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SUMMARY

The prevalence of osteoporosis is about three times greater in people living with HIV than in the general
population. Bisphosphonates are the only class of antiresorptive drugs which have proved to be safe and ef-
fective in HIV patients. However, bisphosphonates are not recommended in women of childbearing age due
to an increased rate of associated neonatal complications. To the best of our knowledge no reports on the use
of denosumab in HIV-infected individuals have been published so far. We describe a 38 year-old woman with
HIV, osteoporosis and vertebral fractures treated with denosumab, a monoclonal antibody targeting RANKL.
After four years of treatment, bone mineral density improved, no new fractures occurred, and neither HIV
reactivation nor opportunistic infections were observed. We show that denosumab could be a safe and effective
approach for osteoporosis in patients with HIV and could be considered in women of childbearing age.
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ION

he prevalence of osteoporosis (OP) in

patients with human immunodeficien-
cy virus (HIV) infection can be as high as
21%, about three times greater than in the
general population (1). Several factors play
a role in the development of HIV-associat-
ed OP: viral-induced osteoclastic activity,
altered balance in the ligand of receptor ac-
tivator for nuclear kB (RANK)/Osteopro-
tegerin (OPG) axis, chronic inflammation
and antiretroviral therapy (ART) (2). ART
initiation elicits the activation of T-cell re-
constitution producing RANKL, enhanc-
ing bone resorption and bone mineral den-
sity (BMD) loss (2).
Denosumab (Dmab) is a monoclonal an-
tibody with antiresorptive properties di-
rected against the RANKL; it prevents the
binding of RANK to RANKL, inhibiting
the maturation of osteoclasts and impair-
ing their survival (3). Dmab is currently
approved for the treatment of OP in men-
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opausal women and men with increased
fracture risk (3). Dmab did not increase the
risk of developing infections (3); moreover,
a study demonstrated its safety also in pa-
tients with theumatoid arthritis treated with
immunosuppressants (4).

To the best of our knowledge no controlled
studies on the use of Dmab in HIV-infected
individuals have been published so far (5,
6). We report the case of a woman of fertile
age with HIV infection and OP with frac-
tures treated with Dmab.

A 38 year-old woman was referred to our
clinic in 2014 for fractures of the 9" and
11™ thoracic vertebrae and OP. She re-
ported sudden onset of non-traumatic back
pain. An X-ray of the spine showed two
vertebral fractures. No history of fragility
fractures was present. Following the dis-
covery of vertebral fractures, a bone den-
sitometry (Dual-energy X-ray absorptiom-



Denosumab for the treatment of HIV-associated osteoporosis

etry or DXA) performed at another center
revealed a Z-score at the lumbar spine
(L1-L4) of -2.7 SD (T score -3.1 SD). No
previous DXA scan had been performed
before for comparison. In 2007, she was di-
agnosed HIV positive with a HIV-RNA of
199,088 copies/mL and a nadir of CD4*T
cells of 118 cells/uL. ART with tenofovir-
disoproxil-fumarate (TDF)/emtricitabine
and atazanavir/ritonavir was initiated.
Three months later, she was switched to a
TDF-free regimen for renal toxicity. In Au-
gust 2018, she was started on rilpivirine/
tenofovir-alefenamide/emtricitabine. Since
2010, the viral load had been constantly
suppressed and CD4+T cell count remained
above 400 cells/uL. Examination of lungs,
heart and abdomen was normal. Labora-
tory workup revealed normal cell blood
counts, renal and liver functions; normal
levels of calcium, phosphate, 250H-vita-
min D, alkaline phosphatase, PTH, thyroid
hormones, urinary excretion of calcium
and phosphate.

