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OBJECTIVES

(INSTI), and reverse transcriptase inhibitor (RTI), among suppressed people
living with HIV in Europe.

Methods: This observational cohort enrolled adults with HIV from 28 sites
across Europe who were switching to a two-drug regimen of an INSTI
plus a nucleoside reverse transcriptase inhibitor or non-nucleoside reverse
transcriptase inhibitor while suppressed [viral load (VL) <50 copies/mL].
Participants were followed from regimen start date (baseline) until the earliest
of 96 weeks, regimen discontinuation, loss to follow-up, or death. The primary
endpoints were suppression, low-level viraemia (VL >50 to <200 copies/mL),
and high-level viraemia (VL >200 copies/mL) at 24-, 48- and 96-weeks post-
baseline, and virologic failure (VF) within 96 weeks (2 consecutive VLs >50
copies/mL or 1 VL >50 copies/mL followed by regimen discontinuation).
Adverse events and discontinuations were also described.

Results: 737 individuals switched to DTG + 3TC (536, 72.7%), DTG + RPV
(186, 25.2%) and other INSTI4RTI regimens (15, 2.0%). At 24-,48-, and 96 weeks
of follow up, >98% of individuals with VL data maintained suppression; among
VLs >50 copies/mL, most (19/23; 82.6%) were low-level viraemia. Five individuals
(<1%, DTG + 3TC:2; DTG + RPV:3) experienced VF. Forty-seven non-serious
drug-related AEs were reported by 38 participants (5.4%); 2 people experienced
serious AEs (0.3%). Regimen discontinuations were infrequent (n = 39, 5.3%) and
most commonly attributed to tolerability issues (n = 17).

Conclusions: Among suppressed people living with HIV in a real-world set-
ting, INSTI4RTI two-drug regimens were highly effective and well tolerated
over 96 weeks of follow-up.
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maintaining viral suppression among adults living with HIV
who suppressed switch to DTG/RPV or DTG/3TC [5-8]. A

Two-drug antiretroviral regimens for the treatment of
HIV may decrease the risk of drug-drug interactions, tox-
icities, and costs when compared to combination antire-
troviral therapy (ART) regimens containing three or
more antiretrovirals (ARVs) [1, 2]. High levels of clinical
efficacy and genetic barriers, as well as good tolerability,
make second-generation integrase strand transfer inhibi-
tors (INSTIs) optimal core agents for two-drug regimens.
HIV treatment guidelines now include recommendations
for the use of oral two-drug regimens containing dolutegra-
vir [DTG; DTG+ rilpivirine (RPV) and DTG+ lamivudine
(3TC)], as switch strategies for virologically suppressed peo-
ple living with HIV [3, 4].

These guideline recommendations are supported by
findings from randomized clinical trials, as well as a growing
body of real-world evidence. The SWORD, TANGO and
SALSA trials showed non-inferiority of two-drug regimens
compared to standard-of-care three-drug regimens in

meta-analysis evaluating the real-world effectiveness and
discontinuations among people with HIV switching to DTG
+ 3TC or DTG + RPV found low rates of virologic failure
and discontinuation, as well as high rates of viral suppres-
sion among people living with HIV in diverse settings [9].

The goal of this study was to assess the uptake of two-
drug regimens containing an INSTTI and a reverse transcrip-
tase inhibitor (RTI) in a multicentre European cohort, and
to evaluate the effectiveness, tolerability and durability of
these regimens in a real-world clinical setting.

METHODS
Study design and population

The Real-World Evidence for Effectiveness of Two-Drug
Regimen, Antiretroviral Therapy with Integrase Inhibitors
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Plus a Reverse Transcriptase Inhibitor (COMBINE-2)
Study was an observational cohort study conducted at
sites across Europe. Both retrospective and prospective
data collection were utilized by including individuals who
initiated an oral two-drug regimen of an INSTI and an
RTI for the treatment of HIV either prior to or after the
study start date (June 2018). It was anticipated that most
of the captured regimens would be DTG + 3TC or DTG
+ RPV. Additional inclusion criteria were age > 18 years,
suppressed viral load (HIV-RNA <50 copies/mL) when
switching to an INSTI + RTI oral two-drug regimen in
the year 2014 or later, and informed consent for data
collection.

A minimum enrolment target of 320 participants was
set prior to study initiation. The expected virologic failure
rate for a standard 3-drug regimen by 48 weeks was
estimated at 4%, with a non-inferiority margin of 4%.
Therefore, a two-drug regimen was considered acceptable
if the percentage of individuals with virologic failure
by 48 weeks of follow up was less than 8%. Including
320 individuals gives a 95% probability of correctly con-
cluding that the two-drug regimen is not non-inferior if
its true failure rate is 8% or higher.

Data were collected from electronic medical records
at 28 hospital sites across 6 countries (United Kingdom,
Spain, France, Belgium, Italy and Portugal). Participating
sites were part of the European treatment network for
HIV, hepatitis and global infectious diseases (NEAT ID).
Data reflect routine clinical care, with no additional fol-
low up required for study participation.

