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Antiretroviral Therapy-Induced Bone Loss Is Durably
Suppressed by a Single Dose of Zoledronic Acid in
Treatment-Naive Persons with Human Immunodeficiency
Virus Infection: A Phase IIB Trial
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Background. Human immunodeficiency virus (HIV) infection and antiretroviral therapy (ART) are associated with bone loss
leading to increased fracture rate among persons with HIV (PWH). We previously showed long-acting antiresorptive zoledronic
acid (ZOL) prevented ART-induced bone loss through 48 weeks of therapy and here investigate whether protection persisted.

Methods. 'We randomized 63 nonosteoporotic, treatment-naive adult PWH initiating ART to ZOL (5 mg) versus placebo in a
double-blinded, placebo-controlled, phase IIb trial. Here we analyzed the long-term outcome data (144 weeks). Plasma bone turn-
over markers and bone mineral density (BMD) were quantified at weeks 0, 12, 24, 48, 96, and 144. Primary outcome was change in
bone resorption marker C-terminal telopeptide of collagen (CTx). Repeated-measures analyses using mixed linear models were used
to estimate and compare study endpoints.

Results. At 96 weeks, mean CTx was 62% lower with ZOL relative to placebo (n = 46; CTx = 0.123 vs 0.324 ng/mL; P < .001); at
144 weeks a 25% difference between arms was not statistically significant. At 48 weeks, lumbar spine BMD with ZOL was 11% higher
than placebo (n = 60; P < .001) and remained 9-11% higher at 96 (n = 46) and 144 (n = 41; P < .001) weeks. 144 weeks after ZOL

infusion, BMD did not change at the lumbar spine (P = .22) but declined at the hip (P =.04) and femoral neck (P = .02).

Conclusions.

A single dose of ZOL administered at ART initiation blunts bone resorption and BMD loss at key fracture-prone

anatomical sites in treatment-naive PWH for 3 years. A multicenter randomized phase III clinical trial validating these results in a

larger population is needed.
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As persons with human immunodeficiency virus (HIV; PWH)
are aging, the long-term complications of chronic HIV infection
are increasingly relevant and burdensome [1, 2]. A common
metabolic sequela of longstanding HIV infection is bone loss,
with the prevalence of osteopenia and osteoporosis in PWH
ranging from 48-55% and 10-34%, respectively [3]. This is ac-
companied by a 2- to 9-fold higher fracture prevalence in PWH
compared with the general population [4, 5]. Additionally, PWH
appear to be at greater risk for fracture earlier in life compared
with their HIV-seronegative counterparts [6, 7]. The excessive
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burden of fragility bone disease is projected to increase as PWH
are aging [8], underscoring the urgent need for HIV-specific
preventive and therapeutic strategies to improve bone health in
this high-risk population.

Mechanisms underlying HIV-associated bone disease are
likely multifactorial, mediated by direct and indirect effects
of the virus, host, immune system, and antiretroviral therapy
(ART) [9]. Antiretroviral therapy induces bone mineral density
(BMD) loss of 2-6%, often within the first 1-2 years of therapy
[10]; these effects, although varied in magnitude are universal to
all ART regimens. Even with tenofovir alafenamide, a formula-
tion introduced to minimize toxicities associated with tenofovir
disoproxil fumarate (TDF), an approximate 1% BMD loss at 48
weeks was observed in relatively healthy PWH (median CD4
T-cell counts; 404 [283-550] cells/pL) [11-13]. More concerning,
however, close to one-third of patients in these studies sustained
BMD loss of more than 3% at the hip and/or lumbar spine.

Our group recently demonstrated that bone resorption is pos-
itively associated with the magnitude of immune reconstitution
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in PWH initiating ART [14]. Using an animal model of immu-
nodeficiency, we observed that forcing aggressive homeostatic
reconstitution by adoptive transfer of low numbers of T cells
resulted in profound bone resorption and loss of BMD that was
prevented by administration of zoledronic acid (ZOL), a potent
long-acting antiresorptive [15]. In a subsequent human study,
we showed in a double-blinded, placebo-controlled phase IIb
clinical trial that ZOL prevented ART-induced bone effects
through the first 48 weeks of ART initiation [16]. In this long-
term follow-up study, we investigate whether the skeletal pro-
tection observed earlier with ZOL persisted through 96 and
144 weeks.

