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a b s t r a c t 

Objectives: The aim of this study was to assess the efficacy of dolutegravir plus lamivudine (DTG + 3TC) in 

a large set of virologically suppressed HIV-1 infected individuals with or without past M184V mutation. 

Methods: This observational study included individuals who switched to DTG + 3TC with ≥1 genotype 

before switch. Survival analysis was used to evaluate the role of past M184V on virological rebound (VR) 

or blips after DTG + 3TC switch. 

Results: A total of 712 individuals followed in several clinical centres in France, Italy and Spain were anal- 

ysed. Past M184V was present in 60 (8.4%) individuals. By 3 years after switch, the overall probability of 

VR and blips was 6.7% and 6.9%, respectively, without any statistical significance according to the pres- 

ence/absence of past M184V. A significantly higher probability of VR was found in individuals harbouring 

M184V before DTG + 3TC with a duration of virological suppression (Ts) ≤.3.5 years compared to others 

(M184V + Ts ≤.3.5 years: 22.7%; M184M + Ts ≤.3.5 years: 9.0%; M184V + Ts > 3.5 years: 7.8%; M184M + Ts 

> 3.5 years: 4.9%; P = 0.007). This finding was not confirmed in multivariable models adjusting for be- 

havioural and demographic variables. Genotypic resistance test after VR under DTG + 3TC was available 

for 8/39 individuals; one poorly adherent individual developed M184V. No resistance to INIs was found. 

Conclusion: In this retrospective observational study, the probability of VR and blips in patients switching 

to DTG + 3TC was very low after 3 years of treatment regardless M184V. The effect of a short duration of 

previous virological suppression in individuals with M184V remains troubling and needs ad hoc clinical 

trials to be confirmed. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

R

h

2

B

∗ Corresponding author. Department of Experimental Medicine, University of 

ome ‘Tor Vergata’, Rome 00133, Italy. 

E-mail address: santormaria@gmail.com (M.M. Santoro) . 
1 These authors contributed equally to this work. 

1

(

t

ttps://doi.org/10.1016/j.jgar.2022.07.022 

213-7165/© 2022 The Authors. Published by Elsevier Ltd on behalf of International Socie

Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
. Introduction 

Since its introduction in 1996, combined antiretroviral therapy 

ART) has dramatically reduced HIV-associated morbidity and mor- 

ality and has transformed HIV infection into a manageable chronic 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC 
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ondition [ 1 , 2 ]. In view of the prolongation of life expectancy for

eople living with HIV (PLWH), the question of ART optimization, 

hich is still a life-long treatment, becomes central. While most 

LWH achieve virological success, their treatments often need to 

e optimized to limit adverse events and drug interactions and 

o improve adherence. The switch to dual-regimen strategies rep- 

esents one of the approaches for treatment optimization [ 3 , 4 ]. 

n this context, the dual regimen containing dolutegravir (DTG) 

lus lamivudine (3TC) has shown excellent results in registrational 

tudies for its usage as first-line treatment in HIV-1 infected ART- 

aïve indi viduals and as a treatment simplification strategy in vi- 

ologically suppressed individuals [5–8] . In the randomized trials 

f the dual regimens in simplification, such as TANGO and SALSA, 

atients with prior virological failures and/or resistance mutations 

ere excluded [ 8 , 9 ]. However, real-life data show that today, in

implification strategies, the dual-regimen therapies are prescribed 

ven in patients with a history of virological failure or drug resis- 

ance [10–24] . Regarding drug resistance, it should be highlighted 

hat circulating HIV-1 resistant variants can be archived in viral 

eservoirs, where they can persist for an unknown duration and 

e-emerge in case of therapeutic selective pressure [25] . In partic- 

lar, previous selection of M184V may have an effect on virolog- 

cal response to dual regimen DTG + 3TC. In vitro studies showed 

hat M184V is associated with high-level resistance to lamivudine, 

ut also with reduced viral replication capacity [26] . In clinical 

rials the presence of pre-existent resistance and in particular of 

he M184V mutation did not affect virological outcome [27–29] . 

owever, data from real-life settings on a direct comparison of 

TG + 3TC efficacy in patients harbouring or not harbouring M184V 

re few, on a limited number of individuals and may be contro- 

ersial [ 17 , 18 , 22 , 30 , 31 ]. In retrospective observational studies, the

resence of M184V was associated with an increased risk of viro- 

ogical failure in individuals with a shorter duration of virological 

uppression before DTG + 3TC switch [ 17 , 18 , 32 ]. 

Thus, there is a clinical urgent need to answer the key ques- 

ion whether DTG + 3TC could be safely used even in patients with 

ast M184V mutation in a large set of patients followed in differ- 

nt clinical settings. 

According to the above considerations, the aim of the present 

tudy was to assess the efficacy of DTG + 3TC in a large set of viro-

ogically suppressed HIV-1 infected individuals, followed in differ- 

nt European clinical centres, with or without a history of M184V 

etection in a previous resistance genotype. 

. Materials and methods 

.1. Study population 

This is a European retrospective, noninterven- 

ional/observational study including several clinical and virological 

entres involved in HIV care from France, Italy and Spain. Individ- 

als who switched to the dual therapy DTG + 3TC for any reason 

ere included in the analysis according to the following criteria: 

i) age ≥18 years; (ii) to be virologically suppressed (plasma 

IV-RNA ≤50 copies/mL) on any ART regimen at the moment of 

TG + 3TC switch; (iii) availability of at least one previous plasma 

IV-1 RNA or HIV-DNA genotype resistance testing (GRT); (iv) 

vailability of a virological follow-up after switching to DTG + 3TC. 

.2. Sanger sequencing and drug resistance evaluation 

Sanger sequencing for protease, reverse transcriptase (RT) and 

ntegrase was performed at each reference laboratory during the 

tandard follow-up of patients. Resistance interpretation was made 

ccording to the Stanford algorithm (HIVdb version 8.9-1, https: 
53 
/hivdb.stanford.edu/ ). For each individual, the cumulative resis- 

ance was evaluated by considering the resistance detected in all 

vailable GRTs before DTG + 3TC switch. For the evaluation of the 

ccurrence of M184V, any sequences produced having a mixture of 

ild-type and mutant amino acid residues was considered to have 

he mutant at the position 184. Similarly, in case of the presence of 

uasispecies I/V, both mutations were considered. The cumulative 

lass-resistance was defined by the presence of at least one major 

esistance mutation among protease inhibitors (PI), nucleos(t)ide 

everse transcriptase inhibitor (NRTI) excluding the M184V, non- 

RTI (NNRTI) and integrase inhibitor. 

