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Abstract

Background Real-world data on treatment patterns and clinical outcomes for newer drugs, including integrase
strand transfer inhibitors, among older people with human immunodeficiency virus (PWH) are limited.

Methods This cohort study included PWH enrolled in the Veterans Aging Cohort Study (VACS) who were prescribed
a standard 3-drug antiretroviral therapy (ART) regimen containing dolutegravir (DTG), bictegravir (BIC), cobicistat
boosted elvitegravir (EVG), raltegravir (RAL), or darunavir/ritonavir (DRV) plus 2 nucleoside reverse transcriptase
inhibitors between January 1, 2014, and March 31, 2020, and who were >50 years at regimen initiation. The associa-
tion between regimen and virologic effectiveness or discontinuation was assessed using logistic regression mod-

els with inverse probability of treatment weights. Pairwise comparisons were made between DTG-based regimen
and each of the other 3-drug regimens, stratified by ART experience.

Results Among 15,702 PWH (across treatment groups, median age 58-62 years; 94-98% male; 5-11% Hispanic;
44-60% Black; 29-42% White), 5,800 received DTG-based regimens, 2,081 BIC-based regimens, 4,159 EVG-based regi-
mens, 1,607 RAL-based regimens, and 2,055 received DRV-based regimens. Among ART-naive PWH, there were no sta-
tistical differences in the odds of virologic suppression, and 6- and 12-month discontinuations were higher in those
on DRV. Among ART-experienced PWH, compared to DTG, those on RAL and DRV were less likely to be suppressed

at 6 months (RAL vs DTG: aOR 0.64, 95% C| 0.51-0.81; DRV vs DTG: aOR 0.63, 95% Cl 0.51-0.76) and those on EVG

and DRV were less likely suppressed at 12 months (EVG vs DTG: aOR 0.82, 95% Cl 0.68-0.99; DRV vs DTG: aOR 0.64, 95%
(1 0.52-0.80). Those on DRV were more likely to have virologic failure within 12 months (aOR 1.96, 95% Cl 1.30-2.97).
Six- and 12-month discontinuations were higher in those on RAL and DRV, but less likely for BIC-based regimens.

Conclusions DTG-based regimens demonstrated higher levels of effectiveness and durability compared to DRV-
or RAL-based regimens and had similar treatment responses as BIC- and EVG-based regimens among ART-experi-
enced older PWH.
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Background

Substantial progress has been made with respect to ART
in terms of lower pill burden and reduced dosing fre-
quency, high levels of tolerability with fewer side effects,
and higher barriers to resistance when compared to older
treatment options [1, 2]. However, there are limited data
on ART patterns and response among older PWH, espe-
cially for newer drug classes of antiretrovirals, includ-
ing integrase strand transfer inhibitors (INSTIs) [3, 4].
Immune function naturally deteriorates with age [5, 6].
For PWH, this deterioration exacerbates the underly-
ing immune dysfunction that occurs with HIV infection,
resulting in a higher risk and earlier onset of many age-
related comorbidities. Exposure to ART may also con-
tribute to the development of age-related conditions [7].
Pharmacodynamic and pharmacokinetic parameters may
also differ by age, potentially leading to more adverse
effects from ARVs among older PWH [8]. Thus, choosing
appropriate and well-tolerated ART regimens is crucial
for addressing the challenges posed by an aging popula-
tion with HIV [9-11].

The Veterans Aging Cohort Study (VACS) is a prospec-
tive, observational cohort study of military veterans in
the United States with and without HIV infection [12,
13]. The VACS is embedded within the Veterans Health
Administration (VHA) which represents the largest
integrated healthcare system and the largest single pro-
vider of HIV care in the United States with over 76,000
veterans aged 50 years or older. We sought to compare
virologic effectiveness, regimen discontinuation, and
immunologic response with common first-line 3-drug
regimens among older PWH enrolled in a real-world
setting.

Methods

Setting and data sources

We used data from VACS to describe the overall clinical
characteristics and response to modern 3-drug antiret-
roviral regimens among PWH >50 years old at the time
of regimen initiation. Detailed descriptions of VACS
have been provided elsewhere [12, 13]. In brief, VACS
is a longitudinal, prospective cohort that includes indi-
viduals with and without HIV (matched 1:2 on age, race/
ethnicity, sex, and site-of-care) identified within the VA
electronic health records (EHR) system, which includes
demographic characteristics, outpatient diagnoses
(recorded using International Classification of Diseases,
Ninth Revision [ICD-9] and Tenth Revision [ICD-10]
codes), laboratory results, and dispensed medications.
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Eligibility criteria and study population

Eligible individuals were PWH prescribed a 3-drug ART
regimen containing a single core agent of dolutegravir
(DTQ), bictegravir (BIC), cobicistat boosted elvitegravir
(EVQ), raltegravir (RAL), or ritonavir boosted darunavir
(DRV) with 2 nucleoside reverse transcriptase inhibi-
tors (Supplemental Tables 1 and 2) between January 1,
2014 and March 31, 2020, who were at least 50 years old
at regimen initiation. Exposure was defined by the core
agent prescribed (DTG, BIC, EVG, RAL, and DRV). All
analyses were stratified by treatment status (ART-naive
and ART-experienced at regimen initiation). If multiple
eligible regimens were prescribed during this study win-
dow, follow up was restricted to the first regimen. Those
who were suppressed but lacked information on previous
regimens were excluded. Follow-up began at regimen ini-
tiation and ended at the earliest event of regimen discon-
tinuation (defined as a change to the core agent, change
in total number of drugs, or a prolonged ART interrup-
tion which was 2 times the days of supply of the previous
prescription), death (all-cause), loss to follow-up (defined
as lack of clinic visits within 6 months), or end of the clin-
ical data (March 31, 2021).