METHODS

Trial Design

Details of the methods and design have been previously de-
scribed [16]. This phase IIb clinical trial was conducted at the
Grady Infectious Diseases Program Clinic in Atlanta, Georgia,
between January 2010 and January 2015. All subjects provided
written informed consent, and the study was approved by the
Institutional Review Board of Emory University. The study was
registered at ClinicalTrials.gov (NCT01228318).

Objectives
The primary objective was to investigate whether ZOL ameli-
orates ART-induced bone resorption in the study population.
Secondary objectives included ZOLs impact on BMD outcomes
at key fracture-prone anatomical sites and safety and clinical
measures.

Participants

Viremic (HIV-1 RNA >1000 copies/mL) treatment-naive PWH
aged 30 to 50 years who were planning ART initiation, had
no history of bone or active immunological disease, and were
in generally good health were eligible for the study. Patients
who had osteoporosis (¢ score < —2.5), prior or current use of
antiresorptives, recent (within 6 months) or planned invasive
dental procedures, serious systemic illness, or who were preg-
nant or breastfeeding were excluded.

Randomization

Treatment assignments were stratified according to screening
HIV-1 RNA (<100 000 or =100 000 copies/mL), age (30-39
or 40-49 years), and sex and were generated using a pseudo-
random-number generator with permuted blocks for each of
the 8 levels of stratification.

Interventions

At entry, participants initiated ART per standard of care with
standard doses of atazanavir/ritonavir + tenofovir disoproxil
fumarate (TDF)/emtricitabine (FTC) [17].
therapy change was allowed after study entry in the case of drug

Antiretroviral

intolerance or virologic failure. On the same day of ART initi-
ation, participants also received a single intravenous infusion
of ZOL (5 mg/100 mL ready-to-infuse solution) if assigned to
the ZOL arm or a single infusion of placebo (220 mg mannitol
and 24 mg sodium citrate in a 100-mL ready-to-infuse solu-
tion) if assigned to the placebo arm. Serum vitamin D3 and cal-
cium levels were monitored at each study visit, and replacement
therapy was initiated when levels were insufficient or deficient
(<29 ng/dL).

Follow-up

Study outcomes were assessed at baseline and at study weeks
12-144. The study was unblinded when the last enrolled partic-
ipant completed the visit at 24 weeks. Clinical and safety labora-
tory tests were performed at weeks 2 and 12 and every 3 months
thereafter.

Outcome Measures

Blood samples and plasma were processed and stored until anal-
ysis by commercial enzyme-linked immunosorbent assays to
quantify plasma C-terminal telopeptide of collagen (CTx) and
osteocalcin, which are sensitive and specific markers of bone re-
sorption and bone formation, respectively. Bone mineral density
was assessed using a Lunar prodigy scanner (GE Lunar) dual-
energy X-ray absorptiometry machine and Encore Software,
version 2010 13.31, at Emory University Hospital. Osteopenia
was defined as t scores between —1.0 and —2.5, and osteoporosis
as t scores of —2.5 or less per World Health Organization criteria
[18]. Clinical and safety laboratory tests were performed at a
Clinical Laboratory Improvement Amendments adherent labo-
ratory. Safety reports were generated by the Data Coordinating
Center every year and reviewed by an independent medical
safety monitor.

Sample Size and Power Considerations

Pilot data from a study of treatment-naive PWH on therapy
for 24 weeks with lopinavir/ritonavir + TDE/FTC [14]
formed the basis for estimating sample size as previously
described [16].

Statistical Analysis

The primary analyses of the data were performed on an
intention-to-treat basis. Repeated-measures analyses of CTx,
osteocalcin, and BMD measurements were performed with a
means model via the SAS MIXED Procedure (version 9.4; SAS
Institute) providing separate estimates of the means by time
on study and treatment arm. The same model was used to an-
alyze percentage change from baseline for CTx, osteocalcin,
and BMD. Each model included 3 predictors (treatment arm,
time on study, and the statistical interaction between treatment
arm and time on study). A compound-symmetric variance-
covariance form in repeated measurements was assumed for
each outcome, and robust estimates of the standard errors
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of parameters were used to perform statistical tests and con-
struct 95% confidence intervals (CIs) [19]. Specific statistical
tests were done within the framework of the mixed-effects
linear model. All statistical tests were 2-sided and unadjusted
for multiple comparisons. A value of P < .05 indicated statis-
tical significance. The study was designed as a fixed-sample
size study and no formal interim analyses were performed for
safety and efficacy. Statistical stopping boundaries were not
established as an aid to early stopping of the study. Monthly
data-quality checks and data queries were generated when cre-
ating analytic data sets used to generate monthly safety reports
and monthly summary statistics. Each of 36 solicited adverse
events was counted only once per patient as the most severe
level reported across the 6 study visits during the 144-week fol-
low-up period and compared between treatment arms with a
chi-square or Fisher’s exact test. Statistical analyses were lim-
ited to the 20 most commonly reported adverse events after
excluding those symptoms reported as mild.

