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a b s t r a c t 

Objectives: The aim of this study was to evaluate the impact of resistance mutations on efficacy of 

dolutegravir-based two-drug regimens (2DR). 

Methods: Virologically suppressed patients with HIV-1 switching to dolutegravir + lamivudine or 

rilpivirine or to a dolutegravir-based three-drug regimen (3DR) with pre-baseline genotype were selected. 

Virological failure (VF) was defined as one HIV-RNA viral load (VL) > 200 cps/mL or two consecutive VL 

> 50 cps/mL; treatment failure (TF) was defined as VF or treatment discontinuation (TD). Resistance was 

defined as at least low-level resistance to at least one drug of the current regimen. Propensity score 

matching was used to conduct adjusted analyses within a competing risks framework. 

Results: A total of 971 dolutegravir-based regimens were selected: 339 (34.9%) 2DR and 632 (65.1%) 3DR. 

The adjusted cumulative 48-week incidence of VF was 4.2% (90% CI 3.1%–5.3%) with 2DR and 4.7% (90% CI 

3.5%–5.8%) with 3DR. The cumulative 48-week incidence of TF was 15.8% (90% CI 13.9%–17.9%) with 2DR 

and 24.5% (90% CI 22.2%–27.0%) with 3DR. For VF, the estimated hazard ratio (HR) for 2DR vs. 3DR was 

1.02 (90% CI: 0.78–1.34), with evidence of effect modification by low-level resistance (HR 3.96, 90% CI: 

2.10–7.46). The estimated HR of TF for 2DR vs. 3DR was 0.54 (90% CI: 0.4 8–0.60). The 4 8-week cumulative 

incidence of TD was 11.7% (8.7%, 14.6%) in 2DR and 19.6% (16.9%, 22.4%) in 3DR. 

Conclusions: Dolutegravir-based 2DR showed high virological efficacy and durability; however, past resis- 

tance increased the risk of VF, but not of TD or TF. 

© 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/ ) 
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. Background 

HIV infection has become a chronic disease requiring life-long 

reatment and posing issues of tolerability, toxicity and adherence. 

n this context, the availability of newer, highly potent drugs paved 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC 
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he way to the introduction of two-drug regimens (2DR), as op- 

osed to standard three-drug regimens (3DR), potentially improv- 

ng tolerability and reducing toxicity and cost. Current guidelines 

ecommend 2DR based on dolutegravir (DTG), a second-generation 

igh-genetic barrier integrase inhibitor (INSTI), as maintenance 

herapy in people with HIV (PWHIV) [1–3] . 

Previous accumulation of drug resistance is a critical factor in 

ntiretroviral therapy (ART) switching strategies [ 4 , 5 ]; thus, sim- 

lifying ART in the setting of drug resistance remains a potential 

ssue that needs to be further explored. Due to the chronicisation 

f HIV infection, with more and more PWHIV with a long history 

f antiretroviral exposure, it is crucial to explore ART simplifica- 

ion options even for experienced PWHIV, including patients with 

reviously documented drug resistance. Although some data have 

een reported about the impact of pre-existing resistance muta- 

ions on 2DR with boosted protease inhibitors (PI) plus lamivu- 

ine (3TC) [ 6 , 7 ], limited information on DTG-based 2DR is avail-

ble, mainly from retrospective studies [7–11] . In fact, randomised 

ontrolled studies [12–14] reported high rates of virological suc- 

ess with DTG-based 2DR but enrolled almost exclusively patients 

ith either no previous treatment failure or no documented previ- 

us resistance, with the exception of just four patients with the 

184V/I 3TC resistance mutation in proviral DNA detected in a 

ost hoc analysis of the Tango study. Similarly, most uncontrolled 

rospective and retrospective studies on DTG + 3TC or emtric- 

tabine (FTC) [15–17] and DTG + rilpivirine (RPV) [18] excluded pa- 

ients with pre-existing resistance mutations. A few pertinent data 

ame from the Dolulam study, a very small prospective study of 

TG + 3TC as a switch strategy, where nucleoside reverse tran- 

criptase inhibitors (NRTI) mutations were detected at least once 

n HIV-RNA and/or DNA by standard Sanger sequencing or next- 

eneration sequencing in more than half of the patients, without 

 detrimental effect in terms of maintenance of virological sup- 

ression [19] . Similarly, a small pilot study assessed the switch to 

TG + 3TC in patients without previous exposure to INSTI with 

nd without previously acquired 3TC resistance, showing that this 

egimen maintained virological suppression despite the presence 

f 3TC resistance [20] . More recently, the LAMRES study also found 

o difference in the probability of VF in patients switching to 

TG + 3TC when stratifying for the presence vs. absence of his- 

orical M184V/I, although a more recent detection of the mutation 

ncreased the rate of failure [21] . Likewise, there was no difference 

n results when stratifying patients switched to DTG + 3TC based 

n the presence of historical M184V/I or a history of VF in another 

bservational multicentre study [22] . 

Regarding DTG + RPV, one Italian retrospective study analysed 

45 patients who switched to DTG + RPV, 57.2% of whom har- 

oured drug-resistant strains, finding high efficacy in terms of vi- 

ological suppression [10] . In the French Dat’AIDS cohort, 152 vi- 

ologically suppressed patients were switched to DTG + RPV, half 

f them with a history of previous failures (not on DTG- or RPV- 

ased regimens; no genotypic resistance data available), and at 

eek 24, 90.5% of patients remained free of therapeutic failure 

23] . 

The present study aimed at evaluating virological response and 

reatment durability of DTG-based 2DR maintenance ART in clini- 

al practice. In particular, we focused on the occurrence of treat- 

ent failure in an observational cohort of patients, distinguishing 

etween virological and treatment discontinuation (TD). We used 

:1 nearest neighbour matching based on propensity score (PS) to 

onduct causal analyses within this competing risk framework. We 

ompared hazards and cumulative incidence functions under 2DR 

nd 3DR, with the aim to compare the two treatment strategies in 

oth relative and absolute terms. We finally investigated the effect 

odification by resistance. 
275 
. Materials and methods 

.1. Study design and population 

This is a retrospective observational study performed on 

he Antiviral Response Cohort Analysis (ARCA) database, which 

ontains data on HIV resistance and ART from more than 

0 0 0 0 patients in Italy. We selected treatment-experienced pa- 

ients with HIV-1 switching to a 2DR containing DTG with 

TC or RPV or to a 3DR containing DTG with tenofovir 

isoproxil fumarate/emtricitabine (TDF/FTC) or tenofovir alafe- 

amide/emtricitabine (TAF/FTC) or abacavir/lamivudine (ABC/3TC) 

rom 2013 to 2019. The inclusion criteria were age ≥18 years, HIV- 

 RNA ≤50 copies/mL at the time of the switch to 2DR or 3DR 

baseline), with at least one protease (PR)/reverse transcriptase 

RT) genotypic resistance testing (GRT) available before switching 

and if available one integrase GRT) and at least one HIV-1 RNA 

vailable during follow-up. HIV-1 sequences were determined us- 

ng the Viroseq HIV-1 Genotyping System or by homebrew tech- 

ology. Viral subtype was determined by the Rega HIV-1 subtyping 

ool (version 3.0). 

