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Background. To investigate the impact of the M184V/I mutation on virologic response to dolutegravir plus lamivudine (DTG  
+ 3TC) in suppressed-switch populations, a meta-analysis was performed using virologic outcomes from people with human 
immunodeficiency virus type 1 (PWH) with and without M184V/I before DTG + 3TC switch in real-world studies identified via 
systematic literature review. Sensitivity analyses were performed using data from PWH with M184V/I in interventional studies 
identified via targeted literature review.

Methods. Single-arm meta-analyses using common- and random-effects models were used to estimate proportions of PWH 
with virologic failure (VF) among real-world populations with and without M184V/I and interventional study participants with 
M184V/I at 24, 48, and 96 weeks.

Results. Literature reviews identified 5 real-world studies from 3907 publications and 51 abstracts meeting inclusion criteria 
and 5 interventional studies from 1789 publications and 3 abstracts. All time points had low VF incidence in PWH with M184V/ 
I (real-world: 1.43%–3.81%; interventional: 0.00%) and without (real-world: 0.73%–2.37%). Meta-analysis–estimated proportions 
(95% confidence interval) with VF were low at weeks 24, 48, and 96, respectively, for PWH with M184V/I (real-world: 0.01 
[.00–.04], 0.03 [.01–.06], and 0.04 [.01–.07]; interventional: 0.00 [.00–.02], 0.00 [.00–.01], and 0.00 [.00–.03]) and without (real- 
world: 0.00 [.00–.02], 0.02 [.01–.04], and 0.02 [.00–.05]). One real-world study (n = 712) reported treatment-emergent M184V at 
VF in 1 of 652 (0.15%) PWH without prior M184V/I.

Conclusions. Results suggest that prior M184V/I has minimal impact on virologic suppression after switching to DTG + 3TC 
and provide reassurance when considering switching regimens in virologically suppressed PWH with incomplete treatment 
history or limited treatment options.
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The human immunodeficiency virus type 1 (HIV-1) reverse 
transcriptase enzyme is prone to spontaneous transcription 

errors, generating drug-resistant variants [1]. People with 
HIV-1 (PWH) can acquire drug resistance–associated muta-
tions (RAMs) through accumulated exposure to antiretrovirals 
with suboptimal virologic suppression [2]. Immediate treat-
ment modification is advised when a RAM selective for an an-
tiretroviral is detected due to increased virologic failure (VF) 
risk [3]. Additionally, historically selected RAMs are consid-
ered to be archived in the genome of long-term surviving 
CD4+ cells and can remain undetectable but could reemerge 
under a recycled, nonsuppressive antiretroviral therapy regi-
men [4]. However, current or historical resistance results are 
not always available when switching treatment in clinical 
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practice. If RAMs are unintentionally missed due to lack of 
genotype or cumulative resistance history, clinicians may inad-
vertently prescribe regimens with higher VF risk.

The RAM M184V/I is commonly selected in PWH with ≥1 
VF on lamivudine (3TC)– or emtricitabine (FTC)–containing 
regimens [4] and confers high-level phenotypic resistance to 
3TC and FTC [1]. However, M184V decreases viral fitness ver-
sus wild-type virus in vitro [1], and some data suggest that 3TC 
monotherapy retains some antiviral activity in PWH with 
M184V/I [5, 6]. The M184V mutation may also delay appear-
ance of integrase strand transfer inhibitor (INSTI) RAMs [7]. 
Whether benefits outweigh risks of using 3TC-inclusive regi-
mens in PWH with M184V/I is debated, and too few studies 
have been performed to establish consensus on how to ap-
proach treatment modification in this population.

The 2-drug regimen dolutegravir (DTG)/3TC demonstrated 
durable efficacy for maintaining virologic suppression in phase 
3 clinical trials [8–10]. These studies excluded PWH with known 
or suspected RAMs at screening; however, in post hoc analyses, 
presence of M184V/I detected via next-generation sequencing in 
proviral DNA at baseline (SALSA, n = 5; TANGO, n = 4) did not 
impact virologic efficacy of DTG + 3TC up to week 48 (SALSA) 
or week 144 (TANGO) [9, 11]. Similarly, absence of historical 
resistance results or availability of prior genotype did not 
impact virologic efficacy through week 48 (pooled SALSA/ 
TANGO, n = 294) [12]. However, DTG + 3TC is only indicated 
for PWH with no known RAMs selective for its components 
[10]. Real-world evidence (RWE) can help inform whether 
switching to DTG + 3TC is safe in clinical practice when full 
treatment history or previous genotype are unavailable and 
M184V/I can be inadvertently missed.

We conducted a systematic literature review and meta- 
analysis of published studies to estimate VF rates in PWH re-
ceiving DTG + 3TC in suppressed-switch settings, with and 
without historical M184V/I. A sensitivity analysis was then per-
formed using interventional study data identified via targeted 
literature review.