Included individuals were followed from initiation of
an eligible two-drug regimen (baseline). Follow up was
censored at Week 96, or at the earliest of: date of last
study contact, INSTI4+RTI dual therapy modification or
discontinuation, loss to follow up, or death. Switching
from the baseline therapy to another INSTI+RTI dual
therapy was not considered a modification, except when
switching to a long-acting regimen. Data were extracted
from medical records at baseline, as well as every
6 months thereafter through 96 weeks post-baseline. The
last participant reached 96 weeks of follow up in
November 2023.

Outcomes and covariates

The primary objective for this analysis was to assess the
effectiveness of INSTI+RTI two-drug regimens during
the first 96 weeks after regimen initiation. Virologic out-
comes were assessed at 24-, 48- and 96 weeks post-
baseline, and included the proportion of participants
maintaining suppression (a viral load <50 copies/mL),
experiencing low-level viremia (viral load >50

and < 200 copies/mL), and high-level viraemia (viral
load >200 copies/mL) at each time point, as well as
protocol-defined virological failure during the 96-week
follow-up.

Virologic failure was defined as 2 consecutive plasma
HIV RNA viral loads >50 copies/mL, or 1 viral load >50
copies/mL followed by INSTI4RTI dual therapy modifi-
cation or discontinuation. The proportion of participants
with a single viral load >50 copies/mL and no additional
viral load lab data was also assessed, as it was unknown
if these individuals resuppressed or went on to experience
treatment failure. A sensitivity analysis applied a thresh-
old of >200 copies/mL for the definition of virologic
failure.

Immunologic response to treatment was assessed as
the mean changes in CD4 and CD8 cell counts (differ-
ence in cells/mm?®) and CD4:CD8 ratio between baseline
measurements and 96 weeks.

ART-related adverse events (all grades), ART-related
serious adverse events (SAEs), and deaths that occurred
at any point during follow up were described. Modifica-
tion or discontinuation of the INSTI+RTI dual therapy
was assessed, and where information was provided in the
medical record, reasons for discontinuation were also
described.

Baseline demographic and clinical characteristics, incl-
uding resistance profiles, were captured. Missing values at
the time of initiation used the last reported value prior to
baseline when possible.

Statistical Analysis

Descriptive statistics were used to describe the overall
study population. Baseline characteristics were stratified
by two-drug regimen (DTG + 3TC, DTG + RPV, and
other INSTI + RTI).

The observed proportion and 95% confidence inter-
val (CI) of participants with protocol defined virologi-
cal failure were calculated with the Kaplan-Meier
method, censoring at Week 96 or last follow-up date if
missing HIV RNA viral load values at Week 96, or
upon discontinuation of INSTI4+RTI dual therapy,
whichever occurred first. The proportion of partici-
pants experiencing specified virologic outcomes at
Weeks 24, 48 and 96 was calculated using a denomina-
tor of participants with virological data available at
each time point. To account for variability in timing of
clinic visits in a real-world setting, viral load assess-
ments taken within a window of +6 weeks of 24-, 48-
and 96 weeks of follow up were included. For each
time point, participants without viral load lab data
within the specified window were excluded.
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Classification of virologic status was based on a single
viral load measure within each window; if multiple
measures were available, the result with the highest
value was used.

Change from baseline to Week 96 in CD4 count, CD8
count and CD4:CD8 ratio were compared using a mixed
model with a random intercept and spatial power covari-
ance structure. Time was modelled as a categorical variable.

The proportion of INSTI+RTI dual therapy discontin-
uation was calculated by dividing the number of discon-
tinuations by the full analysis population. The 95% CI of
the observed proportion was calculated using the exact
Clopper-Pearson method.

Predictors of time to loss of suppression (first viral
load >50 copies/mL) were identified using Cox regression
analysis. Variables showing a significant association (p-
value <0.2) with the outcome in the univariate analysis
were then evaluated in multivariate models. Covariates
retained in the final multivariable Cox model were deter-
mined by a stepwise backward variable selection process.
For multivariable analysis, missing values for CD4 count
and CD4 nadir were imputed with the mean value.

RESULTS
Study Population

Seven hundred and thirty-seven people with HIV met the
inclusion criteria and were enrolled, including 536 (72.7%)
switching to DTG + 3TC, 186 (25.2%) switching to
DTG + RPV, and 15 (2.0%) switching to another INSTI +
RTI regimen [raltegravir (RAL) + etravirine (ETR): n = 10;
RAL + nevirapine (NVP): n=1; RAL + RPV (n =1);
DTG + tenofovir disoproxil (TDF): n = 1; DTG + efavirenz
(EFV): n = 1; DTG + ETR: n = 1].

Regimens immediately prior to switching to a two-
drug regimen were varied, but all consisted of 3 or more
daily oral ARVs. The most common regimens were DTG
+ 3TC + abacavir (18.2%), DTG + tenofovir alafenamide
(TAF) + emtricitabine (FTC; 6.8%), DTG + TDF + FTC
(5.8%), EFV + TDF + FTC (4.9%), and elvitegravir/
cobicistat + FTC (4.2%).

