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Aim: Compare weight changes between people living with HIV-1 (PLWH) at high risk of weight gain
(females, Blacks or Hispanics) switching from an integrase strand transfer inhibitor (INSTI) to a protease
inhibitor (P1) or another INSTI. Materials & methods: Mean weight changes from pre-switch to up-to-
12 months post-switch were retrospectively compared between PLWH switching to a Pl or INSTI. Results:
356 PLWH were eligible. At 9- and 12-month post-switch, weight increases were observed for INSTI
(weight: +1.55 kg and +1.59 kg), while decreases were observed for Pl (-0.23 kg and -1.59 kqg); differences
between cohorts widened over time. Conclusion: These data suggest that switching off an INSTI may be
a management tool to mitigate or reverse weight gain.

Tweetable abstract: ART management may be an option to mitigate or reverse weight gain following
initial INSTI treatment among female, Black or Hispanic PLWH who have a higher risk of weight gain.
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The introduction of antiretroviral therapy (ART) for HIV-1 has significantly improved clinical outcomes and
quality of life (1-4]. With life expectancy improving among people living with HIV-1 (PLWH) in the USA, there
has been an increase in the prevalence of diseases associated with aging among PLWH (5]. Related to this, weight
gain is also now emerging as an important consideration, especially given the link between higher weight and
comorbidities such as cardiometabolic conditions in the general population [6,7]. While an increasing trend in BMI
(23.8 kg/m? in 1998 and 24.8 kg/m? in 2010) and the proportion of obese PLWH initiating ART (9% in 1998
and 18% in 2010) has been observed among PLWH over time [8], ART itself has also been associated with increased
weight gain in PLWH [9,10]. It has been reported that factors such as diabetes, multiple comorbidities and low
neutrophils/lymphocytes ratio are independent predictors of being overweight or obese in PLWH over 50 years of
age receiving ART [11]. Furthermore, certain populations such as females, Blacks or Hispanics have been observed
to experience greater ART-related weight gain [12,13] than other populations.

The US Department of Health and Human Services (DHHS) guidelines generally recommend ART regimens
containing an integrase strand transfer inhibitor (INSTI) for the majority of PLWH initiating ART [14]. Protease
inhibitors (PIs) are also recommended in specific PLWH populations such as those at risk of non-adherence
or those who initiate treatment rapidly without baseline laboratory and resistance testing results [14]. Although
INSTIs are recommended for most PLWH, guidelines from the US DHHS underline a greater risk of weight gain
associated with INSTI-based regimens compared with other approved ART regimens [14]. In addition, INSTI-
related weight gain has also been established in previous studies including results from a recent systematic literature
review, which have demonstrated that INSTIs are associated with greater weight gain or BMI increase than other @
ART classes [15]. When compared with PI-based regimens, a majority of studies have suggested that INSTI-based ~ % Becaris
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regimens were associated with greater increases in weight/BMI gain after ART initiation in both treatment-naive
and treatment-experienced PLWH [16-21].

Alchough INSTT-experienced PLWH who gain weight may switch to a different ART class to better control
weight, switches to another INSTI-based regimen may also occur because of the general preference for this class
of ART medication based on DHHS guideline recommendations or because one of the backbone components
(e.g., tenofovir alafenamide [TAF]) was believed to be responsible for the observed weight gain. While there is
research investigating weight changes in treatment-naive PLWH, overall and for specific regimens, there are little
data available to date on switching off an INSTT as a strategy to mitigate or reverse weight gain. More specifically,
there has been relatively little investigation into the extent of weight gain or BMI increase among treatment-
experienced PLWH who switched ART following initial INSTT treatment, specifically among populations at high
risk of weight gain. Therefore, this study aims to describe and compare weight and BMI changes among PLWH at
higher risk of weight gain, as defined in the DHHS guidelines (i.e., females, Blacks or Hispanics) [12-14], who were
previously treated with an INSTI-based ART regimen and were then switched to a PI-based ART versus another
INSTI-based ART.

Materials & methods

Data source

Electronic medical record (EMR) data from the Symphony Health, an ICON plc Company, IDV® database
(1 April 2015 to 31 March 2021) was used to identify the study population and address the study objectives.
This provider-based EMR database comprises historical clinical information such as medications prescribed and
administered, lab results, vital signs including weight and BMI measurements, and clinical diagnoses. The data
were de-identified and compliant with the requirements of the Health Insurance Portability and Accountability
Act (HIPAA). As such, PLWH did not sign informed consent for enrollment in the provider-based EMR database.
As this was an analysis of EMR data, Institutional Review Board approval was not required, for two reasons: it
was a retrospective analysis of existing data (and hence, involved no intervention or interaction conducted by the
authors); and no personally identifiable information was included in the EMR dataset.

Study design

A retrospective, longitudinal cohort study design was used for this analysis. Adult female, all Black (male or female),
or all Hispanic (male or female) PLWH who were initiated on an INSTT as part of a complete ART regimen
(defined as >2 nucleoside reverse transcriptase inhibitors [NRTIs] or a single NRTT if the regimen was dolutegravir
[DTG] + lamivudine, with all NRTT agents being received within 14 days before or after the date of the first
INSTI prescription) and who subsequently switched to either a PI-based or another INSTI-based complete ART
regimen within 90 days of the last prescription for the initial INSTT regimen were included.

PLWH were assigned to mutually exclusive PI or INSTT cohorts based on the first observed prescription for the
agent that they switched to. The index date was defined as the date of the first prescription for the agent to which
the PLWH switched (i.e., new PI or different INSTI). Therefore, PLWH were assigned to the PI cohort if they first
switched to a PI or to the INSTT cohort if they first switched to another INSTI. PLWH who only had a switch
in the NRTT backbone but remained on the same INSTI agent were not considered to have a treatment switch
and were not included in the INSTI cohort. To represent the most recent and commonly used ART regimens,
only switches to darunavir (DRV) or atazanavir (ATZ) were included for the PI cohort, and switches to DTG,
elvitegravir (EVG), or bictegravir (BIC) were included for the INSTT cohort.