Major NRTI, nucleoside reverse transcriptase inhibitors (NNRTI), 

I or INSTI resistance mutations were reported according to the 

019 IAS drug resistance mutation list [24] , and HIV-1 geno- 

ype was considered based on last available test and on all tests 

vailable (cumulative genotype, CGRT). The Genotypic Suscepti- 

ility Score (GSS) and the Cumulative Genotypic Susceptibility 

core (CGSS) of the current regimen were calculated for the last 

nd cumulative genotype, respectively, by using the Stanford algo- 

ithm interpretation version 8.8 ( https://hivdb.stanford.edu/hivdb/ 

y-mutations/ ) and summing the scores of the individual drugs 

ontained in the regimen. Resistance to the switch regimen was 

efined as the occurrence of at least low-level resistance (LLR) to 

t least one drug included in the current regimen (2DR or 3DR), 

ased on cumulative genotype. 

The study endpoints included (i) the proportion and estimated 

isk of VF, defined as a single VL ≥200 copies/mL or two consecu- 

ive VL > 50 copies/mL; (ii) the proportion and estimated risk of TD 

or any reason; and (iii) the proportion and estimated risk of the 

omposite outcome of treatment failure (TF), defined as TD for any 

eason or VF. The impact of baseline drug resistance and switching 

o 2DR vs. 3DR was assessed for all endpoints. 

Switching from TDF/FTC to TAF/FTC or vice versa was not con- 

idered as a treatment change. 

.2. Statistical analysis 

Baseline patient characteristics were described as proportions 

or qualitative variables, medians and interquartile ranges (IQR) for 

ontinuous variables. For the composite outcome of TF (VF or TD, 

hichever was first), the cumulative incidence functions were ob- 

ained as the complement of the corresponding Kaplan-Meier sur- 

ival curves. For VF and TD, the cumulative incidence functions 

ere obtained by using the Aalen-Johansen estimator. 

The average causal effect of the treatment (ATE) was estimated 

n all outcomes by a PS matching approach [25] . The approach 

onsisted of the following steps: 

1 Through a logistic regression, the PS was estimated for each pa- 

tient in the study as the predicted probability of receiving 2DR 

treatment conditional to the patient’s main baseline character- 

istics, as defined later in Results. 

2 According to the estimated PS, each patient in the 2DR group 

was matched with the patient in 3DR group having the closest 

PS, and vice versa (1:1 nearest neighbour matching). The distri- 

butions of the baseline characteristics of the patients in the two 

https://hivdb.stanford.edu/hivdb/by-mutations/
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treatment groups were compared before and after matching to 

check the balancing property of the PS. 

3 A univariate Cox regression model was fitted on the matched 

sample to estimate ATE in the form of the marginal hazard ratio 

of 3DR vs. 2DR; a robust estimate of the standard errors was 

obtained to account for the clustering of subjects in matched 

pairs. 

The PS matching was performed accounting for the following 

ariables: age, sex, duration of virological suppression, HIV risk fac- 

or, years from HIV diagnosis, HIV-RNA at zenith, nadir CD4 + cell 

ounts, baseline CD4 + cell counts, B viral subtype, presence of at 

east LLR, number of antiretroviral regimens and number of pre- 

ious ART failures. These variables were selected on the basis of 

rior knowledge from the literature, excluding those that, even if 

ssociated with the treatment group, are not usually considered as 

redictors of the outcome (e.g., last regimen prior to switch). 

The effect modification by resistance was investigated by in- 

luding in the model an interaction term between resistance and 

reatment; the value of the χ2 statistics with 1 degree of freedom 

df) for the null hypothesis of no effect modification and the re- 

ated P -value were calculated. The proportional hazard assumption 

n the Cox regression was always checked. Cumulative incidence 

unctions and Nelson-Aalen cumulative hazard functions were es- 

imated on the matched sample separately for the two treatment 

roups [26] . In this case, the curves estimated for 3DR should be 

nterpreted as those we would observe if all patients in the study 

ere treated with a 3DR regimen; likewise, the curves for 2DR 

hould be interpreted as those we would observe if all patients in 

he study were treated with a 2DR regimen. Two sensitivity anal- 

ses were conducted: one after trimming the patients for whom 

atching appeared to be unsatisfactory and another after remov- 

ng DTG/RPV patients (n = 63) from the data set to specifically fo- 

us on the DTG 2DR more commonly prescribed (DTG plus 3TC). 

Analyses were performed by using IBM SPSS Statistics, version 

4 (IBM Corp. Armonk, NY, USA), R software [27] and STATA 15 

28] . 

.3. Ethics 

The study was performed in accordance with the ethical stan- 

ards of the 1964 Declaration of Helsinki and later amendments. 

ll patients signed an informed consent for use of their clinical and 

aboratory data in aggregated and anonymous form. Access to the 

atabase and data analyses were regulated by local institutional 

thics committees and by Italian and European privacy legislation. 

. Results 

.1. Descriptive analysis 

We selected 971 antiretroviral regimens containing DTG: 339 

34.9%) in the 2DR group and 632 (65.1%) in the 3DR group. A 

otal of 917 patients contributed to these regimens. In the 2DR 

roup, 276 (81.4%) regimens included 3TC and 63 (18.6%) RPV as 

econd drug. The most frequent backbone used in the 3DR group 

as ABC/3TC (423; 66.9%), followed by TDF/FTC (161; 25.5%) and 

AF/FTC (48; 7.6%). 

Table 1 shows baseline characteristics of the patient population. 

he 2DR group differed from the 3DR group in having a longer his- 

ory of HIV infection and ART exposure and a longer duration of 

iral suppression at the time of treatment switch. A previous fail- 

re to PI was reported for around 40% of patients, with a higher 

requency for the 2DR compared to the 3DR group, whereas a pre- 

ious failure to NNRTI was recorded in a lower proportion of cases. 

ithin the 2DR group, patients switching to DTG + RPV had a 
276 
igher number of previous antiretroviral regimens and a higher 

ate of PI failures with respect to those switching to DTG + 3TC. 

Importantly, the cumulative incidence of at least LLR was 21.1%, 

ith a higher prevalence in the 3DR (24.2%) vs. the 2DR (15.3%) 

roup Table 2 . shows the baseline characteristics of patients with 

nd without at least LLR. Patients with resistance were more often 

nfected with subtype B virus, had a much longer history of HIV 

nfection and duration of ART and a lower nadir CD4 + cell count, 

ompared with patients without resistance. Overall, 247 (25.4%) 

ases had at least one resistance mutation to NRTIs, 198 (20.4%) to 

NRTIs, 86 (8.9%) to PIs and only 2 (0.2%) to INSTIs. The M184V/I 

utation occurred in 168 (17.3%) CGRT ( Fig. 1 ). Integrase genotype 

INSTI GRT) was available in 179 patients. Among patients in the 

DR group, there were only two with a major INSTI resistance mu- 

ation (Y143R and E138K), but none experienced VF, whereas in 

he 2DR group there were no INSTI resistance mutations. 

