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Abstract

Background Two-drug regimens (2DRs) have been introduced in recent years to potentially reduce antiretroviral
therapy (ART) toxicities and drug-drug interactions while demonstrating comparable efficacy to three-drug regimens
(3DRs) for people with HIV (PWH). The objective of this study was to compare the real-world effectiveness and
durability of a single-tablet 2DR of dolutegravir/lamivudine (DTG/3TC) with that of commonly prescribed 3DRs in ART-
experienced, virologically suppressed PWH during the first 24 months of DTG/3TC availability in the United States.

Methods Virologically suppressed (viral load [VL] < 200 copies/mL) adult PWH initiating DTG/3TC 2DR, bictegravir/
emtricitabine/tenofovir alafenamide (BIC/FTC/TAF), or a DTG-based 3DR between 01TMAY2019 and 310CT2020 were
identified in the OPERA® cohort and followed through 30APR2021. Univariate Poisson regression (incidence rates)
and marginal structural Cox proportional hazards models with inverse probability of treatment weights (hazard ratios)
were used to quantify relationships between regimen type and confirmed virologic failure (2 consecutive VLs > 200
copies/mL) or regimen discontinuation. Reasons for discontinuation were examined.

Results A total of 8,037 ART-experienced, virologically suppressed PWH met the inclusion criteria and switched to
DTG/3TC (n=1,450), BIC/FTC/TAF (n=5,691), or a DTG-based 3DR (n=2896). Incidence rates of confirmed virologic
failure were low for all groups, at 0.66 (DTG/3TC), 0.84 (BIC/FTC/TAF), and 1.78 (DTG 3DR) per 100 person-years

(py). Compared to DTG/3TC, only the DTG 3DRs were associated with a statistically significant increased hazard of
confirmed virologic failure (hazard ratio: 5.21, 95% confidence interval: 1.85, 14.67). Discontinuation rates per 100 py
were highest in the DTG 3DR group (24.90), followed by the DTG/3TC group (17.69) and the BIC/FTC/TAF group (8.30).
Regardless of regimen, discontinuations were infrequently attributed to effectiveness (VL > 200 copies/mL; 4%) or
tolerability (adverse diagnoses, side effects, or lab abnormalities; 6%).

Conclusions Among virologically suppressed PWH initiating a new regimen, few individuals experienced virologic
failure in real-world clinical care. While rates of regimen discontinuation were high, most discontinuations could not
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be attributed to a lack of virologic control or poor tolerability. These findings suggest that DTG/3TC is an effective

option for ART-experienced, virologically suppressed PWH.

Keywords 2-drug regimen, 3-drug regimen, Antiretroviral therapy, Cohort, HIV, Effectiveness, Dolutegravir,
Dolutegravir/lamivudine, Bictegravir/emtricitabine/tenofovir alafenamide

Background

The use of three-drug regimens (3DRs), most frequently
consisting of two nucleoside reverse transcriptase inhibi-
tors (NRTIs) plus a third agent from either the non-
nucleoside reverse transcriptase inhibitor (NNRTI),
protease inhibitor (PI), or integrase strand transfer inhib-
itor (INSTI) class, has long been the standard of care
for HIV treatment. Since their approval, INSTI-based
3DRs have been among the preferred regimens, espe-
cially those containing dolutegravir (US Food and Drug
Administration [FDA] approval in August 2013) and
bictegravir/emtricitabine/tenofovir alafenamide (BIC/
FTC/TAF; FDA approval in February 2018) [1, 2].

As effective ART has increased life expectancy for peo-
ple with HIV (PWH) [3, 4], concerns about long-term
ART toxicities, polypharmacy and drug-drug interaction
have been raised [5, 6]. Two-drug regimens (2DRs) have
been introduced in recent years to address these con-
cerns [7, 8]. In late 2017, dolutegravir/rilpivirine (DTG/
RPV) was the first single-tablet 2DR to be approved in
the US for the treatment of ART-experienced, virologi-
cally suppressed adult PWH [9]. Dolutegravir/lamivu-
dine (DTG/3TC) was the first once-daily single-tablet
2DR without a food requirement; it was approved for
ART-naive PWH in April 2019 and for ART-experienced,
virologically suppressed PWH in August 2020 [10].