.3. HIV-RNA quantification 

Plasma HIV-1 RNA was measured by using commercially avail- 

ble polymerase chain reaction (PCR) assays Abbott (Abbott Real 

ime HIV-1, Chicago, IL), Aptima (Aptima® HIV-1 Quant Dx as- 

ay, Hologic, Inc., San Diego, CA), and Roche (Ampliprep COBAS 

aqMan v.2.0, Roche, Meylan, France; Roche Cobas CA/CTM v.2.0, 

annheim, Germany), which measure quantitative HIV-1 RNA of 

0 copies/mL, 30 copies/mL and 20 copies/mL, respectively, and 

enerate qualitative target detected (TD) or target not detected 

TND) results for viremia value < 40, 30 or 20 copies/ml [33–35] . 

2.4. Objectives 

The primary objective of the study was to evaluate the proba- 

ility of experiencing virological rebound (VR) after DTG + 3TC start 

ccording to the past presence/absence of M184V together with 

revious time of virological suppression. 

For this analysis, time of virological suppression was consid- 

red as binary variable. The first quartile of time of virological sup- 

ression in individuals with past M184V was used as the cutoff, 

o minimize the difference in duration of virological suppression 

efore DTG + 3TC switch among individuals with past M184V and 

hose without past M184V. 

VR was defined as plasma HIV-RNA > 50 copies/mL in two con- 

ecutive determinations or one ≥200 copies/mL in a single deter- 

ination. Secondary objectives were: (i) to evaluate the role of 

ast M184V on experiencing a blip according to the previous time 

f virological suppression after DTG + 3TC switch; (ii) to determine 

ther predictors of VR or viral blips; (iii) to evaluate the emergence 

f resistance in individuals who experienced VR under DTG + 3TC. 

Viral blip was defined as a single HIV-RNA in the range 51–

99 copies/mL preceded and followed by ≤50 copies/mL measure- 

ents). 

.5. Statistical analysis 

All analyses were executed using the SPSS v.26.0 software pack- 

ge for Windows (SPSS, Inc., Chicago, IL). For all the analyses, P 

alues of less than 0.05 were considered significant. 

A descriptive analysis was performed on the overall popula- 

ion and by stratifying the individuals in two groups according to 

he past presence/absence of M184V. Potential differences between 

he two groups were investigated by Mann-Whitney exact test for 

uantitative variables and χ2 or Fisher exact test for qualitative 

ariables, when appropriate. 

Kaplan-Meier curves were used to evaluate the probability of 

xperiencing VR or blips after DTG + 3TC switch on the overall pop- 

lation and according to the historical presence/absence of M184V, 

lso considering the time of virological suppression before switch. 

n blip analyses, individuals who experienced VR were excluded. 

ox regression analysis was performed to investigate the role of 

actors associated to virological response by considering the fol- 

owing variables: sex, age, risk transmission factors, nationality, 

https://hivdb.stanford.edu/
https://hivdb.stanford.edu/
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thnicity, levels of adherence to treatment, B and C hepatitis coin- 

ection status, HIV-1 subtype, baseline and nadir CD4 count, pre- 

ious viral blips experience, viremia zenith, HIV-1 RNA target not 

etected at switch, previous time under ART, number and type of 

revious failures, drugs received in the previous treatment history, 

easons for treatment switch, previous cumulative resistance per 

ach drug class. Concerning cumulative NRTI resistance, beyond 

he presence of past M184V, the number of thymidine analogue 

utations (TAMS) and of other NRTIs mutations accumulated be- 

ore switch was also considered (see Tables 2 and 3 ). Only vari- 

bles significantly associated to virological response at univariable 

nalyses ( P < 0.05) were retained in multivariable models. Multi- 

ariable models excluding demographic and behavioural parame- 

ers were built to avoid potential biases related to individuals’ het- 

rogeneity. 

Analyses were performed on patients who did not discontinue 

TG + 3TC (on treatment approach). Patients’ follow-up was cen- 

ored before DTG + 3TC discontinuation. Sensitivity analyses were 

lso performed by considering different definitions of VR. In par- 

icular, the following definitions for virological failure were con- 

idered: (i) HIV-RNA > 50 copies/mL in two consecutive determi- 

ations; (ii) HIV-RNA > 50 copies/mL in two consecutive determi- 

ations or a single determination ≥10 0 0 copies/mL; (iii) HIV-RNA 

evels ≥200 copies/mL in two consecutive determinations or one 

IV RNA level ≥200 copies/mL followed by DTG + 3TC discontinua- 

ion. Moreover, a sensitivity analysis on the primary outcome was 

erformed by using an intention to treat approach (ITT): therapy 

hanges were ignored and patient follow-up was censored at the 

ate of their last available viremia measurement or at the time of 

he first therapy interruption. 

In individuals who experienced VR and for whom a subsequent 

RT was available, resistance at failure was evaluated with a de- 

criptive analysis. 

. Results 

.1. Patients’ characteristics 

Overall, 712 virologically suppressed individuals composed 

ainly of men (77.0%) with a median (IQR) age of 51 (43–58) were 

nalysed ( Table 1 ). They had a long treatment history with a me-

ian (IQR) of 7 (3–15) years under cART; 52.5% were under viro- 

ogical suppression for at least 5 years. Almost all of them had 

reviously received 3TC or FTC (99.3%), and 30.3% had previously 

eceived DTG. Excluding M184V, 24.9% the individuals had at least 

ne major resistance mutation. Regarding NRTI resistance, 10.7% 

nd 2.4% of the individuals had at least one thymidine analogue re- 

istance associated mutation (TAM) and other-NRTI resistance mu- 

ations (K65R, K70E, L74V/I, Y115F, M184I), respectively. 

