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Risk of clinical events in virologically suppressed people with
HIV switching to a two-drug regimen vs. remaining on a
three-drug regimen: a target trial emulation

- Q% b,r

Cristina Mussini, ™" Andrea Giacomelli,”" Eugenia Quiros-Roldan,* Valentina I\/Iazzor:ta,d Antonio Di Biagio,” Andrea De Vito,f Andrea Costantini,’
Gabriella D’Ettorre,” Andrea Giacometti,” Alessandra Vergori,d Alessandro Tavelli”* Vincenzo I\/la!agnino,’ Antonella Castagna,™”

Johanna Chester,” Andrea Antinori,* Antonella d’Arminio Monforte, and Alessandro Cozzi-Lepri,° on behalf of the Icona Foundation Cohort Study
for the Icona Foundation Study Group?

%Infectious Diseases Unit, Azienda Ospedaliero-Universitaria Policlinico di Modena; University of Modena and Reggio Emilia, School of
Medicine, Modena, Italy

bDepartment of Biomedical and Clinical Sciences, Universita degli Studi di Milano, Il Infectious Disease Unit, ASST-Fatebenefratelli
Sacco Milano, Italy

“Department of Clinical and Experimental Sciences, Unit of Infectious and Tropical Diseases, University of Brescia and ASST Spedali
Civili di Brescia, Brescia, Italy

dClinical and Research Infectious Diseases Department, National Institute for Infectious Diseases, Lazzaro Spallanzani IRCCS, Rome,
Italy

“Department of Specialist Medicine, Infectious Disease Clinic, IRCCS Ospedale Policlinico San Martino, Genoa, Italy

fUnit of Infectious Diseases, Department of Medicine, Surgery and Pharmacy, University of Sassari, Sassari, Italy

9Clinical Immunology Unit, Azienda Ospedaliero Universitaria delle Marche, Department of Biomedical Sciences and Public Health,
Polytechnic University of Marche, Ancona, Italy

PDepartment of Public Health and Infectious Diseases, Umberto | Hospital, Sapienza University of Rome, Rome, Italy

Infectious Diseases Unit, Azienda Ospedaliero Universitaria delle Marche, Department of Biomedical Sciences and Public Health,
Polytechnic University of Marche, Ancona, Italy

Jlcona Foundation, Milan, Italy

“National PhD Programme in One Health Approaches to Infectious Diseases and Life Science Research, Department of Public Health,
Experimental and Forensic Medicine, University of Pavia, Pavia, Italy

'Policlinico Tor Vergata, University of Rome “Tor Vergata”, Rome, ltaly

MInfectious Diseases Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy

"Department of Surgical, Medical, Dental and Morphological Sciences Related to Transplant Oncology and Regenerative Medicine,
University of Modena and Reggio Emilia, Modena, Italy

°Centre for Clinical Research, Epidemiology, Modelling and Evaluation (CREME), Institute for Global Health, UCL, London, UK
PIRCCS Ospedale San Raffaele Universita Vita-Salute, Milan, Italy

Summary

Background Guidelines support the switch to a two-drug regimen (2DR) in virologically suppressed people with HIV
(PWH) on a three-drug regimen (3DR). Randomized clinical trials have not included clinical outcomes in study
endpoints. We provide estimates of 3-year clinical risk by means of a target trial emulation using the data of a
large cohort of PWH in Italy.

Methods PWH from the Icona Foundation Study who were virologically suppressed (HIV-RNA <50 copies/mL) for
>6 months on a 3DR on or after November 2014, were enrolled (database closure on July 31, 2024). PWH were
classified according to therapeutic strategies: switching to 2DR (protease inhibitors or dolutegravir plus lamivudine
or dolutegravir plus rilpivirine) or remaining on 3DR (any combination). The primary endpoint was the time to the
first clinical composite event (cardiovascular disease [CVD], cancer [AIDS and non-AIDS related], or death). We
calculated the difference in 3-year risk between therapeutic strategies, estimated using a weighted non-
parametric Kaplan—-Meier estimator.
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Findings 7672 participants entered the analysis: 629 (8.2%) switching to 2DR and 7043 (91.8%) remaining on
3DR. Over the 3-year follow-up, 408 events were registered (64 CVD, 234 cancer, and 110 deaths). The 3-year
adjusted risk estimate was 2.55 (95% CI 1.72, 5.33) in 2DR vs. 4.69 (95% CI 4.48, 6.17) in 3DR. The
difference (-2.15% [95% CI -3.56%, —0.20%]) in favor of 2DR was mainly driven by events of non-AIDS

related cancer and mortality.

Interpretation This study provides evidence that virologically suppressed PWH can be safely switched to 2DR, and
may slightly reduce the 3-year risk of a composite clinical outcome.