Baseline characteristics

The baseline date was the first documented prescription
for an eligible ART regimen. Baseline characteristics were
assessed, including demographic variables, health fac-
tors, metabolic and lipid profiles, comorbidities, baseline
CD4+ T-cell count, baseline viral load (VL), and number
of non-ART medications. For ART-experienced PWH
switching to a study-eligible regimen, the number of ART
regimens previously used and time since ART initiation
were reported. VACS index 2.0 was used to measure dis-
ease severity [14]. VACS index 2.0 is a physiologic score
that predicts the risk of all-cause mortality based on age,
HIV biomarkers (CD4 and VL), and non-HIV biomarkers
such as hemoglobin, hepatitis C, fibrosis-4 (to assess liver
function), estimated glomerular filtration rate (to assess
renal function), albumin, BMI and white blood cell count,
with higher scores indicating a greater risk of mortality
[14]. Baseline laboratory levels were ascertained within
6 months prior to regimen initiation.

Outcomes

The primary objective of this analysis was to assess and
compare virologic suppression (VS; VL <50 copies/mL)
6- (+3 months) and 12-(+3 months) months after regi-
men initiation (Supplemental Fig. 1). Additional virologic
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outcomes included low-level viremia (VL >50 copies/mL
and <200 copies/mL) 6 (+3) months and 12(+3 months)
after initiation, virologic non-response among ART-
naive and ART-experienced non-suppressed at base-
line (2 consecutive VL >200 copies/mL after at least
24 weeks of treatment with regimen) and virologic
failure (VL>200 copies/mL in two consecutive meas-
urements within 12 months of regimen initiation or
one VL>200 copies/mL in one measurement within
12 months of regimen initiation followed by regimen dis-
continuation within the subsequent 4 months, evaluated
post-baseline for ART-experienced suppressed and post-
suppression for ART-naive and ART-experienced viremic
at baseline).

Immunologic response was assessed as change in CD4
count (cells/uL) from baseline to the end of 6 months as
a continuous measure. Additionally, regimen discontinu-
ation, by 6- and 12-months post-baseline regimen ini-
tiation, was evaluated. Change in VACS index 2.0 from
baseline to the end of 6 months was also estimated to
evaluate change in disease severity.

Statistical analyses

Baseline characteristics were summarized using counts
and proportions for categorical variables and median and
interquartile range (IQR) for continuous variables. The
differences in each variable across regimen groups was
assessed using a Chi-squared test for categorical variables
and an analysis of variance (ANOVA) test for numeri-
cal variables, with the p-value reported. All outcomes
were estimated using multivariate models with inverse
probability of treatment weighting (IPTW) to adjust for
confounding by treatment assignment [15-17]. IPTW
weights were constructed using propensity scores. We
determined the propensity score of each patient receiving
one treatment versus another by constructing a distinct
logistic regression model, adjusted for age, sex, race and
ethnicity, region, smoking status, self-reported and ICD-
9/10 based alcohol use disorder, ICD-9/10 based drug use
and dependence, ICD-9/10 based homelessness, baseline
low-density lipoprotein, baseline CD4 count, baseline
VL, and baseline VACS index 2.0. Years on ART regi-
men was also included for ART-experienced individuals.
Stabilized weights were calculated and trimmed at 99th
percentile to remove extreme values [18]. Variable bal-
ance was assessed by comparing standardized mean dif-
ferences before and after applying the treatment weights
[19]. Treatment weights were then used to fit weighted
logistic or linear regression models to estimate the treat-
ment effects on binary and continuous outcomes, respec-
tively. For the outcome models, we adjusted for the same
set of variables used in the weighting model.
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DTG-based 3-drug regimen served as the referent regi-
men. Assessments of outcomes at time points (6- and
12-month evaluations) were limited to those who had
complete data on baseline and outcome variables for
the specified timepoint or time period. Missing data and
deaths are summarized in Supplemental Tables 3 and 4.

ART-experienced individuals were stratified by age
group (50—64 years and >65 years) and hepatitis C virus
(active HCV and no active HCV) to estimate effective-
ness of DTG-based 3-drug regimens versus the other
3-drug regimens in prespecified population groups. The
subgroup analysis was not performed for ART-naive
individuals due to small sample size.

Sensitivity analyses
For missing values in baseline variables used in the
weighting model, we created a missingness indicator for
each variable and incorporated it into weight estimation
(whereas in the primary approach, we used complete
cases). Second, we applied inverse probability of censor-
ing weight to account for those whose outcomes were
missing due to unavailability of labs at 6 or 12 months
[20, 21] (whereas in the primary approach, we removed
those who had missing outcomes). Last, we restricted the
DTG versus BIC comparison to the period following Feb-
ruary 7, 2018, the date on which BIC was approved (initi-
ation year of regimens reported in Supplemental Table 5).
Analyses and data visualizations were performed with
R 4.2.0 (R Project for Statistical Computing). The study
was approved by the VA Connecticut Healthcare Sys-
tem institutional review board, which granted a waiver
of informed consent because of the retrospective nature
of the study. The study followed the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidance.

