N

N

Integrase strand-transfer inhibitor use and
cardiovascular events in adults with HIV: an emulation
of target trials in the HIV-CAUSAL Collaboration and

the Antiretroviral Therapy Cohort Collaboration
Sophia M. Rein, Sara Lodi, Roger W. Logan, Giota Touloumi, Anastasia C.
Antoniadou, Linda Wittkop, Fabrice Bonnet, Ard I. van Sighem, Marc van
der Valk, Peter Reiss, et al.

» To cite this version:

Sophia M. Rein, Sara Lodi, Roger W. Logan, Giota Touloumi, Anastasia C. Antoniadou, et al..
Integrase strand-transfer inhibitor use and cardiovascular events in adults with HIV: an emulation of
target trials in the HIV-CAUSAL Collaboration and the Antiretroviral Therapy Cohort Collaboration.
The Lancet HIV, 2023, 10 (11), pp.e723-e732. 10.1016/52352-3018(23)00233-3 . hal-04294680

HAL Id: hal-04294680
https://hal.science/hal-04294680
Submitted on 11 Mar 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-04294680
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

E% University of
OPEN (2" ACCESS BRISTOL

Rein, S. M., Lodi, S., Logan, R., Toulomi, G., Antoniadou, A., Wikktop,
L., Bonnet, F., van Sighem, A., van der Valk, M., Reiss, P., Klein, M.,
Young, J., Monforte, A. D. A., Tavelli, A., Meyer, L., Tran, L., Gill, M.,
Lang, R., Surial, B., ... Hernan, M. A. (2023). Integrase strand-transfer
inhibitor use and cardiovascular events in adults with HIV: an
emulation of target trials in the HIV-CAUSAL Collaboration and the
Antiretroviral Therapy Cohort Collaboration. Lancet HIV, 10(11), e723-
e732. https://doi.org/10.1016/S2352-3018(23)00233-3

Peer reviewed version

License (if available):
CCBY

Link to published version (if available):
10.1016/S52352-3018(23)00233-3

Link to publication record in Explore Bristol Research
PDF-document

This is the accepted author manuscript (AAM). The final published version (version of record) is available online
via Elsevier at https://doi.org/10.1016/S2352-3018(23)00233-3 . Please refer to any applicable terms of use of
the publisher.

University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the

published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/


https://doi.org/10.1016/S2352-3018(23)00233-3
https://doi.org/10.1016/S2352-3018(23)00233-3
https://research-information.bris.ac.uk/en/publications/3d3d2973-475d-4a1a-bba2-1c93495b0332
https://research-information.bris.ac.uk/en/publications/3d3d2973-475d-4a1a-bba2-1c93495b0332

Integrase strand-transfer inhibitor use and cardiovascular events in adults with
HIV: An emulation of target trials in the HIV-CAUSAL and ART-CC Collaborations

Sophia M Rein, PhD?; Sara Lodi, PhD'?; Roger Logan, PhD?; Giota Touloumi, PhD, Prof?;
Anastasia Antoniadou, MD, Prof; Linda Wittkop, PhD>®7; Fabrice Bonnet, MD, Prof>’; Ard van
Sighem, PhD?®; Marc van der Valk, PhD, Prof®®; Peter Reiss, PhD, Prof'°; Marina B Klein, MD,
Prof!l; James Young, PhD*!; Inmaculada Jarrin, PhD'224; Antonella d'Arminio Monforte, MD,
Prof!34; Alessandro Tavelli, MSc'#; Laurence Meyer, MD, Prof'>1¢; Laurent Tran, BTEC?;
Michael J Gill, MB, Prof'’; Raynell Lang, MD*’; Bernard Surial, MD*®; Andreas D Haas, PhD?°;
Amy C Justice, MD, Prof?°; Christopher T Rentsch, PhD?*; Andrew Phillips, PhD, Prof??;
Caroline C Sabin, PhD, Prof??; Jose M Miro, PhD, Prof?24; Adam Trickey, PhD?*; Suzanne M
Ingle,PhD?; Jonathan AC Sterne, PhD, Prof?>25; Miguel A Hernan, MD, Prof'?’, on behalf of the
ART-CC and HIV-CAUSAL collaborations.

10.