Funding The Icona Foundation Study is supported by unrestricted grants from Gilead Sciences, ViiV Healthcare,

Merck Sharpe & Dohme.

Copyright © 2025 The Authors. Published by Elsevier Ltd. 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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Research in context

Evidence before this study

We conducted a search on PubMed/Medline, Web of Science
and Scopus for English-language clinical trials and/or cohort
studies and/or review articles, published up to January 22,
2024. Studies reporting a comparison of the effectiveness
between 2-drug regimens (2DRs) and 3-drug regimens
(3DRs) on clinical outcomes in virologically suppressed
people with HIV virus (PWH) who switched or maintained
antiretroviral therapy (ART). We searched for studies with
clinical endpoints using combinations, abbreviations, and
variations of the following search terms: “HIV”, “dual
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therapy”, “triple therapy”, “two-drug regimens”, “three-drug
regimens”, “clinical outcome”, “cancer”, “cardiovascular
disease”, "death”, and “switch”.

Currently, no randomized clinical trials (RCT) of ART in PWH
include clinical outcomes as a study end-point. The RESPOND
cohort, currently the largest available study of real-world
data (RWD) evaluating over 9000 PWH, reported no
difference in clinical outcomes between 2DR and 3DR
regimens. However, results were not generated according to
the European Medical Agency’s methodological
recommendation for the comparison of treatment strategies
in an observational setting: target trial emulation (TTE).
The differential risk of developing clinical outcomes
(cardiovascular events [CVD], cancer [AIDS and non-AIDS-
related], or death) in virologically suppressed PWH switching
from 2DR compared to remaining on 3DR remains unclear.
Further research of observational data assessed with TTE may
assist in guiding clinicians in their clinical decision making.

Introduction

Dual therapy (2DR) is the current recommended by
guidelines as a possible antiretroviral therapy (ART)
strategy for people with HIV (PWH), either as first-line
or switch.'* The most prescribed 2DR therapy strategy

Added value of this study

Our study utilized RWD data of PWH enrolled in the ICONA
Foundation Study; the largest cohort of PWH in Italy. A TTE
was conducted on virologically suppressed PWH switching to
2DR or remaining on 3DR. The primary aim of the evaluation
was the risk of a composite clinical event of CVD, cancer, and
death. The 3-year causal effects of treatment strategies were
estimated using a weighted non-parametric Kaplan-Meier
estimator.

Our study found a small but significantly lower 3-year clinical
event risk for PWH who switched to 2DR. After adjustment
for immortal-time and confounding bias, the estimated
difference in risk was 2.15% in favor of switching to 2DR vs
remaining on 3DR. Our findings provide clinicians with
evidence that virologically suppressed PWH switching to 2DR
are at less risk of clinical events at 3 years.

The major strength of our analysis is the estimate of causal
effect with TTE analysis with RWD. Similar estimates are
unlikely to be produced by RCTs in the near future.

Implications of All the Available Evidence

Our findings reassure clinicians that switching to 2DR in
virologically suppressed PWH is safe and may slightly reduce
the risk of clinical events at 3 years. As prospective
randomized comparisons with clinical endpoints are unlikely
to be conducted soon, and as most current and future ART
combinations are based on a 2DR strategy, RWD are crucial
for guiding current clinical decisions.

is dolutegravir/lamivudine (DTG/3TC). Current guide-
lines were developed based on evidence from several
trials proving virological non-inferiority of 2DR regi-
mens compared to standard care with triple regimens
(3DR).“* The rationale for implementing 2DR for
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virologically suppressed PWH is based on reducing
drug exposure and long-term side effects, whilst pre-
serving virological efficacy.

3DR ART was responsible for transformed HIV into
a chronic condition. Compared to people without HIV,
PWH now enjoy a similar life expectancy,” but more
years with comorbidities.”” It has been hypothesized
that the anticipated onset of comorbidities in PWH may
be due to a state of chronic inflammation, maintained
despite ART-related plasma viral suppression." How-
ever, studies on circulating markers correlated to
chronic inflammation among PWH in 2DR and 3DR
showed conflicting results, ranging from no evidence of
a difference to potentially higher transient levels of
inflammation among those treated with 2DR.>"
Nevertheless, whether prolonged ART with 2DR may
be associated with a higher risk of clinical endpoints,
such as cardiovascular events and non-AIDS-related
cancer, is to be established. As analysis of clinical out-
comes require large sample sizes and prolonged follow-
up, randomized clinical HIV trials do not include
clinical outcomes among the study endpoints. There-
fore, real-world data (RWD) are crucial for risk assess-
ment of clinical events over the follow-up.