Across regimens, participants were predominantly male
(n = 556; 75.5%) and White (n = 492; 66.8%), with a
median age of 54 (IQR: 47-59) years. Median time on ART
prior to baseline was longer for those switching to DTG +
RPV [14.5 (6.1-21.3) years] compared to DTG + 3TC
[9.1 (4.6-16.9) years] or other INSTI + RTI regimens
[7.9 (1.9-16.3) years]. Median baseline CD4 count was simi-
lar between the DTG + RPV [678 (543-906) cells/mm’]
and DTG + 3TC [690 (534-924) cells/mm?]. Full popula-
tion characteristics are summarized in Table 1.

Overall, 61.7% of individuals had at least 1 resistance
test documented at any point prior to baseline [66.1%
(123/186) in DTG + RPV group; 59.7% (320/536) in DTG
+ 3TC group]. Median time since most recent resistance
test prior to baseline was 105 (36-167) months for those
on DTG + RPV, 86 (42-130) months for those on DTG
+ 3TC, and 44 (3-86) months for those on other INSTI
+RTI regimens.

Among those tested, a history of documented resistance
mutations was common, although seen least frequently
in the DTG + 3TC group (42.5%) compared to DTG + RPV
group (67.5%) and the other INSTI + RT group (75.0%).
No one had previously documented mutations associated
with resistance to dolutegravir, and 1 individual switc-
hing to DTG + RPV had a history of a major mutation
(F121Y) associated with resistance to a first-generation
INSTI (RAL). Among those taking DTG + 3TC, 5.6%
(n = 18/320) had a documented history of M184V/I, the
major mutation associated with resistance to 3TC. History
of major mutations associated with reduced susceptibility
to RPV was documented for three individuals (K101E,
E138A, and Y181C documented for 1 person each) taking
DTG + RPV.

Virologic Outcomes

At 24, 48 and 96 weeks of follow up, 598/605 (98.8%),
579/588 (98.5%) and 578/585 (98.8%) of individuals who
switched to a two-drug INSTI4RTI regimen and who
had viral load measurements were still suppressed,
respectively. (Table 2) Most individuals who did not
maintain suppression had low-level viraemia, with 6 of
the 7 VLs >50 copies/mL at Week 24, 8 of 9 VLs >50 cop-
ies/mL at Week 48, and 5 of 7 VLs >50 copies/mL at
week 96 measuring between 50 and 200 copies/mL.

During the 96-week follow-up period, 5 individuals
experienced protocol-defined virologic failure, including
one person taking DTG + 3TC who had 2 consecutive
viral loads >50 copies/mL [K-M estimate: 0.1% (95% CI:
0.0-1.0%)], and 4 people (1 on DTG + 3TC and 3 on
DTG + RPV) who experienced a single VL>50 copies/
mL followed by regimen discontinuation [K-M estimate:
0.6% (95% CI: 0.2-1.6%)].

Using a threshold of 200 copies/mL to define virologic
failure, there were 2 events: 1 person experiencing 2 con-
secutive VLs >200 copies/mL [K-M estimate: 0.2% (95%
CL: 0.0-1.0%)] while taking DTG + 3TC and 1 person on
DTG + RPV experiencing a VL >200 copies/mL followed
by regimen discontinuation [K-M estimate: 0.2% (95% CI:
0.0-1.0%)].

Additionally, 6 people [K-M estimate: 1.0 (0.5-2.3%)]
had a VL>50 copies/mL without additional viral load
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TABLE 1 Demographic and clinical characteristics at initiation of two-drug regimen, by regimen.

Demographic characteristics

Age

Gender
Male
Female

Transgender women

Transgender unknown sex

Unknown
Ethnicity
White
Black
Asian
Other

Clinical characteristics

Duration of ART, years, median

(IQR)

CD4 baseline, median (IQR)

CD4 nadir, median (IQR)

Resistance

Resistance test occurred at baseline (+1 week from baseline)

No
Yes

DTG + RPV
N =186

56 (51-60)

135 (72.6)
50 (26.9)
0(0)

0(0)
1(0.5)

130 (69.9)
27 (14.5)
2(1.1)

27 (14.5)

14.5 (6.1-21.3)

N =146
678 (543-906)
N =183

210 (120-313)

183 (98.4)
3(1.6)

>1 resistance test documented prior to baseline

No
Yes

History of any resistance mutations

Single class resistance
NRTI only
NNRTI only
PI only
INSTI only

Two class resistance
NRTI + NNRTI
NRTI + PI
NRTI + INSTI
NNRTI + PI
NNRTI + INSTI
PI + INSTI

Three class resistance

NRTI + NNRTI + PI

NRTI + NNRTI + INSTI

63 (33.9)
123 (66.1)
83/123 (67.5)

19 (15.4)
3(2.4)
13 (10.6)
0(0)

7(5.7)
24 (19.5)
0(0.0)
2 (1.6)
0(0.0)
0(0.0)

11 (8.9)
2(1.6)

DTG 4 3TC
N =536

53 (44-59)

411 (76.7)
123 (22.9)
1(0.2)
1(0.2)
0(0)

352 (65.7)
108 (20.1)
6(1.1)

70 (13.1)

9.1 (4.6-16.9)

N =355
690 (534-924)

N =528
260 (144-385)