CAUSALab and Department of Epidemiology, Harvard T.H. Chan School of Public Health,
Boston, MA, USA [Sophia M Rein, PhD; Sara Lodi, PhD; Roger Logan, PhD; Miguel A
Hernéan, MD, Prof]

Department of Biostatistics, Boston University School of Public Health, Boston, MA, USA
[Sara Lodi, PhD]

Department of Hygiene, Epidemiology & Medical Statistics, Medical School, National &
Kapodistrian University of Athens, Athens, Greece [Giota Touloumi, PhD, Prof]

4" Department of Internal Medicine, Attikon University General Hospital, Medical School,
National & Kapodistrian University of Athens, Athens, Greece [Anastasia Antoniadou, MD,
Prof]

Univ. Bordeaux, INSERM, Institut Bergonié, BPH, U1219, CIC-EC 1401, F-33000,
Bordeaux, France [Linda Wittkop, PhD; Fabrice Bonnet, MD, Prof]

INRIA SISTM team, Talence [Linda Wittkop, PhD]

CHU de Bordeaux, Hépital Saint-André, Service de Médecine Interne et Maladies
Infectieuses, F-33000 Bordeaux, France [Fabrice Bonnet, MD, Prof]

Stichting HIV Monitoring, Amsterdam, The Netherlands [Ard van Sighem, PhD; Marc van
der Valk, PhD, Prof]

Amsterdam UMC, department of Internal Medicine, location University of Amsterdam and
Amsterdam Institute for Infection and Immunity, Amsterdam, The Netherlands [Marc van
der Valk, PhD, Prof]

Amsterdam UMC, location University of Amsterdam, Global Health, Infectious Diseases,
Amsterdam, The Netherlands and Amsterdam Institute for Global Health and Development,
Amsterdam, The Netherlands; and Amsterdam Institute for Infection and Immunity,
Amsterdam, The Netherlands [Peter Reiss, PhD, Prof]



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Division of Infectious Diseases and Chronic Viral lliness Service, Department of Medicine,
McGill University Health Centre and Department of Epidemiology, Biostatistics and
Occupational Health, McGill University, Montreal, Quebec, Canada [Marina B Klein, MD,
Prof; James Young, PhD]

Centro Nacional de Epidemiologia, Institute of Health Carlos Ill, Madrid, Spain [Inmaculada
Jarrin, PhD]

Infectious Diseases Unit, Department of Health Sciences, ASST Santi Paolo e Carlo, San
Paolo University Hospital, Milan, Italy [Antonella d'Arminio Monforte, MD, Prof]

Fondazione Icona, Milan, Italy [Antonella d'’Arminio Monforte, MD, Prof; Alessandro Tavelli,
MSc]

INSERM U1018, Université Paris Saclay, Centre de recherche en Epidémiologie et Santé
des Populations (CESP), Le Kremlin-Bicétre, France [Laurence Meyer, MD, Prof; Laurent
Tran, BTEC]

Assistance Publique-Hopitaux de Paris.Université Paris-Saclay, Service de Santé Publique,
Hépital Bicétr, Le Kremlin-Bicétre, France [Laurence Meyer, MD, Prof]

Southern Alberta Clinic and Department of Medicine, University of Calgary, Calgary,
Alberta, Canada [Michael J Gill, MB, Prof; Raynell Lang, MD]

Department of Infectious Diseases, Inselspital, Bern University Hospital, University of Bern,
Bern, Switzerland [Bernard Surial, MD]

Institute of Social & Preventive Medicine (ISPM), University of Bern, Bern, Switzerland
[Andreas D Haas, PhD]

Department of Internal Medicine, Yale School of Medicine and Department of Health Policy,
Yale School of Public Health and VA Connecticut Healthcare System, US Department of
Veterans Affairs, New Haven, Connecticut, USA [Amy C Justice, MD, Prof]

Department of Internal Medicine, Yale School of Medicine and VA Connecticut Healthcare
System, US Department of Veterans Affairs, New Haven, Connecticut, USA; Faculty of
Epidemiology and Population Health, London School of Hygiene & Tropical Medicine,
London, UK [Christopher T Rentsch, PhD]

Institute for Global Health, University College London (UCL), London, UK [Andrew Phillips,
PhD, Prof; Caroline C Sabin, PhD, Prof]

Infectious Diseases Service, Hospital Clinic - IDIBAPS, University of Barcelona, Barcelona,
Spain [Jose M Miro, PhD, Prof]

CIBERINFEC. Instituto de Salud Carlos lll, Madrid, Spain [Jose M Miro, PhD, Prof;
Inmaculada Jarrin, PhD]

