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Abstract. Adults with β- thalassemia major (β-TM) develop low BMD and fragility fractures at a higher in-
cidence and at a younger age compared to the general population. The disease itself, including direct effects of 
anemia and iron overload toxicity on bone turnover, genetic susceptibility, thalassemia-related endocrinopa-
thies and acquittance of suboptimal peak bone mass contribute to low bone mass and increased bone fragil-
ity frequently encountered among these patients. Current management of osteoporosis requires long-term 
treatment that can be provided by agents that reduce the risk of all osteoporotic fractures by modulating bone 
metabolism with different mechanisms of action. These include inhibitors of bone remodeling (e.g., bispho-
sphonates, denosumab) and stimulators of bone formation (e.g., PTHR1 agonists and sclerostin antibodies). 
Considering the unique characteristics of osteoporosis associated with β-TM and the clinical importance 
of balancing the risk/benefit of treatment in the long-term, appropriate use of these therapeutic approaches 
is essential for patient care. In this review we outline current literature on the use of anti-osteoporotic drugs 
in β-TM patients with osteoporosis focusing on data on the efficacy, safety, and duration of treatment. In ad-
dition, we propose a long-term management plan for β-TM -associated osteoporosis aiming at the optimal 
patient care for this special population. (www.actabiomedica.it)
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Introduction

Osteoporosis associated with β-thalassemia ma-
jor (β-TM) is a long-standing skeletal complication, 
that is increasingly recognized in the last decades due 
to the improved prognosis of β-TM patients and the 
subsequent prolongation of their lifespan. Low bone 
mass and increased risk of fractures even in patients 

with adequate transfusion and iron chelation therapy 
are related to a significant deterioration of quality of 
life and high morbidity (1,2). From a pathophysiologi-
cal point of view, osteoporosis associated with β-TM 
shares common characteristics with postmenopausal 
osteoporosis but also displays some unique and dis-
tinct features related to the younger age of the patients, 
the chronic anemia and iron overload per se, and the 
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contribution of other associated endocrinopathies on 
bone modeling and remodeling (3). The prevalence 
of osteoporosis in well - treated β-TM patients var-
ies from 13.6% to 50% (4-6) and is associated with 
increased fracture risk (up to 44%) (7-10), more fre-
quently affecting upper extremities. Almost 20% of 
patients with β-TM and osteoporosis will experience 
a fragility fracture during their lifetime (8).

Current management of osteoporosis in the gen-
eral population requires long-term treatment, using 
agents that reduce the risk of fractures at all sites by 
modulating bone remodeling with different mecha-
nisms of action. These include inhibitors of bone 
remodeling (e.g., bisphosphonates, denosumab), stim-
ulators of bone formation (e.g., PTHR1 agonists) as 
well as romosozumab, a dual action sclerostin inhibi-
tor. The availability of these agents has led to novel 
paradigms of osteoporosis management, based on their 
sequential or combined use.

Consideration of the unique characteristics of 
osteoporosis associated with β-TM and balancing the 
long-term risk-benefit ratio of treatment for each in-
dividual, especially for younger patients, are essential 
to ensure appropriate use of these therapeutic ap-
proaches. In this review we outline current literature 

on the use of anti-osteoporotic drugs in β-TM patients 
with osteoporosis focusing on data on their efficacy, 
safety, and indicated duration of treatment. In addi-
tion, we propose a long-term management plan for 
β-TM associated osteoporosis aiming at the optimal 
patient care for this special population.

Pathophysiology of bone loss in β -thalassemia 
major

a. The impact of anemia and iron overload on bone 
remodeling

Chronic ineffective erythropoiesis expands bone 
marrow by significantly increasing (up to six-fold) the 
number of erythroid precursors (11) (Figure 1). Bone 
marrow expansion causes mechanical interruption of 
bone formation, resulting in cortical thinning, bone 
distortion, and increased fragility (7). The role of bone 
marrow expansion in β-TM associated bone loss could, 
therefore, explain why lumbar spine (LS), consisting 
mainly of trabecular bone, is more severely affected in 
these patients (12). Regular transfusion program sup-
presses bone marrow expansion, but even with optimal 
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Figure 1. Underlying mechanisms of anemia and iron-overload induced bone loss in β-thalassemia major.
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transfusion erythroid activity cannot be completely 
 restored (13).

Tissue hypoxia, increased erythropoietin and 
reduced hepcidin, which is a major regulator of iron 
homeostasis, are all associated with defective erythro-
poiesis and exert direct unfavorable effects on the skel-
eton by increasing bone resorption (14-17) (Figure 1).

Tissue toxicity due to iron overload is the major 
complication of chronic transfusion therapy in β-TM 
leading to liver disease, cardiac dysfunction, and en-
docrine dysregulations. Regarding the skeleton, several 
lines of evidence have demonstrated direct detrimen-
tal effects of iron overload on bone cells. Iron directly 
disrupts bone formation (17) through toxic effects on 
osteoblasts (18,19) and decreased recruitment of mes-
enchymal stem cells on the osteoblastic lineage (20), 
while on the other hand, it enhances bone resorption 
through increased intracellular oxidative stress in os-
teoclasts (16,21-23) (Figure 1). Additionally, recent 
evidence from in vivo and in vitro experiments sug-
gests that free iron also exerts direct toxic effects on 
the osteocytes, which are the key regulators of bone 
remodeling. Hepcidin - /- mice, representing an iron 
overload experimental model, display low bone mass 
with alterations of bone microarchitecture (17). The 
main cause of reduced bone mass in this mouse model 
was the increased number of apoptotic osteocytes 
due to increased oxidative stress, while reducing iron 
overload and oxidative stress with deferoxamine and 
N-actyl-L-cysteine, respectively, reduces bone loss by 
preventing osteocyte apoptosis (24). Osteocyte apop-
tosis, in turn leads to increased expression of sclerostin 
and activation of RANKL/OPG signaling, thereby 
decreasing bone formation and enchasing bone resorp-
tion (22,24) (Figure 1). Taking all the above data to-
gether, osteocytes appear to be the main bone cell type 
affected by iron overload, orchestrating bone loss and 
at the same time compromising bone strength.

b. Other Contributing factors.

(i) Genetic background

Genetic factors seem to play an important, al-
though not yet fully clarified, role in the development 
of low bone mass in patients with β-TM (25) (7). 

Polymorphisms at the Sp1 site of collagen type Ia1 
(COLIA 1) gene that encodes type I collagen (the 
major protein of bone matrix), and in the vitamin D 
receptor (VDR) gene are well-known determinants of 
bone mass in the general population (26). The poly-
morphism at the Sp1 site of COLIA 1 has been related 
to severe osteoporosis at the LS and total hip (TH) in 
male β-TM patients (27), suggesting a role in identify-
ing individuals at high risk of osteoporosis and frac-
tures (28). Other studies, however, did not confirm this 
association (29). VDR gene polymorphisms in single 
nucleotide, such as BsmI G > A, located at the in-
tron 8, was also significantly correlated with low bone 
mass in β-TM patients (30), as well as with favorable 
response to treatment with alendronate (29).

