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Thalassemia is considered the most common genetic
disorder worldwide. In Europe the disease is particular-
ly prevalent in inhabitants of Italy and Greece. It is also
common in South East Asia and in the Middle East,
where it represents an important economic and social
burden. In North America more than 800 patients are
included in the Registry of the National Institutes of
Health-sponsored Thalassemia Clinical Research
Network.' Thalassemia major used to be a rapidly fatal
disease and the results obtained in terms of survival
have been striking in the more industrialized parts of
the world, while they remain disappointing in low-
income countries.

In this issue of the journal there is one article report-
ing the results, in terms of survival, in the Greek Cypriot
population,” and two articles evaluating new approach-
es to the therapy of thalassemia.**

Survival in Cyprus

Cyprus has represented an extraordinary example of
how a country with a very high prevalence of the B-tha-
lassemia gene can reduce the birth of affected patients
to almost zero, thanks to the efforts of motivated and
far-seeing people.® The few recent births have been lim-
ited mainly to cases in which the father was not avail-
able for testing. In the present study,® Telfer and his
Cypriot colleagues take these important results one step
further, reporting very good survival rates in recent
years for all patients born after 1974. Following a signif-
icant increase in cardiac mortality between 1990 and
1999 despite intensive use of deferoxamine, they
observed a reversal of this trend between 2000 and
2005. Improved survival has recently been reported
from Italy, where mortality has been consistently and
significantly decreasing, with an especially marked dif-
ference between patients born before and after 1970.°
This large improvement was certainly due to the intro-
duction of chelation therapy with deferoxamine, which
began in 1970 as an intramuscular injection and after
1979-1980 was generally administered as a subcuta-
neous infusion. The most frequent cause of death in
patients with thalassemia major is heart disease, respon-
sible for more than half of the deaths in both the
Cypriot and the Italian study. Therefore, an improve-
ment in survival should be obtained by a decrease in
cardiac deaths. This was in fact documented in the
Italian study and in the paper by Telfer et al., while, on
the contrary, no trend was identified in non-cardiac
deaths. Telfer et al. attribute their findings to improved
medical expertise and use of combined chelation thera-
py. They underline the fact that there were no deaths

among patients on combination therapy, for a total of
1000 person years of follow-up and suggest that the
treatment, selected mainly for patients most at risk, is
highly effective in preventing cardiac events. Their
study did not, however, have the statistical power to
evaluate the protective effect of combination therapy
compared to deferoxamine. The concomitant use of
daily deferiprone with subcutaneous deferoxamine 2-6
days each week was originally proposed by Dr. Wonke
in London’ and was shown to produce additive effects,
explained, later, by the shuttle hypothesis. Iron bound
to a shuttle - an oral agent that mobilizes tissue iron-is
exchanged in the bloodstream with a sink - such as par-
enteral deferoxamine - and excreted via the kidneys,
while the shuttle is reutilized. In theory, combination
therapy may enhance iron excretion, target specific iron
compartments, minimize side effects, and improve
compliance.® In fact, several studies have confirmed
that, during combined therapy, ferritin levels and liver
iron concentration decrease more markedly and mean
urinary iron excretion is higher than with deferoxamine
or deferiprone monotherapy. It has also been shown
that the combined therapy is associated with an
improvement in heart function.*”® The cardioprotective
effect of deferiprone has been recognized in small retro-
spective studies,"™ in a randomized controlled trial"
and in a large epidemiological study of Italian patients.™
Unfortunately all studies are concordant in demonstrat-
ing that, against all hopes, the most feared side effect of
deferiprone, agranulocytosis, is not rarer, and possibly is
more prevalent, in patients treated with combined ther-
apy®® than in those receiving monotherapy'
Nonetheless combination therapy is now considered
the best available treatment for patients with cardiac
iron overload, whether symptomatic or diagnosed by
magnetic resonance imaging."”