Continuous clinical activity in the EMR database was defined as the period from the first to the last record
in the database. The baseline period was defined as the 6-month period of continuous clinical activity before the
index date, and the follow-up period was defined as the period from the index date until the earliest of initiation of
another PI or INSTT agent that was different from the index agent (i.e., a switch of the NRTT backbone was not
considered a treatment switch), initiation of a non-nucleoside reverse transcriptase inhibitor (NNRTT) agent, the
end of continuous clinical activity, or the end of data availability (i.e., on-treatment approach).

Study population

Adult female, any Black or any Hispanic PLWH who were treated with an INSTT (i.e., raltegravir, DTG, EVG or
BIC) used as part of a complete ART regimen (i.e., the initial INSTT regimen), and who were subsequently treated
with a Pl agent (i.e., DRV or ATZ) or a different INSTT agent (i.e., DTG, EVG or BIC), used as part of a complete
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ART regimen between 1 October 2015 and 15 November 2020, were included if they were diagnosed with HIV-1
prior to the index date, had >6 months of continuous clinical activity before the index date and had >1 weight or
BMI measurement in both the baseline and follow-up periods (Figure 1).

PLWH were excluded if they were males of non-Black/non-Hispanic ethnicity, received another ART class
between the initial INSTI-based regimen and either the PI-based or the INSTI-based index regimen, had >1
diagnosis of HIV-2, liver cirrhosis or hepatitis, stage V chronic kidney disease or end-stage renal disease (or
creatinine clearance <15 mL/minute), pregnancy, or cancer (excluding cutaneous Kaposi’s sarcoma, basal cell
carcinoma, or resected, non-invasive cutaneous squamous carcinoma) during the baseline period, or if they were

previously treated with a PI or NNRTT during the baseline period.

Study measures

Demographic and clinical characteristics were described during the 6-month baseline period. To understand
weight/BMI trajectories, the mean weight and BMI measurements observed during the period prior to initiating
the initial INSTI-based regimen (pre-INSTT period), during their initial INSTI-based ART regimen (during-INSTI
period), and after switching from the initial INSTT regimen (post-index period) were evaluated among PLWH with
>1 measurement in each of these periods.

Differences in weight and BMI between the baseline and follow-up periods were also assessed at 3-, 6-, 9- and
12-month post-index time points. Follow-up weight/BMI measurements were assessed during non-overlapping
3-month intervals at 75, 165, 255 and 345 days, using &= 45-day windows around each time point. If an individual
had more than one weight or BMI value during a specific 3-month interval, all values were used to calculate the
mean weight or BMI for that interval (Supplementary Figure 1).

For each post-index time point, the absolute and relative differences (i.e., any increase [i.e., >0%] and >5%
increase) in weight or BMI between the post-index time point and the baseline measurement were assessed among
both cohorts.

Statistical analysis

Baseline characteristics were reported using means, standard deviations (SDs), medians for continuous variables and
counts and proportions for categorical variables. Inverse probability of treatment weighting (IPTW) was used to
account for differences in baseline characteristics between the PI and INSTT cohorts. First, the propensity score
(PS) for each individual was estimated using a multivariable logistic regression model, where the dependent variable
was the index treatment indicator (i.e., PI or INSTT) and baseline characteristics were independent variables used
to predict treatment switch. The following baseline variables were included in the PS model: age, gender, ethnicity,
geographic region, insurance plan type, year of the index date, Quan-Charlson Comorbidity index (Quan-CCI;
excluding HIV-1 symptoms), hypertension, dyslipidemia, obesity, type II diabetes, BMI and observed duration of
initial INSTT treatment. IPTWs for each individual were estimated as follows: 1/PS for PLWH in the PI cohort
and 1/(1-PS) for PLWH in the INSTI cohort. In addition, weights were normalized by the mean weight and
truncated at the 95th percentile of the IPT'W distribution. In the resulting weighted sample, each individual
contributed according to their reweighted representation, and the weighted sample size after IPTW for a given
cohort represented the sum of each individual’s weight in that cohort. Therefore, even though the same individuals
contributed to the analysis before and after weighting, the sample size after weighting was different than the original
sample size (before weighting) [22]. The resulting differences in weight/BMI changes between the weighted PI and
INSTTI cohorts reflected the average treatment effect.

Differences in baseline characteristics between the two cohorts were evaluated using standardized differences.
Characteristics with a standardized difference <10% were considered well balanced [23]. The mean change in weight
and BMI between the baseline and follow-up periods was compared between PI and INSTT cohorts at 3-, 6-, 9-
and 12-month post-index using mean differences obtained from weighted ordinary least squares regression models.
The proportion of PLWH having any and >5% weight or BMI increase between the post- and pre-index periods
were also compared between the index treatments at 3-, 6-, 9- and 12-month post-index using odds ratios (ORs)
obtained from weighted logistic regression models. All weighted models were further adjusted for the following
additional baseline variables that remained imbalanced after IPTW, to obtain doubly-robust estimates: age, gender,
ethnicity, baseline Quan-CCI (excluding HIV-1), baseline hypertension, baseline dyslipidemia, baseline type 1I
diabetes, weight gain >5% after starting initial INSTT (weight outcomes only) and BMI increase >5% after
starting initial INSTT (BMI outcomes only). To account for the variability in individual’s IPT'W, non-parametric
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Figure 1. Identification of the study population.
ART: Antiretroviral therapy; INSTI: Integrase strand transfer inhibitor; NNRTI: Non-nucleoside reverse transcriptase
inhibitor; PI: Protease inhibitor; PLWH: People living with HIV-1.
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bootstrap procedures with 500 iterations were used to calculate 95% confidence intervals (Cls) and p-values for all
regression models.