(ii) Suboptimal peak bone mass

Patients with β-TM are often characterized by 
suboptimal bone accrual during childhood and ado-
lescence (8). Disorders of puberty development sig-
nificantly impair adequate bone mineralization and 
achievement of peak bone mass (31). In addition to 
gonadal status, increased bone turnover and lower 
weight are independent predictors of low bone mass in 
people with β-TM at the age of 20, preventing them 
from attaining optimal peak bone mass (8).

(iii) Hypogonadism

Early onset hypogonadism, mainly the hypogon-
adotrophic form, and to a lesser extent due to gonadal 
failure, is highly prevalent in β-TM patients and is 
caused by excess iron deposition in the anterior pituitary 
and the gonads, respectively (32). Several studies have 
confirmed that hypogonadism, a well-known cause of 
low bone mass in the general population, is also associ-
ated with osteoporosis in patients with β-TM (33,34).

(iv) GH-IGF-1 axis

Patients with β-TM are characterized by signifi-
cant alterations in growth hormone (GH) / insulin 
growth factor 1 (IGF-1) axis, with the majority of 
them having low circulating levels of IGF-1 and IGF- 
binding protein 3 (IGFBP-3) (12). Low serum IGF-1 
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in a dose-dependent manner (39). There is also evi-
dence that treatment with deferasirox in β-TM pa-
tients carries a high risk for nephrolithiasis, while male 
patients with kidney stones have a higher likelihood 
for reduced BMD of femoral neck and fractures (40). 
The most likely explanation for this observation is that 
deferasirox-related hypercalciuria leads to bone loss 
through increased bone resorption in an attempt to 
maintain normocalcemia, although the exact underly-
ing mechanisms warrant further research (25,39).

(vii) Cytokine network

Cytokines, such as IL-1α (interleukin-1 α), IL-6,  
and TNF-α (tumor necrosis factor-α), have been cor-
related with markers of bone resorption in patients 
with β-TM, suggesting that these cytokines may en-
hance bone resorption and lead to bone loss (12,41).

(viii) Nutritional status and lack of  
physical activity

Patients with β-TM may have a degree of under-
nutrition, partially explained by their increased resting 
metabolic rate along with anemia and increased cardiac 
output (1). Low body weight and zinc deficiency, which 
is relatively common in these patients due to increased 
urinary zinc excretion, are also associated with β-TM 
associated osteoporosis (7). Additionally, patients with 
β-TM often have limited physical activity either due 
to disease complications or due to ill-founded beliefs 
around their lifestyle. Since regular muscle activity is of 
paramount importance to maintain bone mass, physi-
cal exercise on a regular basis (7) can have a positive 
impact on bone health in these patients.

Efficacy and safety of anti-osteoporotic drugs in 
β-TM associated osteoporosis

a) Bisphosphonates

Bisphosphonates (BPs) are the most widely used 
drugs for the prevention and treatment of bone loss 
irrespective of the underlying disease (42), and this is 
also the case for β-TM (1,3,43,44).

concentrations are mainly attributed to GH insensitiv-
ity (through iron deposition to liver and chronic hepa-
titis), but are also to some extent caused by impaired 
GH secretion (12),(35). IGF-1, through its anabolic 
effects and stimulation of osteoblasts’ function, plays 
a crucial role in bone formation during childhood and 
bone maintenance during adulthood (36). As a result, 
IGF-1 deficiency leads to decreased bone formation 
and ultimately bone loss (7). Several studies have dem-
onstrated a significant positive correlation between 
BMD of the LS and serum concentrations of IGF-1 
and IGFBP-3 (1),(7). Individuals with β-TM and low 
IGF-1 have significantly lower BMD of the LS com-
pared to those with normal IGF-1 values (37).

(v) Vitamin D deficiency

Low vitamin D levels are very common in pa-
tients with β-TM due to several contributing factors 
(8), including impaired 25-hydroxylation of vitamin D 
due to liver hemosiderosis, intestinal malabsorption of 
vitamin D, defective skin synthesis due to jaundice, and 
limited exposure to sunlight (12). Vitamin D is essen-
tial for calcium homeostasis and bone mineralization. 
However, there are conflicting data regarding the as-
sociation of low vitamin D levels with osteoporosis in 
β-TM (25), and the extent to which suboptimal vita-
min D levels contribute to low BMD remains unclear.

(vi) Iron chelators

Deferoxamine (DFX), the most widely used par-
enteral iron chelator, exerts a direct negative effect on 
osteoblasts by inhibiting proliferation and differentia-
tion of osteoblast precursors, and ultimately reducing 
collagen formation. In high doses, it also enhances os-
teoblast apoptosis (1,7). DFX use in childhood may 
induce dysplastic bone changes in the long bones, 
associated with short stature and characteristic radio-
logical features (38).

Deferasirox, an oral iron-chelating agent, may re-
versibly increase serum creatinine levels and is linked 
to elevated levels of renal tubular markers, indicative 
of tubulopathy (25). Deferasirox, at therapeutic doses, 
has also been associated with an almost 4-fold increase 
in urine calcium to creatinine ratio and hypercalciuria 
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FN BMD compared to the 6-monthly regimen (52). 
Importantly, BMD at the LS, the FN and the radius 
continued to increase up to 24 months after discon-
tinuation of 1-year zoledronate treatment in both the 
3-monthly and the 6-monthly regimen (53).

(ii) Safety

The duration of BP treatment in β-TM associated 
osteoporosis in the currently published studies does not 
exceed 3 years, thus the safety of their administration 
for longer periods in such patients remains unknown. 
For the given treatment periods BPs were generally 
well-tolerated, and the type as well as the frequency of 
reported adverse events where as expected, consisting 
of mild upper gastrointestinal toxicity (alendronate) 
(45), acute phase reaction (IV BPs) (47,51,52), and lo-
cal pain at the site of injection (IM BPs) (45). How-
ever, given the young age of β-TM patients and the 
frequently ensuing necessity for longer-term BP ad-
ministration, there are concerns regarding their long-
term safety and their reproductive safety (56), while 
their anti-fracture efficacy and their effects on mor-
bidity and mortality remain currently unknown. It 
has been proposed that BPs should be discontinued 
in women who intend to conceive and be reinstituted 
after delivery, if indicated (57).