Clinical trials have established the efficacy, safety, and
tolerability of DTG/3TC [11-15]. Real-world evidence
on DTG 2DRs has been promising but often limited by
relatively small sample sizes or the use of retrospectively
collected data [16—20]. Notably, real-world evidence in
North American settings is particularly sparse but has
been generally favorable [9, 21]. Given the potential value
of single-tablet 2DRs, the objectives of this study were
to evaluate the effectiveness and durability of DTG/3TC
2DR compared to other commonly prescribed 3DRs in
ART-experienced, virologically suppressed PWH dur-
ing the first 24 months of DTG/3TC availability in a large
clinical cohort in the US.

Methods

Study design and population

This study used prospectively collected electronic health
record (EHR) data from the Observational Pharmaco-
Epidemiology Research and Analysis (OPERA®) cohort.
OPERA includes data from rural clinics, wellness cen-
ters, sexual health clinics, health departments, feder-
ally qualified health centers, and large metropolitan

multidisciplinary health centers across 19 US states and
Puerto Rico. At the time of the study, PWH in OPERA
represented approximately 12% of all PWH linked to care
in the US [22]. The OPERA cohort obtains annual insti-
tutional review board (IRB) approval from Advarra IRB,
including a waiver of informed consent and authoriza-
tion for the use of protected health information. OPERA
complies with all HIPAA and HITECH requirements.

Individuals who switched to the single-tablet formu-
lation of DTG/3TC, BIC/FTC/TAF, or a DTG 3DR (i.e,,
dolutegravir/abacavir/lamivudine [DTG/ABC/3TC],
dolutegravir+tenofovir ~ disoproxil fumarate/emtric-
itabine [DTG+TDEF/FTC], or dolutegravir+tenofovir
alafenamide/emtricitabine [DTG+TAF/FTC]) were eli-
gible for the study. Of note, twice daily DTG was allowed
in the DTG 3DR group and any formulation of these
DTG 3DRs was included. The study population included
ART-experienced people with HIV-1 infection who were
aged 18 years or older and were virologically suppressed
(last HIV RNA viral load [VL]<200 copies/mL within
12 months before/at regimen initiation). The window of
eligibility was from 01MAY2019 to 310CT2020. PWH
with any prior exposure to the ART regimens of interest
were excluded. Included individuals contributed person-
time from initiation of the regimen of interest until the
first occurrence of the outcome of interest (virologic fail-
ure or regimen discontinuation) or one of the following
censoring events: (a) loss to follow-up (i.e., 12 months
of follow-up with no contact), (b) death, (c) study end
(30APR2021), or (d) regimen discontinuation (analyses of
virologic failure only).

Measurements

Demographic and clinical characteristics were described
for each group. Confirmed virologic failure was defined
as two consecutive VLs>200 copies/mL. Regimen dis-
continuation occurred when any component of the ART
regimen was changed (i.e., adding and/or removing any
ARV agent). Switching from a DTG/3TC single-tablet
2DR to a multi-tablet DTG+3TC regimen was consid-
ered as a discontinuation in this analysis.

Reasons for discontinuation were identified from pro-
vider notes, lab results, and diagnoses. These reasons
were categorized as treatment-related, non-treatment
related, or no reason identified. Treatment-related rea-
sons included last VL>200 copies/mL, adverse diag-
nosis/side effect (i.e., new mental health, liver, renal,
or bone comorbidity diagnosed within 21 days before



Pierone et al. AIDS Research and Therapy (2024) 21:76

discontinuation), or lab abnormality (i.e., alkaline phos-
phatase [ALP]; alanine transaminase [ALT]; aspartate
transaminase [AST]; or bilirubin>3 times the upper
limits of normal within 21 days of discontinuation).
Non-treatment-related reasons included regimen simpli-
fication, access issues, non-adherence, treatment gaps, or
patient/provider choice.

