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ABSTRACT. Thalassemia major is a common cause
of skeletal morbidity, as shown by the increased
fracture risk in thalassemic patients. The etiology of
this bone disease is multifactorial and culminates in
a state of increased bone turnover with excessive
bone resorption and remodeling. Despite hor-
monal replacement therapy, calcium and vitamin
D administration, effective iron chelation, and nor-
malization of hemoglobin levels, patients with tha-
lassemia major continue to lose bone mass. The in-

creased bone turnover rate observed in thalas-
semic patients justifies the use of powerful anti-re-
sorption drugs, such as bisphosphonates. To date,
alendronate, pamidronate, and zoledronate seem
to be effective in increasing bone mineral density
and normalizing bone turnover, but more trials are
necessary to evaluate their efficacy in reducing
fracture risks in larger thalassemic populations.
(J. Endocrinol. Invest. 31: 181-184, 2008)
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INTRODUCTION

Since treatment with transfusion programs and
chelating therapy have significantly prolonged sur-
vival in thalassemic patients, osteoporosis represents
an important cause of morbidity in adult patients,
who display increased fracture risk (1). Recently, ac-
cording to the North American Thalassemia Clinical
Research Network database registry prevalence of
fractures among patients with thalassemia major and
intermedia is 16.6 and 12.2%, respectively (2). 
In the thalassemic population, the lumbar spine and
femoral neck bone mineral density (BMD) is below
the normal reference control, as shown in previous
works by us (3) and other authors (4, 5). The etiolo-
gy of this bone disease is multifactorial (hormonal
deficiency, bone marrow expansion, increased iron
stores, desferioxamine toxicity, calcium, and vita-
min D deficiency) (3-11) and culminates in a state
of increased bone turnover with excessive bone re-
sorption and remodeling (7).

However, despite hormonal replacement therapy,
calcium and vitamin D administration, effective iron
chelation, and normalization of hemoglobin levels,
patients with thalassemia major continue to lose
bone mass (3, 12).
The increased bone resorption observed in tha-
lassemic patients justifies the use of powerful anti-
resorption drugs, such as bisphosphonates, in the
treatment of this form of osteoporosis (6). 

BISPHOSPHONATES USED FOR THALASSEMIA-
ASSOCIATED OSTEOPOROSIS

Bisphosphonates are pyrophosphate analogues, in
which the oxygen in P-O-P has been replaced by a
carbon, resulting in a P-C-P structure. They are po-
tent inhibitors of osteoclastic bone resorption, by
inhibiting osteoclastic recruitment and maturation,
preventing the development of monocyte precur-
sors into osteoclasts, inducing osteoclast apopto-
sis and interrupting their attachment to the bone
(13, 14). Because of these pharmacological prop-
erties bisphosphonates have been studied and
nowadays are extensively used for the treatment of
Paget’s disease of bone, hypercalcemia of malig-
nancy, bone metastases, and several forms of os-
teoporosis (15).
Up to now, studies evaluating the effects of bis-
phosphonates in the treatment of thalassemia-as-
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sociated osteoporosis have been few and with small
patient samples (Table 1). 
Our group performed a randomized, placebo-con-
trolled study to investigate the effects of 2-yr daily
oral administration of alendronate or im adminis-
tration of clodronate every 10 days on bone-re-
modeling parameters and BMD in a group of os-
teoporotic thalassemic patients (16). Twenty-five
young patients (mean age 26.6±7.1 yr) with β-tha-
lassemia major were randomly divided to receive
placebo (8 patients) or 100 mg of clodronate im ev-
ery 10 days (8 patients) or 10 mg of alendronate
per os daily (9 patients). All patients took 500 mg/d
of elemental calcium and 400 UI/d cholecalciferol. 
At the end of the study, the lumbar and femoral
BMD decreased significantly in the placebo group.
Clodronate was able to reduce pyridinium cross-
links levels, but not to increase lumbar or femoral
BMD. The daily administration of alendronate nor-
malized bone turnover markers and increased BMD
at all studied sites, but statistically only at femoral
level. No relevant side effects were recorded dur-
ing our study. 

