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Objective: Few data exist about the effect of dolutegravir (DTG) on bone mineral density
(BMD) in real life. The aim of this study was to determine rates of change in BMD over time
in people living with HIV (PLWH) treated with DTG.

Design: The SCOLTA project is a multicenter observational study enrolling HIV-infected
people who start newly commercialized drugs prospectively, with the aim of identifying
toxicities and adverse events (AE) in a real-life setting.

Methods: Dual-energy X-ray absorptiometry at the femoral neck (FN) and lumbar spine
(LS) was performed at study entry (baseline, BL) and after 96 weeks. Percentage BMD
change from BL was evaluated using a general linear model, including factors potentially
associated with bone loss.

Results: One hundred and sixty PLWH were enrolled (26.3% female, mean age 49.9 + 11.2
years) from April 2015 to April 2017. Overall, we could calculate BMD change from baseline,
for at least one site, in 133 subjects (83.1%). After a median of 102 weeks (IQR: 90-110), mean
FN BMD increased, but not significantly, whereas LS BMD showed a significant mean increase
of 13.1 (95% confidence interval, CL: 1.7-24.6) mg/cm3 (+1.6%, 95% CI: 0.3%, 2.8%) after
a median time of 102 weeks (IQR: 84-110). As regards LS BMD, patients with osteopenia/
osteoporosis at study entry experienced a high increase from baseline (20.6, 95% CI: 3.1,
38.1 mg/cm?), as well as experienced subjects (16.9, 95% CI: 4.7, 29.2 mg/cm?) and those on
vitamin D supplementation (26.8, 95% CI: 7.7, 45.9 mg/cm®).

Conclusion: Dolutegravir-containing regimens could reduce the negative impact of antire-
troviral therapy on bone, especially in patients with low BMD.

Keywords: HIV infection, dolutegravir, bone mineral density, real-life setting, adverse

events, DXA scan

Introduction
Following the introduction of combination antiretroviral therapy (cART), life
expectancy lengthened, and HIV infection became a chronic condition. As
a result, several HIV-associated non-AIDS comorbidities appeared, including
bone disease such as osteoporosis and increase the risk of fracture.' As a matter
of fact, studies reported osteopenia in up to two-thirds, and osteoporosis in about
15%, of HIV-infected patients.*

People living with HIV (PLWH) have both traditional (low body mass index
(BMI), previous fracture, use of tobacco, alcohol, illicit drugs, etc.) and HIV-
specific risk factors. These include antiretroviral drugs, chronic inflammation,
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immune reconstitution,® hepatitis C virus (HCV) or hepa-
titis B virus (HBV), co-infections, diabetes, and renal
disease.” Furthermore, in PLWH, vitamin D deficiency is
more common than in general population®® due to the
effect of antiretroviral drugs (especially efavirenz and
inhibitors),®'*!"" and HIV-related
activation.'?

protease immune-
cART initiation is associated with approximately 6%
bone loss in the first two years of treatment.” After that,
bone mineral density (BMD) may stabilize, increase, or
further decrease, depending on the drug regimen.”"?
Several studies showed that patients treated with teno-
fovir disoproxil fumarate (TDF) suffered a greater reduc-
tion in bone mineral density than those treated with other
4,8,14,15 This
observed in patients who started tenofovir alafenamide
(TAF)-including cART.'®'®  Furthermore, raltegravir-

containing regimens were associated with inferior loss or
7,19,20

antiretroviral drugs. reduction was not

even with BMD increase over time.

Dolutegravir (DTG) is a second-generation integrase
inhibitor (INSTTI) that has shown to be effective and safe in
both naive, including late (CD4 count <350 cells/mm?>)
and AIDS-presenters, and experienced patients.>'*> DTG
has also been used with switch strategies to improve lipid
profiles in experienced patients.?*

To date, few studies reported on the impact of DTG on
bone health.?*® In the framework of a surveillance cohort on
adverse events of antiretroviral drugs, we aimed to determine
rates of change in BMD over time in PLWH treated with DTG
in both naive and experienced PLWH. We also investigated
other potential risk factors that could impact BMD changes.