531 (99.1)
5(0.9)

216 (40.3)
320 (59.7)
136/320 (42.5)

10 (3.1)
22(6.9)
56 (17.5)
2(0.6)

9(2.8)
7(22)
0(0.0)
22(6.9)
0(0.0)
0(0.0)

6 (1.9)
1(0.3)

Other INSTI + RTI*
N=15

61 (59-68)

10 (66.7)
5(33.3)
0(0)
0(0)
0(0)

10 (66.7)
5(33.3)
0(0)

0 (0)

7.9 (1.9-16.3)

N=9
554 (443-648)

N=14
182 (90-234)

14 (93.3)
1(6.7)

3(20)
12 (80)
9/12 (75)

1(8.3)
0(0)

1(8.3)
1(8.3)

3(25)
0(0)

0(0.0)
1(8.3)
0(0.0)
0(0.0)

2(16.7)
0(0)

Overall
N =737

54 (47-59)

556 (75.5)
178 (24.2)
1(0.1)
1(0.1)
1(0.1)

492 (66.8)
140 (19)
8(1.1)

97 (13.2)

10.1 (4.7-18.8)

N =510
684 (532-920)

N =725
251 (134-366)

728 (98.8)
9(1.2)

282 (38.3)
455 (61.7)
228/455 (50.1)

30 (6.6)
25 (5.5)
70 (15.4)
3(0.7)

19 (4.2)
31(6.8)
0 (0.0)
25 (5.5)
0 (0.0)
0 (0.0)

19 (4.2)
3(0.7)

(Continues)
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TABLE 1 (Continued)
DTG + RPV DTG + 3TC Other INSTI + RTI? Overall
N =186 N = 536 N=15 N =737
NRTI + PI + INSTI 2(1.6) 1(0.3) 0(0) 3(0.7)
NNRTI + PI + INSTI 0 (0.0) 0(0.0) 0 (0.0) 0(0.0)
Four class resistance
NRTI + NNRTI + PI + INSTI 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0)

Note: Characteristics are summarized as n (%) or median [IQR].

Abbreviations: 3TC, lamivudine; ART, antiretroviral therapy; DTG, dolutegravir; HIV, human immunodeficiency virus; IQR, interquartile range; INSTI,
integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease

inhibitor; RPV, rilpivirine; RTI, reverse transcriptase inhibitor (NNRTI or NRTI).

“Other regimens: raltegravir+ etravirine (n = 10), raltegravir+ nevirapine (n = 1); raltegravir +rilpivirine (n = 1); dolutegravir +tenofovir disoproxil (n = 1);

dolutegravir + efavirenz (n = 1); dolutegravir + etravirine (n = 1).

assessments. Each of these events occurred at the
96-week time point, after which follow up was censored,
and 4 of the 6 had low-level viraemia. In all 6 cases, the
VL >50 copies/mL at 96 weeks was the first documented
loss of suppression experienced during follow up.

Among those on DTG + 3TC who lost suppression at
any point during follow up (n = 15), none had a documen-
ted history of mutations associated with resistance to DTG
or 3TC. Among those on DTG + RPV with any loss of sup-
pression (n = 12), one person had a history of a major
mutation associated with RPV resistance (K101E). There
were no events of loss of suppression among those on other
INSTI + RTI two-drug regimens. No one had a documented
resistance test to evaluate treatment-emergent mutations
following a protocol-defined virologic failure event.

Immunologic Response

The mean change in CD4 count/mm® between baseline
and 96 weeks among the 510/737 who had CD4 lab
values was an increase of 7 cells/mm?® (95% CI: —11 to
24), which was not statistically significant (p = 0.460).
Mean change in CD8 count/mm? over 96 weeks among
those with data (487/737) was statistically significant
(p = 0.002), with a mean decrease of —38 cells/mm?’
(95% CI: —64 to —14). The CD4:CD8 ratio change over
the study period also showed a statistically significant
change of +-0.05 (0.01 to 0.09, p = 0.016).

Safety

Overall, there were a total of 47 non-serious (grade 1 or
2) drug-related adverse events among 38/737 (5.2%) indi-
viduals in the analysis population; 28 of these events
occurred among 25/536 (4.7%) individuals taking DTG
+ 3TC and 19 events occurred among 13/186 (7.0%) of
individuals taking DTG + RPV.

TABLE 2 Virologic response to treatment with a two-drug
INSTI+RTI regimen at weeks 24, 48 and 96.

Events

N % (95% CI)
Suppressed (VL < 50 copies/mL)
598/605 98.8 (97.6-99.5)
579/588 98.5(97.1-99.3)
578/585 98.8 (97.6-99.5)

24 weeks <50 copies/mL
48 weeks <50 copies/mL
96 weeks <50 copies/mL

Low-level viraemia (VL > 50
and < 200 copies/mL)

24 weeks >50 and < 200 6/605 1.0 (0.4-2.1)
copies/mL
48 weeks >50 and < 200 8/588 1.4 (0.6-2.7)
copies/mL
96 weeks >50 and < 200 5/585 0.9 (0.3-2.0)
copies/mL
Viral load > 200 copies/mL
24 weeks >200 copies/mL 1/605 0.2 (0.0-0.9)
48 weeks >200 copies/mL 1/588 0.2 (0.0-0.9)
96 weeks >200 copies/mL 2/585  0.3(0.0-1.2)

Note: Proportions were estimated by dividing the number of participants
with the event by the total number of participants in the ITT population at
each time point (ITT as observed). Participants with missing values (no viral
load data) at each time point were excluded. Windows for data collection at
each time points were 24 weeks: 18-30 weeks, 48 weeks: 42-54 weeks;

96 weeks: 90-102 weeks. Data were censored at the time of baseline regimen
discontinuation.

