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ABSTRACT
Osteoporosis is a generalised bone 
disease characterised by decreased 
bone mass and deterioration of bone 
microarchitecture predisposing to fra-
gility fractures. Bone fractures are a 
remarkable social and economic health 
problem, and several studies have been 
carried out in order to reduce their oc-
currence. Inhibiting bone resorption 
and increasing bone formation are the 
mainstay of treatment, anti-catabolic 
and anabolic, respectively. This review 
highlights the most recent advances in 
osteoporosis and reports the evidence 
of efficacy and safety of anabolic treat-
ment of osteoporosis, as evaluated by 
randomised, controlled trials published 
during 2017. As the most common form 
of secondary osteoporosis, we will also 
discuss the 2017 state-of-the-art on 
pathogenesis and treatment of gluco-
corticoid-induced osteoporosis.

Introduction 
Osteoporosis (OP) is a generalised 
bone disease characterised by de-
creased bone mass and deterioration 
of bone microarchitecture resulting 
in increased fracture risk (1). Aetiol-
ogy of the disease is related to genetic, 
environmental, and lifestyle factors; 
in particular, the most important risk 
factors are low body mass index, in-
activity, low dietary calcium intake, 
D-vitamin deficiency, smoke, chronic 
therapy with glucocorticoids, and a 
genetic background. Primary OP is de-
fined when occurring after menopause 
(postmenopausal OP) or with advanced 
age (senile OP) without any identifia-
ble cause. Secondary OP is caused by 
a number of diseases and drugs. Bone 
mass density (BMD) is the only pa-
rameter of bone strength that we can 
measure precisely and accurately by 
means of bone densitometry. Accord-
ing to the World Health Organisation 
(WHO) (2) a diagnosis of OP should 

be based on BMD measured by dual-
energy x-ray absorptiometry (DXA), 
compared to the mean BMD of young 
normal adults of the same sex (peak 
bone mass). On the basis of the stand-
ard deviation (SD) above or below the 
mean peak bone mass (T-score), it has 
been reported that fracture risk begins 
to increase exponentially at a T-score 
<-2.5 SD, which has been established 
by the WHO as the cut-off for diag-
nosing OP. However, the diagnosis of 
OP should be confirmed by a thorough 
physical, clinical, and laboratory eval-
uation. Furthermore, a diagnosis of OP 
is made when a patient has any fragility 
fracture occurring after a low trauma or 
even with no trauma at all, as after a 
fall from the standing position. 
OP is a major health problem. Over 
200 million individuals suffer from the 
disease and 9 million new osteoporo-
tic fractures occur every year (3). Ap-
proximately 3.5 million women and 1 
million men have OP in Italy (4). The 
incidence of OP increases with ageing, 
affecting most of the population after 
the eighth decade of life. Common 
sites of osteoporotic fracture are spine, 
hip, distal forearm and proximal hu-
merus. The lifetime risk of any osteo-
porotic fracture is very high, from 40 
to 50% in women and from 13 to 22% 
for men at the age of 50 years (5, 6). 
The number of hip fractures in the Ital-
ian population aged 65 years or older is 
approximately 100,000 per year, while 
the estimated incidence of vertebral 
fractures is 155,000 per year (7). Ver-
tebral fractures are associated with an 
increased risk of further vertebral frac-
tures with an incidence of 19.2% in the 
first year after the previous event (8). 
This is a remarkable problem because 
it has been reported that more than two 
thirds of vertebral fractures are not 
diagnosed, which delays an effective 
anti-osteoporotic treatment (9). Osteo-
porotic fractures have important social 
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and economic implications besides the 
health burden: the 1-year mortality rate 
for patients with a fracture of the prox-
imal femur is about 30% (10). Osteo-
porotic fractures are one of the leading 
causes of death among the elderly, with 
an incidence comparable to that from 
stroke and breast cancer, and 4-fold 
that from endometrial cancer (4). Col-
lectively, all osteoporotic fractures ac-
count for 2.7 million fractures in men 
and women in Europe at a direct cost, 
in 2010, of €37 billion in the 27 EU 
countries (11).
We will here provide an overview of 
the most recent advances in OP, with 
special regard to its pathogenesis and 
new efforts to cure the disease with an 
expanding class of treatment, as evalu-
ated by randomised, controlled trial 
published during 2017: the bone ana-
bolic therapy. To a better understanding 
of the mechanisms of action of anabolic 
treatment, we will briefly review also 
recent developments in the field of bone 
biology. As the most common form of 
secondary osteoporosis, we will discuss 
the 2017 state-of-the-art of pathogen-
esis and treatment of glucocorticoid-
induced OP.

Novel insights into bone biology
During life, bone undergoes modelling 
and remodelling. Bone modelling is the 
process by which bones change shape 
or size in order to respond to physiolog-
ic stimuli or mechanical forces which 
skeleton is submitted to; bone modeling 
occurs during birth to adulthood and is 
responsible for gain in skeletal mass 
and changes in skeletal form. Bone 
remodelling is the replacement of old 
tissue by new bone tissue so that bone 
can maintain its strength and properties. 
Bone remodelling is a life-long process. 
The main cells involved in bone remod-
elling are osteoblasts and osteoclasts. 
These cells are tightly coupled: their 
cooperative functions lead to resorption 
of old damaged bone and formation of 
new bone sequentially. Other cells are 
involved in bone remodeling, such as 
the osteocytes that act as mechanosen-
sors and endocrine cells, and the bone 
lining cells (12).
The most relevant pathways involved in 
bone modelling/remodelling are: Wnt/