The GSS calculated on the last GRT available, and the CGSS were 

tratified according to susceptibility to the drugs included in the 

urrent regimen as “susceptible” (GSS/CGSS = 2 for 2DR and ≥2 

or 3DR group), “intermediate” (GSS/CGSS between 1 and < 2) or 

resistant” (GSS/CGSS < 1). In more than 85% (n = 829) of cases, 

SS was fully susceptible, whereas only 14% (n = 136) and 0.6% 

n = 6) of patients showed an intermediate and resistant GSS, re- 

pectively, with no difference between 2DR and 3DR. Concerning 

GSS, the proportion of patients fully susceptible to their current 

egimen was slightly lower (82%, n = 802), with intermediate and 

esistant CGSS reported for 16.7% (n = 162) and 0.4% (n = 7) of 

atients, respectively, again without differences between 2DR and 

DR. 

.2. Crude comparisons 

During a median follow-up of 63 weeks (IQR 31–100), 416 treat- 

ent failures occurred, 102 in the 2DR group (83 with DTG + 3TC 

nd 19 with DTG + RPV) and 314 in the 3DR group. The prob- 

bility of experiencing a treatment failure in the first 48 weeks 

rom the beginning of therapy was 14.3% (90% CI: 11.3%–17.8%) in 

he 2DR group and 24.6% (90% CI: 21.8%–27.7%) in the 3DR group. 

ixty-one patients experienced VF, 22 in the 2DR group (19 with 

TG + 3TC and 3 with DTG + RPV) and 39 in the 3DR group. The

stimated cumulative incidence of VF at 48 weeks was 4.1% (3.0%–

.2%) in the whole data set, 2.6% (1.1%–4.0%) in the 2DR group 

nd 5.0% (3.5%–6.5%) in the 3DR group. Among the 355 patients 

ho experienced TD, 80 were in the 2DR group and 275 in the 

DR group. The estimated cumulative incidence of TD at 48 weeks 

as 16.8% (14.8%–18.9%): 11.7% (8.7%–14.6%) in the 2DR group and 

9.6% (16.9%–22.4%) in the 3DR group. 

.3. Adjusted analyses 

In Supplementary Table S1, a comparison of the baseline char- 

cteristics between treatment groups before and after matching is 

rovided. After matching, the two treatment groups were balanced 

ith respect to the baseline characteristics that were most unbal- 

nced before matching. Balancing was not completely satisfactory 

ith respect to resistance. After matching, the distributions were 

ery similar, although for a few patients with high PS in the 2DR 

roup matching was not completely satisfactory. 

The cumulative incidence functions of VF and TD by treatment 

roup, estimated on the matched data set, are shown in Fig. 2 . 

he estimated cumulative incidence function for TD under 2DR 

as lower than under 3DR. The estimated cumulative incidences at 

8 and 72 weeks for treatment failure were 24.5% (90% CI 22.2%–

7.0%) for 3DR and 15.8% (90% CI 13.9%–17.9%) for 2DR, 37.1% (90% 

I 34.3%–40.0%) for 3DR and 23.1% (90% CI 20.8%–25.7%) for 2DR, 

espectively ( Table 3 ). The estimated cumulative incidences at 48 
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Table 1 

Baseline characteristics of the overall population and of the 2DR (grouped, DTG + 3TC and DTG + RPV) and 3DR group. 

Overall(n = 971) 2DR(n = 339) 3DR(n = 632) 

2DR(n = 339) 

DTG + 3TC(n = 276) DTG + RPV(n = 63) 

Males, n (%) 675 (69.5) 231 (68.1) 444 (70.3) 198 (71.7) 33 (52.4) 

Age, years, median (IQR) 50 (43–56) 51 (45–56) 50 (43–56) 50 (44–56) 54 (47–58) 

Risk factor, n (%) 

MSM intercourse 

Heterosexual intercourse 

IDU 

Other 

166 (17.1) 

238 (24.5) 

163 (16.8) 

404 (41.6) 

64 (18.9) 

63 (18.6) 

69 (20.4) 

143 (42.2) 

102 (16.1) 

175 (27.7) 

94 (14.9) 

261 (41.3) 

56 (20.3) 

45 (16.3) 

48 (17.4) 

127 (46) 

18 (28.6) 

8 (12.7) 

21 (33.3) 

16 (25.4) 

B subtype carriers, n (%) 801 (82.4) 286 (84.4) 515 (81.4) 232 (84.1) 54 (85.7) 

Years from HIV diagnosis, 

median (IQR) 

12 (6–23) 13 (7–24) 11 (5–22) 11 (6–21) 23 (17–29) 

Years of ART, median (IQR) 9 (4–18) 10 (5–19) 7 (3–17) 8 (5–18) 16 (9–21) 

Time of undetectable VL 

before baseline, years, median 

(IQR) 

4.04 (1.32–7.52) 5.18 (2.65–8.52) 3.01 (0.86– 6.80) 4.82 (2.61–8.21) 7.10 (2.95–10.46) 

Nadir CD4 + , cells/mm 

3 , 

median (IQR) 

205 (81–320) 227 (101– 321) 189 (74–319) 240 (122–324) 180 (69–296) 

Baseline CD4 + , cells/mm 

3 , 

median (IQR) 

630 (450–846) 646 (500–864) 617 (429–829) 634 (483–860) 694 (554–883) 

Zenith VL, Log 10 cps/mL, 

median (IQR) 

4.95 (4.27– 5.48) 4.90 (4.25– 5.39) 5.00 (4.29–5.55) 4.86 (4.19 - 5.36) 5.06 (4.46 - 5.53) 

Previous ART use, n (%) 

NRTI 946 (97.4) 337 (99.4) 609 (96.4) 274 (99.3) 63 (100) 

NNRTI 519 (53.5) 208 (61.4) 311 (49.2) 161 (58.3) 47 (74.6) 

PI 773 (79.6) 291 (85.8) 482 (76.3) 236 (85.5) 55 (87.3) 

bPI 717 (73.8) 274 (80.8) 443 (70.1) 221 (80.1) 53 (84.1) 

INSTI 378 (38.9) 140 (41.3) 238 (37.7) 104 (37.7) 36 (57.1) 

Previous number of ART 

regimens, median (IQR) 

4 (3–8) 5 (3–9) 4 (3–7) 5 (3–8) 7 (5–13) 

Previous failure to 

NNRTI 246 (25.3) 93 (27.4) 153 (24.2) 70 (25.4) 23 (36.5) 

PI 390 (40.3) 157 (46.4) 233 (37.0) 115 (41.8) 42 (66.7) 

At least LLR 205 (21.1) 52 (15.3) 153 (24.2) 38 (13.8) 14 (22.0) 

Resistance level according to 

Stanford 

0–1 766 (78.9) 287 (84.7) 479 (75.8) 238 (86.2) 49 (78.0) 

2–3 50 (5.1) 18 (5.3) 32 (5.1) 7 (2.5) 11 (18.0) 

4 155 (16.0) 34 (10) 121 (19.1) 31 (11.2) 3 (5.0) 

2DR, two-drug regimen; 3DR, three-drug regimen; IQR, interquartile range; MSM, men who have sex with men; IDU, injective drug users; HBV, hepatitis 

B virus; HCV, hepatitis C virus; ART, antiretroviral therapy; VL, viral load; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non- nucleoside reverse 

transcriptase inhibitors; PI, protease inhibitors; b, boosted; INSTI, integrase inhibitors; T20, enfuvirtide; MVC, maraviroc; LLR, low-level resistance. 