The mutation M184V was previously detected in 60 (8.4%) in- 

ividuals who were in virological suppression for a median (IQR) 

ime of 6.9 (3.5–12.5) years. At the last GRT, M184V was detected 

n HIV-1 RNA in 49 out of 60 (81.6%) individuals, whereas in 11 in-

ividuals (18.3%) it was detected in HIV-1 DNA. By evaluating cu- 

ulative resistance, M184V was previously detected in 48 (80.0%) 

ndividuals only in HIV-RNA GRTs, 10 (16.7%) exclusively in HIV- 

NA and 2 (3.3%) in both HIV-DNA and -RNA. An overview of all 

atients harbouring M184V is reported in Supplementary Table S1. 

M184I was detected only in HIV-DNA in six individuals (0.8%), 

ever as a mixture with V substitution. 

Patients’ characteristics according to the presence/absence of 

184V are summarized in Table 1 . In particular, M184V was 

ostly detected in individuals with CD4 cell count nadir ≤200 

ell/mm 

3 and with a longer treatment history. Moreover, individu- 

ls with M184V with a short previous time of virological suppres- 

ion were less likely to switch to DTG + 3TC. Indeed, these individu- 
54 
ls showed a longer median (IQR) previous virological suppression 

6.9 [3.5–12.5] years) compared to those without M184V (5.1 [2.5–

.2] years, P = 0.010). 

Concerning historical resistance, individuals with past M184V 

ad a higher prevalence of cumulative PI, NRTI and NNRTI re- 

istance. No M184V was detected among the three individuals 

ho had previous INI resistance before switch (G118R, n = 1; 

138K + G163R, n = 1; S147G, n = 1). 

.2. Virological outcome, overall and according to past M184V in 

elationship with virological suppression 

At 1, 2 and 3 years after DTG + 3TC switch, the overall probabil-

ty of VR was 3.1%, 5.2% and 6.9%, respectively. By stratifying for 

he presence/absence of past M184V, no significant difference in 

he probability of VR was found ( Fig. 1 A). 

Subsequently, individuals were further stratified into four 

roups according to both presence/absence of past M184V and 

ime of virological suppression before DTG + 3TC switch (as the 

rst quartile in presence of past M184V: 3.5 years; see Materi- 

ls and Methods section) as follows: (i) without past M184V with 

 3.5 years of previous virological suppression; (ii) without M184V 

ith ≤3.5 years of previous virological suppression; (iii) with past 

184V with > 3.5 years of previous virological suppression; (iv) 

ith M184V with ≤3.5 years of previous virological suppression. 

The highest probability of VR was found in individuals with 

184V in a context of ≤3.5 years of virological suppression before 

witch compared to the others ( Fig. 1 B). Cox regression analyses 

onfirmed that past M184V influenced VR only in the context of a 

horter ( ≤3.5 years) previous virological suppression. In particular, 

t multivariable analysis, adjusting for virological and therapeu- 

ic parameters, individuals harbouring M184V and with ≤3.5 years 

f virological suppression before DTG + 3TC switch had a higher 

djusted hazard [95% CI] of experiencing VR compared to those 

ithout M184V in the context of a longer ( > 3.5 years) virological 

uppression (3.8 [1.0–14.4], P = 0.046; Table 2 ). This observation 

as not confirmed when demographical and behavioural variables 

ere included in the adjusted model (2.3 [0.6–9.0], P = 0.248; 

able 2 ). With regard to other factors, to be heterosexual or a drug 

buser, having a viremia zenith > 10 0 0 0 0 copies m/L, having a pre-

ious history of failures to INI-based regimens and harbouring past 

NRTI resistance were positively associated with VR, whereas hav- 

ng viremia target not detected at DTG + 3TC switch was negatively 

ssociated with VR. 

By 1, 2 and 3 years of treatment, the overall probability of ex- 

eriencing a viral blip was 2.2%, 4.4% and 6.9%. There was no sta- 

istical association of M184V with the probability of having blips 

 Fig. 1 C), even when considering the time of previous virologi- 

al suppression ( Fig. 1 D). By Cox multivariable analyses, a higher 

umber of PI-based regimens previously experienced, the presence 

f non-TAM NRTIs major resistance mutations and the absence of 

184V in a context of short previous virological suppression be- 

ore DTG + 3TC switch were positively associated with viral blips, 

hereas those individuals whose viremia target was not detected 

t switch had a lower adjusted hazard of experiencing viral blips 

nder DTG + 3TC ( Table 3 ). 

.3. Sensitivity analyses 

Among the additional definitions of VR considered for sensitiv- 

ty analyses, only the first (HIV-RNA > 50 copies/mL in two consec- 

tive determinations) and the second (HIV-RNA > 50 copies/mL in 

wo consecutive determinations or a single determination ≥10 0 0 

opies/mL) were considered, while the third one (HIV-RNA lev- 

ls ≥200 copies/mL in two consecutive determinations or one HIV 

NA level ≥200 copies/mL after DTG + 3TC discontinuation) was not 
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Table 1 

Patients’ characteristics according to M184V detected before 3TC + DTG switch. 

Variables at 3TC/DTG switch Overall ( N = 712) M184V P value 

No ( N = 652) Yes ( N = 60) 

Male sex, n (%) 548 (77.0) 511 (78.4) 37 (60.7) 0.003 

Age, years, median (IQR) 51 (43–58) 50 (42-58) 56 (51-61) < 0.001 

Risk factor, n (%) 

Homosexual 332 (46.6) 323 (49.5) 9 (15.0) 

Heterosexual 233 (32.7) 201 (30.8) 32 (53.3) < 0.001 

Drug abuser 82 (11.5) 65 (10.0) 17 (28.3) 

Sexual a 33 (4.6) 32 (4.9) 1 (1.7) 

Other/unknown b 32 (4.5) 31 (4.8) 1 (1.7) 

Nationality, n (%) 

Native (Italy, France, Spain) 537 (75.4) 494 (75.8) 43 (71.7) 0.480 

Foreigner 175 (24.6) 158 (24.2) 17 (28.3) 

Ethnicity, n (%) 