Three cases (2 females, 1 male) of osteonecrosis 
of the jaw have been reported with alendronate 70 mg 
weekly administered for 3.5-4 years (58). One patient 
had received pamidronate 60 mg/month for 2 years 
prior to alendronate. All 3 patients had been subjected 
to tooth extraction, a well-known predisposing factor 
for osteonecrosis of the jaw development (59). There 
is only one published case of atypical femoral fracture, 
in a 36-old male with β-TM treated with zoledronate 
for 3 years but being off-treatment for 1 year before 
the event (60).

BPs did not influence iron status or hemoglobin 
levels, supporting their safety from a hematological 
point of view (55).

b) Denosumab

Increased RANKL/ OPG ratio is one of the key 
mechanisms of bone loss in β-TM (61). In specific, 

(i) Efficacy

Oral alendronate (45,46), IV neridronate (47), 
clodronate (48), pamidronate (46,49,50) and zole-
dronate (51-54), and IM clodronate (45) have been 
tested against placebo or no therapy in randomized 
clinical trials (RCTs) and prospective observational 
studies evaluating patients with β-TM associated os-
teoporosis. In general, BPs use in this setting resulted 
in a significant reduction in bone turnover markers 
(BTM), accompanied by improved BMD at all skel-
etal sites compared to baseline and placebo (43,55) 
with the exception perhaps of clodronate, which re-
duced BTM but did not improve BMD (45,48). In-
terestingly, BMD gains were comparable or even 
greater than those reported with the same agents in 
postmenopausal osteoporosis (55). Reduction of back 
pain has also been reported with neridronate (47) and 
zoledronate (52).

However, due to the small sample size, the short 
duration and the very low incidence of fragility frac-
tures in studies with BPs use in β-TM associated os-
teoporosis, their antifracture efficacy has not been 
proven (55). Positive effect on bone quality has been 
reported in a small, non-randomized histomorphom-
etry study, in which IV pamidronate was given in a 
dose of 1mg/kg monthly for 3 years (50).

Alendronate is the only oral BP tested in β-TM 
patients with osteoporosis. In an RCT directly com-
paring alendronate 10mg daily with IM clodronate 
100mg every 10 days, alendronate performed better in 
terms of BMD increases (45). In contrast, in another 
RCT, IV monthly administration of pamidronate 
90mg resulted in higher BMD increases at both the 
LS and femoral neck (FN) compared to oral alen-
dronate 70 mg weekly (46).

Although direct comparison among studies is not 
appropriate, zoledronate seems to be the most effica-
cious BP in terms of BMD increases in β-TM associ-
ated osteoporosis (43,55). The regimens that were used 
were 4mg every 3 (51,52) or 6 months (52), result-
ing in a cumulative dose much higher than the dose 
administered for postmenopausal osteoporosis (5mg 
yearly). The 3-monthy regimen resulted in higher re-
ductions in BTM and significantly higher increases at 
the LS BMD with borderline higher increases at the 
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headache and fever, while hypocalcemia was observed 
in less than 10% (64,66). Interestingly, pain at the 
back and extremities was reported by only 13% of 
the patients in the single arm study (64) while in the 
 placebo-controlled trial a significant reduction of bone 
pain was observed in the Dmab group (66). Special 
attention should be given to the susceptibility to upper 
respiratory system and gastrointestinal infections; in-
creased incidence of these infections has been reported 
in patients treated with Dmab for postmenopausal and 
male osteoporosis (68), and β-TM patients are already 
more prone to these events due to disease-dependent 
factors such as splenectomy, heart disease, and other 
comorbidities (44).

Finally, Dmab discontinuation is an issue of con-
cern, as a “rebound” phenomenon in bone remodeling 
resulting in substantial BMD loss is expected, espe-
cially in those who have been treated for long peri-
ods, and a subsequent anti-resorptive treatment is 
not given (69). Considering the results from studies 
in postmenopausal osteoporosis and the data from 
BPs studies among β-TM patients, sequential admin-
istration of zoledronate, and possibly alendronate, is 
expected to mitigate BMD losses following Dmab dis-
continuation, especially among β-TM patients treated 
for up to 2.5 - 3 years with Dmab (70,71).

c) Osteoanabolic Treatment

a) Teriparatide

Teriparatide (TPTD) is the most widely 
used osteoanabolic agent, approved worldwide for 
the management of postmenopausal, male, and 
 glucocorticoid-induced osteoporosis in adults. In addi-
tion, TPTD is used off-label in several other inherited 
and secondary conditions associated with bone fragil-
ity, with favorable results, at least in terms of increased 
BMD (72-74). Osteoanabolic agents have superior 
antifracture efficacy compared with BPs, especially 
in patients at high fracture risk, and recent evidence 
suggest that osteoanabolic treatment preceding antire-
sorptive agents results in higher BMD gains (75). 
While the pathophysiology of bone fragility in β-TM 
is multifactorial, defective osteoblast function, is a well 

the RANKL/OPG ratio remains at high levels despite 
the effective management of low hemoglobin levels 
and hormonal disorders, thereby enhancing the activ-
ity of osteoclasts and consequently favoring bone loss 
(62,63). Along these lines, denosumab (Dmab), a hu-
man monoclonal antibody binding RANKL, appears 
to be a rational treatment approach.

(i) Efficacy

In the first single arm study evaluating Dmab in 
β-TM associated osteoporosis, 30 relatively young 
patients (age range: 17-32 years) received the usual 
60mg SC 6-monthly dose over a period of 1 year (64). 
Along with a considerable reduction in bone resorption 
markers, noticeable increases at the LS and FN BMD 
(9% and 6%, respectively) were observed. A phase III, 
randomized, comparative, parallel assignment, open la-
bel clinical study is currently undergoing by the same 
research group, aiming to compare Dmab (60 mg every 
6 months SC) and zoledronate (5mg annually IV) in 
40 adult patients (20 within each arm) (65). In addi-
tion, a randomized placebo-controlled phase 2b study 
evaluated 63 patients (age range: 34 – 78 years; 32 re-
ceived Dmab and 31 placebo) over a period of one year 
(66). BMD increased more at the LS and radius, but 
not at the FN, in the Dmab treated patients. Addition-
ally, in contrast with placebo, Dmab reduced both for-
mation and resorption BTM along with sRANKL and 
sRANKL/OPG ratio (66). In a post hoc analysis of this 
study, Dmab reduced noggin levels compared to placebo 
(67). As noggin inhibits bone morphogenetic proteins 
leading to decreased bone formation, the lower nog-
gin levels could represent an additional mechanism by 
which Dmab increases BMD in this group of patients.