Population Health Sciences, Bristol Medical School, University of Bristol, Bristol, UK [Adam
Trickey, PhD; Suzanne M Ingle,PhD; Jonathan AC Sterne, PhD, Prof]

NIHR Bristol Biomedical Research Centre and Health Data Research UK South-West,
Bristol, UK [Jonathan AC Sterne, PhD, Prof]

Department of Biostatistics, Harvard T.H. Chan School of Public Health, Boston, MA, USA
[Miguel A Hernan, MD, Prof]



Corresponding author:

Sophia M Rein

Harvard T.H. Chan School of Public Health, Harvard University
677 Huntington Avenue, Boston, NA 02115

United States of America

srein@hsph.harvard.edu



mailto:srein@hsph.harvard.edu

Research in context

Evidence before this study

We identified two observational studies in persons with HIV by using the search term
“cardiovascular disease and integrase strand-transfer inhibitors HIV” in PubMed from January 1,
2012 to May 10, 2023. A study in an administrative claims database in the United States found
a 21% lower risk of cardiovascular events in individuals initiating integrase-strand transfer
inhibitor (INSTI)-based regimens compared with those initiating other antiretroviral therapy
(ART) combinations. The RESPOND collaboration from Europe and Australia found a 85%
higher rate of cardiovascular events in individuals using INSTI-based regimens for up to 6
months compared with never users of an INSTI regimen. The incidence rate remained elevated
until 24 months of use and then returned to levels similar to those in the never users. However,
the results of this study are difficult to interpret because the design and analysis deviated from
that of a target trial of INSTI use and cardiovascular events. A recent observational study in
Switzerland did not find a difference in cardiovascular risk between initiators of INSTI-based and
other regimens, but it was restricted to ART-naive individuals.

Added value of this study

Our observational analysis in two international consortia of persons with HIV explicitly emulates
a target trial, which prevents design biases. We conducted separate analyses in ART-naive and
ART-experienced individuals. Our findings suggest that initiating INSTI regimens has little
impact on cardiovascular risk. In ART-naive individuals, the 4-year risk ratio and risk difference
were 1.01 (95% confidence interval: 0.57, 1.57) and 0.0089% (-0.43, 0.36). In ART-experienced
individuals, the corresponding estimates were 0.95 (0.60, 1.36) and -0.068% (-0.60%, 0.52%).
Implications of all the available evidence

When explicitly emulating a target trial, initiation of INSTI regimens was not found to affect
cardiovascular outcomes in both persons with HIV who start ART for the first time and those

who are treatment-experienced.



Abstract

Background

A recent observational study suggested that the risk of cardiovascular events may be higher
among antiretroviral therapy (ART)-naive persons with HIV who receive integrase strand-
transfer inhibitor (INSTI)-based ART than among those who receive other ART regimens. We
emulated target trials separately in ART-naive and ART-experienced persons with HIV to
examine the effect of using INSTI-based regimens vs. other ART regimens (including those
based on protease inhibitors and non-nucleoside reverse transcriptase inhibitors) on the 4-year
risk of cardiovascular events.

Methods

We used routinely recorded clinical data from 12 cohorts that collected information on
cardiovascular events, body mass index and blood pressure from two international consortia of
cohorts of persons with HIV from Europe and North America. For the target trial in individuals
who had previously never used ART (ART-naive) eligibility criteria were: age 218 years, a
detectable HIV-RNA measurement while ART-naive (>50 copies/ml), no history of a
cardiovascular event or cancer. Eligibility criteria for the target trial in those with prior use of
non-INSTI-based ART (ART-experienced) were the same except that individuals had to have
been on at least one non-INSTI based ART regimen and be virally suppressed (<50 copies/ml).
We assessed eligibility for both trials for each person-month between January 2013 and
January 2023 and assigned individuals to the treatment strategy that was compatible with their
data. We estimated the standardized 4-year risks of cardiovascular events (myocardial
infarction, stroke, or invasive cardiovascular procedure) via pooled logistic regression models
adjusting for time and baseline covariates. In per-protocol analyses, we censored individuals if
they deviated from their ‘assigned’ treatment strategy for >2 months and weighted uncensored
individuals by the inverse of their time-varying probability of remaining uncensored. The
denominator of the weight was estimated via a pooled logistic model that included baseline and
time-varying covariates.