RESULTS

Demographic and Clinical Characteristics

A total 343 patients were assessed for eligibility (Figure 1), and
63 were randomized to receive either ZOL (n = 34) or active
placebo (n = 29). Demographic and clinical characteristics were
comparable between the 2 study arms (Table 1).

Zoledronic Acid Blunted ART-induced Bone Resorption

CTx in the treatment arms changed in significantly different
ways (ie, different temporal patterns over time) during the
144 weeks of follow-up (P < .001, test for interaction be-
tween time on study and treatment arm). Mean CTx was
similar in both treatment arms at randomization (0.154 vs
0.190 ng/mL for ZOL vs placebo, respectively; P = .22) but
became significantly lower in the ZOL arm at 12 weeks, 24
weeks, and 48 weeks (all P < .001) as previously reported
[19]. This trend continued through the 144 weeks of fol-
low-up, with the mean CTx lower in the ZOL compared with
the placebo arm at 72 weeks (n = 47; 0.138 vs 0.239 ng/mL;
P =.007), 96 weeks (n = 46; 0.123 vs 0.324 ng/mL; P < .001),
120 weeks (n = 40; 0.136 vs 0.194 ng/mL; P = .07), and 144
weeks (n = 41; 0.147 vs 0.196 ng/mL; P = .17) (Figure 2A).
Treatment with ZOL led to a 73%, 65%, and 57% reduction
in mean bone resorption relative to placebo at 12, 24, and
48 weeks [19]. Whereas the ZOL treatment arm had a 62%
reduction in mean bone resorption at 96 weeks (CTx mean
difference, 0.201 ng/mL; 95% CI, 0.090-0.312 ng/mL), a 25%
difference between the treatment arms at 144 weeks was
not statistically significant (CTx mean difference, 0.049 ng/
mL; 95% CI, —-0.020 to 0.118 ng/mL). The CTx mean per-
centage increases from baseline to 12, 24, 48, 72, 96, 120,
and 144 weeks were 145%, 244%, 140%, 130%, 190%, 108%,
and 102%, respectively, in the placebo arm. The CTx mean

percentage decreases from baseline to 12, 24, 48, and 72
weeks were 39%, 13%, 20%, and 49%, respectively, with an
increase from baseline of 27% at 96 weeks (P = .47), 25% at
120 weeks (P = .40), and 45% at 144 weeks (P = .15) in the
ZOL arm (Figure 2B; Table 2; Supplementary Tables 1 and 2).
CTx results from multivariable repeated-measures analyses
and post hoc subgroup analyses stratified by race, sex, and
other clinical and demographic variables are summarized in
Supplementary Table 3 and in the Supplementary Text.

Bone Formation Was Not Adversely Impacted by Zoledronic Acid
Osteocalcin in the 2 treatment groups changed in similar ways
(similar temporal patterns over time) during follow-up (P = .35,
test for interaction between time on study and treatment group).
A compensatory increase in osteocalcin was observed in the
placebo arm but not in the ZOL arm (P = .007) when testing
the time-averaged differences between the 2 treatment groups.
Mean difference in osteocalcin between the arms pooled over
the 144-week follow-up period was —4.2 ng/mL (95% CI,
-10.2 to —1.9 ng/mL) (Figure 2C). While mean differences in
osteocalcin at 12, 24, and 48 weeks differed significantly [19],
they did not significantly differ at 96 or 144 weeks (P = .08 and
P = .18, respectively). Respective mean differences at 96 and
144 weeks were —4.7 ng/mL (95% CI, ~10.0 to 0.6 ng/mL) and
—4.1 ng/mL (95% CI, —10.1 to 1.9 ng/mL). In the placebo arm,
the osteocalcin mean percentage increases from baseline to 96
and 144 weeks were 95% (95% CI, 21-169%) and 55% (95%
CI, 18-92%), respectively. The osteocalcin mean percentage in-
creases from baseline to 96 and 144 weeks did not change in the
ZOL arm: 113% (95% CI, —44% to 271%) and 91% (95% CI,
—-29% to 211%), respectively (Figure 2D; Supplementary Tables
4 and 5).