The most common non-serious drug-related adverse
event was weight gain, which occurred in 8 people
(1.1%); this includes 7 events on DTG + 3TC and 1 event
on DTG + RPV. Diarrhoea, sleep disorders, pruritus and
rash all occurred in a small number of individuals (3, 3,
2, and 2 respectively). All other non-serious drug-related
AEs occurred in one person.

There were 2 drug-related SAEs occurring in 2 people
(0.3%) over 96 weeks. This includes an event of low
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TABLE 3 Regimen modification or discontinuation, stratified by baseline two-drug INSTI+RTI regimen.
Overall Total DTG + 3TC DTG + RPV Other INSTI + RTI
N =737 N =536 N =186 N=15
N % (95% CI) N % (95% CI) N % (95% CI) N % (95% CI)
Total discontinuation 39 5.3(3.8-7.2) 25 4.7 (3.0-6.8) 13 7.0 (3.8-11.7) 1 6.7 (0.2-31.9)
Switch for simplification 2 0.3 (0-1.0) 2 0.4 (0.0-1.3) 0 0.0 (0-2.0) 0 0.0 (0-21.8)
(switch to long acting)
Switch for virologic failure 4 0.5(0.1-1.4) 2 0.4 (0.0-1.3) 2 1.1 (0.1-3.8) 0 0.0 (0-21.8)
Switch for tolerability 17 2.3(1.3-3.7) 12 2.2(1.2-3.9) 5 2.7 (0.9-6.2) 0 0.0 (0-21.8)
Switch for toxicity 6 0.7 (0.2-1.6) 3 0.6 (0.1-1.6) 3 1.6 (0.3-4.6) 0 0.0 (0-21.8)
Switch for other reasons 10 1.5 (0.7-2.7) 6 1.1 (0.4-2.4) 3 1.6 (0.3-4.6) 1 6.7 (0.2-31.9)

Note: Regimen discontinuation defined by last prescription in medical record; reason for discontinuation reported as documented by treating clinician.
Abbreviations: DTG, dolutegravir; 3TC, lamivudine; RPV, rilpivirine; INSTI, integrase strand transfer inhibitor; RTI, reverse transcriptase inhibitor; CI,

confidence interval.

mood, documented in one person (0.2%) on DTG + 3TC
and an event of anxiety and depression that occurred in
one person (0.5%) on DTG + RPV.

No deaths were reported.

Regimen discontinuations

By 96 weeks of follow up, 39/737 individuals 5.3% (95% CI:
3.8-7.2%) had discontinued their baseline two-drug regimen
(Table 3). This included 25/536 DTG + 3TC
discontinuations [4.7% (95% CI:. 3.0-6.8%)], 13/186 DTG
+ RPV discontinuations [7.0% (95% CI. 3.8-11.7%)], and
1/15 discontinuation of another INSTI+RTI combination
[6.7% (95% CI: 0.2-31.9%)]. Among the 25 participants who
discontinued DTG + 3TC, 8 discontinuations occurred
between 0 and 24 weeks after initiation, 5 between 25 and
48 weeks and 12 between 49 and 96 weeks. Among the
13 participants who discontinued DTG + RPV, 6 discontinu-
ations occurred between 0 and 24 weeks, 2 between 25 and
48 weeks and 5 between 49 and 96 weeks.

Four discontinuations were attributed to virologic
failure. The most commonly documented reasons for
regimen discontinuation were switch for tolerability
[n=17;2.3% (95% CI: 1.3-3.7%)] and switch due to toxic-
ity [n=6; 0.7% (95% CIL: 0.2-1.6%)]. Two individuals
switched from DTG + 3TC to a long-acting injectable
two-drug regimen [cabotegravir (CAB) + RPV].

Predictors of loss of suppression

Baseline factors associated with risk of a viral load >50
copies/mL during 96 weeks of follow up are shown in
Table 4. In multivariate analyses, Black participants
had an increased risk of loss of viral suppression

[adjusted HR (aHR): 3.30, 95% CI: 1.42, 7.67]. Com-
pared to participants taking DTG + RPV, individuals
on DTG + 3TC or another INSTI+RTI regimen had a
lower risk of loss of suppression (aHR: 0.38, 95% CI:
0.18, 0.81).