Statistical analyses

Baseline was defined as the initiation date of the ART
regimen of interest. Descriptive statistics for baseline
demographic and clinical characteristics consisted of
medians with interquartile range (IQR) for continuous
variables and absolute and relative frequencies for cat-
egorical variables. Incidence rates and 95% confidence
intervals (CI) for the first occurrence of confirmed viro-
logic failure or regimen discontinuation were estimated
using univariable Poisson regression.

Marginal structural Cox proportional hazards models
with stabilized inverse probability of treatment weights
(IPTW) were used to evaluate the association between
ART regimen and time to virologic failure or regimen
discontinuation. IPTWs were constructed with multi-
nomial logistic regression including potential confound-
ers identified a priori based on the literature. These were
measured at baseline and included age (linear and qua-
dratic terms), number of ART classes experienced prior
to initiation of the regimen of interest (linear and qua-
dratic terms), female sex, Black race, Hispanic ethnicity,
receiving care in the Southern US, core agent class of
regimen immediately prior to initiation of the regimen
of interest (INSTI, NNRTI, PI, other/unknown), CD4
cell count (linear and quadratic terms) at baseline, and an
interaction term between sex and region of care.

Sensitivity analyses

The study period included both time before
(0IMAY2019-29FEB2020) and during (01MAR2020-
30APR2021) the COVID-19 pandemic, an era during
which provider-patient interactions, prescribing prac-
tices (of all medicines, including ART), and lab testing
(e.g., viral load monitoring) were impacted [23-25]. Sen-
sitivity analyses explored its potential impact by assessing
incidence rates of visits with healthcare providers (in-
person and telehealth), viral load measurements, regimen
discontinuations, and virologic failures both before and
during the COVID-19 pandemic.

Results

Study Population

A total of 8,037 ART-experienced, virologically sup-
pressed PWH met the inclusion criteria and switched
to DTG/3TC (n=1,450), BIC/FTC/TAF (n=5,691), or a
DTG 3DR (n=896). Baseline demographic and clinical
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characteristics varied across groups (Table 1). Individuals
who switched to DTG/3TC were slightly older, less likely
to be Black or to receive care in the US South, and more
likely to have comorbid conditions than individuals ini-
tiating BIC/FTC/TAF or a DTG 3DR. PWH initiating a
DTG 3DR were most likely to be new to an OPERA pro-
vider and therefore, to be missing information about their
prior ART experiences (Table 1). There were 13 PWH
taking a DTG 3DR that were prescribed DTG twice daily,
suggesting that they were heavily treatment experienced.

Effectiveness: confirmed Virologic failure

Overall, only 88 PWH (1%) experienced virologic failure
over a total of 9,696 py. Incidence rates for confirmed
virologic failure were <2 per 100 py in each of the three
ART regimen groups. After adjustment for confounding,
those in the DTG 3DR group were over five times more
likely to experience virologic failure compared to the
DTG/3TC group (Fig. 1). There was no statistically sig-
nificant difference in incidence rate of virologic failure
between the DTG/3TC and BIC/FTC/TAF groups.

Durability: Follow-Up and Regimen Discontinuation

The median duration of follow-up on the regimen of
interest exceeded a year in all groups; PWH on BIC/FTC/
TAF were followed the longest (Table 2). The incidence
rates for regimen discontinuation varied considerably
across groups (11-27%) and confidence intervals did not
overlap. In adjusted analyses, compared to DTG/3TC,
those on BIC/FTC/TAF were half as likely to discontinue
the regimen than those on DTG/3TC. Individuals on
DTG 3DRs had a 69% higher hazard of regimen discon-
tinuation than those on DTG/3TC.

While the reasons for regimen discontinuation were
often unknown, only 7 to 11% of discontinuations were
related to the effectiveness (VL =200 copies/mL) or toler-
ability (adverse diagnoses, side effects or lab abnormali-
ties) of the ART regimen (Fig. 2). Notably, regardless of
regimen, nearly all PWH who discontinued their regimen
were suppressed (VL <200 copies/mL) at the time of dis-
continuation (DTG/3TC: 97%; BIC/FTC/TAF: 94%; DTG
3DR: 93%). The most common non-treatment related
reasons for discontinuation included provider choice (all
groups), access issues related to cost, formulary, or avail-
ability (DTG/3TC), and a reduction of pill count (DTG
3DR).

