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Abstract
Background: Iron overload is well documented in patients with g-thalassemia major, and patients
who have undergone hematopoietic stem cell transplantation (HSCT) remain at risk as a result of

pre- and immediate post-HSCT transfusions.

Procedure: This is a prospective, randomized, 1-year clinical trial that compares the efficacy and
safety of the once-daily oral iron chelator deferasirox versus phlebotomy for the treatment of iron

overload in children with g-thalassemia major following HSCT.

Results: Patients (aged 12.4 years) received deferasirox (n = 12, 10 mg/kg/day starting dose) or
phlebotomy (n = 14, 6 ml/kg/2 weeks) for 1 year. In two and five patients, deferasirox dose was
increased to 15 and 20 mg/kg/day, respectively. Magnetic resonance imaging (MRI)-assessed liver
iron concentration (LIC) decreased with deferasirox (mean 12.5 + 10.1 to 8.5 + 9.3 mg Fe/g dry
weight [dw]; P = 0.0005 vs. baseline) and phlebotomy (10.2 + 6.8 to 8.3 + 9.2 mg Fe/g dw; P =
0.05). LIC reductions were greater with deferasirox than with phlebotomy for patients with base-
line serum ferritin 1,000 ng/ml or higher (-8.1 + 1.5 vs. -3.5 + 5.7 mg Fe/g dw; P = 0.048). Serum
ferritin and non-transferrin-bound iron also decreased significantly. In two patients with severe
cardiac siderosis, a clinically relevant improvement in myocardial T2* was seen, following phle-
botomy and deferasirox therapy (n = 1 each). Adverse effects with deferasirox were skin rash,
gastrointestinal upset, and increased liver function tests (all n = 1), while those for phlebotomy
were difficulty with venous access (n = 4) and distress during procedure (n = 1). Parents of 13/14
children receiving phlebotomy wished to switch to deferasirox, with 1/14 being satisfied with
phlebotomy.

Conclusions: Deferasirox treatment or phlebotomy reduces iron burden in pediatric patients with

p- thalassemia major post-HSCT, with a manageable safety profile.

KEYWORDS
deferasirox, hematopoietic stem cell transplant, phlebotomy, randomized controlled trial, tha-

lassemia

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; CMR, cardiovascular
magnetic resonance; dw, dry weight; GVHD, graft-versus-host disease; HSCT, hematopoietic
stem cell transplantation; LIC, liver iron concentration; LPI, labile plasma iron; MRI, magnetic

resonance imaging; NTBI, non-transferrin-bound iron; SD, standard deviation; TIBC, total
iron-binding capacity; UIBC, unsaturated iron-binding capacity
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1 | INTRODUCTION

With increasing success of allogeneic hematopoietic stem cell trans-
plantation (HSCT) as a curative therapy for g-thalassemia major, it
is becoming more relevant to follow-up and assess patient care in
the long term.1# Iron overload is well documented in patients with
p-thalassemia major,>~7 and those who have undergone HSCT remain
at risk as a result of pre- and immediate post-HSCT transfusions.8?
Additionally, the HSCT conditioning regimen involves ablation of
hematopoietic stem cells, causing decreased clearance of transferrin
iron by the bone marrow cells expressing transferrin receptors, with
the formation of non-transferrin-bound iron (NTBI).10-12 With the
regeneration of bone marrow and transferrin receptor-bearing ery-
thropoietic cells, transferriniron clearance returns and transferrin sat-
uration and NTBI fall but remain raised in those patients who have
accumulated a transfusional iron load.1® NTBI is cleared by and accu-
mulated in extra-hepatic tissues such as the myocardium,131# catalyz-
ing the formation of free radicals and oxidative stress, ultimately cul-
minating in end-organ damage.!> NTBI availability to microorganisms
leads to anincreased risk of infection.1é In HSCT, elevated NTBl is a key
indicator of adverse outcome.”

The implications of iron overload during HSCT have been examined.
Prior to HSCT, excess iron may increase transplant-related mortality
and worsen overall survival,18 as well as increase the risk of complica-
tions such as infection.1%20 |n the post-HSCT setting, iron overload has
been associated with reduced survival up to 5 years posttransplant,3
as well as complications such as hepatic fibrosis.2! The removal of
iron to prevent associated negative outcomes after curative HSCT for
p-thalassemia major is therefore warranted.

Studies in pediatric and adult patients have confirmed the safety
and efficacy of phlebotomy in the post-HSCT setting, with and with-
out the use of erythrocyte-stimulating agents.822-24 However, phle-
botomy may not be well tolerated and patient adherence can vary,2°26
such that oral iron chelation may be preferable for some patients. The
efficacy and safety of iron chelation therapy in p-thalassemia major is
well established,27-32 and the survival benefit of iron chelation prior
to HSCT has also been documented.33 However, data are limited in
the post-HSCT setting in pediatric patients,34-3¢ Additionally, there is
a lack of prospective data comparing the efficacy, safety, and patient
satisfaction with iron chelation therapy or phlebotomy to in help in
informed treatment decision-making.