The RESPOND retrospective observational study
evaluated >10,000 PWH treated with either 2DR or 3DR
and reported no difference in the incidences of clinical
events. The authors concluded that despite the use of a
large patient cohort, further research on clinical out-
comes was necessary.'°

The European Medical Agency recommends retro-
spective analysis of RWD with a target trial emulation
(TTE) methodology. We conducted a TTE of virologi-
cally suppressed PWH, randomized either to switching
to 2DR or remaining on 3DR, according to retrospective
therapy strategies undertaken. The primary outcome
was the 3-year risk of a new clinical event, defined as a
composite outcome of cardiovascular disease (CVD),
cancer or death.

Methods

Study design

We performed a TTE according to an established
framework.””"* The analysis was designed with the
TANGO and SALSA trials as reference, with some
small differences in overall design.**

Data from the Icona Foundation Study, an Italian
prospective observational cohort of ART-naive, PWH
adults, were accessed.” Cohort enrolment began in
January 1997, and is ongoing. Data include laboratory
parameters, dates of initiation and interruption of ARTs
and the incidence of clinical outcomes."”

Ethics

The institutional review boards of all participating
centers approved the Icona Foundation Study. Each
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participant signed an informed consent according to
committee ethical standards and the Helsinki Declara-
tion (October 2013). Our current study proposal was
shared with patient representatives at the annual Icona
Foundation Study meeting (2023). The latest amend-
ment of the ICONA Foundation Study was approved
centrally by the Lazio Area 4 Territorial Ethics Com-
mittee on 01 July 2024 (approval 158 no. 83-2024).
Reporting of the study follows the strengthening of the
reporting of observational studies in epidemiology
(STROBE) guidelines.?

Eligibility criteria and treatment strategies

We considered all virologically suppressed (>6 months
of HIV-RNA <50 cp/mL) participants, registered after
Italian health authorities recommended a switch strat-
egy to protease-inhibitor [PI]-based 2DR, in virologically
suppressed PWH (on or after November 1, 2014). We
excluded PWH with contraindications for 2DR (positive
HBsAg and pregnancy, Supplementary Figure S1).

Follow up, outcomes, and definitions

Baseline for the main analysis we used as time zero the
last time a participant was eligible for the target trial (see
criteria above) while in a key sensitivity analysis we used
as time zero the first of these eligible times (on or after
November 1, 2014). Eligible patients were included in
the analysis until the registration of a composite clinical
endpoint, confirmed HIV-RNA rebound (two consecu-
tive values > 50 copies/mlL), last cohort visit or an
administrative censoring date (the date of database
closure on July 31, 2024), whichever occurred first.

We used a procedure of cloning (i.e. the creation of a
copy for each of the participants), censoring and
weighting for treatment strategies that are initiated
during a grace period after study entry, as previously
described.”’ This analytical procedure with adequate
adjustment was chosen to estimate the per-protocol
effect.”” A complete description of the implementation
target trial study procedure, comprehensive of cloning,
survival time definition, handling of vital status and
estimation of the censoring weights, are reported in
Supplementary materials.

Briefly, after applying the cloning, artificial
censoring was applied for clones allocated to 3DR when
switching to 2DR within 6 months from baseline (the
“grace period”). Follow-up was censored at the time of
starting 2DR. For clones assigned to 2DR if they did not
follow the trial strategy (i.e. they did not switch to 2DR
with DRV/r/c+3TC or ATV/r/c+3TC or DTG + RPV or
DTG+3TC within 6 months from baseline) their follow-
up was censored at 6 months (see Supplementary ma-
terial for further details).

The primary outcome was a composite clinical
endpoint, defined as the time to newly develop CVD
(myocardial infarction, stroke, or coronary revasculari-
zation), cancer (both AIDS and non-AIDS-defining
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cancer) or death events from baseline. Secondary out-
comes were the time to CVD or CVD-associated-death,
and cancer and cancer-associated death. Clinical events
were collected using a dedicated clinical case form and
causes of death were verified by two independent clini-
cians (AG and ADV) when data were missing in the
database. In case of any discrepancy, a third senior
researcher (ADM) reviewed the clinical case for a final
decision.

Statistical analysis

We emulated a parallel trial in which virologically sup-
pressed PWH (for >6 months) were assigned either to
switching to 2DR or remaining on 3DR within a grace
period of 6 months. All regimens of any combination of
3 drugs defined the 3DR strategy. In contrast, only
switches to combinations which included darunavir/ri-
tonavir (DRV/r) or cobicistat (DRV/c) + lamivudine
(3TC); atazanavir/ritonavir (ATV/r) or cobicistat (ATV/
¢) + 3TC; dolutegravir (DTG) + rilpivirine (RPV), and
DTG + 3TC within the grace period (6 months from
study date baseline) defined the 2DR strategy.