As part of a subgroup analysis, mean weight differences between the baseline and follow-up periods were described
among PLWH who switched from their initial TAF-containing INSTT regimen to an index non-TAF-containing
INSTI regimen.

Results

Overall, 46 PLWH were eligible for inclusion in the PI cohort and 310 PLWH were eligible for inclusion in the
INSTT cohort (Figure 1). After applying IPT'W, weighted samples were 153 and 203 PLWH in the PI and INSTI
cohorts, respectively (Table 1).

Study population characteristics

Baseline characteristics for each weighted cohort are presented in Table 1. The mean age was 42.5 years (SD = 12.6)
and 45.5 years (SD = 13.6) in the PT and INSTT cohorts, respectively, and females accounted for 60.3 and 52.4%
of PLWH in the two cohorts, respectively. Most PLWH were Black (PI: 49.1%; INSTI: 53.5%), resided in the
South (PI: 76.8%; INSTI: 76.0%) and were covered by commercial insurance plans (PI: 65.1%; INSTT: 62.0%).
The mean baseline Quan-CClI score (excluding HIV-1 symptoms) was 0.4 (SD = 0.8) and 0.5 (SD = 1.0) in the
PI and INSTT cohorts, respectively. The mean baseline weight was 83.2 kg [183.4 Ibs] (SD = 19.0 kg) and 85.0 kg
[187.4 Ibs] (SD = 23.7 kg), and the mean baseline BMI was 29.5 kg/m?* (SD = 7.2) and 29.8 kg/m? (SD = 7.7)
in the PI and INSTT cohorts, respectively. The mean duration of the initial INSTI-based regimen prior to ART
switch was 14.3 months (SD = 13.8) and 16.9 months (SD = 15.8) in the PI and INSTT cohorts, respectively. The
most common initial INSTI-based regimen was DTG-based for the PI cohort (53.7%) and EVG-based for the
INSTT cohort (42.8%).

In the PI cohort, the most common PI that PLWH switched to was DRV (74.1%; Table 2). In the INSTI
cohort, the most common INSTI that PLWH switched to was BIC/emtricitabine (FTC)/TAF (52.3%), followed
by a DTG-based ART regimen (40.8%). TAF use was observed among 50.0% and 65.5% of index regimens in
the PI and INSTT cohorts, respectively. The mean duration of the index treatment (i.e., on-treatment period) was

14.7 months (SD = 11.8) in the PI cohort and 19.9 months (SD = 14.5) in the INSTT cohort.

Comparison of weight & BMI change after treatment switch

The analysis of weight/BMI trajectories showed that weight and BMI increases were observed after starting the
initial INSTI-based regimen for both cohorts, with a numerically higher gain observed pre-switch in those who later
went into the PI cohort (weight: mean increase from 80.8 kg before initiation of the initial INSTT to 84.6 kg while
on initial INSTT treatment; BMI: mean increase from 28.6 to 29.9 kg/m?) than into the INSTI cohort (weight:
mean increase from 84.1 to 85.0 kg; BMI: mean increase from 29.4 to 29.8 kg/mz). After switching from the
initial INSTT regimen to the index regimen, weight and BMI increases were observed to stabilize in the PI cohort
(weight: mean increase from 84.6 kg while on initial INSTI treatment to 84.8 kg while on PI treatment; BMI:
mean increase from 29.9 to 30.0 kg/m?), while increases continued to be observed in the INSTI cohort (weight:
mean increase from 85.0 kg while on initial INSTT treatment to 86.1 kg while on second INSTT treatment; BMI:
mean increase from 29.8 to 30.1 kg/m?; Figure 2).

After treatment switch, PLWH in the INSTI cohort initially experienced slightly smaller (but non-significant)
weight and BMI increases at 3- and 6-month time points than PLWH in the PI cohort (Figure 3). However,
at 9- and 12-months post-switch, PLWH in the INSTT cohort experienced numerically higher weight and BMI
increases than those in the PI cohort, with PLWH in the PI cohort experiencing an overall mean decrease in
weight post-index, while those in the INSTT cohort experienced an overall mean increase in weight post-index.
More specifically, at 9 months, the weighted doubly robust mean difference in body weight was 1.66 kg [3.66 Ibs]
(mean increase for INSTT cohort: Ag ponehs = +1.55 kg [4-3.42 Ibs] (SD = 8.27 kg); mean decrease for PI cohort:
A9 months = -0.23 kg [-0.51 Ibs] (SD = 4.67 kg); p = 0.21) and at 12 months, the weighted mean difference in
body weight widened to 3.23 kg [7.12 Ibs] (mean increase for INSTT cohort: A1 months = +1.59 kg [+3.51 Ibs]
(SD = 6.87 kg); mean decrease for PI cohort: A1z months = -1.59 kg [-3.51 Ibs] (SD = 9.06 kg); p = 0.13).

Similarly, PEWH in the INSTTI cohort experienced numerically higher BMI increases than PLWH in the PI
cohort at most time points, with widening differences in BMI increase over time, although none of the differences
reached statistical significance. More specifically, at 9 months, the weighted doubly robust mean difference in BMI
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Table 1. Baseline demographics and clinical characteristics.