We initiated a prospective, randomized, 1-year clinical trial that
compares the efficacy and safety of the once-daily oral iron chelator
deferasirox with phlebotomy for the treatment of iron overload in chil-
dren with g-thalassemia major following HSCT. A secondary objective
was to assess the perceived convenience of deferasirox compared with

phlebotomy and patient adherence to the treatment.

2 | METHODS

2.1 | Inclusion criteria

p-Thalassemia major patients aged 2 to less than 18 years who had

undergone HSCT and had iron overload as shown by a serum ferritin

WILEY-—%

level of at least 500 ng/ml on two consecutive readings at least 1 month
apart and a liver iron concentration (LIC) higher than 3 mg Fe/g dry
weight (dw) were included. Patients were negative for hepatitis B and
C, as well as for graft-versus-host disease (GVHD). All patients fitting
theinclusion criteria between June 2009 and April 2010 were included
in the study and then randomized to either groups.

2.2 | Study design

The study was conducted at two sites in Lebanon. Enrolled patients
were assigned a number, which was sent to a blinded person who
entered it into a pre-prepared randomization table. Patients were ran-
domized to phlebotomy (6 mi/kg blood every 2 weeks) or deferasirox
(10 mg/kg/day). Deferasirox dose adjustments of 5-mg increments
up to a maximum of 20 mg/kg/day were permitted every 3 months,
if serum ferritin levels were unchanged or increased by 20% or
more from baseline value and if the patient had not experienced any
adverse event (AE). Treatment was interrupted if serum ferritin levels
decreased to less than 300 ng/ml or if AEs occurred.

The study was conducted in accordance with Good Clinical Practice
guidelines and the Declaration of Helsinki and was approved by institu-
tional ethics committees at the participating sites. All patients/parents

provided written informed consent.

2.3 | Assessments

The primary endpoint was change in LIC as determined by spin-
density projection-assisted R2 magnetic resonance imaging (MRI;
Ferriscan® ). Other measures of efficacy included change in serum fer-
ritin levels, hemoglobin, total iron-binding capacity (TIBC), NTBI, and
labile plasma iron (LPI). TIBC was calculated as the sum of serum iron
and unsaturated iron-binding capacity (UIBC). Serum NTBI content
was assayed by high-performance liquid chromatography according to
the method of Porter et al.,3” with minor modifications. The LPI assay
was performed as previously described,3® but using standards pre-
pared in plasma-like medium containing 20 mg/ml human serum albu-
min. Transferrin was measured using the BN ProSpec System (Siemens
Health Care Diagnostics).

Cardiovascular magnetic resonance (CMR) assessment of T2* was
conducted and results were assessed at a central laboratory. Compli-
ance with study treatment was also assessed. For phlebotomy, the ratio
of performed and planned sessions was calculated and a tablet count of
deferasirox was taken. Convenience of treatment was evaluated using

parents’ responses to pre-prepared questions.

2.4 | Statistical analysis

General linear models (changes in LIC or serum ferritin as dependent
variables) were performed, accounting for multiple potential influen-
tial factors simultaneously as follows: delta = f(x), where x is age at
HSCT, mutation, gender, transfusions, risk class, LIC at HSCT, or serum
ferritin level at HSCT. In this model, both transfusions and risk classes
were varied. Differences between two measurements were tested

with a paired t-test (two-sided, « level of 0.05). The pooled standard
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TABLE 1 Baseline patient demographics

Characteristic

Mean age + SD, years

Male:female, n

Median time between HSCT and MRI (range), years
Mean hemoglobin + SD, g/dI

Mean LIC + SD, mg Fe/g dw

Median LIC (range), mg Fe/g dw

LIC >7 mg Fe/g dw, n (%)

LIC <7 mg Fe/g dw, n (%)

Median serum ferritin (range), ng/ml
Serum ferritin >1,000 ng/ml, n (%)
Serum ferritin <1,000 ng/ml, n (%)
Median (range) cardiac T2* ms
Mean ALT + SD, 1U/I

Mean AST + SD, IU/L

Mean creatinine clearance + SD, mg/dl

INATIET AL.

Deferasirox (n = 12) Phlebotomy (n = 14) Total (n = 26)

124+ 4.0 125+4.0 124 +3.9
6:6 8:6 14:12

3.2(1.2-4.6) 3.4(1.8-4.6) 3.4(1.2-4.6)
125+ 15 12.6 +1.5 125+15
125+ 10.1 102+ 6.8 11.3+84

8.6(4.1-36.6) 7.4(3.1-24.0) 8.0(3.1-36.6)
7(58.3) 7(50.0) 14 (53.8)
5(41.7) 7(50.0) 12 (46.2)

999 (503-5884) 1,423 (506-2,945) 1,255 (503-5,884)
6(50.0) 10(71.4) 16 (61.5)
6(50.0) 4(28.6) 10(38.5)

23.9(8.5-39.3) 28.2(8.9-35.2) 27.6(8.5-39.3)

53.1+58.9 43.0+30.5 47.7+45.1
35.6+17.1 36.7+15.0 36.2+15.7
216 + 154 162 + 107 188 + 131

AST, aspartate aminotransferase.

error was used for samples with equal standard deviations (SDs); the
Satterthwaite approximation method was used in the event of unequal
SD. Correlation between measured parameters was assessed using

Pearson correlation coefficients.