Results

Baseline characteristics

A total of 15,702 individuals were eligible for inclusion
in our study (Fig. 1). Among 1,895 (12.1% of the cohort)
ART-naive individuals, 703 (37.1%) received DTG, 316
(16.7%) received BIC, 579 (30.6%) received EVG, 121
(6.4%) received RAL, and 176 (9.3%) received DRV-based
regimens (Table 1A). Among 13,807 (87.9% of the cohort)
ART-experienced individuals, 5,097 (36.9%) received
DTG, 1,765 (12.8%) received BIC, 3,580 (25.9%) received
EVG, 1,486 (10.8%) received RAL, and 1,879 (13.6%)
received DRV-based regimens (Table 1B).

Regardless of regimen or ART experience, most indi-
viduals were male (95-97% across all treatment groups).
The median age at baseline was 59 years (22% > 65 years)
for ART-naive individuals and 61 years (31%>65 years)
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Veterans enrolled in the Veteran Aging
Cohort Study (VACS) as of 9/30/2020
N = 185,642

A\ 4

Retained those who are in the VHA Vital

Status File, have 21 VHA visit, and are

either not dead or no substantial activity
after date of death
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N =177,357
. No HIVdiagnosis
" N = 121,041

\ 4
HIV diagnosis
N = 56,316 Never received DTG-, BIC-
, EVG-, DRV-, or RAL-

> based 3-DR regimens or

Prescribed DTG-, BIC-, EVG-, DRV-, or

RAL-based 3-DR regimens for the first

time between 1/1/2014 and 3/30/2020
N = 23,450

received them prior to
1/1/2014 or after 3/31/2020
N = 32,866

A 4

At least 50 years old and alive when
receiving the 3-DR regimens
N = 16,296

Younger than 50 years old
when receiving or recorded
date of death precedes
treatment
N =7,154

v

\4

Had VL <50 copies/mL
when receiving the 3-DR
regimens but lacked data

- on previous regimens
Already on ART or had VL =50 copies/mL N = 594
if not on ART
N = 15,702
A 4 \4 \4
DTG BIC EVG RAL DRV
N = 5,800 N =2,081 N =4,159 N =1,607 N =2,055

Fig. 1 Study flowchart. VHA Veterans Health Administration, DTG dolutegravir, BIC bictegravir, EVG elvitegravir, RAL raltegravir, DRV darunavir, DR

drug, ART antiretroviral therapy, VL viral load

for ART-experienced. Greater proportions of ART-expe-
rienced individuals had two or more comorbidities (30
vs. 21%), and a higher prevalence of diabetes (28 vs. 21%),
cardiovascular disease (21 vs. 11%), and hepatitis C infec-
tion (23 vs. 13%) compared to ART-naive individuals.
Overall, baseline CD4 count was lower (median 318 vs.
541 cells/uL) for ART-naive individuals than ART-experi-
enced individuals, while baseline VL was higher (median
46,850 copies/mL vs. 20 copies/mL) for ART-naive indi-
viduals compared to ART-experienced individuals. The
baseline VACS index 2.0 medians were 66 and 50 for the
ART-naive and ART-experienced. The median number
of non-ARV co-medications individuals were exposed

to within a year prior to index date was lower (7 vs. 9)
in the ART-naive group compared to ART-experienced
individuals.

Among ART-naive individuals, 27% PWH on BIC and
24% on DRV were older than 65 years compared to DTG
(22%). Current smoker was 42% for BIC and 62% for RAL
compared to 53% for DTG. Those on RAL and DRV had
more comorbidities, lower CD4, higher viral load and
higher VAC index 2.0 compared to those initiating ART
with DTG (58 and 49% vs 45% for >1 comorbidities; 294
and 159 vs 334 cells/uL for median CD4 count; 38,810
and 70,800 vs 46,800 copies/mL for median VL; 70 and
71 vs 66 for median VACS index 2.0).
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Table 1 Baseline demographic and clinical characteristics of the study cohort
Total (N=1895) DTG (N=703, BIC (N=316, EVG (N=579, RAL (N=121, DRV (N=176, P-value?

37.1%) 16.7%) 30.6%) 6.4%) 9.3%)

A.ART-naive

Age, median (IQR) 59 (55-64) 59 (55-64) 60 (56-65) 58 (54-63) 59 (55-65) 59 (54-65) <0.001

Age (=65), n (%) 423 (22) 157 (22) 86 (27) 113 (20) 24 (20) 43 (24) 0.096

Male, n (%) 1809 (95) 663 (94) 306 (97) 554 (96) 117 (97) 169 (96) 0.387

Race and Ethnic- 0.271

ity, n (%)

Hispanic 116 (6) 34(5) 20 (6) 33(6) 13(11) 16 (9)

Black, nonhis- 1005 (53) 382 (54) 167 (53) 303 (52) 56 (46) 97 (55)

panic

White, nonhis- 671 (35) 243 (35) 113 (36) 215(37) 47 (39) 53 (30)

panic

Other/missing 103 (5) 44 (6) 16 (5) 28 (5) 5(4) 10 (6)

Region 0.040

Midwest 277 (15) 107 (15) 54(17) 73(13) 19 (16) 24 (14)

Northeast 364 (19) 130 (18) 59(19) 107 (18) 31(26) 37(21)

Southeast 742 (39) 289 (41) 111 (35) 244 (42) 47 (39) 51 (29)

Southwest 220(12) 79(11) 45 (14) 63 (11) 8(7) 25 (14)

West 292 (15) 98 (14) 47 (15) 92 (16) 16 (13) 39 (22)