Findings

The analysis in ART-naive individuals included 10,767 INSTI initiators and 8,292 non-initiators
with similar clinical characteristics. The standardized 4-year risks (95% CI) of a cardiovascular
event were 0.76% (0.51,1.04) (43 events) in INSTI initiators and 0.75% (0.54,0.98) (52 events)
in non-INSTI initiators (risk ratio (RR) 1.01 (0.57,1.57); risk difference (RD) 0.0089% (-
0.43,0.36)). The analysis in ART-experienced individuals included 7,875 INSTI initiators and

373,965 non-initiators with similar characteristics. Standardized 4-year risks were 1.41%
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(0.88,2.03) (56 events) and 1.48% (1.28,1.71) (3,103 events, 808 unique) (RR 0.95 (0.60,1.36);
RD -0.068% (-0.60,0.52)). Results from per-protocol analyses were consistent with the main
results.

Interpretation

We estimated that INSTI use did not result in a clinically meaningful increase of cardiovascular
events in ART-naive and ART-experienced individuals with HIV.

Funding

National Institute of Allergy and Infectious Diseases; National Institute on Alcohol Abuse and
Alcoholism.



Introduction

Integrase strand-transfer inhibitors (INSTIs) are recommended as first-line antiretroviral therapy
(ART) for persons with HIV123, Dolutegravir is the preferred choice by WHO?!. Randomized trials
found that INSTI-based regimens are similar or superior*>789 to other ART regimens in terms
of effectiveness, safety, and potential for drug resistance. However, individuals who use INSTIs
were also found to be more likely to gain weight and develop metabolic complications compared
with those using protease inhibitors (Pls) or non-nucleoside reverse transcriptase inhibitors
(NNRTIs) in randomized trials*>19111213 and observational studies'*>18, It is unknown whether
these increased risks of unfavorable metabolic outcomes translate to a higher risk of

cardiovascular events in users of INSTIs compared to users of PIs'” and NNRTIs819,

Persons with HIV have a higher risk of cardiovascular disease compared with the general
population?%21:2223 A recent randomized trial found that pitavastatin may prevent cardiovascular
events in people with HIV and a low-to-moderate risk of cardiovascular disease?*. As INSTI
regimens are widely used, it is important to elucidate the cardiovascular effects of INSTI-based
regimens to inform guidelines on use of ART and cardioprotective therapies. In the absence of
randomized trials, this question needs to be addressed by analyzing observational databases.
Recently, a multinational observational study reported increased cardiovascular risk among
users of INSTI regimes compared with users of other ART regimes?®. However, the design of
the study deviated from the design of a randomized trial which may introduce bias and
complicate the interpretation of the results?®. In contrast, an observational study in Switzerland
did not find a difference in cardiovascular risk between initiators of INSTI-based and other

regimens among ART-naive individuals?’.

To examine the effect of initiation of INSTI regimens on the risk of cardiovascular events, we
emulated target trials separately in individuals who had never previously used ART (ART-naive)
and in individuals with prior use of non-INSTI-based ART (ART-experienced). The analyses
were based on routinely recorded clinical data from two international consortia of cohorts of

persons with HIV from Europe and North America.

Methods
The target trial emulation approach follows two steps: 1) the specification of the protocol of the
target trial, and 2) the emulation of the target trial using the observational data. We first describe

the protocol of the two target trials of interest, then describe the observational data, and then the



procedures for emulating the target trials. We harmonized the methodology of the Swiss and the

current study before publication of both.

Study design and participants

Specification of a target trial in ART-naive persons with HIV

Appendix | Table 1 (page 1) outlines the protocol of the target trial in ART-naive persons with
HIV. The eligibility criteria over follow-up from 2013-2023 are age 218 years, an HIV-RNA
measurement while ART-naive that had to be detectable (>50 copies/ml) and no history of a
cardiovascular event (myocardial infarction, stroke, or invasive cardiovascular procedure) or
cancer. We selected 2013 as the initial year as this was when the US Federal Drug
Administration approved the most commonly used INSTI drug dolutegravir. We decided to
exclude individuals with a prior cancer diagnosis as this would strongly influence treatment
choice. The treatment strategies in the target trial are (1) initiating an ART regimen containing
an INSTI (individuals assigned to this strategy will be referred to as “INSTI initiators”), and 2)
initiating an ART regimen not containing an INSTI (individuals assigned to this strategy will be
referred to as “non-initiators of INSTI”; this group includes users of a range of different ART
regimens, including both Pls and NNRTIs). Eligible individuals would be randomly assigned to a
strategy and would be aware of their assignment. The outcome of interest would be a
cardiovascular event (defined as a composite outcome of myocardial infarction, stroke, or
invasive cardiovascular procedure). Each eligible individual would be followed from assignment
(time zero) until the earliest date of a cardiovascular event, death, loss to follow-up (15 months
without a new HIV-RNA measurement), administrative end of follow-up, or four years. The

causal contrasts of interest are the intention-to-treat effect and the per-protocol effect?.

