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Summary

During one’s expected remaining lifetime, 1 in 2 postmenopausal women and 1 in
5 older men are at risk for an osteoporosis-related fracture. Osteoporotic fractures are
the most devastating complications of osteoporosis, especially those of the hip. The
osteoporosis and the consequent fractures are associated with increased morbidity
and mortality. The aim of the therapy is to diminish the rate of bone loss, to increase
bone strength, and to reduce the risk of low energy fractures. Bisphosphonates (BPs),
together with calcium and vitamin D supplementation, have been considered for many
years, as a first line therapy for the prevention and treatment of osteoporosis. They
are able to bind strongly and selectively to bone mineral and to inhibit the activity of
bone resorbing cells — osteoclasts. Denosumab is a fully human monoclonal antibody
that can bind receptor activator of nuclear factor kappaB ligand (RANKL) secreted by
osteoblasts, bone marrow stromal cells, and T cells. Reduced stimulation of RANK re-
ceptors, presented on mature osteoclasts and their precursors, results in inhibition of
migration, differentiation, and fusion of hematopoietic cells of the osteoclast lineage
as well as in decreased activity and survival of mature osteoclasts. It was documented
that bisphosphonates and denosumab are effective in fracture prevention among pa-
tients with osteoporosis and/or prevalent vertebral fracture, decreasing the incidence
of vertebral fractures by more than 50%, non-vertebral fractures by 20-25% and hip
fractures by 40-50%. The choice of the treatment among osteoporotic patients should
consider not only their effectiveness and safety but also such important factors as
compliance and adherence to the drug.

Streszczenie

W oczekiwanym okresie zycia 1 na 2 kobiety po menopauzie i 1 na 5 mezczyzn
w starszym wieku sg narazeni na wystgpienie ztamania w przebiegu osteoporozy.
Ztamania osteoporotyczne sa najgrozniejszymi powiktaniami osteoporozy, zwtasz-
cza zlokalizowane w blizszej czesci koéci udowej. Osteoporoza i wiktajace ja zta-
mania zwigzane sg ze zwiekszong chorobowoscig i $miertelnoscig. Celem leczenia
jest zmniejszenie tempa utraty kosci, zwiekszenie jej wytrzymatosci oraz redukcja
ryzyka ztaman niskoenergetycznych. Bisfosfoniany (BPs) tagcznie z suplementacija
wapnia i witaming D przez wiele lat stanowity podstawowg terapie w prewencji i le-
czeniu ztaman ostoporotycznych. Silnie i wybidérczo wigza sie one z tkankg kostna
hamujac aktywno$¢ komorek kosciogubnych — osteoklastéw. Denosumab jest ludz-
kim przeciwciatem monoklonalnym wigzacym ligand receptora jadrowego czynnika
kappaB (RANKL) wytwarzanym przez osteoblasty, komorki szpiku kostnego oraz
limfocyty T. Zmniejszona stymulacja receptora RANK, obecnego na dojrzatych
osteoklastach i ich prekursorach, powoduje zaréwno zahamowanie migracji, rézni-
cowania oraz fuzji prekursorowych komoérek hemopoetycznych linii osteoklastycz-
nej, jak i aktywnosci oraz przezycia dojrzatych osteoklastéw. Udokumentowano, ze
bisfosfoniany i denosumab sg skuteczne w prewencji ztaman u pacjentéw z oste-
oporozg i/lub przebytymi ztamaniami kregéw, zmniejszajagc ryzyko ztaman krego-
stupa o wiecej niz 50%, ryzyko ztaman pozakregowych o 20-25% i ztaman biodra
0 40-50%. Wybor rodzaju terapii u pacjentow z osteoporoza powinien uwzgledniaé
nie tylko jej skutecznos$¢ i bezpieczenstwo, ale takze wptyw na systematycznosc¢ jej
stosowania.
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INTRODUCTION

Low energy fractures are the most devastating com-
plications of osteoporosis. They occur most often at
the hip, spine and forearm but may occur throughout
the whole skeleton. Osteoporotic fractures especially
those of the hip and spine appear most often in elderly
people and are associated with increased morbidity
and mortality (1, 2).

The main goal of treatment of osteoporosis is to
prevent low energy fractures or at least significantly
reduce the risk of their incidence. Current osteopo-
rosis therapies have been developed to decrease
bone resorption and/or to increase bone formation.
Most often used medications are powerful inhibitors
of bone resorption: bisphosphonates and deno-
sumab (3).

