
haematologica/the hematology journal | 2007; 92(12) | 1599 |

A randomized controlled 1-year study of daily deferiprone plus
twice weekly desferrioxamine compared with daily deferiprone
monotherapy in patients with thalassemia major
Yesim Aydinok, Zulal Ulger, Deniz Nart, Aysen Terzi, Nurten Cetiner, Gareth Ellis,
Arthur Zimmermann, Chantal Manz

From the Ege University, Faculty of
Medicine, Department of Paediatric
Haematology, Izmir, Turkey (YA, AT);
Ege University, Faculty of Medicine,
Department of Cardiology, Izmir,
Turkey (ZU), Ege University, Faculty of
Medicine, Department of Pathology,
Izmir, Turkey (DN), Ege University,
Faculty of Medicine, Research
Laboratory, Izmir, Turkey (NC); Royal
Free Hospital, Haematology
Department, Hampstead, London,
United Kingdom (GE); University of
Berne, Institute of Pathology,
Switzerland (AZ), Clinical R & D,
Lipomed AG, Arlesheim,
Switzerland (CM).

Manuscript received February 21,
2007.
Manuscript accepted August 16,
2007.

Correspondence:
Yesim Aydinok, Ege University
Faculty of Medicine, Department
of Pediatric Hematology
35100 Bornova, Izmir, Turkey.
E-mail: yesim.aydinok@ege.edu.tr

Background and Objectives

The aim of this prospective, randomized, 1-year study was to compare the efficacy and
safety of oral deferiprone (DFP) with those of combinations of parenteral desferriox-
amine (DFO) with oral DFP.

Design and Methods

A total of 24 patients with thalassemia major were randomized to receive one of the
following two treatments; DFP given at a daily dose of 75 mg/kg in combination with
DFO (40-50 mg/kg twice weekly) (n=12) or as single agent (n=12). In addition, 12
patients treated with 40-50 mg/kg DFO 5 days weekly were included as a reference
group without randomization. Changes in liver iron concentration (LIC) and serum fer-
ritin (SF) were assessed; total iron excretion (TIE), urinary iron excretion (UIE) and iron
balance were calculated. Cardiac function and toxicity were also examined.

Design and Methods

SF and LIC were significantly reduced after 1 year of combination therapy (p=0.01 and
0.07, respectively). A decrease of LIC was observed in all but one patient (87.5%) fol-
lowing the combination therapy but in only 42% of patients treated with DFP monother-
apy. In the DFO reference group, a statistically significant decrease in LIC (p=0.01)
associated with a substantial decrease in SF (p=0.08) was observed after 1 year. The
combination regimen resulted in greater TIE compared to DFP monotherapy (p=0.08)
and was the regimen associated with the highest iron balance compared to DFP
monotherapy (p=0.04) or standard DFO treatment (p=0.006).

Interpretations and Conclusions

The addition of subcutaneous DFO twice weekly to oral DFP 75 mg/kg is a highly effi-
cacious and safe chelation therapy providing superior chelation activity to that of DFP
and likely has an efficacy profile comparable to that of standard DFO.

Key words: thalassemia, deferiprone, desferrioxamine, combination therapy,
iron overload, iron balance, liver iron concentration
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Ithas been suggested that enhanced chelation and a decreasein total body iron stores can be obtained by combining the
two iron chelating drugs desferrioxamine (DFO) and

deferiprone (DFP) either sequentially or simultaneously.1-3 In
principle, this can be achieved by increasing the total expo-
sure to chelation therapy over each 24-hour period with
sequential treatment,4 or by increasing net iron excretion
by a synergistic effect when the two drugs are given simul-
taneously.1 While metabolic balance studies have shown
that excretion of urinary iron may increase when DFP is
added to DFO, this may not give a true representation of
iron balance because at least half of total iron excretion
with DFO monotherapy is through the fecal route. Iron
balance can be effectively estimated by measuring changes
in liver iron concentration (LIC) over time, as LIC is pre-
cisely related to body iron stores.5 Although there have
been many observations on the combined use of these
chelators showing decreases in serum ferritin (SF),3,6-13 rela-
tively few studies have examined changes in LIC.12,14 Some
randomized trials compared the effectiveness of either
DFPmonotherapy15-17 or combination therapy6 with that of
standard DFO therapy, but the effect on LIC was not com-
pared in patients receiving either combination treatment or
DFP monotherapy in a randomized, prospective study. In
the present study, the efficacy (assessed by reductions in
LIC and SF, and the net iron balance) and safety of combi-
nation treatment with parenteral DFO and oral DFP were
compared to those of oral DFP monotherapy in a random-
ized, controlled 1-year study.