The ineffectiveness of clodronate was established in
another study (17), comparing the effects of long-
term cyclical clodronate therapy (300 mg iv infusion
every 3 weeks for 2 yr) and of an active placebo (cal-
cium and vitamin D) on bone mass and bone
turnover in 30 male patients with thalassemia major.
Treatment with clodronate determined a substantial
stability of bone mass, which was not significantly
changed at the end of the study, whereas in calcium
and vitamin D-treated patients a significant decline in
spine, femoral, and total bone density was observed. 
Pamidronate, a second generation aminobisphos-
phonate, has been used for the treatment of tha-
lassemia-associated osteoporosis by Voskaridou et
al. (18), who used this drug in 26 patients at doses of
30 or 60 mg iv once a month over 12 months. The ef-
fects were monitored by measuring BMD in associ-
ation with markers of bone turnover. Thirty healthy
individuals were also studied as controls. Adminis-
tration of pamidronate was followed by a clear de-
crease of bone turnover markers and by a significant
increase in the BMD of the lumbar spine, which was
similar in patients of both treatment groups. 

Bisphosphonate Dose Population Results References

Clodronate 100 mg im every 10 days 8 patients with No significant changes in BMD Morabito et al. (16)
for 24 months β-thalassemia major either at lumbar or femoral levels 

with respect to baseline values

300 mg iv every 3 weeks 15 patients with No significant changes in BMD Pennisi et al.  (17)
for 24 months β-thalassemia major either at lumbar or femoral levels 

with respect to baseline values

Alendronate 10 mg po every day 9 patients with Significant increase in BMD only Morabito et al. (16)
for 24 months β-thalassemia major at femoral level with respect to 

baseline values

Pamidronate 30 or 60 mg iv every 18 patients with  Significant increase in BMD Voskaridou et al. (18)
month for 12 months β-thalassemia major at lumbar level with respect

and 8 patients with only to baseline values
thalassemia intermedia for both doses

Zoledronate 1 mg iv every 3 months 26 patients with Significant increase in BMD Perifanis et al. (19)
for 12 months β-thalassemia major and at lumbar level with respect 

3 patients with to baseline values
thalassemia intermedia

4 mg iv every 6 or 3 66 patients with Significant increase in BMD Voskaridou et al. (20)
months for 12 months β-thalassemia major at lumbar level compared to 

baseline values only in 
patients treated every 3 months

4 mg iv every 6 months 18 patients with Significant increase in BMD at Otrock et al. (21)
for 12 months β-thalassemia major lumbar and femoral level 

compared to baseline values 

4 mg iv every 3 months 23 patients with Significant increase in BMD at Gilfillan et al. (22)
for 24 months β-thalassemia major lumbar and femoral level 

compared to baseline values

BMD: bone mineral density.

Table 1 - Bisphosphonates used for thalassemia-associated osteoporosis.
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Recently, various trials were conducted in tha-
lassemic patients using zoledronic acid, a novel
biphosphonate compound. In particular, Perifanis
et al. (19) enrolled 29 patients with transfusion-de-
pendent β-thalassemia (3 with thalassemia inter-
media). Thirteen patients were male and 16 were
female, with a mean age of 27.2±7.3 yr. All patients
had severe osteoporosis and were receiving calci-
um and vitamin D supplement prior to and during
the study. They were given zoledronic acid iv at a
dose of 1 mg every 3 months over 12 months. The
effects were monitored by measuring the BMD of
the lumbar spine. Twenty age- and sex-matched
healthy blood donors were also studied as controls. 
Administration of zoledronic acid was followed by a
significant increase in the BMD of the lumbar spine.
No treatment-related side-effects were observed.
In a recent paper Voskaridou et al. (20) randomized
to receive 4 mg of zoledronic acid iv, every 6
months (23 thalassemic patients) or every 3 months
(21 patients), or to receive placebo every 3 months
(22 patients). Only patients treated more frequent-
ly had a significant increase in their lumbar spine
BMD, which was accompanied by dramatic reduc-
tions in bone pain and markers of bone turnover.
These data were confirmed by Otrock et al. (21) in
18 thalassemic patients who also had an increase
of BMD at femoral level. 
Only Gilfillan et al. (22) conducted a longer trial, 24
months, treating 23 patients with thalassemia-asso-
ciated osteopenia with 4 mg of zoledronic acid iv
every 4 months. At the end of the study average
lumbar spine BMD was 8.9% greater and average
femoral neck BMD was 9.1% greater in the treated
group compared to placebo. Moreover, the Authors
observed that age, gender, height, weight, and BMI
did not interact with the effect of treatment.