Table 2 

Baseline characteristics of the overall population according to resistance. 

At least LLR(n = 205) No resistance(n = 766) 

Males, n (%) 126 (61.5) 549 (71.7) 

Age, years, median (IQR) 53 (49–56) 49 (42–56) 

Risk factor, n (%)MSM/bisexual intercourseHeterosexual intercourseIDUOther 24 (11.7)63 (30.7)70 (34.1)48 (23.4) 142 (18.5)175 (22.8)93 (12.1)356 (46.5) 

B subtype carriers, n (%) 193 (94.1) 608 (79.4) 

Years from HIV diagnosis, median (IQR) 24 (20–28) 9 (4–16) 

Years of ART, median (IQR) 19 (14–21) 6 (3–12) 

Time of VL undetectability before baseline, years, median (IQR) 5.86 (2.21–8.99) 3.59 (1.06–6.86) 

Nadir CD4 + , cells/mm 

3 , median (IQR) 166 (58–253) 221 (88–342) 

Baseline CD4 + , cells/mm 

3 , median (IQR) 652 (475–867) 630 (440–840) 

Zenith HIV- 1 RNA, Log 10 cps/mL, median (IQR) 4.82 (3.84–5.41) 4.98 (4.37–5.51) 

Previous number of ART regimens, median (IQR) 9 (5–13) 4 (3–6) 

Previous failure to 

NNRTI 94 (45.9) 152 (19.8) 

PI 119 (58.0) 271 (35.4) 

IQR, interquartile range; MSM, men who have sex with men; IDU, injective drug users; HBV, hepatitis B virus; HCV, hepatitis C virus; ART, antiretroviral therapy; VL, 

viral load; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-nucleoside reverse transcriptase inhibitors; PI, protease inhibitors; b, boosted; INSTI, integrase 

inhibitors; T20, enfuvirtide; MVC, maraviroc; LLR, low-level resistance. 
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nd 72 weeks for VF were 4.7% (90% CI 3.5%–5.8%) for 3DR and 

.2% (90% CI 3.1%–5.3%) for 2DR, 6.5% (90% CI 5.1%–8.0%) for 3DR 

nd 7.4% (90% CI 5.8%–9.0%) for 2DR, respectively ( Table 3 ). The 

stimated cumulative incidences at 48 and 72 weeks for TD were 

9.9% (90% CI 17.7%–22.1%) for 3DR and 11.6% (90% CI 9.9%–13.3%) 

or 2DR, 30.5% (90% CI 27.8%–33.2%) for 3DR and 15.7% (90% CI 

3.6%–17.8%) for 2DR, respectively ( Table 3 ). 
277 
.3.1. Treatment failure 

Through a Cox regression model comparing the two matched 

roups, the hazard ratio (HR) of treatment failure for 2DR vs. 3DR 

as 0.54 (90% CI: 0.48–0.60), after adjusting for background char- 

cteristics ( Table 4 ). When an interaction term between treatment 

nd resistance was included in the Cox regression model, a clear 

ffect modification arose ( χ2 = 9.49, df = 1, P = 0.002): in patients
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Fig. 1. Frequency of NRTI/NNRTI/PI resistance mutations. 

Fig. 2. Cumulative incidence functions for virological failure and treatment discontinuation, by treatment group, calculated on the matched sample. 

w

(

s

3

n

H

o

s  

i  

f

(  

l

ithout resistance, the estimated HR of treatment failure was 0.48 

90% CI: 0.42–0.55); in patients with at least LLR, the effect was 

maller, with an HR of 0.78 (90% CI: 0.62–0.99). 

.3.2. Virological failure 

The adjusted HR of VF for 2DR vs. 3DR was very close to the 

ull hypothesis of no effect: 1.02 (90% CI: 0.78–1.34) ( Table 4 ). 
278 
owever, this result should be read considering that clear evidence 

f violation of the proportional hazard assumption arose in this 

pecific analysis ( χ2 = 14.69, df = 1, P < 0.001). Such a violation

mplies that the HR may vary over time and, in the case of an ef-

ect that has a different sign depending on the phase of follow-up 

e.g., HR < 1 in the early phase and HR ≥1 in the late phase), may

ead to a balancing toward the null, as in our analysis. Similar be- 
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Table 3 

Estimated cumulative incidence at 48 and 72 weeks and 90% confidence intervals for the composite outcome, virological failure and treatment 

discontinuation, by treatment group, calculated on the matched sample. 

Outcome Treatment 48 weeks 72 weeks 

Cumulative incidence 90% Confidence interval Cumulative incidence 90% Confidence interval 

Treatment 

failure 

3DR 24.5% 22.2% 27.0% 37.1% 34.3% 40.0% 

2DR 15.8% 13.9% 17.9% 23.1% 20.8% 25.7% 

Virological 

failure 

3DR 4.7% 3.5% 5.8% 6.5% 5.1% 8.0% 

2DR 4.2% 3.1% 5.3% 7.4% 5.8% 9.0% 

Treatment 

discontinuation 

3DR 19.9% 17.7% 22.1% 30.5% 27.8% 33.2% 

2DR 11.6% 9.9% 13.3% 15.7% 13.6% 17.8% 

2DR, two-drug regimen; 3DR, three-drug regimen. 

Table 4 

Estimated hazard ratios of 2DR vs. 3DR and 90% confidence intervals from the 

Cox regression models on the matching sample. 

Outcome Patients group HR 90% Confidence interval 

Treatment failure All patients 0.54 0.48 0.60 

Not resistant 0.48 0.42 0.55 

At least LLR 0.78 0.62 0.99 

Virological failure All patients 1.02 0.78 1.34 

Not resistant 0.64 0.45 0.89 

At least LLR 3.96 2.10 7.46 

Treatment 

discontinuation 

All patients 0.45 0.40 0.51 

Not resistant 0.45 0.39 0.53 

At least LLR 0.46 0.35 0.60 

HR, hazard ratio; LLR, low-level resistance. 
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aviour is visible if we compare the Nelson-Aalen cumulative haz- 

rd estimates calculated under 2DR and 3DR on the matched data 

et. 