3 | RESULTS

3.1 | Patient demographics

All patients underwent HSCT using bone marrow from a human leuko-
cyte antigen-identical family member, except for one case where an
unrelated donor was used. Following the HSCT procedure, no patient
had received any red blood cell transfusions, or iron chelation ther-
apy prior to study initiation. In total, 27 patients with a median age
of 3.4 years and a range of 1.25-5.4 years post-HSCT were random-
ized to either deferasirox (n = 13) or phlebotomy (n = 14). One patient
randomized to deferasirox refused treatment and was not included
in further analyses. As shown in Table 1, baseline patient characteris-
tics were comparable between treatment groups. Baseline iron burden
was considerably high in over half of patients. Patients were grouped
according to their baseline iron burden for further analysis; 58.3% of
deferasirox patients and 50.0% of phlebotomy patients had LIC higher
than 7 mg Fe/g dw, while 50.0% of deferasirox patients and 71.4% of

phlebotomy patients had serum ferritin levels 1,000 ng/ml or higher.

3.2 | Deferasirox dosing and phlebotomy volumes

Two and five patients had deferasirox dose increased to 15 and
20 mg/kg/day, respectively. The mean + SD deferasirox dose at the last
visit was 11.0 + 2.2 mg/kg/day in the LIC less than or equal to 7 mg Fe/g
dw and 18.1 + 3.4 mg/kg/day in the LIC higher than 7 mg Fe/g dw

groups. The mean phlebotomy volume at the last visit was 269 + 108
and 270 + 69 ml, respectively.

3.3 | Efficacy of iron removal

The mean duration of follow-up was 11.4 + 1.1 months in patients
receiving deferasirox and 11.6 + 0.9 months in those undergoing
phlebotomy. In total, five patients receiving deferasirox reached the
stopping target of serum ferritin level below 300 ng/ml (all patients
received 10 mg/kg/day), and six phlebotomy patients achieved this tar-
get. Of these patients, all apart from two phlebotomy patients had
baseline serum ferritin levels less than 1,000 ng/ml; two other patients
receiving either deferasirox or phlebotomy had LIC higher than 7 mg
Fe/g dw at baseline.

Iron parameters before and after 1 year of treatment with
deferasirox or phlebotomy are shown in Table 2. After 1 year of treat-
ment, 20 patients had evaluable LIC measurements. LIC was signifi-
cantly reduced from baseline with deferasirox (-5.8 + 3.0 mg Fe/g dw;
P = 0.0005 vs. baseline) and phlebotomy (-3.3 + 4.9 mg Fe/g dw;
P = 0.05; Fig. 1A). In patients with baseline serum ferritin levels
1,000 ng/ml or higher, deferasirox resulted in a significantly greater
decrease in mean LIC when compared with phlebotomy (-8.1 + 1.5 vs.
-3.5+ 5.7 mg Fe/g dw; P=0.048) (Fig. 1A).

The median (range) serum ferritin level was significantly reduced
from baseline over 1 year with deferasirox (-498 [-1,884 to -
142] ng/ml; P=0.0014 vs. baseline). Phlebotomy also led to a reduction
in serum ferritin levels at end of study (-902 [-1,777 to -280] ng/ml:
P < 0.0001 vs. baseline; Fig. 1B). There was no significant differ-
ence between treatment groups overall (P = 0. 368), nor among iron
overload categories.

With the exception of one patient, who had myocardial T2* 19.9 ms,
all patients with cardiac siderosis had substantial body iron bur-