Methods
The SCOLTA Project (Surveillance Cohort Long-Term
Toxicity of Antiretrovirals) is a prospective, observational,
multicenter study created to assess the incidence of
adverse events (AEs) in patients receiving new antiretro-
viral drugs in clinical practice. The study protocol was
approved by the local ethics committee of the coordinating
center at Hospital “L. Sacco”-University of Milan on
18 September 2002. A new protocol amendment was sub-
mitted and approved on 13 June 2013 by the same ethics
committee. This last version was approved by the local
ethics committee of each group, and written consent was
obtained from all participants.

The SCOLTA Project is an on-line pharmacovigilance
Italian Infectious Disease

program involving 25

Departments. The Project has an internet site (http://

www.cisai.it) where grades 3 and 4 AEs are recorded
(http://rcc.tech-res-intl.com/tox_tables.htm).

Patients who start taking a cohort drug are consecu-
tively proposed to enter that cohort and asked to give
written informed consent. As this is an observational
study, the choice of therapy is entirely up to the individual
physicians and patients in each center. Patients are fol-
lowed up according to the standards of each center. At
baseline, clinical characteristics, laboratory variables, ART
history, and comorbidities are recorded.

Patients undergo follow-up at 6-month intervals, and
AEs are notified when they are clinically observed. AEs
are described according to the Division of AIDS table.”
Complete data collection and follow-up procedures for the
cohorts are described elsewhere.***! We defined “dual
therapy” as DTG plus another antiretroviral drug.
Virological failure or discontinuation was defined by the
clinicians according to current national guidelines.>* The
estimated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Diseases (MDRD)
formula. The SCOLTA Project currently includes two
cohorts: bictegravir and dolutegravir.

Out of 25 participating centers, 10 perform dual-energy
X-ray absorptiometry (DXA) scan in their outpatient
clinics as a part of a routine follow-up visit. Some centers
performed both lumbar spine (LS), and femoral neck (FN)
scans, others just at one site (LS or FN). To investigate the
bone safety of dolutegravir, we proposed the study to
patients who had a DXA scan performed in the two
months before or after DTG initiation and referred to
a center that could internally carry out a control DXA
during the 2-year follow-up period. Individuals receiving
ongoing treatment for bone disease (eg, osteoporosis),
including bisphosphonates, denosumab, and strontium
ranelate or those receiving chronic treatment with drugs
that could affect bone metabolism (glucocorticoids) were
excluded from this analysis.

DXA was performed using Lunar or Hologic. We
transformed Lunar results with the equations provided by
Hologic.** T-score and Z-score were calculated using the
Italian standard of the Densitometric Italian Normative
Study®* as the reference and osteopenia and osteoporosis
were defined as per WHO definition®” if T-score was lower
than —1.0 and —2.5, respectively, at one site at least.

Statistical Analysis
Data were described using mean (+ standard deviation, SD)
for normally distributed continuous variables, median
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(interquartile range, IQR) for not normally distributed con-
tinuous variables, frequency (%) for categorical and ordinal
variables. Changes from baseline were described as means
and 95% confidence intervals (CI) and analyzed using
a T-student test for paired data to ascertain if they were
significantly different from 0. Mean changes from baseline
were compared between groups using the analysis of
variance.

A general linear model was used to include potential
confounders in the multivariate analysis. Changes from
baseline of BMD (FN and LS, both absolute and percen-
tage) were evaluated including factors associated with
different BMD at baseline or affecting BMD modification
during follow-up, that is age, sex, BMI, osteopenia/osteo-
porosis at baseline, vitamin D supplementation, weeks to
control scan, and being ART naive or experienced at base-
line. The multivariate analysis was also run in ART experi-
enced group, including previous exposure to PI or TDF.
Adjusted mean changes from baseline were deemed sig-
nificant if 95% CI excluded the zero, and between-group
differences if P from the multivariable model was <0.05.

All patients with at least one follow-up BMD measure
were included in the intention-to-treat (ITT) analysis. To
evaluate if the results were significantly different, we
planned to perform a sensitivity analysis excluding
patients who interrupted DTG before undergoing the fol-
low-up DXA scan.

We did not perform any adjustment for multiple test-
ing, given the exploratory nature of this study and the
limited sample size.