BISPHOSPHONATES AND DENOSUMAB
- DIFFERENT MOLECULES, DIFFERENT ACTIONS

Bisphosphonates (BPs), together with calcium and
vitamin D supplementation, have been considered for
many years, as a first line therapy for the prevention
and treatment of osteoporosis. BPs are able to bind
strongly and selectively to bone mineral and to inhibit
the activity of bone resorbing cells — osteoclasts. BPs
influence mainly trabecular bone turnover, because
they are primarily located across bone surfaces, espe-
cially those with adjacent bone marrow, such as endo-
cortical and trabecular surfaces.

Bisphosphonates have to be internalized to act
upon osteoclasts (4, 5). BPs suppress the birth of new
remodeling units, with fewer and shallower resorp-
tion cavities, and maintain bone structure with more
complete mineralization. Nitrogen-containing BPs,
such as alendronate, risedronate, ibandronate and
zoledronic acid, cause long-term inhibition of the
mevalonate pathway in osteoclasts, and accelerate
their apoptosis (6).

Based on the results of randomized controlled tri-
als (RCTs) all nitrogen containing BPs have been ac-
cepted for the prevention and treatment of postmeno-
pausal osteoporosis. Alendronate, risedronate and
zoledronic acid were also accepted for osteoporosis in
men as well as for prevention and treatment of gluco-
corticoid-induced osteoporosis.

RCTs are performed for daily oral formulations of the
drugs. The other formulations, once weekly or month-
ly, were granted on the basis of bone mineral density
bridging studies and pharmacokinetic measurements.

All BPs are contraindicated in patients with hypocal-
cemia. Oral formulations should be avoided in patients
with abnormalities of the esophagus which delay its
emptying, and used with caution in persons with upper
gastrointestinal diseases and in individuals unabled to
stand or sit upright for at least 30 minutes. The drugs
are not recommended in patients with renal impairment
with glomerular filtration rate (GFR) < 30-35 ml/min (7).

Side-effects include upper gastrointestinal symp-
toms, bowel disturbances, headaches and musculo-
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skeletal pains, while intravenous administration may
be associated with an acute phase reaction, charac-
terized by an influenza-like illness, which is generally
short-term and typically occurs mainly after the first
injection.

The intestinal absorption of BPs is extremely
poor (between 1 and 3%) and bioavailability of the
drugs can vary considerably. Absorption of the oral
BPs occurs rapidly, with maximum serum concentra-
tions reached in 30-60 minutes but is substantially re-
duced and delayed if the drugs are taken with meals,
especially rich in calcium.

Virtually the whole absorbed dose is either taken
up into bone tissue or eliminated with urine. BPs have
a high affinity for exposed hydroxyapatite surfaces
ready for or undergoing bone resorption and they are
selectively bound with mineralized bone tissue. It was
found that approximately 50-60% of the absorbed oral
dose of risedronate and alendronate is taken up by the
bones. Following the administration of a 10 mg dose
of intravenous radiolabeled alendronate the serum
concentration of the drug declined by over 95% within
6 hours and was undetectable after 15 hours. Risedro-
nate was found to be eliminated from the circulation
with serum half-life of 1.5 hours (8).

The first generation bisphosphonates such as eti-
dronate and clodronate decrease bone resorption by
reversing pyrophosphorylytic reactions catalyzed by
aminoacyl-tRNA synthetases. The activity of the nitro-
genated BPs seems to result mainly from their capacity
of inhibiting farnesyl pyrophosphate synthase (FPPS)
activity in the mevalonate pathway. The bisphospho-
nate concentration to inhibit 50% of enzyme activity was
found to be 500 nM for pamidronate, 460 nM for alen-
dronate, and 3.9 nM for risedronate. It was document-
ed that the potency for inhibiting human FPP synthase
in vitro was highly correlated with antiresorptive potency
in vivo. The order of potency at inhibiting the enzyme:
zoledronic acid > risedronate > ibandronate > alen-
dronate > pamidronate matched closely the order of
antiresorptive potency of BPs, suggesting that FPP syn-
thase is a major pharmacologic target for BPs (8).

Strong affinity for bone tissue provides bisphos-
phonates with the capacity of remaining embedded
in bone matrix for a long time, thus making possible
weekly, monthly or even yearly regimens (8).