den with LIC higher than 7 mg Fe/g dw and serum ferritin at least
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TABLE 2 Ironparameters before and after 1-year treatment with deferasirox or phlebotomy in pediatric g-thalassemia major patients following
allogeneic HSCT
Deferasirox Phlebotomy
(n=12) (n=14)
Parameter Baseline End of study Change from baseline Baseline Endofstudy  Change from baseline
LIC, mg Fe/g dw 12.5+10.1 85+93 -58+3.0 10.2+ 6.8 83+92 -3.3+4.9
P =0.00045 P=0.050
Serum ferritin, ng/ml 999 (503 to 515(139to -498(-1,884 to 1,423 (506 to 2,945) 345 (144 to -902(-1,777 to
5,884) 4,000) -142) P=0.00014 2,620) -280) P < 0.0001
TIBC, uM 452 +5.9 61.5+16.8 16.3+17.5 46.6+7.1 534+79 6.8+5.1
P=0.0012 P=0.00024
NTBI, gumol/I 20+20 0.2+0.9 -19+18 23+22 -0.2+0.6 -28+22
P=0.014 P=0.0015
LPI, umol/I 0.13+0.25 0.15+0.42 -0.03+0.55 0.25+0.5 0.05+0.23 -0.27 +£0.73
NS NS
Transferrin 57.8+26.7 420+ 140 -17.4+234 55.2+30.1 37.9+24.6 -30.1+27.2
saturation, %
P=0.026 P=0.0018
Data are shown as mean =+ SD, with the exception of serum ferritin, which is shown as median (range).
A All patients line SF SF ine LIC line LIC B All patients Baseline SF Baseline SF Baseline LIC Baseline LIC
R <1000 ng/mL 21000 ng/mL <7 mg Fe/g dw >7 mg Felg dw o <1000 ng/mL 21000 ng/mL <7mg Felgdw  >7 mg Felg dw
3
E’ § . -389" ~404" -386" %
t s e
% . ‘ 1 l g%-ﬂ)ﬂﬂ ‘} 10995 ~1125¢
é, {"| Deferasirox E E‘ Deferasirox
5 4 M Phiebotomy ‘ié-woo H Phiebotomy
g gézuoo
g ° l 3%
£ £S
g -0 :: 2500
< 12 — [ — < -3000
- P=0.048 P=0.074
Patients, n 12 14 6 4 6 10 5 7 77
Patients,n 9 11 43 5 8 4 4 5 7
C All patients Baseline SF Baseline SF Baseline LIC Baseline LIC D All patients  Baseline SF Baseline SF  Baseline LIC Baseline LIC
- <1000ng/mL  21000ng/mL  <7mg Felgdw >7 mg Felg dw 100 <1000 ng/mL 21000 ng/mL <7 mg Felg dw >7 mg Felg dw
p
H H
f‘. o ] T o050
E -19! ]
Z 20 'E' obe 0.6
) 271 2t [ Deferasirox 0.p1 0.04 o ops )
;='='; 50 , M Phicbotomy % 000 -0/02 - ooy Deferasirox
'9: -35 E —olzz ®Phlebotomy
% 40 2 050 _ola2
g : —0|55
ﬁ 50 g
H o -1.00
6.0 g
Patients, n 9 1 4 3 5 8 4 a4 5 7 g 150
Patients, n 9 10 4 3 5 7 4 4 5 6

FIGURE 1 Absolute changeinironparametersduring 1-year treatment with deferasirox or phlebotomy in pediatric g-thalassemia major patients
following allogeneic HSCT: (A) LIC, (B) serum ferritin levels, (C) NTBI, and (D) LP!I

1,000 ng/ml. Overall, two patients had severe cardiac siderosis, indi-
cated by myocardial T2* less than 10 ms at study entry. Myocardial
T2* improved from 8.9 ms at baseline to 10.6 ms at the end of the
study in the patient randomized to phlebotomy and from 8.5 to 11.4 ms
in the patient randomized to deferasirox. Notably, in the phlebotomy
patient with improved cardiac T2* substantial decreases from elevated
baseline levels of LIC (21.0 mg Fe/g dw at baseline to 13.1 mg Fe/g

dw at last follow-up), transferrin saturation (99.7 to 50.3%), LPI (1.4
to -0.2 umol/l), and NTBI (6.1 to -0.4 umol/l) were also observed.
Improvements in iron parameters in the deferasirox patient were also
evident, although baseline elevations were less severe: LIC (from 15.7
to 9.4 mg Fe/g dw), transferrin saturation (from 43.1 to 34.9), LPI (from
0.1 to 0.0 gmol/l), and NTBI (from 1.2 to 0.1 umol/l). Three other

patients had evidence of cardiac siderosis (myocardial T2* 19.2, 18.6,
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and 19.9 ms) at study entry but were not evaluable for CMR at end of
study.

Mean NTBI levels also decreased significantly from baseline by
-1.9 + 1.8 umol/I with deferasirox (P = 0.014; n = 9) and -2.8 +
2.2 umol/I with phlebotomy (P = 0.0015; n = 11; Fig. 1C). Significant
decrements in NTBI were also observed in patients with baseline LIC
higher than 7 mg Fe/g dw and with baseline serum ferritin 1,000 ng/I
or higher but not in patients with lower baseline LIC and serum ferritin
levels. There was no significant difference between groups overall (P =
0.362) nor within the different iron overload categories. While LPI lev-
els were raised in patients with LIC higher than 7 mg Fe/g dw or serum
ferritin 1,000 ng/ml or higher and decreased with both treatments, this
did not reach statistical significance (Fig. 1D).

TIBC as calculated based on serum iron and UIBC increased signifi-
cantly after 1 year of treatment (Table 2). The increase with deferasirox
(16.3 + 17.5 uM) was significantly greater than with phlebotomy
(6.8 + 5.1 uM; P = 0.0022). In order to eliminate any potential inter-
ference of deferasirox with the assays for serum iron and serum
UIBC, we also calculated gmolar TIBC based on transferrin protein by
immunofluorescence in a small number of patients with both param-
eters available. We found that in patients receiving deferasirox (n =
7), there was a median 31.1 M (range 2.2-41.9) greater TIBC by the
UIBC and serum iron method than by the transferrin method; unlike in
phlebotomy patients for whom there was little difference in TIBC by
either method (-3.6 uM[-5.6 to -0.5]; n = 5).