DISCUSSION

The results of this real-world observational, multicen-
tre study support the use of oral two-drug INSTI+RTI
regimens, particularly the combinations of DTG + 3TC
and DTG + RPV, as effective switch regimens for viro-
logically suppressed, treatment-experienced people
with HIV. Low rates of virologic failure and high esti-
mated proportion of participants maintaining virologic
suppression were observed through 96 weeks of follow-
up across treatment groups. Of 737 individuals
included in the analysis, 5 (<1%) experienced protocol-
defined virologic failure (2 on DTG + 3TC and 3 on
DTG + RPV) within 2 years, and the proportion of par-
ticipants maintaining suppression was greater than
98% at each evaluated time point (24-, 48- and
96 weeks). Further, most events of loss of suppression
were low-level viraemia (19/23 viral loads >50 copies/
mL were <200 copies/mL), with the majority being
blips (resuppression observed).

There were 6 events of a single viral load >50 copies/
mL observed at 96 weeks, which were classified as poten-
tial failure events given the inability to observe the true
outcome, but with 4 of the 6 events measured as low-level
viraemia, and most people with low-level viraemia at ear-
lier timepoints resuppressing, this may be an overestima-
tion of potential failures.

Several other real-world studies have reported simi-
larly high degrees of effectiveness to our analysis, with
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TABLE 4 Baseline factors associated with the risk of plasma viral load >50 copies/mL during the 96 weeks of follow-up.

Events n (%) or median (IQR)

Total <50 copies/mL  >50 copies/mL  Univariable Multivariable
Characteristics N N =710 N=27 HR (95% CI) p-value HR (95% CI) p-value
Age, years 737 54 (47-59) 54 (49-59) 1.00 (0.96-1.03)  0.896
Gender
Male or Transgender 558 537 (96.2) 21 (3.3) 1
Female 178 172 (96.6) 6(3.4) 0.9 (0.36-2.23) 0.816
Ethnicity 0.033 0.020
White 492 480 (97.6) 12 (2.4) 1 1
Black 140 130 (92.9) 10(7.1) 3.01 (1.3-6.97) 0.010 3.30 (1.42-7.67) 0.006
Asian or other 105 100 (95.2) 5(4.8) 2.04 (0.72-5.79)  0.181 2.04 (0.72-5.8) 0.179
Duration of antiretroviral 737 10.3 (4.9-18.8) 7.3 (3.6-16.2) 0.96 (0.92-1.02)  0.165
treatment (years)
CD4 count nadir (cells/ 725 252 (136-374) 181 (97-313) 0.83(0.62-1.11)  0.202
mm?®)?*
CD4 count (cells/mm?)* 510 689 (540-924) 553 (392-758) 0.51 (0.25-1.05)  0.067
CD8 count (cells/mm?®)?* 487 795 (580-1043) 893 (635-1078)  1.06 (0.35-3.2) 0.912
CD4/CD8 ratio 487 0.9 (0.6-1.2) 0.6 (0.4-1.1) 0.86 (0.33-2.21) 0.747
Baseline regimen®
DTG + RPV 186 174 (93.5) 12 (6.5) 1 1
DTG + 3TC or Other 551 536 (97.3) 15 (2.7) 0.41 (0.19-0.88)  0.023 0.38 (0.18-0.81) 0.013
INSTI+RTI
Hypertension
No 559 541 (96.8) 18 (3.2) 1
Yes 178 169 (94.9) 9(5.1) 1.59 (0.71-3.53)  0.259
Hyperlipidaemia
No 545 528 (96.9) 17 (3.1) 1
Yes 192 182 (94.8) 10 (5.2) 1.66 (0.76-3.62)  0.206
Renal disorder
No 635 613 (96.5) 22 (3.5) 1
Yes 102 97 (95.1) 5(4.9) 1.43(0.54-3.77)  0.473
Liver disorder
No 677 653 (96.5) 24 (3.5) 1
Yes 60 57 (95) 3(5) 1.45(0.44-4.81)  0.546
Diabetes
No 690 665 (96.4) 25 (3.6) 1
Yes 47 45(95.7) 2(4.3) 1.15 (0.27-4.85)  0.850
Any resistance mutations 0.445
No 227 217 (95.6) 10 (4.4) 1
Yes 228 218 (95.6) 10 (4.4) 0.99 (0.41-2.38)  0.983
No genotype 282 275 (97.5) 7(2.5) 0.57 (0.22-1.5) 0.253
NRTI mutations 0.436
No 350 335(95.7) 15 (4.3) 1
Yes 105 100 (95.2) 5(4.8) 1.1 (0.4-3.03) 0.850
No genotype 282 275 (97.5) 7 (2.5) 0.59 (0.24-1.44) 0.242
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TABLE 4 (Continued)
Events n (%) or median (IQR)
Total <50 copies/mL  >50 copies/mL  Univariable Multivariable
Characteristics N N =710 N=27 HR (95% CI) p-value HR (95% CI) p-value
NNRTI mutations 0.443
No 364 348 (95.6) 16 (4.4) 1
Yes 91 87 (95.6) 4(4.4) 0.95(0.32-2.84)  0.926
No genotype 282 275 (97.5) 7(2.5) 0.57 (0.23-1.38)  0.209
PI mutations 0.328
No 307 292 (95.1) 15 (4.9) 1
Yes 148 143 (96.6) 5(34) 0.69 (0.25-1.89)  0.468
No genotype 282 275 (97.5) 7(2.5) 0.51(0.21-1.26)  0.145
INI mutations 0.260
No 446 427 (95.7) 19 (4.3) 1
Yes 9 8(88.9) 1(11.1) 2.75(0.37-20.51)  0.325
No genotype 282 275 (97.5) 7(2.5) 0.59 (0.25-1.41)  0.234
Mutation K103N/S 0.054
No 420 404 (96.2) 16 (3.8) 1
Yes 35 31 (88.6) 4(11.4) 2.96 (0.99-8.84)  0.053
No genotype 282 275 (97.5) 7(2.5) 0.66 (0.27-1.6)  0.358
Mutation M184V/I 0.444
No 387 370 (95.6) 17 (4.4) 1
Yes 68 65 (95.6) 3(4.4) 0.96 (0.28-3.26)  0.942
No genotype 282 275 (97.5) 7 (2.5) 0.57 (0.24-1.37)  0.208