Caucasian 485 (68.1) 449 (68.9) 36 (60.0) 

Black 41 (5.8) 37 (5.7) 4 (6.7) 0.255 

Hispanic/Latino 27 (3.8) 26 (4.0) 1 (1.7) 

Other/unknown 159 (22.3) 140 (21.5) 19 (31.7) 

Adherence, n (%) 

High 212 (29.8) 201 (30.8) 11 (18.3) 

Medium 35 (4.9) 28 (4.3) 7 (11.7) 0.022 

Low 6 (0.8) 5 (0.8) 1 (1.7) 

Unknown 459 (64.5) 418 (64.1) 41 (68.3) 

HCV infection, n (%) c 69 (9.7) 58 (8.9) 11 (18.3) 0.051 

HBV infection, n (%) c 109 (15.3) 102 (15.6) 7 (11.7) 0.528 

Subtype B, n (%) 512 (71.9) 468 (71.8) 44 (73.3) 0.798 

Baseline CD4 cell count, cell/mm 

3 , n (%) 695 (481-885) 682 (511-897) 695 (481-885) 0.960 

Nadir CD4 cell count, cell/mm 

3 , n (%) 

> 200 433 (60.8) 411 (63.0) 22 (36.7) 

≤200 236 (33.1) 201 (30.8) 35 (58.3) < 0.001 

Unknown 43 (6) 40 (6.1) 3 (5.0) 

At least one blip before switch, n (%) 213 (29.9) 184 (28.2) 29 (48.3) 0.001 

Viremia zenith (copies/mL), n (%) 

< 100 000 304 (42.7) 272 (41.7) 32 (53.3) 

100 000–500 000 217 (30.5) 202 (31.0) 15 (25.0) 0.386 

> 500 000 148 (20.8) 138 (21.2) 10 (16.7) 

Unknown 43 (6) 40 (6.1) 3 (5.0) 

HIV-1 RNA target not detected at switch, n (%) 

No 219 (30.8) 204 (31.3) 15 (25.0) 

Yes 435 (61.1) 395 (60.6) 40 (66.7) 0.594 

Unknown 58 (8.1) 53 (8.1) 5 (8.3) 

Time of previous virological suppression 

Years, median (IQR ) 5.2 (2.6–9.4) 5.1 (2.5-9.2) 6.9 (3.5-12.5) 0.010 

Years, n (%) 

< 1 73 (10.3) 69 (10.6) 4 (6.7) 

1–3 139 (19.5) 130 (19.9) 9 (15.0) 0.003 

3–5 126 (17.7) 117 (17.9) 9 (15.0) 

5–10 211 (29.6) 199 (30.5) 12 (20.0) 

> 10 163 (22.9) 137 (21.0) 26 (43.3) 

Time under cART, years, median (IQR) 7 (3-15) 7 (3-12) 20 (18-22) < 0.001 

Number of previous failures, median (IQR) 0 (0-1) 0 (0-1) 3 (2-4) < 0.001 

Any INI failure, n (%) 20 (2.8) 16 (2.5) 4 (6.7) 0.079 

Number of previous regimens experienced, median (IQR) 3 (2-5) 3 (2-5) 10 (6-13) < 0.001 

Drug experience 

No. of NRTIs, median (IQR) 3 (2-4) 3 (2-4) 6 (5-7) < 0.001 

3TC/FTC, n (%) 707 (99.3) 647 (99.2) 60 (100.0) 1.000 

3TC, n (%) 410 (57.6) 352 (54.0) 58 (96.7) < 0.001 

FTC, n (%) 611 (85.8) 565 (86.7) 46 (76.7) 0.034 

No. of NNRTIs, median (IQR) 1 (0-1) 1 (0-1) 1 (1-2) < 0.001 

No. of PIs, median (IQR) 2 (0-3) 2 (0-3) 4 (3-5) < 0.001 

T20/MVC, n (%) 25 (3.5) 17 (2.6) 8 (13.3) < 0.001 

No. of INIs, median (IQR) 1 (0-1) 1 (0-1) 1 (0-1) 0.598 

RAL, n (%) 157 (22.1) 139 (21.3) 18 (30.0) 0.121 

EVG, n (%) 104 (14.6) 102 (15.6) 2 (3.3) 0.010 

DTG, n (%) 216 (30.3) 197 (30.2) 19 (31.7) 0.815 

BIC, n (%) 3 (0.4) 3 (0.5) 0 (0) 1.000 

Year of switch to DTG + 3TC, median (IQR) 2018 (2017–2019) 2018 (2017–2019) 2017 (2016–2019) 0.095 

Reasons for switch to DTG + 3TC, n (%) 

Reduction of drugs or daily pills 404 (56.7) 377 (57.8) 27 (45.0) 

Toxicity d 139 (19.5) 122 (18.7) 17 (28.3) 

Patient/clinician choice 34 (4.8) 30 (4.6) 4 (6.7) 0.009 

Other reasons of optimization e 27 (3.8) 23 (3.5) 4 (6.7) 

Drug-drug interaction 29 (4.1) 23 (3.5) 6 (10.0) 

Unknown 79 (11.1) 77 (11.8) 2 (3.3) 

( continued on next page ) 
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Table 1 ( continued ) 

Variables at 3TC/DTG switch Overall ( N = 712) M184V P value 

No ( N = 652) Yes ( N = 60) 

Cumulative drug resistance, n (%) 

PI major 30 (4.2) 18 (2.8) 12 (20.0) < 0.001 

Any NRTI major (excluding M184V) f 94 (13.2) 53 (8.1) 41 (68.3) < 0.001 

Thymidine analogue mutations 

1 30 (4.2) 23 (3.5) 7 (11.7) < 0.001 

2 22 (3.1) 10 (1.5) 12 (20.0) 

≥3 24 (3.4) 9 (1.4) 15 (25.0) 