METHODS

Systematic Literature Review: RWE Studies

A systematic literature review was conducted to identify real- 
world studies reporting outcomes for PWH receiving DTG +  
3TC (Figure 1A). Embase, Ovid Medline, Medline In-Process, 
and the Cochrane library were searched from 1 January 2013 
to 1 November 2022, and relevant conference archives were 
searched from 2016 to 2021 (search criteria in Supplementary 
Table 1). Controlled clinical trials, case studies, studies with 
<10 PWH, reviews, editorials, and preclinical studies were ex-
cluded. At least 2 reviewers independently assessed full-text 
articles and abstracts meeting selection criteria for full-text re-
view, with discrepancies resolved by consensus.

Studies were screened for adult suppressed-switch popula-
tions reporting historical M184V/I before DTG + 3TC initiation, 
regardless of whether PWH with M184V/I were intentionally 
included via study exclusion criteria, and assessed for overlap-
ping cohorts. For cohorts represented by multiple publica-
tions, the publication with the largest or most up-to-date 
information was considered the “lead” study and used in the 
analysis. The full study protocol is available at https://www. 
viiv-studyregister.com/en/study/?id=219155.

Targeted Literature Review: Interventional Studies

Virologic data from interventional studies were used in sensi-
tivity analyses to assess virologic response to DTG + 3TC in 
PWH with M184V/I under controlled settings. A targeted liter-
ature review was conducted to identify interventional studies 
(ie, those in which participants received assigned treatment) as-
sessing impact of historical M184V/I on DTG + 3TC efficacy in 
suppressed-switch populations (Figure 1B; search criteria in 
Supplementary Table 2).

Feasibility Assessment

A feasibility study was performed to determine whether identi-
fied studies were clinically and methodologically comparable 
enough to combine in the meta-analysis. Primary outcomes 
of interest were proportions of participants with study-defined 
VF (see Table 1 for VF definitions by study) and virologic sup-
pression (Snapshot algorithm; HIV-1 RNA <50 copies/mL). 
These outcomes had to be reported consistently and at compa-
rable time points for inclusion. Proportions were derived in 
cases where studies reported total number of participants and 
number with the outcome of interest.

Meta-analysis

Meta-analyses were unadjusted, single-arm pooling of data ac-
quired via literature reviews. The primary objective was to pro-
duce point estimates and 95% confidence intervals (CIs) for 
proportions of participants in RWE studies with M184V/I 
and study-defined VF at 24, 48, and 96 weeks. Within-cohort 
sensitivity analyses were performed at each time point for 
participants without M184V/I. Sensitivity analyses were per-
formed using interventional study data to produce point esti-
mates and 95% CIs for proportions of participants with 
M184V/I and study-defined VF at 24, 48, and 96 weeks.

For both RWE and interventional study data sets, base anal-
yses were performed at each time point pooling data only from 
studies sharing similar VF definitions. To maximize sample size 
and confirm robustness of results, sensitivity analyses were per-
formed at each time point pooling data from all studies regard-
less of VF definition.

Proportions of PWH experiencing VF were estimated from 
base and sensitivity analyses using common- and random- 
effects models. Proportions from RWE and interventional 
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database searching 

(n = 3907)

Full-text studies screened 
(n = 192)

Publications included 
(n = 114)

Duplicates removed (n = 414)

Records excluded (n = 3301)
• Animals/In vitro (n = 141)
• Population (n = 710)
• Intervention (n = 1613)

• Outcome (n = 141)
• Study design (n = 530)
• Review (n = 151)
• Others (n = 15)a

Full-text articles excluded (n = 78)
• Intervention (n = 48)
• Outcome (n = 29)

• Others (n = 1)a

Publications included with DTG + 3TC
(n = 165)

DTG + 3TC
RWE

Records screened 
(based on title and abstract)

(n = 3493)

Publications included for analysis 
(n = 7b; n = 5 lead studies)

Publications excluded (n = 160)
• No prior resistance data/No PWH with prior resistance (n = 117) 
• No suppressed-switch PWH reported (n = 12)
• Unspecified criteria for virologic failure (n = 8)
• Potentially overlapping cohorts and multiple publications  

related to same cohorts (n = 22)
• Unknown suppression status at switch for PWH with 

M184V/I (n = 1)

Records identified through 
congress searching from 
2016-2022 when possible

(n = 51)
Meeting abstracts: ACHA, ASHM, 
ASICON, BASHH, BHIVA, CAHR, 
CROI, European Meeting on HIV
& Hepatitis, GeSIDA, HIV/HEP, 

HIV-NAT, IAS/IAC, ICAR, ICASA, 
ICID, IDWeek, JSAR, KAP, SFLS, 

STI & HIV World Congress

Records identified through
congress searching from
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(n = 3)
Meeting abstracts: ACHA, ASHM, 
ASICON, BASHH, BHIVA, CAHR, 
CROI, European Meeting on HIV
& Hepatitis, GeSIDA, HIV/HEP, 

HIV-NAT, IAS/IAC, ICAR, ICASA, 
ICID, IDWeek, JSAR, KAP, SFLS, 
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(n = 149)
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(n = 6)

Total publications included 
(n = 9)

Duplicates removed (n = 149)

Records excluded (n = 1491)
• In vitro/In vivo (n = 11)
• Population (n = 52)
• Intervention (n = 1072)

• Publication type (n = 166)
• Study design (n = 186)
• Outcome (n = 4)
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interventional 

studies

Publications included for analysis 
(n = 5)