As for the composite outcome, a clear effect modification by re- 

istance arose ( χ2 = 17.3, df = 1, P < 0.001): for patients without

esistance, the estimated HR of VF for 2DR vs. 3DR was 0.64 (90% 

I: 0.45–0.89), whereas for patients with at least LLR, the HR was 

.96 (90% CI: 2.10–7.46) ( Table 3 ). Certain evidence of a violation of

he proportional hazard assumption remained also when the effect 

odification by resistance was considered (results not shown). 

.3.3. Treatment discontinuation 

The HR of TD for 2DR vs. 3DR, adjusted for background char- 

cteristics, was 0.45 (90% CI: 0.40–0.51) ( Table 4 ). There was no 

vidence of effect modification by resistance ( P = 0.99): the esti- 

ated HR of 2DR vs. 3DR was 0.45 (90% CI: 0.39–0.53) and 0.46 

90% CI: 0.35–0.60) in patients without resistance and in patients 

ith at least LLR, respectively. 

.3.4. Sensitivity analyses 

We repeated the adjusted analysis after trimming the patients 

or whom matching was not completely satisfactory: four patients 

n the 2DR group with estimated PS larger than the maximum PS 

stimated in the 3DR group (two of them discontinued treatment) 

nd seven patients in the 3DR group with estimated PS lower than 

he minimum PS estimated in the 2DR group (two of them ex- 

erienced VF, and three discontinued treatment). The results, re- 

orted in Supplementary Table S2, were very close to those ob- 

ained without trimming. 

In the other sensitivity analysis, after removing the DTG + RPV 

atients from the dual treatment group, we obtained very sim- 

lar adjusted cumulative incidences (Supplementary Fig. S1). The 

azard ratios of treatment failure and TD remained substantially 

nchanged (Supplementary Table S3), whereas the hazard ratio of 

F became 1.35 (90% CI: 0.99–1.82). In more detail, after removing 

TG/RPV patients from the 2DR group, the risk of VF became the 
279 
ame under the two treatment regimens among not-resistant pa- 

ients (HR 1.08; in the analysis on the entire data set, the risk was 

ower under 2DR). On the other hand, among patients with at least 

LR, the estimated hazard ratio slightly decreased, becoming 3.06 

90% CI: 1.43–6.54). 

.4. Characterization of virological failures 

Among patients in 2DR, 22 VFs occurred: 19 in patients in 

TG + 3TC (4 of 19 with at least LLR) and 3 in patients in

TG + RPV (2 of 3 with at least LLR). Thirteen of 22 patients in

DR with VF were male; the median age was 50 (42–55) years, the 

edian nadir CD4 + cell count was 245 (83–358), and they had a 

edian of 18 years (10–25) of ART exposure. 

Moreover, among patients with at least LLR, 14 experienced VF: 

 patients in the 2DR group (4 cases on DTG + 3TC and 2 on

TG + RPV treatment) and 8 in the 3DR group (4 cases receiv- 

ng ABC/3TC, 3 receiving TDF/FTC and 1 receiving TAF/FTC as back- 

one). These 14 patients did not show a different list of resistance 

utations in the PR-RT region through the final GRT and CGRT. In 

he three patients with INSTI GRT available at baseline, there was 

o evidence of INSTI resistance mutations. GRT after VF was per- 

ormed in five patients (one in the 2DR group and four in the 3DR 

roup), but none of them showed the emergence of new resistance 

utations in the PR-RT and IN regions compared to pre-baseline 

RT. 

. Discussion 

We collected HIV routine care data from different Italian clinical 

entres to compare the efficacy of DTG-based 2DR and 3DR accord- 

ng to baseline drug resistance. This was not previously addressed 

y clinical trial data because patients with past antiretroviral resis- 

ance were excluded in most cases by design. 

In the adjusted analyses, the virological efficacy for DTG-based 

DR and 3DR was comparable (4.2%–4.7% of VF at 48 weeks), with 

ower rates of TD and treatment failure for 2DR. This confirms 

hat treatment with DTG + 3TC or DTG + RPV in clinical prac- 

ice results in a low rate of VF in virologically suppressed patients 

ith different treatment backgrounds, as recently demonstrated in 

 meta-analysis of real-world evidence by Punekar et al [29] .. How- 

ver, when comparing the same groups in the presence of at least 

LR, a higher risk of VF, but not of TD or treatment failure, was 

emonstrated with 2DR in comparison to 3DR. These results ap- 

ear to be in contrast to those found in other studies that ex- 

lored only DTG + 3TC dual regimens in the context of past re- 

istance [19–22] . Moreover, other previous studies, including one 

rom this same cohort [ 7 , 21 ], explored the efficacy of DTG + 3TC

n the presence of the M184V/I 3TC resistance mutation in the cu- 

ulative genotype and did not detect any significant impact on the 

isk of VF, although some concerns for viral blips and virological 

fficacy in the context of a short time of viral suppression were 
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aised [ 7 , 9 , 21 ]. There are important differences between our work

nd these studies, including the analysis of the 3DR control group 

ith some drug resistance, a more comprehensive scoring of past 

esistance (i.e., not limited to M184V) and a different statistical ap- 

roach. Discrepancies between our results and those arising from 

rior similar studies could be attributable also to differences in the 

tudied populations: Patients in our study had a higher duration of 

RT exposure and were older than those in previous work [7] , and 

hey had higher IDU prevalence than elsewhere [9] . Moreover, the 

RCA database includes only cases with at least a genotype resis- 

ance test performed. Thus, it is possible that this peculiar charac- 

eristic of our cohort selected a more experienced population. Even 

his aspect should be considered when translating our results in 

ther real-life experiences. 

Despite the increased risk of VF in patients with previous LLR, 

he absolute 1-year rate was very low. Furthermore, for the other 

wo outcomes analysed (TD and treatment failure), 2DR appeared 

o have better efficacy than 3DR, confirmed even in the presence of 

LR. This suggests improved tolerability as a key component of the 

onger durability of 2DR, even if neither causes of discontinuation 

or occurrence of adverse events could be explored in this study. 

s a matter of fact, this case file reveals an expanded use of DTG- 

ased 2DR in real life, even in patients quite different from those 

ncluded in clinical trials (e.g., some level of genotypic resistance, 

revious VF). 

Our study presents some limitations. First, because of its obser- 

ational design we cannot rule out unmeasured confounders. Sec- 

nd, the groups had different characteristics at baseline, and it is 

ossible that patients in the 2DR group might have been a selected 

opulation in which better adherence was expected. Moreover, al- 

hough considering DTG + 3TC and DTG + RPV as one group, as 

lsewhere reported [ 30 , 31 ], increased the power of the statistical 

nalysis, the individual 2DR groups were not analysed separately. 

nfortunately, data on adherence were missing, as measures of 

edication adherence and exposure were not available in this co- 

ort. Finally, despite the statistical adjustments, we were not able 

o avoid a certain imbalance relative to resistance. On the other 

and, key strengths of this work were the detailed characterisation 

f the study population, in particular of their cumulative genotype, 

he large timespan analysed, the national representativeness, the 

eal-life settings and the use of propensity score. 