Sensitivity analyses: impact of the COVID-19 pandemic

The median follow-up time in this study was considerably
longer during the COVID-19 pandemic (14.0 months;
IQR: 9.4, 14.0) than before it (4.9 months; IQR: 2.4, 7.4).
Overall, the incidence rate of in-person visits with health-
care providers decreased from 7.55 per py (95% CI: 7.44,
7.66) before COVID-19 to 5.04 per py (95% CI: 4.99, 5.09)
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Table 1 Baseline demographic and clinical characteristics of ART-experienced, virologically suppressed PWH switching to DTG/3TC,
BIC/FTC/TAF, or a DTG 3DR between 01MAY2019 and 310CT2020 (N=8,037)

DTG/3TC? BIC/FTC/TAF® DTG 3DR¢
(N=1,450) (N=5,691) (N=896)

Age, Median (IQR) 45 (34, 55) 43 (32, 54) 43 (32,53)
Sex, n (%)

Female 271 (19) 909 (16) 163 (18)
Race, n (%)

Asian 36 (3) 100 (2) 11(1)

Black 508 (35) 2,456 (43) 438 (49)

White 802 (55) 2,752 (48) 376 (42)

Mixed race or other race 52 (4) 196 (3) 40 (5)

Unknown 52 (4) 187 (3) 31 (4)
Ethnicity, n (%)

Hispanic 376 (26) 1,368 (24) 148 (17)

Not Hispanic 1,014 (70) 4,138 (73) 723 (81)

Unknown 60 (4) 185 (3) 25(3)
Geographic Region, n (%)

US Midwest 25(2) 259 (5) 35(4)

US Northeast 91 (6) 602 (11) 116 (13)

US South 778 (54) 3,901 (69) 665 (74)

US West 555(38) 892 (16) 74 (8)

US Territories <59 37(1) 6(1)
Payer, n (%)

Medicare 154 (11) 441 (8) 90 (10)

Medicaid 355 (25) 1,242 (22) 161 (18)

Commercial Insurance 761 (53) 2,685 (47) 384 (43)

Ryan White / ADAP 469 (32) 1,879 (33) 304 (34)

Cash 1(1) 66 (1) <5

No payer data available 87 (6) 501 (9) 109 (12)
Core agent class of regimen immediately prior to baseline, n (%)

INSTI 1,062 (73) 2,522 (44) 117 (13)

NNRTI 127 (9) 823 (15) 52 (6)

Pl 57 (4) 421(7) 57 (6)

Entry inhibitor <54 <59 0(0)

Unknown 99 (7) 1,718 (30) 635 (71)

>1 core agent 104 (7) 203 (4) 35 (4)
CD4 cell count (cells/uL)

CD4 count test result available 1,442 (99) 5,603 (99) 878 (98)

Median cells/uL (IQR) 730 (550, 944) 675 (484, 892) 678 (471,861)
Any comorbidities®, n (%) 1,126 (78) 4,054 (71) 548 (61)

3DR, 3-drug regimen; 3TC, lamivudine; ART, antiretroviral therapy; BIC, bictegravir; DTG, dolutegravir; FTC, emtricitabine; IQR, interquartile range; INSTI, Integrase
strand transfer inhibitor; N, number; NNRTI, Non-nucleoside reverse transcriptase inhibitor; P, Protease inhibitor; PWH, people with HIV; TAF, tenofovir alafenamide;
UL, microliter; US, United States

2 DTG/3TC: dolutegravir/lamivudine single-tablet 2-drug regimen
b BIC/FTC/TAF; bictegravir/emtricitabine/tenofovir alafenamide

¢ DTG 3DR: dolutegravir/abacavir/lamivudine, dolutegravir+tenofovir disoproxil/emtricitabine, or dolutegravir+tenofovir alafenamide/emtricitabine 3-drug
regimen