Smoking, n (%) 0.001

Current 957 (51) 371 (53) 134 (42) 286 (49) 75 (62) 91 (52)

Past 586 (31) 211 (30) 127 (40) 176 (30) 22 (18) 50 (28)

Never/Unknown 352 (19) 121(17) 55(17) 117 (20) 24 (20) 35(20)

Alcohol use disor- 458 (24) 168 (24) 77 (24) 149 (26) 28 (23) 36 (20) 0.698

der (recent 12 m),

n (%)

Drug use 313(17) 116 (17) 50(16) 89 (15) 26 (21) 32(18) 0.528

and dependence

(recent 12 m),

n (%)

Homeless (recent 251 (13) 92 (13) 37(12) 78 (13) 16 (13) 28 (16) 0.777

12m), n (%)

Statin, n (%) 446 (24) 200 (28) 96 (30) 101 (17) 27 (22) 22(12) <0.001

Total cholesterol 161 (134-188) 161 (132-187) 157 (136-182) 164 (139-189) 155 (121-175) 161 (135-193) 0.055

(mg/dl), median

(IQR)

High-density 39 (30-49) 39 (30-49) 39 (31-49) 39 (32-50) 37 (27-47) 36 (30-46) 0373

lipoprotein (mg/

dl), median (IQR)

Low-density lipo- 94 (72-116) 93 (71-114) 93 (71-116) 97 (76-118) 85 (63-112) 94 (76-118) 0.055

protein (mg/dl),

median (IQR)

Triglyceride (mg/ 115 (84-168) 113 (85-169) 113 (79-162) 118 (85-166) 120 (86-188) 118 (92-160) 0.802

dl), median (IQR)

Hemoglobin (g/ 13 (12-15) 13 (12-15) 13 (12-14) 14 (12-15) 14 (12-15) 13 (11-14) <0.001

dl), median (IQR)

A1C (%), median 5.7 (54-6.2) 5.7 (54-6.2) 5.8(53-6.2) 5.7(53-6.1) 5.8 (5.5-64) 5.7(54-6.2) 0.013

(IQR)

Estimated glomer- 76 (60-94) 73 (60-94) 76 (60-94) 77 (60-95) 82 (60-98) 79 (60-94) 0.384

ular filtration rate

(ml/min/1.73 m?),

median (IQR)

Obesity 433 (23) 171 (26) 73 (25) 131 (24) 25(21) 33(21) 0.677

(BMI=30 kg/m?),
n (%)
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Total N=1895) DTG (N=703, BIC (N=316, EVG (N=579, RAL (N=121, DRV (N=176, P-value®
37.1%) 16.7%) 30.6%) 6.4%) 9.3%)
Diabetes (ever), 404 (21) 169 (24) 77 24) 90 (16) 39(32) 29 (16) <0.001
n (%)
Diabetes (type 2), 402 (21) 168 (24) 77 (24) 89 (15) 39(32) 29 (16) <0.001
n (%)
Hypertension, 624 (33) 250 (36) 106 (34) 186 (32) 34(28) 48 (27) 0.181
controlled,
with Rx, n (%)
Hypertension, 528 (28) 170 (24) 87 (28) 187 (32) 26 (21) 58(33) 0.004
uncontrolled,
n (%)
Cardiovascular 208 (11) 91 (13) 39(12) 50(9) 15(12) 13(7) 0.056
disease (ever),
n (%)
Hepatitis B virus 46 (2) 17 (2) 6(2) 15(3) 3(2) 5@3) 0.967
infection (ever),
n (%)
Hepatitis C virus 252 (13) 98 (14) 36(11) 71(012) 25(21) 22(12) 0.109
infection (ever),
n (%)
Major depression 428 (23) 183 (26) 68 (22) 115 (20) 26 (21) 36 (20) 0.092
(ever), n (%)
Comorbidities, <0.001
n (%)
0 1151 (61) 385 (55) 269 (85) 356 (61) 51(42) 90 (51)
1 349 (18) 121 (17) 20 (6) 126 (22) 33(27) 49 (28)
>2 395 (21) 197 (28) 27(9) 97 (17) 37 (31) 37(21)
CD4 (cells/uL), 318 (141-520) 334 (170-534) 316 (126-520) 358 (179-574) 294 (124-461) 159 (86-344) <0.001
median (IQR)
Viral load (copies/ 46,850 (9127- 46,800 (9885- 55,624 (6304- 35,977 (9638- 38,810 (4420- 70,800 (14,058- 0.156
mL), median (IQR)  156,248) 146,500) 215000) 134,907) 142823) 300500)
VACS index 2.0, 66 (57-77) 66 (57-78) 66 (58-78) 64 (55-74) 70 (60-80) 71 (61-84) <0.001
median (IQR)
Non-ARV co- 7(3-12) 8(3-14) 7 (3-13) 6(2-11) 7 (4-12) 5(1-10) <0.001
medications
(recent 12 m),
median (IQR)
Total DTG(N=5097, BIC(N=1765, EVG(N=3580, RAL(N=1486, DRV (N=1879, P-value®
(N=13,807) 36.9%) 12.8%) 25.9%) 10.8%) 13.6%)
B. ART-experienced
Age, median (IQR) 61 (56-67) 62 (57-67) 62 (57-68) 60 (55-66) 61 (56-67) 60 (55-65) <0.001
Age (=65), n (%) 4332 (31) 1747 (34) 670 (38) 992 (28) 475 (32) 448 (24) <0.001
Male, n (%) 13,418 (97) 4952 (97) 1713 (97) 3480 (97) 1440 (97) 1833 (98) 0.829
Race and ethnic- <0.001
ity, n (%)
Hispanic 1014 (7) 297 (6) 154 (9) 278 (8) 162 (11) 123 (7)
Black, nonhis- 6975 (51) 2627 (52) 822 (47) 1751 (49) 650 (44) 1125 (60)
panic
White, nonhis- 5260 (38) 1972 (39) 719 (41) 1390 (39) 626 (42) 553(29)
panic
Other/missing 558 (4) 201 (4) 70 (4) 161 (4) 48 (3) 78 (4)
Region <0.001
Midwest 2027 (15) 740 (15) 250 (14) 570 (16) 242 (16) 225(12)
Northeast 3195 (23) 1304 (26) 371 (21) 741 (21) 335(23) 444 (24)
Southeast 4782 (35) 1679 (33) 646 (37) 1363 (38) 482 (32) 612 (33)
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Total DTG (N=5097, BIC(N=1765, EVG (N=3580, RAL (N=1486, DRV (N=1879, P-value®