Other NRTI resistance mutations 17 (2.4) 4 (0.6) 13 (21.7) < 0.001 

NNRTI major 124 (17.4) 76 (11.7) 48 (80.0) < 0.001 

INI major g 3 (1.2) 3 (1.3) 0 (0) 1.000 

Median time of follow-up after switch, median IQR years 2.4 (1.6–3.5) 2.4 (1.7–3.5) 2.2 (1.0–3.6) 0.293 

a Transsexual or unknown sexual behaviours. 
b Transfusion ( n = 4); perinatal infection ( n = 1), unknown ( n = 27). 
c Available for 708 patients. 
d Switch related to prevent or manage ART side effects related to nephrotoxicity ( n = 23); osteoarticular toxicity ( n = 15); gastro-intestinal toxicity ( n = 6); 

hepatotoxicity ( n = 8); neurotoxicity ( n = 5); metabolic toxicity ( n = 23); intolerance ( n = 12); unspecified toxicity ( n = 47). 
e Switch related to optimize treatment without decrease drugs or pill burden in turn to increase tolerability and/or genetic barrier. 
f Nineteen individuals had only M184V as major resistance mutation. 
g Integrase GRT before switch was available for 250 patients. Mutations detected were: G118R ( n = 1), E138K ( n = 1), S147G ( n = 1). 

Table 2 

Factors associated with virological rebound in virologically suppressed patients switching to DTG + 3TC treatment. 

Variables a Hazard ratio (HR) to experience virological rebound ( N = 712) 

Crude Adjusted b Adjusted c 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

Demographic and behavioural parameters 

Male sex 0.3 (0.1-0.5) < 0.001 0.5 (0.2–1.1) 0.073 

Risk factor 

Homosexual d 1 1 

Heterosexual 5.6 (2.3-13.8) < 0.001 4.2 (1.4-12.3) 0.009 

Drug abuser 4.0 (1.3-12.6) 0.016 4.3 (1.2-15.6) 0.028 

Sexual 1.7 (0.2–13.8) 0.637 1.6 (0.2–13.2) 0.685 

Other/unknown 5.0 (1.3-20.1) 0.023 3.5 (0.7–16.8) 0.116 

Nationality 

Native (Italy, France, Spain) c 1 1 

Foreigner 2.1 (1.1-4.1) 0.022 1.0 (0.4–2.7) 0.928 

Ethnicity 

Caucasian d 1 

Black 3 (1.1-7.8) 0.029 1.0 (0.3–3.7) 0.979 

Hispanic/Latino 2.8 (0.8–9.3) 0.094 4.2 (0.9–19.2) 0.066 

Other/unknown 1.2 (0.5–2.6) 0.719 1.3 (0.5–3.7) 0.596 

Viro-immunological parameters 

Viremia zenith (copies/mL) 

< 100 000 d 1 1 

100 000–500 000 2.8 (1.1-7.0) 0.025 2.4 (1–6.1) 0.057 2.9 (1.1-7.3) 0.024 

> 500 000 5.1 (2.1-12.3) 0.000 4.9 (2-12) 0.001 4.3 (1.7-10.7) 0.002 

Unknown 1.0 (0.1–8.2) 0.992 1.2 (0.1–10.1) 0.868 1 (0.1–8.2) 0.975 

Target not detected at switch 

No d 1 1 

Yes 0.4 (0.2-0.8) 0.011 0.5 (0.3-1) 0.044 0.5 (0.2-1.0) 0.037 

Unknown 0.4 (0.1–1.7) 0.200 0.5 (0.1–2.2) 0.347 0.5 (0.1–2.4) 0.369 

Any INI failure 5.6 (2.2-14.3) < 0.001 3.5 (1.3-9.5) 0.015 2.6 (0.8-8) 0.100 

Cumulative resistance 

NNRTI major 2.5 (1.3-4.9) 0.007 2.3 (1.1-4.8) 0.030 1.8 (0.8–3.8) 0.134 

Past M184V and previous time under suppression (Ts) 

Never detected and Ts ≥3.5 years d 1 1 1 

Never detected and Ts < 3.5 years 1.7 (0.9–3.3) 0.120 1.2 (0.6–2.5) 0.571 1.3 (0.6–2.7) 0.531 

Detected and Ts < 3.5 years 5.9 (1.7-20.2) 0.004 3.8 (1-14.4) 0.046 2.3 (0.6–9.0) 0.248 

Detected and Ts ≥3.5 years 1.2 (0.3–5.1) 0.818 0.6 (0.1–3.0) 0.554 0.5 (0.1–2.4) 0.384 

a The following variables were tested for their potential role as predictor of virological rebound after DTG + 3TC switch at univariable analyses: sex, age, risk 

transmission factors, nationality, ethnicity, levels of adherence to treatment, B and C hepatitis coinfection status, HIV-1 subtype, baseline and nadir CD4 count, 

previous viral blips experience, viremia zenith, HIV-1 RNA target not detected at switch, previous time under ART, number and type of previous failures, drugs 

received in the previous treatment history, reasons for treatment switch, previous cumulative resistance per each drug class, presence of past M184V, presence 

of past M184V according with previous time under suppression. Among them, in this table are reported only those that were significantly associated with 

virological rebound after DTG/3TC switch at univariable analysis. 
b Adjusted for variables significantly associated ( P < 0.05) with virological response at univariable analysis excluding demographic or behavioural variables. 
c Adjusted for variables significantly associated at univariable analysis ( P < 0.05). 
d Reference (dummy). 95% CI: 95% confidence interval; ND: not determined because no events observed. 
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Fig. 1. Kaplan-Meir estimates of the probability of experiencing virological rebound or viral blips at 3 years under DTG + 3TC treatment stratified according to the pres- 

ence/absence of past M184V. (A) Virological rebound stratified according to presence/absence of past M184V. (B) Virological rebound stratified according to presence/absence 

of past M184V and previous time of virological suppression. (C) Virological blips stratified according to presence/absence of past M184V. (D) Virological blips stratified accord- 

ing to presence/absence of past M184V and previous time of virological suppression. P -values were calculated by using the Peto and Peto modification of the Gehan–Wilcoxon 

test and log-rank test, when appropriate. A P -value < 0.05 was considered statistically significant. VR, virological rebound. 

e

t

p

C

M

s

V

p

a

c

v

3

D

e

w

(

o

t

t

a

4

o

v

e

m

t

t

u

u

4

r

t

w

e

v

c  

i

l

a

p

 

s

p  

G

valuated because few VR events ( n = 7) were recorded at this set- 

ing. 