Full-text articles excluded (n = 143)
• Population (n = 2)
• Intervention (n = 20)
• Publication type (n = 7)

• Study design (n = 8)
• Outcome (n = 106)

Linked publications (n = 4)

B

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowcharts for RWE studies (A) and interventional studies (B). aOthers indicates 
records that were not classified into key categories. bTwo lead publications did not report all information reported within the analyses and were each manually supplemented 
with data from an additional publication from the same cohort. Abbreviations: 3TC, lamivudine; ACHA, Asian Conference on Hepatitis and AIDS; ASHM, Australasian HIV & 
AIDS Conference; ASICON, National Conference of AIDS Society of India; BASHH, British Association for Sexual Health and HIV; BHIVA, British HIV Association; CAHR, 
Canadian Conference on HIV/AIDS Research; CROI, Conference on Retroviruses and Opportunistic Infections; DTG, dolutegravir; GeSIDA, Grupo de Estudio del SIDA- 
SEIMC; HIV/HEP, HIV & Hepatitis in the Americas; HIV-NAT, The HIV Netherlands Australia Thailand Research Collaboration; IAS/IAC, International AIDS Society/ 
International AIDS Conference; ICAR, International Conference on Antiviral Research; ICASA, International Conference on AIDS and STIs in Africa; ICID, International 
Congress on Infectious Diseases; JSAR, Japanese Society for AIDS Research; KAP, Kenya Association of Physicians; PWH, people with human immunodeficiency virus 
type 1; RWE, real-world evidence; SFLS, Société Française de Lutte contre le Sida; STI, sexually transmitted infection.
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Table 1. Characteristics of Studies That Met All Systematic or Targeted Literature Review Criteria and Were Included in the Meta-analysis

VF Outcomes,  
no./No. (%)

Lead Study (Cohort)
M184V/I Identification 

Method
PWH With Pre-Switch 
M184V/I, no./No. (%)

VF Time 
Point, 
Week

With 
M184V/I

Without 
M184V/I VF Definition

RWE studies

Hocqueloux 2021 
(Dat’AIDS) [13]

RNA and proviral DNA 
genotypes (pooling 
both)

105/695 (15.11) 24 1/105 (0.95) 0/590 2 consecutive confirmed VL 
>50 copies/mL or 1 VL >200 copies/ 
mL

48 2/105 (1.90) 1/590 (0.17)

96 2/105 (1.90) 3/590 (0.51)

Santoro 2022 
(LAMRES) [14, 15]

RNA and proviral DNA 
genotypes

60/712 (8.43) 24 2/60 (3.33) 10/652 (1.53) 2 consecutive confirmed VL 
>50 copies/mL or 1 VL ≥200 copies/ 
mL

48 3/60 (5.00) 18/652 (2.76)

96 4/60 (6.67) 28/652 (4.29)

Borghetti 2021 
(ODOACRE) 
[16, 17]

Historical genotypes; 
does not specify RNA 
or proviral DNA

48/669 (7.17)a 24 0/45 2/406 (0.49) 2 consecutive VL ≥50 copies/mL or 1 
VL ≥200 copies/mL

48 1/45 (2.22) 5/406 (1.23)

96 2/45 (4.44) 8/406 (1.97)

Galizzi 2020 (NR) 
[18]

Either RNA or proviral 
DNA genotypes at 
baseline (before 
switch)

47/174 (27.01)b 24 … … 2 consecutive confirmed VL 
>50 copies/mL or 1 VL >50 copies/ 
mL followed by ART modification or 
1 VL >1000 copies/mL

48 2/47 (4.26) 7/127 (5.51)

96 … …

Hidalgo-Tenorio 
2019 (DOLAMA) 
[19]

Baseline RNA genotype 4/178 (2.25) 24 … … 2 consecutive VL >50 copies/mL

48 1/4 (25.00)c 4/147 (2.72)c

96 … …

RWE study total VF outcomes 24 3/210 (1.43) 12/1648 
(0.73)

48 9/261 (3.45) 35/1922 
(1.82)

96 8/210 (3.81) 39/1648 
(2.37)

Lead Study 
(Cohort) M184V/I Identification Method

PWH With Pre-Switch 
M184V/I, no./No. (%)

VF Time 
Point, Week

VF 
Outcomes,  
no./No. (%) VF Definition

Interventional studies

DOLULAM 
[20]

RNA and proviral DNA genotypes 17/27 (62.96) 24 0/17 VL >50 copies/mL

48 0/17

96 0/17

TANGO [10] Proviral DNA genotype 4/322 (1.24) 24 0/4d VL ≥50 copies/mL followed by 
consecutive VL ≥200 copies/mL

48 0/4d

96 …

ART PRO [21] Historical RNA genotype 21/41 (51.22)e 24 0/21f VL ≥50 copies/mL

48 0/21

96 0/21

SALSA [11] Proviral DNA genotype 5/192 (2.60) 24 … VL ≥40 copies/mL

48 0/5

96 …

SOLAR 3D 
[22]

Historical genotypes; does not 
specify RNA or proviral DNA

50/100 (50.00) 24 … VL ≥50 copies/mL followed by 
consecutive VL >200 copies/mL

48 0/50

96 …
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study data sets were transformed using arcsine transforma-
tions. Meta-analyses were conducted using inverse-variance 
methods. Additional sensitivity analyses were performed using 
logit transformations and Freeman-Tukey double-arcsine 
transformations. Logit-transformed data were fit to general lin-
ear mixed models; Freeman-Tukey double-arcsine transforma-
tions followed inverse-variance methods.