(N=13,807) 36.9%) 12.8%) 25.9%) 10.8%) 13.6%)
Southwest 1508 (11) 508 (10) 204 (12) 349 (10) 159 (11) 288 (15)
West 2295 (17) 866 (17) 294 (17) 557 (16) 268 (18) 310 (16)
Smoking, n (%) <0.001
Current 6965 (50) 2575 (51) 819 (46) 1719 (48) 768 (52) 1084 (58)
Past 3912 (28) 1436 (28) 558 (32) 1061 (30) 381 (26) 476 (25)
Never/Unknown 2930 (21) 1086 (21) 388(22) 800 (22) 337(23) 319(17)
Alcohol use disor- 2596 (19) 985 (19) 310(18) 626 (17) 266 (18) 409 (22) 0.001
der (recent 12 m),
n (%)
Drug use 2232 (16) 847 (17) 228 (13) 490 (14) 249 (17) 418 (22) <0.001
and dependence
(recent 12 m),
n (%)
Homeless (recent 1291 (9) 459 (9) 133(8) 320 (9) 126 (8) 253 (13) <0.001
12m), n (%)
Statin, n (%) 5639 (41) 2232 (44) 825 (47) 1358 (38) 567 (38) 657 (35) <0.001
Total cholesterol 172 (147-200) 172 (146-200) 174 (149-201) 175 (151-203) 163 (139-191) 172 (146-198) <0001
(mg/dl), median
(IQR)
High-density 43 (35-54) 44 (35-54) 46 (37-56) 44 (36-54) 41 (33-50) 42 (35-53) <0.001
lipoprotein (mg/
dl), median (IQR)
Low-density lipo- 97 (76-119) 97 (75-118) 98 (76-121) 99 (80-122) 92 (70-113) 96 (75-117) <0.001
protein (mg/dl),
median (IQR)
Triglyceride (mg/ 132 (91-199) 134 (92-202) 125 (89-177) 132 (91-196) 136 (92-209) 133 (93-207) <0.001
dl), median (IQR)
Hemoglobin (g/ 14 (13-15) 14 (13-15) 14 (13-15) 14 (13-15) 14 (13-15) 14 (13-15) <0.001
dl), median (IQR)
A1C (%), median 5.6 (5.2-6.0) 5.6 (5.2-6.0) 5.6 (5.3-6.0) 5.6 (5.2-6.0) 5.7 (5.2-6.2) 5.6 (5.2-6.0) <0.001
(IQR)
Estimated 72 (60-91) 69 (59-89) 74 (60-92) 74 (60-91) 73 (59-91) 74 (60-93) <0.001
glomerular
filtration rate (ml/
min/1.73 m?),
median (IQR)
Obesity 3265 (24) 1195 (23) 459 (26) 870 (24) 354 (24) 387 (21) <0.001
(BMI=30 kg/m?),
n (%)
Diabetes (ever), 3853 (28) 1480 (29) 476 (27) 874 (24) 505 (34) 518 (28) <0.001
n (%)
Diabetes (type 2), 3824 (28) 1470 (29) 468 (27) 871 (24) 504 (34) 511 27) <0.001
n (%)
Hypertension, 5835 (42) 2217 (43) 736 (42) 1432 (40) 648 (44) 802 (43) 0.016
controlled,
with prescriptions,
n (%)
Hypertension, 2400 (17) 794 (16) 300 (17) 713 (20) 244 (16) 349 (19) <0.001
uncontrolled,
n (%)
Cardiovascular 2838 (21) 1116 (22) 362 (21) 580 (16) 387 (26) 393 (21) <0.001
disease (ever),
n (%)
Hepatitis Bvirus 940 (7) 328(6) 111 (6) 214 (6) 137.(9) 150 (8) <0.001

infection (ever),
n (%)
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Table 1 (continued)