Again, the presence of past M184V was not associated with the 

robability of VR after switch in all sensitivity analyses (Panels A–

, Supplementary Fig. S1). 

The highest probability of VR was found in individuals with 

184V in a context of ≤3.5 years of virological suppression before 

witch compared to the others, by using the second definition of 

R (Supplementary Fig. S1, panel E) and in the ITT approach (Sup- 

lementary Fig. S1, panel F). Cox regression analyses, (both univari- 

ble and after adjusting for virological and therapeutical factors) 

onfirmed these results, with a trend toward significance in multi- 

ariable analysis of the ITT approach (Supplementary Table S2). 

.4. Overview of virological rebound and resistance detected under 

TG + 3TC treatment after VR 

In Table 4 an overview of the 39 individuals who experi- 

nced VR is reported. Eighteen of them (46.2%) re-suppressed 

ithout changing treatment, 16 (41.0%) changed treatment, 3 

7.7%) were lost at follow-up and 2 (5.1%) experienced episodes 

f low-level viremia under DTG + 3TC. With regard to resis- 

ance, because of the low-level and often transient viremia de- 

ected, a GRT was performed only for eight (20.5%) individu- 

ls. M184V mutation was observed only in one individual (ID 

51) who switched to DTG + 3TC after a short period (one month) 
57 
f virological suppression. This patient previously experienced 

irological rebound (without any resistance evaluation) under 

lvitegravir/emtricitabine/tenofovir-alafemanide single-tablet regi- 

en because of low compliance. After DTG + 3TC VR, the pa- 

ient switched to darunavir/cobicistat/tenofovir-alafenamide single- 

ablet regimen and later failed again; he was then lost at follow- 

p. No integrase resistance was observed in any of the six individ- 

als tested for resistance at VR. 

. Discussion 

The present study evaluated the virological response and the 

esistance profile in a large set of virologically suppressed pa- 

ients followed in several clinical centres in France, Italy and Spain 

ho were starting DTG + 3TC treatment according to the pres- 

nce/absence of M184V. We found a high rate of maintenance of 

irological suppression under DTG + 3TC, thus confirming the ex- 

ellent results already observed in clinical trials [ 6 , 8 , 36 , 37 ]. Specif-

cally, we found that, after 3 years of treatment, the rate of VR was 

ess than 10% and substantially further decreased by the fact that 

round 50% of those individuals who lost virological control resup- 

ressed viremia without any treatment change. 

This low rate of VR is also in line with that found in other ob-

ervational studies that evaluated DTG + 3TC in virologically sup- 

ressed patients [ 31 , 32 , 38 ]. Among eight individuals for whom a

RT was performed after VR, no resistance selection was found in 
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Table 3 

Factors associated with viral blips in virologically suppressed patients switching to DTG + 3TC treatment. 

Variables Hazard ratio (HR) to experience viral blips ( N = 671) 

Crude Adjusted a Adjusted c 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

Demographic and behavioural parameters 

Adherence 

High d 1 

Medium 4.4 (1.3-14.6) 0.016 3.2 (0.9–11.6) 0.078 

Low 0 (0–ND) 0.973 0 (0–ND) 0.978 

Unknown 1.7 (0.8–3.7) 0.184 1.3 (0.6–2.9) 0.535 

Viro-immunological parameters 

Target not detected at switch 

No d 

Yes 0.4 (0.2-0.7) 0.003 0.4 (0.2-0.8) 0.007 0.4 (0.2-0.8) 0.013 

Unknown 0.5 (0.1–1.7) 0.252 0.5 (0.1–1.6) 0.212 0.5 (0.2–1.9) 0.322 

Cumulative drug resistance 

Other NRTI RAMs 5.3 (1.9-14.9) 0.002 3.7 (0.9–14.5) 0.063 3.9 (1-15.4) 0.049 

Past M184V and previous time under suppression (Ts) 

Never detected and Ts ≥3.5 years d 1 

Never detected and Ts < 3.5 years 2.0 (1.1-3.8) 0.029 2.2 (1.1-4.4) 0.019 2.2 (1.1-4.3) 0.026 

Detected and Ts < 3.5 years 4.7 (1.1-20.1) 0.039 2.4 (0.5–12.9) 0.303 1.5 (0.3–8.8) 0.629 

Detected and Ts ≥3.5 years 1.6 (0.5–5.5) 0.438 0.6 (0.1–2.5) 0.473 0.5 (0.1–2.2) 0.366 

Treatment experience 

Drug experience 

No. of NRTIs 1.0 (0.8–1.2) 0.938 

3TC 1.6 (0.8–3.1) 0.147 

FTC 0.5 (0.2-1.0) 0.042 0.5 (0.3–1) 0.059 0.5 (0.3–1.1) 0.075 

No. of NNRTIs 0.9 (0.6–1.3) 0.550 

No. of PIs 1.2 (1.0-1.4) 0.047 1.2 (1-1.5) 0.034 1.2 (1-1.5) 0.038 

T20/MVC 1.0 (0.2–4.0) 0.958 

Any INIs 1.2 (0.6–2.1) 0.638 

a The following variables were tested for their potential role as predictor of viral blips after DTG + 3TC switch at univariable 

analyses: sex, age, risk transmission factors, nationality, ethnicity, levels of adherence to treatment, B and C hepatitis coinfec- 

tion status, HIV-1 subtype, baseline and nadir CD4 count, previous viral blips experience, viremia zenith, HIV-1 RNA target not 

detected at switch, previous time under ART, number and type of previous failures, drugs received in the previous treatment 

history, reasons for treatment switch, previous cumulative resistance per each drug class, presence of past M184V, presence of 

past M184V according with previous time under suppression. Among them, in this table are reported only those that were sig- 

nificantly associated with virological rebound after DTG/3TC switch at univariable analysis. b Adjusted for variables significantly 

associated ( P < 0.05) with virological response at univariable analysis excluding demographic or behavioural variables. 
c Adjusted for variables significantly associated at univariable analysis ( P < 0.05). 
d Reference (dummy). 95% C.I: 95% confidence interval; ND: not determined because no events observed. 
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ntegrase, and only one individual showed M184V. This anecdotal 

ase is related to a poorly compliant patient who failed a previous 

ow genetic barrier regimen during which GRT was not performed. 

or this reason, it is not possible to assess whether the M184V oc- 

urred as a first time under DTG + 3TC or by selection after the pre-

ious low genetic barrier regimen. 