In conclusion, an increased risk of VF can affect DTG-based 2DR, 

ompared with DTG-based 3DR, when at least LLR is present; how- 

ver, treatment durability is favoured by 2DR. Thus, appropriate 

atient selection is key to best exploit the potential of this treat- 

ent simplification strategy. 

cknowledgements 

We would like to offer special thanks to Professor Andrea De 

uca, who, although no longer with us, continues to inspire by his 

xample and dedication. 

articipating centres 

Vincenzo Mellace [CATANZARO - SERT Soverato]; Valeria 

icheli [MILANO - Laboratorio Microbiologia Ospedale L. Sacco 

Prima Divisione Malattie Infettive)]; Amedeo Capetti [MILANO - 

rima Divisione Malattie Infettive Ospedale L. Sacco]; Maria Luisa 

iondi [MILANO - Laboratorio di diagnostica molecolare infettivo- 

ogica AO S. Paolo]; Cristina Mussini [MODENA - Clinica Malat- 

ie Infettive]; Monica Pecorari [MODENA - Virologia]; Nicola Gi- 

notti [HSR - Studio MUSA]; Daria Sacchini [PIACENZA - Malat- 

ie Infettive]; Giustino Parruti [PESCARA - Malattie Infettive]; En- 
280 
io Polilli [PESCARA - Virologia Pescara]; Franco Baldelli [PERU- 

IA - Malattie Infettive]; Stefania Zanussi [AVIANO - Centro di 

iferimento Oncologico]; Alessandro Nerli [PRATO - Malattie Infet- 

ive]; Lucia Lenzi [PRATO - Virologia]; Carlo Calzetti [PARMA - Di- 

isione Malattie Infettive ed Epatologia Azienda Ospedaliera]; An- 

ela Vivarelli [PISTOIA - Malattie Infettive]; Renato Maserati [PAVIA 

 Ambulatorio Clinica Malattie Infettive S. Matteo]; Fausto Baldanti 

PAVIA - Virologia S. Matteo]; Federica Poletti [VERBANIA - Malat- 

ie Infettive VERBANIA]; Vincenzo Mondino [VERBANIA - Virolo- 

ia]; Marina Malena [VERONA - Centro di Medicina Preventiva- 

LSS 20]; Antonio Cascio [PALERMO - Malattie Infettive Policlin- 

co ‘P. Giaccone’]; Isa Picerno [MESSINA - Laboratorio Igiene A.O.U. 

oliclinico G. Martino]; Andrea Gori [MILANO - Fondazione IR- 

CS Ca’ Granda Ospedale Maggiore Policlinico, UOC Malattie In- 

ettive]; Sergio Ferrara [FOGGIA - SC Malattie Infettive Universi- 

arie AOU Ospedali Riuniti di Foggia]; Maria Rosaria Lipsi [FOGGIA 

 SSD Microbiologia e Virologia AOU Ospedali Riuniti di Foggia]; 

arbara Rossetti [SIENA - Malattie Infettive e Tropicali]; Gaetano 

ilice [PAVIA - Clinica Malattie Infettive e Tropicali]; Enrico Barchi 

REGGIO EMILIA - Malattie Infettive]; Alessandro Zerbini [REGGIO 

MILIA - S.S Autoimmunità, Allergologia e Biotecnologie Innova- 

ive]; Francesca Lombardi [ROMA - Laboratorio virologia Cattolica]; 

imona Di Giambenedetto [ROMA - Università Cattolica del Sacro 

uore, Roma Italia, Istituto di Clinica Malattie Infettive]; Massimo 

ndreoni [ROMA - Cattedra Malattie Infettive Tor Vergata]; Marco 

ontano [ROMA - Virologia per Malattie Infettive Tor Vergata]; 

incenzo Vullo [ROMA - Malattie Infettive e Tropicali La Sapienza 

 Umberto I]; Ombretta Turriziani [ROMA - Medicina Sperimen- 

ale e Patologia - Sezione Virologia - La Sapienza]; Andrea Anti- 

ori [ROMA - Malattie Infettive INMI Spallanzani]; Maurizio Zazzi 

SIENA - Virologia]; Enzo Boeri [MILANO - Virologia HSR]; Stefano 

onora [TORINO - Malattie Infettive Amedeo di Savoia]; Valeria 

hisetti [TORINO - Laboratorio di Virologia, Ospedale Amedeo di 

avoia]; Daniela Francisci [TERNI - Malattie Infettive]; Paolo Grossi 

VARESE - Clinica Malattie Infettive e Tropicali]; Patrizia Bagnarelli 

ANCONA - Virologia]; Luca Butini [ANCONA - Immunologia Clin- 

ca]; Romana del Gobbo [ANCONA - Malattie Infettive]; Andrea Gi- 

cometti [ANCONA - Clinica di Malattie Infettive]; Danilo Tacconi 

AREZZO - Malattie Infettive]; Laura Monno [BARI - Clinica Malattie 

nfettive Università]; Paola Laghetti [BARI - Virologia]; Annapaola 

allegaro [BERGAMO - Microbiologia e Virologia]; Franco Maggi- 

lo [BERGAMO - Malattie Infettive]; Alessia Zoncada [CREMONA 

 Malattie Infettive]; Elisabetta Paolini [CREMONA - Servizio Im- 

unoematologia e Medicina Trasfusionale]; Laura Sighinolfi [FER- 

ARA - Malattie Infettive AOU S. Anna]; Grazia Colao [FIRENZE 

 Virologia CAREGGI]; Paola Corsi [FIRENZE - Malattie Infettive 

AREGGI]; Francesca Vichi [FIRENZE - Malattie Infettive SM Annun- 

iata]; Luisa Galli [FIRENZE - Malattie Infettive Pediatria Meyer]; 

aola Meraviglia [MILANO - Seconda Divisione Malattie Infettive 

spedale L. Sacco]; Andrea Tosti [FOLIGNO - Malattie Infettive / 

ERT]; Bianca Bruzzone [GENOVA - Laboratorio di Igiene Ospedale 

. Martino]; Maurizio Setti [GENOVA - Clinica Medica Immunolo- 

ia]; Emanuele Pontali [GENOVA - Malattie Infettive Ospedali Gal- 

iera]; Antonio Di Biagio [GENOVA - Malattie Infettive Ospedale 

. Martino]; Cesira Nencioni [GROSSETO - Malattie Infettive]; Ric- 

ardo Pardelli [LIVORNO - Malattie Infettive]; Irene Arcidiacono 

LODI - Malattie Infettive]; Alberto Degiuli [LODI - Virologia Lodi]; 

ichele De Gennaro [LUCCA - Malattie Infettive]; Alessandro Soria 

MONZA - Malattie Infettive]; Alfredo Focà [CATANZARO - U.O. di 

icrobiologia Clinica]; Surace/Latella [CATANZARO - Centro Malat- 

ie Epatiche e Trapianti]; Lucio Cosco [CATANZARO - U.O. Malattie 

nfettive Ospedale Pugliese Ciaccio]; Sergio Malandrin [MONZA - 

O Microbiologia AO S. Gerardo]; Paola Milini [MACERATA - Malat- 

ie Infettive]; Paola Cicconi [MILANO - Clinica di Malattie Infet- 

ive Ospedale S. Paolo]; Stefano Rusconi [MILANO - Dipart. Scienze 

liniche, Sez. Malattie Infettive - Università degli Studi]. 