Zoledronic Acid Prevented Antiretroviral Therapy—Induced Bone Mineral
Density Loss

Lumbar spine BMD in the treatment arms changed in signifi-
cantly different ways (ie, different temporal patterns over time)
during the 144 weeks of follow-up (P < .001, test for interac-
tion between time on study and treatment arm). Mean lumbar
spine BMD was similar in both treatment arms at randomi-
zation (P = .08) but became significantly higher in the ZOL
arm at 12, 24, and 48 weeks [19], and this effect persisted
through 96 weeks (1.299 vs 1.189 g/cm’ P < .001) and 144
weeks (1.306 vs 1.177 g/cmz; P <.001) (Figure 3A). Zoledronic
acid significantly increased lumbar spine BMD at 12, 24, and
48 weeks [19] and, relative to placebo, led to a mean difference
in lumbar spine BMD at 96 and 144 weeks of 0.111 g/cm® (9%
increase) and 0.129 g/cm2 (11% increase), respectively. Bone
mineral density at the lumbar spine did not change from base-
line to 144 weeks in the ZOL arm (mean percentage increase
of 1.0%; 95% CI, —0.61% to 2.61%; P = .22) but decreased by
-4.3% (95% CI, —6.48% to —2.15%; P < .001) in the placebo
arm (Figure 3B; Supplementary Tables 6-9). In the ZOL arm,
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Figure 1. CONSORT diagram. The progress through the phases (enrollment, intervention allocation, follow-up, and data analysis) of a double-blind, randomized controlled
trial in nonosteoporotic, viremic, ART-naive adults with HIV comparing a single zoledronic acid (5 mg) infusion at the time of ART initiation with active placebo infusion is
shown. One patient in the ART + placebo arm had CTx data but outside the clinical visit window at 96 (92—105) and 144 (141-153) weeks. CTx was missing for an additional
12 patients at 144 weeks, but for the patients not lost to follow-up bone mineral density outcome data were available for analysis. Abbreviations: ART, antiretroviral therapy;
CONSORT, Consolidated Standards of Reporting Trials; CTx, C-terminal telopeptide of collagen; HIV, human immunodeficiency virus.

the hip and the femoral neck BMD was preserved up to week
48; however, a small but significant decline from baseline
by 144 weeks was observed at these sites—for the hip BMD:
mean decline, 0.016 g/cm’ (95% CI, 0.001-0.031; P = .04; for
the femoral neck BMD: mean decline, 0.021 g/cm? 95% CI,
0.003-0.041; P = .02 (Supplementary Figure 1; Supplementary
Tables 10-14). At baseline, the number of particpants with os-
teopenia (T-score between —1.0 and —2.5) in any area in the

placebo arm was 10 (34.5%) and was 7 (21.9%) in the ZOL arm.
No participant was osteoporotic (T-score < —2.5) at baseline.
The 29 participants in the ZOL arm who completed the week-
144 visit maintained their baseline BMD status (number with
osteopenia, 6; 21%). By contrast, of the 20 participants who
completed the week-144 visit in the placebo arm, 8 (40%) were
osteopenic (T-score between —1.0 and —2.5) and 1 participant
developed osteoporosis.
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Table 1.

Baseline Demographic and Clinical Characteristics by Treatment Arm

Characteristic

ART + PL (n = 29) ART + ZOL (n = 34)

Age, mean (SD), years
Sex, n (%)
Male
Female
Race, n (%)
White
Black
History of smoking, n (%)
Yes
No
Current smoking, n (%)
Yes
No
No. of cigarettes smoked per day (in patients with history of smoking), mean (SD)
Years of cigarette smoking (in patients with history of smoking), mean (SD)
Alcohol use in past 30 days, n (%)
Daily
5-6 times/wk
3-4 times/wk
1-2 times/wk
2-3 times/mo
Once/month
Never
Baseline osteopenia in any area,” n (%)
Yes
No
Baseline lumbar spine BMD, mean (SD)
glem®
t score
History of bone fracture, n (%)
Yes
No
HIV-1 RNA, mean (SD), log™ copies/mL
CD4+ count, mean (SD), cells/uL
Serum calcium, mean (SD), mg/dL
Serum vitamin D, mean (SD), ng/mL