Design and Methods

Patients
A total of 24 patients with thalassemia major were ran-

domized to receive one of the following two treatments;
DFP (500 mg tablets of deferiprone, Lipomed AG,
Switzerland) given at a daily dose of 75 mg/kg in combi-
nation with DFO (Desferal®, Novartis, Switzerland; 40-
50 mg/kg twice weekly) or as a single agent. Two of the
three daily DFP doses were administered simultaneously
with the DFO infusion. The randomization sequence
was generated by the Department of Mathematical
Statistics at the University of Berne, Switzerland accord-
ing to local policy. Upon central registration of a subject
by the investigator, the study co-ordinator assigned the
intervention according to the randomization sequence
and after eligibility control without concealing the
sequence prior to allocation. This study was approved by
the Institutional Review Board of the Turkish Ministry of
Health and the local ethics committee and all patients
treated in this study gave written informed consent prior
to inclusion. In addition, 12 patients treated with 40-50
mg/kg DFO 5 days weekly were selected, without ran-
domization, as a reference group. These selected patients
were highly compliant to DFO treatment. They were not
randomized into the trial, but gave their consent to be

treated 5 days weekly with DFO and underwent all the
evaluations set out in the study design.
All patients received regular blood transfusions at 2-4

weekly intervals to maintain hemoglobin levels above 9
g/dL and all had been treated with DFO prior to the com-
mencement of the study. Splenectomy was considered
when blood consumption required to maintain pretransfu-
sional hemoglobin levels above 9 g/dL was greater than
200 mL/kg/year of packed red blood cells. The proportion
of splenectomized patients was 7/12 (58%), 5/12 (42%)
and 8/12 (67%) in the DFP monotherapy, DFP and DFO
combination therapy and DFOmonotherapy arms, respec-
tively. Iron-overloaded thalassemic patients at least 4 years
old were eligible for inclusion in the study. Exclusion crite-
ria were lack of compliance, known toxicity or intolerance
preventing therapy with DFO and DFP, neutropenia (neu-
trophils <1.5×109/L), thrombocytopenia (platelets
<100×109/L), renal, hepatic or decompensated heart failure,
active viral illness being treated with interferon-α/riba-
virin, repeated Yersinia infections, HIV–positivity, pregnan-
cy or nursing, and patients of reproductive age not taking
adequate contraceptive precautions. There were no statis-
tically significant differences between the characteristics of
the patients enrolled in the DFPmonotherapy or combined
treatment arms (Table 1). The patients in the DFO refer-
ence arm were known to have excellent compliance to
DFO therapy, resulting in a lower body iron burden as
assessed by SF and LIC. For this reason, the patients of this
group were not included in the direct statistical compari-
son with those of the other two treatment groups.

Methods
Changes in LIC and SF were considered as the primary

efficacy end-points, but total iron excretion (TIE), urinary
iron excretion (UIE), iron balance, cardiac function (deter-
mined by echocardiography) and toxicity were also
assessed. Baseline investigations were completed within 4
weeks prior to the study. All patients had a wash-out peri-
od of 2 weeks without any iron chelating medication
before initiating the study treatment. Full blood counts
and white cell differentials were assessed weekly for the
first 8 weeks and fortnightly thereafter. SF and liver
enzymes were measured at 3-monthly intervals. LIC was
assessed in biopsies prior to the study and after 1 year of
treatment. Duplicate samples for LIC assessment obtained
from one pass of a Menghini type biopsy needle were
measured in two laboratories, i.e. locally at Ege University
Faculty of Medicine in Izmir as well as at the Royal Free
Hospital in London. Liver biopsy samples of less than 0.5
mg dry weight were excluded from analysis. Fresh sam-
ples measured in Izmir were stored frozen at -80 °C prior
to analysis. Iron was measured by inductively coupled
plasma - atomic emission spectrophotometry (ICP-AES)
using a Jobin Yvon JY spectrophotometer.18 Samples eval-
uated in London were fixed in 10% neutral buffered for-
malin solution and then embedded in paraffin according to
the method of Villeneuve et al.19 LIC was measured colori-
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metrically using bathophenanthroline sulphonate accord-
ing to an adapted validated method of Torrance and
Bothwell.20 A linear regression analysis comparing the two
methods indicated higher values for the locally assessed
samples than for those evaluated in London. Although
there was a very significant correlation between LIC val-
ues measured by the two methods (baseline rho=0.6,
p=0.002 and final rho=0.8, p<0.001), the coefficient varia-
tion was high and normalization to the London method
widened the error. Therefore, only local data were consid-
ered for further analyses. The histology of liver biopsy
samples, including fibrosis scoring and histology activity
index (HAI) grading was assessed according to Ishak et al.21