So far, the role of M184V mutation on DTG + 3TC regimen is still

o be completely elucidated, because, despite several clinical tri- 

ls having evaluated this issue [ 6 , 8 ], few data from the clinical

ractice are available [ 31 , 32 , 38 ]. By analysing one of the largest

opulations with available complete previous treatment and re- 

istance history from European real settings, the present observa- 

ional study provides important information to elucidate the con- 

erns about M184V. Likewise, in all the studies that evaluated the 

ffect of M184V [ 17 , 31 , 32 , 38 ], our results confirm that DTG + 3TC is

ffective regardless the presence of M184V. 

However, the mere evaluation of the presence/absence of 

184V might not be enough to confidently confirm the absence of 

ny effect on DTG + 3TC. Indeed, M184V might be present in the vi- 

al reservoir for a long time in people who have received 3TC/FTC 

n their therapeutic history [39] . Based on this consideration we 

an hypothesize that a longer time of virological suppression might 

e associated with a ‘dilution’ of quasispecies harbouring M184V in 

he viral reservoir. 

In this context, clinicians might have some concerns in admin- 

stering DTG + 3TC to those individuals harbouring M184V but who 

lso have a short time of previous suppression. Here, we consid- 
58 
red the first quartile of the time under virological suppression in 

resence of M184V as the cutoff to identify these individuals of 

oncern, and we found that individuals with M184V in a context of 

ess than 3.5 years of previous suppression had an increased risk 

f experiencing VR under DTG + 3TC. These results were not con- 

rmed after adjusting for behavioural and demographic variables, 

robably because in clinical practice the heterogeneity of individ- 

als and the clinical intervention might be biases. However, our 

esults agree with other studies in which the presence of M184V 

eems to be more relevant if accompanied by a short period of vi- 

ological suppression before switch [ 17 , 18 , 32 ]. 

Another important observation to point out is the fact that the 

etection of M184V in HIV-DNA might also be important. In our 

opulation, 20.0% of M184V was detected in HIV-DNA (16.7% ex- 

lusively in HIV-DNA; 3.3% in both HIV-DNA and -RNA). Relia- 

ility of resistance found in HIV-DNA is still debated because it 

ight be present in defective viral genomes because of the activ- 

ty of apolipoprotein B mRNA-editing enzyme, catalytic polypep- 

ide (APOBEC) [ 40 , 41 ]. In particular, the presence of M184I mu- 

ation might be considered a marker of defective proviruses [27] . 

n this regard, there were no signals in our analyses of hyper- 

utations nor mixture including M184I substitution observed in 

ndividuals harbouring M184V (data not shown). Among the five 

ubjects who lost virological control and harboured pre-existent 

184V, the mutation was previously detected in the HIV-DNA of 

hree of them; two of them harboured M184V in both HIV-DNA 

nd -RNA (Supplementary Table S1). Conversely, none of the in- 
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Table 4 

Overview of patients who experienced VR under DTG + 3TC. 

ID 

INIs experi- 

enced 

INI failure 

before 

switch 

Time of 

previous 

suppres- 

sion(years) 

Cumulative resistance at 

switch 

Viremia at VR 

(copies/mL) a 
Time VR 

(years) GRT after VR 

Time under 

DTG + 3TC at 

GRT (years) 

VR GRT 

compartment 

Viremia at 

GRT 

(copies/mL) Resistance after VR Outcome after VR 

642 DTG No 17.9 NRTI:M184V, T215F; 

NNRTI: Y181C 

348000 0.5 No - - - - Re-suppression 

107 DTG No 1.9 PI: I50L, NRTI: M184V, 

T215F; NNRTI: K103N, 

Y181C 

58 → 192 0.1 No - - - - Re-suppression 

376 RAL Yes 1.2 NRTI: L210W, L74V, 

M184V, T215Y; NNRTI: 

K103N, L100I 

1232 0.8 No - - - - Change treatment 

648 DTG No 0.4 NRTI: M184V 224 1.4 No - - - - Change treatment 

234 None No 10.4 NRTI: M184V; NNRTI: 

K101E, E138K, G190A 

186 → 108 2.7 Yes 2.8 RNA 108 NRTI: M184V; 

NNRTI: E138A, 

G190A; 

Change treatment 

204 None No 14.9 NRTI: M41L, D67N, L210W, 

T215Y; NNRTI: K101E, 

Y181C, G190A 

56 → 783 4.1 Yes 4.5 DNA 41 NRTI: D67N, 

L210W 

Re-suppression 

169 RAL, EVG No 4.1 None 85 → 136 0.1 Yes 0.1 DNA 136 None Change treatment 

451 EVG, DTG Yes 0.1 None 509 0.3 Yes 0.3 RNA 3315 NRTI: M184V Change treatment 

231 None No 5.7 NNRTI: E138A, K103N 75 → 65 0.6 Yes 0.8 DNA 65 NNRTI: E138A Change treatment 

64 RAL No 5.3 None 1145 1.3 Yes 1.4 RNA 3415 None Change treatment 

109 DTG Yes 0.6 NNRTI: E138A 218 2.3 Yes 2.4 RNA 98 NNRTI: E138A Re-suppression 

190 RAL No 0.7 PI: L90M; NRTI: K219E; 

NNRTI: K103N 

59073 3.0 Yes 3.0 DNA 59073 NRTI: K219E; 