39.4 (6.9) 39.7 (6.6)
23 (79.3) 27 (79.4)
6(20.7) 7 (20.6)
3(10.3) 7 (20.6)
26 (89.7) 27 (79.4)
26 (89.7) 24 (70.6)
3(10.3) 10 (29.4)
23 (79.3) 19 (65.9)
6(20.7) 15 (44.1)
76 (4.5) 75(6.0)
13.4 (8.1) 13.9 (9.6)
1(3.4) 2 (5.9
0(0) 1(2.9
1(3.4) 4(11.8)
8 (27.6) 3(8.8)
2(6.9) 2 (5.9
3(10.3) 8(23.5)
14 (48.3) 14 (41.2)
10 (34.5) 7 (21.9)
19 (65.6) 25 (78.1)
1.23(0.14) 1.29(0.14)
0.16 (1.16) 0.67 (1.22)
5 (17.2) 10 (29.4)
24 (82.8) 24 (70.6)
4.81 (0.96) 5.26 (0.44)
155 (145) 102 (69)
9.3(0.4) 9.1(0.4)
278 (10.0) 28.1 (11.7)

Data are presented as n (%) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; BMD, bone mineral density; HIV, human immunodeficiency virus; PL, active placebo; SD, standard deviation; ZOL, zoledronic acid.
“Patients with osteoporosis were not enrolled in the study. Baseline dual-energy X-ray absorptiometry measurements for 2 patients were performed with a different machine and were not

included in the analyses.

Zoledronic Acid Treatment Did Not Impact the Rate of Virologic
Suppression or Inmunologic Response

Supplementary Figure 2A summarizes the cumulative initial
virologic suppression by treatment arm (P = .34, log-rank test).
By 144 weeks, initial virologic suppression was 91% in the ZOL
arm and 100% in the placebo arm. CD4" T-cell counts in the
2 treatment arms increased over time (P < .001). Neither the
pattern of change (P = .60) nor the difference between treat-
ment arms was significant (P = .20) (Supplementary Figure 2B;
Supplementary Table 15).

Serious Adverse Effects, Adverse Effects, and Laboratory Toxicities

Over the 144 weeks of follow-up, no serious adverse effects
(SAEs) were reported to be possibly or definitively related to
ZOL treatment. Serious adverse effects were similar between

the ZOL and placebo arms. Supplementary Table 16 sum-
marizes patient-reported adverse effects by treatment arm.
Supplementary Table 17 summarizes laboratory toxicities.
There were no statistically significant differences between treat-
ment arms for the incidence of any grade 3 or higher laboratory
toxicities during 144 weeks of follow-up.

DISCUSSION

In this study, we extend our findings reported previously
through the first 48 weeks following ART initiation [19]. We
demonstrate that ART-associated bone resorption and BMD
loss extend beyond the first 2 years of therapy, and that a single
dose of ZOL given at the time of therapy initiation durably
blunts these effects.
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Longitudinal change in bone resorption outcomes by treatment arm. A, Model-based mean longitudinal changes in CTx by treatment arm and weeks on study.

B, Model-based mean CTx percentage change from baseline by treatment arm and weeks on study. C, Model-based mean longitudinal changes in osteocalcin by treatment
arm and weeks on study. 0, Model-based mean osteocalcin percentage change from baseline by treatment arm and weeks on study. For each of the 4 panels, the vertical
bars are the 95% confidence intervals and the numbers below time paints signify the number of subjects in each treatment group at each time interval. Abbreviations: ART,
antiretroviral therapy; CTx, C-terminal telopeptide of collagen; PL, active placebo; ZOL, zoledronic acid.

Prior studies have shown the vast majority of ART-associated
bone loss occurs 1-2 years after therapy initiation, with subse-
quent stabilization in BMD thereafter [20]. In this report, ART
initiation led to a surge in bone resorption in patients random-
ized to the placebo arm, peaking at 24 weeks and persisting
through 96 weeks. ZOL ameliorated this increase resorption, re-
sulting in a 62% reduction in mean bone resorption at 96 weeks,
and 9-11% higher lumbar spine BMD at 96-144 weeks, relative
to placebo. Current guidance for the management of bone di-
sease in HIV provides basic recommendations for all PWH and
those specifically diagnosed with osteoporosis [10]. For PWH
initiating ART, it is recommended to avoid certain antiretro-
virals known to be detrimental to bone (ie, TDF and protease

inhibitors) [10]. Our findings suggest that additional strategies
to minimize the risk of ART-induced skeletal deterioration may
be warranted, such as prophylactic antiresorptive therapy, and
that the benefits of such intervention may extend beyond the
first 2 years following ART initiation. Such preemptive therapy
may be of particular benefit to PWH with multiple risk factors
for fragility bone disease or with low BMD at the onset of ART.