The intention-to-treat analysis estimates the 4-year risks (cumulative incidences) under each
treatment strategy and compares them via ratios and differences. These risks may be estimated
nonparametrically using the Kaplan-Meier method or parametrically by a pooled logistic
regression model for the monthly risk of cardiovascular events that includes as covariates an
indicator for treatment group, a flexible time-varying intercept, and product terms between
treatment group and time. Baseline covariates whose distribution varies between groups (as
quantified by large standardized mean differences?®) are also included and the risks are then
standardized to these baseline covariates. Nonparametric bootstrapping with 500 samples is
used to calculate 95% confidence intervals (Cl). The per-protocol analysis is the same except

that 1) individuals are censored if and when they deviate from their assigned treatment strategy,

8



and 2) individuals are weighted by a time-varying nonstabilized inverse probability weight to
adjust for the potential selection bias due to such censoring. Each individual receives a monthly
weight inversely proportional to the estimated probability of remaining uncensored, which is
estimated via a pooled logistic regression model for the monthly risk of treatment changes that
includes baseline and time-varying prognostic factors as covariates.

Specification of a target trial in ART-experienced, INSTI-naive persons with HIV

Appendix | Table 2 (page 2) outlines the protocol of the target trial in ART-experienced
individuals. The eligibility criteria are the same as for the target trial in ART-naive individuals
except that individuals had to have been on at least one non-INSTI based ART regimen and be
virally suppressed (<50 copies/ml) to ensure that individuals initiate INSTI regimens for reasons
other than virological failure, which is associated with increased cardiovascular risk?>3°. The
treatment strategies are (1) initiating (i.e., switching to) an ART regimen containing an INSTI
(“INSTI initiators”), and 2) staying on the current non-INSTI ART regimen or initiating (i.e.,
switching to) a different ART regimen not containing an INSTI (“non-initiators of INSTI”). The
outcome, follow-up, causal contrasts and statistical analyses are identical to those of the target
trial in ART-naive individuals.

Procedures

Observational data

We emulated the above target trials using observational data from the HIV-CAUSAL
Collaboration® and the Antiretroviral Therapy Cohort Collaboration (ART-CC)?, two consortia of
cohorts of persons with HIV from Europe and North America that record routinely collected data
from infectious disease clinics. For the present analysis, we analyzed data from individuals with
known age and sex in 12 cohorts that collected information on cardiovascular events, as well as
body mass index (BMI), and blood pressure. The list of cohorts included in the analysis is
shown in Appendix Il (page 3). We defined cardiovascular events based on diagnostic codes for
myocardial infarction, stroke, or invasive cardiovascular procedure (coronary
angioplasty/stenting, coronary bypass surgery, and carotid endarterectomy) and cause of death
(at least one cause of death related to acute myocardial infarction or stroke), based on either
HIV Cohorts Data Exchange Protocol (HICDEP)® or ICD-9 or ICD-10 codes, with some
variation in the definition for three out of the 12 cohorts (see Appendix Il (pages 3-4) for

details). Validation of events varied by cohort and is described in Appendix IV (pages 4-5).



When more than one regimen was used in a month, we assigned the one with the longest

duration in that month. We disregarded treatments that lasted less than seven days.