βcatenin, sclerostin, insulin growth fac-
tor 1 (IGF-1), and glucagone-like-pep-
tide 1 (GLP-1). In the last years several 
studies have demonstrated the central 
role of Wnt/βcatenin in bone (13). 
Wnt/βcatenin signalling is activated 
by binding of Wnt proteins to receptor 
complexes composed of frizzled recep-
tors and co-receptors of the low den-
sity lipoprotein receptor-related protein 
(LRP) family, LRP5 and 6. This event 
stabilises intracellular β catenin, which 
moves to the nucleus, and promotes 
gene transcription. This way increases 
the differentiation of mesenchymal 
stem cells toward osteoblasts and in-
creases maturation and survival of oste-
oblasts and osteocytes; moreover, Wnt 
signal inhibits osteoclast generation 
by increasing the expression in osteo-
blasts and osteocytes of osteoprotegerin 
(OPG), a decoy receptor of the recep-
tor activator of Nfκb ligand (RANKL) 
(14). A potent antagonist of Wnt signal-
ling is sclerostin (15). This is a protein 
encoded by the SOST gene and it is 
secreted by the osteocytes. Sclerostin 
binds to the Wnt co-receptors LRP5 
preventing the nuclear translocation of 
βcatenin. Sclerostin also interacts with 
LRP4, another member of the LRP fam-
ily of proteins, which is required for the 
inhibitory action of sclerostin on Wnt/
βcatenin signalling (16). Parathyroid 
hormone (PTH) reduces sclerostin ex-
pression; this action seems to contrib-
ute to the anabolic actions of PTH in the 
skeleton. It has been observed that se-
rum levels of sclerostin do not correlate 
with changes in bone mineral density 
(BMD) in patients with OP, therefore 
its diagnostic value is limited (17).
IGF-1 is a peptide that acts as a sys-
temic and local regulator of skeletal 
growth (18). In bone cells, the synthe-
sis of IGF-1 is primarily dependent on 
PTH, and IGF-1 is required to obtain an 
anabolic response to PTH. IGF-1 pro-
motes the osteoblast activity and inhib-
its osteoblast apoptosis. IGF-1 increas-
es osteoblast differentiation indirectly 
by stabilising β-catenin and enhancing 
Wnt signalling. IGF-1 regulates also 
osteoclasts activity increasing the syn-
thesis of RANKL (19). Many studies 
have also demonstrated that the IGF-1 
signalling pathway is one of the key 

factors in the cellular response to me-
chanical stimuli but the details remain 
to be elucidated (20, 21). 
Further investigations have indicated 
that GLP-1 acts on bone tissue by pro-
moting bone formation and inhibiting 
bone resorption (22). GLP-1 might 
bind to its receptor on osteoblast and 
its function is possibly mediated by 
protein kinase pathways or Wnt path-
ways. GLP-1 increases osteoblast num-
ber, promotes the expression of genes 
related to bone formation and increases 
serum level of bone formation markers. 
GLP-1 also promotes mesenchymal 
stem cell differentiation from adipo-
cytes toward osteoblasts. On the other 
hand GLP-1 decreases osteoclast num-
ber and serum level of bone resorption 
markers. However, the specific molecu-
lar mechanisms responsible for these 
effects have still not been fully eluci-
dated (22). 

Osteocyte as mechano-sensors
Osteocytes are osteoblasts that remain 
surrounded by the newly formed oste-
oid, which later in time becomes calci-
fied bone. Osteocytes situated deep in 
bone matrix maintain contact with new-
ly incorporated osteocytes, and with os-
teoblasts and bone lining cells on the 
bone surfaces, through an extensive 
network of cell processes (the so-called 
osteocytes canalicular network). They 
respond to changes in physical forces 
upon bone and transduce messages 
to cells on the bone surface, directing 
them to initiate resorption or formation 
(23). Osteoblasts are activated when 
load is increased, while osteoclasts are 
partially suppressed; conversely, if load 
is reduced (24). Several stressors have 
been evaluated as mechanical stimuli: 
fluid flow shear stress, hydrostatic pres-
sure and bone matrix deformation (25). 
It is already unknown how osteocytes 
receive these mechanical stimuli: it 
seems that distinct elements are in-
volved in this process, such as integ-
rins, calcium channels and G-protein 
coupled receptors. Once the signal is 
sensed by osteocytes, it is transduced 
through biological ways. In this process 
are involved several pathways such as: 
intracellular calcium, ATP, nitrogen 
oxide, prostaglandin and Wnt (26). 



950 Clinical and Experimental Rheumatology 2018

One year in review 2018: treatment of OA / A. Figliomeni et al.

The final effect is the expression of ef-
fectors, including SOST and RANKL. 
Mechano-transduction is a process that 
becomes less efficient with age. Recent 
studies have demonstrated that osteo-
cytes morphology, number and density 
change with age and this could be re-
lated to an impaired ability to respond 
to mechanical stimuli and to maintain 
integrity of bone mass and architecture 
with aging (27, 28).

Glucocorticoid-induced OP
Glucocorticoid-induced OP (GIOP) is 
the most frequent type of secondary 
OP. It has been estimated that gluco-
corticorticoids (GCs) are used by 0.5 
to 0.9% of the general population and 
up to 2.5% of patients older than 70 
years (29). GCs negatively affect bone 
through loss of bone mass and pro-
found changes in its microarchitecture 
and strength. GIOP is associated with a 
high prevalence of vertebral fractures, 
because the effects of GCs involve 
mainly the trabecular bone. A multi-
centric cross-sectional study showed 
that 37% of patients under chronic ther-
apy (at least 6 months) with GCs have 
at least one vertebral fracture (45% in 
patients older than 70 years) (30). Ac-
cording to a retrospective study (31), 
the relative risk of vertebral fractures 
in patients treated with GCs compared 
to patient not exposed to GCs was 2.6 
(95% CI, 2.31–2.92). Furthermore, 
similar trend was found among non-
vertebral fractures (RR 1.33; 95% CI, 
1.29–1.38) and hip fractures (RR 1.61; 
95% CI, 1.47–1.76). There is a direct 
relationship between the daily-dose of 
GCs and the risk of vertebral fractures 
(RR 1.55 in patients treated with doses 
lower than 2.5 mg of prednisone and 
5.18 for doses up to 7.5 mg). These data 
showed that the risk of vertebral frac-
tures increases even with very low daily 
doses, as small as 2.5 mg. Because GCs 
determine changes in bone quality, not 
only in bone mass, there is not a linear 
relationship between BMD reduction 
as assessed by DXA and the risk of 
fracture (32). GCs affect bone through 
different mechanisms: they induce re-
duction in bone formation, increase of 
bone resorption and also exert indirect 
effects that determine increased frac-