Total DTG (N=5097, BIC(N=1765, EVG (N=3580, RAL (N=1486, DRV (N=1879, P-value®

(N=13,807) 36.9%) 12.8%) 25.9%) 10.8%) 13.6%)
Hepatitis C virus 3184 (23) 1290 (25) 255 (14) 610(17) 515 (35) 514 (27) <0.001
infection (ever),
n (%)
Major depression 5185 (38) 1920 (38) 692 (39) 1282 (36) 586 (39) 705 (38) 0.062
(ever), n (%)
Comorbidities, <0.001
n (%)
0 2967 (21) 960 (19) 479 (27) 915 (26) 240 (16) 373 (20)
1 6686 (48) 2420 (47) 847 (48) 1815 (51) 677 (46) 927 (49)
>2 4154 (30) 1717 (34) 439 (25) 850 (24) 569 (38) 579 (31)
CD4 (cells/uL), 541 (348-760) 554 (363-776) 610 (409-818) 559 (370-773) 498 (299-716) 434 (253-661) <0.001
median (IQR)
Viral load (copies/ 20 (20-40) 20 (20-40) 20 (20-40) 20 (20-41) 20 (20-40) 40 (20-385) <0.001
mL), median (IQR)
Virologically sup- 9613 (76) 3760 (79) 1306 (82) 2493 (76) 1026 (79) 1028 (62) <0.001
pressed, n (%)°
Low-level viremia, 926 (7) 345 (7) 95 (6) 225 (7) 88 (7) 173 (10) <0.001
n (%)°
VACS index 2.0, 50 (40-63) 49 (39-63) 56 (48-66) 45 (36-57) 51 (41-65) 53 (42-68) <0.001
median (IQR)
Number of ARV 5(2-10) 5(3-10) 4 (2-9) 5(2-9) 7(3-12) 7 (3-13) <0.001
regimens used
before, median
(IQR)
Time on ARVs 12 (7-18) 12 (7-18) 13(8-19) 11 (6-17) 12 (6-18) 12 (6-18) <0.001
(years), median
(IQR)
Duration of pre- 60 (21-106) 65 (29-110) 57 (3-121) 59 (17-106) 63 (27-102) 50 (17-88) <0.001
ceding regimen
(months), median
(IQR)
Non-ARV co- 9(5-15) 9(5-15) 8 (4-14) 8(4-13) 10 (6-16) 9(5-14) <0.001
medications
(recent 12 m),
median (IQR)

DTG dolutegravir, BIC bictegravir, EVG elvitegravir, RAL raltegravir, DRV darunavir, PWH persons with HIV, CD4 clusters of differentiation 4, VACS the Veterans Aging
Cohort Study, ARV antiretroviral, ART antiretroviral therapy, IQR interquartile range, Rx prescription, BMI body mass index

?The p-value, based on a Chi-squared test for categorical variables and an analysis of variance (ANOVA) test for numerical variables, assesses the difference of each

variable across regimen groups

b Percentages are calculated based on individuals with non-missing VL at baseline

In the ART-experienced group, more PWH on BIC
(38%) and DTG (34%) were older than 65 years com-
pared to those on DRV (24%). A higher proportion on
DRYV were current smoker (58 vs 51% for DTG) and had
alcohol use disorder (22 vs 19% for DTG), drug use or
dependence (22 vs 17% for DTG), and homelessness (13
vs 9% for DTG). Compared to those on DTG, individu-
als on RAL and DRV had a higher rate of hepatitis B
virus infection (9 and 8% vs 6%), hepatitis C virus infec-
tion (35 and 27% vs 25%), lower median CD4 count
(498 and 434 vs 554 cells/uL), lower proportions being
suppressed (69 and 55% vs 74%), higher VACS index

2.0 (51 and 53 vs 49), and more non-ARV co-medica-
tions (10 and 9 vs 9). ART-experienced individuals have
been on antiretrovirals (ARVs) for about 11-13 years,
55-74% being virologically suppressed and 5-9% hav-
ing low-level viremia across all drug regimens.

Effectiveness outcomes

Among ART-naive individuals (Fig. 2, Panel A), there
were no statistical differences in virologic suppression
and low-level viremia across regimen groups at 6 and
12 months from regimen initiation. Within 12 months,
there were no statistical differences in odds of experienc-
ing virologic failure between DTG, EVG, and RAL (aORs
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for BIC and DRV not reported due to few events). Com-
pared to DTG, only individuals on RAL had statistically
higher odds of experiencing non-response in the first
12 months of treatment (aOR 7.88, 95% CI 1.22—-50.68).
Those on DRV were more likely to discontinue regi-
men by 6 months (aOR 4.19, 95% CI 2.01-8.73) and 12
months (aOR 3.21, 95% CI 1.69-6.12) compared to DTG.
Mean CD4 count increased in the first 6 months of treat-
ment with ART among all regimen groups, but those on
RAL and DRV had a smaller increase compared to those
on DTG (adjusted mean difference [95% CI], —67 cells/
uL [—120 to —15] for RAL vs DTG, —67 cells/uL [-105 to
—28] for DRV vs DTG). Mean VACS index 2.0 decreased
within the first 6 months of treatment, regardless of regi-
mens, with those on BIC experiencing smaller adjusted
mean decreases compared to those on DTG (adjusted
mean difference [95% CI], 2.1 [0.6-3.7]).

