting M184V/I
were assessed by a multivariate logistic regression model
with stepwise significance levels for entry and retention
specified as 0.20 and 0.05, respectively, and adjusted for
study-specific effects. All participants in the B/F/TAF
and comparator treatment groups with baseline genotypic
data from the adult trials (studies 4030, 4580, 1844, 1878,
and 4449) were included. In the model, the dependent
variable was baseline M184V/I status (yes/no) and
independent baseline variables were intrinsic factors
(groups of age, sex at birth, race, ethnicity, region, BMI
category, and chronic kidney disease stage), HIV-specific
factors (CD4þ cell count category, HIV-1RNA category,
HIVacquisition risk factor, HIV disease status, time since
ART start, prior antiretroviral third agent class and
number, and duration of baseline ART), and other
preexisting resistance categories [NRTI other than
M184V/I, protease inhibitor (PI), nonnucleoside reverse
transcriptase inhibitor (NNRTI), or integrase strand
transfer inhibitor (INSTI)].
Results

Study population and pooled bictegravir/
emtricitabine/tenofovir alafenamide efficacy
In these six clinical trials evaluating switching therapy to
B/F/TAF, a total of 2386 participants were randomized
and treated, and 2044 (86%) switched to B/F/TAF (1372
at baseline/day 1 and 672 after 24 or 48weeks of
continuing their baseline regimen) (Table 1). Median B/
F/TAF treatment duration was 72weeks (IQR 51–
102weeks); 92% (1888/2044) received B/F/TAF for at
least 48weeks and 33% (674/2044) for at least 96weeks.
The proportion of participants with HIV-1 RNA less
than 50 copies/ml ranged from 97 to 100% at all study
visits through a maximum of 180weeks after B/F/TAF
switch by M¼E analysis (Fig. 1a). A total of 2034 B/F/
TAF-treated participants had at least one postswitch on-
treatment HIV-1 RNA measurement, and 99% (2012/
2034) were virologically suppressed at their last study visit.
Seven participants met criteria for resistance testing, and
none had treatment emergent resistance to B/F/TAF.
Baseline resistance: pooled bictegravir/
emtricitabine/tenofovir alafenamide
Historical genotypes were available for 47% (956/2034) of
B/F/TAF-treated participants with postswitch on-treat-
ment viral loaddata (97%were fromplasmaRNA,3%were
from proviral DNA), and baseline DNA genotypes were
available for 84% (1712/2034). Altogether, cumulative
baseline genotypic data from historical and/or BL-DNA
genotypes were obtained from 90% (1825/2034) of
participants for protease/reverse transcriptase and from
85% (1731/2034) for integrase. Preexisting primary
NRTI, NNRTI, PI, and INSTI resistance substitutions
were detected in 16% (288/1825), 22% (397/1825), 11%
(201/1825), and2% (30/1731), respectively (Supplemental
Table 1, http://links.lww.com/QAD/C491).

Preexisting M184V and/or M184I was detected in 10%
(182/1825) of B/F/TAF-treated participants. Of those
with M184V/I, M184V was far more common than
M184I: 88% (161/182) had a V substitution only, 6% (11/
182) had an I substitution only, and 5% (10/182) had a
mixture of Vand I (Table 2). M184V/I was the only drug
resistance substitution detected in 19% (35/182) and was
present with at least one other resistance substitution in
81% (147/182). Resistance (-R) substitutions detected in
addition to M184V/I were other NRTI-R in 47% (86/
182), including K65R in 4% (8/182) and at least one
thymidine analog mutation (TAM) in 40% (72/182),
NNRTI-R in 53% (97/182), and PI-R in 27% (50/182).
M184V/I with a primary INSTI-R substitution (E92G,
Y143H,Q148H, or N155H) was detected in 2% (4/182).