9 HIPAA privacy requirements preclude the reporting of 5 or fewer observations in any cell

¢ Any diagnosis at or prior to baseline of autoimmune disease, cardiovascular disease, invasive cancers, endocrine disorders, mental health disorders, liver disease,
bone disorders, peripheral neuropathy, renal disease, hypertension, or substance abuse

during COVID-19, while incidence rates of telehealth  py). Virologic failures were infrequent in both periods.
visits increased from 0.21 per py (95% CI: 0.19, 0.23) to  Results were mostly consistent across the three regimen
1.65 per py (95% CI: 1.62, 1.68). There was also a small  groups. However, individuals on DTG/3TC experienced
decrease in both viral load measurements (2.94 to 2.17  an increase in visits during COVID-19, driven by a much
per py) and regimen discontinuations (0.15 to 0.10 per larger increase in telehealth visits and a smaller reduction
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Regimen #events/N py  IRper100 py i HR (95% CI)?
(95% CI) §
DTG/3TC 10/1,450 1516  0.66 (0.35, 1.23) 2 Reference
BIC/FTC/TAF 61/5,691 7223 0.84(0.66, 1.09) + 1.39(0.61, 3.17)
DTG 3DR 17/896 956  1.78(1.11, 2.86) L —— 5.21(1.85, 14.67)
0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000

Hazard Ratio

Fig. 1 Incidence rates of confirmed virologic failure and association between ART regimen and confirmed virologic failure, by ART regimen (DTG/3TC,
BIC/FTC/TAF, DTG 3DR) 3DR, 3-drug regimen; 3TC, lamivudine; ART, antiretroviral therapy; BIC, bictegravir; Cl, confidence interval; DTG, dolutegravir; FTC,
emtricitabine; HR, hazard ratio; IR, incidence rate; py, person-years; TAF, tenofovir alafenamide. * Marginal structural Cox proportional hazards models with
stabilized inverse probability of treatment weights controlling for baseline age (linear & quadratic), number of ART classes (linear & quadratic), female,
Black race, Hispanic ethnicity, Southern US, core agent class of prior regimen, CD4 cell count (linear & quadratic)

Table 2 Duration of follow up and regimen discontinuation among virologically suppressed PWH switching to DTG/3TC, BIC/FTC/TAF,
or a DTG 3DR between 01TMAY2019 and 310CT2020 (N=8,037)

DTG/3TC? BIC/FTC/TAF® DTG 3DR*
(N=1,450) (N=5,691) (N=896)
Months of follow-up on the regimen, Median (IQR) 136 (7.3,183) 15.8(11.6,19.8) 134(7.9,18.2)
Regimen discontinuation?
n (%) 269 (19) 602 (11) 240 (27)
IR per 100 py (95% Cl) 17.69 (15.70, 19.94) 8.30 (7.66,8.99) 24.90 (21.94, 28.26)
Unadjusted HR (95% Cl) Reference 048 (0.42,0.56) 140(1.18,1.67)
Adjusted HR® (95% Cl) Reference 0.51(042,0.62) 1.69 (1.30,2.19)

3DR, 3-drug regimen; 3TC, lamivudine; BIC, bictegravir; Cl, confidence interval; DTG, dolutegravir; FTC, emtricitabine; HR, hazard ratio; IQR, interquartile range; IR,
incidence rate; N, number; PWH, people with HIV; py, person-year; TAF, tenofovir alafenamide;

2 DTG/3TC: dolutegravir/lamivudine single-tablet 2-drug regimen
b BIC/FTC/TAF; bictegravir/emtricitabine/tenofovir alafenamide

¢ DTG 3DR: dolutegravir/abacavir/lamivudine, dolutegravir+tenofovir disoproxil/emtricitabine, or dolutegravir+tenofovir alafenamide/emtricitabine 3-drug
regimen

4 Regimen discontinuation: adding and/or removing any antiretroviral agent

€ Marginal structural Cox proportional hazards models with stabilized inverse probability of treatment weights controlling for baseline age (linear & quadratic);
number of ART classes (linear & quadratic); female; Black race, Hispanic ethnicity; Southern US; core agent class of prior ART regimen; CD4 cell count (linear &
quadratic)

in in-person visits than those in either of the 3DR groups
(Table 3).