(ii) Safety

Available data regarding the safety profile of 
Dmab in patients with β-TM associated osteoporosis 
is reassuring, although both the number of patients 
and the duration of treatment are limited and prob-
ably inadequate to draw definite conclusions. Most of 
the adverse events were mild and concerned gastroin-
testinal problems (nausea, abdominal pain, diarrhea), 
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fracture of the left ischiopubic ramus and resulted 
in further BMD increases (10% and 5.3% at the FN 
and TH respectively). Bone turnover markers did not 
change during this second course (79).

Discontinuation of TPTD is followed by pro-
gressive loss of BMD (80), while subsequent treat-
ment with BPs or Dmab results in further BMD gains 
(71,81,82). Although there are no such data in patients 
with β-TM, sequential treatment with antiresorptive 
agents should be applied. The FDA recently removed 
the 2-year in lifetime treatment limitation for TPTD 
in patients who remain at high risk for fracture. Thus, 
some β-TM patients may benefit from a longer dura-
tion or a second course TPTD treatment (83).

There are no data concerning combination therapy 
of TPTD with antiresorptive agents (i.e., zoledronate 
and Dmab) in patients with β-TM, although favorable 
results have been reported in postmenopausal osteo-
porosis (81,84).

(ii) Safety

In the study by Gagliardi et al (77) 45% of the 
patient’s cohort reported side effects, including bone 
pain (5/11), muscle pain (4/11) and fever (1/10), while 
3 patients discontinued therapy. Interestingly, the fre-
quency of these side effects was higher compared to the 
pivotal TPTD trial (85), but the size of the study was 
small (77). There was no association between Hb levels, 
chelation regimen or iron status and bone pain (77). In 
the authors’ personal experience these symptoms are 
commonly encountered in patients with β-TM, espe-
cially bone pain and chills. Concerning calcium home-
ostasis, TPTD treatment may worsen hypercalciuria, 
that is already observed in up to one-third of patients 
with β-TM (3). In the pivotal TPTD trial (85), 24h 
urinary calcium levels increased by 30 mg, although 
the incidence of hypercalciuria (> 300 mg/24h) per se, 
did not change. However, in cases with concomitant 
hypoparathyroidism, TPTD may have a neutral ef-
fect on renal calcium excretion. Close monitoring and 
proper treatment adjustment is required, especially in 
patients with kidney stones (up to 18.1%) (25) and/or 
under deferasirox therapy, that is known to increase 
urinary calcium excretion.

-established contributor of bone loss in these patients. 
TPTD, increases bone formation by direct actions 
on osteoblast precursors and mature osteoblasts, on 
bone lining cells and on the Wnt- pathway on osteo-
blasts and osteocytes, by suppressing sclerostin and by 
Wnt-ligand independent mechanisms (76).

(i) Efficacy

Information regarding the use of TPTD in pa-
tients with β-TM associated osteoporosis is limited to 
one retrospective case series (77) and single case re-
ports (78,79). Gagliardi et al. (77) recently published 
the largest, so far, case series of 11 patients with β-TM 
and established osteoporosis (6 males and 5 females, 
mean age 45 ± 4.38 years) treated with TPTD for a 
mean duration of 18.7 ± 7.0 months (6 patients com-
pleted the 24 months TPTD treatment). Sixty-four 
percent of the patients were previously treated with 
BPs. The authors reported substantial improvements 
in BMD at the LS (19% and 22%) and at the TH 
(13% and 14.2%), at 12 and 24 months, respectively. 
Serum osteocalcin levels increased by 225% at the first 
year of treatment and remained above baseline (+54%) 
by the end of the second year. No fractures occurred 
during treatment, while the pain visual analogue scale 
did not change. Trotta et al. (78) described a case of a 
43-year-old woman with multiple vertebral fractures 
while on alendronate, in whom treatment with TPTD 
for 18 months resulted in substantial increase of both 
LS and TH BMD, and no new fractures. Tournis 
et al. (79) also reported the efficacy of two courses of 
TPTD (18 months and 12 months) in a male patient 
with β-TM and multiple vertebral fractures while 
on alendronate. During the first 6 months of TPTD 
BMD at the TH decreased, followed by significant 
increase (9.3% and 9.8% at the FN and TH, respec-
tively) at 18 months. Serum levels of the bone forma-
tion marker procollagen type I N-terminal propeptide 
(P1NP) continued to increase by the 18th month 
(+340%), while levels of the bone resorption marker 
β-C-terminal telopeptide (CTX) peaked at 12 months 
(+600%) and then dropped at 18 months. A second 
12-month course of TPTD, after another 4 years with 
alendronate was then decided due to an insufficiency 
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receptor modulators (SERMS) and the novel osteoan-
abolic agents, abaloparatide and romosozumab. Since 
most of the osteoporotic β-TM patients are premeno-
pausal women or men, SERMs are not indicated. Cur-
rently there are no data available for the efficacy and 
safety of romosozumab and abaloparatide, in β-TM 
associated osteoporosis.

Indications for specific anti-osteoporotic treat-
ment should be carefully balanced against the need for 
lifelong treatment, and the possible adverse effects of 
long-term BPs or the rebound phenomenon seen after 
denosumab discontinuation (69,70,87,88).

Based on data from postmenopausal women and 
men with osteoporosis, an initial 1 to 3-year course 
of zoledronate or up to 5 years oral BPs would be a 
relatively safe approach for osteoporotic patients with 
β-TM. Alternatively, a 3 to 5 years course of Dmab is 
also an option. Two years treatment with TPTD could 
be considered in cases of severe osteoporosis with frac-
tures and should always be followed by a course of 
oral BPs of 1-2 years or one course of iv. administered 
zoledronate (Figure 2). Similarly, Dmab should be fol-
lowed by treatment with BPs in order to prevent rapid 
BMD loss and the rebound in vertebral fracture risk 
(71,89). In this case, patients treated with Dmab for 
less than 2.5 years should be sequentially treated with 
1-2 years of oral BPs or 1-2 years of zoledronate 5mg 
given annually. Patients with longer duration of Dmab 
treatment (>2.5 years) may require zoledronate infu-
sion at 6 months intervals depending on BTM values 
or BMD changes (71).

After the initial treatment course and during 
 follow–up, absence of new or worsening osteoporotic 
fractures and stability of BMD values, even in the os-
teoporotic/ osteopenic range, should be reassuring for 
premenopausal women and younger men with β-TM 
associated osteoporosis. On the contrary, progressive 
BMD decrease and/or new fragility fractures is an in-
dication for re-initiating treatment (55). Transition-
ing from an antiresorptive to an osteoanabolic agent 
is considered less effective than the opposite (90) as 
BMD increase is more modest and delayed, but should 
be considered in cases of treatment failure (91). Tran-
sitioning from one antiresorptive agent to another 
given at larger intervals (e.g., from oral BPs to IV 
zoledronate) or considered more potent (e.g., from 

b) Other osteoanabolic agents

Up to date there are no studies evaluating the 
efficacy of the PTHrp analogue abaloparatide or the 
sclerostin inhibitor romosozumab in β-TM patients.