Hemoglobin levels were maintained with deferasirox (change
-0.2 + 0.7 g/dl; P = 0.426) and decreased slightly with phlebotomy
(change -0.5 + 0.8 g/dl; P = 0.033), although there was no significant
difference between groups (P =0.279).

3.4 | Relationship between iron parameters

There was a strong positive correlation between serum ferritin levels
and LIC, both at baseline and after 1 year of treatment (Table 3). Of
note, NTBI and LIC were also positively correlated at baseline (R =
0.565; P = 0.0026), with a stronger correlation after 1 year of treat-
ment (R = 0.881; P < 0.0001). NTBI was also correlated with serum
ferritin levels. Low levels of LPI correlated only with LIC at baseline
(R=0.574; P=0.0027).

3.5 | Safety of iron removal therapy

3.4.1 | Adverse events

Two (16.7%) deferasirox patients experienced one or more AEs. These
included skin rash (n = 1) and increased liver function tests (n = 1),
both of which resolved after treatment interruption. One episode of
gastrointestinal upset also resolved after adequate hydration. Four
(28.6%) phlebotomy patients experienced difficulty with venous access
(reported as an AE). In addition, one patient showed extreme distress
during the phlebotomy procedure. Overall, there was no difference in

the frequency of AEs between groups (P =0.473).

3.4.2 | Laboratory parameters

Mean serum creatinine increased slightly overall in patients treated
with deferasirox (0.45 + 0.11 IU/ml at baseline to 0.62 + 0.23 1U/ml
at month 12), although levels remained within the normal range. The
majority of deferasirox patients (10/12) did not show progressive
increases from baseline to end of study (Fig. 2A). Among the four
patients with observed increases from baseline, three patients had LIC
higher than 7 mg Fe/g dw and serum ferritin 1,000 ng/ml or higher
and iron burden decreased substantially after 1 year of treatment. Of
these four patients, one remained on 10 mg/kg/day until treatment was
stopped when reaching serum ferritin level less than 300 ng/ml, two
patients had dose escalations to 15 mg/kg/day after the initial increase
in serum creatinine had occurred, and one patient had dose escalations
to 15 and then 20 mg/kg/day, which coincided with increases in serum
creatinine but followed an early increase in treatment initiation. Levels
returned to baseline levels after cessation of treatment for all patients.
Serum creatinine remained stable in phlebotomy patients (0.45 + 0.12
t0 0.47 + 0.11 IU/ml; Fig. 2B). Individual patient data of alanine amino-
transferase (ALT) are shown in Figure 3 and demonstrate stable levels;
transient increases were seen in some patients, but these had typically
resolved by the next visit either without intervention or with treatment

interruption.

3.5 | Patient adherence and treatment satisfaction

The majority (deferasirox: 91.7% [n = 11]; phlebotomy: 85.7%
[n=12]) of patients had excellent adherence to therapy and completed
all their deferasirox doses or phlebotomy sessions as scheduled. One
patient missed two doses of deferasirox and another had delayed phle-
botomy sessions. One phlebotomy patient was poorly compliant and
only underwent phlebotomy every 4 weeks. However, this patient dis-
continued treatment after approximately 7 months when the serum
ferritin level dropped below 300 ng/ml, as specified.

When parents of children receiving phlebotomy were asked if they
prefer to switch to deferasirox, 13 out of 14 indicated that they would.
Their reasons included pain, risk of anemia, longer or more frequent
hospital visits, and missing work days or their children missing school.
One parent declined to switch from phlebotomy over concerns of
possible AEs with deferasirox and indicated satisfaction with phle-
botomy. All parents of children receiving deferasirox chose to continue
treatment because of the following reasons: once daily oral tablet,

fewer/shorter visits, and less needle pricks.

4 | DISCUSSION

Baseline characteristics in this study show that, in the absence of ded-
icated treatment, pediatric patients cured of g-thalassemia major con-
tinue to be iron overloaded for several years post-HSCT. Despite a
median 3.4 years between HSCT and MRI measurement at study entry,
mean baseline LIC for all patients was 11.3 mg Fe/g dw but ranged as
high as 36.6 mg Fe/g dw and median serum ferritin was 1,255 ng/ml,
with a maximum of 5,884 ng/ml. Additionally, 26.9% of patients had
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TABLE 3 Correlation of efficacy parameters at baseline and after 1-year treatment with deferasirox or phlebotomy in pediatric g-thalassemia