ture risk. GCs have been shown to sup-
press osteoblast differentiation by stim-
ulating transcription and release of Wnt 
pathway inhibitors, such as dickkopf-1 
(Dkk-1), sclerostin and glycogen syn-
thase kinase-3 (33, 34). GCs impair 
osteoblast function through other path-
ways: they promote apoptosis of os-
teoblasts by activating caspase-3 (35). 
GCs also stimulate the bone marrow 
stromal cells to differentiate towards 
adipocytes instead of osteoblasts by 
up-regulation of the peroxisome prolif-
erator-activated receptor-γ2 (PPARγ-2) 
and the Runt-related transcription fac-
tor 2 (Runx2) (36, 37). Inhibition of os-
teoblasts leads to impaired biosynthesis 
of type I collagen, the predominant 
organic component of the bone matrix 
(38). Bone strength is reduced also by 
the increased apoptosis of osteocytes 
induced by GCs: the reduction of osteo-
cytes number impairs signalling from 
the osteocyte-canalicular network, 
which ultimately affects bone strength 
because of failure to respond with lo-
cal remodelling to bone damage (35). 
The effect of GCs on bone resorption 
is less clear than that on bone forma-
tion. In the early use of GCs there is a 
rapid increased of bone loss, that lasts 
3–6 months after the start of treatment 
(39) and is probably due to the effect 
of GCs on osteoclast: by acting on the 
Wnt-signalling pathway, GCs induce 
up-regulation of RANKL expression 
and suppression of OPG (40, 41). The 
main indirect effect of GCs on bone is 
the impairment of calcium metabolism. 
GCs lower intestinal absorption of cal-
cium by inhibiting vitamin D action 
and by down-regulate the expression 
of calcium receptors in the duodenum. 
Furthermore, GCs down-regulate the 
expression of tubular calcium receptors 
in the kidneys. Low calcium intestinal 
absorption may lead to increased plas-
matic levels of PTH. Another negative 
indirect effect of GCs on bone remodel-
ling is the influence on the hypothala-
mus–pituitary–adrenal-axis (42). GCs 
reduce synthesis and release of gonad-
otropin-releasing hormone and inhibit 
synthesis and release of luteinising hor-
mone and follicle-stimulating hormone 
at the hypothalamus level. Therefore, 
GCs induce modulation of steroidogen-

esis and gametogenesis on the testis and 
ovary (42). Another important negative 
effect of GCs is the increased risk of 
falls because of decreased balance, due 
to muscle hypotrophy that is caused 
by muscle proteolysis, in particular 
through the activation of the ubiquitin 
proteasome and the lysosomal systems, 
and reduced protein synthesis by inhibi-
tion of IGF and by stimulating the mus-
cle to produce myostatin, which inhib-
its myogenesis (43).

Anabolic treatment of OP
The improved understanding how os-
teoblasts and osteoclasts functions are 
coupled by systemic and local fac-
tors has led years ago to the use of the 
first anabolic therapy of OP: teripara-
tide (TRPT). Moreover, over last two 
years, two other anabolic drugs have 
been investigated with regard to their 
efficacy in reducing fractures and in-
creasing bone mass: Abaloparatide 
(ABL) and Romosozumab (ROMO). 
Here we summarise the most relevant 
data about these drugs, as in 2017.

Teriparatide
TRPT is the N-teminal 1-34 amino-
acid fragment of the recombinant hu-
man parathyroid hormone which is an 
analogous of PTH. TRPT binds to the 
same receptor of PTH, expressed in 
osteoblasts and osteoclast precursors. 
The primary target cell for PTH in bone 
is the osteoblast/osteocyte. Here, PTH 
binds to Type 1 PTH receptor (PTHR1), 
a class II G-protein coupled receptor 
that activates several intracellular sig-
nal pathways. Early pre-clinical studies 
showed that the intermittent binding of 
PTH to its receptor PTHR1 was able 
to increase bone anabolism, whereas 
continuous stimulation promoted bone 
resorption (44). It has been shown that 
binding of PTH with its receptor in-
creases the differentiation of mesen-
chymal cells into osteoblasts, enhances 
osteoblast maturation, proliferation and 
activity and inhibits osteoblast apopto-
sis. In the latest years, various studies 
suggested that the anabolic effect of 
intermittent PTH and its analogous is 
mediated by Wnt signalling (45). Fi-
nally, intermittent PTH stimulates bone 
formation by reducing SOST/sclerostin 
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expression in osteocytes (46). On the 
other hand, PTH improves expression 
of RANKL, which activates and stimu-
lates osteoclasts. The short exposure of 
bone to PTH, or PTH analogous, in-
stead of continuous exposure, lead to 
a temporary dissociation between bone 
formation and resorption, with an over-
all anabolic effect on bone. The use of 
TRPT is limited to 2 years because of 
the development of osteosarcoma in 
pre-clinical animal studies (47, 48) and 
the decrease of its anabolic effect (49).
TRPT is indicated, at the dose of 20 μg 
daily, for the treatment of postmeno-
pausal women with OP who are at high 
risk of fracture (50), to increase bone 
mass in men with primary or hypogo-
nadal OP who are at high risk of frac-
ture (51) and finally to improve bone 
mass in GIOP (52). Several OP treat-
ment guidelines, mainly in Europe, 
recommend the use of TRPT for the 
treatment of severe OP as a second-
line treatment. Thus, many patients 
who use TRPT have been previously 
treated with antiresorptives. For this 
reason, it is important to know whether 
TRPT has the same efficacy in these 
patients as compared to patients who 
have never received any treatment. 
Preclinical studies in ovariectomised 
rats observed that TRPT significantly 
increases bone mass and bone strength 
regardless of previous therapies (53). 
Using data from the European Study of 
Forsteo (EUROFORS) (54), the effects 
of 2 years TRPT on women previously 
treated with antiresorptive drugs for 
at least one year were analysed (50): 
the response to TRPT, as measured by 
BMD changes over time, was not mod-
ified neither by previous antiresorptive 
therapy nor the lag time between previ-
ous therapy and TRTP even if BMD in-
creases were less in patients previously 
treated with bisphosphonates than in 
the treatment-naive group. Another 
study (55) evaluated 1,433 individu-
als (679 naïve and 774 pre-treated with 
bisphophonates): the results showed 
that BMD increased significantly at 24 
months in both groups of subjects. The 
incidence rates of new vertebral and 
non-vertebral fractures at 24 months 
were 1.69% and 3.37%, respectively, 
in treatment-naive patients and 3.60% 