Authors’ proposal on the management of 
bone fragility in β thalassemia major induced 
osteoporosis

According to the 2021 guidelines for the man-
agement of transfusion-dependent thalassemia by 
the Thalassemia International Federation (TIF) (86), 
assessment of BMD by dual-energy X-ray absorpti-
ometry (DXA) should be performed every 24 months 
after the age of 10 years, accompanied by vertebral 
fracture assessment. In addition, annual assessment 
of bone health should include measurement of serum 
calcium, phosphate, alkaline phosphatase, 25 (OH) 
vitamin D, PTH (parathyroid hormone), and, ide-
ally, one marker of bone formation, and one marker 
of bone resorption. Preventive measures are of para-
mount importance, including sufficient blood transfu-
sions, optimal iron chelation, regular physical activity, 
adequate calcium and vitamin D intake, and hormone 
replacement therapy in cases of hypogonadism. In 
addition, specific anti-osteoporotic treatment with 
currently available anti-resorptive and osteoanabolic 
agents should be initiated in patients with very low 
BMD values, progressive significant BMD loss and/
or fragility fractures (69). As osteoporosis is a chronic 
disease requiring long-term management, special 
consideration should be given in younger β-TM pa-
tients with low bone mass. None of the currently 
available anti-osteoporotic agents has proven efficacy 
and safety beyond 10 years of treatment, whereas the 
osteoanabolic agent teriparatide is administered for 
only 2 years. Additionally, all these agents are con-
traindicated or should be administered with great 
caution in women who are pregnant or even of child-
bearing potential.

The up-to-date experience with pharmacological 
agents in the management of β- TM-associated os-
teoporosis includes almost all commercially available 
anti osteoporotic agents, except for selective estrogen 
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drug-holiday, however, should be evaluated from a dif-
ferent point of view in these patients who have unique 
demographic (younger age) and pathophysiological 
(iron toxicity and anemia) characteristics of bone loss. 
A tailored treatment plan based on the patient’s dis-
ease profile, needs, and preferences is what should be 
currently recommended among patients with β-TM 
associated osteoporosis.
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oral BPs to Dmab) could also be considered (90). 
Combined administration of anti-osteoporotic agents, 
mainly TPTD with Dmab or zoledronate have shown 
a clear advantage over TPTD monotherapy in patients 
with severe postmenopausal osteoporosis, but such 
combinations have not been tested in β-TM osteo-
porotic patients.

Nevertheless, the “treat to target” concept applied 
to date for postmenopausal osteoporosis is probably 
also valid for β-TM osteoporotic patients, suggesting 
that treatment decisions should be made targeting ei-
ther stability in BMD or maintenance of low fracture 
risk (92). Concepts such as long-term treatment and 

Dmab 3-5 years

Re evaluate fracture risk

-Oral BPs 3-5 years

Consider anti-resorptive agents Consider bone -anabolic agents
(i.e, teriparatide for 2 years)

Consider alternative anti-resorptive treament
after discontinuation

(1-2 years oral BPs)
(1-2 years of Zol)

NO

Prevalent fragility fractures?

-Osteoporosis severity
-Concomitant risk factors
-Concomitant medications
-Premature ovarian failure
(consider hormone replacement therapy)

Evaluate:

Consider treatment when:
-Progressive BMD decrease
-Incident fracture(s)
-Concomitant use of agents kown to a�ect bone turnover
(e.g., corticosteroids)

β-TM associated osteoporosis

YES

-IV Zol 2-3 years

Figure 2. A proposed treatment plan of the use of anti-osteoporotic drugs in β -Thalassemia major associated osteoporosis.
Legend: β-TM = β -Thalassemia major; BMD = bone mineral density; BPs = bisphosphonates; Zol = zoledronate; Dmab = denosumab.



Acta Biomed 2022; Vol. 93, N. 5: e202230510

12. Gaudio A, Morabito N, Catalano A, Rapisarda R, Xourafa 
A, Lasco A. Pathogenesis of Thalassemia Major-associated 
Osteoporosis: A Review with Insights from Clinical Expe-
rience. J Clin Res Pediatr Endocrinol. 2019;11(2):110-117.

13. Cazzola M, De Stefano P, Ponchio L, et al. Relationship 
between transfusion regimen and suppression of eryth-
ropoiesis in beta-thalassaemia major. Br J Haematol. 
1995;89(3):473-478.

14. Arnett TR. Acidosis, hypoxia and bone. Arch Biochem Bio-
phys. 2010;503(1):103-109.

15. Lu H, Lian L, Shi D, Zhao H, Dai Y. Hepcidin pro-
motes osteogenic differentiation through the bone 
morphogenetic protein 2/small mothers against decapen-
taplegic and mitogen-activated protein kinase/P38 signal-
ing pathways in mesenchymal stem cells. Mol Med Rep. 
2015;11(1):143-150.

16. Hiram-Bab S, Liron T, Deshet-Unger N, et al . Erythro-
poietin directly stimulates osteoclast precursors and induces 
bone loss. FASEB J. 2015;29(5):1890-1900.

17. Shen GS, Yang Q, Jian JL, et al. Hepcidin1 knockout mice 
display defects in bone microarchitecture and changes of bone 
formation markers. Calcif Tissue Int. 2014;94(6):632-639.

18. Tian Q, Wu S, Dai Z, et al. Iron overload induced death of 
osteoblasts in vitro: involvement of the mitochondrial apop-
totic pathway. PeerJ. 2016;4:e2611.

19. Jiang Z, Wang H, Qi G, Jiang C, Chen K, Yan Z. Iron 
overload-induced ferroptosis of osteoblasts inhibits osteo-
genesis and promotes osteoporosis: An in vitro and in vivo 
study. IUBMB Life. 2022.

20. Balogh E, Tolnai E, Nagy B, Jr., et al. Iron overload inhibits 
osteogenic commitment and differentiation of mesenchymal 
stem cells via the induction of ferritin. Biochim Biophys 
Acta. 2016;1862(9):1640-1649.

21. Tsay J, Yang Z, Ross FP, et al. Bone loss caused by iron 
overload in a murine model: importance of oxidative stress. 
Blood. 2010;116(14):2582-2589.

22. Yang J, Dong D, Luo X, Zhou J, Shang P, Zhang H. 
Iron Overload-Induced Osteocyte Apoptosis Stimu-
lates Osteoclast Differentiation Through Increasing Os-
teocytic RANKL Production In Vitro. Calcif Tissue Int. 
2020;107(5):499-509.

23. Jia P, Xu YJ, Zhang ZL, et al. Ferric ion could facilitate 
osteoclast differentiation and bone resorption through 
the production of reactive oxygen species. J Orthop Res. 
2012;30(11):1843-1852.