R. Gagliardini, M. Baccini, S. Modica et al. Journal of Global Antimicrobial Resistance 28 (2022) 274–281 

F

u

e

C

M

V

c

i

A

2

S

f

R

 

 

[  

 

[

[  

 

[

[  

[  

 

[

[

[

[

[  

[  

[

unding 

Antiviral Response Cohort Analysis (ARCA) was supported by 

nconditional educational grants from ViiV Healthcare, GILEAD Sci- 

nces, MSD, Janssen. 

ompeting interests 

RG received grants for speakers’ honoraria from ViiV Healthcare, 

SD and Gilead, and grants for being on the advisory board for 

iiV Healthcare Janssen. For the remaining authors none were de- 

lared. 

Data were previously presented in part at 17th European Meet- 

ng on HIV and Hepatitis and published as abstract 28 in the 

bstract book ‘Reviews in Antiviral Therapy & Infectious Diseases 

019’. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jgar.2022.01.018 . 

eferences 

[1] Saag MS, Gandhi RT, Hoy JF, Landovitz RJ, Thompson MA, Sax PE, et al. An-

tiretroviral drugs for treatment and prevention of HIV infection in adults: 

2020 recommendations of the International Antiviral Society–USA Panel. JAMA 
2020;324:1651–69. doi: 10.1001/jama.2020.17025 . 

[2] EACS Guidelines version 10.1, October 2020. https://www.eacsociety.org/ 
guidelines/guidelines-archive/ . 

[3] Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for 
the Use of Antiretroviral Agents in Adults and Adolescents With HIV. Depart- 

ment of Health and Human Services. https://clinicalinfo.hiv.gov/sites/default/ 

files/inlin . Accessed date: 01 August 2021. 
[4] Pandit NS, Chastain DB, Pallotta AM, Badowski ME, Huesgen EC, Michienzi SM. 

Simplifying ARV therapy in the setting of resistance. Curr Infect Dis Rep 
2019;21. doi: 10.1007/s11908- 019- 0691- 8 . 

[5] Günthard HF, Calvez V, Paredes R, Pillay D, Shafer RW, Wensing AM, et al. 
Human immunodeficiency virus drug resistance: 2018 recommendations of 

the International Antiviral Society–USA Panel. Clin Infect Dis 2019;68:177–87. 

doi: 10.1093/cid/ciy463 . 
[6] Ciaffi L, Koulla-Shiro S, Sawadogo AB, Ndour CT, Eymard-Duvernay S, 

Mbouyap PR, et al. Boosted protease inhibitor monotherapy versus boosted 
protease inhibitor plus lamivudine dual therapy as second-line maintenance 

treatment for HIV-1-infected patients in sub-Saharan Africa (ANRS12 286/MO- 
BIDIP): a multicentre, randomised, parallel, open-la. Lancet HIV 2017;4:e384–

92. doi: 10.1016/S2352-3018(17)30069-3 . 

[7] Gagliardini R, Ciccullo A, Borghetti A, Maggiolo F, Bartolozzi D, Borghi V, et al. 
Impact of the M184V resistance mutation on virological efficacy and durability 

of lamivudine-based dual antiretroviral regimens as maintenance therapy in 
individuals with suppressed HIV-1 RNA: a cohort study. Open Forum Infect 

Dis 2018;5:1–8. doi: 10.1093/ofid/ofy113 . 
[8] Galizzi N, Poli A, Galli L, Muccini C, Mastrangelo A, Dell’Acqua R, et al.

Retrospective study on the outcome of two-drug regimens based on do- 
lutegravir plus one reverse transcriptase inhibitor in virologically-suppressed 

HIV-infected patients. Int J Antimicrob Agents 2020;55:105893. doi: 10.1016/j. 

ijantimicag.2020.105893 . 
[9] Baldin G, Ciccullo A, Borghetti A, Di Giambenedetto S. Virological efficacy 

of dual therapy with lamivudine and dolutegravir in HIV-1-infected virologi- 
cally suppressed patients: long-term data from clinical practice. J Antimicrob 

Chemother 2019;74:1461–3. doi: 10.1093/jac/dkz009 . 
[10] Capetti AF, Cossu MV, Sterrantino G, Barbarini G, Di Giambenedetto S, De 

Socio GV, et al. Dolutegravir plus rilpivirine as a switch option in cART- 

experienced patients: 96-week data. Ann Pharmacother 2018;52:740–6. doi: 10. 
1177/1060 02801876160 0 . 

[11] Rolle CP, Nguyen V, Hinestrosa F, DeJesus E. Virologic outcomes of switching 
to dolutegravir functional mono- or dual therapy with a non-cytosine nucle- 

oside analog: a retrospective study of treatment-experienced, patients living 
with HIV. AIDS Res Ther 2021;18:1–11. doi: 10.1186/s12981- 021- 00352- 0 . 
281 
12] Llibre JM, Hung CC, Brinson C, Castelli F, Girard PM, Kahl LP, et al. Effi-
cacy, safety, and tolerability of dolutegravir-rilpivirine for the maintenance 

of virological suppression in adults with HIV-1: phase 3, randomised, non- 
inferiority SWORD-1 and SWORD-2 studies. Lancet 2018;391:839–49. doi: 10. 

1016/S0140- 6736(17)33095- 7 . 
[13] Van Wyk J, Ajana F, Bisshop F, De Wit S, Osiyemi O, Portilla Sogorb J, et al.

Efficacy and safety of switching to dolutegravir/lamivudine fixed-dose 2-drug 
regimen vs continuing a tenofovir alafenamide-based 3-or 4-drug regimen for 

maintenance of virologic suppression in adults living with human immunod- 

eficiency virus type 1: phase. Clin Infect Dis 2020;71:1920–9. doi: 10.1093/cid/ 
ciz1243 . 

[14] Aboud M, Orkin C, Podzamczer D, Bogner JR, Baker D, Khuong-Josses MA, et al. 
Efficacy and safety of dolutegravir–rilpivirine for maintenance of virological 

suppression in adults with HIV-1: 100-week data from the randomised, open- 
label, phase 3 SWORD-1 and SWORD-2 studies. Lancet HIV 2019;6:e576–87. 

doi: 10.1016/S2352-3018(19)30149-3 . 

[15] Blanco JL, Rojas J, Paredes R, Negredo E, Mallolas J, Casadella M, et al. 
Dolutegravir-based maintenance monotherapy versus dual therapy with 

lamivudine: a planned 24 week analysis of the DOLAM randomized clinical 
trial. J Antimicrob Chemother 2018;73:1965–71. doi: 10.1093/jac/dky093 . 

