
haematologica reports 2005; 1(issue 8):October 2005 11

[haematologica reports]
2005;1(8):11-13

CAPPELLINI MD

Centro Anemie Congenite, 
Fondazione Policlinico,
Mangiagalli, Regina Elena
IRCCS, Università di Milano, Italy

ICL670: clinical outcome

In thalassemia, myelodysplastic syndrome
(MDS) and sickle cell disease (SCD), long-
term substitution therapy for anemia

results in toxic iron overload which consti-
tutes a significant medical problem. 

As humans have no physiological mech-
anism to excrete excess iron, this is deposit-
ed in the form of ferritin and hemosiderin
in the liver, spleen, many endocrine organs
and in the myocardium. This accumulation
results in a host of clinical complications
such as heart disease, diabetes, hypothy-
roidism and liver failure, and the primary
causes of death among patients who
require regular transfusions are due to the
effects of iron overload rather than the
underlying problem. 

Treatment options for iron overload are
limited. Currently, two iron-chelating
agents are licensed for the treatment of
iron overload: deferoxamine and deferiprone.
More than 35 years of clinical experience
with deferoxamine (Desferal®;) has estab-
lished that chelation therapy in thalassemia
patients with iron overload reduces related
pathologies, normalizes growth, prevents
cardiac insufficiency and improves patients’
quality of life.1,2

The poor oral bioavailability and a short
plasma half-life of deferoxamine (DFO),
however, require parenteral administration
and a slow infusion time. The inconvenient
route of administration and associated
complications mean that compliance with
life-long therapy is a significant issue. As a
consequence, many patients are believed to
die unnecessarily due to poor maintenance
therapy.3,4

Although deferoxamine has clearly estab-
lished the value of iron chelation in avoid-
ing the serious complications of iron over-
load, poor patient compliance can signifi-
cantly limit therapeutic success. Deferi-
prone (L1; Ferriprox®, Apotex) (DFP) is a
bidentate, orally active iron chelator, regis-
terd in some countries, which is formulat-
ed as solid tablets and administered three
times a day. Prospective clinical data doc-
umenting the efficacy of deferiprone are

limited5,6 In addition, its therapeutic win-
dow is narrow, and its safety risks include
drug-related agranulocytosis and arthropa-
thy.7 In Europe use of deferiprone is restrict-
ed to β-thalassemia major patients who
cannot adequately be treated with defer-
oxamine, with weekly monitoring of the
complete blood cell count. The safety and
efficacy of deferiprone have not been well
studied in children less than 6 years of age,
even though such pediatric patients also
have increased iron stores. Comparisons of
the effects of DFP and DFO are largely
based on retrospective analyses,8 and large
well-designed prospective studies of this
agent are required to clarify the compara-
tive effects of these agents. 

ICL670: a novel oral iron chelator
ICL670 (Deferasirox) is a once-daily oral

chelator developed specifically for the
treatment of chronic iron overload. It rep-
resents a new class of tridentate iron chela-
tors with a high specificity for iron.9 Effi-
cient and selective mobilization of tissue
iron has been demonstrated in several ani-
mal models, with efficiency being greater
than deferoxamine, and considerably
greater than deferiprone.10

ICL670: clinical outcome
A robust clinical programme has been

developed to establish the safety and effi-
cacy of once-daily oral ICL670 (Table 1).
Phase I clinical evaluation of ICL670 has
shown this novel agent to be well tolerat-
ed, with no safety concerns at doses up to
80 mg/kg/day. Dose-dependent iron excre-
tion was achieved (almost entirely in the
feces), and averaged approximately 0.127,
0.344 and 0.564 mg/kg/day at the 10, 20
and 40 mg/kg doses, respectively. The plas-
ma half-life (11-19 hours) supports the
once-daily oral dosing regimen used in sub-
sequent clinical evaluation.11,12 Exposure
(area under the plasma concentration
curve, AUC 0-24h) and the maximum plas-
ma concentration (Cmax) increased nearly
proportionally with the dose. 

Session I • Progress in the management of iron overload



A positive trend towards increased amounts of iron
excreted in the urine was observed when the AUC 0-
24h of ICL670 and the iron complex exceeded specific
threshold values at the 40 and 80 mg/Kg dose levels.11
A dose escalation study has been undertaken in
patients with β-thalassemia in order to assess safety
and tolerability, pharmacokinetics and cumulative net
iron excretion (NIE, measured by faecal and urine out-
put). A randomized, double blind, placebo-controlled
design was utilized with doses of 10, 20 and 40 mg/Kg
being administerd daily for a period of 12 days. A lin-
ear relation was recorded between exposure to ICL670
and total iron excretion. All 3 doses resulted in a pos-
itive NIE, and the NIE achieved at the mid-dose of 20
mg/Kg/day was noted as being able to prevent net iron
accumulation in most patients transfused with 12-15
ml packed red blood cells/Kg/day12 (Figure 1). In a phase

II study the tolerability of ICL670 in comparison with
deferoxamine has been determined in 71 patients with
transfusional hemosiderosis. 