Note: Variables with univariable p-value <0.20 were retained for the multivariable analysis. Univariable and multivariable Cox proportional hazard models
were used. For multivariable analysis, missing values for CD4 count and CD4 nadir were imputed with the mean value. Multivariable stepwise backward
technique was used to identify factors independently associated with the risk of viral load >50 copies/mL. In the final multivariate model, predictors with a p-

value of <0.05 were considered statistically significant.

Abbreviations: DTG, dolutegravir; RPV, rilpivirine; 3TC, lamivudine; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-nucleoside reverse
transcriptase inhibitor; PI, protease inhibitor; INSTI, integrase strand transfer inhibitor; IQR, interquartile range; CI, confidence interval; HR: hazard ratio.

Standard logarithm transformation for the model.

PFor the baseline regimen variable, DTG -+ 3TC and other INSTI+RTI regimens were combined into a single category due to zero events of VL>50 copies/mL

in the other INSTI + RTI regimens group.

more published data currently available for DTG/3TC
regimens than DTG/RPV or other INSTI4RTI regimens.
A 2021 systematic review identified 5 cohorts (n = 2224)
of treatment-experienced, virologically suppressed people
with HIV (n > 100) who were initiating DTG/3TC and
found 97-100% at week 48 and 92-100% at week 96 main-
tained suppression [10-15]. A more recent (2025) system-
atic review and meta-analysis pooled data among ART-
experienced individuals switching to DTG + 3TC and
estimated the proportions virologically suppressed at
48 weeks (from 24 studies with 7130 individuals) as
96.6% [95% CI: 95.0, 98.0] and at 96 weeks (9 studies with
3192 individuals) as 97.1% [95% CI: 94.6-99.0] [16]. The
TANDEM study, a chart review study from the US,
showed that among virologically suppressed people who

switched to a two-drug regimen, 96% of those on
DTG/3TC (median 81 weeks follow up) and 93% of those
on DTG/RPV (median 143 weeks follow up) maintained
suppression [17].

In the assessment of factors associated with loss
of suppression, Black ethnicity was identified as a signi-
ficant predictor of a VL >50 copies/mL. This is consi-
stent with findings in other European and US study
populations [18-20]. This may be partially attributed to
the fact that racial minorities with HIV are more likely to
experience social and economic factors impacting access
to care, quality of life, and overall physical and mental
health, compared to White individuals with HIV [21].
Migration status may also influence viral rebound and
other adverse HIV outcomes [22], with Black migrants
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from the Africa region having greater barriers to consis-
tent treatment and care, as well as increased HIV-related
stigma and discrimination in Europe [22, 23].

INSTI+RTI two-drug regimens were durable and
well-tolerated in this population. By 96 weeks, discontin-
uations of baseline regimens were overall low, but
slightly higher in the DTG + RPV group (7.0%, 95% CI:
3.8, 11.1%) compared to the DTG + 3TC group (4.7%,
95% CI: 3.0, 6.8%). Adverse events were also higher among
the DTG + RPV group (7.5% vs. 4.9% for DTG + 3TC),
which may have contributed to the discontinuation rate.

The most frequent (n = 8, 1.1%) individual adverse
event was weight gain, but only 3 regimen discontinua-
tions were attributed to weight changes. Weight-related
endpoints were not included as part of the per-protocol
analysis, so the extent of the weight changes cannot be
evaluated. Weight gain on DTG regimens has been docu-
mented in the literature, particularly when switching
from regimens containing EFV or TDF, which may have
a suppressive effect on weight [24-28]. The fact that
weight gain was only significant enough to be documen-
ted as an adverse event in a small proportion of the study
population reflects that most participants were switching
to an INSTI + RTI two-drug regimen from a DTG-based
three-drug regimen.