24. Ma J, Wang A, Zhang H, et al. Iron overload induced osteo-
cytes apoptosis and led to bone loss in Hepcidin(-/-) mice 
through increasing sclerostin and RANKL/OPG. Bone. 
2022:116511.

25. Wong P, Fuller PJ, Gillespie MT, Milat F. Bone Disease in 
Thalassemia: A Molecular and Clinical Overview. Endocr 
Rev. 2016;37(4):320-346.

26. Ralston SH, Uitterlinden AG. Genetics of osteoporosis. 
Endocr Rev. 2010;31(5):629-662.

27. Wonke B, Jensen C, Hanslip JJ, et al. Genetic and ac-
quired predisposing factors and treatment of osteoporosis 

Ethics: The updated article did not require Ethical Committee 
approval.

Author Contributions Statement: MPY: conceptualization, origi-
nal draft preparation, review and editing, ADA: data curation origi-
nal draft preparation, review and editing, PT: data curation original 
draft preparation, ST: data curation original draft preparation, ER: 
data curation, review and editing, EK: data curation, review and 
editing, AK: data curation, review and editing, PM: data curation 
original draft preparation, review and editing. All the authors ap-
proved the final version of manuscript.

References

1. De Sanctis V, Soliman AT, Elsedfy H, et al , I CET. Os-
teoporosis in thalassemia major: an update and the I-CET 
2013 recommendations for surveillance and treatment. 
Pediatr Endocrinol Rev. 2013;11(2):167-180.

2. Michelson J, Cohen A. Incidence and treatment of fractures 
in thalassemia. J Orthop Trauma. 1988;2(1):29-32.

3. Dede AD, Trovas G, Chronopoulos E, et al. Thalassemia-
associated osteoporosis: a systematic review on treat-
ment and brief overview of the disease. Osteoporos Int. 
2016;27(12):3409-3425.

4. Baldini M, Forti S, Marcon A, et al. Endocrine and 
bone disease in appropriately treated adult patients with 
beta-thalassemia major. Ann Hematol. 2010;89(12): 
1207-1213.

5. Canatan D. The Thalassemia center of Antalya State Hospi-
tal: 15 years of experience (1994 to 2008). J Pediatr Hematol 
Oncol. 2013;35(1):24-27.

6. Leung TF, Chu Y, Lee V, et al. Long-term effects of pa-
midronate in thalassemic patients with severe bone mineral 
density deficits. Hemoglobin. 2009;33(5):361-369.

7. Voskaridou E, Terpos E. New insights into the pathophysi-
ology and management of osteoporosis in patients with beta 
thalassaemia. Br J Haematol. 2004;127(2):127-139.

8. Vogiatzi MG, Macklin EA, Fung EB, et al , Thalassemia 
Clinical Research N. Bone disease in thalassemia: a fre-
quent and still unresolved problem. J Bone Miner Res. 
2009;24(3):543-557.

9. Mylona M, Leotsinides M, Alexandrides T, Zoumbos N, 
Dimopoulos PA. Comparison of DXA, QCT and tra-
becular structure in beta-thalassaemia. Eur J Haematol. 
2005;74(5):430-437.

10. Ekbote V, Padidela R, Khadilkar V, et al. Increased preva-
lence of fractures in inadequately transfused and chelated 
Indian children and young adults with beta thalassemia ma-
jor. Bone. 2021;143:115649.

11. Centis F, Tabellini L, Lucarelli G, et al. The importance of 
erythroid expansion in determining the extent of apoptosis 
in erythroid precursors in patients with beta-thalassemia 
major. Blood. 2000;96(10):3624-3629.



Acta Biomed 2022; Vol. 93, N. 5: e2022305 11

44. Stefanopoulos D, Papaioannou NA, Papavassiliou AG, 
et al. A contemporary therapeutic approach to bone disease 
in beta-thalassemia - a review. J Frailty Sarcopenia Falls. 
2018;3(1):13-25.

45. Morabito N, Lasco A, Gaudio A, et al. Bisphosphonates in 
the treatment of thalassemia-induced osteoporosis. Osteo-
poros Int. 2002;13(8):644-649.

46. Skordis N, Ioannou YS, Kyriakou A, et al. Effect of bispho-
sphonate treatment on bone mineral density in patients with 
thalassaemia major. Pediatr Endocrinol Rev. 2008;6 Suppl 
1:144-148.

47. Forni GL, Perrotta S, Giusti A, et al. Neridronate im-
proves bone mineral density and reduces back pain in 
beta-thalassaemia patients with osteoporosis: results from 
a phase 2, randomized, parallel-arm, open-label study. Br J 
Haematol. 2012;158(2):274-282.

48. Pennisi P, Pizzarelli G, Spina M, Riccobene S, Fiore CE. 
Quantitative ultrasound of bone and clodronate effects in 
thalassemia-induced osteoporosis. J Bone Miner Metab. 
2003;21(6):402-408.

49. Voskaridou E, Terpos E, Spina G, et al. Pamidronate is 
an effective treatment for osteoporosis in patients with 
beta-thalassaemia. Br J Haematol. 2003;123(4):730-737.

50. Chatterjee R, Shah FT, Davis BA, et al. Prospective study 
of histomorphometry, biochemical bone markers and bone 
densitometric response to pamidronate in beta-thalassaemia 
presenting with osteopenia-osteoporosis syndrome. Br J 
Haematol. 2012;159(4):462-471.

51. Gilfillan CP, Strauss BJ, Rodda CP, et al. A randomized, 
double-blind, placebo-controlled trial of intravenous zole-
dronic acid in the treatment of thalassemia-associated os-
teopenia. Calcif Tissue Int. 2006;79(3):138-144.

52. Voskaridou E, Anagnostopoulos A, Konstantopoulos K, 
et al. Zoledronic acid for the treatment of osteoporosis in 
patients with beta-thalassemia: results from a single-center, 
randomized, placebo-controlled trial. Haematologica. 
2006;91(9):1193-1202.

53. Voskaridou E, Christoulas D, Konstantinidou M, 
 Tsiftsakis E, Alexakos P, Terpos E. Continuous improve-
ment of bone mineral density two years post zoledronic acid 
discontinuation in patients with thalassemia-induced os-
teoporosis: long-term follow-up of a randomized, placebo-
controlled trial. Haematologica. 2008;93(10):1588-1590.

54. Perifanis V, Vyzantiadis T, Tziomalos K, et al. Effect of zole-
dronic acid on markers of bone turnover and mineral density 
in osteoporotic patients with beta-thalassaemia. Ann He-
matol. 2007;86(1):23-30.