Detection of M184V/I (bictegravir/
emtricitabine/tenofovir, M184V/I nU182)
Of the 182 participants with baseline M184V/I, 95%
(173) hadM184V/I detected either at baseline/day 1 (167
participants) or within 5 years of study enrollment (six
participants), indicating that M184V/I was present in the
viral archive at the time of B/F/TAF switch. M184V/I
was detected in 4% (38/956) of historical genotypes and
in 10% (167/1712) of BL-DNA genotypes (Supplemental
Table 2, http://links.lww.com/QAD/C491). Most cases
of BL-DNAM184V/I detection occurred in participants
without historical data. Of the 38 participants who
enrolled with historical M184V/I, BL-DNA genotyping
also detected M184V/I in 61% (23/38). Of the 918
participants with historical wild-type M184 and 869
participants with no historical data, M184V/I was
discovered by BL-DNA genotyping in 3% (31/918)
and 13% (113/869), respectively (Supplemental Table 3,
http://links.lww.com/QAD/C491).

Outcomes on bictegravir/emtricitabine/
tenofovir in participants with preexisting
M184V/I (bictegravir/emtricitabine/tenofovir,
M184V/I nU182)
The 182 participants with preexisting M184V/I received
B/F/TAF for a median duration of 69weeks (IQR 50–
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Fig. 1. Virologic suppression on bictegravir/emtricitabine/tenofovir alafenamide bymissingU excluded (MU E). (a) All B/F/TAF-
treated participants (n¼2044), including those in the last observation carried forward (LOCF) analysis (n¼2034) and those with
baseline/day 1 HIV-1 RNA data only (n¼10). (b) B/F/TAF-treated participants with baseline M184V/I (n¼ 182). B/F/TAF,
bictegravir/emtricitabine/tenofovir alafenamide.
96). By M¼E analysis, the proportion of participants
with HIV-1 RNA less than 50 copies/ml ranged from 98
to 100% at all study visits through a maximum of
180weeks after B/F/TAF switch (Fig. 1b). At last on-
treatment visit, 98% (179/182) with M184V/I had HIV-
1 RNA less than 50 copies/ml compared with 99%
(1803/1825) of those with baseline data and 99% (1624/
1643) of those with wild-type M184 (P¼ 0.49 and 0.48,
respectively, by Fisher’s exact test) (Fig. 2). When
analyzed by the presence of M184V/I alone or in
combination with other resistance substitutions, virologic
suppression at last visit ranged from 97 to 100%. All 12
participants with M184V/I and K65R or primary INSTI
resistance were suppressed at last visit. When analyzed by
M184V/I detection type, 98% (164/167) with BL-DNA
M184V/I detection and 100% (38/38) with historical
M184V/I were virally suppressed at last visit.

Three participants with preexisting M184V/I from
study 1878 (switch from boosted PI with two NRTIs)
had HIV-1 RNA greater than 50 copies/ml at their last
study visit while receiving B/F/TAF. Two had
preexisting M184V with another resistance substitution
(K70R or K103N) and one had an M184V/I mixture
only. All three cases of M184V/I were detected by BL-
DNA genotyping. Two participants had HIV-1 RNA
less than 100 copies/ml at last visit, which did not meet
resistance testing criteria: the participant with M184V
and K103N virologically suppressed to HIV-1 RNA
less than 50 copies/ml on commercial B/F/TAF and
the participant with M184V/I suppressed on a regimen
of ritonavir-boosted atazanavir with FTC/TDF. The
third participant who had M184V and K70R experi-
enced confirmed virologic failure with HIV-1 RNA
2860 copies/ml after documented poor adherence
and undetectable plasma bictegravir levels; there were
no new resistance substitutions. This participant
subsequently switched regimens to rilpivirine with
cobicistat-boosted darunavir and achieved virologic
suppression.
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Table 2. Preexisting M184V/I and presence with other resistance substitutions in bictegravir/emtricitabine/tenofovir alafenamide-treated
participants.

Category Baseline genotype of participants with preexisting M184V/I Pooled B/F/TAF (n¼182)

M184 substitutions M184V only 88% (161)
M184I only 6% (11)
M184V and M184I mixture 5% (10)

Other resistance M184V/I alone (no other resistance substitution) 19% (35)
M184V/I þ �1 other resistance substitution 81% (147)

Other NRTI-R M184V/I þ other NRTI-Ra 47% (86)
M184V/I þ K65R/N 4% (8)
M184V/I þ �1 TAMb 40% (72)
M184V/I þ 1–2 TAMs 18% (33)
M184V/I þ �3 TAMs 21% (39)
M184V/I þ �3 TAMs including M41L and/or L210W 14% (26)
M184V/I þ K70E, L74I/V, Y115F, and/or Q151Mc 15% (27)