Liver iron was scored according to Sciot et al.22 All slides
were examined by the same observer (DN), who had no
information on the patient, his/her clinical status or treat-
ment arm. The inter-observer reproducibility of Ishak’s
fibrosis staging was confirmed by another pathologist
(AZ) who repeated the assessment in a blinded way with-
out access to any information on the patient. At quarterly
intervals, prior to transfusion, urine was collected for 24
hours for evaluation of UIE. For patients receiving combi-
nation therapy, urine was collected on 2 days, during one
day of DFP monotherapy and on the second day of the
combination treatment. UIE was measured using ICP-
AES. The average UIE of quarterly measurements was cal-
culated for each patient. The proportion of urinary and
fecal iron excretion induced by DFO and DFP monothera-
pies and the effect of the combination regimen on the
route of iron excretion were estimated from TIE. TIE was
calculated using the following formula TIE=iron trans-
fused during study period (mg) + [(LIC at To-LIC at T1y) ×
106 × body weight in kg]/number of days on treatment
between biopsies, as previously described by Angelucci et
al.5 Iron intake was calculated from the number of transfu-
sions received during the study period considering the
measured hematocrit resulting in an average iron content
of 154 mg per transfusion unit. Viral serology and audito-
ry and visual functions were assessed at 6-monthly inter-
vals. Audiological evaluation consisted of determination of
pure tone air and bone conduction thresholds of 125-
10,000 Hz using an Inter Acoustic A30 or AC5 applying
standard specifications.23 Visual acuity was tested using a
Snellen chart; fundoscopic examination was performed by
the same ophthalmologist using indirect ophthalmoscopy
and electro-oculographic (EOG) testing was carried out
and recorded in accordance with the standards of the
International Society for Clinical Electrophysiology of
Vision (ISCEV). Cardiac function was monitored at 6-
monthly intervals by echocardiography, measuring left
ventricular ejection fraction (LVEF) and fractionated short-
ening (FS) according to the method of Teichholz. Holter
monitoring was performed at the start of the study and
after 1 year of treatment. National Cancer Institute
expanded common toxicity criteria for adverse events
(NCI CTCAE v3.0) were used to evaluate the adverse
events encountered during the study period.41 The

patients’ compliance and tolerance to treatment and qual-
ity of life were also assessed at 3-monthly intervals.
Compliance was assessed by drug accounting at each visit
(by counting the returned empty blisters of deferiprone
and used vials of desferrioxamine) as well as by a study-
specific designed questionnaire completed by the patients
and/or their legal representative/guardian at quarterly
intervals. The same questionnaire also served for the
assessment of tolerance to treatment and quality of life.
Statistical analyses were performed using non-paramet-

ric tests in SPSS 1.0 for Windows. All evaluations were
performed on an intention-to-treat basis. For continuous
variables descriptive statistics were obtained and compar-
isons between treatment arms were made using the corre-
sponding non-parametric approaches (Mann-Whitney
test, Wilcoxon signed ranks test) when appropriate.
Spearman’s correlation coefficient was used to measure
how variables are related.

Results

Eight of the 12 patients in the combination treatment
arm and all patients in the DFP and DFO arms were eli-
gible for assessment of efficacy and safety. In total, four
patients treated with combination therapy dropped out
of the study: two patients withdrew consent just after
enrol-lment because of refusal of DFO therapy, one died
from arrhythmia-induced congestive heart failure at the
beginning of the study, and one developed agranulocyto-
sis at week 14. The mean DFP (78.2±1.4 mg/kg/day) and
DFO (43.8±2.8 mg/kg × 2 days/week) doses given to
patients receiving combination therapy were comparable
to the mean doses given to patients receiving DFP
monotherapy (78.2±2.6 mg/kg/day) or DFO monothera-
py (41.3±6.9 mg/kg × 5 days/week) (p=0.82 and p=0.26,
respectively).
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Table 1. Characteristics of patients at the start of the study.