Alternating regime of deferoxamine and deferiprone
When deferiprone and deferoxamine are not given
concomitantly, but on different days, the chelating regi-
men is called alternating. Such a regime should serve the
purpose of decreasing the side effects of both chelators.
Aydinok and her co-workers' had adopted this regime
in a small group of children in an attempt to improve
compliance to deferoxamine, at that time considered
the only chelator of proven efficacy. In this issue of
Haematologica a group of Italian, Greek and German
researchers compare the results of deferoxamine
monotherapy, given for 5 to 7 days per week, with the
alternating regime, in which deferoxamine was limited
to 2 days and deferiprone administered for the remain-
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ing 5, in 60 transfusion-dependent patients with tha-
lassemia major.* The results were satisfactory in terms
of efficacy, with similar reductions in ferritin levels and
liver iron concentration, but the incidence of gastroin-
testinal symptoms in the deferiprone users and of local
reactions due to deferoxamine infusion were not much
different than would be expected with either drug
alone. No cases of agranulocytosis or arthralgia were
observed, but the size of the sample does not allow any
firm conclusion to be drawn about these complications.
Interestingly, the two patients who developed neu-
tropenia were both receiving deferoxamine, confirming
that this event is not rare in thalassemia, even independ-
ently of deferiprone administration. At present, alternat-
ing therapy might serve the purpose of increasing the
compliance of patients who have difficulties with
monotherapy. Although (to say it with the Nobel laure-
ate Niels Bohr) predictions are very difficult, especially
about the future, it is not unlikely that self management
of chelation therapy will become common. Patients will
be able to choose to use deferoxamine, deferiprone, and
the new oral chelator deferasirox, alone or in combina-
tion, according to their needs and preferences, with or
without the approval of their physicians.

Osteoporosis

As a consequence of longer survival, the thalassemic
patient’s quality of life is becoming more important and
more attention is being given to new complications.
Some of these complications did not have the time to
appear when patients died at a younger age, while oth-
ers were not considered important when the patients
were dealing with life-threatening heart disease or other
serious complications. Osteoporosis, which has been
found to affect 51% of the patients with an additional
45% affected by osteopenia,'® probably pertains to both
groups. In the first description of thalassemia major, Dr
Cooley® mentioned the peculiar bone changes due to
leukoblastic hyperplasia. More recently, reduced mineral
density and consequent susceptibility to fractures in
older patients have been attributed not only to hyperac-
tivity of the bone marrow but also to iron overload,
endocrine dysfunction, adverse effects of deferoxamine,
and lack of physical exercise. In one study, male gender,
lack of spontaneous puberty in female patients, active
hepatitis, heart disease, and diabetes represented signif-
icant risk factors, while transfusional history, chelation
and erythropoietic activity did not.” The role of genetic
predisposition is controversial. Analysis of genetic
polymorphisms for the collagen type I gene, vitamin D,
estrogen, and calcitonin receptors has not given conclu-
sive results so far.”* Fractures, often secondary to mild
or moderate trauma, are more frequent in thalassemic
patients than in the general population.?** In addition to
decreased bone formation, characterized by decreased
levels of osteocalcin,® an increase in bone resorption
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through the RANK/RANKL/osteoprotegerin pathway,
has been demonstrated.” Conventional therapy for
osteoporosis of thalassemia has included - until recent-
ly - a rather bland regimen of sex hormone-replacement
therapy, regular exercise, and calcium and vitamin D
supplements. However, reports on the treatment of
male and menopausal osteoporosis have demonstrated
the efficacy of several therapeutic agents, opening the
way for a more effective treatment also in patients with
thalassemia  Bisphosphonates, which are potent
inhibitors of osteoclast activation, represent a logical
choice in the management of these patients.
Alendronate and pamidronate have been shown to be
effective,?”* while clodronate was unable to increase
bone mineral density.”®* A large prospective, placebo-
controlled, randomized trial on the use of zoledronic
acid, the most potent third generation bisphosphonate
to date, is reported in this issue of Haematologica by
Voskaridou et al* Following a first encouraging report
by Peritanis et al.,”* they here compare zoledronic acid,
given twice a year or four times a year, to placebo. All
the patients were also receiving daily supplementation
with a low dose (500 mg) of calcium. The majority of
the patients enrolled had suffered one or more patho-
logical fractures before entering the study. The primary
end point should have been the reduction in incidence
of osteoporotic fractures, but the size of the sample
was not sufficient to demonstrate this. In fact, no frac-
tures occurred during the study period, and the authors
therefore report the efficacy in terms of improvement in
bone mineral density, modification in the biochemical
markers of bone formation and resorption, and pain
reduction evaluated by two different scoring systems.
This last parameter is particularly important because the
majority of patients complain that bone pain of varying
severity affects their quality of life.”