Statistical Analysis

Meta-analyses were conducted by 2 analysts independently using 
R (version 4.0.3 or greater; R Foundation, Vienna, Austria) meta 
[23] and metafor [24] packages. Study heterogeneity was as-
sessed to quantify inconsistency according to the equation 
I2 = ([Q – df] / Q) × 100, where Q is the χ2 statistic and df is de-
grees of freedom. Threshold I2 values were used to indicate that 
heterogeneity might not be important (0%–40%), may be 
moderate (30%–60%), may be substantial (50%–90%), or is 
considerable (75%–100%). The DerSimonian-Laird residual het-
erogeneity estimator was used to determine τ2 values.

Patient Consent Statement

This study does not include factors necessitating patient con-
sent or ethical approval.

RESULTS

RWE Study Characteristics

Of 3907 publications and 51 conference abstracts identified via 
systematic literature review, 165 were considered for screening. 
Characteristics of the 5 real-world cohorts that met all search 
criteria and were included in the meta-analysis are summarized 
in Table 1 and indicated by lead cohort publication. Of these 
cohorts, 2 used similar criteria to define VF [13, 14]; 3 reported 
VF outcomes at all time points [13, 14, 16].

RWE VF Outcomes

Overall, the 5 RWE cohorts reported low incidence of VF 
events at weeks 24, 48, and 96 in PWH with prior M184V/I 

and without M184V/I (Table 1). Key findings related to VF 
in RWE cohorts are summarized in Table 2. One cohort ob-
served that presence of M184V/I had no impact on virologic 
suppression with DTG + 3TC [19], and another found that 
presence of M184V/I did not predict VF [17] but did predict 
shorter time to VF (vs absence [16]); 3 cohorts found that evi-
dence of M184V/I did not affect probability of VF for ≥1 year 
[13, 14, 18].

No INSTI RAMs were reported in PWH experiencing VF in 
4 cohorts [14, 17–19]; the remaining cohort did not report pres-
ence/absence of INSTI RAMs in PWH at VF [13]. Among all 
cohorts, only 1 PWH in 1 cohort (n = 712) developed M184V 
at VF, among 652 PWH with no previously known M184V/I 
(1/652 [0.15%]) [14].

RWE VF Estimates

Base analyses at weeks 24, 48, and 96 included only the 2 RWE 
cohorts that shared similar VF definitions and M184V/I iden-
tification methods [13, 14]. Sensitivity analyses were per-
formed to maximize sample sizes and pooled all RWE 
cohorts with all results reported at each time point, regardless 
of VF definition or M184V/I identification method. Sensitivity 
analyses were also performed at each time point using data 
from within-cohort participants without M184V/I. Random- 
effects and common-effects model meta-analysis–estimated 
proportions with VF using arcsine-transformed proportions 
were low in PWH with M184V/I in sensitivity analyses inclu-
sive of all VF definitions at weeks 24, 48, and 96 (Figure 2A) 
and in within-cohort PWH without historical M184V/I 
(Figure 2B).

Base and sensitivity analysis estimates were similar at each 
time point (Figure 2, Supplementary Figure 1), indicating 
that all cohorts regardless of VF definition could be pooled to 
increase sample sizes without affecting estimates.

Though estimated proportions for VF in PWH without 
M184V/I were numerically lower than those with M184V/I 
at all time points, these populations had overlapping estimate 

Table 1. Continued  

Lead Study 
(Cohort) M184V/I Identification Method

PWH With Pre-Switch 
M184V/I, no./No. (%)

VF Time 
Point, Week

VF 
Outcomes,  
no./No. (%) VF Definition

Interventional study total VF outcomes 24 0/42

48 0/97

96 0/38

Abbreviations: ART, antiretroviral therapy; NR, not reported; PWH, people with human immunodeficiency virus type 1; RWE, real-world evidence; VF, virologic failure; VL, viral load.  
aCohort reference reporting the proportion with VF for individuals with M184V/I was used for analysis (n = 45 individuals with M184V/I) [17].  
bAssumption: n = 60 PWH with M184V/I were reported out of N = 220 total PWH with available pre-switch genotype resistance data across 2 groups but not reported for dolutegravir plus 
lamivudine (DTG + 3TC) specifically. Table no. with M184V/I was calculated according to the proportion of PWH in the DTG + 3TC (n = 174) vs other group (n = 46).  
cN = 151 total PWH remained on study at week 48.  
dAssumption: Week 24 was not reported, but reports described no VF to week 48.  
eOf the 20 PWH without known M184V/I at baseline, next-generation sequencing identified n = 7, n = 3, and n = 1 with M184I at 1%, 5%, and 20% thresholds, respectively.  
fRefers to the number of PWH with historical 3TC resistance (M184V/I and/or K65R/E/N); 3 PWH with historical 3TC resistance discontinued before week 24 but had VL <50 copies/mL at time 
of discontinuation (2 protocol violations and 1 adverse event–related discontinuation).
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CIs. Estimated proportions with VF marginally increased over 
time regardless of M184V/I presence. Base and sensitivity 
analyses for estimates in PWH with historical M184V/I 
generally had low proportions of variance due to heterogene-
ity (I2; Figure 2A, Supplementary Figure 1A). Estimates 
in PWH without M184V/I had substantial-to-considerable 
I2 values at all time points (Figure 2B, Supplementary 
Figure 1B).