Survival curves were estimated using a weighted
non-parametric Kaplan-Meier estimator. The 95%
confidence intervals for the difference in 3-year risk of
outcomes by treatment strategy were obtained using
non-parametric bootstrap with 100 replicates. To assess
the extent of immortal and confounding bias, we
compared TTE results to unweighted estimates with
and without cloning.

We used a “disjunctive cause” criterion for selecting
covariates for propensity scores models.”> Specifically,
variables used to construct the weights to control for
informative censoring induced by the cloning were:
calendar year of baseline, age, sex at birth, nadir and
CD4 counts at baseline, zenith and baseline CD8
counts, peak in HIV-RNA before baseline, duration of
viral suppression before baseline, nationality (Italian vs.
foreign), mode of HIV transmission, number of PI and
of NNRTI previously virologically failed, total duration
of ART, use of abacavir and class of anchor drug used at
baseline, gap in care (defined as >18 months with no
clinical visits) prior to baseline (yes/no), participating
clinical site, and traditional risk factors for CVD and
cancer collected at baseline (BMI, hypertension,
smoking, total cholesterol and diabetes). All continuous
variables were fitted with a single parameter (linear
assumption). Arterial hypertension was defined as a
systolic blood pressure >140 mm Hg or a diastolic
blood pressure >90 mm Hg registered at > 2 cohort
visits or receiving antihypertensive drugs. Diabetes was
defined as a confirmed glycemia value > 126 mg/dL or
receiving antidiabetic medication. When incorporating
variables with missing values (smoking 13% and blood
pressure 17%) in the propensity score models, a
missing indicator method was used.

Sensitivity analyses

Potential selection bias in the main analysis was
controlled for with key sensitivity analyses: 1) applying
the date of the first episode of virological suppression;
2) selecting 3TC/DTG as the only 2DR-defining strat-
egy; 3) restricting participants to those using 2NRTI + 1
anchor drug at baseline; 4) removing participants with a
history of virological failure to 3TC at baseline, and 5)
excluding participants with an AIDS diagnosis prior to
baseline. Finally, we also performed a sensitivity anal-
ysis after removing from the cohort participants who
use 2DR-based regimens after the end of the grace
period. To test the robustness to violations of the causal
model assumptions, additional sensitivity analysis with
a nonparametric approach was adopted. Specifically, the
minimum strength of association between unmeasured
confounders, treatment assignment, and the primary
outcome that would be needed to bring the risk dif-
ference between treatment assignment and outcome to
zero, was calculated by an e-value estimate.”” For
example, an e-value of 2 means that an unmeasured
confounder must have an RR of at least 2.0 with both
the intervention and the outcome, to fully explain the
treatment strategy—outcome association, conditional on
all measured covariates. All statistical analyses were
performed using SAS (version 9.4, SAS Institute, Cary,
NC, USA) and Stata (StataCorp. 2023. Stata Statistical
Software: Release 18. College Station, TX: StataCorp
LLC).

Role of funding source

The Icona Foundation Study is supported by unre-
stricted grants from Gilead Sciences, ViiV Healthcare,
Merck Sharpe & Dohme. The supporters have no role
in the study design and data interpretation.

Results

The main study population characteristics are summa-
rized in Table 1. 7672 participants entered the analysis:
629 (8.2%) switched to 2DR and 7043 (91.8%)
continued/switched 3DR.

Switching to 2DR was less likely in female PWHs
(18% vs. 21%, p = 0.05), and more likely in PWH men
who have sex with men (MSM) (49% vs. 44%, p = 0.01),
are of Italian nationality (88%, vs. 84%, p = 0.008), and
receive an INSTI-based regimen at baseline (p < 0.001).
The median calendar year of baseline in participants
who switched to 2DR was 2016 vs. 2018 in 3DR,
p < 0.001. Participants on a 3DR strategy had longer
periods from HIV diagnosis to baseline (74 vs. 53
months, p < 0.001) and ART duration (56 vs. 39
months, p < 0.001). PWH switched to 2DR were less
likely to have experienced a gap in care (5% vs. 9%,
p = 0.002). There was no evidence for a difference in
classic CVD and cancer risk factors, except for diabetes,
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Characteristics at baseline® Treatment strategy
2DR 3DR p-value” Total
N = 629 N = 7043 N = 7672

Age, years 0.134

Median (IQR) 45 (38, 53) 46 (38, 54) 46 (38, 54)
Gender, n (%) 0.051

Female 111 (17.6%) 1475 (20.9%) 1586 (20.7%)
Mode of HIV Transmission, n (%) 0.013