The rate of loss in BMD experienced by PWH initiating ART
is similar to that seen during the rapid phase of bone loss in
postmenopausal osteoporosis [21]. However, the pathogenesis
of bone loss in these groups differs starkly and, furthermore,
HIV-specific demographic and clinical characteristics require
special consideration. First, bone loss and fragility fracture in the
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Table 2. Baseline-Adjusted Means at 144 Weeks of Follow-up for Bone Resorption and Bone Mineral Density Outcomes by Treatment Arm

Variable and Treatment No. Adjusted Mean (95% ClI)? Mean Difference (95% CI) P

CTx, ng/mL
ART + ZOL 21 0.196 (.140, .251) 0.049 (-.020, .119) 1604
ART + PL 20 0.146 (.105, .187)

Osteocalcin, ng/mL
ART + ZOL 21 12.966 (7472, 18.459) 4.160 (-1.851, 10.172) 1741
ART + PL 20 8.805 (6.365, 11.246)

Lumbar spine, g/cm?
ART + ZOL 29 1.306 (1.258, 1.354) -0.129 (-.199, -.057) .0005
ART + PL 20 1.177 (1.125, 1.230)

Lumbar spine, t score
ART + ZOL 29 0.780 (.368, 1.193) -1.089 (-1.685, —.472) .0005
ART + PL 20 —-0.298 (-.743, .146)

Lumbar spine, z score
ART + ZOL 29 0.054 (-.338, .446) -1.033 (-1.594, -.471) .0004
ART + PL 20 -0.979 (-1.380, -.577)

Hip, g/cm?
ART + ZOL 29 1.074 (1.035, 1.112) —-0.063 (-.128, .002) .0556
ART + PL 20 1.010 (.958, 1.062)

Hip, t score
ART + ZOL 29 0.018 (-.304, .341) -0.487(-1.016, .041) .0705
ART + PL 20 -0.469 (-.888, —.050)

Hip, z score
ART + ZOL 29 -0.713 (-1.035, —.391) —-0.534 (-1.004, —.065) .0259
ART + PL 20 —-1.247 (-1.589, —-.906)

Femoral neck, g/cm?
ART + ZOL 29 1.058 (1.016, 1.100) -0.046 (-.112, .020) 1712
ART + PL 20 1.012 (.961, 1.064)

Femoral neck, t score
ART + ZOL 29 0.064 (-.286, .414) —-0.357 (-.899, .185) .1956
ART + PL 20 -0.293 (-.707, .121)

Femoral neck, z score
ART + ZOL 29 —-0.571 (-.868, -.274) -0.362 (-.827 .1026) 1261
ART + PL 20 -0.934 (-1.291, -.576)

Abbreviations: ART, antiretrovial therapy; Cl, confidence interval; CTx, C-terminal telopeptide of collagen; PL, active placebo; ZOL, zoledronic acid.
?Adjusted mean defined as the predicted response value obtained by fitting the regression equation for each treatment arm at the mean baseline value for the 2 treatment arms and esti-

mated using analysis of covariance at 144 weeks for each outcome.

setting of HIV infection occur at a much younger age, with data
[6] suggesting at least a decade earlier than HIV-seronegative
individuals [3, 6]. Second, the skeletal health of PWH is com-
promised at baseline (pre-ART) due to a variety of intrinsic and
extrinsic factors [9, 22]. Intrinsically, effects of HIV on inflam-
mation, the adaptive immune dysregulation, and disruption in
the integrity of the immunoskeletal interphase have been well
described [23-26]. Direct viral effects on bone were recently re-
ported by Raynaud-Messina et al [27]. Extrinsically, traditional
risk factors for low BMD are highly prevalent in PWH, further
compounding the risk of fragility bone disease in this popula-
tion [28]. Finally, initiation of ART paradoxically worsens bone
health [14, 29]. These considerations underscore the pressing
need to develop HIV-specific preventive and therapeutic strat-
egies for alleviating bone disease in this high-risk population.
Further, an epidemic of other metabolic comorbidities and
aging add urgency to this clinical priority for PWH [8, 30].