Statistical analysis was performed using the SAS/STAT
statistical package (version 9.4; SAS Institute Inc., Cary,
North Carolina, USA).

Results

Out of all patients enrolled in the DTG cohort from April 2015
until February 2017, 160 met the entry criteria. The last patient
underwent the DXA follow-up scan in April 2019.

Baseline Characteristics

Comparing patients enrolled in the participating and non-
participating centers over the study period, we did not find
differences in terms of age, sex, BMI, CDC stage C, CD4
count and undetectable HIV-RNA (Table 1S). On the con-
trary, patients in participating centers were more frequently
naive, acquired HIV infection by sexual route, and had pro-
tease inhibitor (PI) in the previous regimen. Moreover, they
had osteopenia or osteoporosis in significantly higher

proportion, although this may reflect the center organization,
in that DXA scan could be more easily performed in their
outpatient clinics, leading to a higher proportion of diagnosis.

In the participating centers, no significant difference was
observed between patients who did and did not undergo a DXA
scan, with the exception of a high proportion of Vitamin
D supplementation in those who had the scan (Table 2S).

The baseline characteristics of 160 patients included in
this analysis are reported in Table 1. There were no differ-
ences in age between women and men (51.7 + 10.6 vs 49.3
+ 11.4 years, p=0.22), whereas the former were less fre-
quently naive (9.5% vs 28.0%, p=0.015). The proportion
of PLWH aged >50 years was 61.9% in females and
55.1% in males (p=0.44). Overall, 37 (23.1%) PLWH
were antiretroviral therapy naive. Among patients with
known smoking status (72.5%), current smokers were
35.4% and former smokers 12.1%. Current smoking was
more frequent in people aged <50 and former smoking in
those >50, but this trend was not significant.

25 (15.6%)
a diagnosis of osteopenia or osteoporosis. However, after

At enrolment, subjects already had
performing the DXA scan, we found that 87 patients
(54.4%) had osteopenia or osteoporosis at one site at
least; 48.1% of patients had lower BMD at LS and
24.4% at FN. One hundred thirty-eight (86.3%) underwent
a Hologic and 22 (13.7%) a Lunar scan.

Mean BMD at baseline was 822 + 166 mg/cm® at FN
and 935 + 167 mg/em’ at LS. According to selected
characteristics, BMD means are reported in Table 2.

Follow-Up Results

Among 133 patients with baseline FN DXA scan, 112
(84.2%) also had a follow-up scan after a median of 102
weeks (IQR: 90-110); among 157 patients with baseline LS
scan, 128 had a control (81.5%) after a median time of 102
weeks (IQR: 84-110). Overall, we could calculate BMD
change from baseline, for at least one site, in 133 subjects
(83.1%). In 114 (85.7%), BMD was measured by Hologic
scan, and in 19 (14.3%), a Lunar scan; the type of follow-up
scan was different from baseline in three (Hologic to Lunar)
and seven (Lunar to Hologic) subjects, respectively.

No significant difference was observed between the
baseline characteristics of patients who did and did not
perform a control DXA examination (Table 3S): the two
groups were similar in most characteristics, although
patients without follow-up scans were leaner and more
frequently naive. The reason for not undergoing follow-
up DXA was the patient’s choice.
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Table | Baseline Characteristics of the 160 Patients Enrolled in the
Study

Variables
Sex (n, %)

Female 42 26.3%

Male 118 | 73.8%
Age, years (mean, SD) 499 | 11.2
BMI, Kg/m? (mean, SD) 240 | 42
BMI, Kg/m? (n, %)

<25.0 105 | 65.6%

225 55 34.4%
Risk factor for HIV acquisition (n, %)

Sexual route 119 | 74.4%

Intravenous drug use 20 12.5%

Other 21 13.1%
HCV Ab Positive (n, %) 24 15.0%
Ethnicity (n, %)

Caucasians 146 | 91.2%

Other 14 8.8%
CDC stage (n, %)

A 87 54.4%

B 38 23.8%

C 35 21.9%
Naive (n, %) 37 23.1%
HIV-RNA Undetectable (n, %) (exp.pts) 104 | 84.6%
CD4 cells/mL (median, IQR) 531 | 346-786
CD8 cells/mL (median, IQR) 795 | 606-1098
CD4/CD8 (median, IQR) 0.67 | 0.41-0.96
Previous regimen including (n, %)