BPs remain sequestered in bone tissue for extended
time, then they are gradually released to the circulation
depending on the rate of bone turnover. In healthy hu-
man volunteers, the plasma terminal elimination half-
life following a single oral dose of 30 mg risedronate
was 224 hours, and increased to 480 hours following
multiple doses of the drug. The terminal half-life of
zoledronic acid was found to be 146 hours and of iban-
dronate was estimated for 10-60 hours (8).

Inhibition of bone resorption by BPs was dependent
on the dose and dosing interval with intermittent ad-
ministration. In patients treated with BPs bone resorp-
tion was found not to become progressively lower but
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reached a new steady level, suggesting that, despite
accumulation of BPs in the skeleton, bone turnover still
continues, thought at a slower rate (9).

Denosumab is a fully human monoclonal antibody
that can bind receptor activator of nuclear factor kap-
paB ligand (RANKL) secreted by osteoblasts, bone
marrow stromal cells, and T cells (10, 11). Reduced
stimulation of RANK receptors, present on mature os-
teoclasts and their precursors, results in inhibition of
migration, differentiation, and fusion of hematopoietic
cells of the osteoclast lineage as well as in decreased
activity and survival of mature osteoclasts (12).

Denosumab is administered subcutaneously every
6 months. Following the infusion the drug circulates
in the blood and extracellular fluid reaching both tra-
becular and cortical bone tissue including intracortical
sites (3). Therapy with denosumab results in significant
inhibition of bone resorption and bone turnover that re-
solves within 1 year after stopping treatment (4, 5, 13).

BISPHOSPHONATES IN FRACTURE PREVENTION

All BPs accepted for the prevention and treatment
of osteoporosis were found to reduce significantly the
incidence of skeletal fractures.

Alendronate, given orally at the dose of 10 mg daily
or 70 mg once weekly, was proved to reduce the risk of
vertebral, non-vertebral and hip fractures in postmeno-
pausal women with osteoporosis (7).

Risedronate, given orally at a dose of 5 mg daily
or 35 mg once weekly, was shown to reduce the in-
cidence of both vertebral and non-vertebral fractures,
and in elderly women with low bone mineral densi-
ty (T-score < -2.5) to decrease the risk of hip fractures
as well (14, 15).

Ibandronate is the only BP that can be given orally
at the doses of 2.5 mg daily or 150 mg once monthly
or as an intravenous injection given every 3 months
at a dose of 3 mg. In women treated with the drug at
a dose of 2.5 mg daily significant reduction in a verte-
bral fracture rate was demonstrated, while in a post hoc
analysis of high risk women with extremely low bone
mineral density (BMD) — femoral neck T-score < -3.0
— a significant reduction in non-vertebral fractures was
shown as well (16, 17).

Zoledronic acid given intravenously at the dose of
5 mg once a year was proved to reduce the incidence
of vertebral, non-vertebral and hip fractures in post-
menopausal women with osteoporosis and to reduce
the risk of clinical fractures and attendant mortality
when given to patients shortly after their first hip frac-
tures (18-21).

The systematic review of randomized, placebo-con-
trolled trials published by MaclLean et al. concluded
that there were good-quality evidence that alendro-
nate, risedronate, ibandronate, and zoledronic acid re-
duced the risk of osteoporotic fractures, although not
all of them were able to prevent hip fractures (22).

Bisphosphonates used in the prevention and treat-
ment of osteoporotic fracture are characterized by

long-term skeletal retention and persistence of an-
tiresorptive effect after therapy discontinuation. Due
to possible serious adverse effects of long-term bis-
phosphonate therapy, such as osteonecrosis of the
jaw (ONJ) and atypical femur fractures (AFF), the
risk-benefit ratio of treatment continuation should be
reviewed at the regular intervals. Based on the avail-
able data, the review of therapy with alendronate, rise-
dronate or ibandronate after 5 years and with zole-
dronic acid after 3 years has been recommended,
and the concept of bisphosphonate “holidays” has
been suggested (23).

A recent FDA review revealed that the rate of ver-
tebral and nonvertebral fractures in patients who had
received BPs for more than 6 years was from 9.3 to
10.6% compared with 8.0 to 8.8% in patients who had
been switched to placebo. Therefore the last FDA con-
clusion stated that “these data raised the question of
whether continued bisphosphonate therapy imparted
additional fracture-prevention benefit, relative to cessa-
tion of therapy after 5 years” (14, 24, 25).