55. Giusti A. Bisphosphonates in the management of 
 thalassemia-associated osteoporosis: a systematic review of 
randomised controlled trials. J Bone Miner Metab. 2014;32(6): 
606-615.

56. Stathopoulos IP, Liakou CG, Katsalira A, et al. The use of 
bisphosphonates in women prior to or during pregnancy 
and lactation. Hormones (Athens). 2011;10(4):280-291.

57. Leung TY, Lao TT. Thalassaemia in pregnancy. Best Pract 
Res Clin Obstet Gynaecol. 2012;26(1):37-51.

in thalassaemia major. J Pediatr Endocrinol Metab. 1998;11 
Suppl 3:795-801.

28. Perrotta S, Cappellini MD, Bertoldo F, et al. Osteoporosis 
in beta-thalassaemia major patients: analysis of the genetic 
background. Br J Haematol. 2000;111(2):461-466.

29. Gaudio A, Morabito N, Xourafa A, et al. Role of genetic 
pattern on bone mineral density in thalassemic patients. 
Clin Biochem. 2010;43(10-11):805-807.

30. Dresner Pollack R, Rachmilewitz E, Blumenfeld A, Idelson 
M, Goldfarb AW. Bone mineral metabolism in adults with 
beta-thalassaemia major and intermedia. Br J Haematol. 
2000;111(3):902-907.

31. Bielinski BK, Darbyshire PJ, Mathers L, et al. Impact of 
disordered puberty on bone density in beta-thalassaemia 
major. Br J Haematol. 2003;120(2):353-358.

32. Ang AL, Tzoulis P, Prescott E, Davis BA, Barnard M, Shah 
FT. History of myocardial iron loading is a strong risk factor 
for diabetes mellitus and hypogonadism in adults with beta 
thalassemia major. Eur J Haematol. 2014;92(3):229-236.

33. Tzoulis P, Ang AL, Shah FT, et al. Prevalence of low bone 
mass and vitamin D deficiency in beta-thalassemia major. 
Hemoglobin. 2014;38(3):173-178.

34. Anapliotou ML, Kastanias IT, Psara P, Evangelou EA, 
Liparaki M, Dimitriou P. The contribution of hypog-
onadism to the development of osteoporosis in thalassaemia 
major: new therapeutic approaches. Clin Endocrinol (Oxf ). 
1995;42(3):279-287.

35. Soliman AT, De Sanctis V, Elalaily R, Yassin M. Insulin-like 
growth factor- I and factors affecting it in thalassemia ma-
jor. Indian J Endocrinol Metab. 2015;19(2):245-251.

36. Toumba M, Skordis N. Osteoporosis syndrome in thalassae-
mia major: an overview. J Osteoporos. 2010;2010:537673.

37. Soliman A, De Sanctis V, Yassin M, Abdelrahman MO. 
Growth hormone - insulin-like growth factor-I axis and 
bone mineral density in adults with thalassemia major. In-
dian J Endocrinol Metab. 2014;18(1):32-38.

38. Seif El Dien HM, Esmail RI, Magdy RE, Lotfy HM. 
Deferoxamine-induced dysplasia-like skeletal abnormalities at 
radiography and MRI. Pediatr Radiol. 2013;43(9):1159-1165.

39. Wong P, Polkinghorne K, Kerr PG, et al. Deferasirox at 
therapeutic doses is associated with dose-dependent hyper-
calciuria. Bone. 2016;85:55-58.

40. Wong P, Fuller PJ, Gillespie MT, et al. Thalassemia 
bone disease: the association between nephrolithi-
asis, bone mineral density and fractures. Osteoporos Int. 
2013;24(7):1965-1971.

41. Morabito N, Russo GT, Gaudio A, et al. The “lively” cy-
tokines network in beta-Thalassemia Major-related osteo-
porosis. Bone. 2007;40(6):1588-1594.

42. Nancollas GH, Tang R, Phipps RJ, et al. Novel insights into 
actions of bisphosphonates on bone: differences in interac-
tions with hydroxyapatite. Bone. 2006;38(5):617-627.

43. Tsartsalis AN, Lambrou GI, Tsartsalis D, et al. The role of 
biphosphonates in the management of thalassemia-induced 
osteoporosis: a systematic review and meta-analysis. Hor-
mones (Athens). 2018;17(2):153-166.



Acta Biomed 2022; Vol. 93, N. 5: e202230512

Density After Its Discontinuation. J Clin Endocrinol Me-
tab. 2021;106(10):e4155-e4162.

71. Tsourdi E, Zillikens MC, Meier C, et al. Fracture risk and 
management of discontinuation of denosumab therapy: a 
systematic review and position statement by ECTS. J Clin 
Endocrinol Metab. 2020; 26:dgaa756.

72. Cohen A, Stein EM, Recker RR, et al. Teriparatide for idio-
pathic osteoporosis in premenopausal women: a pilot study. 
J Clin Endocrinol Metab. 2013;98(5):1971-1981.

73. Orwoll ES, Shapiro J, Veith S, et al. Evaluation of teripara-
tide treatment in adults with osteogenesis imperfecta. J Clin 
Invest. 2014;124(2):491-498.

74. Lampropoulou-Adamidou K, Trovas G, Triantafyllo-
poulos IK, et al. Teriparatide Treatment in Patients with 
Pregnancy- and Lactation-Associated Osteoporosis. Calcif 
Tissue Int. 2021;109(5):554-562.

75. Cosman F, Dempster DW. Anabolic Agents for Postmeno-
pausal Osteoporosis: How Do You Choose? Curr Osteo-
poros Rep. 2021;19(2):189-205.

76. Estell EG, Rosen CJ. Emerging insights into the compara-
tive effectiveness of anabolic therapies for osteoporosis. Nat 
Rev Endocrinol. 2021;17(1):31-46.

77. Gagliardi I, Celico M, Gamberini MR, et al. Efficacy and 
Safety of Teriparatide in Beta-Thalassemia Major Associ-
ated Osteoporosis: A Real-Life Experience. Calcif Tissue 
Int. 2022;111(1):56-65.

78. Trotta A, Corrado A, Cantatore FP. [Anabolic therapy of 
induced osteoporosis in beta-thalassaemia major: case report 
and literature review]. Reumatismo. 2010;62(2):119-126.

79. Tournis S, Dede AD, Savvidis C, Triantafyllopoulos IK, 
Kattamis A, Papaioannou N. Effects of teriparatide retreat-
ment in a patient with beta-thalassemia major. Transfusion. 
2015;55(12):2905-2910.

80. Eastell R, Nickelsen T, Marin F, et al. Sequential treat-
ment of severe postmenopausal osteoporosis after teripara-
tide: final results of the randomized, controlled European 
Study of Forsteo (EUROFORS). J Bone Miner Res. 
2009;24(4):726-736.