NNRTI-R M184V/I þ NNRTI-Rd 53% (97)
M184V/I þ K103N/S 37% (67)
M184V/I þ RPV-Re 27% (50)
M184V/I þ E138A/K/Rf 7% (12)

PI-R M184V/I þ PI-Rg 27% (50)
INSTI-R M184V/I þ primary INSTI-Rh 2% (4)

Data is % (n). B/F/TAF, bictegravir/emtricitabine/tenofovir alafenamide; INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse
transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhiitor.
aNRTI resistance (-R) substitutions were K65R/E/N, T69 insertions, K70E, L74V/I, Y115F, Q151M, M184V/I, and thymidine analog mutations
(TAMs; M41L, D67N, K70R, L210W, T215F/Y, and K219E/N/Q/R) in reverse transcriptase (RT).
bTAMs present with M184V/I (alone or with other substitutions) were M41L (n¼38), D67N (n¼35), K70R (n¼39), L210W (n¼21), T215Y/F
(n¼36), K219E/N/Q/R (n¼28).
cOther NRTI resistance (-R) substitutions present with M184V/I (alone or with other substitutions) were K70E (n¼3), L74I/V (n¼18), Y115F
(n¼10), Q151M (n¼3).
dNNRTI-R substitutions were L100I, K101E/P, K103N/S, V106M/A, V108I, E138A/G/K/Q/R, V179L, Y181C/I/V, Y188C/H/L, G190A/E/Q/S, H221Y,
P225H, F227C and M230L/I in RT.
eRilpivirine resistance (RPV-R) substitutions were L100I, K101E/P, E138A/G/K/Q/R, V179L, Y181C/I/V, Y188L, H221Y, F227C and M230I/L in RT.
fFive participants had an M184I substitution with E138A/K/R.
gPI-R substitutions were D30N, V32I, M46I/L, I47V/A, G48V, I50V/L, I54M/L, Q58E, T74P, L76V, V82A/F/L/S/T, N83D, I84V, N88S and L90M in
protease.
hPrimary INSTI-R substitutions were T66I/A/K, E92Q/G, F121Y, Y143R/H/C, S147G,Q148H/K/R, N155H/S and R263K in integrase. Primary INSTI-
R substitutions present with M184V/I (alone or with other substitutions) were E92G, Y143H, Q148H, N155H (n¼1, each). Integrase data were not
available for four participants and are imputed as wild-type.
Baseline factors associated with preexisting
M184V/I (adults only, all treatment groups,
M184V/I, nU216)
For the analysis of factors associated with M184V/I, all
adult participants with baseline data, including those not
treated with B/F/TAF, were included (2079 participants);
preexisting M184V/I was detected in 216 (10%). At
baseline, participants with M184V/I were median
52.5 years old, 78% male, 47% black, 19% Hispanic/
Latinx, and had median CD4þ cell count of 638.5 cells/ml
(Supplemental Table 4, http://links.lww.com/QAD/
C491). For 99% (214/216), baseline regimens at study
entry consistedof twoNRTIswith a third agent [61%(132/
216) INSTI, 33% (72/216) boosted PI, 5% (10/216)
NNRTI]; one participant was on a four-drug baseline
regimen (boosted PI, INSTI, FTC/TAF), and one
participant hadmissing data. All baselineNRTI backbones
consisted of FTC or 3TC: 41% (89/216) FTC/TAF, 40%
(87/216) FTC/TDF, or 18% (39/216) ABC/3TC.

By multivariate logistic regression model (adjusted for
study effect), the presence of NRTI-R (other than
M184V/I), NNRTI-R, and PI-R substitutions were
associated with the greatest odds of also having preexisting
M184V/I [odds ratio (OR) 4.64, 3.29, 2.49, respectively)
(Fig. 3). Black race andHispanic/Latinxethnicitywere also
associated with preexisting M184V/I [OR 2.10 (black
versus nonblack), 1.67 (Hispanic/Latinx versus non-
Hispanic/Latinx)], as was symptomatic HIV or AIDS at
baseline and CD4þ cell counts less than 500 cells/ml [OR
1.66 (symptomatic/AIDS versus asymptomatic), 1.52
(CD4þ <500 versus �500 cells/ml)]. Finally, a greater
number of prior third agents and a longer duration since
ART initiation were also associated with presence of
M184V/I, with each third agent increasing the odds of
preexistingM184V/I by 17% and each year since initiation
of ART increasing the odds by 10%.
Discussion