PWID 51 (8.1%) 678 (9.6%) 729 (9.5%)

MSM 305 (48.5%) 3110 (44.2%) 3415 (44.5%)

Heterosexual 225 (35.8%) 2853 (40.5%) 3078 (40.1%)

Other/Unknown 48 (7.6%) 402 (5.7%) 450 (5.9%)
Nationality, n (%) 0.008

Italian 553 (87.9%) 5911 (83.9%) 6464 (84.3%)
Current CD4 count, cells/mmc 0.650

Median (IQR) 677 (493, 905) 692 (499, 902) 690 (499, 903)
Nadir CD4 count, cells/mmc 0.799

Median (IQR) 289 (164, 432) 297 (163, 427) 296 (163, 427)
Peak viral load, log10 copies/mL 0.469

Median (IQR) 4.85 (4.20, 5.41) 4.83 (4.22, 5.34) 4.83 (4.22, 5.34)
Number of previous ART failures 0.834

Median (IQR) 334 334 334
Previous Pl failures, n (%) 0.064
Yes 36 (5.7%) 491 (7.0%) 527 (6.9%)
Previous NNRTI failures 0.236
Yes 27 (4.3%) 359 (5.1%) 386 (5.0%)
Time from baseline to 2DR switch, days

Median (IQR) 92 (31, 153) 92 (31, 153)
Time from ART initiation to baseline, months <.001

Median (IQR) 39 (13, 92) 56 (24, 101) 55 (23, 100)
Time from HIV diagnosis to baseline, months <.001

Median (IQR) 53 (17, 126) 74 (33, 141) 73 (31, 140)
Class of previous anchor, n (%) <.001

INSTI 296 (47.1%) 2537 (36.0%) 2833 (36.9%)

NNRTI 171 (27.2%) 2859 (40.6%) 3030 (39.5%)

PI 149 (23.7%) 1491 (21.2%) 1640 (21.4%)

Other 13 (2.1%) 156 (2.2%) 169 (2.2%)
Gap in care before baseline >18 months, n (%) 0.002

Yes 34 (5.4%) 634 (9.0%) 668 (8.7%)
Year of enrolment <.001

Median (IQR) 2016 (2016, 2019) 2018 (2016, 2020) 2018 (2016, 2020)
BMI 0.031

Median (IQR) 24 (22, 26) 24 (22, 27) 24 (22, 26)
Hypertension, n (%) 0.626

No 183 (29.1%) 2073 (29.4%) 2256 (29.4%)

Yes 331 (52.6%) 3788 (53.8%) 4119 (53.7%)
Smoking, n (%) 0.216

No 303 (48.2%) 3457 (49.1%) 3760 (49.0%)

Yes 232 (36.9%) 2703 (38.4%) 2935 (38.3%)
Total cholesterol 0.202

Median (IQR) 185 (158, 210) 186 (161, 214) 186 (161, 214)
Use of abacavir, n (%) <.001

Yes 200 (31.8%) 799 (11.3%) 999 (13.0%)
Duration of last episode of VL suppression <.001

Median (IQR) 28 (11, 66) 41 (15, 75) 40 (14, 74)

(Table 1 continues on next page)
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Characteristics at baseline®

Treatment strategy

2DR 3DR p-value® Total
N = 629 N = 7043 N = 7672
(Continued from previous page)
Zenith CD8 count, cells/mmc 0.099
Median (IQR) 1292 (926, 1737) 1316 (974, 1768) 1315 (970, 1764)
Diabetes, n (%) 0.064
Yes 22 (3.5%) 365 (5.2%) 387 (5.0%)

List of abbreviations: 2DR, two drug regimens; 3DR, three drug regimens; IQR, Inter Quartile Range; PWID, people who inject drugs; MSM, men who have sex with men;
VL, viral load; CD, cluster of differentiation; BMI, body mass index; ART, antiretroviral therapy; Pl, protease inhibitors; NNRTI, non-nucleoside reverse transcriptase
inhibitors; INSTI, integrase strand transfer inhibitors. At least one VL < 50 copies/mL after November 2014. Chi-square and Mann-Whitney test, as appropriate.

Table 1: Main characteristics of the study population according to baseline trial intervention strategy.

which was slightly more frequent in participants in the
3DR strategy (5% vs 4% p = 0.06).

The plot of the standardised mean differences con-
firms that the largest imbalance in characteristics by
intervention was observed within the first year from
baseline. However, for all key potential confounding
variables, after weighting the standardised difference
was <10% (shown as the negligible difference region in
grey in Supplementary Figure S2A).