Emulation of the target trials

For each trial, we identified eligible individuals in January 2013 and assigned them to the
treatment strategy that was compatible with their data (initiation or no initiation of an INSTI-
based regime). To emulate a randomized assignment, we assumed that INSTI initiation was
random within levels of measured baseline covariates and included them in the pooled logistic
model for the outcome. For the target trial emulation in ART-naive individuals, the baseline
covariates were: age (continuous, modelled using restricted cubic splines); sex (sex at birth,
binary); mode of HIV acquisition (self-defined; sex between men, heterosexual contact, injection
drug use, other/unknown); cohort; CD4 count in cells/ul (continuous, modelled using restricted
cubic splines), HIV-RNA viral load in copies/ml (continuous, modelled using restricted cubic
splines), history of AIDS diagnosis (yes/no), history of hepatitis C virus (HCV) co-infection
(positive HCV antibody or HCV-RNA above the level of detection); hepatitis B virus (HBV) co-
infection (positive Hepatitis B Surface Ag or HBV DNA test); body mass index (BMI) (overweight
or obese (BMI>25): yes/no/missing); high total cholesterol (=240 mg/dL or >6.18 mmol/L:
yes/no/missing); uncontrolled hypertension (defined from systolic and diastolic blood pressure
measurements: no; yes (systolic 2130 or diastolic 280 mmHg); missing; smoking status
(currently smoking, ex-smoker, never smoker, missing); history of type 1 or 2 diabetes (clinical
diagnosis, hemoglobin A1C>6.5, or use of antidiabetic drugs or insulin); chronic kidney disease
(=stage 3, estimated glomerular filtration rate (GFR)<60: yes/no/missing); using abacavir at
baseline (yes/no) and calendar month. Implausible values of these variables were set to missing
(see Appendix V, page 5). For the target trial in ART-experienced individuals, the baseline
covariates were the same except that we did not include HIV-RNA (undetectable HIV viral load
at baseline is one of the eligibility criteria) and we added time on ART (continuous, modelled
using restricted cubic splines) and included abacavir within 6 months previously instead of only
at baseline. The statistical analyses were the same as those described for the corresponding
target trials, except that the process was repeated for each month until January 2023, i.e., we

emulated a sequence of 121 target trials with varying time zero34,

The per-protocol analyses for both emulated trials were the same as the intention-to-treat
analyses except that 1) we did not include covariates in the outcome model, 2) we censored

individuals if and when they deviated from their assigned treatment strategy for more than two
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months, and 3) uncensored individuals received time-varying nonstabilized inverse-probability
(IP) weights. The denominator of the weight in the ART-naive individuals was estimated via a
pooled logistic model that included the baseline covariates age, sex, mode of HIV acquisition,
ethnicity, cohort and ongoing abacavir use plus time-varying covariates CD4, HIV RNA, BMI,
cholesterol, hypertension, smoking, diabetes and chronic kidney disease. Baseline and time-
varying covariates were the same in the analysis in ART-experienced individuals except that we
included use of abacavir within 6 months before baseline instead of at baseline only and did not
adjust for time-varying HIV RNA but for time-varying duration of ART. We truncated the weights

at the 99" percentile to avoid undue influence of outliers.

Sensitivity analyses

In sensitivity analyses to assess the robustness of the results against small changes in the
analysis: 1) we relaxed the definition of trial eligibility by requiring an HIV-RNA measurement in
the 3-month period before baseline instead of in the baseline month; 2) we restricted initiation of
INSTI to the top three most used regimens in the data (this covers 53% of INSTI initiators in the
ART-naive population and 52% in the ART-experienced population; the top 5 regimens are
described in Appendix VI, pages 5-6); 3) we restricted ART-naive INSTI initiators to those using
regimens with dolutegravir or bictegravir as these are the INSTI drugs currently recommended
for ART-naive persons; 4) we excluded two cohorts that did not provide data on cardiovascular
procedures and cause of death and one that did not collect data on cardiovascular event type;
5) we excluded one cohort, the Swiss HIV Cohort Study, from the analysis in ART-naive
individuals because a similar analysis in ART-naive individuals was conducted in parallel within
the cohort?’; 6) we excluded three cohorts that were also included in the previous multinational
study; 7) we additionally adjusted for use of tenofovir alafenamide at baseline (due to its
potential association with weight gain) and CD4 count nadir; 8) we restricted follow-up to 2016
onwards; 9) in the ART-experienced analysis, we additionally adjusted for cumulative months at
baseline on antiretrovirals previously been found to be associated with cardiovascular events
(indinavir; lopinavir; darunavir; didanosine); and 10) we restricted both analyses to men as the

risk of cardiometabolic complications may differ between men and women.
We used SAS version 9.4 and R version 4.2.0 for the statistical analyses. This research was

approved by the Institutional Review Board (IRB) of the Harvard TH Chan School of Public

Health. All participating cohorts received approval from their local IRB.
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Role of the funding source

The funders played no role in the study.