The patient was eligible to start antiresorp-
tive therapy considering her two vertebral
fractures, her general good health and the
successful treatment of HIV with ART.
Bisphosphonates (BPs) have shown to
be safe and effective in people with HIV;
however, since these drugs are associated
with an increased rate of neonatal compli-
cations and persist in the bone matrix for
years even after therapy discontinuation,
fetal exposure during pregnancy is a con-
cern and their use is not recommended, if
a pregnancy is planned in the following 12
months (7). Fetal exposure to BPs has been
associated with shortened gestational age,
low neonatal birth weight and transient hy-
pocalcaemia of the newborns (8). Dmab is
effective in post-menopausal OP with frac-
tures; however, there is no data on its safety
in people with HIV. We discussed with the
patient the safety and efficacy of the differ-
ent antiresorptive therapies. The patient de-
cided to initiate Dmab after considering the
pros and cons of the two different treatment
approaches, taking into account her desire
to become pregnant in the future. The drug
was prescribed, with informed consent, off-
label, as the patient was still of childbear-
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Figure 1 - HIV-RNA viral load and CD4+T cell count from diagnosis (month 0)
and after treatment with denosumab; the arrow indicates initiation of ART; the
dashed line indicates initiation of denosumab treatment.

ing age. Dmab 60 mg was administered
subcutaneously every six months. A high
calcium diet and vitamin D supplementa-
tion were also recommended. The patient
was advised about effective contraception
during treatment with Dmab. During the
53 month follow-up, no new fractures ap-
peared. At a DXA control performed at our
centre after 18 months, spinal (L1-L4) Z-
score was -2.5 SD (T score -2.6 SD) (BMD
0.765 g/cm?) and femoral neck Z-score was
-2.9 SD (T score -3.1 SD) (BMD 0.509 g/
cm?); after 40 months, spinal (L1-L4) Z-
score further improved to -2.2 SD (T score
-2.4 SD) (BMD 0.784 g/cm?), and femoral
neck Z-score improved to -2.6 SD (T score
-2.8 SD) (BMD 0.538 g/cm?). The HIV
viremia remained suppressed and CD4* T
cell count remained higher than 600 cells/
uL throughout the follow-up period (Fig-
ure 1). Dmab was well tolerated, with no
side effects. Particularly, no episodes of
hypocalcemia and no infectious complica-
tions were reported.

OP is a systemic skeletal disease charac-
terized by low BMD and deterioration of
the bone microarchitecture, resulting in a
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loss of bone strength, increased bone fra-
gility, and an increased risk of fractures. In
the past two decades, the life expectancy
of people living with HIV infection has in-
creased significantly, and OP and fragility
fractures have emerged as significant co-
morbidities (9). For this reason, it is now
recommended to assess and monitor BMD
in people with HIV carrying other risk fac-
tors for developing OP and fragility frac-
tures (FF). Treatment with vitamin D and
calcium supplementation and antiresorp-
tive therapy with BPs are recommended in
patients with HIV and either OP or a high
risk of FF (9).

Mechanisms of bone loss in the setting of
HIV infection are multifactorial and in-
clude viral, host, and immune factors, as
well as direct and indirect effects of ART.
First, HIV viral proteins promote osteo-
clast activity and induce apoptosis of os-
teoblasts, uncoupling bone resorption and
bone formation. Moreover, HIV induces
the production of pro-inflammatory cy-
tokines that activate osteoclasts and bone
resorption (2). B cells are also involved in
bone loss as HIV infection increases the
production of RANKL by B cells (2). Ini-
tiation of ART, restoring T cell numbers,
is associated with a paradoxical reduction
in BMD, which is in part independent of
the type of ART regimen. Mouse models
of HIV infection helped to understand that
T cell reconstitution elicits the production
of RANKL and TNF by T cells. The pro-
inflammatory milieu associated with im-
mune reconstitution promotes BMD loss.
In addition, several antiretrovirals have
been associated with BMD loss (10). The
drugs that appeared to be mostly associated
with BMD loss are TDF and protease in-
hibitors (PIs). TDF alters tubular function,
causes hypophosphatemia - consequently
increasing PTH levels - and a reduction
in the levels of 1,25-dihydroxyvitamin
D, thus, promoting bone resorption (11).
Newer antiretrovirals are associated with
less bone loss than PIs and TDF (2). All
in all, factors related both to HIV per se
and to its treatment are implicated in the
development of HIV-associated OP (2) and
an imbalance in the RANKL/OPG axis ap-