Weighted population®

Demographic characteristics Pl cohort, n = 153 INSTI cohort, n = 203 Standardized difference®
Age at index date (years), mean + SD [median] 42.5 +12.6 [42.0] 45.5 + 13.6 [45.0] 23.4%
Female, n (%) 92 (60.3) 106 (52.4) 16.0%
Ethnicity, n (%)
Black 75 (49.1) 109 (53.5) 8.8%
Hispanic 24 (15.6) 30 (14.5) 3.0%
White 10 (6.2) 18 (8.8) 9.9%
Other 44 (29.1) 47 (23.2) 13.5%
US geographic region, n (%)
South 117 (76.8) 154 (76.0) 1.7%
Midwest 12(7.8) 17 (8.4) 2.2%
Northeast 16 (10.5) 17 (8.1) 8.2%
West 8(4.9) 14 (6.8) 8.1%
Unknown 0(0.0) 1(0.6) 11.0%

Insurance plan type, n (%)

Insurance plan information available (in claims) 149 (97.3) 188 (92.6) 21.6%
Commercial 100 (65.1) 126 (62.0) 6.6%
Medicaid 32(20.9) 37 (18.4) 6.4%
Medicare 13(8.7) 19 (9.4) 2.4%
Other/unknown 4 (2.5) 6(2.8) 1.9%
Year of index date, n (%)
2015 7(4.4) 12 (6.0) 71%
2016 29 (19.2) 29 (14.3) 13.0%
2017 17 (11.2) 19 (9.5) 5.7%
2018 35 (22.7) 48 (23.7) 2.4%
2019 46 (30.1) 59 (29.0) 2.3%
2020 19 (12.4) 36 (17.5) 14.2%

Clinical characteristics
Quan-CCl (excluding HIV-1 symptoms), mean & SD [median] 0.4 £0.8[0.0] 0.5 £ 1.0 [0.0] 14.6%
Other physical comorbidities, n (%)

Hypertension 27 (17.6) 50 (24.4) 16.9%
Obesity 19 (12.6) 26 (12.7) 0.4%
Dyslipidemia/hyperlipidemia 14 (9.3) 28 (13.8) 14.2%
Type Il diabetes mellitus 8 (5.5) 22(10.9) 19.9%
PLWH with a BMI measurement, n (%) 153 (100.0) 202 (99.4) 11.0%
BMI (kg/m?), mean + SD [median] 29.5 +7.2[29.0] 29.8 + 7.7 [28.7] 4.2%

BMI categories (kg/m?), n (%)

<25 50 (32.5) 65 (32.3) 0.5%
25-29 34 (22.0) 47 (23.3) 3.2%
30-34 47 (30.4) 44 (21.9) 19.5%
>35 23 (15.1) 45 (22.5) 19.1%
BMI increase >5% after starting initial INSTI, n (%) 54 (35.1) 38(18.9) 37.1%

TThe number of PLWH reported in this weighted population represents the sum of weights for the corresponding PLWH, rounded to the nearest integer. The proportions displayed
were calculated prior to the rounding and may be slightly different than if they were calculated based on rounded numbers.

For continuous variables, the standardized difference was calculated by dividing the absolute difference in means of the PI cohort and the INSTI cohort by the pooled standard
deviation of both groups. The pooled standard deviation is the square root of the average of the squared standard deviations. For categorical variables with two levels, the
standardized difference is calculated using the following equation where P is the respective proportion of participants in each group: (Ppi-Pinsmi)/4/([p1 + p21/2), where p1 = Pp(1-Pp))
and p2 = Piysti(1-Pinsmi).

CClI: Charlson Comorbidity Index; INSTI: Integrase strand transfer inhibitor; PI: Protease inhibitor; PLWH: People living with HIV-1; SD: Standard deviation; TAF: Tenofovir alafenamide;
TDF: Tenofovir disoproxil fumarate.
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Table 1. Baseline demographics and clinical characteristics (cont.).

Clinical characteristics

PLWH with a weight measurement, n (%)

Weight (kg), mean =+ SD [median]

Weight gain >5% after starting initial INSTI, n (%)

Initial INSTI-based regimen

Observed duration of INSTI treatment (months), mean + SD [median]

Dolutegravir-based, n (%)
Elvitegravir-based, n (%)
Raltegravir-based, n (%)
Bictegravir/emtricitabine/TAF, n (%)
TAF, n (%)

TAF 10 mg

TAF 25 mg
TDF, n (%)

153 (100.0)
83.2 + 19.0 [83.9]
54 (35.1)

14.3 + 13.8 [10.9]
82 (53.7)

46 (29.8)

13 (8.3)

12 (8.1)

72 (47.3)

36 (23.3)

37 (24.0)

36 (23.8)

203 (100.0) 0.0%
85.0 + 23.7 [81.6] 8.4%
38(18.9) 37.1%
16.9 + 15.8 [13.2] 17.3%
66 (32.7) 43.4%
87 (42.8) 27.2%
33(16.0) 23.7%
17 (8.5) 1.3%
91 (45.0) 4.6%
51(25.3) 4.6%
40 (19.8) 10.2%
65 (32.1) 18.7%

TThe number of PLWH reported in this weighted population represents the sum of weights for the corresponding PLWH, rounded to the nearest integer. The proportions displayed
were calculated prior to the rounding and may be slightly different than if they were calculated based on rounded numbers.
For continuous variables, the standardized difference was calculated by dividing the absolute difference in means of the PI cohort and the INSTI cohort by the pooled standard
deviation of both groups. The pooled standard deviation is the square root of the average of the squared standard deviations. For categorical variables with two levels, the
standardized difference is calculated using the following equation where P is the respective proportion of participants in each group: (Ppi-Pisti)/+/([p1 + p21/2), where p1 = Pp(1-Pp))

and p2 = Pinsmi(1-Pinsmi)-

CCl: Charlson Comorbidity Index; INSTI: Integrase strand transfer inhibitor; PI: Protease inhibitor; PLWH: People living with HIV-1; SD: Standard deviation; TAF: Tenofovir alafenamide;

TDF: Tenofovir disoproxil fumarate.

Table 2. Index regimen characteristics.