Protease inhibitors 48 30.0%

Non nucleoside reverse transcriptase inhibitors 51 31.9%
Years of ART (median, IQR) 9.7 | 40-18.0
Current regimen including DTG (n, %)

Triple 125 | 78.1%

3TC/ABC/DTG 105 | 65.6%

TDF/FTC/DTG 20 12.5%

Dual 28 17.5%

Other combinations 7 4.4%
Previous diagnosis of osteopenia/ 25 15.6%
osteoporosis (n, %)
New diagnosis of osteopenia/osteoporosis 62 45.9%
(n, %), n=135
Vitamin D supplementation (n, %) 52 32.5%
Femoral neck mg/cm® (mean, SD) 822 | 166
Lumbar spine mg/cm® (mean, SD) 935 | 167

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index;
HCYV, hepatitis C virus; CDC, center for disease control and prevention; 3TC, lamivudine;
ABC, abacavir; DTG, dolutegravir; TDF, tenofovir disoproxil fumarate; FTC,
emtricitabine.

Table 2 Baseline Bone Mineral Density (BMD) According to
Selected Characteristics in 160 Subjects with DXA at Femoral
Neck and/or Lumbar Spine

Baseline FN BMD p-value* | LS BMD p-value*
Characteristics | (mg/lem?) (mglem?)
Mean £ SD Mean t SD

Age <50 years 861 £ 175 0.02 950 + 170 0.30
Age 250 years 793 + 154 923 £ |64

Men 840 + 173 0.048 956 £ 170 0.007
Women 776 £ 139 875 + 140

BMI<25.0 782 = 160 0.0002 921 + 186 0.14
BMI225.0 891 £ I55 963 £ 117
Experienced 821 £ 159 0.92 923 + 156 0.10
Naive 825 + 196 974 + 194

Note: *Analysis of variance.
Abbreviations: BMD, bone mineral density; FN, femoral neck; SD, standard
deviation; LS, lumbar spine; BMI, body mass index.

In Figure 1, mean BMD are shown for the entire
sample at baseline and at follow-up. FN BMD increased
in both absolute terms (7.9, 95% CI: —6.3, 22.2 mg/cm3)
and percentage (1.4%, 95% CI: —0.5%, 3.4%), but not
significantly, whereas LS BMD showed a significant
(p=0.025) mean increase of 13.1 (95% CI: 1.7-24.6) mg/
em® (1.6%, 95% CI: 0.3%, 2.8%, p=0.019).

To better understand if this bone mass density
increase was more marked in some groups, we also
performed univariate analyses of the change from base-
line in strata of age (< and >50 years), sex, BMI (<25.0
and >25.0), vitamin D supplementation, naive status,
normal bone density at baseline, and according to PI or
TDF in the last regimen (Table 3). As regards LS BMD,
on average experienced subjects showed a significant
positive modification (+16.9, 95% CI: 4.7, 29.2 mg/cm®,
and +2.0%, 95% CI: 0.6%, 2.4%) whereas naive PLWH
showed a slight and not significant decrease. Patients
with osteopenia/osteoporosis at study entry experienced
a marked mean increase from baseline (+20.6, 95% CI:
3.1, 38.1 mg/em’®; +2.5%, 95% CI: 0.5%, 4.6%), as well
as patients on Vitamin D supplementation (+26.8, 95%
CI: 7.7, 45.9 mg/cm3; +3.4%, 95% CI: 1.0%, 5.7%). As
regards FN, increased BMD was observed, on average, in
patients without TDF in the previous regimen, and those
with low BMD at study entry. Both naive and experi-
enced PLWH showed a slight and not significant percent
increase in FN BMD.

Eighteen patients out of 133 (13.5%) interrupted DTG
treatment (13 adverse events, two patients' preference, one

virologic failure, one clinical event, and one unknown
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Figure | Femoral neck and lumbar spine bone mineral density at baseline and last
observation.

reason) after a median time of 63 weeks (IQR: 29-93) but
underwent the scheduled DXA scan. Excluding these
patients from the analysis, we found similar results,

although all mean estimates were higher (Table 45).