The study demonstrated a significant increase in bone
mineral density of the vertebrae but not of the femoral
neck, a reduction of markers of bone resorption, and a
reduction of bone pain, in patients receiving zoledronic
acid every 3 months. When the drug was given twice a
year, bone mineral density did not improve, but bone
pain was favorably affected, as were the biochemical
markers of improved balance between bone formation
and resorption. Patients on placebo did not experience
any change in bone mineral density nor in pain and
showed an aggravation in the markers of bone resorp-
tion. The results are encouraging, but before we can
accept the drug as effective in the treatment of osteo-
porosis in thalassemia, larger studies are needed in order
to clarify its efficacy in preventing fractures. Also, the
description of several cases of jaw necrosis in people
treated with pamidronate and zoledronic acid® is dis-
turbing. A further note on the use of calcium and vita-
min D, the most widely used prophylaxis and treatment
for osteoporosis in post-menopausal women and in tha-



lassemia, is important. We all feel virtuous and safe in
prescribing this therapy, but recent results from the
Women’s Health Initiative study on the risk of fractures
during daily supplementation with 1000 mg of elemen-
tal calcium as calcium carbonate and 400 IU of vitamin
D3 failed to demonstrate a reduction in hip fractures,
while the risk of kidney stones increased by 17%.*
Similar data have not been reported for the thalassemia
population. Although several factors could have con-
tributed to the lack of effectiveness, including too low a
dose of vitamin D,* additional therapy is probably nec-
essary in patients at risk of fractures. Particular attention
should also be given to monitoring urinary calcium
excretion in thalassemia patients who probably have an
increased risk of kidney stones. It has been suggested
that the risk could be decreased if calcium citrate were
used instead of calcium carbonate.*

Although other treatments for osteoporosis, including
teriparatide® or strontium ranelate,” are capable of
reducing the risk of fractures in the population at large,
no formal trials of these drugs have been conducted in
thalassemia. It is likely that in the treatment of osteo-
porosis, as in iron chelation, combined or sequential
regimens will be useful. The relative merits of starting
with an anabolic or an anticatabolic drug have not been
compared, however, and optimal duration of therapy
still needs to be determined.*

Conclusions

In conclusion, patients with thalassemia are living
longer, the once dreaded parenteral chelation therapy is
now easier as new regimens and new chelators have
become available, and we can pay more attention to the
best management of previously undertreated complica-
tions such as osteoporosis. The temptation is strong to
congratulate ourselves, as a scientific community, for
the results obtained thus far, but this should be tem-
pered by the knowledge that worldwide, around 87%
of children born with thalassemia major die untreated,
while at least 60% of those who start on regular trans-
fusions have no access to iron chelation therapy.® It is
important that we unite our voices to help the rest of
the world to obtain what we have obtained in the past
30 years.” In addition, new waves of immigration have
increased the prevalence of hemoglobinopathies in
areas where they were previously rare. There is a strong
rationale for pan-European collaboration to enable
countries to benefit from the experience of others, to
share methodologies, and to develop standardized pre-
ventive and therapeutic approaches.”

Disclosutes: The author has conducted research studies spon-
sored by Novartis Pharma and has received support for expens-
es related to meetings by Apotex, Inc., and by Novartis. She has
also received honoraria from Apotex for the presentation of results
at scientific meetings.

Editorials and Perspectives

References

1. Vichinsky EP, MacKlin EA, Waye ]S, Lorey F Olivieri NE
Changes in the epidemiology of thalassemia in North
America: a new minority disease. Pediatrics 2005;116:e818-25.

2. Telfer B, Coen PG, Christou S, Hadjigavriel M, Kolnakou A,
Pangalou E, et al. Survival of medically treated thalassaemia
patients in Cyprus. Trends and risk factors over the period
1980-2004. Haematologica 2006;91:1187-92.

3. Voskaridou E, Anagnostopoulos A, Konstantopoulos K, Stou-
pa E, Spyropoulou %, Kiamouris C et al. Zoledronic acid is an
effective treatment for osteoporosis in patients with b-thalas-
saemia: results from a single-centre, randomized, placebo-con-
trolled trial. Haematologica 2006;91:1193-202.