Among ART-experienced individuals (Fig. 2, Panel B),
compared to those on DTG, those on RAL and DRV were
less likely to be suppressed at 6 months (RAL vs DTG:
aOR 0.64, 95% CI1 0.51-0.81; DRV vs DTG: aOR 0.63, 95%
CI10.51-0.76) and those on EVG and DRV were less likely
suppressed at 12 months (EVG vs DTG: aOR 0.82, 95%
CI10.68-0.99; DRV vs DTG: aOR 0.64, 95% CI 0.52-0.80).
Those on DRV were more likely to have low-level viremia
at 6 months (DRV vs DTG: aOR 1.47, 95% CI 1.13-1.91).
Those on DRV were more likely to have virologic failure
within 12 months (aOR 1.96, 95% CI 1.30-2.97). Those
on RAL and DRV were more likely to experience non-
response within 12 months (RAL vs DTG: aOR 1.92, 95%
CI 1.07-3.46; DRV vs DTG: aOR 2.07, 95% CI 1.33-3.22)
among unsuppressed individuals. Compared to DTG,
the mean increase in CD4 count was 12 [95% CI 4-20],
12 [95% CI 0-23], and 28 [95% CI 18-38] cells/uL lower
among those on EVG, RAL, and DRV at 6 months. VACS
index 2.0 improved to a greater extent among those on
BIC compared to those on DTG (adjusted mean differ-
ence [95% CIJ, 1.6 [1.0-2.3]).

Compared to individuals taking DTG-based regimens,
those on RAL and DRV were more likely to discontinue
ART within 6 months (RAL vs DTG: aOR 2.85, 95% CI
2.25-3.60; DRV vs DTG: aOR 2.32, 95% CI 1.84-2.92)
and within 12 months (RAL vs DTG: aOR 3.43, 95% CI

(See figure on next page.)
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2.85-4.14; DRV vs DTG: aOR 2.60, 95% CI 2.17-3.12).
Discontinuation by 6 and 12 months was lower for those
on BIC compared to DTG (6-month aOR 0.46, 95% CI
0.29-0.74; 12-month aOR 0.48, 95% CI 0.35-0.66). Rea-
son for discontinuation was not directly reported in the
EHR data. Discontinuations of baseline regimens poten-
tially attributed to regimen simplification were identified
(Supplemental Table 6), as switches from multiple-tablet
baseline regimens to single-tablet regimens, as well as
reductions from a 3-drug regimen to a 2-drug regimen,
and switching from a boosted regimen (4 drugs total) to
a regimen with 3 or fewer drugs. Among those discon-
tinuing baseline regimens, 22% of ART-naive and 27%
ART-experienced on DTG, 39% of ART-naive and 40%
of ART-experienced on RAL, and 77% of ART-naive
and 45% of ART-experienced on DRV switched from a
multi-tablet regimen to a single-tablet regimen when
they discontinued their baseline regimen. Discontinuing
a boosted regimen (EVG- and DRV-based regimens) to
move to a 2- or 3-drug non-boosted regimen was also
common (75% of ART-naive and ART-experienced dis-
continuing a cobicistat boosted EVG regimen and 77%
of ART-naive and 45% of ART-experienced discontinu-
ing a boosted DRV-based regimen). Simplification from
a 3-drug (boosted or unboosted) regimen to a 2-drug
regimen occurred rarely in the ART-naive group (n=3
switches) but more frequently in the ART-experienced
group (8% of DTG discontinuations, 11% BIC, 1% EVG,
3% RAL, and 2% DRYV).

Outcomes of subgroup analyses based on age group
(50—64 years and >65 years) and hepatitis C virus (HCV
and no HCV) among ART-experienced individuals (Sup-
plemental Figs. 2 and 3), were comparable to findings
from the primary analysis.

Sensitivity analyses were performed to assess the
robustness of our findings and yielded results that were
consistent with those obtained from the primary analysis
(Supplement Figs. 4-6).

Discussion

In a large national sample of older veterans with HIV who
were on various ART regimens, individuals on DTG-
and BIC-based regimens experienced similar virologic

Fig. 2 Comparison of treatment outcomes for those receiving BIC-, EVG-, RAL-, and DRV-based 3-drug regimens compared to those receiving
DTG-based 3-drug regimen among A. ART-naive and B. ART-experienced PWH. 'N represents the number of persons in each treatment group
with complete information on variables used in the outcome model. *Estimates and confidence intervals were calculated from inverse-probability
weighted models, adjusted for age, sex, race and/or ethnicity, region, smoking, alcohol use disorder, drug use and dependence, homelessness,
baseline low-density lipoprotein, baseline CD4 count, baseline VL, baseline VACS 2.0 index, and years on ART regimen for ART-experienced.
3Virologic non-response for ART-experienced was defined for individuals who were suppressed at baseline. DTG dolutegravir, BIC bictegravir, £VG
elvitegravir, RAL raltegravir, DRV darunavir, PWH people with HIV, ART antiretroviral therapy, aOR adjusted odds ratio, C/ confidence interval, VACS
the Veterans Aging Cohort Study, CD4 clusters of differentiation 4, VL viral load
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and immunologic responses to treatment among both
ART-naive and ART-experienced individuals across end-
points. Responses to treatment tended to be lower among
those taking RAL- and DRV-based regimens, even after
accounting for baseline differences in characteristics. Spe-
cifically, among ART-naive PWH initiating treatment,
compared to those on DTG-based regimens, immune
response within the first 6 months was lower for those
taking RAL and DRV. Among ART-experienced PWH,
those treated with RAL-and DRV-based regimens were
less likely to achieve or maintain suppression and expe-
rienced lower gains in CD4 within the first year of treat-
ment; those on DRV-based regimens were also more likely
to experience virologic non-response and failure. Treat-
ment experienced individuals on boosted EVG-based reg-
imens also had lower suppression and smaller changes in
CD4 compared to those on DTG-based regimens.