PreexistingM184V/Iwas common among the virologically
suppressed clinical trial participants in B/F/TAF switch
studies, all of whom had prior FTC or 3TC exposure. The
overall frequency of baseline M184V/I was 10%; however,
individual study frequency ranged from3 to 20% depending
on population characteristics and entry criteria. Although
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Fig. 2. Virologic suppression on bictegravir/emtricitabine/tenofovir alafenamide at last on-treatment visit by last observation
carried forward (LOCF).
highM184V/I frequencieswere expected in the studies that
permitted M184V/I at enrollment (20% in study 4030 and
11% in study 4580), it was surprising to retrospectively find
preexisting M184V/I in 12% of participants in study 1878,
which excludedknownM184V/I.Comparing studies 1878
and 1844, 1844 had similar population size and demo-
graphics as study 1878 but only 3% M184V/I frequency.
This highlights the factors associated with M184V/I
presence identified by multivariate regression: longer time
Variable

Presence of NRTI resistance (other than M184V/I)

Presence of NNRTI resistance

Presence of PI resistance

Black race (vs nonblack)

Hispanic/Latino ethnicity (vs not Hispanic/Latino)

HIV status: symptomatic or AIDS (vs asymptomatic)

CD4 <500 cells/μL (vs ≥500 cells/μL)

Number of prior third agents

Time since ART start (per year)

0 1 2

Fig. 3. Risk factors associated with preexisting M184V/I by multiv
intervals (CI), and P values were derived from multivariate logisti
characteristics as potential risk factors and was adjusted for study
on ART (median 7.7 years in study 1878 versus median
5.5 years in study 1844: P< 0.0001 by Wilcoxon rank sum
test) andhigher prevalenceof other preexisting antiretroviral
resistance (44% in study 1878 versus 31% in study 1844: P<
0.0001 by Fisher’s exact test) [31,35]. Additionally,
participants switched from a PI-based regimen in study
1878 (versus from DTG/ABC/3TC in study 1844), and a
2019 observational study of five European cohorts found
significant associations between M184V/I and prior PI
Odds Ratio (95% CI) P-valuea

4.64 (3.10, 6.95) <0.0001

3.29 (2.30, 4.70) <0.0001

2.49 (1.59, 3.91) <0.0001

2.10 (1.37, 3.20) 0.0006

1.67 (1.03, 2.71) 0.037

1.66 (1.08, 2.57) 0.022

1.52 (1.04, 2.22) 0.029

1.17 (1.02, 1.34) 0.021

1.10 (1.07, 1.12) <0.0001

OR (95% CI)

3 4 5 6 7

ariate logistic regression model.Odds ratios (OR), confidence
c regression modeling that included baseline resistance and
specific effects.
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treatment, longerARTduration, andhigher prevalenceof at
least twoTAMs [37]. In theTANGOstudy,which evaluated
switching to DTG/3TC in virologically suppressed
participants, broad resistance exclusion criteria and a short
duration of prior ART (median 2.9 years) that was primarily
INSTI-based likely contributed to the low 1% (7/643)
detection of baseline M184V/I by retrospective GenoSure
Archive [38]. Thus, extrapolation of M184V/I frequencies
in clinical trials to other groups of virologically suppressed
PWH should take ART history and presence of other
resistance substitutions into account.