Meta-analysis results using logit- and Freeman-Tukey double- 
arcsine–transformed proportions were mostly consistent with 
those using arcsine-transformed proportions (Supplementary 
Figures 2 and 3, respectively).

Sensitivity Analysis in Interventional Studies

The targeted literature review identified 5 relevant interven-
tional studies from 1789 publications and 3 conference ab-
stracts, summarized in Table 1. Two interventional studies 
reported VF outcomes at all time points [20, 21]; 3 shared sim-
ilar VF definitions [10, 21, 22].

Total number of VF outcomes in PWH with M184V/I was 0 at 
all time points. No treatment-emergent RAMs were reported at 
VF. Sample sizes were smaller than RWE studies, with multiple 
studies listing historical nucleoside reverse transcriptase inhibi-
tor (NRTI) resistance as an exclusion criterion [10, 11]. 
Estimated proportions with VF in PWH with historical 

Table 2. Summary of Resistance Selection in Participants From Real-World Evidence Studies at Virologic Failure According to Study-Defined Virologic 
Failure Criteria

Study (Cohort)
GRT Availability at Time 

of VF INSTI and NRTI RAMs at VF Key Findings

RWE studies

Hocqueloux 2021 
(Dat’AIDS) [13]

4/9 total VFs (0 with 
known pre-switch 
M184V/I)

No M184V/I present in participants at 
VF

Archived M184V/I did not affect the probability of VF after median 
follow-up of 1.2 y (log-rank test, P = .81), even when stratified by 
time since last M184V/I detection (log-rank test, P = .94)

Santoro 2022 
(LAMRES) [14, 15]

4/32 total VFs (0 with 
known pre-switch 
M184V)

No INSTI resistance was reported at 
VF; n = 1 report of NRTI RAM 
(M184V) at VFa

• Presence vs absence of past M184V did not affect the 
probability of VF through 3 y on DTG + 3TC (Kaplan-Meier 
estimates of VF probability at year 3: 13.4% vs 7.0%, 
respectively)

• Presence of M184V with ≤3.5 y of virologic suppression before 
switch had highest risk of VF vs absence of M184V with >3.5 y 
of virologic suppression but did not reach significance (aHR, 1.9 
[95% CI, .5–7.8]; P = .360)

Borghetti 2021 
(ODOACRE) [16, 17]

11/12 VFs (2 with known 
pre-switch M184V/I)b

No participants experiencing VF 
developed RAMs after failure

• Presence of M184V/I alone was not predictive of VF
• Presence vs absence of M184V/I predicted time to VF (aHR, 

3.31 [95% CI, 1.02–10.74]; P = .046)

Galizzi 2020 (NR) [18] 8/17 total VFs (2 with 
known pre-switch 
M184V/I)

No development of INSTI resistance 
was reported

• Presence vs absence of historical M184V/I did not affect 
probability of VF at 1 y (3.1% vs 2.7%; log-rank test, P = .396)

• Historical M184V/I detection was not associated with VF (aHR, 
0.477 [95% CI, .120–1.901]; P = .294)

• Time between GRT and DTG + 3TC switch was not associated 
with VF (aHR, 1.023 [95% CI, .969–1.079] per 6 mo longer; 
P = .416)

Hidalgo-Tenorio 2019 
(DOLAMA) [19]

2/5 total VFs (1 with 
known pre-switch 
M184V)c

No development of INSTI resistance 
was reported

Presence of M184V did not affect virologic response to DTG + 3TC

Interventional studies

DOLULAM [20] 0 VFs No participants met VF criteria No participants met VF criteria despite potential risk factors: 15/27 
(56%) had highest pre-ART VL ≥100 000 copies/mL and 17/27 
(63%) had nadir CD4+ cell count <200 cells/μL

TANGO [10] 0 VFs No participants met VF criteria All 4 participants with baseline M184V/I maintained virologic 
suppression at all on-treatment study visits

ART PRO [21] 0 VFs No participants met VF criteria 6/12 participants who experienced transient viral rebound had 
historical 3TC resistance; all resuppressed with no change in 
treatment

SALSA [11] 1/1 VF (0 with known 
pre-switch M184V)d

NR 5/5 (100%) participants with M184V at baseline maintained VL 
<40 copies/mL; of these, 4/5 (80%) had VL <40 copies/mL and 
qualitative target not detected