DENOSUMAB IN FRACTURE PREVENTION

Denosumab has been shown to be associated with
a significant reduction in the risk of vertebral, hip, and
nonvertebral fractures compared to placebo in post-
menopausal women with osteoporosis (20). The re-
sults of FREEDOM trial revealed that three-year treat-
ment of postmenopausal women aged 60-90 years,
with low BMD, with denosumab at the dose of 60 mg
every 6 months caused significant risk reduction of ver-
tebral fractures (by 68%), hip fractures (by 40%), and
non-vertebral fractures (by 20%) compared to place-
bo (tab. 1) (26).

The FREEDOM extension study showed that deno-
sumab therapy lasting up to 10 years resulted in cu-
mulative gain in BMD of 21.7% at the lumbar spine and
9.2% at the total hip, compared with baseline (tab. 1).
The annual rates of new vertebral and nonvertebral
fractures remained low throughout the whole study
period (27). Bone histomorphometry evaluation of
transiliac bone biopsies revealed normal bone qual-
ity and dynamic parameters of low bone turnover (26).
It can be concluded, that denosumab treatment over
10 years led to a persistent reduction of bone turnover
with continuing progressive increases in BMD with no
therapeutic plateau and a persisted low fracture inci-
dence (27).

ADAMO study comparing the efficacy and safety of
the treatment with denosumab in males aged 30-85,
with osteoporosis, at high risk for fractures, resulted in
increases of BMD by 5.7% at the lumbar spine, by 2.4%
at the total hip, and by 2.1% at the femoral neck after
12 months of the therapy (tab. 1) (28).

BISPHOSPHONATES AND DENOSUMAB
— COMPARATIVE EFFECTIVENESS

Head-to-head comparative effectiveness studies
assessing fracture outcomes are rare. They seldom
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Tab. 1. Selected Phase Il and post-marketing clinical trials of denosumab (26)

i Primary Number .
Study Description endpoint of subjects Efficacy results
Treatment of postmenopausal New vertebral
FREEDOM osteoporosis (denosumab vs. fractures at 7868 Denosun’_lab reduced vertebral
fracture risk
placebo) 36 months
. 5 years of extension data beyond Efficacy and 2678 at 8 years of | Continued reduction of vertebral
FREEDOM extension the 3-year FREEDOM trial safety therapy and non-vertebral fracture risk
. Change in . .
ADAMO Treatment of osteoporosis in males LS BMD at 242 Greater BMD increase with
(denosumab vs. placebo) denosumab
12 months
Treatment of bone density
loss in men undergoing . Greater BMD increase with
S Change in
androgen-deprivation therapy for denosumab.
HALT ) " LS BMD at 1468 .
non-metastatic, hormone-sensitive Decreased incidence of new
24 months
prostate cancer (denosumab vs. vertebral fractures at 36 months
placebo)
) Treatment of bone density
Denosumab in women : .
= . loss in women with hormone .
receiving adjuvant s . Change in . .
I receptor-positive non-metastatic Greater BMD increase with
aromatase inhibitors for ) : LS BMD at 252
. breast cancer treated with adjuvant denosumab
non-metastatic breast L 12 months
aromatase inhibitor (denosumab
cancer
vs. placebo)
Treatment of post-menopausal Change in Greater BMD increase with
DATA osteoporosis (teriparatide vs. LS BMD at 94 combination therapy compared
denosumab vs. combination) 24 months to single therapy
Patient satisfaction and adherence | Proportion of
to treatment in post-menopausal subjects adhe- Greater patient adherence to and
DAPS 221 : : .
women (denosumab rent to treatment satisfaction with denosumab
vs. alendronate) at 1 year

ADAMO - study to compare the efficacy and safety of denosumab versus placebo in males with osteoporosis; BMD — bone mineral density; HALT
— denosumab hormone ablation bone loss trial; DAPS — denosumab adherence preference satisfaction; DATA — denosumab and teriparatide admini-
stration study; FREEDOM - fracture reduction evaluation of denosumab in osteoporosis every 6 months; LS — lumbar spine

report statistical testing and fracture outcomes be-
tween examined therapies or analyze the comparisons
on a per-protocol differences rather than an inten-
tion-to-treat basis (fig. 1) (29).