Weighted population

Duration of treatment on the index ART regimen (months), mean =+ SD [median]

Pl-based?, n (%)
DRV-based
Atazanavir-based
Boosted Pl

Pl with boosted ¢
Pl with boosted ritonavir

INSTI-based, n (%)
Bictegravir/FTC/TAF
Dolutegravir-based
Elvitegravir-based
Raltegravir-based
Non-boosted INSTI
Boosted INSTI (with c)

NRTI agents, n (%)

TAF
TDF
FTC
Lamivudine

Abacavir

Pl cohort, n = 153
147 £ 11.8[11.5]
153 (100.0)

113 (74.1)

40 (25.9)

144 (94.3)

101 (66.0)

43 (28.3)

76 (50.0)
69 (45.0)
138 (90.2)
18 (11.6)
14(9.1)

INSTI cohort, n = 203
19.9 £ 14.5[18.3]

203 (100.0)
106 (52.3)
83 (40.8)
23 (11.3)
3(1.7)

181 (89.0)
22 (11.0)

133 (65.5)
21(10.3)
146 (71.7)
64 (31.3)
60 (29.8)

TOf note, the number of PLWH reported in this weighted population represents the sum of weights for the corresponding PLWH, rounded to the nearest integer. The proportions

displayed were calculated prior to the rounding and may be slightly different than if they were calculated based on rounded numbers.
fOut of all PLWH in the PI cohort, 60 (39.2%) were initiated on DRV/c/FTC/TAF.

ART: Antiretroviral therapy; c: Cobicistat; DRV: Darunavir; FTC: Emtricitabine; INSTI: Integrase strand transfer inhibitor; NRTI: Nucleoside/nucleotide reverse transcriptase in-
hibitors; PI: Protease inhibitor; PLWH: People living with HIV-1; SD: Standard deviation; TAF: Tenofovir alafenamide; TDF: Tenofovir disoproxil fumarate.
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Figure 2. Change in weight and BMI pre-INSTI, during INSTI and post-index*:**:*#*%,

*The period before initial INSTI regimen was defined as the time from beginning of continuous clinical activity to
initiation of first INSTI regimen. The period while on INSTI regimen was defined as the time from initiation of first
INSTI regimen to index date (i.e., date of switch to another INSTI agent or Pl). The post-switch period was defined as
the time from the index date to end of follow-up (i.e., earliest of initiation of another Pl or INSTI agent different from
the index agent, use of an NNRTI agent, end of continuous clinical activity, or end of data availability [31 March
2021]). Mean measurements observed during each period were reported.

**The sample used for this analysis represented a subgroup of the overall study cohort, as only PLWH who had a
measurement in each of the periods of interest (i.e., pre-INSTI period, during the INSTI period and the post-index
period) were included.

***For weight measurements, the mean (median) duration of observation for each period was as follows: before
initial INSTI regimen, Pl cohort: 24.4 (24.9) months and INSTI cohort: 23.2 (19.2) months; while on initial INSTI
regimen, Pl cohort: 15.7 (12.1) months and INSTI cohort: 18.2 (14.9) months; post-switch, Pl cohort: 14.9 (11.5) months
and INSTI cohort: 19.1 (17.5) months. For BMI measurements, the mean (median) duration of observation for each
period was as follows: before initial INSTI regimen, Pl cohort: 24.4 (24.9) months and INSTI cohort: 23.2 (18.9) months;
while on initial INSTI regimen, Pl cohort: 15.7 (12.1) months and INSTI cohort: 18.3 (14.9) months; post-switch, Pl
cohort: 14.9 (11.5) months and INSTI cohort: 19.2 (17.5) months.

INSTI: Integrase strand transfer inhibitor; Pl: Protease inhibitor; SD: Standard deviation.
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Weighted mean difference in change from post- to pre-index

Pl cohort INSTI cohort periods between Pl and INSTI cohorts
Higher weight/BMI Higher weight/BMI
increase for Pl cohort increase for INSTI cohort
Weight
»  PLWH with both baseline and follow-up measurements, n n=104 n=135 ‘
£ Weight (kg) pre-index, mean + SD [median] 86.73+19.92[85.73]  84.14 x 23.92[80.74] ’—‘{% MD =-0.40 kg; p = 0.697
g Weight (kg) at 3 months post-index, mean + SD [median] 87.00 + 19.69 [87.55] 84.41 + 23.01 [81.42]
“ Bmi
PLWH with both baseline and follow-up measurements, n n=104 n=134 MD = -0.09 Ka/m? o = 0.778
BMI (kg/m?) pre-index, mean + SD [median] 31.10 £ 7.69 [30.11] 29.68 + 7.59 [28.68] ﬁﬂ =0.09kg/im* p=0.
BMI (kg/m?) at 3 months post-index, mean + SD [median] 31.20 +7.58[30.23] 29.82 +7.39 [29.24]
Weight
PLWH. with both ba.sellne and follow-up measurements, n n=>52 n=105 _{ MD = -0.91 kg; p = 0.349
» Weight (kg) pre-index, mean + SD [median] 82.51 + 15.67 [83.46] 88.16 + 24.37 [86.80]
% Weight (kg) at 6 months post-index, mean + SD [median] 83.61 + 17.85 [87.27] 88.49 + 23.29 [86.19]
15
E Bm
PLWH with both baseline and follow-up measurements, n n=52 n=105 ,
— =- ‘D=
BMI (kg/m?) pre-index, mean = SD [median] 2801:480(2818]  30.84 +7.53(30.20] MD = -0.06 kg/m*; p = 0.834
BMI (kg/m?) at 6 months post-index, mean + SD [median] 28.32 +5.59[28.83] 31.07 +7.29 [30.44]
Weight
PLWH with both baseline and follow-up measurements, n n=64 n=90 MD = 1.66 kg; p = 0.212
» Weight (kg) pre-index, mean + SD [median] 95.01 £ 19.18 [92.08] 86.77 + 24.14 [84.37]
% Weight (kg) at 9 months post-index, mean + SD [median] 94.79 + 19.92 [93.67] 88.32 + 23.88 [84.14]
S
E Bm
PLWH with both baseline and follow-up measurements, n n=64 n=290 )
BMI (kg/m?) pre-index, mean = SD [median] 33.29 + 8.21 [33.64] 30.19 + 7.61 [29.45] H}—H MD = 0.57 kg/m?; p = 0.236
BMI (kg/m?) at 9 months post-index, mean = SD [median] 33.28 + 8.73 [33.00] 30.79 + 7.61 [30.29]
Weight
PLWH with both baseline and follow-up measurements, n n=46 n=84 MD = 3.23 kg; p = 0.132
» Weight (kg) pre-index, mean + SD [median] 91.01 + 24.87 [80.29] 86.55 + 22.24 [85.28]
=1
‘g Weight (kg) at 12 months post-index, mean + SD [median] 89.42 + 25.59 [81.65] 88.15 + 21.57 [86.97]
E Bm
~  PLWH with both baseline and follow-up measurements, n n =46 n=_84 )
BMI (kg/m?) pre-index, mean + SD [median] 31.64 + 10.12 [30.64] 30.20 =+ 7.43 [29.39] H}——‘ MD = 1.12 kg/m? p = 0.144
BMI (kg/m?) at 12 months post-index, mean + SD [median] 31.17 + 10.48 [31.16] 30.84 +7.28 [30.09]
T T T T T T 1