SOLAR 3D [22] 0 VFs No RAMs observed through week 48 Similar proportions of participants with vs without historical 
M184V/I, respectively, had VL <20 copies/mL and target not 
detected at weeks 24 (80% vs 78%) and 48 (84% vs 80%)

Abbreviations: 3TC, lamivudine; aHR, adjusted hazard ratio; ART, antiretroviral therapy; CI, confidence interval; DTG, dolutegravir; GRT, genotypic resistance test; INSTI, integrase strand 
transfer inhibitor; NR, not reported; NRTI, nucleoside reverse transcriptase inhibitor; RAM, resistance-associated mutation; VF, virologic failure; VL, viral load.  
aIndividual was virologically suppressed for 1 month before switch, had previous VF due to low adherence, and had VF on the regimen switched to after the VF under DTG + 3TC.  
bAssumption: presence of M184V/I was listed for 2 of 12 participants with VF; whether these indicate pre-switch or time of VF results was not explicit [17].  
cWhether the participant with known pre-switch M184V is 1 of the 2 participants with GRT available at time of VF was not explicit.  
dParticipant had VL ≥50 copies/mL and did not meet confirmed virologic withdrawal criteria.
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Figure 2. Meta-analysis estimates of virologic failure (VF) incidence after switch to dolutegravir plus lamivudine in people with human immunodeficiency virus type 1 with 
(A) and without (B) historical M184V/I from systematic literature review–identified real-world evidence studies, inclusive of all VF definitions. Abbreviations: CI, confidence 
interval; PWH, people with human immunodeficiency virus type 1; VF, virologic failure; Wt, weight.
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M184V/I at weeks 24, 48, and 96 were consistently low in inter-
ventional studies at each time point in base and sensitivity anal-
yses. Sensitivity analyses including all studies regardless of VF 
definition increased sample sizes versus base analyses, without 
impacting VF estimates (Figure 3, Supplementary Figure 4). In 
both common- and random-effects model–estimated propor-
tions of PWH with M184V/I with VF, zero total VF events 
were observed at all time points (Figure 3).

Sensitivity analyses performed using logit- and Freeman-Tukey 
double-arcsine–transformed proportions were consistent with 
those using arcsine-transformed proportions (Supplementary 
Tables 3 and 4, respectively).

DISCUSSION

Using a systematic literature review and meta-analysis ap-
proach with real-world antiretroviral switch studies, we have 
estimated that low proportions of PWH with historical 
M184V/I meet VF criteria through 96 weeks after switching 
to DTG + 3TC, with similarly low rates observed among 
PWH without previously documented M184V/I. This was con-
sistent with the sensitivity analysis performed using data from 
interventional studies in PWH with historical M184V/I. 
Meta-analysis–estimated proportions were consistently low 
across different proportion transformations.

Despite M184V/I conferring high-level resistance against 
3TC/FTC [1], its impact on subsequent virologic responses to 
treatment has been debated. A randomized study in PWH 
with M184V failing 3TC-inclusive regimens reported signifi-
cantly higher median (interquartile range) viral load (VL) in a 
treatment interruption group versus a 3TC monotherapy group 
(1.22 [0.8–1.48] vs 0.61 [0.4–0.87] log10 copies/mL, respectively; 
P = .001). At week 48 (or discontinuation), M184V was unde-
tectable in 28 of 29 (97%) treatment interruption participants 
and persistent in all 29 3TC monotherapy participants, but 
HIV-1 replication capacity was significantly higher with treat-
ment interruption versus 3TC monotherapy at weeks 24 and 
48 [25], supporting decreased viral fitness with M184V versus 
wild-type virus observed in vitro [1]. M184V can also gradually 
clear from the viral reservoir in PWH with long-term suppres-
sion, even under active 3TC/FTC pressure [26].

Using 3TC/FTC in PWH with M184V/I failing their current 
regimen may not be detrimental to virologic suppression. A 
post hoc analysis of PWH with M184V/I failing first-line treat-
ment in the DAWNING study showed no evidence of de-
creased virologic suppression when 3TC or FTC was used in 
a DTG-based 3-drug regimen after VF (vs M184V/I absence 
and vs switching to regimens without 3TC/FTC) [27]. The 
Nucleosides and Darunavir/Dolutegravir in Africa (NADIA) 
trial in PWH failing nonnucleoside reverse transcriptase 

Wt (common) Wt (random)
51.5%
17.5%
5.2%

51.5%
17.5%
5.2%

4.1% 4.1%
21.6% 21.6%

0.00
0.00

(.00–.03)
(.00–.01)
(.00–.01) 100.0%

–
–

100.0%
97Common-effects model

Random-effects model
Prediction interval

Proportion 95% CI
0.00

0.00
0.00

(.00–.07)

(.00–.60)
(.00–.16)

Events Total
0 50

0 4
0 21

Study
SOLAR 3D

TANGO
ART PRO

0.00
0.00

(.00–.20)
(.00–.52)

0 17
0 5

DOLULAM
SALSA

Heterogeneity: /2 = 0%, 
t2 = 0, P = 1.00 Proportion of PWH with VF

0 0.2 0.4 0.6 0.8 1

Proportion 95% CI
0.00
0.00
0.00

0.00
0.00

(.00–.20)
(.00–.60)
(.00–.16)