DISCUSSION AND CONCLUSION

Adequate transfusion programs, hormonal re-
placement, and chelating therapy are necessary,
but often insufficient in preventing osteoporosis in
thalassemic patients. It is important to enrich diet
with calcium and vitamin D supplements, to dis-
courage smoking and to encourage physical activ-
ity. In patients with increase of bone turnover mark-
ers and a low BMD evaluated by dual-energy x-ray
absorptiometry (DEXA) at lumbar or femoral level
(Z-score <–2 SD) the use of bisphosphonates is
correct. To date, bisphosphonates such as alen-
dronate, pamidronate, and zoledronate seem to be
effective in normalizing bone turnover rate and in
increasing BMD. In particular, zoledronic acid at a
dosage of 4 mg iv every 4 months appears, from

various recent studies, to be very efficacious in in-
creasing BMD both at lumbar and femoral level.
Moreover, this treatment seems well-tolerated and
also to be able to reduce pain. The normalization of
bone turnover and the increase of BMD are prob-
ably a good surrogate of anti-fracture efficacy, but
up to now no data about reduction of fracture risk
have been available in the literature. Apart from the
open question of the treatment duration, the ad-
ministration of iv bisphosphonates for several years
in thalassemic patients could raise the problem of
side effects. Indeed, pamidronate and zoledronate
have recently been associated with cases of jaw os-
teonecrosis (23), even if no case is to date reported
in thalassemic patients. 
It is important to observe that all studies reported
in this review use areal BMD, which it is not a mea-
sure of true bone density (24, 25). True bone den-
sity is volumetric BMD, that can be assessed only
by quantitative computed tomography, but this
technique involves high radiation exposure. Up to
now, it has been possible through mathematical
models to adjust the values of the areal BMD mea-
sured by DEXA for bone size and thus to calculate
the apparent volumetric BMD (26, 27). This param-
eter should be used to compare growing people
in a single study or people of different ages among
different studies. It would therefore be worth adopt-
ing in future trials with thalassemic patients.
In conclusion, even if bisphosphonates seem from
various studies to normalize bone turnover and in-
crease BMD in thalassemics, more trials with larger
populations are necessary to define the exact role
of each bisphosphonate, the long-term benefits
and side-effects, and above all the efficacy in re-
ducing fracture risk. 

REFERENCES
1. Ruggiero L, De Sanctis V. Multicentre study on prevalence

of fractures in transfusion-dependent thalassaemic pa-
tients. J Pediatr Endocrinol Metab 1998, 11: 773-8.

2. Vogiatzi MG, Macklin EA, Fung EB, et al. Prevalence of
fractures among the Thalassemia syndromes in North
America. Bone 2006, 38: 571-5.

3. Lasco A, Morabito N, Gaudio A, Buemi M, Wasniewska M,
Frisina N. Effects of hormonal replacement therapy on
bone metabolism in young adults with beta-thalassemia
major. Osteoporos Int 2001, 12: 570-5.

4. Voskaridou E, Kyrtsonis MC, Terpos E, et al. Bone resorp-
tion is increased in young adults with thalassaemia major.
Br J Haematol 2001, 112: 36-41.

5. Jensen CE, Tuck SM, Agnew JE, et al. High incidence of
osteoporosis in thalassaemia major. J Pediatr Endocrinol
Metab 1998, 11 (Suppl 3): 975-7.



Bisphosphonates and thalassemia

184

thalassemia-induced osteoporosis. J Bone Miner Met
2003, 21: 402-8.

18. 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: 730-7.