Figure 3. Comparison of mean weight or BMI change between the pre- and post-index periods*.

*Non-parametric 95% Cls and p-values were obtained from 500 bootstrap iterations. At each bootstrap resample, the inverse probability

of treatment weights was re-estimated.
INSTI: Integrase strand transfer inhibitor; MD: Mean difference; PI: Protease inhibitor; PLWH: People living with HIV-1.

was 0.57 kg/m? (mean increase for INSTT cohort: Ag months = +0.60 kg/m? (SD = 2.82); no mean change for
PL: A9 months = 0.00 kg/m? (SD = 1.66); p = 0.24) and at 12 months, the weighted mean difference in BMI
widened to 1.12 kg/m? (mean increase for INSTL: A1 monchs = +0.64 kg/m? (SD = 2.36); mean decrease for PI:
A12 months = -0.46 kg/m? (SD = 3.02); p = 0.14).

Compared with PLWH in the PI cohort, PLWH in the INSTI cohort also experienced numerically higher relative
weight and BMI increases at most time points using relative outcome measures (i.e., weight/BMI increase >0% and
>5%), although none of the differences reached statistical significance (Figure 4). More specifically, at 9 months,
56.8 and 28.1% of PLWH in the INSTT cohort experienced any weight gain or >5% weight gain, respectively,
while 32.1 and 13.8% of PLWH in the PI cohort experienced these outcomes, respectively. At 12 months, 68.4 and
33.9% of PLWH in the INSTT cohort experienced any weight gain or >5% weight gain, respectively, while 55.9
and 24.8% of PLWH in the PI the cohort experienced these outcomes. Results were similar for BMI increase, with
56.8 and 28.0% of PLWH in the INSTT cohort experienced any BMI increase and >5% BMI increase at 9 months,
respectively, while 32.1 and 16.8% of PLWH in the PI cohort experienced these outcomes. At 12 months, 67.3 and
35.0% of PLWH in the INSTT cohort experienced any BMI increase and >5% BMI increase, respectively, while
55.9 and 24.8% of PLWH in the PI cohort experienced these outcomes.

Although sample sizes were small (n = 12 and n = 11 at 9 and 12 months, respectively), removing TAF from
the original INSTT regimen did not change the finding that switching to another INSTI regimen is associated
with continued weight increase, as PLWH who switched from a TAF-containing INSTT regimen to a non-TAF-
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Proportion with weight/BMI change INSTI vs PI
Weighted doubly-robust i i igl i more
Pl cohort INSTI cohort OR (95% CI)*** p-value™ more likely for Pl likely for INSTI
Weight
3 months post-index, n (%)
Any weight gain 42 (40.1) 74 (55.3) 1.82 (0.69, 7.02) 0.216
Weight gain 5% 11 (10.3) 16 (12.1) 1.17 (0.31, 9.70) 0.838 —
6 months post-index, n (%)
Any weight gain 25 (48.1) 62 (59.5) 1.87 (0.58, 5.63) 0.289 =
Weight gain 5% 13 (25.1) 18 (16.7) 0.52 (0.10, 1.93) 0.321 [ B
9 months post-index, n (%)
Any weight gain 21 (32.1) 51 (56.8) 2.85 (0.61, 18.78) 0.160
Weight gain 5% 9(13.8) 25 (28.1) - -
12 months post-index, n (%)
Any weight gain 25 (55.9) 58 (68.4) 2.97 (0.18, 37.19) 0.393 o
Weight gain >5% 11 (24.8) 29 (33.9)
BMI
3 months post-index, n (%)
Any BMI increase 38 (36.3) 75 (56.1) 2.28 (0.94, 8.95) 0.080 o
BMI increase =5% 14 (13.0) 18 (13.2) 0.94 (0.25, 5.40) 0.954 —=
6 months post-index, n (%)
Any BMI increase 25 (48.1) 61 (58.6) 1.79 (0.57, 5.44) 0.333 o
BMI increase 25% 12 (23.6) 18 (17.4) 0.63 (0.14, 2.87) 0.505 I I
9 months post-index, n (%)
Any BMI increase 21(32.1) 51 (56.8) 3.09 (0.66, 20.52) 0.148 o
BMI increase 25% 11 (16.8) 25 (28.0) 1.99 (0.33, 23.25) 0.373 o
12 months post-index, n (%)
Any BMl increase 25 (55.9) 56 (67.3) 2.34 (0.12, 27.49) 0.517 o
BMIl increase =5% 11 (24.8) 29 (35.0) - __xwx
T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Figure 4. Weight and BMI comparisons by threshold between pre-index and post-index time points.