and 5.56%, respectively, in bisphos-
phonate-pretreated patients. 
Many studies have evaluated the ef-
fect of TRPT together with antiresorp-
tive agents, with the rationale that both 
stimulation of bone formation and in-
hibition of bone resorption would be 
more effective than either approach 
alone. Results from the concomitant 
use of bisphosphonates and TRPT were 
mixed. A combination of alendronate 
with TRPT did not show a superior ef-
fect on BMD (56, 57). The combina-
tion of zoledronic acid and TRPT led to 
faster increase in lumbar and hip BMD 
than the respective drug alone until 26 
weeks. Instead, after 52 weeks, lumbar 
BMD in the TRPT group and hip BMD 
in the zoledronic acid group were simi-
lar to those observed in the combination 
group (58). In contrast, there are studies 
that have demonstrated that the com-
bination of denosumab and TRPT pro-
duced a more significant effect on BMD 
than each drug did alone. A Japanese 
study enrolled 30 treatment-naive post-
menopausal osteoporotic women who 
were randomly divided in two groups: 
only denosumab group, and combina-
tion group. After two years, it has been 
observed that lumbar vertebrae BMD 
increased more in combination group 
than denosumab alone (17.2% increase 
vs. 9.6%, p<0.05) (59). Similar results 
were by an Italian study (60). Also, the 
Denosumab And TRPT Administration 
(DATA) study (61) showed that the 
combination of denosumab and TRPT 
was superior than each drug alone. In 
this study, 94 postmenopausal women 
were randomised to receive TRPT, 
denosumab 60 mg every 6 months, or 
both; BMD was measured after 1 year. 
Lumbar spine BMD increased more 
in combination group than in TRPT 
(p=0.0139) or denosumab (p=0.0005); 
same result has been observed in fem-
oral neck (p=0.0007 and p=0.0238, 
respectively) and total hip BMD 
(p=0.0001 and p=0.0011, respectively). 
DATA extension study (62) observed 
same results after 2 years. More recent-
ly, the DATA High Resolution periph-
eric QCT study (63) showed that the 
combination of denosumab and TRPT 
produced a more prominent effect on 
bone microarchitecture than each drug 

did alone. Total volumetric bone miner-
al density (vBMD) at the radius and tib-
ia, trabecular vBMD at the radius, and 
cortical vBMD at the tibia all increased 
more in the combination group than in 
monotherapy groups (p<0.002 for all 
comparisons). Also cortical thickness at 
the tibia increased more in the combi-
nation group (p<0.001). 
Since interruption of TRPT leads to 
a decline in BMD, it is crucial to use 
an anti-resorptive agent at the end of 
the 2-years TRPT in order to maintain 
BMD. In the DATA switch study (64), 
women originally assigned to 2 years 
of TRPT received 2 years of denosum-
ab, whereas subjects who originally 
received 2 years of denosumab were 
treated with 2 years of TRPT; subjects 
who originally received both drugs, 
were treated with 2 years of denosumab 
alone. In women switching from TRPT 
to denosumab, total hip BMD continued 
to improve (6.6±3.3% at 48 month). In 
women switching from combination 
therapy to denosumab, total hip BMD 
also increased (8.6±3.0% at 48 month). 
In women who received 24-months of 
denosumab followed by 24-months of 
TRPT, total hip BMD was progressive-
ly reduced from 24 to 36 months before 
beginning to increase between 36 and 
42 months. This study indicated that 
TRPT treatment after denosumab was 
associated with temporary bone loss in 
lumbar spine and proximal femur and 
with prolonged BMD decrease in dis-
tal radius; conversely, TRPT followed 
by denosumab further increased BMD 
of lumbar spine and proximal femur. 
It is well established that at the end of 
TRPT therapy antiresorptive treatment 
can increase the beneficial effect of 
anabolic therapy, but which antiresorp-
tive drug is more useful? A study com-
pared the effect on BMD of switching 
daily TRPT to oral bisphosphonates or 
to denosumab in patients with primary 
OP (65). After 12 months, the increase 
in BMD was significantly greater in 
the switch-to-denosumab group com-
pared to the switch-to-bisphosphonates 
group: lumbar spine +6.2 vs. +2.6%, 
p<0.01; total hip +4.2 vs. +1.1%, 
p<0.05; and femoral neck +3.5 vs. 
+1.4%, p<0.05. This result could be ex-
plained with the different mechanisms 
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of action of denosumab and bisphos-
phonates: bisphosphonates act only on 
mature osteoclasts inducing apoptosis 
of these cells (66), while denosumab 
inhibits not only mature osteoclasts, 
but also the RANKL-induced osteo-
clastogenesis from precursors (67). The 
DATA-follow up study (68) compared 
the rates of bone loss in postmenopau-
sal women who discontinued deno-
sumab or TRPT and received no ad-
ditional drugs to women who received 
antiresorptive therapy. In the 22 women 
not receiving follow-up therapy, femo-
ral neck, total hip, and spine BMD de-
creased by -4.2±4.3%, -4.5±3.6%, and 
-10.0±5.4%, respectively, while BMD 
was maintained in those who received 
follow-up antiresorptive drugs. Among 
untreated women, femoral neck BMD 
decreased more in those discontinu-
ing denosumab (-5.8±4.0%) than in 
those discontinuing TRPT (-0.8±2.6%), 
this difference reaching statistical sig-
nificance (p=0.008.) Total hip, but not 
spine BMD, showed a similar pattern.
The previous studies compared TRPT 
to antiresorptive agents evaluating their 
effects using surrogate markers of effi-
cacy, such BMD and markers of bone 
turnover. The VERO study (69) on the 
effects of TRPT and risedronate on new 
fractures in post-menopausal women 
with severe osteoporosis compared 
the efficacy of these two drugs using 
the reduction of the fracture risk as 
the primary outcome. Postmenopausal 
OP women (n=1366) who had at least 
two moderate or one severe vertebral 
fracture were randomly and blindly as-
signed to TRPT or oral risedronate (35 
mg weekly). The primary endpoint was 
the percentage of subjects with at least 
one new vertebral fracture during the 
24-month study period. In TRPT group, 
new vertebral fractures occurred in 
5.4% vs. 12% in the risedronate group 
(p<0.0001). In addition, clinical frac-
tures and non-vertebral fragility frac-
tures occurred in lower percentage in 
TRPT group compared to risedronate. 
It would be reasonable to assume that 
TRPT should be of first choice in treat-
ing osteoporotic postmenopausal wom-
en with severe OP.
A retrospective study observed the ef-
fects of TRPT versus ALN on radio-

graphic outcomes in the treatment of 
osteoporotic vertebral fractures (70). 
Ninety-eight osteoporotic patients were 
treated with TRPT (n=38) or 35 mg of 
ALN weekly (n=60). The union rate of 
vertebral fractures at six months was 
89% in the TRPT group and 68% in the 
ALN group (p=0.026). However, this 
difference may be merely due to the 
lower dose of alendronate than that con-
sidered effective in reducing fractures. 