Chelation Age Pretransfusional Blood Baseline Baseline
Regimen (years) Hb (g/dl) Consumption Ferritin LIC

(mL/kg/year) (µg/L) (mg/g dw)

DFP 15.9±4.2 8.9±0.5 156±45 4070±3223 30.7±10.6
(n=12) (9-23) (8.2-9.7) (80-255) (1014-10859) (13.5-48.7)

DFP+DFO 16.6±4.8 8.6±0.5 145±20 4453±2858 27.0±13.4
(n=12) (9-23) (7.7-9.3 ) (106-167) (570-9508) (11.0-53.4)

p* 0.74 0.32 0.57 1.0 0.39

DFO 15.0±6.4 9.2±0.5 166±44 1900±1358 10.7±4.7
(n=12) (5.0-24.5) (8.2-10.0) (114-237) (972-6028) (5.0-19.4)
p** 0.93 0.12 0.63 0.09 <0.001
p*** 0.52 0.01 0.31 0.07 0.001

LIC, liver iron concentration; dw, dry weight; Mann-Whitney-U test: *, DFP vs
DFP+DFO **, DFP vs DFO; ***, DFP+DFO vs DFO. Demographic data are
shown as mean ± SD and ranges are indicated in brackets.



Efficacy
The majority of patients in both treatment arms receiv-

ing DFP showed a decrease in SF after 1 year which was
statistically significant in those treated with the combina-
tion regimen (p=0.01) (Figure 1, Table 2). LIC was reduced
in all but one patient (87.5%) receiving combination ther-
apy (p=0.07) (Table 2, Figure 2B) whereas only 42% of
patients treated with DFP monotherapy showed a
decrease in LIC after 1 year (Figure 2A). LIC did not
change in 8% and increased in 50% of the patients on
DFP treatment (Figure 2A). In the DFO-treated reference
group, two liver biopsies were not assessable due to low
sample weight (<0.5 mg). A statistically significant
decrease in LIC (p=0.03), associated with a substantial
decrease in SF (p=0.08), was observed in the DFO group
after 1 year (Table 2). LIC decreased in all but one patient
in whom LIC was below 7 mg/g dw at study start and
after 12 months of DFO therapy. The mean hemoglobin
level increased significantly in the group treated with
combination therapy from 8.6±0.6 to 9.2±0.4 mg/dL
(p=0.02), but not in the other two treatment arms.
However, the blood consumption and pre-transfusional
hemoglobin levels did not vary in any of the treatment
groups before and during the study (data not shown).
Under the conditions of this trial, monotherapy with DFP
had the least effect on TIE. The addition of subcutaneous
DFO twice weekly to daily DFP therapy resulted in
greater iron excretion (p=0.08) than that produced by DFP
monotherapy, and in a significantly higher ratio of iron
excretion to iron intake (net iron balance) compared to
that achieved with DFP monotherapy (p=0.04) or stan-
dard DFO therapy given subcutaneously 5 days a week
(p=0.006) (Table 3). The mean UIE on days of combina-
tion therapy (0.88±0.32 mg/kg/day) was significantly
higher than on days of DFP monotherapy (0.38±0.22
mg/kg/day) (p=0.01) indicating an additive effect on UIE
by simultaneous administration of both drugs (data not
shown). However, it has been shown that only 42% of
estimated TIE was achieved by the urinary route in
patients given DFO monotherapy whereas iron excretion
caused by DFP occurred exclusively via the urinary route
(100%). The addition of subcutaneous DFO twice week-
ly to daily DFP therapy diverted on average 10% of total
iron to the bile and feces whereas the remaining 90%was
excreted via urine (Figure 3).

Safety
Neutropenia and agranulocytosis. Neutropenia was

observed in two non-splenectomized patients, one of
whom was receiving combination therapy while the other
was treated with DFP as a single agent. One of these
patients was neutropenic twice at weeks 4 and 10 before
she developed agranulocytosis week 14. This patient fully
recovered within 11 days following empirical antibiotic
therapy as well as granulocyte-colony stimulating factor
therapy. Although neutropenia was observed in three non-
splenectomized patients treated with DFO in the reference

arm, and occurred in two of them repeatedly, these
patients did not develop agranulocytosis.