*An OR >1 indicate

s that the INSTI cohort had a higher risk of weight or BMI gain than the Pl cohort.

**Non-parametric 95% Cls and p-values were obtained from 500 bootstrap iterations. At each bootstrap resample, the inverse probability
of treatment weights were re-estimated.

***Data not available, given that logistic regression models for these outcomes did not converge.

Cl: Confidence interval; INSTI: Integrase strand transfer inhibitor; OR: Odds ratio; PI: Protease inhibitor.

containing INSTT regimen experienced a mean increase in body weight of 3.04 kg [6.70 Ibs] at 9 months and
1.79 kg [3.95 Ibs] at 12 months.

Discussion

To our knowledge, this is the first retrospective longitudinal study evaluating the weight/BMI changes occurring
post-INSTI switch among females, Blacks or Hispanics who switched to one of two different regimens — a PI or
another INSTL. It showed that among these PLWH, weight gain and BMI increases were observed after initiation
of the initial INSTT regimen, but the weight/BMI trajectories were observed to level off to a greater extent in the
longer term for PLWH switching to a PI than for those switching to another INSTI, and the net weight change
observed at months 9 and 12 after switching to a PI was a weight loss. Furthermore, this study observed a trend
toward greater mean weight/BMI increases in the INSTT cohort compared with the PI cohort, particularly after 9
and 12 months of treatment, with larger increases observed at later time points.

Previous research has noted that initiation of INSTI-based ART in many populations of treatment-naive
PLWH leads to higher weight gain [18,24,25]. Other studies have also noted trends toward weight increase upon
a switch to an INSTI, including BIC/FTC/TAF [20,26,27]. Furthermore, the DHHS outlines the weight gain
potential of INSTIs in its guidelines and notes that further questions about the regional distribution, association
with cardiometabolic risk and reversibility of weight gain after discontinuation remain [14). Although current
recommendations for mitigating weight gain focus predominantly on lifestyle measures (which were not evaluable
in the current study) (28], many PLWH may experience challenges in adopting changes to these lifestyle measures [29].
The current study suggests however that ART management could be another strategy to mitigate weight gain in
this population, as highlighted by the observation that weight gain at later time points was qualitatively less for
PIs than INSTTs, combined with the observed leveling-off of weight trajectories in the PI cohort. Furthermore, as
weight gain was observed to continue in the INSTT cohort, this suggests that a switch from one INSTT to another,
if undertaken as a strategy to manage INSTI-related weight gain, may not yield the intended result. On the other
hand, switching to a PI may help over time. Despite the evidence of weight gain after INSTT initiation [15], the
mechanism by which INSTTs cause weight gain remains unknown, as does the reversibility and the time needed
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for reversibility of INSTI-related weight gain. The current study may provide preliminary insights into the latter.
More specifically, for PEWH switching to a PI, results showed that the effect of the initial INSTT regimen may have
prevented the observation of reversibility of weight gain at earlier time points (i.e., 3 and 6 months), but not at
later time points (i.e., 9 and 12 months), where a decrease in weight was observed, thus suggesting that reversibility
may occur >6 months post-switch.

An important aspect of this study is the focus on female, Black, or Hispanic PLWH; Black and Hispanic groups
in particular are disproportionately affected by HIV-1 [30]. Similar to the results of the current study, previous
studies as well as the DHHS guidelines have highlighted that these populations experience significantly higher
weight gain upon initiating ART, particularly with INSTI-based regimens [14,31-33]. One study observed an increase
in annualized weight gain of greater magnitude among females with BMI >30 kg/m2 (post-switch increase of
1.7 kg/year [3.7 lbs/year]) and Black PLWH (post-switch increase of 0.9 kg/year [2.0 Ibs/year]) after switching
to an INSTI-based ART [31]. Black female PLWH who initiated an INSTI-based regimen also had a significantly
greater weight increase (mean difference of 1.5 kg [3.3 lbs], p = 0.003) compared with a PI-based regimen, and
female Hispanic PLWH had a trend toward the same result (mean difference of 0.4 kg [0.9 lbs]; p = 0.423) [34].
Although previous studies have addressed weight trajectories after starting ART among treatment-naive PLWH,
including finding greater weight gain in high risk patients 321, this study provides further context to research in
this area by identifying weight trajectories in a population of PLWH previously exposed to an INSTI who then
switched to another INSTI-based or PI-based regimen. Future studies should investigate whether and how weight
trajectories may differ between high risk and low risk PLWH after ART switching.

Previous studies have suggested that PLWH experiencing weight gain following ART use are more likely to develop
incident diabetes and cardiovascular disease [35-40], although the implications of rapid weight gain associated with
INSTI-based regimens remain unclear. One study reported a dose-dependent association between weight gain and
the risk of diabetes, with every 5 Ibs of weight gained, incident diabetes risk increased by 14% among PLWH treated
with ART (HR: 1.14; 95% CI: 1.10-1.17) compared with 8% among uninfected individuals (HR: 1.08; 95%
CI: 1.07-1.10) [37). A recent study evaluating participants in the Data Collection on Adverse Events of Anti-HIV
Drugs (D:A:D) Study receiving ART found that a BMI gain of >2 kg/m? was associated with a significantly
higher risk of diabetes compared with stable BMI across all baseline BMI categories; for the baseline BMI category
25-29.9 kg/m?, a BMI gain of 1-1.9 kg/m? also significantly increased the risk of diabetes (HR: 1.33; 95% CI:
1.02—-1.74) compared with stable BMI [40]. In the context of growing evidence linking weight gain in PLWH with
incident cardiometabolic conditions, results from future clinical trials investigating the impact of a switch from
an INSTTI to a Pl-containing ART regimen (DEFINE study, NCT04442737) [41] or to an NNRTI-containing
regimen (The Do IT study, NCT04636437) [42] will be important to help understand the impact of treatment
switch on weight trajectory after a rapid weight gain has been observed on the prior ART regimen.