Abaloparatide
Abaloparatide (ABL) is a new anabolic 
drug recently approved by the Food 
and Drug Administration for post-
menopausal women with OP and high 
risk of vertebral fractures (71). It is a 
synthetic 34 amino acids peptide that 
acts as agonist of Type 1 PTH receptor 
(PTHR1), resulting in increase of intra-
cellular cAMP concentration (72). ABL 
has 41% homology to PTH 1-34 and 
76% homology to PTH-related protein 
(PTHrP). While PTH has endocrine 
proprieties and is the principal regula-
tor of the calcium homeostasis, PTHrP 
is a hormone with a preponderant par-
acrine action, which is very important 
in the endochondral bone development, 
the tooth eruption, and during forma-
tion of mammary glands. Preclinical 
and clinical studies has showed that 
ABL has a net anabolic effect in the 
bone metabolism, and, in comparison to 
TRPT, exerts a lesser stimulation of the 
catabolic metabolism. This difference 
is not completely understood, but one 
plausible explanation is the different in-
teraction of PTH and PTHrP (and con-
sequently of TRPT and ABL) with their 
receptor. PTHR1 presents two high af-
finity conformation, R0 and RG; it has 
been demonstrated that PTH binds R0 
conformation while PTHrP has high 
affinity for the RG conformation. The 
activation of the first conformation of 
PTHR1 causes longer activation of the 
G-protein and persistent cAMP produc-
tion. This stimulation, in particular in 
osteoclasts, is related to a more cata-
bolic action and consequent increase in 
plasmatic calcium levels. Activation of 
the RG conformation of PTHR1 is re-
lated to a transient generation of cAMP 
and a consequent lesser catabolic effect 
and calcium mobilisation (72).

Studies on ABL took into account the 
effects on BMD, the effect on plas-
matic levels of formation and resorp-
tion bone markers, the change of inci-
dence of vertebral and non-vertebral 
fractures, and, finally, the safety profile. 
In a phase 2, randomised, double-blind, 
placebo-controlled trial (73), the ef-
ficacy of different doses of daily ABL 
was compared with TRPT and placebo 
for 24 weeks. This study showed that 
patients treated with ABL 80 μg daily 
or TRPT presented significant increase 
in BMD at all sites of measurement in 
comparison with placebo, while sig-
nificant difference between ABL and 
TRPT was found in the BMD gain at 
total hip (+2.6% vs. +0.4%, p<0.05). 
The positive effect on BMD was con-
firmed also in the Abaloparatide Com-
parator Trial in Vertebral Endpoints 
(ACTIVE) (74), that is the first phase 
3 randomised study on ABL. In particu-
lar, in comparison to patients treated 
with TRPT, patients treated with ABL 
showed greater increase of femoral and 
total hip BMD at 6, 12 and 18 months 
(p<0.001), and, at lumbar spine, BMD 
significantly increased at 6 and 12 
months (p<0.001). Regarding changes 
of serum biochemical markers of bone 
formation (Procollagen type 1 amino-
terminal propeptide, P1NP) and bone 
resorption (collagen type 1 cross-linked 
C-telopeptide, CTX), both studies 
showed a significant increase of P1PN 
in patients treated with ABL (with a lin-
ear trend with drug doses), while CTX 
levels were significantly higher in pa-
tients treated with TRPT, suggesting 
that TRPT stimulates bone resorption 
more than ABL (73, 74).
The ACTIVE study (74) had as primary 
end point the evaluation of incidence of 
vertebral fractures in 2463 postmeno-
pausal women assigned to double-
blinded ABL 80µg (n=821) or placebo 
(n=824), or open label TRPT (n=818) 
for 18 months. The main inclusion crite-
ria were BMD T-scores ≤-2.0 and >-5.0 
at the lumbar spine or femoral neck and 
radiological evidence of mild to mod-
erate vertebral fractures, according the 
Genant’s method (75), or a history of 
low-traumatic non-vertebral fracture 
within the past five years. At 18 months, 
among the patients in ABL group, 4 had 
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at least one vertebral fracture (0.6%) 
while placebo group reported fractures 
in 30 patients (4.2%). In comparison to 
placebo, ABL offered a risk difference 
(RD) of -3.64 (95% CI, -5.42 to -2.10) 
and a Relative Risk (RR) of 0.14 (95% 
CI, 0.05 to 0.39, p<0.001). Six patients 
treated with TRPT had new vertebral 
fractures (0.8%), with no statistical 
difference vs. ABL. Furthermore, the 
Kaplan-Meier estimated event rate for 
non-vertebral fractures at 18 months 
was significantly lower (p=0.049) in the 
ABL group (2.7%) as compared to the 
placebo group (4.7%) with a RD of -2.1 
(95% CI, -4.2 to 0.00) and hazard ratio 
of 0.57 (95% CI, 0.32 to 1.00). 
Adverse effects of ABL were mild 
and moderate. With regard to hyper-
calcaemia, in the phase 2 study (73) it 
was reported that patients treated with 
TRPT had significantly larger increase 
of blood calcium than both placebo and 
ABL groups. In a similar way, in the 
ACTIVE study (74) hypercalcaemia in-
cidence in the ABL group (3.4%) was 
significantly lower than that of TRPT 
group (6.4%) (p=0.006) at any time 
point. Furthermore, measurements of 
serum calcium 4-hour after drug admin-
istration showed significantly lower in-
cidence of hypercalcemia in ABL group 
(3.4%) than in the TRPT group (6.1%) 
(p=0.01).

Novel evidence on Abaloparatide
In 2017, five studies on ABL were pub-
lished. Three of these papers (76-78) 
analysed cohorts of the ACTIVE study 
(74), one reported histologic changes 
in bone after treatment with ABL (79), 
and one described the incidence of os-
teosarcoma in rats chronically exposed 
to ABL (80). 
As reported above, the ACTIVE trial 
compared the incidence of vertebral 
and non-vertebral fractures and the 
change of BMD in 2463 post-meno-
pausal women treated with ABL 80 μg, 
TRPT or placebo for 18 months. The 
patients were stratified on the base of 
five risk factors, such as BMD meas-
ured at lumbar spine, femoral neck, 
and total hip, age, and prior fractures. 
In order to assess whether fracture risk 
reductions and BMD increases were 
consistent across different category of 