NNRTI: K103N 

Change treatment 

24 None No 1.7 NNRTI: E138A 119 → 392 0.9 No - - - - Change treatment 

164 None No 6.2 NNRTI: E138A 771 1.8 No - - - - Re-suppression 

304 RAL No 5.6 NNRTI: K103N 280 0.8 - - - - Re-suppression 

166 DTG Yes 0.1 NNRTI: V106I 50180 0.7 No - - - - Lost to follow-up 

371 None No 11.4 NRTI: D67N, K70R, K129Q; 

NNRTI: G190A 

58 → 53 1.4 No Re-suppression 

62 RAL No 4.3 NRTI: L210W, T215Y 572 0.4 No - - - - Re-suppression 

710 None No 14.9 NRTI: M184I 139 → 93 1.6 No Change treatment 

248 RAL No 3.8 PI: L90M 417 2.5 No - - - - Re-suppression 

41 Unknown Yes 2.6 None 110 → 110 0.3 No - - - - Change treatment 

97 EVG, DTG No 4.3 None 412127 0.8 No - - - - Re-suppression 

201 None No 0.7 None 15893 2.3 No - - - - Re-suppression 

325 None No 2.6 None 68 → 89 0.4 No - - - - Low level viremia b 

342 None No 5.5 None 260 0.3 - - - - Re-suppression 

437 None No 9.1 None 79 → 59 1.4 No - - - - Change treatment 

467 None No 0.9 None 203 0.1 No - - - - Re-suppression 

470 EVG No 1.5 None 44746 0.8 No - - - - Re-suppression 

476 DTG No 0.7 None 797 0.2 No - - - - Re-suppression 

490 DTG No 0.3 None 406 0.7 No - - - - Re-suppression 

536 RAL, DTG No 14.5 None 90 → 52 1.8 No - - - - Low level viremia b 

590 None No 3.3 None 181000 1.2 No - - - - Re-suppression 

635 RAL No 2.3 None 4200000 1.3 No - - - - Lost to follow-up 

646 RAL, DTG No 3.9 None 84 → 83 0.1 No - - - - Change treatment 

685 RAL No 1.2 None 273 → 343 1.8 No - - - - Change treatment 

696 RAL No 14.8 None 2110 0.5 No - - - - Re-suppression 

713 DTG No 0.4 None 152 → 539 1.3 No - - - - Change treatment 

228 None No 3.8 None 68 → 82 2.5 No - - - - Change treatment 

329 None No 4.5 None 4932 0.6 No - - - - Lost to follow-up 

In bold are highlighted individuals with M184V present before DTG/3TC switch. New mutations detected after VR under DTG + 3TC are underlined. 
a Viremia at VR was indicated as one value in case of single viremia > 200 copies/mL or as two values separated by “→ ” symbol in case of two consecutive values > 50 copies/mL. 
b Low-level viremia was defined as three consecutive plasma HIV-1 RNA values > 50 and < 200 copies/mL after DTG + 3TC. 
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ividuals who maintained virological control harboured M184V in 

oth HIV-DNA and -RNA. 

These findings are in line with data from our previous study in 

hich the presence of resistance in both HIV-DNA and -RNA was 

ssociated with an increased risk of losing virological control in 

irologically suppressed patients switching treatment [42] . Based 

n these considerations, we can speculate that M184V detected 

n HIV-DNA without APOBEC signals and/or detected in both HIV- 

NA and -RNA might be a concern to carefully consider in patients 

ho need to simplify their treatment with DTG + 3TC. 

Even though the main focus of this study is on the role of 

184V, other factors such as a previous short time under viro- 

ogical suppression, a high viremia zenith and previous virological 

ailures to INI-based regimens were significantly related with viro- 

ogical rebound. These results agree with those observed in several 

bservational studies, on virologically suppressed patients, not only 

valuating DTG + 3TC [ 17 , 31 , 32 , 42 , 43 ]. 

In our study we also evaluated the effect of M184V on expe- 

iencing viral blips under DTG + 3TC. In this regard, we found that 

he overall probability of experiencing viral blips was low (around 

%) without any effect of past M184V. This finding disagrees with 

hat found in a previous study evaluating heterogenous 3TC-based 

ual therapies (including DTG + 3TC in a subgroup) that showed a 

ignificant association of the mutation with viral blips under treat- 

ent [17] . These discordant observations were probably related to 

he fact that patients in our study received exclusively DTG + 3TC, 

hereas in the other study a dual therapy containing less effec- 

ive drugs (such as atazanavir plus lamivudine) was included. We 

ound that factors positively associated to viral blips were to have 

xperienced several PIs and the absence of M184V in a context of 

hort previous suppression ( < 3.5 years). These findings might be 

elated to the fact that a higher incidence of viral blips is observed 

n people taking PIs [44] . In fact, people who experienced several 

Is might have less chances to have M184V because of the high 

I genetic barrier. On the other hand, they might be more prone 

o have low-level viremia and viral instability [44] that explain the 

hort previous suppression before DTG/3TC switch. Concerning the 

ole of non-TAM NRTI MRMs on viral blips, we can hypothesize 

hat it was mainly related to the presence of K65R mutation. In 

act, in our data set the prevalence of K65R before switch was the 

nly non-TAM NRTI MRM that showed significantly higher preva- 

ence in individuals experiencing blips (3 out 43, 7.0%) compared to 

hose had undetectable viremia (3 of 628, 0.5%, P = 0.004, data not 

hown). Despite the few cases available, we can therefore suppose 

hat K65R might be a marker of virological instability and conse- 

uently viral blips. 

This study has some limitations. First of all, despite the large 

opulation analysed, we recorded few events of losing virologi- 

al control because of the high efficacy of the DTG + 3TC combi- 

ation. Moreover, because of the observational nature of the co- 

ort analysed, adherence data were not available for all individu- 

ls. It should be carefully taken into account that, in the context 

f treatment optimizations in real settings, we cannot exclude po- 

ential biases related to clinicians’ decisions that might be more 

requent according to the individualized management of patients. 

n this point, even though marginal, a certain number of individ- 

als switched treatments despite previous resistance and or with 

hort previous virological suppression. 

In conclusion, our data from real settings confirm that 

TG + 3TC offers a virologically safe opportunity for ART regimen 

implification in a vast majority of virologically suppressed indi- 

iduals without particular concerns. However, the effect of a short 

uration of previous virological suppression in individuals with 

184V on DTG + 3TC response remains troubling and needs ad hoc 

linical trials to be confirmed. 
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