As regards the backbone, considering 115 patients with
a control DXA scan who continued the DTG-based regi-
men, 13 (11.3%) had a switch: three on lamivudine (3TC)/
abacavir (ABC) switched to DTG plus rilpivirine (RPV)
(2) or DTG alone. Two subjects on dual therapy switched
to another dual (emtricitabine (FTC) to RPV and RPV to
maraviroc). Seven subjects on FTC/TDF switched to FTC/
TAF (5), dual with 3TC (1), and monotherapy with DTG
(1). One patient on another regimen, including FTC/TDF,
replaced TDF with TAF.

Patients who started a 3TC-including regimen showed
a significant increase of LS BMD at study end (17.4, 95%
CI 6.6, 28.2 mg/cm®), whereas those on TDF experienced
a non-statistically significant decline (—15.0, 95% CI
—69.3, 39.3 mg/cm?).

Analyzing experienced patients, we considered if TDF
or PI exposure in the previous regimen was associated

with a different change from baseline of LS and FN

Table 3 Bone Mineral Density (BMD) Change from Baseline in 133 Subjects with Follow-Up DXA at Femoral Neck (n=112) and/or

Lumbar Spine (n=128)

Baseline Characteristics BMD Change from Baseline Mean (95% CI)

FN LS

mglcm3 P* % P* mglcm3 P* % P*
Age <50 years —6.2 (-25.5, 13.1) | 0.10 | —0.6 (=3.1, 1.9) [ 0.08 | 19.0 (1.7, 36.6)* 0.40 22 (0.2, 42)* 0.38
Age 250 years 17.8 (2.4, 37.9) 2.9 (0.0,5.7) 9.0 (—6.6, 24.5) 1.1 (-0.6, 2.8)
Men 8.1 (-9.1, 25.3) 097 | 1.4 (-1.0, 3.8) 0.99 | 12.2 (-0.3, 24.7) 0.79 1.4 (0.1, 2.8)* 0.75
Women 7.5 (—19.0, 34.0) 1.5 (-2.1, 5.0) 15.6 (—11.3, 42.5) 1.9 (-1.3, 5.1)
BMI<25.0 kg/m? 3.7 (172, 24.5) 0.46 | 1.0 (—1.9, 4.0) 061 | —2.2 (—16.4, 12.0) [ 0.0008 | 0.1 (—I1.7, 1.5) | 0.002
BMI=25.0 kg/m? 145 (2.8, 31.9) 2.1 (0.2, 4.4) 37.1 (17.2, 55.0)* 4.1 (2.1, 6.1)*
Experienced 10.0 (—6.8, 26.8) 0.55 | 1.7 (-0.6, 4.1) 0.55 | 16.9 (4.7, 29.2)* 0.21 2.0 (0.6, 3.4)* 0.16
Naive —1.0 (-23.9, 21.9) 0.2 (-2.7, 3.1) —1.1 (-31.4,29.3) —0.2 (-3.5, 3.0)
TDF in previous regimen® —112(-364,119) | 002 | —1.4 (45, 1.6) | 0.0l | 12,9 (-5.2, 31.0) 0.53 1.6 (0.4, 1.6) 0.56
No TDF in previous regimen® | 28.2 (6.0, 50.4)* 44 (1.1, 7.8)* 20.7 (3.5, 37.9)* 2.4 (0.4, 44)*
Pl in previous regimen® —2.5 (—35.0, 30.0) | 0.24 | 0.0 (-4.3,4.2) 0.23 | 25.1 (0.0, 50.1)* 0.28 32 (04, 6.1)* 0.16
No Pl in previous regimen’ 18.1 (0.5, 36.8) 2.9 (0.1, 5.6)* 11.6 (0.9, 24.1) 1.2 (0.2, 1.6)
Normal BMD at baseline —-1.7 (-24.0,20.6) | 022 | —0.3 (-2.9,24) [ 0.12 | 44 (-10.0, 18.8) 0.16 0.4 (-1.0, 1.8) 0.10
Reduced BMD at baseline 16.0 (—2.6, 34.6) 2.9 (0.0, 5.7)* 20.6 (3.1, 38.1)* 2.5 (0.5, 4.6)
Vitamin D supplement —4.0 (—27.0, 19.0) 0.19 | 0.6 (-3.0,4.2) 0.51 | 26.8 (7.7, 45.9)* 0.09 3.4 (1.0, 5.7)* 0.04
No Vitamin D supplement 15.3 (-3.0, 33.7) 2.0 (-0.4, 4.3) 6.0 (-84, 20.3) 0.6 (0.9, 6.1)
3TC/ABC/DTG 5.2 (9.6, 20.0) 048 | 1.2 (-1.1,24) 0.57 | 19.1 (7.8, 30.5)* 0.20 2.1 (0.8, 3.4)* 0.24
TDF/FTC/IDTG 1.8 (-78.6, 72.2) 0.4 (-85, 9.3) —12.4 (-70.5, 45.7) —1.0 (7.0, 4.9)
Dual therapy 11.8 (—29.4, 53.0) 1.9 (-3.0, 6.7) 17.2 (-23.2, 57.5) 2.4 (-2.3,7.0)
Other Therapies 66.0 (—18.2, 150.2) 85 (22, 19.2) —18.3 (-52.9, 16.3) —2.0 (-5.6, 1.6)
Never smokers —4.7 (-29.5, 4.1) 0.73 | —0.3(-3.5,2.9) | 0.68 | 19.7 (2.9-36.6)* 0.06 2.1 (0.4, 3.9)* 0.06
Former smokers 4.0 (-72.6, 70.6) 0.9 (-6.8, 8.6) 23.0 (—11.6, 57.6) 3.1 (-1.5,7.7)
Current smokers 11.0 (—l6.1. 38.1) 2.1 (2.8, 7.1) —9.5 (287, 9.8) —0.9 (-3.1, 1.2)