Discussion

In this observational study evaluating the effective-
ness and durability of a single-tablet DTG/3TC 2DR
compared to commonly prescribed 3DRs among 8,037
ART-experienced, virologically suppressed PWH, rates
of virologic failure were low across all regimens. This is
noteworthy given that use of a 2DR may alleviate issues

relating to tolerance and drug-drug interactions. Rates of
discontinuation differed between groups and were high,
especially in the DTG/3TC and DTG 3DR groups.

The effectiveness of DTG/3TC is consistent with results
from clinical trials and observational studies [11-13]. A
meta-analysis of real-world evidence studies reported
that only 1% of ART-experienced, suppressed individu-
als experienced virologic failure defined as two consecu-
tive viral loads >50 copies/mL or a single viral load>1000
copies/mL [16]. Incidence rates of virologic failure
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. Treatment-related®

49%

DTG/3TC
(n=269)

44%

BIC/FTC/TAF

(n=602)

18%
DTG 3DR
(n=240)

|| Any other reason®
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D No reason given

Dx/side effect (n = 8)

VL =200 copies/mL (n=10)

Lab abnormality (n < 5)

Dx/side effect (n = 42)

Last VL =200 copies/mL (n=21)
Lab abnormality (n < 5)

Dx/side effect (n =10)

Last VL =200 copies/mL (n=9)

Fig. 2 Reasons for ART regimen discontinuation identified from healthcare provider notes, lab results, and diagnoses, by ART regimen (DTG/3TC, BIC/
FTC/TAF, DTG 3DR). 3DR, 3-drug regimen; 3TC, lamivudine; ART, antiretroviral therapy; BIC, bictegravir; DTG, dolutegravir; Dx, diagnosis; FTC, emtricitabine;
mL, milliliter; TAF, tenofovir alafenamide; VL, viral load. # Last VL > 200 copies/mL, adverse diagnosis/side effect (i.e., new mental health, liver, renal or bone
comorbidity diagnosed within 21 days before discontinuation, or as noted), lab abnormality (i.e., alkaline phosphatase [ALP], alanine transaminase [ALT],
aspartate transaminase [AST] or bilirubin> 3 times the upper limits of normal within 21 days of discontinuation). ® Simplification; access issues; non-

adherence; treatment gap; patient/provider choice; any other reason noted

ranged from 0.9 per 100 py to 3.3 per 100 py in European
observational studies [26—-29]. In this study, only DTG
3DRs were significantly associated with virologic failure
compared to DTG/3TC (adjusted HR: 5.21; 95% CI: 1.85,
14.67). Notably, none of the 13 PWH prescribed twice-
daily DTG as part of a DTG 3DR experienced confirmed
virologic failure.

Rates of discontinuation varied across regimens, from
8.3 per 100 py with BIC/FTC/TAF, to 17.7 per 100 py with
DTG/3TC, and 24.9 per 100 py with DTG 3DR. These
rates are elevated compared to rates of discontinuation
reported by other cohorts, which ranged from 4.7 per 100
py to 11.1 per 100 py [28-31]. Compared to DTG/3TC,
hazard of regimen discontinuation was lower with BIC/

FTC/TAF (adjusted HR: 0.51; 95% CI: 0.42, 0.62), but
higher with DTG 3DRs (adjusted HR: 1.69; 95% CI: 1.30,
2.19). Most PWH remained virologically suppressed at
discontinuation and only 7 to 11% of discontinuations
appeared related to effectiveness or tolerability. This find-
ing is in line with clinical trials and observational studies,
which reported between 1% and 8% of discontinuations
linked to adverse events, intolerance, or toxicity [11, 30,
32, 33]. Although most discontinuations had no reason
listed in the EHR, other discontinuations not associated
with elevated VL or toxicity were frequently attributed to
provider choice (17-37% of discontinuations).