In theB/F/TAF studies,M184V/Iwas often discovered by
BL-DNA genotyping, particularly in those without
historical genotypic data. The utility of proviral DNA
genotyping is often debated with limited, but growing,
evidence for clinical use. Three studies have found an
association between resistance detected by DNA genotype
while suppressed and subsequent virologic failure [39–41].
Furthermore, a recent retrospective observational study
demonstrated that DNA genotype-guided regimen
changes were well tolerated with no increased risk of
virologic failure [42]. In a similar study conducted in
France,DNAgenotype-guided regimen changes increased
the probability of maintaining viral suppression; however,
the inclusion of APOBEC-mediated hypermutated
sequences in their dataset confounds interpretation [43].
As GenoSure Archive removes hypermutated sequences
from assay results, our dataset does not over-report
resistance substitutions caused by hypermutation, such as
M184I, which was detected at low frequency (1%). In
clinical care, DNA genotyping assays may be beneficial in
certain situations, including when switching regimens is
under consideration and treatment history is incomplete or
unknown, past resistance tests are unavailable, or after
recent low-level viremia when standard resistance testing
cannot beperformed, but hypermutated sequencesmustbe
removed to prevent over-reporting of drug resistance from
hypermutated, non-viable genomes.

Despite the potential utility of DNA genotyping, these
assays can lack standardization and are limited by the low
frequencyof latently infectedCD4þTcells.Onlya fraction
of the HIV reservoir is circulating in peripheral blood;
therefore, the small sample volumes assayed are unlikely to
be representative of the entire HIV archive. DHHS
guidelines note that DNA resistance tests must be
interpreted with caution as they often fail to detect all
substitutions that were previously reported by RNA
genotypes [26,44,45]. M184V/I was detected by Geno-
Sure Archive in only 61% (23/38) of participants with
historical M184V/I in our study, and in only 48% in
another recent study [46]. Although this may suggest decay
of mutated viruses within the reservoir over time [47], it is
important to note that the reproducibility of substitution
detection within the same sample by DNA testing is
variable [48,49]. Furthermore, the average length of time
between historical and BL-DNAM184V/I detection was
10 years inour study (dataonfile), indicating thatM184V/I
was not meaningfully lost over time.

High levels of virologic suppression were maintained in
the 182 participants with preexisting M184V/I who
switched to B/F/TAF, regardless of how M184V/I was
detected or the presence of additional resistance
substitutions, and we identified several factors associated
with the presence of M184V/I at baseline. Our study has
limitations, however. Only two of the studies prospec-
tively allowed participants with documented M184V/I to
enroll, and one of them included only participants who
self-identified as black race (Study 4580), which could
have biased the analysis of M184V/I prevalence and risk
factors. Other enrollment criteria, including age and
baseline regimen, may also have affected the analysis of
M184V/I risk factors; however, study-specific effects
were included in the multivariate model. Furthermore,
potentially incomplete ART histories could have affected
our model’s accuracy. Finally, we only studied switching
to B/F/TAF in participants with suppressed HIV.
Additional studies in those with M184V/I who are
viremic are necessary to further our understanding of the
efficacy of B/F/TAF against HIV harboring M184V/I.

Recent data have shown that in addition to B/F/TAF, other
three-drug regimens, such as DTG/ABC/3TC and
cobicistat-boosted elvitegravir or darunavir with FTC/
TAFalsohavehighefficacy invirologically suppressedPWH
with M184V/I who switch to these regimens [37,50–52].
Factors contributing to the efficacy of three-drug FTC or
3TC-containing regimens against M184V/I include third
agents with high barriers to resistance, reduced replicative
fitness and higher RT fidelity of HIV carrying M184V/I
[10,53–56], and/or increased activity of tenofovir against
M184V/I mutants [57,58]. It is important to note that the
efficacy demonstrated by B/F/TAF and other three-drug
regimens in the presence of M184V/I can only be
extrapolated to use of FTC or 3TC with at least two other
fully active drugs, consistent with current guidelines [26].

In conclusion, preexisting M184V/I was commonly
detected in participants with suppressed HIV enrolled in
B/F/TAF switch studies. Overall, 182 participants (10%
of those with baseline genotyping data) had M184V/I at
baseline and switched to B/F/TAF. Similarly high rates of
virologic suppression were maintained in B/F/TAF-
treated participants with or without preexistingM184V/I
for at least 1 year with no emergent resistance. M184V/I
was associated with presence of other resistance
substitutions, black race, Hispanic/Latinx ethnicity,
symptomatic or AIDS HIV disease status at baseline,
baseline CD4þ cell counts less than 500 cells/ml, greater
number of prior third agents, and longer duration of
ART. Our analysis of this large population demonstrates
the durable efficacy of B/F/TAF in virologically
suppressed PWH, including those with known or
possible M184V/I.
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