19. Perifanis V, Vyzantiadis T, Vakalopoulou S, et al. Treatment
of beta-thalassaemia-associated osteoporosis with zole-
dronic acid. Br J Haematol 2004, 5: 91-2.

20. Voskaridou E, Anagnostopoulos A, Konstantopoulos K, et
al. Zoledronic acid for the treatment of osteoporosis in pa-
tients with beta-thalassemia: results from a single-center,
randomized, placebo-controlled trial. Haematologica 2006,
91: 1193-202.

21. Otrock ZK, Azar ST, Shamseddeen WA, et al. Intravenous
zoledronic acid treatment in thalassemia-induced osteo-
porosis: results of a phase II clinical trial. Ann Hematol
2006, 85: 605-9.

22. 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: 138-44.

23. Krueger CD, West PM, Sargent M, Lodolce AE, Pickard
AS. Bisphosphonate-induced osteonecrosis of the jaw. Ann
Pharmacother 2007, 41: 276-84.

24. Prentice A, Parsons TJ, Cole TJ. Uncritical use of bone min-
eral density in absorptiometry may lead to size-related ar-
tifacts in the identification of bone mineral determinants.
Am J Clin Nutr 1994, 60: 837-42.

25. Compston JE. Bone density: BMC, BMD, or corrected
BMD? Bone 1995, 16: 5-7.

26. Kröger H, Kotaniemi A, Vainio P, Alhava E. Bone densito-
metry of the spine and femur in children by dual-energy
x-ray absorptiometry. Bone Miner 1992, 17: 75-85.

27. Carter DR, Bouxsein ML, Marcus R. New approaches for
interpreting projected bone densitometry data. J Bone
Miner Res 1992, 7: 137-45.

6. Wonke B, Jensen C, Hanslip JJ, et al. Genetic and ac-
quired predisposing factors and treatment of osteoporo-
sis in thalassaemia major. J Pediatr Endocrinol Metab 1998,
11 (Suppl 3): 795-801.

7. Lasco A, Morabito N, Gaudio A, et al. Osteoporosis and
beta-thalassemia major: role of the IGF-I/IGFBP-III axis. J
Endocrinol Invest 2002, 25: 338-44.

8. Anapliotou ML, Kastanias IT, Psara P, Evangelou EA, Liparaki
M, Dimitriou P. The contribution of hypogonadism to the de-
velopment of osteoporosis in thalassaemia major: new ther-
apeutic approaches. Clin Endocrinol (Oxf) 1995, 42: 279-87.

9. Soliman AT, El Banna N, Abdel Fattah M, ElZalabani MM,
Ansari BM. Bone mineral density in prepubertal children
with beta-thalassemia: correlation with growth and hor-
monal data. Metabolism 1998, 47: 541-8.

10. de Vernejoul MC, Pointillart A, Golenzer CC, et al. Effects
of iron overload on bone remodeling in pigs. Am J Pathol
1984, 116: 377-84.

11. De Sanctis V, Pinamonti A, Di Palma A, et al. Growth and
development in thalassaemia major patients with severe
bone lesions due to desferrioxamine. Eur J Pediatr 1996,
155: 368-72.

12. Carmina E, Di Fede G, Napoli N, et al. Hypogonadism and
hormone replacement therapy on bone mass of adult wom-
en with thalassemia major. Calcif Tissue Int 2004, 74: 68-71.

13. Suda T, Nakamura I, Jimi E, Takahashi N. Regulation of os-
teoclast function. J Bone Miner Res 1997, 12: 869-79.

14. Fleisch H. Bisphosphonates: mechanisms of action. Endocr
Rev 1998, 19: 80-100.

15. Gatti D, Adami S. New Bisphosphonates in the Treatment
of Bone Diseases. Drugs Aging 1999, 15: 285-96

16. Morabito N, Lasco A, Gaudio A et al. Bisphosphonates in
the treatment of thalassemia-induced osteoporosis.
Osteoporos Int 2002, 13: 644-9.

17. Pennisi P, Pizzarelli G, Spina M, Riccobene S, Fiore CE.
Quantitative ultrasound of bone and clodronate effects in



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