Transaminase levels. Transient fluctuations in serum ala-
nine aminotransferase (ALT) levels were observed in
patients treated with DFP either alone or in combination
with DFO (data not shown). The mean baseline ALT value
was higher than the upper normal limit in patients in these
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Figure 1. Effects of different chelation regimens (JDFP+DFO, k DFP, G
DFO) on serum ferritin levels. Mean SF levels ± standard errors (SE) at
the start of the study and after 3, 6, 9 and 12 months of therapy with
DFP (12 patients), the combination of DFP and DFO (8 patients) or
DFO (12 patients). Mean SF levels decreased steadily during the 12
months of therapy in all treatment arms; the change was statistically
significant (*, Wilcoxon paired test: p≤0.01) in the combination treat-
ment arm.

Figure 2. A. Effects of DFP therapy on LIC after 12 months. B. Effects
of combination therapy on LIC after 12 months. Individual LIC values
(black lines) and mean ± standard errors (SE) values (red line) at the
start of the study and after 12 months of treatment with DFP (A) or a
combination of DFP and DFO (B) in 12 and 8 patients, respectively. The
mean LIC value did not change significantly in patients treated with
DFP, but decreased significantly (*Wilcoxon’s paired test: p=0.01) in
patients receiving the combination therapy.
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two treatment groups, but normalized towards the end of
study. The overall decrease in ALT between the start and
the end of the study was significant in patients on combi-
nation therapy (p=0.04). Patients treated with DFO
showed no change in serum ALT levels during the study.
Liver histopathology. The dual histological assessment of
stage of liver fibrosis showed very small inter-observer
variation and there was a good correlation between two
independent readings (DN vs AZ: rho=0.8, p<0.0001).
While the fibrosis score did not change significantly after 1
year in patients in any of the treatment arms, the histology
activity index (HAI) and liver iron score decreased substan-
tially in patients receiving combination treatment (p=0.07
and p=0.06, respectively), but not in those given either of
the monotherapies (Figure 4).

Cardiac function. With the exception of one patient who
died from cardiac failure on day 7 just after enrollment into
the study, none of the patients experienced clinical heart
failure or arrhythmia during the study. LVEF and FS values
remained within normal ranges in all patients. However, it
is noteworthy that LVEF and FS had decreased significant-
ly (p=0.03 and p=0.04, respectively) among patients in the
DFO reference group by the end of study, although values
were still within the normal range (Table 4).

Auditory and visual functions. Audiometric assessments did
not indicate any significant hearing loss among patients at
screening or after 1 year in all treatment groups. Visual acu-
ity was found to be affected at baseline in one patient
(0.5/0.6) only, in whom measurement of visual evoked
potentials (VEP) confirmed this finding with apparently
delayed latency (146/168 msec). There were no pathologi-
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Table 2. Changes in serum ferritin (SF) levels and liver iron con-
centration (LIC) after 1 year of treatment with different iron chela-
tion regimens.

Chelation Basal SF Final SF Absolute change % change p*
regimens (µg/L) (µg/L) of SF of SF

DFP 4070±3223 3209±2279 -861 -21 0.10
(n=12) (1014-10859) (870-8100)

DFP+DFO 4350±3342 2954±2765 -1396 -32 0.01
(n=8) (570-9508) (69-6825)

DFO 1900±1358 1243±610 -657 -34.5 0.08
(n=12) (972-6028) (264-2337)

Chelation Basal LIC Final LIC Absolute % Change p*
regimens (mg/g/ d.w.) (mg/g/ d.w.) change of LIC of LIC

DFP (n=12) 30.7±10.6 28.6±12.8 -2.1 -7 0.61
(13.5-48.7) (14.5-48.6)

DFP+DFO 26.6±15.4 18.1±11.6 -8.5 -32 0.07
(n=8) (11.0-53.4) (2.7-31.5)

DFO (n=12) 10.7±4.7 6.2±2.7 -4.5 -42 0.03
(5.0-19.4) (1.6-11.6)

d.w.: dry weight; *: Wilcoxon’s paired test. Initial and final mean ± SD values
of SF and LIC with ranges in brackets as well as the corresponding absolute
changes and percentage changes are indicated.