Fig. 1 shows the 2DR switch strategy prescribed af-
ter baseline. The graph shows both the switches within
the 6-month grace period (red bars) and the overall
switches (at any time point during therapy; blue bars).
The most frequent 2DR switch strategy was the 3TC/
DTG combination (507/629; 77%), followed by RPV/
DTG (7%).

Main composite outcome analysis

Table 2 outlines the descriptive analysis’ composite
clinical endpoint by treatment strategy. Within 3 years,
408 (5.3%) events were registered (64 [0.8%] CVD, 234
[3.1%] cancers [36 (0.5%) AIDS related, and 198 (2.6%)
non-AIDS related] and 110 (1.4%) deaths. A lower
overall crude risk of clinical events was observed in the
2DR strategy compared to the 3DR strategy (2.9% vs.

3TC/ATV

3TC/DTG

RPV/DTG oy

2DR regimens

3TC/DRV

0 500 1000 1500

Number of participants

2000 2500

Grace period ™ Overall

Fig. 1: Overall and baseline 2DR switches. Legend 2DR switches
occurred within the grace period in red and in the observational
cohort in blue.

5.5%), mainly due to a lower frequency of non-AIDS
cancers in 2DR strategy (1.4% vs. 2.7%) and deaths
(0.5% vs. 1.5%). The distribution of the specific causes
of death is described in Table 2. Supplementary
Table S1 shows the types of cancers registered by
treatment strategy.

Table 3 shows the results of the main survival
analysis. The estimated 3-year cumulative risk of the
composite clinical event in the unweighted Kaplan—
Meier analysis was slightly lower than the crude risks
calculated in the descriptive analysis, not accounting for
time, amounting to 2.8% in 2DR vs. 5.11% in 3DR (risk
difference of -2.31% [95% CI -3.34%, -1.29%))
(Table 3, Supplementary Figure S3 [log-rank p-
value = 0.004]). This unweighted Kaplan—Meier plot
showed a very low incidence of events in the switch to
2DR group over the first 3-9 months. Results were
similar after weighting (Supplementary Figure S4). In
the fully adjusted analysis (controlling for both
immortal time and confounding bias), the 3-year risk
difference in the main composite clinical outcome
remained in favour of the 2DR treatment strategy
(-2.15% [95% CI -3.56%, —0.20%)]). The sensitivity
analysis for the possible effect of unmeasured con-
founding produced an e-value of 3.28 [Supplementary
Figure S7].

Sensitivity analyses for the main composite
outcome

The main characteristics of the study population
included in the sensitivity analyses are reported in
Supplementary Table S2. The plot of the standardised
mean differences for the main and sensitivity analyses
are depicted in Supplementary Figure S2B. Compared
to the main analysis, the difference in the 3-year risk
estimated in the sensitivity analyses 1-5 was attenu-
ated: -1.37% (95% CI -2.49%, —1.26%) analysis 1
(Table 4); ~1.93% (95% CI —3.86%; —0.35%) analysis 2
(Supplementary ~ Table  S3),  -2.06%  (95%
ClI -3.70%; -0.22%) analysis 3 (Supplementary
Table S4), and -1.64 (95% CI -2.57%, —0.41%) anal-
ysis 4 (Supplementary Table S5). Results were similar
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to the main analysis -2.18% (95% CI —3.52%; —0.11%)
for sensitivity analysis 5 (Supplementary Table S6) and
in the analysis performed after removing from the data
set participants who used 2DR-based regimens after the
end of the grace period (Supplementary Table S7).

Secondary outcomes

The analyses of the secondary outcomes are reported in
Tables 5 and 6. These analyses showed inconclusive
evidence for a difference in 3-year risk between treat-
ment strategies, both for cancer/death due to cancer
[-0.57% (95% CI —1.80%, +0.83%)] and for CVD/death
due to CVD [-0.71% (95% CI —1.98%, +0.95%)].

Events (% of total) Treatment strategy
2DR (n = 629) 3DR (n = 7043) Total (n = 7662)
Total 18 (2.9%) 390 (5.5%) 408 (5.3%)
AIDS cancer 1 (0.2%) 35 (0.5%) 36 (0.5%)
Non-AIDS cancer 9 (1.4%) 189 (2.7%) 198 (2.6%)
CcVD 5 (0.8%) 59 (0.8%) 64 (0.8%)
Death 3 (0.5%) 107 (1.5%) 110 (1.4%)
Causes of death
AIDS 0 10 (9.4%) 10 (9.1%)
Other infections (COVID-19, sepsi) 1(33.3%) 16 (14.9%) 17 (15.5%)
Respiratory disease 0 3 (2.8%) 3 (2.7%)
Liver disease 1 (33.3%) 8 (7.5%) 9 (8.2%)
Violent death (suicide, accident) 1 (33.3%) 13 (12.1%) 14 (12.7%)
Cancer 0 8 (7.5%) 8 (7.3%)
D 0 18 (16.8%) 18 (16.4%)
Renal disease 0 2 (1.9%) 2 (1.8%)
Other/Unknown 0 29 (27.1%) 29 (26.3%)
Table 2: Composite clinical endpoint: events by baseline trial intervention strategy.