Our findings on virologic outcomes were consistent
with the results of previous randomized clinical trials. In
clinical trials, bictegravir/emtricitabine/tenofovir alafena-
mide (BIC/FTC/TAF) demonstrated non-inferiority to
dolutegravir/abacavir/lamivudine in terms of virologic
suppression at week 48 in both treatment-naive and
treatment-experienced populations [22, 23]. In the FLA-
MINGO trial, participants receiving DTG (with tenofovir-
emtricitabine or abacavir-lamivudine) were more likely to
achieve virologic suppression at week 48 than those receiv-
ing DRV plus ritonavir among ART-naive adults [24].

Several observational studies and meta-analyses have
demonstrated that INSTI-based regimens, particularly
second generation INSTIs of DTG and BIC, were associ-
ated with longer treatment duration and better virologic
suppression compared to non-INSTI regimens [25-30].
Fewer studies have compared the effectiveness of 3-drug
ART regimens between INSTIs. D’Arminio Monforte et al.
[31] showed that DTG had a lower risk of treatment fail-
ure than RAL and DRV at 12 months among ART-naive
patients, with no significant difference in the risk of dis-
continuation. Mills et al. [32] found that ART-naive PWH
on DTG had better virologic outcomes than RAL and DRV
but had an increased virologic failure risk comparable to
EVG. Brehm et al. [33] found no significant differences
in virologic suppression between DTG, EVG, and RAL
at 12 months, both in ART-naive and ART-experienced
patients. Consistent with these studies, our findings sug-
gest that DTG-based regimens had a higher likelihood of
virologic suppression or lower virologic failure than EVG,
RAL, and DRV among ART-experienced patients.

Data on virologic and immunologic treatment responses
specifically among older PWH are limited. A pooled analy-
sis using data from 6 phase III/IIIb clinical trials assessing
the efficacy and safety of dolutegravir-based ART found
that in both treatment-naive and treatment-experienced
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study participants, response rates to dolutegravir-based
ART were similar when compared between age groups:
<50, >50 to <65, and >65 years [34]. Response rates to
non-dolutegravir-based ART were numerically lower in
the >65 years group; however, participant numbers were
too low to draw any meaningful conclusions. Efficacy
between DTG- and non-DTG regimens among the older
age groups were not directly compared. A phase 3b single-
arm trial evaluating virologically suppressed PWH aged
>65 years switching from EVG/c/emtricitabine/tenofovir
alafenamide or a tenofovir disoproxil fumarate-based regi-
men to BIC/emtricitabine/tenofovir alafenamide found
high rates of suppression and stable CD4 counts through
96 weeks of follow up [35]. Comparative efficacy among
older PWH in clinical trials and real-world effectiveness
of 3-drug regimens restricted to older PWH are currently
data gaps in the literature.

PWH taking DRV- and RAL-based regimens were
more likely to discontinue their regimens by 6- or
12-months compared to DTG-based regimens among
both the ART-naive and ART-experienced populations.
Worse virologic or immunologic response to treatment
necessitating changes to the baseline regimen may par-
tially account for the higher discontinuation rates com-
pared to those on DTG-based regimens. In contrast,
despite comparable virologic and immunologic responses
to treatment, individuals on BIC-based regimens were
less likely to discontinue within 6- or 12-months of treat-
ment among ART-experienced PWH.

It is a limitation of the data that reasons for regimen
changes and discontinuations are not consistently docu-
mented in the EHR data. Looking at the regimens pro-
ceeding discontinuations, simplification may have been
a common driver for treatment change, with a large
proportion of those on DTG-, RAL- and DRV-based
regimens switching from multi-tablet to single-tablet
regimens. BIC- and EVG-based regimens are only avail-
able in fixed dose combination single-tablet regimens. In
addition to the number of pills, simplification by reduc-
ing the total number of drugs in the regimen, particularly
the elimination of boosting agents, was another com-
mon scenario among discontinuations. Complete 2-drug
regimens for HIV treatment (approved regimens: DTG/
lamivudine and DTG/rilpivirine) were newly approved
during the time period of the study, but simplification
to a 2-drug was another form of simplification observed,
particularly in the ART-experienced population and
among those already on 2nd generation INSTIs (DTG
and BIC). In an aging population with higher likelihood
of multiple comorbidities and associated polypharmacy,
reducing drug and pill burdens are important consid-
erations to limit the risks of adherence issues, drug-drug
interactions, and drug toxicities [36].
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This study has additional limitations. Given differ-
ences in veteran demographic and clinical characteristics
compared with the general US population, as well as dif-
ferences in care delivery between VHA and non-VHA
systems, findings from this study may not be generaliz-
able to other groups. Additionally, we were not able to
evaluate adherence or resistance based on the available
data, both of which may impact response to treatment
and discontinuations. Further, while we employed meth-
ods to control for potential confounders that may affect
the results, missing data and unknown confounders that
were not included in the EHR could result in residual
confounding. Of note, those taking RAL- and DRV-based
regimens were more likely to have a complex medical
presentation, including more frequent comorbid condi-
tions and associated polypharmacy. While the statistical
methods used attempted to account for potential chan-
neling bias, residual confounding could still bias observed
results. COVID-19 may have impacted clinical practices
towards the end of the study period, with visits not being
scheduled as regularly as during normal circumstances.
Last, with a follow-up of up to 1 year, we were not able to
compare the regimens in the long term.

Conclusions

Among both ART-naive and ART-experienced veterans
of age >50 in the VACS cohort, those starting a DTG-
based 3-drug regimen had comparable or favorable treat-
ment responses to those starting BIC-, EVG-, RAL-, and
DRV-based 3-drug regimens.
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