81. Leder BZ, Tsai JN, Uihlein AV, et al. Denosumab and teri-
paratide transitions in postmenopausal osteoporosis (the 
DATA-Switch study): extension of a randomised controlled 
trial. Lancet. 2015;386(9999):1147-1155.

82. Shane E, Shiau S, Recker RR, et al. Denosumab After Teri-
paratide in Premenopausal Women With Idiopathic Osteo-
porosis. J Clin Endocrinol Metab. 2022;107(4):e1528-e1540.

83. Miller PD, Lewiecki EM, Krohn K, Schwartz E. Teripara-
tide: Label changes and identifying patients for long-term 
use. Cleve Clin J Med. 2021;88(9):489-493.

84. Cosman F, Eriksen EF, Recknor C, et al. Effects of in-
travenous zoledronic acid plus subcutaneous teriparatide 
[rhPTH(1-34)] in postmenopausal osteoporosis. J Bone 
Miner Res. 2011;26(3):503-511.

85. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of para-
thyroid hormone (1-34) on fractures and bone mineral den-
sity in postmenopausal women with osteoporosis. N Engl J 
Med. 2001;344(19):1434-1441.

58. Chatterjee R, Bajoria R, Shah FT, Porter JB, Fedele S. High 
index of suspicion for early diagnosis of alendronate-induced 
stage zero osteonecrosis of jaw in thalassaemia major. Br J 
Haematol. 2014;166(2):292-294.

59. Anastasilakis AD, Pepe J, Napoli N, et al. Osteonecrosis of 
the Jaw and Antiresorptive Agents in Benign and Malig-
nant Diseases: A Critical Review Organized by the ECTS. 
J Clin Endocrinol Metab. 2022;107(5):1441-1460.

60. Lampropoulou-Adamidou K, Tournis S, Triantafyllopoulos 
IK. Atypical femoral fracture in a beta-thalassemia major 
patient with previous bisphosphonate use: case report and a 
review of the literature. J Musculoskelet Neuronal Interact. 
2016;16(1):75-78.

61. Kearns AE, Khosla S, Kostenuik PJ. Receptor activator of 
nuclear factor kappaB ligand and osteoprotegerin regula-
tion of bone remodeling in health and disease. Endocr Rev. 
2008;29(2):155-192.

62. Voskaridou E, Stoupa E, Antoniadou L, et al. Osteopo-
rosis and osteosclerosis in sickle cell/beta-thalassemia: the 
role of the RANKL/osteoprotegerin axis. Haematologica. 
2006;91(6):813-816.

63. Morabito N, Gaudio A, Lasco A, et al. Osteoprotegerin 
and RANKL in the pathogenesis of thalassemia-induced 
osteoporosis: new pieces of the puzzle. J Bone Miner Res. 
2004;19(5):722-727.

64. Yassin MA, Soliman AT, De Sanctis V, Abdelrahman 
MO, Aziz Bedair EM, AbdelGawad M. Effects of the 
anti-receptor activator of nuclear factor kappa B ligand de-
nusomab on beta thalassemia major-induced osteoporosis. 
Indian J Endocrinol Metab. 2014;18(4):546-551.

65. Yassin MA, Abdel Rahman MO, Hamad AA, et al. 
Denosumab versus zoledronic acid for patients with 
beta-thalassemia major-induced osteoporosis. Medicine 
(Baltimore). 2020;99(51):e23637.

66. Voskaridou E, Ntanasis-Stathopoulos I, Papaefstathiou 
A, et al. Denosumab in transfusion-dependent thalas-
semia osteoporosis: a randomized, placebo- controlled, 
double-blind phase 2b clinical trial. Blood Adv. 
2018;2(21):2837-2847.

67. Voskaridou E, Ntanasis-Stathopoulos I, Christoulas D, 
et al. Denosumab effects on serum levels of the bone mor-
phogenetic proteins antagonist noggin in patients with 
transfusion-dependent thalassemia and osteoporosis. He-
matology. 2019;24(1):318-324.

68. Diker-Cohen T, Rosenberg D, Avni T, Shepshelovich D, 
Tsvetov G, Gafter-Gvili A. Risk for Infections During 
Treatment With Denosumab for Osteoporosis: A System-
atic Review and Meta-analysis. J Clin Endocrinol Metab. 
2020;105(5) (5):dgz322.

69. Anastasilakis AD, Makras P, Yavropoulou MP, Tabacco G, 
Naciu AM, Palermo A. Denosumab Discontinuation and 
the Rebound Phenomenon: A Narrative Review. J Clin 
Med. 2021;10(1) :152.

70. Makras P, Appelman-Dijkstra NM, Papapoulos SE, 
et al. The Duration of Denosumab Treatment and the 
Efficacy of Zoledronate to Preserve Bone Mineral 



Acta Biomed 2022; Vol. 93, N. 5: e2022305 13

91. Diez-Perez A, Adachi JD, Agnusdei D, et al, Group 
ICIRW. Treatment failure in osteoporosis. Osteoporos Int. 
2012;23(12):2769-2774.

92. Lewiecki EM. Osteoporosis: Treat-to-Target. Curr Osteo-
poros Rep. 2017;15(2):103-109.

Correspondence:
Received: 6 August 2022
Accepted: 6 September 2022
Maria P. Yavropoulou, M.D., MSc, PhD
Endocrinology Unit
First Department of Propaedeutic and Internal Medicine,  
National and Kapodistrian University of Athens,  
Medical School
Athens 11527, Greece
E-mail: myavropoulou@med.uoa.gr
ORCID: 0000-0002-6501-3692

86. Farmakis D, Porter J, Taher A, Domenica Cappellini M, 
Angastiniotis M, Eleftheriou A. 2021 Thalassaemia In-
ternational Federation Guidelines for the Management 
of  Transfusion-dependent Thalassemia. Hemasphere. 
2022;6(8):e732.

87. Anastasilakis AD, Yavropoulou MP, Makras P, et al. In-
creased osteoclastogenesis in patients with vertebral frac-
tures following discontinuation of denosumab treatment. 
Eur J Endocrinol. 2017;176(6):677-683.

88. Anastasilakis AD, Makras P. Multiple clinical vertebral 
fractures following denosumab discontinuation. Osteoporos 
Int. 2016;27(5):1929-1930.

89. Tsourdi E, Langdahl B, Cohen-Solal M, et al. Discon-
tinuation of Denosumab therapy for osteoporosis: A sys-
tematic review and position statement by ECTS. Bone. 
2017;105:11-17.

90. Anastasilakis AD, Polyzos SA, Yavropoulou MP, Makras 
P. Combination and sequential treatment in women with 
postmenopausal osteoporosis. Expert Opin Pharmacother. 
2020;21(4):477-490.