risk at baseline. The results showed 
no interactions between any level of 
baseline risk and the effect of ABL on 
new fractures on BMD changes. Thus, 
ABL was shown to be potentially useful 
for a broad group of women with OP 
(76). Moreover, in a post hoc analysis 
of the ACTIVE study, it was evaluated 
whether the efficacy of ABL on reduc-
ing the risk of bone fracture depends 
on the patients’ baseline risk of frac-
ture (77). The 10-year probability of 
bone fracture (81) (based on factors as 
age, weight, height, gender, GCs use, 
smoking history, alcohol use, fracture 
history, and rheumatoid arthritis affec-
tion) of patients treated with ABL and 
placebo was calculated retrospectively. 
Patients were divided in 5 percentiles 
according to the calculated 10-year risk 
of fractures. It was found that the re-
duction of the hazard ratios of fractures 
with ABL was not significantly associ-
ated to the fracture probability. Thus, 
the efficacy of ABL to decrease the 
risk of major osteoporotic fractures or 
any clinical fracture in postmenopausal 
women with OP appears independent of 
baseline fracture probability.
Data from the ACTIVE study were 
also used in the ACTIVExtend study 
(78). Patients treated for 18 months 
with ABL or placebo, after a pause of 1 
month, were given blinded administra-
tion of ABL or placebo or open-blinded 
addition of weekly 70 mg Alendronate 
(ALN) for 6 extra months. At the end 
of the observation period of the AC-
TIVE + ACTIVExtend (18 + 6 months), 
treatment with ABL + ALN was asso-
ciated with a cumulative incidence of 
new morphometric vertebral fractures 
of 0.55%, which was a 87% relative 
risk reduction (RR 0.13; 95% CI 0.04 
to 0.41, p<0.01) compared to the inci-
dence observed in the placebo + ALN 
group. A statistically significant risk 
reduction in the ABL + ALN group 
compared to the placebo + ALN group 
was also demonstrated for major os-
teoporotic fractures (wrist, upper arm, 
hip, and clinical spine), and clinical 
fractures. The average gain of BMD in 
patients treated with ABL + ALN and 
in those who received placebo + ALN 
were 12.8% vs. 3.5% for lumbar spine, 
5.5% vs. 1.4% for total hip, and 4.5% 

vs. 0.5% for femoral neck (p<0.001 for 
each site), respectively. There were no 
differences between groups at the end of 
the 6-month extension in bone turnover 
markers and no differences in incidence 
of adverse effects.
One hundred and five patients from the 
ACTIVE study (35 treated with ABL 80 
μg, 36 with TRPT, and 34 with placebo) 
undergone a biopsy of the iliac crest be-
tween the 12’th and 18’th months (79). 
The aim of the study was to compare 
the effects of the three treatments on 
bone histology and histomorphometry, 
by assessing changes in mineralisation 
and microstructure, presence or ab-
sence of woven bone, excess osteoid 
and bone marrow abnormalities. In pa-
tients treated with ABL, bone structure, 
bone matrix, bone cell morphology, and 
bone marrow were all normal. There 
was no evidence of excessive osteoid, 
marrow fibrosis or abnormalities in 
mineralisation. Moreover, studies of 
tetracycline labelling showed that all 
variables related to bone mineralisa-
tion and bone formation were similar 
to those observed in the placebo-treated 
subjects. There were some significant 
differences among the three treatment 
groups in histomorphometric indices. 
In particular, the mineral apposition rate 
was higher in the TRPT-treated group 
than in the placebo-treated group, the 
eroded surface was lower in the bone 
of patients treated with ABL than in the 
placebo-treated group, and cortical po-
rosity was higher in both the ABL and 
the TRPT treated groups than in the pla-
cebo-treated group. It was concluded 
that there was no evidence of concern 
for bone safety in patients treated with 
ABL for 18 months.
Finally, a pre-clinical study assess-
ing the carcinogenic potential of ABL 
showed comparable incidence of os-
teosarcoma in rats treated with differ-
ent daily doses of ABL and human-
PTH(1-34) (80), although the increase 
of incidence of osteosarcoma has never 
been reported in the clinical experience 
with TRPT (82).

Romosozumab
Romosozumab (ROMO) is a human-
ised monoclonal antibody that targets 
sclerostin. Sclerostin is a glycoprotein 



954 Clinical and Experimental Rheumatology 2018

One year in review 2018: treatment of OA / A. Figliomeni et al.

encoded by the SOST gene, produced 
primarily by osteocytes, that binds to 
the Frizzled-LRP5-6 complex of the 
Wnt pathway: this reduces signals of 
differentiation, maturation, and pro-
liferation of osteoblasts. Moreover, 
inhibition of Wnt signalling promotes 
osteoblasts and osteocytes apoptosis, 
osteoclastogenesis, and OPG expres-
sion. There are two genetic diseases 
characterised by a functional loss of 
SOST gene and a consequent increased 
bone formation: Sclerosteosis (83), mu-
tations of the SOST gene that hinder 
sclerostin synthesis, and van Buchem’s 
disease (84), in which mutations de-
termine deficiency of functional scle-
rostin. ROMO is the first anti-sclerostin 
antibody tested in human subjects: by 
binding to sclerostin, ROMO inhibits 
the actions of this protein, leading to 
increased bone formation and reduced 
bone resorption.
The first clinical study with ROMO was 
published in 2011 (85). In this study, 
72 healthy subjects was treated with a 
single dose of ROMO subcutaneously 
(0.1, 0.3, 1, 3, 5, or 10 mg/kg) or in-
travenously (1 or 5 mg/kg) or with pla-
cebo. After 3 months, measurement of 
BMD showed a significant gain of 5.3% 
at the lumbar spine and 2.8% at the to-
tal hip compared with placebo. The Au-
thors observed a dose-related increases 
in the bone-formation markers P1NP, 
bone-specific alkaline phosphatase, 
and osteocalcin, along with a dose-
related decrease in the bone-resorption 
marker serum CTX, according to the 
large anabolic window of this drug. In 
a phase-1b, randomised, double-blind, 
placebo-controlled study (86) 3-month 
administration of ROMO determined, 
compared to placebo, a significant in-
crease in trabecular BMD and cortical 
thickness calculated with Quantitative 
Computed Tomography (QCT) and 
high-resolution QCT and a significant 
accrual of the bone stiffness evaluated 
by a finite element analysis.
Furthermore, ROMO, administered 
at different doses in postmenopausal 
women with OP, caused a significant 
increase in vertebral and femoral BMD, 
compared with ALN and TRPT (87). 
The Authors reported transitory in-
creases in bone-formation markers and 