pears to play a crucial role in this process.
The use of BPs has been shown to be safe
and effective in HIV patients. Emerg-
ing data indicate that BMD loss follow-
ing ART initiation can be mitigated by
prophylaxis with BPs, resulting in an im-
provement in BMD and a significant re-
duction in fracture risk (9). BPs exert their
antiresorptive effects accumulating in the
bone matrix where osteoclasts are actively
promoting bone resorption. They can per-
sist in the bone matrix for years (up to 10
years for alendronate), even after thera-
py is discontinued. The long half-life of
BPs poses a problem in pre-menopausal
women, since there might be a risk of fe-
tal exposure in case of pregnancy. Fetal
exposure to BPs has been associated with
shortened gestational age, low neonatal
birth weight and transient hypocalcaemia
of the newborns (8).

Dmab, a fully human recombinant mono-
clonal antibody that targets RANKL, has
shown to increase BMD and prevent frac-
tures in both women and men (3, 12). The
safety of Dmab has been extensively stud-
ied in large phase III trials and their exten-
sion trials, showing no differences in the
overall incidence of infections and serious
adverse events of all types (3, 13). Moreo-
ver, Dmab has proven effective and safe in
patients with autoimmune diseases treated
with biologics (4). Biologics are safe to
use in HIV infected people, if viremia is
suppressed and CD4* T cell count is higher
than 200/uL (14). The same principles can
be applied to the use of Dmab in this group
of patients. The blockade of the RANK/
RANKL axis in patients with HIV is a
promising target, as this has shown to play
a crucial role in the development of HIV-
associated OP on multiple experimental
settings and in in vivo studies. Unlike BPs,
Dmab targets osteoclasts at a more imma-
ture stage, with an on-off action, reversible
upon treatment discontinuation. The physi-
ological bone turnover is completely re-
stored after 6 months of Dmab discontinu-
ation. The on-off mode of action of Dmab
poses an advantage over BPs for its use in
young women: upon drug discontinuation,
Dmab can be cleared from the organism,
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reducing significantly the risk of fetal ex-
posure, if timing for conception is respect-
ed. It is important to note that in women
with postmenopausal OP, Dmab discon-
tinuation was associated with a decrease
in BMD and an increased risk of fracture
(15), posing a possible contraindication for
its use in young women. However, we do
not know if the same applies to women of
childbearing age, as estrogens may have
a protective effect. In women with breast
cancer treated with aromatase inhibitors
and Dmab, the discontinuation of Dmab
was associated with an increased risk of
fractures, when aromatase inhibitors were
stopped six months after Dmab (16).
Another important factor to consider is that
Dmab is not contraindicated in patients
with OP associated with chronic kidney
damage (CKD). Dmab, unlike BPs, can be
employed also in patients on hemodialysis
(17). It is worth mentioning that renal im-
pairment and haemodialysis are associated
with an increased risk of hypocalcaemia,
especially if proper calcium and vitamin
D supplementation is not prescribed, and
patients should be monitored closely for
the aforementioned side effect. Moreover,
Dmab and all antiresorptive drugs cannot
be used in patients with adynamic bone
disease. The potential use in patients with
CKD constitutes another advantage for
Dmab over BPs, as people living with HIV
have a higher prevalence of CKD.

Our case report shows that Dmab could
be safe and effective in people living with
HIV and with osteoporotic fractures. Nei-
ther viral reactivation nor major infective
events were observed in our patient dur-
ing Dmab treatment. This work provides
the ground to implement clinical trials to
investigate the safety and efficacy of Dmab
as antiresoptive agent in HIV-associated
OP, even in young fertile women.
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