[16] Maggiolo F, Gulminetti R, Pagnucco L, Digaetano M, Benatti S, Valenti D, et al. 
Lamivudine/dolutegravir dual therapy in HIV-infected, virologically suppressed 

patients. BMC Infect Dis 2017;17. doi: 10.1186/s12879-017- 2311- 2 . 

[17] Diaco ND, Strickler C, Giezendanner S, Wirz SA, Tarr PE. Systematic de- 
escalation of successful triple antiretroviral therapy to dual therapy with do- 

lutegravir plus emtricitabine or lamivudine in Swiss HIV-positive persons. 
EClinicalMedicine 2018;6:21–5. doi: 10.1016/j.eclinm.2018.11.005 . 

[18] Revuelta-Herrero JL, Chamorro-de-Vega E, Rodríguez-González CG, Alonso R, 
Herranz-Alonso A, Sanjurjo-Sáez M. Effectiveness, saf ety, and costs of a 

treatment switch to dolutegravir plus rilpivirine dual therapy in treatment- 

experienced HIV patients. Ann Pharmacother 2018;52:11–18. doi: 10.1177/ 
1060028017728294 . 

[19] Charpentier C, Montes B, Perrier M, Meftah N, Reynes J. HIV-1 DNA 
ultra-deep sequencing analysis at initiation of the dual therapy dolute- 

gravir+lamivudine in the maintenance DOLULAM pilot study. J Antimicrob 
Chemother 2017;72:2831–6. doi: 10.1093/jac/dkx233 . 

20] Rial-Crestelo D, de Miguel R, Montejano R, Dominguez-Dominguez L, 

Aranguren-Rivas P, Esteban-Cantos A, et al. Long-term efficacy of dolutegravir 
plus lamivudine for maintenance of HIV viral suppression in adults with and 

without historical resistance to lamivudine: week 96 results of ART-PRO pilot 
study. J Antimicrob Chemother 2021:1–5. doi: 10.1093/jac/dkaa479 . 

21] Santoro MM , D Armenia ET , Teyssou E , Ramón Santos J , Charpentier C , Lam-
bert-Niclot S , et al. Impact of M184V on the virological efficay of switch to

3TC/DTG in real life. Abstr Present CROI, March 6-10 2021 2021 . 

22] Borghetti A, Ciccullo A, Baldin G, Rusconi S, Capetti A, Sterrantino G, et al. 
Shall we dance? Extending TANGO’s results to clinical practice. Clin Infect Dis 

2020;71:e200–1. doi: 10.1093/cid/ciaa313 . 
23] Gantner P, Cuzin L, Allavena C, Cabie A, Pugliese P, Valantin MA, et al. Effi-

cacy and safety of dolutegravir and rilpivirine dual therapy as a simplification 
strategy: a cohort study. HIV Med 2017;18:704–8. doi: 10.1111/hiv.12506 . 

24] Wensing AM , Calvez V , Ceccherini-Silberstein F , Charpentier C , Günthard HF ,
Paredes R , et al. 2019 update of the drug resistance mutations in HIV-1. Top

Antivir Med 2019;27:111–21 . 

25] Austin PC. The performance of different propensity score methods for estimat- 
ing marginal hazard ratios. Stat Med 2013;32:2837–49. doi: 10.1002/sim.5705 . 

26] Austin PC, Fine JP. Propensity-score matching with competing risks in survival 
analysis. Stat Med 2019;38:751–77. doi: 10.10 02/sim.80 08 . 

27] R Core Team. R: A Language and Environment for Statistical Computing. Vi- 
enna, Austria; 2016. Available from: https://www.R-project.org . 

28] StataCorp Stata Statistical Software: Release 16. College Station, TX: StataCorp 

LLC; 2019 . 
29] Punekar YS, Parks D, Joshi M, Kaur S, Evitt L, Chounta V, et al. Effectiveness

and safety of dolutegravir two-drug regimens in virologically suppressed peo- 
ple living with HIV: a systematic literature review and meta-analysis of real- 

world evidence. HIV Med 2021. doi: 10.1111/hiv.13050 . 
30] Ward D, Ramgopal M, Riedel DJ, Garris C, Dhir S, Waller J, et al. Real-world

experience with dolutegravir-based two-drug regimens. AIDS Res Treat 2020. 

doi: 10.1155/2020/5923256 . 
31] Wandeler G, Buzzi M, Anderegg N, Sculier D, Béguelin C, Egger M, et al. 

Virologic failure and HIV drug resistance on simplified, dolutegravir-based 
maintenance therapy: systematic review and meta-analysis. F10 0 0Research 

2019;7:1359. doi: 10.12688/f10 0 0research.15995.2 . 

https://doi.org/10.1016/j.jgar.2022.01.018
https://doi.org/10.1001/jama.2020.17025
https://www.eacsociety.org/guidelines/guidelines-archive/
https://clinicalinfo.hiv.gov/sites/default/files/inlin
https://doi.org/10.1007/s11908-019-0691-8
https://doi.org/10.1093/cid/ciy463
https://doi.org/10.1016/S2352-3018(17)30069-3
https://doi.org/10.1093/ofid/ofy113
https://doi.org/10.1016/j.ijantimicag.2020.105893
https://doi.org/10.1093/jac/dkz009
https://doi.org/10.1177/1060028018761600
https://doi.org/10.1186/s12981-021-00352-0
https://doi.org/10.1016/S0140-6736(17)33095-7
https://doi.org/10.1093/cid/ciz1243
https://doi.org/10.1016/S2352-3018(19)30149-3
https://doi.org/10.1093/jac/dky093
https://doi.org/10.1186/s12879-017-2311-2
https://doi.org/10.1016/j.eclinm.2018.11.005
https://doi.org/10.1177/1060028017728294
https://doi.org/10.1093/jac/dkx233
https://doi.org/10.1093/jac/dkaa479
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0021
https://doi.org/10.1093/cid/ciaa313
https://doi.org/10.1111/hiv.12506
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0024
https://doi.org/10.1002/sim.5705
https://doi.org/10.1002/sim.8008
https://www.R-project.org
http://refhub.elsevier.com/S2213-7165(22)00022-4/sbref0028
https://doi.org/10.1111/hiv.13050
https://doi.org/10.1155/2020/5923256
https://doi.org/10.12688/f1000research.15995.2

	Impact of resistance mutations on efficacy of dolutegravir plus rilpivirine or plus lamivudine as maintenance regimens: a cohort study
	1 Background
	2 Materials and methods
	2.1 Study design and population
	2.2 Statistical analysis
	2.3 Ethics

	3 Results
	3.1 Descriptive analysis
	3.2 Crude comparisons
	3.3 Adjusted analyses
	3.3.1 Treatment failure
	3.3.2 Virological failure
	3.3.3 Treatment discontinuation
	3.3.4 Sensitivity analyses

	3.4 Characterization of virological failures

	4 Discussion
	Acknowledgements
	Participating centres
	Funding
	Competing interests
	Supplementary materials
	References