sustained decreases in bone-resorption 
markers. A subset of this study on 82 
patients who received placebo, TRPT 
or ROMO 210 mg monthly also had 
lumbar and femoral QTC: after 12 
months, ROMO significantly improved 
integral volumetric BMD and bone 
mineral content compared to baseline 
values, and compared to placebo and 
TRPT. BMD gains were different in tra-
becular and cortical bone: in particular, 
trabecular vertebral volumetric BMD 
increased significantly from baseline 
with either ROMO (18.3%) and TRPT 
(20.1%), whereas cortical vertebral vol-
umetric BMD gains were greater with 
ROMO compared to TRPT (13.7% vs. 
5.7%, p<0.0001). Trabecular hip volu-
metric BMD gains were significantly 
greater with ROMO than with TRPT 
(10.8% vs. 4.2%, p=0.01), but cortical 
volumetric BMD gains were compara-
ble (1.1% vs. -0.9%, p=0.12). Cortical 
bone mineral content gains were greater 
with ROMO compared to TRPT at both 
the spine (23.3% vs. 10.9%, p<0.0001) 
and hip (3.4% vs. 0.0%, p=0.03) (88).
The Fracture Study in Postmenopausal 
Women with OP (FRAME) (89) was 
the first multicentre phase 3-trial that 
studied the efficacy of ROMO in reduc-
ing vertebral and non-vertebral frac-
tures. Seven thousand one hundred and 
eighty postmenopausal women with OP 
were randomised to receive ROMO 210 
mg monthly or placebo for 1 year, af-
ter which both groups were switched to 
denosumab 60 mg every 6 months for a 
second year. After 12 months, ROMO 
was associated with a 73% reduction 
in new vertebral fractures compared 
to placebo (incidence 0.5% vs. 1.8%, 
p<0.001); after 2 years, the cumulative 
incidence of new vertebral fractures 
was 75% lower in the ROMO/deno-
sumab group than the placebo/deno-
sumab group (0.6% vs. 2.5%, p<0.001). 
Regarding the incidence of non-verte-
bral fractures, no statistical differences 
were found between the groups after 12 
and 24 months. However, the authors 
claimed that these data might be due 
to a bias in the inclusion of a subgroup 
of patients from Latin America with a 
lower fracture risk; a post hoc analysis 
excluding them showed a 42% lower 
incidence of non-vertebral fractures in 

the the ROMO/denosumab group than 
the placebo/denosumab group (90).

Novel evidence on Romosozumab
In a phase-2, double blind, placebo 
controlled study (91), 252 women with 
postmenopausal OP were treated with 
different monthly doses of ROMO 
(70, 140, or 210 mg) or placebo. Af-
ter 1 year, compared to placebo, all 
groups of patients treated with ROMO 
showed a greater gain of lumbar and 
femoral BMD. In particular, the larg-
est mean increase from baseline was 
observed with ROMO 210 mg (lum-
bar spine=16.9%, total hip=4.7%, and 
femoral neck=3.8%). Moreover, levels 
of bone-formation and resorption was 
evaluated: after 12 months, all doses of 
ROMO significantly increased the lev-
els of P1NP and reduced the levels of 
CTX by week 1 (p<0.001 vs. placebo). 
Finally, no differences between groups 
were reported about incidences of ad-
verse events.
The Active-Controlled Fracture Study 
in Postmenopausal Women with OP 
at High Risk (ARCH) (92) is a phase 
3-multicentre, randomised, double-
blind trial which involved 4,093 post-
menopausal women with OP and high 
risk of fracture published in 2017. The 
patients were treated with monthly 
sub-cutaneous injection of ROMO 210 
mg, or weekly ALN 70 mg; after 12 
months, ROMO was withdrawn and 
both groups of patients continued only 
with ALN for another year. Over a pe-
riod of 24 months, cumulative incidence 
of new vertebral fractures was 6.2% in 
the ROMO/ALN group, and 11.9% in 
patients treated with ALN only, with a 
48% lower risk of vertebral fractures 
in the ROMO/ALN group compared 
to control group (p<0.001). Moreover, 
patients treated with the sequence of 
ROMO and ALN showed a 27% sig-
nificant lower risk of clinical fractures 
(non-vertebral and symptomatic verte-
bral fractures) compared with the group 
of patients treated with ALN only. Fur-
thermore, the risk of hip fractures was 
38% lower among patients treated with 
ROMO (p=0.02). ROMO caused rapid 
increase of BMD of lumbar spine, total 
hip, and femoral neck. ROMO produced 
a greater effect on BMD than ALN, with 
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a statistical significant effect observed 
after 6 months of treatment: the accrual 
of BMD measured at lumbar spine, to-
tal hip, and femoral neck was, respec-
tively, of 11%, 4.3%, and 3.9% in the 
ROMO/ALN group, and 3.8%, 2.3%, 
and 1.2% in the group of patients treat-
ed with ALN. Moreover, in the first year 
of observation, ROMO increased levels 
of P1NP and decreased levels of CTX; 
after transition to ALN, levels of P1NP 
and CTX decreased and remained below 
baseline levels until the end of the study. 
In patients treated with ALN alone, both 
P1NP and CTX decreased by the first 
month of the trial and remained below 
the baseline levels. This study reported 
a 1 year-incidence of cardiovascular 
adverse events that was greater among 
patients treated with ROMO than in the 
control group (2.5% vs. 1.9%, respec-
tively; odds ratio, 1.31; 95% CI, 0.85 
to 2.00); in particular, patients with re-
ported cardiac ischaemic events were 
16 in the ROMO/ALN group, and 6 in 
the ALN (0.8% vs. 0.3%). Since con-
stitutive expression of sclerostin was 
found in the aorta (93), and SOST gene 
is up-regulated in foci of vascular calci-
fications (94), it has been hypothesised 
that sclerostin is a negative regulator of 
vascular calcification: thus, sclerostin 
inhibition could promote calcification. 
However, it is important to note that 
in the FRAME trial (89) no excess of 
cardiovascular events was found in the 
ROMO group. This difference might be 
explained by differences in the charac-
teristics of the study population (95). In 
fact, patients from the FRAME trial had 
a mean age of 70.9 years, and 18.3% of 
them had one or more vertebral frac-
tures, while patients from ARCH trial 
had a mean age of 74.3 years and 96.1% 
of them had at least one vertebral frac-
ture. Patients from the ARCH trial were 
older and, likely, had more cardiovascu-
lar risk factors; furthermore, incidence 
of cardiovascular adverse events in the 
control group was two-fold higher in the 
ARCH trial than in the FRAME trial; fi-
nally, this findings might be weakened 
by the small number of the events and 
by the lack of statistical power to test the 
non-inferiority of ROMO vs. ALN for 
safety (96). Furthermore, ALN might 
have some cardiovascular protection.