An additional aspect which merits further investigation is the presence of TAF in the ART regimen. The use of
TAF has been noted as a risk factor for ART-related weight gain and was associated with greater weight gain in
comparison to TDF (32,43,44). In the current study, 47.3% of the PI cohort and 45.0% of the INSTI cohort had
TAF as part of their initial INSTT regimen; during the index regimen 50.0% of the PI cohort and 65.5% of the
INSTI cohort had TAF in their respective ART regimens. It is therefore a possibility that the presence of TAF in
these regimens contributed to the observed weight trajectories, even if just used as part of the initial INSTT regimen.
Indeed, although sample sizes were low, when PLWH in the current study switched from TAF-containing INSTI
regimens to a non-TAF-containing INSTT regimens, a mean weight gain of 3.04 kg [6.70 lbs] was observed at
9 months post-index and a mean weight gain of 1.79 kg [3.95 lbs] was observed at 12 months, which represented
higher increases than results observed for the overall INSTT cohort. Future studies assessing treatment switch while
accounting for the presence of TAF would also be important to help elucidate the contributors to weight gain and
determine mitigation strategies, but this small dataset suggests that in the presence of weight gain following initial
INSTT use, switching to another INSTT even in the absence of TAF is unlikely to achieve the desired outcome. Of
note, the use of a TDF-based regimen was not considered a confounder in this study, as pooled data from eight
large phase IIT HIV comparative clinical trials demonstrated that TDF was not associated with an increased risk of
weight gain relative to other backbone agents, including TAF [32).

This study is subject to certain limitations. First, the study was limited by a small sample size, resulting in reduced
power to detect smaller effect sizes and the inability to present results separately for female, Black or Hispanic PLWH.
In addition, the small sample also prevented the analysis of the impact of switching to specific ART regimens.
Future research with a larger sample is needed to confirm the findings. Second, data on waist circumference were
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not available, and therefore limited the ability to fully capture changes in all adiposity measurements. Third, the
validity of IPTW rests on the untestable assumption that all confounders are accounted for, and while a large
number of variables were included in this analysis, there remains the possibility of unmeasured confounding and
residual imbalances. For example, although observed weight gain and BMI change after the initial INSTT regimen
were accounted for, reasons for switching treatment after the use of an initial INSTT could not be ascertained and
confounding by indication (i.e., more PLWH switched to a PI-based regimen because of weight change-related
reasons) cannot be ruled out. Additional laboratory parameters, such as HIV viral load and CD4" cell count,
which have also been associated with weight change (321 were not available for the majority of included PLWH and
therefore could not be included in the PS model for balancing or used to assess virological failure. Furthermore,
while doubly-robust adjustment was used to address remaining imbalances after applying IPTW, given the small
sample size, only a limited number of variables could be included as part of the statistical adjustment for the
remaining imbalances due to the potential for non-convergence of the weighted regression models. Fourth, there
remained imbalances, including for the distribution of the initial INSTI-based regimen between the PT and INSTI
cohorts, which may have impacted the observed weight gain or BMI change, given that different INSTT agents
may impact weight gain differently. Additionally, lifestyle measures, which may play a considerable role in weight
changes, were not observable in this study and hence could not be adjusted for. Fifth, claims and EMR data may
contain inaccuracies or omissions in diagnoses, billing and other variables. Sixth, as with all EMR databases, the
prescription of an ART medication was assumed to indicate its use and that it was taken as indicated. Finally,
given the use of a provider-based data source, services and medications PLWH receive from providers outside of
the network may not be captured; therefore, the full treatment history of PLWH may not be captured, as PLWH
could have been prescribed ARTs outside of the network.

Conclusion

This study is the first containing data post-INSTI switch that supports the idea that ART management may be an
option to mitigate or reverse weight gain following initial INSTT use among PLWH with a higher risk of weight
gain. More specifically, following initial INSTT treatment, results showed numerically greater increases in weight
gain and BMI at 9 and 12 months for PLWH who switched to a different INSTI regimen versus decreases for
PLWH who switched to a PI regimen, with differences between the two cohorts widening over time. Future studies
with larger sample sizes and additional follow-up are needed to confirm these findings.

Summary points

e While there is research investigating weight changes in treatment-naive people living with HIV-1 (PLWH), overall
and for specific regimens, there has been relatively little investigation into the extent of weight gain or
BMI increase among treatment-experienced PLWH with a higher risk of weight gain who switched antiretroviral
therapy (ART) following initial integrase strand transfer inhibitor (INSTI) treatment.

e This study evaluated the change in weight and BMI among females, Black, or Hispanic PLWH after switching from
an INSTI-based ART regimen to a protease inhibitor (Pl)-based or another INSTI-based regimen.

e To address the study objective, inverse probability of treatment weighting (IPTW) was used to account for
differences in characteristics between PLWH switching to a Pl or INSTI.

e When on the initial INSTI regimen, weight and BMI increased for both treatment cohorts.

e Post-INSTI switch, weight and BMI appeared to level off to a greater extent at later time points in the Pl cohort
than the INSTI cohort.

e A trend toward overall weight loss was observed for PLWH after switching to a Pl-based regimen, while a trend
toward weight gain was observed for PLWH after switching to another INSTI-based regimen.

e The proportion of PLWH having a weight/BMI increase >0% and >5% post-switch was also higher in the INSTI
cohort than in the PI cohort.

e This study is the first containing data post-INSTI switch that supports the idea that ART management may be an
option to address INSTI-related weight gain among PLWH with a higher risk of weight gain.

e Future studies with larger sample sizes and additional follow-up are needed to confirm these findings.

Supplementary data
To view the supplementary data that accompany this paper, please visit the journal website at: www.futuremedicine.com/doi/sup
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