Table 3. Iron balance associated with the different chelation regi-
mens.

Chelation Iron intake Iron excretion Iron excretion/
regimens (mg/kg/day) (mg/kg/day) intake ratio

DFP (n=12) 0.30±0.06 0.36±0.27 1.23±1.08
DFP+DFO (n=8) 0.26±0.07 0.57±0.14 2.37±1.07
p* 0.24 0.08 0.04

DFO (n=12) 0.34±0.14 0.49±0.25 1.39±0.71
p** 0.71 0.27 0.36
p*** 0.24 0.62 0.006

Mann-Whitney-U test: *DFP vs DFP+DFO; **DFP vs DFO; ***DFP+DFO vs
DFO. Iron intake means the iron transfused during the study period.
Total iron excretion was calculated from the change in LIC according to
Angelucci et al.42 The ratio between total iron excretion and iron intake indicates
the net iron balance. All values are shown as mean±SD.

Figure 3. The proportions of urinary (UIE) and fecal (FIE) iron excre-
tion in relation to daily total iron excretion (TIE) associated with the
different chelation regimens. FIE was calculated by subtracting UIE
from TIE, all indicated as mean values in mg/kg/day for each chela-
tion regimen.

Figure 4 (right). Fibrosis (stage) (S), histology activity index (grade)
(G), and iron (grade) scores (I) at the start of the study (S0, G0, I0)
and after 12 months (S1, G1, I1). The fibrosis stage (according to
Ishak), HAI grade (according to Ishak) and iron grade score (accord-
ing to Sciot) were determined in liver biopsies at the start and at the
end of study. The mean values ± standard errors (SE) are shown for
each treatment regimen. There were no significant changes in fibro-
sis stage (S) in any of the treatment arms. HAI (G) and iron grades
(I) were reduced substantially in patients treated for 12 months with
DFP and DFO (Wilcoxon paired test: *p=0.07 and **p=0.06, respec-
tively).
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cal changes at fundus examinations and all patients had a
normal EOG pattern at baseline and at the end of the study.

Other adverse events. Mild nausea was initially observed
in five patients treated with either combination therapy or
DFP monotherapy and resolved within a few weeks with-
out antiemetic treatment. One patient on combination
therapy suffered from grade 2 arthralgia which was con-
trolled by short-term anti-inflammatory therapy. Aseptic
meningitis not associated with neutropenia developed in
one patient receiving DFP monotherapy in week 45. One
patient experienced an acute cerebellar syndrome with
symptoms of dizziness, tinnitus and truncal ataxia during
the follow-up period with DFP monotherapy. Bilateral
slowness of conduction in VEP was also detected.
Although the symptoms and findings were probably relat-
ed to the sequelae of infection, DFP therapy was discontin-
ued and the symptoms resolved gradually after cessation
of DFP. Mild local reactions were observed in several
patients treated with DFO.

Compliance and quality of life. Compliance was generally
excellent during the entire study period. There was only
one patient in the DFP treatment arm who missed more
than one chelation dose per week because of problems
with swallowing. Quality of life was assessed by a non-
validated study-designed questionnaire which was filled
out by parents and patients at the start of the study and at
quarterly intervals during the study: 67% of patients treat-
ed with the combination regimen and 64% of patients
receiving DFP alone, but only 20% patients treated with
DFO alone described an improvement of quality of life.
The majority of patients had no problems with the intake
and swallowing of the deferiprone tablets, the parenteral
use of DFO or inserting a needle.

Discussion

Although the prognosis of patients with thalassemia
major was greatly improved with the introduction of DFO
chelation therapy three decades ago, clinical experience
indicates that patients’ adherence to parenteral DFO treat-
ment is poor in a clinically significant subset of patients,
thus resulting in inadequate chelation and eventually com-
plications of iron toxicity in non-compliant patients.24