(.00–.69)
(.00–.02)
(.00–.02)

Wt (common) Wt (random)
40.5%
9.5%
50.0%

100.0%
–

40.5%
9.5%
50.0%

–
100.0%

Events Total
0 17
0 4
0 21

42

Study
DOLULAM
TANGO
ART PRO

Common-effects model
Random-effects model
Prediction interval

Heterogeneity: /2 = 0%, 
t2 = 0, P = 1.00 Proportion of PWH with VF

0 0.2 0.4 0.6 0.8 1

Proportion 95% CI
0.00
0.00

0.00
0.00

(.00–.20)
(.00–.16)

(.00–.03)
(.00–.03)

Wt (common) Wt (random)
44.7%
55.3%

100.0%
–

44.7%
55.3%

–
100.0%

Events Total
0 17
0 21

38

Study
DOLULAM
ART PRO

Common-effects model
Random-effects model

Heterogeneity: /2 = 0%, 
t2 = 0, P = 1.00 Proportion of PWH with VF

0 0.2 0.4 0.6 0.8 1

W
ee

k 
24

W
ee

k 
48

W
ee

k 
96

Figure 3. Meta-analysis estimates of virologic failure (VF) incidence after switch to dolutegravir plus lamivudine in people with human immunodeficiency virus type 1 with 
historical M184V/I from targeted literature review–identified interventional studies, inclusive of all VF definitions. Abbreviations: CI, confidence interval; PWH, people with 
human immunodeficiency virus type 1; VF, virologic failure; Wt, weight.
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inhibitor and tenofovir disoproxil fumarate (TDF)–based first- 
line regimens found higher odds of virologic suppression 
through 96 weeks with presence versus absence of M184V/I 
when 3TC + TDF or zidovudine was used in a 3-drug regimen 
[28], consistent with improved viral susceptibility to TDF 
and zidovudine observed with M184V/I presence [1, 4]. 
Furthermore, switching to bictegravir/FTC/tenofovir alafena-
mide demonstrated durable efficacy in PWH with pre-switch 
M184V/I in a suppressed-switch setting (last on-treatment sup-
pression rate, 98%), with no treatment-emergent RAMs at VF 
[29]. Other studies have also reported low VF incidence in in-
dividuals with M184V/I and prior VF receiving 3TC as part of 
different 3-drug regimens [30, 31].

Using 3TC/FTC as a component in a 2-drug regimen may 
still provide protection in PWH with historical M184V/I. In 
the randomized switch study MOBIDIP, in which 82% of par-
ticipants were virologically suppressed at baseline, boosted pro-
tease inhibitor (bPI) + 3TC demonstrated superiority over bPI 
monotherapy at week 48 (VF treatment difference, 21.8% [95% 
CI, 13.9%–29.7%]) despite near-universal M184V presence at 
first-line VF (96%) [32]. A retrospective study using the 
Antiviral Response Cohort Analysis database of virologically 
suppressed PWH switching to 2-drug regimens of 3TC + bPI 
or INSTI reported low VF incidence in PWH with M184V 
(5.1 [95% CI, 2.2%–9.9%] per 100 person-years of follow-up 
[PYFU]) and without M184V (3.1 [95% CI, 1.8%–4.8%] per 
100 PYFU) and determined that historical M184V was not 
a significant predictor of VF with the 3TC-inclusive 2-drug 
regimens used (adjusted hazard ratio, 1.11 [95% CI, 
.38–3.23]) [33]. Collectively, these results support that 
3TC/FTC-containing regimens can remain effective in PWH 
with historical M184V/I.

The low meta-analysis estimates of VF and lack of emergent 
INSTI resistance through 96 weeks in PWH with M184V/I sug-
gest not only an effect of decreased viral fitness but also that 
DTG + 3TC is unlikely to function as DTG monotherapy in 
this population. Tissue cultures exposed to DTG monotherapy 
selected INSTI RAMs when infected with wild-type virus but 
not with virus containing M184V or M184I variants [7], sug-
gesting an antagonism of either M184V and K65R in the vari-
ant toward selecting DTG resistance. A meta-analysis reported 
that PWH on DTG monotherapy developed INSTI RAMs at 
VF and had higher estimated proportions with VF versus 
PWH receiving DTG dual therapy [34]. The randomized 
MONotherapy of TiviCAY (MONCAY) study evaluating 
switch to DTG monotherapy reported 7 VFs among 78 PWH 
on DTG monotherapy through week 48 (vs 0/80 maintaining 
DTG/abacavir/3TC), at weeks 24 (n = 2), 29 (n = 1), 36 (n =  
2), and 48 (n = 2). Of these VFs, new INSTI RAMs were report-
ed for 2 (29%) PWH at weeks 36 and 48 (n = 1 each) [35]. Based 
on the high risk of VF and emergent on-treatment resistance, 
DTG monotherapy is not recommended.