Results

ART-naive individuals

Figure 1a shows the selection process of individuals into the study. Of 19,059 eligible
individuals who were ART-naive, 10,767 started INSTI and 8,292 did not. The number of
persons contributing to the sequential trials is shown in Appendix Il (page 3). Demographic and
clinical characteristics in both groups were similar. INSTI initiators had a higher median HIV-
RNA viral load and were more likely to use abacavir at baseline. Initiating INSTI-based
regimens was more likely from 2015 onwards (table 1). Both INSTI initiators and non-initiators of
INSTI had the same median age (39 years). The five most frequently used INSTI regimens in
ART-naive persons included 3-drug combinations with dolutegravir, bictegravir or elvitegravir. In
non-initiators of INSTI a wide range of regimens was used, including combinations with the Pls

darunavir or atazanavir and the NNRTISs rilpivirine or efavirenz (Appendix VI, pages 5-6).

During follow-up, 12% of initiators discontinued INSTI use for more than two months and 29% of
non-initiators started INSTI and stayed on it for more than two months. There were 43 and 52
cardiovascular events in the INSTI initiators and non-initiators of INSTI over a median follow-up
(interquartile range (IQR)) of 29 (15-45) and 39 (18-47) months. In INSTI initiators, 15 events
(58%) were strokes, 12 (28%) were myocardial infarctions, 3 (7%) invasive cardiovascular
procedures and 3 (7%) of an unknown cardiovascular event type. In non-initiators of INSTI, 24
events (46%) were strokes, 17 (33%) myocardial infarctions, 8 (15%) invasive cardiovascular
procedures, and 3 (6%) cardiovascular events of an unknown type. A total of 253 persons
(1.3%) died during follow-up from causes other than cardiovascular events.

The 4-year cardiovascular event risk estimates were similar in INSTI initiators and non-initiators
of INSTI, with the risk ratio centered around 1 and the risk difference around 0 (table 2). Figure

2a shows similar risks of a cardiovascular event over 4 years in both groups.

The results of the sensitivity analyses were overall consistent with the main results, although
precision was low for subgroup analyses (Appendix VII, page 7). In the per-protocol analysis,
there were 41 events in INSTI initiators over a median (IQR) follow-up of 25 (13-43) and 41

events in non-initiators over a median follow-up of 25 (10-43) months. The 4-year risks were
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0.60% (0.40, 0.81) in INSTI initiators and 0.88% (0.48, 1.35) in non-initiators of INSTI; risk ratio:
0.69 (0.36, 1.30) and risk difference -0.28% (-0.81, 0.15).

ART-experienced individuals

Figure 1b shows the inclusion process of ART-experienced individuals. Of 68,931 eligible
individuals, 7,875 started INSTI and 67,411 did not. The latter contributed to 373,965 sequential
trials. Again, INSTI initiators and non-initiators of INSTI had similar demographic and clinical
characteristics. Initiators were less likely to have acquired HIV through sex between men, more
likely to have taken abacavir within the previous 6 months and to have chronic kidney disease
stage > 3. INSTI initiations were more frequent in 2015 and 2016 (table 1). The five most
frequently used INSTI regimens in ART-experienced persons included 3-drug combinations with
dolutegravir, elvitegravir or raltegravir. In the non-initiators of INSTI, combinations including the
Pls darunavir or atazanavir and the NNRTISs rilpivirine, efavirenz or nevirapine were used

(Appendix VI, pages 5-6).

During follow-up, 14% of initiators discontinued INSTI use for more than 2 months at a time and
26% of non-initiators started INSTI and stayed on it for more than two months. There were 56
events over 18 months median follow-up (IQR 9-29) in initiators and 3,103 events (total events
contributed by repeated trials; 808 unique events) over 26 (15-37) months in non-initiators of
INSTI in the ITT analysis. In INSTI initiators, 26 events (46%) were strokes, 18 (32%) were
myocardial infarctions and 12 (21%) invasive cardiovascular procedures. In non-initiators of
INSTI, 336 events (42%) were strokes, 314 (39%) myocardial infarctions, 126 (16%) invasive
cardiovascular procedures, and 32 (4%) cardiovascular events of an unknown type. A total of

1,306 persons (1.9%) died during follow-up from causes other than cardiovascular events.

The 4-year cardiovascular event risk estimates were very similar in INSTI initiators and non-
initiators of INSTI, with the risk ratio centered around 1 and the risk difference around 0 (table

2). Figure 2b shows similar risks of a cardiovascular event over 4 years in both groups.