major patients following allogeneic HSCT

Parameter LIC Serum ferritin NTBI
Baseline
LIC 1.000 0.825 0.565
P <0.0001 P =0.0026
Serum ferritin 0.825 1.000 0.618
P <0.0001 P =0.0008
1year
LIC 1.000 0.859 0.881
P < 0.0001 P < 0.0001
Serum ferritin 0.859 1.000 0.898
P <0.0001 P <0.0001
2At last follow-up. Significant correlations are in bold.
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LIC higher than 15 mg Fe/g dw, a level known to be associated with
increased risk of progressive organ dysfunction and death.3? Other
studies have also demonstrated that iron overload can remain signif-
icant for many years after HSCT for hematologic malignancies,*0-43
which is to be expected since humans have no physiologic pathway for
iron excretion.** Collectively, these results highlight the need for ongo-
ing assessment of iron burden post-HSCT and the use of appropriate
therapeutic intervention to prevent iron-associated organ damage.
Our results demonstrate that 1-year of therapeutic intervention
in these patients with either deferasirox or phlebotomy led to a

reduction in iron burden, as demonstrated by decreases in LIC, serum
ferritin, and NTBI. In two patients with severe cardiac siderosis
(myocardial T2* < 10 ms), a clinically relevant improvement in myocar-
dial T2* to a lower risk status for heart failure (T2* >10 ms)*® after
treatment with either phlebotomy or deferasirox was observed. While
improvement in cardiac T2* has been widely reported in clinical stud-
ies with deferasirox,*® improvement in cardiac T2* following removal
of liver iron without chelation has not been reported. This is mech-
anistically important because it suggests that removal of heart iron
can occur as a consequence of removing iron from the body, initially
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from the liver. It is noteworthy that transferrin saturation decreased
during phlebotomy, and most substantially from 99.1 to 50.3% in the
patient with improved cardiac T2* providing a potential mechanism for
increased iron egress from the heart. This study shows that residual
cardiac iron can be decreased with either phlebotomy or deferasirox.
Importantly, neither of the patients with high cardiac iron normalized
their levelsin 1 year with either phlebotomy or deferasirox, so that con-
tinued follow-up and treatment is recommended.

Other studies evaluating the efficacy and safety profile of iron
chelation therapy in the post-HSCT setting have also reported a reduc-
tion in iron burden,3436 although effects on cardiac iron have not
been reported. Furthermore, among 30 thalassemia patients whose
treatment was initiated approximately 3 months posttransplant—
although the degree of iron reduction was similar—deferoxamine
treatment resulted in more rapid reduction in serum ferritin levels than
phlebotomy.*” Deferasirox had a clinically manageable safety profile,
which is particularly important in these patients who were no longer
transfused and thus had no active source of iron loading. AEs were sim-
ilar to those previously reported in g-thalassemia major28:30.3148 gnd
in the post-HSCT setting.28:3931 One episode of gastrointestinal upset
resolved without treatment interruption or dose adjustment. The low
incidence of gastrointestinal disturbance is noteworthy, since HSCT
conditioning regimens and GVHD themselves can sensitize patients.
Nevertheless, a lower rate of gastrointestinal disturbance related to
deferasirox treatment has been reported in pediatric patients com-
pared with adult patients.2” Dose reduction is likely to be appropriate
when serum ferritin levels and LIC approach low near-normal levels;
this study did not systematically address the optimal dose adjustment
under these circumstances.

In patients with higher baseline iron burden, deferasirox decreased
LIC to a greater extent than phlebotomy. This could reflect the flex-
ibility of appropriate dosing with deferasirox treatment compared
with phlebotomy volume. At study end, phlebotomy volume was sim-
ilar in patients with low and high iron burden. However, deferasirox
dose was highest in patients with LIC higher than 7 mg Fe/g dw, with
deferasirox dose adjustments from 10 to 20 mg/kg/day required in
some patients in order to achieve therapeutic goals, highlighting the
need for appropriate and timely dose adjustments.#® Indeed, results
from the 1-year Evaluation of Patient’s Iron Chelation with Exjade
(EPIC) study and another report by Sivgin et al. (2011) showed that
pediatric patients with g-thalassemia major may also require prompt
dose escalation in order to optimize efficacy with a manageable safety
profile.3> Rapid weight change in pediatric patients should be consid-
ered during deferasirox dose adjustments.

Strong correlation between LIC and serum ferritin levels was
observed, as has been reported previously.284? With the increas-
ing availability of noninvasive MRI techniques, and the altered
pattern of iron distribution in the posttransplant period,”® the uti-
lization of the more clinically robust method of direct LIC measure-
ment becomes important.#2 NTBI was significantly reduced with both
treatments and correlated with LIC and serum ferritin levels both
at baseline and even more strongly after 1 year of treatment. This
contrasts with LPI levels, where the correlations with serum ferritin

were weaker at baseline and absent for both LIC and serum ferritin

at 1 year. Other studies have also demonstrated NTBI as a poten-
tial index of iron overload in p-thalassemia intermedia and sickle cell
disease.>? The utility of NTBI as a biochemical marker for monitoring
iron overload and response to iron reduction therapy warrants further
investigation.

In our study, patient adherence was high for patients receiving
either deferasirox or phlebotomy. However, patients were followed
up for 1-year only, and patient adherence to phlebotomy regimens
has been shown to decrease with increasing number of years on
treatment.?> Treatment satisfaction with deferasirox in -thalassemia
major has been previously reported.31 When questioned about treat-
ment satisfaction, it was notable that no parents of patients receiving
deferasirox expressed a wish to switch to phlebotomy. In contrast, the
majority of parents with children receiving phlebotomy stated a desire
to switch to deferasirox, highlighting the possible preference for oral
deferasirox in this pediatric population.