The higher rates of regimen discontinuation among
DTG/3TC and DTG 3DR users may be explained in
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Table 3 Clinical follow-up measures before and during the COVID-19 pandemic® among virologically suppressed PWH switching to

DTG/3TC, BIC/FTC/TAF, or a DTG 3DR between 01MAY2019 and 310CT2020 (N=8,037)

DTG/3TC® BIC/FTC/TAF® DTG 3DRY
Before COVID During COVID Before COVID During COVID Before COVID During
N=871 N=1,348 N=4,138 N=5,531 N=624 CovID
N=800
Person-months of follow-up, 4.0(1.5,6.3) 13.8(7.8,14.0) 51(26,76) 14.0 (103, 14.0) 48(24,73) 12.7.(7.9,
Median (IQR) 14.0)
Provider visits, n 2,070 10,296 13,407 35,273 2,276 4,401
Median (IQR) 2(0,4) 6(3,9) 2(0,4) 5,9 2(1,5) 4(1,8)
IR per py (95% Cl)
All visits 6.89 (6.60, 7.19) 841 (8.25,8.58) 7.70(7.57,7.83) 6.38 (6.31,6.45) 9.17 (8.80,9.55) 6.13 (5.95,
6.31)
In-person visits® 6.75 (6.46, 7.05) 6.30 (6.16, 6.44) 7.50(7.37,7.63) 4.84 (4.78,4.89) 8.85(8.49,9.23) 4.50 (4.35,
4.66)
Telehealth visits' 0.14(0.10,0.19) 2.12(2.04,2.20) 0.20(0.18,0.22) 1.54(1.51,1.58) 0.31(0.25,0.39) 1.63 (1.54,
1.73)
Viral load measurements, n 899 3,024 4,979 11,739 854 1,464
IR per py (95% Cl) 299 (2.80,3.19) 247 (2.38,2.56) 2.86 (2.78,2.94) 2.12(2.09,2.16) 344 (3.22,3.68) 2.04 (1.94,
2.15)
Discontinuations, n (%) 101 (12) 168 (13) 151 (4) 451 (8) 95 (15) 145 (18)
IR per py (95% Cl) 0.34(0.28,041) 0.13(0.12,0.16) 0.09 (0.07,0.10) 0.08 (0.07, 0.09) 0.38(0.31,047) 0.20(0.17,
0.24)
Virologic failures, n (%) <59 9(1) 7(<1) 54 (1) <59 12(2)
IR per 100 py (95% Cl) 0.33(0.05, 2.36) 0.74 (0.00, 1.42) 0.40(0.19,0.84) 0.98 (1.00, 1.28) 2.02 (0.84,4.86) 1.68 (1.00,
2.96)

3DR, three-drug regimen; 3TC, lamivudine; ART, antiretroviral therapy; BIC, bictegravir; Cl, confidence interval; COVID, coronavirus disease 2019; DTG, dolutegravir;
FTC, emtricitabine; HIV, human immunodeficiency virus; IQR, interquartile range; IR, incidence rate; n, number; PWH, people with HIV; py, person-year; TAF, tenofovir

alafenamide

2 The before COVID-19 period was 01MAY2019-29FEB2020; the during COVID-19 period was 0TMAR2020-30APR2021

b DTG/3TC 2DR: dolutegravir/lamivudine single-tablet 2-drug regimen

€ BIC/FTC/TAF 3DR; bictegravir/emtricitabine/tenofovir alafenamide 3-drug regimen

4 DTG 3DR: dolutegravir/abacavir/lamivudine, dolutegravir+tenofovir disoproxil/emtricitabine, or dolutegravir+tenofovir alafenamide/emtricitabine 3-drug

regimen

€ In-person visits with a healthcare provider included any scheduled or walk-in outpatient, inpatients, emergency, or lab visit

fTelehealth visits included any phone or video encounters with a healthcare provider

9 HIPAA privacy requirements preclude the reporting of 5 or fewer observations in any cell

part by the fact that comorbidities were more com-
mon in these groups than in BIC/FTC/TAF users, and
management of comorbidities could have an impact
on HIV treatment decisions. Moreover, high discon-
tinuation rates for DTG 3DRs may be associated to the
fact that DTG 3DRs are the oldest ART options in the
study. Regimen selection and discontinuation deci-
sions may also have been influenced by the staggered
FDA approval for DTG/3TC 2DR in the US (April 2019
for ART-naive, August 2020 for ART-experienced, sup-
pressed PWH). Most included PWH (79%) switched to
DTG/3TC between April 2019 and July 2020, represent-
ing off-label prescribing. The remaining 21% of PWH
switched to DTG/3TC after FDA approval for ART-expe-
rienced, suppressed individuals [10]. In a post-hoc analy-
sis, the proportion of individuals who discontinued their
DTG/3TC regimen during follow-up was larger before
FDA approval (20%) than after (12%). Surveys of health-
care providers highlight due caution when treating PWH