Discussion

Our TTE analyses found that ART-experienced, viro-
logically suppressed PWH who switch to 2DR have a
small but significantly lower 3-year risk of composite
clinical outcomes (CVD, cancer and death) compared to
remaining on 3DR.

Previous RCTs have reported no evidence for a dif-
ference in virological outcome between 2DR and 3DR,
but clinical endpoints of morbidity and mortality were
not evaluated.** However, some RCTs and observa-
tional studies have underlined a potential increase in
inflammation in 2DR compared to 3DR. The Icona
Foundation Study reported a higher increase in

Strategy 3-year risk of 95% Cl
composite clinical
endpoint® (%)
Original cohort
2DR 2.80 2.49, 430
3DR 5.11 4.77, 6.61
Difference -2.31 -3.34, -1.29
Emulated cohort
2DR 2.80 2.02, 4.85
3DR 4.43 4.21, 5.75
Difference -1.63 -2.93, -0.24
Adjusted” emulated cohort
2DR 2.55 172, 5.33
3DR 4.69 4.48, 6.17
Difference -2.15 -3.56, -0.20
“Weighted for age, sex, mode of transmission, age, AIDS, nadir CD4, most
recent CD4, peak HIV-RNA, duration of ART, class of anchor drug at baseline,
zenith CD8, risk factors for CVD, duration of VL suppression, number of PI/
NNRTI failures, adherence score and clinical site. °CVD, Cancer or death.
Table 3: Kaplan-Meier estimates of the 3-year risk of the composite
clinical endpoint by trial intervention strategy, and risk difference
with 95% Cl.

Strategy 3-year risk of 95% Cl
composite clinical
endpoint® (%)
Original cohort
2DR 1.03 0.84, 1.94
3DR 1.96 175, 3.16
Difference -0.93 -1.75, -0.50
Emulated cohort
2DR 0.35 0.23, 0.48
3DR 1.66 1.51, 2.67
Difference -1.31 -2.30, -1.19
Adjusted” emulated cohort
2DR 0.26 0.14, 0.42
3DR 1.63 1.48,2.78
Difference -1.37 -2.49, -1.26

“Weighted for age, sex, mode of transmission, age, AIDS, nadir CD4, most
recent CD4, peak HIV-RNA, duration of ART, class of anchor drug at baseline,
zenith CD8, risk factors for CVD, duration of VL suppression, number of PI/
NNRTI failures and adherence score. °CVD, Cancer or death.

Table 4: Kaplan-Meier estimates of the 3-year risk of the composite
clinical endpoint by trial intervention strategy and risk difference
with 95% CI (first viral suppression episode).
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Strategy 3-year risk of 95% CI
cancer/death
due to cancer (%)
Original cohort
2DR 1.93 152, 2.87
3DR 2.41 2.06, 3.10
Difference -0.48 -1.26, 0.37
Emulated cohort
2DR 1.64 0.70, 2.75
3DR 2.28 2.07, 2.95
Difference -0.64 -1.80, 0.29
Adjusted” emulated cohort
2DR 1.85 0.88, 3.61
3DR 2.42 2.15, 3.16
Difference -0.57 -1.80, 0.83
“Weighted for age, sex, mode of transmission, age, nadir CD4, most recent
CD4, peak HIV-RNA, duration of ART, class of anchor drug at baseline and
adherence score.
Table 5: Kaplan-Meier estimates of the 3-year risk of cancer and
cancer related death by trial intervention strategy and risk difference
with 95% Cl.

inflammation (CD8 count) after switching to 2DRs vs.
remaining on 3DR.” The Spanish AIDS research
network, a large observational study, proved a signifi-
cant increase in IL-6, hrCRP and d-Dimer in virologi-
cally suppressed PWH under 2DR, but only after 3
years from the date of switching. The study included
both PI and INSTI-based ART.” Among RCTs, the
TANGO study reported a significantly higher concen-
tration of IL-6 in the DTG/3TC compared to the 3DR
arm," while in the DEBATE trial, there was a higher
expression of CD4 lymphocyte count of activation