Notes: *Comparison between groups, analysis of variance; *p<0.05 for change from baseline, paired t-test; Slimited to experienced patients.
Abbreviations: BMD, bone mineral density; Cl, confidence interval; FN, femoral neck; LS, lumbar spine; BMI, body mass index; TDF, tenofovir disoproxil fumarate; PI,
protease inhibitors; 3TC, lamivudine; ABC, abacavir; DTG, dolutegravir; FTC, emtricitabine; smoking status was only reported in 88 patients.

Infection and Drug Resistance 2020:13

submit your manuscript

Dove

2295


https://www.dovepress.com/get_supplementary_file.php?f=260449.docx
http://www.dovepress.com
http://www.dovepress.com

Bonfanti et al

Dove

BMD: patients exposed to PI but not to TDF had higher
BMD change from baseline (Table 3).

At baseline, mean estimated Glomerular filtration rate
(eGFR) was 90.8 + 21.4 mL/min, significantly different
between experienced and naive patients (87.2 + 20.6 vs
102.2 + 20.1 mL/min, p=0.0001) as expected. Over time,
we observed a decline: at the first follow-up visit, mean
eGFR was 80.6 + 20.6 and 86.8 + 18.9 in experienced and
naive subjects. After that, the eGFR remained substantially
unchanged. At the time of the last BMD scan, the change
from baseline of eGFR (=7.7, 95% CI: —10.4, —5.1 mL/min)
was not associated with FN and LS variations (Pearson r=
—0.11, p=0.22 for FN, Pearson r=—0.03, p=0.71 for LS).

Multivariate Analysis

In a multivariable model, including age, sex, BMI, naive
status, vitamin D supplementation, osteopenia/osteoporo-
sis at baseline, and weeks to follow-up scan, patients with
osteopenia/osteoporosis, as well as experienced subjects,
still had a significant modification of LS BMD (both
absolute and percentage).

We found that positive LS change from baseline was
confirmed associated with age <50 years, male sex, BMI
>25.0 kg/m?, osteopenia or osteoporosis at baseline, and
vitamin D supplement. Comparing classes, LS change
from baseline was significantly higher in subjects with
BMI > 25.0 Kg/m? than in those with BMI < 25.0 Kg/
m? (both absolute and percentage).