4. Galanello R, Kattamis A, Piga A, Fischer R, Leoni G, Ladis V, et
al. A prospective randomised controlled trial on the safety and
efficacy of alternating deferoxamine and deferiprone in the
treatment of iron overload in patients with thalassaemia.
Haematologica 2006;91:1241-3.

5. Angastiniotis M, Modell B, Englezos P, Boulyjenkov V.
Prevention and control of haemoglobinopathies. Bull World
Health Organ 1995;73:375-86.

6. Borgna-Pignatti C, Rugolotto S, De Stefano P, Zhao H, Cappel-
lini MD, Del Vecchio GC, et al. Survival and complications in
patients with thalassemia major treated with transfusion and
deferoxamine. Haematologica 2004;89:1187-93.

7. Wonke B, Wright C, Hoftbrand AV. Combined therapy with
deferiprone and desferrioxamine. Br ] Haematol 198 ; 103:
361-4.

8. Giardina PJ, Grady RW. Chelation therapy in B-thalassemia:
an optimistic update. Semin Hematol 2001;38:360-6.

9. Origa R, Bina B, Agus A, Crobu G, Defraia E, Dessi C, et al.
Combined therapy with deferiprone and desferrioxamine in
thalassemia major. Haematologica 2005;90:1309-14.

10. Kattamis A, Ladis V, Berdousi%{, Kelekis NL, Alexopoulou E,
Papasotiriou I, et al. Iron chelation treatment with combined
therapy with deferiprone and deferioxamine: a 12-month trial.
BIoocFCells Mol Dis 2006;36:21-5.

11. Anderson L], Wonke B, Prescott E, Holden S, Walker JM,
Pennell D]. Comparison of effects of oral deferiprone and sub-
cutaneous desferrioxamine on myocardial iron concentrations
and ventricular function in b-thalassaemia. Lancet 2002; 360:
516-20.

12. Piga A, Gaglioti C, Fogliacco E, Tricta E Comparative effects of
deteriprone and deferoxamine on survival and cardiac disease
in patients with thalassemia major: a retrospective analysis.
Haematologica 2003;88:489-96.

13. Peng CT, Chow KC, Chen JH, Chiang YP, Lin TY, Tsai CH.
Safety monitoring of cardiac and hepatic systems in b-tha-
lassemia patients with chelating treatment in Taiwan. Eur J
Haematol 2003;70:392-7.

14. Pennell DJ, Berdoukas V, Karagiorga M, Ladis V, Piga A,
Aessopos A, et al. Randomized controlled trial of deferiprone
or deferoxamine in b-thalassemia major patients with asymp-
tomatic myocardial siderosis. Blood 2006;107:3738-44.

15. Borgna-Pignatti C, Cappellini MD, De Stefano P, Del Vecchio
GC, Forni GL, Gamberini MR et al. Cardiac morbidity and
mortality in deferoxamine- or deferiprone-treated patients
with thalassemia major. Blood 2006;107:3733-7.

16. Cohen AR, Galanello R, Piga A, DiPalma A, Vullo C, Tricta E
Safety protfile of the oral iron chelator deferiprone: a multicen-
ter stuj) . Br ] Haematol 2000;108:305-12.

17. Neufeld EJ. Oral chelators deferasirox and deferiprone for
transfusional iron overload in thalassemia major: new data,
new questions. Blood 2006;107:3436-41.

18. Aydinok Y, Nisli G, Kavakli K. Alternate use of deferiprone
and desferrioxamine in primary school children with thalas-
saemia major. Br ] Haematol 1999;106:252-3.

19. Jensen CE, Tuck SM, Agnew JE, Koneru S, Morris RW, Yardu-
mian A, et al. High prevalence of low bone mass in thalas-
saemia major. Br ] Haematol 1998;103:911-5.

20. Cooley TB, Lee P. A series of cases of splenomegaly in children
with anemia and peculiar bone changes. Trans Am Pediatr Soc
1925; 87:29-34.

21. Origa R, Fiumana E, Gamberini MR, Armari S, Mottes M,
Sangalli A, et al. Osteoporosis in B-thalassemia: clinical and

enetic aspects. Ann N'Y Acad Sci 2005;1054:451-6.