Considerable efforts have been devoted to finding an oral-
ly active chelator as an alternative to DFO and clinical tri-
als with DFP started in the 1980s.25-29 Initial clinical studies
revealed that DFP was capable of decreasing SF levels and
the decline was significant, particularly when pre-treat-
ment ferritin values were high.30,37 However, in a multicen-
ter, prospective study, 25% of patients receiving DFP at a
dose of 75 mg/kg/day during an observation period of 4
years discontinued therapy because of insufficient long-
term effectiveness of the chosen dose, as assessed by SF
levels and/or LIC.31 In a 3-year large-scale study performed
in Italy, SF decreased in 61%, remained stable in 21% and
increased in 18% of patients.32 In the present study, a

reduction of SF was observed in 67% of subjects, whereas
33% of the patients randomized to DFP arm were consid-
ered unresponsive, as defined by a stabilization or increase
of SF levels. By contrast, a statistically significant decrease
in SF was achieved by the combination regimen, with all
but one patient showing a clear decrease in SF levels.
Similar results were previously obtained in several non-
randomized trials investigating the combination regi-
men.3,7-11,13 There are a few randomized, prospective trials
indicating that combination therapy with DFP and DFO is
at least as effective as DFO in reducing SF after 12 months
of treatment.6,37 This study is the first confirming that the
combination regimen is superior to DFP monotherapy in
lowering SF. These results contrast with those of another
randomized trial, in which SF increased in the DFP treat-
ment arm and stabilized in the combination treatment
arm;33 however, it should be considered that the observa-
tion period of 6 months was rather short. LIC has been
described as an important criterion for assessing the effica-
cy of chelation therapy based on net iron balance.34

However, only a few studies have analyzed LIC in patients
receiving DFP-containing regimens. Olivieri and
Brittenham35 initially reported that DFP therapy decreased
mean LIC significantly after a mean of 3.1 years follow-up
(p<0.005) and this decrease was maintained after a mean
of 4.6 years of DFP therapy (p=0.07).35,36 The same authors
later reported significant increases in LIC in patients treat-
ed in a randomized study with DFP (p<0.01), while no sig-
nificant change of LIC was observed in patients main-
tained on DFO.15 In a randomized 1-year study by Maggio
et al.,16 no significant change in LIC was seen in patients
assigned to either DFP or DFO. Furthermore, Pennell et al.17

reported that the reduction in LIC did not differ significant-
ly between patients receiving higher doses of DFP (100
mg/kg/day) or standard DFO, although the reduction in
LICwas significant only in the DFO arm after 1 year. In the
current study, 87.5% of patients randomized to receive the
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Table 4. Cardiac functions at the start of the study and after
1 year.

Chelation Initial EF Final EF Absolute % Change p*
therapy (%) (%) change of EF of EF

DFP (n=12) 72.5±7.4 67.4±9.8 -5.1 -7.0 0.30
DFP+DFO (n=8) 71.7±8.6 72.6±6.6 0.9 1.2 0.88
DFO (n=12) 74.0±10.9 67.4±8.0 -6.6 -8.9 0.03

Chelation Initial FS Final FS Absolute % Change p*
therapy (%) (%) change of FS of FS

DFP (n=12) 41.7±6.6 37.3±7.1 -4.4 -10.5 0.26
DFP+DFO (n=8) 41.5±7.0 41.2±5.1 -0.3 -0.7 0.94
DFO (n=12) 43.5±9.6 37.6±6.3 -5.9 -13.5 0.04

*: Wilcoxon’s paired test. Initial and final mean ± SD values of left ventricular
ejection fraction (EF, normal value >55%) and fractionated shortening (FS,
normal value >28%) as well as the corresponding absolute changes and
percentage changes are indicated.



combination treatment had a decrease in LIC, only 42% of
patients given DFP monotherapy had decreases, which
were statistically insignificant, in LIC. A significant
decrease in LIC was also recorded (p=0.03) in our previous
study in which we investigated the sequential therapy of
DFP (4 days a week) and DFO (2 days a week) in tha-
lassemia patients over a period of 6 months.12 The random-
ized study by Galanello et al.42 also revealed that alternat-
ing use of DFP 5 days a week and DFO twice weekly had
comparable efficacy to daily DFOmonotherapy in control-
ling body iron. These results differ from data published
earlier by Balveer et al.8 and Ha et al.;37 neither of these
groups observed a significant drop in LICmeasured in liver
biopsies of patients treated with a combination regimen of
daily DFP and twice weekly DFO after a period of 1 year.
The present randomized study shows that the chosen
combination regimen was more effective than DFP
monotherapy at reducing liver iron. Although the refer-
ence group receiving standard DFO regimen consisted of
patients with considerably lower initial mean LIC than the
patients receiving the combination therapy (p=0.001), the
combination regimen seemed to be as effective as DFO
standard therapy in reducing liver iron.
It was first reported in 1998 that the simultaneous use of