In this setting, proviral DNA testing capable of evaluat-
ing resistance in suppressed individuals, including
archived drug resistance mutations, was not commonly
available as part of routine care. Overall, 61.7% had at least
one resistance test documented in their medical record
that occurred at any point prior to baseline, and history of
any resistance mutations was documented in 50% of those
tested (67.5% DTG + RPV; 42.5% DTG + 3TC). However,
many of the documented mutations may no longer be pre-
sent in replicating virus given the duration of time
between prior testing and current INSTI+RTI exposures.
Of the 18/536 (3.6%) of individuals on DTG/3TC with
documented history of M184V/I resistance mutations,
none experienced loss of virologic suppression during
96 weeks of follow up. Similarly high levels of suppression
among individuals taking DTG + 3TC with prior docu-
mented M184V/I mutations have been reported in both
clinical trials and observational settings [7, 17]. One indi-
vidual on DTG + RPV and experiencing a single viral load
>50 copies/mL at 96 weeks had a K101E resistance muta-
tion, which confers low level reduced susceptibility to
RPV. No other individuals with loss of suppression of
DTG + RPV had documented history of mutations associ-
ated with reduced susceptibility to DTG or RPV.

Lack of resistance data prior to initiating a DTG-
based two-drug regimen is a risk for functional mono-
therapy should pretreatment resistance mutations to
NRTIs or NNRTI components go undetected. While the

lack of resistance testing at the time of suppressed switch
is expected in a setting where proviral DNA analysis is
not routinely available, close to 40% of the population
had no documentation of prior resistance assessments to
inform regimen selection. It is, therefore, reassuring that
in this study population neither the lack of resistance his-
tory nor the common occurrence of mutations among
those tested appears to have impacted the effectiveness of
DTG-based two-drug regimens given the very low viro-
logic failure rate.

The CD4+ cell count and CD4/CDS8 ratio are impor-
tant indicators of immune function and prognosis in peo-
ple with HIV who are receiving ART. DTG-based
regimens have been shown to support immune recovery
by increasing both markers among treatment-naive indi-
viduals initiating treatment [29-31]. In this study popula-
tion, however, individuals were stable on effective
treatment when switching to INSTI4RTI dual therapy.
Baseline mean CD4+ cell counts were high across regi-
mens [733 (IQR:708-757)] cells/mm?), as was the mean
CD4:CDS8 ratio of 1.00 (IQR:0.95-1.05). Over 96 weeks,
small and non-statistically significant increases in CD4
cell counts [mean change of +7 cells/mm?® (95% CI: —11
to 24), p=046] and small statistically significant
increases in the CD4:CD8 ratio [+0.05 (0.01 to 0.09),
p = 0.016] were documented. These small increases
likely had limited clinical impact and are consistent with
what has been seen in other switch cohorts. This suggests
that immune recovery had already occurred in these
treatment-experienced individuals, and that effective new
regimens sustain, rather than continue to improve
immune function after switch [7, 32, 33].

This analysis has limitations, including possible
selection bias introduced by inclusion of sites or partic-
ipants different in characteristics or health status com-
pared to the general population of people living with
HIV in Europe. This is not strictly a limitation applica-
ble to non-interventional study designs. More specific
to the secondary analysis of medical record data is the
potential for incomplete or missing information for key
variables, as data are only available if collected as part
of routine clinical practice. Additionally, the frequency
and timing of follow up between individuals is vari-
able. Participants with missing values were excluded
from the snapshot analyses which may have overesti-
mated effectiveness.

Due to the limitations of the available data, we were
unable to assess all characteristics which may have influ-
enced effectiveness and safety of oral two-drug regimens,
such as adherence and comorbidities, including hepatitis
B co-infections. This information may have provided
additional insights into the study population and treat-
ment responses; however, none of the 39 two-drug
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regimen discontinuations were attributed to reactivation
or new onset of co-infections, including hepatitis B, or to
adherence challenges. Further, there were no drug-
related adverse events or SAEs of reduced liver function
or hepatic flares which may occur with uncontrolled hep-
atitis infection.

As anticipated, the study population was primarily
prescribed DTG + 3TC or DTG + RPV. This is reflective
of currently approved two-drug oral treatment regimens,
but minimal representation of other INSTI + RTI dual
therapy regimens limits the generalizability of these
results to all oral INSTI + RTI regimens. Given the
time period of the study, some individuals initiated
DTG + RPV or DTG + 3TC prior to the availability of
these regimens in single tablet fixed-dose combination
formulations. We did not account for formulation in
our analysis, which may have missed differences in
outcomes among those with a higher pill burden com-
pared to those taking single-tablet regimens. Generally,
single-tablet HIV treatment is associated with increased
adherence and improved virologic outcomes [34]. The
high rates of suppression across the study population
suggest that 2DRs were effective regardless of formula-
tion or other unassessed characteristics like adherence.
Finally, COVID-19 may have impacted clinical prac-
tices towards the end of the study period, potentially
influencing prescribing patterns and frequency of clini-
cal follow up.

In conclusion, the results of this study from a large
European multicentre sample reflective of real-world clini-
cal practice show that INSTI+RTI two-drug regimens, spe-
cifically DTG + 3TC and DTG + RPV, were effective
maintenance therapies for virologically suppressed people
with HIV. In addition to high rates of continued suppres-
sion, adverse events were few and non-serious, and all-
cause discontinuations infrequent over 96 weeks of follow
up. These findings support the use of oral two-drug regi-
mens (DTG + 3TC, DTG + RPV) as a treatment switch
strategy for people living with HIV who are stable on their
current ART regimens.
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