In conclusion, iron burden was reduced with deferasirox and phle-
botomy over 1 year in pediatric patients with p-thalassemia major
who have undergone curative HSCT. In patients with higher base-
line iron burden, deferasirox decreased LIC to a greater extent than
phlebotomy. The dose of deferasirox was higher in these patients,
which underscores the need for appropriate and timely deferasirox
dose adjustments, as has been recommended in g-thalassemia major
patients with significant iron overload.*52 Importantly, deferasirox
demonstrated a clinically manageable safety profile in these patients
who were not receiving transfusions. Since patients are no longer ane-
mic and not requiring transfusions, iron removal in post-HSCT patients
with p-thalassemia major is only needed for a finite period of time.
These efficacy and safety data from the comparison of oral deferasirox
and phlebotomy may help inform clinical decision-making when con-
sidering that an oral treatment may be advantageous in terms of qual-
ity of life benefits, such as patient satisfaction, particularly when treat-
ing young patients.

ACKNOWLEDGMENTS

This study was supported by funding by Novartis Pharma AG. We
thank Dominik Pfluger, PhD, of Datametrix AG for statistical assistance
and Debbi Gorman, PhD, of Mudskipper Business Ltd, for medical edi-
torial assistance. Financial support for statistical and medical edito-
rial assistance was provided by Novartis Pharmaceuticals. The authors

thank Dr Lorena Duca for performing NTBI measurements.

CONFLICT OF INTEREST

A.l. reports participation in advisory boards for Novartis Phar-
maceuticals. J.B.P. reports participation in advisory boards for
Novartis Pharmaceuticals. M.D.C. reports participating in Novartis,
Genzyme and Celgene Pharmaceuticals advisory boards. ATT.
receives research funding and honoraria from Novartis Pharmaceu-
ticals. K.M.M. received consulting fees and research support form
Novartis Pharmaceuticals. All other authors do not report conflict of

interest.

85U8017 SUOLLLOD BA 1810 3ceoldde ayy Aq pausencb afe saoiLe VO ‘8sn JO se|ni Joj AfeldT8UlUO A8]IAA UO (SUORIPUOD-PUR-SLUR)ALI0O" A3 1WA e.q 1 Bu JUO//:SANY) SUORIPUOD pUe SWie | 8L 88S *[7202/80/6T] U0 AkeiqiTauluo A8|IMm Inieg JO AISIAIUN UedleWY Aq £T2922qd/200T 0T/I0p/wW0d A8 |im AreIq1juljuo//sdiy wolj pepeojumoq ‘T *LT0Z ‘LTOSSKST



INATI ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ali N, Adil SN, Shaikh MU, Moosajee M, Masood N. Outcome of match
related allogeneic stem cell transplantation procedures performed
from 2004 till 2011. Exp Hematol Oncol. 2012;1(1):13.

. Hussein AA, Al-Zaben A, Ghatasheh L, et al. Risk adopted allogeneic

hematopoietic stem cell transplantation using a reduced intensity
regimen for children with thalassemia major. Pediatr Blood Cancer.
2013;60(8):1345-1349.

. Khalil A, Zaidman |, Elhasid R, Peretz-Nahum M, Futerman B, Ben-

Arush M. Factors influencing outcome and incidence of late com-
plications in children who underwent allogeneic hematopoietic stem
cell transplantation for hemoglobinopathy. Pediatr Hematol Oncol.
2012;29(8):694-703.

. Li C, Wu X, Feng X, et al. A novel conditioning regimen improves

outcomes in beta-thalassemia major patients using unrelated donor
peripheral blood stem cell transplantation. Blood. 2012;120(19):3875-
3881.

. Kwiatkowski JL, Kim HY, Thompson AA, et al., Thalassemia Clinical

Research Network. Chelation use and iron burden in North Ameri-
can and British thalassemia patients: A report from the Thalassemia
Longitudinal Cohort. Blood. 2012;119(12):2746-2753.

. Lobo C, Angulo IL, Aparicio LR, et al. Retrospective epidemiological

study of Latin American patients with transfusional hemosiderosis:
The first Latin American epidemiological study in iron overload—The
RELATH study. Hematology. 2011;16(5):265-273.

. Viprakasit V, Gattermann N, Lee JW, et al. Geographical variations

in current clinical practice on transfusions and iron chelation ther-
apy across various transfusion-dependent anaemias. Blood Transfus.
2013;11(1):108-122.

. Majhail NS, Lazarus HM, Burns LJ. A prospective study of iron

overload management in allogeneic hematopoietic cell transplan-
tation survivors. Biol Blood Marrow Transplant. 2010;16(6):832-
837.

. Rose C, Ernst O, Hecquet B, et al. Quantification by magnetic res-

onance imaging and liver consequences of post-transfusional iron
overload alone in long term survivors after allogeneic hematopoi-
etic stem cell transplantation (HSCT). Haematologica. 2007;92(6):850-
853.