The role of calcium/vitamin D supplementation in
improving skeletal health in PWH remains unclear and may
depend on baseline 25-hydroxyvitamin D levels, ART status,
and dosing of supplementation [23-25]. Our data suggest that
the use of bisphosphonates to reduce ART-induced bone loss
in PWH is promising. While we observed a significant de-
crease in lumbar spine BMD of PWH initiating ART in the
placebo arm at 144 weeks, no change was observed in lumbar
spine BMD in the ZOL arm; however, significant increases in
hip and femoral neck BMD were found in ZOL-treated PWH
at this time point. Zoledronic acid has also been studied in
ART-treated PWH with low BMD and was shown to be su-
perior to TDF-switching at increasing BMD [26]. A study of
ART-treated men with HIV with low BMD at baseline who re-
ceived 2 annual doses of ZOL (4 mg) demonstrated favorable
effects on bone turnover and BMD that persisted over nearly
2 years [31].

Zoledronic Acid Durably Suppresses ART-associated Bone Loss « CID 2020:71 (1 October) « 1661



1.40 Zoledronic Acid (ZOL)
Vehicle (PL)
~ 135 =T - - -T-
N ——
£
o
k=)
o 130
£
s - -
%]
5 = _1 L 4
S 125
3 ——
3 —_— —_
®
[a]
2 120
) e / ~——
1.15 A
0 1224 48 9 144
Weeks on Study
ART+ZOL(n) 322927 26 27 29
ART+PL (n) 292423 23 21 20
1.5 Zoledronic Acid (ZOL)
Vehicle (PL)
1.0
[l
S
(5]
12}
¢ 05
£ —r e ——
Q.
a -
] —— —— —_—
Q ——
E oo
|
0.5 A1
0 1224 48 % 144
Weeks on Study
ART+ZOL(n) 3229 27 26 27 29
ART+PL(n) 292423 23 21 20

Figure 3.

= Z0ledronic Acid (ZOL)
Vehicle (PL)

-
1 1

Lumbar spine (% Change from BL)

-4
-6
0 12 24 48 96 144
Weeks on Study

ART+ZOL(n) 32 27 25 24 25 27

ART+PL(n) 29 24 23 23 21 20

1.0 ——— Zoledronic Acid (ZOL)

Vehicle (PL)

o
S
o
2
N
[
£
Q
”
o]
Qo
£
=]
-

0 12 24 48 96 144

Weeks on Study
ART+ZOL(n) 32 29 27 26 27 29
ART+PL(n) 29 24 23 23 21 20

Longitudinal change in lumbar spine BMD outcomes by treatment arm and weeks on study. A, Model-based mean longitudinal changes in BMD at the lumbar
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based mean longitudinal changes in lumbar spine tscores by treatment arm and weeks on study. 0, Model-based mean longitudinal changes in lumbar spine zscores by treat-
ment arm and weeks on study. For each of the 4 panels, the vertical bars are the 95% confidence intervals, and the numbers below time points signify the number of subjects
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Although the sample size was relatively small, ZOL did not
suppress bone formation in our study population as has been
previously reported in other studies [28]. This is important be-
cause prolonged use of bisphosphonates may cause low bone
turnover that has been associated with poorly remodeled
bone susceptible to microcracks [32]. Further, ZOL at a single
dose was safe and well tolerated, and we observed comparable
virologic suppression and magnitude of CD4" T-cell reconstitu-
tion between treatment arms.

Our phase IIb clinical trial was a proof-of-concept study
conducted at a single site and therefore has several limitations.
Generalizability of our findings is limited by the small sample
size and homogeneous study population (eg, predominantly

African-American men). The 144-week study duration could
not evaluate the impact of our intervention on long-term bone
outcomes such as fracture.

In conclusion, a single infusion of ZOL at the time of ART
initiation blunted ART-induced bone resorption and pre-
vented bone loss in nonosteoporotic PWH. Importantly, pre-
served BMD was observed at key fracture-prone anatomical
sites through week 144, during which time ZOL was well tol-
erated. These data provide a robust framework for the design
and execution of larger confirmatory phase 3, multicenter,
randomized clinical trials investigating the efficacy of
antiresorptive therapy in mitigating ART-induced bone loss
in PWH.
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