22. Wonke B, Jensen C, Hanslip JJ, Prescott E, Lalloz M, Layton M,
et al. Genetic and acquired predisposing factors and treatment
of osteoporosis in tcl{lalassaemia major. ] Pediatr Endocrinol
Metab 1998;1 Suppl 3:795-80.

23. Perrotta S, Cappellini MD, Bertoldo E, Servedio V, lolascon G,

haematologica/the hematology journal | 2006; 91(9) | 1161 |



Editorials and Perspectives

D'Agruma L, et al. Osteoporosis in B-thalassaemia major
patients: analysis of the genetic background. Br ] Haematol

2000;111:461-6.

24. Michelson ], Cohen A. Incidence and treatment of fractures in

thalassemia. ] Orthop Trauma 1988;2:29-32.

25. Vogiatzi MG, Macklin EA, Fung EB, Vichinsky E, Olivieri N,
Kwiatkowski ], et al. Prevalence of fractures among the tha-

lassemia syndromes in North America. Bone 2006;38:571-5.

26. Morabito N, Gaudio A, Lasco A, Atteritano M, Pizzoleo MA,
Cincotta M, et al. Osteoprotegerin and RANKL in the patho-
osteoporosis: new pieces of

genesis of thalassemia-induced
the puzzle. ] Bone Miner Res 2004;19:722-7.
27. Vole

2008;123:730-7.

28. Morabito N, Lasco A, Gaudio A, Crisafulli A, Di Pietro C, Meo
A, et al. Bisphosphonates in the treatment of thalassemia-

induced osteoporosis. Osteoporos Int 2002;13:644-9.

29. Pennisi P, Pizzarelli G, Spina M, Riccobene S, Fiore CE.
one and clodronate effects in tha-
lassemia-induced osteoporosis. ] Bone Miner Metab 2003; 21:

Quantitative ultrasound of

402-8.

30. Perifanis V, Vyzantiadis T, Vakalopoulou S, Tziomalos K,
Garypidou V, Athanassiou-Metaxa M, et al. Treatment of B-
thalassaemia-associated osteoporosis with zoledronic acid. Br

] Haematol 2004;125:91-2.

31. Angastiniotis M, Pavlides N, Aristidou K, Kanakas A, Yerakaris
M, Eracleous E, et al. Bone pain in thalassaemia: assessment of
DEXA and MRI findings. ] Pediatr Endocrinol Metab. 1998; 11

| 1162 | haematologica/the hematology journal | 2006; 91(9)

aridou E, Terpos E, Spina G, Palermos ], Rahemtulla A,
Loutradi A, et al. Pamidronate is an effective treatment for
osteoporosis in patients with B-thalassaemia. Br ] Haematol

32.

33.

34.
35.
36.

37.

38.

39.

40.
41.

Suppl 3:779-84.

Migliorati CA, Siegel MA, Elting LS. Bisphosphonate-associat-
ed osteonecrosis: a long-term complication of bisphosphonate
treatment. Lancet Oncol 2006;7:508-14.

Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J,
Lewis CE, et al. Calcium plus vitamin D supplementation and
the risk of fractures. N Engl ] Med 2006;354:669-83.
Finkelstein JS. Calcium plus vitamin D for postmenopausal
women--bone appétit¢ N Engl ] Med 2006;354:750-2.

Terris S. Calcium plus vitamin D and the risk of fractures. N
Engl J Med 2006;354:2285-7.

Hodsman A, Papaioannou A, Cranney A. Clinical practice
guidelines for the use of parathyroid hormone in the treatment
of osteoporosis. Scientifri)c Advisory Council of Osteoporosis
Canada, Clinical Guidelines Committee, Writing Group on
the Systematic Review of Parathyroid Hormone for the
Treatment of Osteoporosis. CMAJ 2006;175:48.

Meunier PJ. Anabolic agents for treating postmenopausal
osteoporosis. Joint Bone Spine 2001;68:576-81.

Audran M. Drug combination strategies for osteoporosis. Joint
Bone Spine 2006;73:374-8.

Modell B, Darlison M. Global epidemiology of haemoglobin
disorders, and derived service indicators. [Submitted for pub-
lication)].

Document EB118.R1. WHO 2006.

Modell B, Darlison M, Birgens HB, Cario H, Faustino P,
Giordano P, et al. Epidemiology of haemoglobin disorders in
Europe: an overview. Scand ] Haematol [Submitted for publi-
cation].