DFP and DFO had an additive effect on daily UIE.3 In this
study, the addition of subcutaneous DFO twice weekly to
daily DFP not only resulted in an increase of UIE, but also
induced some fecal iron excretion. The combination regi-
men was superior and more efficient in achieving a nega-
tive iron balance than DFP. However, the TIE achieved by
the combination therapy was not additive if compared to
that of DFO-induced iron excretion since a large propor-
tion of iron was just diverted from the feces to the urine.
The net iron balance was significantly better in patients on
combination therapy than on DFO monotherapy.
Clinical experience has shown that the most serious side

effect of DFP is agranulocytosis, which occurs in approxi-
mately 0.5% of patients and is more frequently observed in
the first months of therapy as well as in patients with an
intact spleen.31,32,38 In concordance with these published
results, the patient who developed agranulocytosis in this
study had not been splenectomized and the event occurred
just 3 months after starting the combination therapy. This
study also confirmed that neutropenia is a common finding
in chelated patients with an intact spleen since neutropenia
was also observed in patients receiving standard DFO
chelation. However, in agreement with the literature, none
of the patients treated with DFO in this trial developed
agranulocytosis. Transient fluctuating increases in serum
ALT levels were observed throughout the study in patients
receiving either DFPmonotherapy or combination therapy.
Previously, changes in ALT were attributed to concomitant
hepatitis C virus (HCV) infection38 although more recent
studies have revealed that fluctuations in ALT occur regard-
less of hepatitis C status.7,31 In the present study none of the
patients suffered fromHCV infection, but mean ALT levels
were higher than the upper normal limit in both treatment

groups at the beginning of the study. The ALT levels nor-
malized by the end of 1 year of treatment. Substantial
decreases in histological activity index and liver iron grades
were also accompanied by ALT normalization in patients
receiving combination treatment. In agreementwith the lit-
erature,7,31 nausea was the most prominent side effect
observed, occurring in one in four patients during the first
few weeks of therapy with DFP-containing regimens.
However, neither antiemetic therapy nor cessation of DFP
therapy was necessary and the nausea was transient, i.e. it
did not reappear during the course of the study. In one
patient suffering from arthralgia of her left knee, the symp-
toms were relieved by short-term anti-inflammatory ther-
apy and temporary discontinuation of DFP for a few days.
An association of joint problems with higher SF levels has
been proposed by some investigators.38,39 Interestingly, the
only patient with joint symptoms presented with the high-
est pre-study LIC value (53.4mg/g dw) of all patients in this
study. A retrospective study showed significantly less
myocardial iron overload and improved LVEF in tha-
lassemia patients treated continuously with DFP than in
those chelated with DFO.40 In accordance with these data,
a recent randomized 1-year study reported that myocardial
T2* improved faster andwas associated with an increase in
LVEF in thalassemia patients treated with a higher dose of
DFP (average dose: 92 mg/kg/day) than in those given a rel-
atively low dose of DFO (average dose: 43 mg/kg/day for
5.7 days/week corresponding to 35 mg/kg/day for 7
days/week).17 In our study, initial LVEF values were within
the normal range in both groups of patients, receiving
either DFP monotherapy or combination therapy and the
mean LVEF values did not change significantly after 1 year
of observation. However, LVEF and FS decreased among
the patients in the DFO reference group by the end of
study, although not below the lower normal range.
Compliance to oral DFP is generally better than compliance
to parenteral DFO therapy.6,15 Compliance and tolerance to
chelation therapy were excellent in all patients in all three
treatment arms during this study. Only one patient treated
with the combination regimen was withdrawn from the
study because of an adverse event (agranulocytosis) related
to the study drug (DFP).
In summary, this is the first randomized, controlled

study comparing changes in LIC and thus TIE in patients
treated with DFP as monotherapy or in combination with
DFO. It was demonstrated that the combination of daily
DFP and twice weekly DFO at standard doses is a highly
efficacious and safe chelation therapy for patients with
thalassemia major. The chelation potency of the combina-
tion therapy is superior to the chelation activity of DFP and
the regimen is likely to have an efficacy profile comparable
to that of standard DFO.
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