The results of the sensitivity analyses were overall consistent with the main results. However,
precision was low for the analysis restricting follow-up to 2016 onwards (Appendix VII, page 7).
In the per-protocol analysis, there were 52 events and 2,655 (695 unique) events in INSTI
initiators and non-initiators of INSTI over a median (IQR) follow-up of 16 (7-26) and 22 (12-34)
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months. The 4-year risks were 1.21% (0.80, 1.77) in INSTI initiators and 1.34% (1.12, 1.60) in
non-initiators of INSTI; risk ratio: 0.90 (0.58, 1.33); risk difference: -0.13% (-0.60, 0.42).

Discussion

Using data from observational cohorts of persons with HIV, we emulated target trials to estimate
the effect of INSTI-based ART regimes on cardiovascular events. Our estimates suggest that
initiation of INSTI does not substantially increase cardiovascular risk over 4 years with 4-year
risk ratios centered around 1 and risk differences centered around 0 in both ART-naive and
ART-experienced persons. The upper limit of the 95% confidence interval for the risk difference
corresponds to an absolute increase in 4-year risk in INSTI initiators of only 0.36% in ART-naive
individuals and 0.52% in ART-experienced individuals, which is unlikely to be a clinically
meaningful difference. Overall, the risk of cardiovascular events was higher in ART-experienced
compared to ART-naive individuals, which would be expected due to the ART-experienced

population being older and having a higher prevalence of cardiovascular risk factors.

Our observational analysis explicitly emulates that of a randomized trial, which prevents design
biases, and we conducted separate analyses in ART-experienced and ART-naive individuals.

In contrast, two previous observational studies did not specify a target trial, which makes it
difficult to directly compare the estimates. An observational study identified ART-naive
individuals in the MarketScan database of US commercially insured and Medicaid covered
adults between 2008 and 2015%. This study found a similar risk of cardiovascular events in
individuals who were on a stable INSTI-based regime compared with those on other ART
combinations % though, under applying some form of IP weighting and censoring, the hazard
ratio for INSTI vs. no INSTI was under 1. The RESPOND observational study, which triggered
our own assessment, found that the rate of cardiovascular disease events was increased in the
first 24 months after INSTI initiation and then decreased to levels similar to those never exposed
to INSTI (cardiovascular event rate in those with 0-6 months of exposure was increased about
two-fold compared to those with 0 months of exposure and gradually decreased after that)?°.
These findings, however, are difficult to interpret because the design and analysis deviated from
that of a target trial of INSTI use and cardiovascular events. Specifically, individuals were
assigned to treatment groups defined by the observed duration of INSTI use before and after
the start of follow-up; also, because data were extracted retrospectively for at least five years,

individuals who may have died from a cardiovascular event were excluded by design.
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Our analyses and that of the Swiss HIV Cohort Study, which used an explicit target trial
emulation approach, found little evidence of differences in cardiovascular risk between initiators
of INSTI and of other ART regimens among previously ART-naive individuals?’. Our analysis
also found little evidence of cardiovascular risk differences in ART-experienced individuals.

Our study has several potential limitations. First, as in all observational studies, there may be
unmeasured confounding. However, like previous observational studies, we adjusted for known
demographic and clinical factors that may affect both INSTI use and cardiovascular events,
including sex, age, smoking, BMI, blood pressure and cholesterol levels. Second, because most
cohorts capture routine care data from HIV or infectious disease clinics some cardiovascular
events may not have been documented. The absolute risk of cardiovascular events in our study
was lower than in the Swiss study (risks at 4 years: 0.99% in INSTI initiators and 1.56% in non-
initiators of INSTI) for ART-naive individuals but similar to the one in the RESPOND study (a risk
of 2.5% over a median follow-up of 6.2 years implies a 4-year risk of 1.61% under a constant
rate, similar to our estimates of 1.41% and 1.48% in initiators and non-initiators of INSTI) for
ART-experienced individuals. Third, we could not precisely assess the impact of specific INSTI
drugs on cardiovascular events, but analyses studying the three most used INSTI regimens and
restricting initiators to users of dolutegravir or bictegravir in the ART-naive analysis yielded

results consistent with the main analysis, although somewhat imprecise.
In conclusion, the findings of our observational study suggest that the use of INSTI regimens

does not result in a clinically meaningful increase of cardiovascular events in persons with HIV

either when starting ART or among those who are treatment experienced.
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