[34], especially when switching to a new treatment para-
digm [35]; precautionary decision-making may have been
applied to the off-label prescribing of this new 2DR dur-
ing the study.

The timing of this study may have also contributed to
its limitations. Disruptions to HIV care during the begin-
ning of the COVID-19 pandemic impacted the frequency
and type of care received, as demonstrated by the sensi-
tivity analysis. During the COVID-19 pandemic, there
was a reduction in the rates of overall visits, in-person
visits, and viral load monitoring among PWH who
switched to BIC/FTC/TAF or a DTG 3DR, compared to
rates observed before the pandemic; the increase in tele-
health visits did not completely offset the decrease in in-
person visits. In the DTG/3TC group, however, there was
an overall increase in visits; the decrease in in-person vis-
its was minimal and the increase in telehealth visits was
more substantial than in the 3DR groups.
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Missing data were also a challenge in this study. DTG
3DRs were more likely to be prescribed to PWH who
were new to an OPERA provider and thus had missing
or incomplete clinical history, including their prior ART
experiences and comorbidities. Missingness was also an
issue when considering reasons for regimen discontinu-
ation as they are poorly documented in EHRs. While
efforts were made to identify potential reasons by har-
nessing the richness of EHR data to evaluate not only
provider notes but also diagnoses and lab results around
the time of discontinuation, no reason could be attrib-
uted to 49-72% of discontinuations.

An additional limitation of the study is its short dura-
tion of two years, resulting in limited time to observe
virologic outcomes and discontinuations. Further, despite
the large sample size, the number of virologic failures was
small across all three groups, leading to wide confidence
intervals for the associated hazard ratios. This limits the
ability to determine if clinically and/or statistically signif-
icant differences were truly present.

Key strengths of this study included the use of prospec-
tively captured clinical data from the US-based OPERA
cohort, representing a diverse group of approximately
12% of PWH in the US at the time of this study (June
2021) [36]. Even after applying the study’s inclusion and
exclusion criteria, the study sample size was over 8,000
PWH with 1,450 PWH initiating DTG/3TC. One previ-
ous study evaluated 966 PWH on DTG/3TC 2DR while
all others were much smaller, ranging from 117 to 566
PWH on DTG/3TC in retrospective studies predomi-
nantly conducted in European countries [16, 18, 20, 27,
31, 37, 38]. The present study provided an opportunity to
compare DTG/3TC 2DR in its first 24 months of avail-
ability in the US with commonly prescribed 3DRs in the
US and to identify the rare outcome of virologic failure,
even during the COVID-19 pandemic. The large sample
size and rich EHR data also allowed for the adjustment
through IPTWs of several potential confounders iden-
tified a priori. Our findings that DTG/3TC is likely an
effective and durable treatment option for suppressed
PWH were consistent with prior studies based in Europe
and elsewhere, despite differences in sample sizes, geo-
graphic settings, and methodologic rigor of those studies.

Conclusions

Given the potential value of 2DRs in situations where
complex polypharmacy, drug-drug interaction, and
long-term ARV toxicity may be of concern, it is notable
that virologic failure was rare among ART-experienced,
virologically suppressed PWH in the US-based OPERA
cohort who newly switched to DTG/3TC, BIC/FTC/TAE,
or a DTG 3DR. Though regimen discontinuations were
slightly higher than expected, only a small percentage was
attributed to effectiveness or tolerability. The findings of
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this study suggest that DTG/3TC, a single-tablet 2DR,
is an effective option for ART-experienced, virologically
suppressed PWH. Continued study of 2DRs is needed to
evaluate longer-term effectiveness and durability of these
ART regimens for PWH.
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