Limiting the analysis to experienced subjects, we found
that, including all previously cited factors but naive status,
and including previous TDF and PI exposure in the model
at the same time, patients exposed to PI in the previous
regimen significantly increased LS BMD.

Smoking Status

Since the information on smoking status was unavailable in
27.5% of subjects at enrolment and 33.8% of those with
follow-up scans, we did not include this variable in the
main analysis. However, its role in bone density is well
established. Thus, we analyzed change from baseline in
patients with information. Never smokers showed, at uni-
variate analysis, a significant increase of LS BMD (Table 3),
whereas the analysis of variance among smoking status
groups was of borderline significance. In the multivariate
analysis, we run the model on the subset of 88 patients with
known smoking status, finding a significant difference in the
overall analysis of variance due to the comparison between

current and never smokers (p=0.0008). In contrast, no differ-
ence was observed between former and never smokers.

Sensitivity Analysis

All previous findings were confirmed, running the analyses
with the exclusion of patients who interrupted DTG treat-
ment. We also reran the same models excluding patients
who switched from TDF to TAF, to assess if these findings
were driven by this switch: we found similar results.

The same analysis was also run, including previous use
of intravenous drugs (IDU): BMD change from baseline
was not significantly different between groups (Table 5S).
However, LS BMD showed a higher change from baseline
in subjects without IDU history (15.1, 95% CI 2.6,
27.6 mg/cm3 vs 0.3, 95% CI —30.2, 30.8), confirmed in
the multivariate analysis.

Lastly, regimen type (dual, TDF/FTC+DTG, 3TC/ABC
+DTG, and other) were included in the equation model:
LS BMD change from baseline was significant for 3TC/
ABC+DTG (Table 3).

Discussion

In the past two decades, osteoporosis emerged as signifi-
cant comorbidity in PLWH.*!''~*> In addition to traditional
risk factors for fracture, specific factors related to HIV
infection are also likely to contribute, including antiretro-
viral therapy.! More specifically, HIV-infected individuals
have both traditional and specific HIV-related risk factors
for low BMD and fracture.®> In the former category,
tobacco use, alcohol abuse, hypogonadism, exposure to
trauma, and low BMI may be more prevalent in HIV-
infected individuals, particularly intravenous drug
users.”® Risk factors specific to HIV infection include
ART, chronic inflammation, and comorbidities.

Our study is, to our knowledge, the first prospective
evaluation of BMD of PLWH after starting dolutegravir in
a “real-life” setting, including naive and antiretroviral
(ARV) experienced patients on DTG-based regimens.
After a median follow-up of 102 weeks, we found in
experienced PLWH a not significant increase in BMD at
FN and a statistically significant increase at LS.
Interestingly, we also showed a not statistically significant
decrease in both sites in naive PLWH.

Among antiretroviral classes, INSTI showed a good
bone safety profile in both naive and ARV-experienced
PLWH. More specifically, raltegravir has proved to be
associated with less bone loss in respect of both daruna-

vir/ritonavir (r) or atazanavir/r when combined with TDF/
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FTC in a randomized clinical trial enrolling 328 naive
PLWH.?® Furthermore, raltegravir associated with daruna-
vir/r in a dual therapy strategy has been associated with an
increase in whole-body BMD over 48 weeks that was
significantly higher when compared to darunavir/ritonavir
(DRV/r) + TDF/FTC" in naive PLWH. The same strategy
was tested in the bone sub-study of the randomized clin-
ical NEAT001/ANRS143 trial enrolling 146 naive PLWH,
showing a significantly lower BMD loss at both spine and
hip in the raltegravir + darunavir/r arm compared to the
triple arm including TDE.*>’ Raltegravir, in combination
with a boosted PI, has also been associated with
a significant increase in BMD at both spine and hip at
weeks 24 and 48, after switching from a triple therapy
including TDF, in virologically suppressed PLWH with
low BMD (<-1.0 T-score).>® In the OsteoTDF study, hip
BMD improved by 2.1% (95% CI —0.6 to 4.7) (P = 0.043)
in PLWH switching to abacavir compared to 0.7% (95%
CI —0.9 to 2.4) (P = 0.372) in the tenofovir group.*’
Elvitegravir has also proved safe on bone, especially
when combined with cobicistat/ TAF/FTC in comparison
with  cobicistat/TDF/FTC, it
a significantly lower decline in BMD in naive patients at
both spine and hip after 144 weeks, in 2 double-blind,
randomized clinical trials.** Significant improvements in

was associated with

hip and spine BMD were also evidenced for those virolo-
gically suppressed patients switched to elvitegravir/cobici-
stat/TAF/FTC versus continuing TDF, over week 96 in
a randomized clinical trial.*!