Patients were randomized to receive ICL670 (10 or
20 mg/kg/ day p.o.; n=24 in both groups) or deferox-
amine (40 mg/kg sc on 5 days per week; n=23). The
incidence of adverse events was similar in all groups.
Decreases in LIC (as determined by non-invasive bio-
magnetic susceptometry, SQUID) were of a similar
magnitude in the ICL670 20 mg/kg and deferoxamine
groups, with LIC values at baseline of 8.5 and 7.9 mg/g
dw respectively, falling to 6.6 and 5.9 mg/g dw at 48
weeks. The pharmacokinetics of ICL670 allow once-
daily administration with a rapid increase in serum
concentration after administration and an elimination
half-life of 8-16 hours.13 A multinational Phase III ran-
domized trial comparing ICL670 to deferoxamine over
one year was initiated in pediatric and adult patients
with β-thalassemia receiving regular blood transfu-
sions in order to further evaluate its efficacy in body
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Figure 1. Net iron excretion in response to ICL670 admin-
istration. Horizontal bar represents the range of iron
received by patients as a result of their transfusion regi-
mens (0.3-0.5 mg iron Kg ). Reprinted from Nisbet-Brown
E et al., (2003, Lancet 361:1597-1602).

Figure 2. A: Liver iron concentration at baseline and at
the end of the study 107 in patients treated with differ-
ent ICL670 doses; B: Liver iron concentration at baseline
and at the end of the study 107 in patients treated with
different Deferoxamine doses.

Table 1. Major ICL670 clinical studies.
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iron reduction. β-thalassemia was selected as the
model disease for demonstration of efficacy across the
range of patients at risk of iron overload. 

Patients were randomized and received treatment
with ICL67 (n=296) or deferoxamine (n=290) with
dosing of each agent according to baseline liver iron
concentration (LIC) as determined by analysis of liver
biopsy specimens in 84% of patients. The primary end-
point was maintenance or reduction of LIC; secondary
endpoints included safety and tolerability, change in
serum ferritin level and net body iron balance. In both
arms patients with LIC values ≥7 mg Fe/g dw had sim-
ilar reductions in LIC, similar changes in serum fer-
ritin, and similar net body iron balance. Due to prot-
col design, patients with lower LIC values received pro-

portionally lower doses of ICL670 relative to deferox-
amine compared to patients with higher LIC values,
and this resulted in the primary endpoint not being
met in the overall population of patients (Figure 2).

The most common adverse events included rash,
gastrointestinal disturbances, and mild non-progres-
sive increases in serum creatinine. No agranulocytosis,
arthropathy or growth failure was associated with
deferasirox administration.15 In the setting of mielodis-
plastic patients (MDS), where transfusional burden is
generally less than that of β-thalassemia, ICL670 has
shown high efficacy in trials at doses of 10 mg/Kg/day
and above.16 ICL670 (Deferasirox) is a promising once-
daily oral therapy for the treatment of patients with
transfusional iron overload.

References 

1. Olivieri NF, Brittenham GM. Iron-chelat-
ing therapy and the treatment of tha-
lassemia. Blood. 1997;89:739-61.

2. Borgna-Pignatti C, Rugolotto S, De Ste-
fano P et al. Survival and disease com-
plications in thalassemia major. Haema-
tologica 2004; ;850:227-31.

3. Modell B, Khan M., Darlison M. Survival
in β-thalassemia major in the UK: data
from the UK thalassemia register. Lancet
2000; 355: 2051-2.

4. Cappellini MD. Overcoming the challenge
of patient compliance with iron chela-
tion therapy.Seminars in Hematology.
2005; 42 suppl.1:19-21.

5. Maggio A, D’Amico G, Morabito A, et a.
lDeferiprone versus deferoxamine in
patients with thalassemia major: a ran-
domized clinical trial. Blood Cells, Mole-
cules, Diseases; 2002;28:196-208.

6. Cohen AR, Galanello R, Piga A, et al.
Safety and effectiveness of long-term
therapy with the oral iron chelator defe-
riprone. Blood. 2003;102:1583-7.

7. Hoffbrand AV, Cohen A, Hershko C.The
role of deferiprone in chelation therapy
for transfusional iron overload. Blood
2003;102:17-24.

8. Piga A, Gaglioti C., Fogliaccio E et al.
Comparative effects of deferiprone and
deferoxamine on survival and cardiac
disease in patients with thalassemia
major: a retrospective analysis. Haema-
tologica 2003; 88:489-96.

9. Nick H, Acklin P, Lattmann R et al. Devel-
opment of tridentate iron chelators: from
desferrithiocin to ICL670. Curr Med Chem
2003;10:1065-76.

10. Nick H, Wong A, Acklin P et al. ICL670A:
preclinical profile. Adv Exp Med Biol
2002;509:185-203.

11. Galanello R, Piga A, Alberti D et al. Safe-
ty, tolerability, and pharmacokinetics of
ICL670, a new orally active iron-chelat-
ing agent in patients with transfusion-
dependent iron overload due to β-tha-
lassemia. J Clin Pharmacol 2003;43:565-
72. 

12. Nisbet-Brown E, Olivieri NF, Giardina PJ
et al. Effectiveness and safety of ICL670

in iron-loaded patients with thalas-
saemia: a randomised, double-blind,
placebo-controlled, dose-escalation trial.
Lancet. 2003;361:1597-1602.

13. Piga A, Galanello R, Cappellini MD et al.
Phase II study of oral chelator ICL670 in
thalassemia patients with transfusional
iron overload: efficacy, safety, pharma-
cokinetics (PK) and pharmacodynaqmics
(PD) after 6 months of therapy. Blood
2002;100 (suppl.11):5a.

14. Piga A, Galanello R, Forni GL et al, Com-
parison of the novel, once-daily oral
chelating agent ICL670 with deferoxam-
ine in thalassemia patients with transfu-
sional iron overload. Submitted

15. Cappellini MD, Cohen A, Piga A. et al. A
Phase III study of deferasirox (ICL670), a
once-daily oral iron chelator,in patients
with β-thalassemia. Submitted

16. Cazzola M. Managing iron overload in
transfused MDS patients: rationale and
benefits. EHA Stockholm 2005:Progress
in the diagnosis and management of iron
overload.