In clinical practice, anabolic therapy is 
often reserved to patients with a high 
risk of fracture or after failure of thera-
py with bisphosphonates. As mentioned 
above, previous studies showed that the 
use of TRPT in patients who were previ-
ously exposed to antiresorptives is asso-
ciated with lower BMD gain compared 
with that observed in treatment-naïve 
patients, particularly at the hip (97, 98). 
A study assessed BMD changes with 
ROMO or TRPT for 12 months in 436 
postmenopausal women with OP who 
had been treated with bisphosphonates in 
the previous 3 years. The results showed 
that, after 1 year of anabolic therapy, the 
mean percentage change from base-
line of total hip BMD was 2.6% (95% 
CI 2.2 to 3.0) in the ROMO group and 
-0.6% (-1.0 to -0.2) in the TRPT group 
(difference 3.2%, 95% CI 2.7 to 3.8, 
p<0.0001) (99). Secondary end-points 
included percentage change from base-
line in cortical and integral volumetric 
BMD and integral volumetric Bone 
Mineral Content (BMC) by QTC, and 
percentage change from baseline of hip 
strength (calculated by the finite ele-
ment analysis) at 6 and 12 months. Ac-
cording to previous studies (100), in pa-
tients with high risk of fractures, BMD 
declined after 6 months of therapy with 
TRPT. Compared to TRPT group, pa-
tients treated with ROMO showed a 
significantly greater gain in both inte-
gral and cortical BMD and BMC at the 
hip at 6 and 12 months, and trabecular 
volumetric BMD increased significantly 
from baseline in both treatment groups 
(99). Furthermore, patients treated with 
ROMO showed a greater estimated hip 
strength respect to TRPT group at 6 and 
12 months (2.1% vs. -1.0% and 2.5% 
vs. -0.7%, respectively, p<0.0001). The 
reasons for the larger gains in BMD 
and estimated strength with ROMO are 
likely related to its mechanism of ac-
tion, because ROMO has the dual effect 
of increasing bone formation and de-
creasing bone resorption, while TRPT 
is a potent stimulator of both. Similar 
results were reported by a lumbar and 
femoral QTC study (101) on a subgroup 
of the population of a phase-2 trial (87) 
showed that after 12 months of therapy 
with ROMO, placebo, or TRPT, pa-
tients treated with ROMO presented a 

significant greater gain of vertebral and 
femoral strength compared to baseline 
(p<0.03 for all compartments) and also 
compared to patients treated with TRPT 
and placebo: the differences on the bone 
strength increase were 8.9% and 31.2% 
for lumbar spine (both p<0.001), and 
4.3% (p=0.027) and 3.7 (p=0.059) for 
hip, respectively. Moreover treatment 
with ROMO was associated with a sig-
nificant increase of the bone strength 
evaluated on both the cortical and tra-
becular compartment of spine and hip 
compared to baseline and compared to 
patients treated with TRPT and placebo 
(101). It is important to note that, in this 
study TRPT was not associated with a 
significant gain of femoral strength, as 
assayed at both cortical and trabecular 
bone.

Glucocorticoid induced osteoporosis: 
prevention and treatment in 2017
The American College of Rheumatol-
ogy released guidelines on assessment 
and treatment of patients taking glu-
cocorticoids (GCs) (102). The authors 
divided the patients taking GCs into 
two groups (women and men ≥40 years 
and people <40 years). Regarding pa-
tients ≥40 years, the risk of fracture 
was stratified using the World Health 
Organisation’s fracture risk assessment 
tool (FRAX), a diagnostic instrument 
used to evaluate the individual 10-year 
probability of bone fracture risk based 
on factors as age, weight, height, gen-
der, GCs use, smoking history, alcohol 
use, fracture history, and rheumatoid ar-
thritis affection (81). According to this 
tool, patients are considered to have a 
low, moderate or high risk of fracture 
if they have FRAX calculated 10 years 
risk of major fracture of <10%, 10–
19%, and ≥20%, respectively. Patients 
with prior osteoporotic fractures or 
postmenopausal women with a T-score 
≤2.5 measured by DEXA are included 
in the high risk group. Because FRAX 
cannot be used for patients <40 years, 
the authors classified patients with prior 
osteoporotic fractures as patients with 
high risk of fracture; patients with a Z-
score (measured at hip or spine) <3, a 
rapid bone loss in 1 year (≥10% at hip 
or spine), or who are treated with doses 
of GCs ≥7.5 mg/day for more than 6 
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months are considered at moderate risk. 
Patients without other osteoporotic risk 
factor than GCs treatment are consid-
ered at low risk of fracture. All patients 
have to be assessed for risk of fracture 
in the first 6 months of GCs therapy. 
During treatment, the timing of the re-
assessment of risk factors, incidence of 
fractures, and therapy efficacy depends 
by the risk of fracture group and range 
from 1 year to 3 years. 
According the guidelines, all patients 
need to have adequate calcium intake 
(1,000–1,200 mg/day), vitamin D in-
take (600–800 IU/day, with a target se-
rum level >20 ng/ml), and healthy life-
style factors (a balanced diet, maintain-
ing weight in the recommended range, 
smoking cessation, regular weight-
bearing or resistance training exercise, 
limiting alcohol intake to 1–2 alcoholic 
beverages/day). 
Patients in treatment with GCs and at 
moderate-to-high risk of fracture should 
be treated with oral bisphosphonates. 
Intra-venous bisphosphonates are indi-
cated in case of comorbidities (such as 
oesophageal diseases), patient prefer-
ence, or low of adherence to oral medi-
cation regimens. If bisphosphonates are 
contraindicated, second line treatment 
is represented by TRPT. If neither oral 
nor intra-venous bisphosphonates or 
TRPT treatment is appropriate, deno-
sumab should be used. In postmeno-
pausal women who cannot assume 
other drugs, raloxifene can be used. It 
is important to note that because of the 
lack of evidences about potential foetal 
harm, women with childbearing poten-
tial should be treated with oral bispho-
sphonates or TRPT only if they are not 
planning to be pregnant during the OP 
treatment and are using effective birth 
control. Finally, for patients with low 
risk of fractures, no specific pharmaco-
logical treatment is recommended.
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