Strategy 3-year risk of 95% Cl
CVD/death due
to CVD (%)
Original cohort
2DR 1.97 1.62, 2.94
3DR 2.44 2.10, 3.22
Difference -0.48 -1.27, 0.26
Emulated cohort
2DR 1.56 0.84, 2.80
3DR 232 211, 3.02
Difference -0.76 -1.79, 0.17
Adjusted” emulated cohort
2DR 1.76 0.79, 3.80
3DR 2.47 2.26,3.27
Difference -0.71 -1.98, 0.95
“Weighted for age, sex, mode of transmission, age, AIDS, nadir CD4, most
recent CD4, peak HIV-RNA, duration of ART, class of anchor drug at baseline,
zenith CD8, risk factors for CVD, duration of VL suppression, number of PI/
NNRTI failures and adherence score.
Table 6: Kaplan-Meier estimates of the 3-year risk of the CVD events
of death due to CVD by trial intervention strategy and risk difference
with 95% Cl.

markers and non-classical monocytes in the DTG/3TC
compared to the bictegravir/emtricitabine/tenofovir
alafenamide arm, 6 months after switch. This differ-
ence was attenuated by 12 months.”

Our clinical study did not measure inflammation.
Nevertheless, the major inflammation driver is
considered viral replication.”® In our study, there was
no difference in zenith viral load among groups. The
only difference was observed in the prevalence in gap
in care, which was more frequent among the 3DR
group. It has been shown that a gap in care, especially
those of long duration and with treatment discontin-
uation, determines a return of viral load towards the
set-point level, potentially increasing inflammation.**
After adjusting for confounders, including previous
gaps in care, switching to a 2DR strategy was associ-
ated with a lower rate of clinical events compared to
those remaining on 3DR. Compared to the main
analysis of composite clinical 3-year risk, when sec-
ondary endpoints were measured (cancer/death due to
cancer and CVD/death due to CVD) results were
inconclusive: (1) the point estimates of difference in
favor of 2DR was largely attenuated, (2) a potential 1%
worse outcome with the 2DR switch strategy cannot be
excluded.

The only other study reporting clinical outcome of
PWH on ART switching to 2DR, is the retrospective,
observational RESPOND study, published in 2021. The
authors reported no difference in adjusted composite
outcomes after a median follow up of 2.6 years.'* Our
study cannot be compared to the RESPOND study, as
the populations and outcomes are very different; the
RESPOND study also enrolled groups of ART-naive,
not virologically suppressed PWH, and the analysis was
conducted using standard regression modelling condi-
tioned on the covariates with no adjustment for
immortal-time bias.

Our analysis has several limitations. Cohort studies
capture routine care data from HIV or infectious dis-
ease clinics, and therefore some events may not have
been precisely documented. Specific causes of deaths
were unavailable in 29/408 patients (all in the 3DR
arm). The lower incidence of clinical events observed in
2DR mainly appeared to be due to a very low incidence
of events over 3-9 months from baseline in 2DR
strategy, as shown by the unadjusted Kaplan—-Meier
plot. This outcome suggests that a potential selection/
immortal time bias may have occurred. However, this
bias was controlled in our fully adjusted analysis. Our
analyses were adjusted for all known determinants of
ART switch, predictors of clinical events or both; how-
ever, we cannot exclude unmeasured confounding fac-
tors. For example, although we adjusted for the number
of previously failed PI- and NNRTI-based regimens, we
did not gather information about drug resistance. Our
sensitivity analyses under different intervention sce-
narios and inclusion criteria (including one attempting
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to estimate the pure on-treatment effect) provided
similar results and unmeasured confounders would
require a 3.3-fold or greater association with treatment
assignment and outcome (e-value, 3.28) to explain away
the effect. Despite recent criticism of the e-value, it re-
mains a possible, albeit basic, way of conducting
sensitivity analyses in the TTE framework.”** There are
not many conceivable factors associated with a >3-fold
higher risk for all-cause mortality and also consid-
ering the large number of measured confounding fac-
tors included in the propensity score models, we believe
that our results are robust. As our analysis was under-
powered for single events (CVD, cancer and death), we
reported a composite outcome. Lastly, both our anal-
ysis, which is restricted to the estimation of the per-
protocol effect, and the RESPOND study did not
investigate possible mechanisms which led to the dif-
ference in risk among treatment groups (principally
values of inflammation markers), and further research
is needed to investigate this causal pathway.

In virologically suppressed PWH, our study suggests
that switching to 2DR (mainly DTG/3TC), compared to
remaining on 3DR, reduces the 3-year risk of a com-
posite clinical outcome. The difference is primarily
driven by events occurring within the first 3-9 months
of regimen switch and mortality. As prospective ran-
domized comparisons of clinical endpoints are unlikely
to be conducted soon, and most future ART regimens
are based on a 2DR strategy, RWD are crucial to guide
clinical decisions. Our data reassures the safety of the
physicians’ choice to switch virologically suppressed
PWH to 2DR in a real-world setting.
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