Pooling studies regardless of VF definition did not affect pre-
dicted VF estimates in RWE or interventional studies. Most VF 
definitions were consistent in the interventional sensitivity 
analysis but less consistent in RWE sensitivity analyses. In 4 
of 5 RWE studies, VF criteria included a single elevated VL 
ranging from ≥200 to >1000 copies/mL [13, 14, 16, 18]. 
Without details on which individuals met which criteria, VF 
may be underreported in studies with less stringent definitions. 
Despite this, with only 5 studies each meeting RWE and inter-
ventional study search criteria, the increase in sample size due 
to including all studies regardless of VF definition is likely a net 
benefit versus calculating estimates from fewer studies sharing 
similar VF definitions.

In PWH with M184V/I, analysis estimates of VF from 
RWE studies remained low but increased over time from 24 
to 96 weeks, whereas sensitivity analysis estimates from inter-
ventional studies remained low (zero) through 96 weeks. 
Rates of VF beyond week 96 could remain low, as DTG +  
3TC demonstrated durable efficacy in the TANGO study 
through week 196 with only 1 case of confirmed VF at year 
4 [36]; however, TANGO excluded PWH with known histor-
ical NRTI resistance. Additionally, confounding factors be-
yond the presence of historical M184V/I could impact the 
likelihood of PWH meeting VF criteria in real-world settings 
versus controlled interventional settings, such as adherence 
or baseline characteristics.

One strength of our study is the meta-analysis approach em-
ployed. Random-effects model estimates are generalizable, 
whereas common-effects (or fixed-effects) models assume 
that only the included cohorts are the population of interest 
[24]. Arcsine transformation is recommended for meta- 
analysis single proportion estimates [37]; though sensitivity 
analysis estimates using other transformations were mostly 
consistent with arcsine transformation results, logit proportion 
estimates can have uninformatively wide CIs if zero events are 
reported [38], as in interventional study estimates at all time 
points, and Freeman-Tukey proportion estimates can be mis-
leading if data sets have a large range of population sizes 
[37], as in 48-week RWE estimates for PWH with historical 
M184V/I. Arcsine transformation is not affected by these lim-
itations [37] and had the most reasonable proportion estimates 
of all transformations. The similarity between base and sensi-
tivity analyses results confirmed the robustness of our approach 
of grouping studies regardless of VF definition.

There are some limitations to these analyses. We were limit-
ed to the data reported. Although no studies reported any 
INSTI resistance, genotypic data at VF were not always avail-
able (Table 2); therefore, occurrence of RAMs selective for 
3TC or DTG at failure could not be fully ascertained. The num-
ber of PWH with pre-switch M184V/I and reported virologic 
outcomes in RWE studies represented a modest percentage 
of total RWE PWH at each time point (weeks 24 and 96, 11% 
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[210/1858]; week 48, 12% [261/2183]), which limits the power to 
detect differences in VF between PWH with and without pre- 
switch M184V/I. Though reported VF rates were low across 
PWH with and without M184V/I and estimated CIs overlapped 
between these populations, larger sample sizes could determine 
whether the numerically higher proportions of PWH with versus 
without M184V/I meeting VF criteria would eventually reach 
statistical significance. Time of detection of M184V/I before 
DTG + 3TC switch and time with suppressed viremia were noted 
as criteria that impact VF in the LAMRES cohort [14, 15] but 
not the Dat’AIDS cohort [13]; however, these comparisons 
may not have been sufficiently powered with the low VF inci-
dence in each cohort. Our analysis is not suitable to draw conclu-
sions based on factors such as time to VF and time to M184V/I 
identification, as they were not consistently reported and were 
not filtering criteria for the systematic literature review. It may 
be difficult to derive meaningful estimates if the number of stud-
ies was narrowed to only those including these or other specific 
criteria. Some estimates had high I2 values (up to 96%), indicat-
ing that a high proportion of variability would remain in the true 
effect estimate if sampling error was removed [39], but this sta-
tistic is expected to be biased toward overestimating or underes-
timating the actual true effect variance in meta-analyses with 
fewer (especially <10) included studies and should be interpret-
ed with this caveat in mind [40]. Finally, because the M184I 
variant can develop as a hypermutated provirus, often with 
replication-incompetent genomes [4, 41], using proviral DNA 
detection may overestimate the prevalence of functional 
M184V/I. Indeed, real-world studies specifying reports of 
M184V [14, 19] versus M184V/I [13, 16, 18] had lower overall 
proportions of participants with historical variants. Pooling 
studies that reported historical RNA and archived proviral 
DNA detection may misrepresent the number of PWH with 
functional M184V/I.

In summary, pre-switch M184V/I prevalence was variable in 
PWH in RWE studies. Incidence of VF among PWH who 
switched to DTG + 3TC was low and minimally impacted by 
preexisting historical M184V/I through 96 weeks, and no 
treatment-emergent INSTI RAMs were reported, consistent 
with results from interventional studies. This meta-analysis sug-
gests that M184V/I may have no impact on the effectiveness of 
DTG + 3TC as a switch strategy when considering treatment 
changes in PWH with an incomplete history, where historical 
M184V/I may be inadvertently missed, and where other options 
are limited or contraindicated. More outcomes data are needed 
for future analyses to resolve whether duration of virologic sup-
pression pre-switch, M184V/I timing, or other factors impact 
DTG + 3TC effectiveness in PWH with historical M184V/I.
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