Dolutegravir impact on bone has been evaluated in the
GS-US-380-1489 study on antiretroviral therapy-naive
patients, in which similar small decrease in hip and lumbar
spine BMD were evidenced both in patients on bictegravir
(BIC)/TAF/FTC and DTG/ABC/3TC.** Similar and small
increases from baseline to week 48 were seen in hip and
lumbar spine BMD, after switching from DTG/ABC/3TC
to BIC/TAF/FTC or continuing DTG/ABC/3TC in
a randomized clinical trial conducted in virologically sup-
pressed PLWH.** Dolutegravir impact on bone was also
evaluated in a sub-study of two trials, comparing the
switch to dual therapy, including dolutegravir plus rilpi-
virine vs remaining on a triple therapy including TDF.
Patients switching to DTG plus rilpivirine showed
a significantly higher percent increase compared to those
remaining in the triple regimen, at both spine and hip at
week 48.%7 More recently, an Italian pilot study on 16
virologically suppressed PLWH showed a significant
increase in spine BMD after switching from triple therapy

to dolutegravir plus lamivudine.?® Lastly, the randomized
DOMONO trial studied bone health after simplifying
cART to DTG monotherapy.** Although this simplification
strategy was demonstrated inferior to cART, it showed
a positive effect on FN and LS bone density, adding to
the accumulating evidence about the bone safety of dual
therapy regimens.

Taken together, the studies on the bone impact of
INSTI are reassuring in evidencing a lower bone loss
when compared to other drug classes, even if associated
with TDF.

In particular, DTG has been associated with an increase
in BMD in virologically suppressed patients in dual ther-
apy regimens>"*® and monotherapy** and with a not sig-
nificant decrease when combined with ABC/3TC, with
a similar effect if compared to BIC/TAF/FTC in naive
patients.*>*

Vitamin D supplementation is known to increase BMD
in the general population. HIV-infected patients are at risk
of vitamin D deficiency, especially in those receiving
protease inhibitors.*> Determination of vitamin D status
should be part of the management of PLWH, and appro-
priate supplementation is suggested.*

Our results confirm in “real life” the results of clinical
studies, suggesting that dolutegravir is associated with
a good bone safety profile, especially when combined
with ABC/3TC. Interestingly, these results are not only
evidenced in the overall cohort but also patients with
osteopenia/osteoporosis, with an elevated risk of fracture,
who showed a higher BMD increase during follow-up
when compared with patients with normal BMD.

Some limitations of the present study need to be
discussed. Firstly, this analysis was conducted on
a subset of patients, referring to centers where DXA
scan was available and routinely carried out; thus, these
centers cannot be considered representative of all Italian
Infectious Diseases Clinics. Secondly, considering that
patients were selected only if they consented to undergo
a DXA scan, it is likely that older patients and those
with higher health consciousness gave their consent.
However, as regards known patients’ characteristics, we
did not observe significant differences between those
who consented and those who declined the DXA exam-
ination, although the possibility of unknown confounders
cannot be excluded. Thirdly, we could not account for
some lifestyle habits (alcohol intake and physical activ-
ity, both occupational and leisure) and menopausal status
in women. However, smoking habits, history of drug
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abuse were accounted for, and patients with hypogonad-
ism and comorbidities requiring glucocorticoids were
excluded from the study. Lastly, we have to acknowledge
the small sample size, the lack of a control group of
PLWH not receiving DTG containing regimens, and the
potential self-selection of patients with osteopenia/osteo-
porosis could represent biases for our analysis.

In conclusion, our data suggest that dolutegravir-
containing regimens represent an excellent option to
reduce the impact of antiretroviral therapy on bone, espe-
cially in patients with low BMD, to reduce bone loss and
fracture risk.
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