Treatment -naive:
a EPre-treated Pre-treated Pre-treated Pre-treated
4
§ 1
o ! . . 1.1%"
5 31 1 0.9% 1.6% 1.4%"
1
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$ d DMAb b DMAb
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0 + L
DECIDE STAND TTR TTI

Fig. 1. The influence on BMD in the hip in head-to-head study (DMAb
vs. BP) (20, 21, 25, 42, 43)

ALN - alendronate, DMAb — denosumab, RIS - risendronate, IBN
- ibandronate, ZOL — zoledronic acid; a p < 0.0001, b p < 0.001

Several attempts have been made to estimate com-
parative effectiveness using network meta-analyses and
indirect (ITC) or mixed treatment comparisons (MTC).
A recent network meta-analysis of 116 placebo-con-
trolled or head-to-head trials assessing alendronate,
risedronate, ibandronate, zoledronic acid and deno-
sumab concluded that each of the drugs were likely
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more effective than vitamin D or calcium. The differ-
ences in a vertebral and nonvertebral fracture risk
reduction among BPs, denosumab and teriparatide
were, however, not consistent or statistically signifi-
cant (29).

Other network meta-analyses by Hopkins et al. in-
cluding 30 randomized controlled trials and by Free-
mantle et al. including 21 RCTs, found no significant
differences in nonvertebral risk of fractures among
alendronate, risedronate, ibandronate, zoledronic acid
and denosumab. It was noted, however, that ibandro-
nate had no effect on a nonvertebral fractures reduction
relative to placebo (29). A meta-analysis, that included
9 RCTs and reported both clinical and morphometric
vertebral fractures, with treatment period of at least
3 years, revealed no statistically significant differences
among alendronate, risedronate, ibandronate, zole-
dronic acid, and denosumab in the mixed treatment
comparisons (29).

All of these network meta-analyses are limited by the
dearth of head-to-head studies, but their conclusions
are relatively consistent and suggest that the differ-
ences in comparative effectiveness among drugs are
insignificant. Hopkins et al. tried to assess the relative
efficacy of 9 osteoporosis medications in the reducing
the rate of fractures in postmenopausal women. For
vertebral fractures teriparatide, zoledronic acid and
denosumab were likely to have the highest probability
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Tab. 2. Comparison of major characteristics of bisphosphonates (alendronate and zoledronic acid) versus denosumab (18, 32, 33)

Drugs Alendronate Zoledronic acid Denosumab
Vertebral and hip fracture redugtlon: Vertebral fracture reduction: 70%
~ 50% (STAND and DECIDE trials : N . .
) ) Hip fracture reduction: 41% (ongoing Vertebral fracture reduction: 68%
Efficacy comparing alendronate to denosumab . . ) : o
) ) trial comparing efficacy of ZA vs. Hip fracture reduction: 40%
showed greater BMD gains with
denosumab)
denosumab at 12 months)
Pivotal Trial FIT HORIZON-PFT FREEDOM
Safet Risk for AFF and ONJ with prolonged Risk for AFF and ONJ with exposure to | Risk for AFF and ONJ. Increased risk
Y exposure high doses and/or prolonged exposure | of serious skin infections

AFF - atypical femur fractures; ONJ — osteonecrosis of the jaw; FIT — fracture intervention trial; HORIZON-PFT — health outcomes and reduced inciden-
ce with zoledronic acid once yearly-pivotal fracture trial; FREEDOM - fracture reduction evaluation of denosumab in osteoporosis every six months;
STAND - study of transitioning from alendronate to denosumab; DECIDE - the determining efficacy: comparison of initiating denosumab versus

alendronate

of being most efficacious. These drugs had also the
lowest number needed to treat compared with other
BPs. For the hip only alendronate revealed a significant
reduction in relative rate of fractures. No data are avail-
able for denosumab, ibandronate or zoledronic acid as
far as wrist fractures are considered (30). The results of
meta-analysis by Zhang et al. indicated that teriparatide
and denosumab were more effective than alendronate
and risedronate for reducing vertebral fractures (31).
The studies comparing influence of denosumab
and oral bisphosphonates on BMD revealed additional
benefit with denosumab compared with BPs. Deno-
sumab, given at the dose of 60 mg q 6 months, re-
sulted in significantly greater BMD increase at the to-
tal hip compared to alendronate (3.5 vs. 2.6%), with
treatment difference of 0.6% at femoral neck, and
1.1% at lumbar spine over 12 months of the treat-
ment (tab. 2) (18, 32, 33). Comparison of denosum-
ab and risedronate in postmenopausal women pre-
viously treated with suboptimal doses of alendronate
showed greater BMD gains in denosumab group at
total hip (2.0 vs. 0.5%), femoral neck (1.4 vs. 0%), and
lumbar spine (3.4 vs. 1.1%) after 12 months of the ther-
apy. Analogous comparison of denosumab and iban-
dronate revealed greater BMD increases in denosum-
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