Bradley SJ, Gosriwitana I, Srichairatanakool S, Hider RC, Porter JB.
Non-transferrin-bound iron induced by myeloablative chemotherapy.
Br J Haematol. 1997;99(2):337-343.

Durken M, Nielsen P, Knobel S, et al. Nontransferrin-bound iron in
serum of patients receiving bone marrow transplants. Free Radic Biol
Med. 1997;22(7):1159-1163.

Sahlstedt L, Ebeling F, von Bonsdorff L, Parkkinen J, Ruutu T. Non-
transferrin-bound iron during allogeneic stem cell transplantation. Br
JHaematol. 2001;113(3):836-838.

Oudit GY, Sun H, Trivieri MG, et al. L-type Ca2+ channels provide
a major pathway for iron entry into cardiomyocytes in iron-overload
cardiomyopathy. Nat Med. 2003;9(9):1187-1194.

Oudit GY, Trivieri MG, Khaper N, Liu PP, Backx PH. Role of L-type
Ca2+ channels in iron transport and iron-overload cardiomyopathy. J
Mol Med (Berl). 2006;84(5):349-364.

Hershko C. Pathogenesis and management of iron toxicity in
thalassemia. Ann NY Acad Sci. 2010;1202:1-9.

Hod EA, Zhang N, Sokol SA, et al. Transfusion of red blood cells after
prolonged storage produces harmful effects that are mediated by iron
and inflammation. Blood. 2010;115(21):4284-4292.

Yegin ZA, Pasaoglu H, Aki SZ, et al. Pro-oxidative/antioxidative imbal-
ance: A key indicator of adverse outcome in hematopoietic stem cell
transplantation. Int J Lab Hematol. 2011;33(4):414-423.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

WILEY-—

Altes A, Remacha AF, Sureda A, et al. Iron overload might increase
transplant-related mortality in haematopoietic stem cell transplanta-
tion. Bone Marrow Transplant. 2002;29(12):987-989.

Pullarkat V, Blanchard S, Tegtmeier B, et al. Iron overload adversely
affects outcome of allogeneic hematopoietic cell transplantation. Bone
Marrow Transplant. 2008;42(12):799-805.

Tachibana T, Tanaka M, Takasaki H, et al. Pretransplant serum fer-
ritin is associated with bloodstream infections within 100 days of
allogeneic stem cell transplantation for myeloid malignancies. Int J
Hematol. 2011;93(3):368-374.

Angelucci E, Muretto P, Nicolucci A, et al. Effects of iron overload
and hepatitis C virus positivity in determining progression of liver
fibrosis in thalassemia following bone marrow transplantation. Blood.
2002;100(1):17-21.

Angelucci E, Muretto P, Lucarelli G, et al. Phlebotomy to reduce
iron overload in patients cured of thalassemia by bone marrow
transplantation. Italian Cooperative Group for Phlebotomy Treat-
ment of Transplanted Thalassemia Patients. Blood. 1997;90(3):994-
998.

Busca A, Falda M, Manzini P, et al. Iron overload in patients receiv-
ing allogeneic hematopoietic stem cell transplantation: Quantification
of iron burden by a superconducting quantum interference device
(SQUID) and therapeutic effectiveness of phlebotomy. Biol Blood
Marrow Transplant. 2010;16(1):115-122.

Kamble RT, Selby GB, Mims M, Kharfan-Dabaja MA, Ozer H,
George JN. Iron overload manifesting as apparent exacerbation of
hepatic graft-versus-host disease after allogeneic hematopoietic stem
cell transplantation. Biol Blood Marrow Transplant. 2006;12(5):506-
510.

Hicken BL, Tucker DC, Barton JC. Patient compliance with phlebotomy
therapy for iron overload associated with hemochromatosis. Am J
Gastroenterol. 2003;98(9):2072-2077.

Pietrangelo A. Iron chelation beyond transfusion iron overload. Am J
Hematol. 2007;82(12 Suppl):1142-1146.

Cappellini MD, Bejaoui M, Agaoglu L, et al. Iron chelation with
deferasirox in adult and pediatric patients with thalassemia major: Effi-
cacy and safety during 5 years’ follow-up. Blood. 2011;118(4):884-
893.

Cappellini MD, Cohen A, Piga A, et al. A phase 3 study of deferasirox
(ICL670), a once-daily oral iron chelator, in patients with beta-
thalassemia. Blood. 2006;107(9):3455-3462.

Pennell DJ, Berdoukas V, Karagiorga M, et al. Randomized con-
trolled trial of deferiprone or deferoxamine in beta-thalassemia
major patients with asymptomatic myocardial siderosis. Blood.
2006;107(9):3738-3744.

Porter J, Galanello R, Saglio G, et al. Relative response of patients
with myelodysplastic syndromes and other transfusion-dependent
anaemias to deferasirox (ICL670): A 1-yr prospective study. Eur J
Haematol. 2008;80(2):168-176.

Taher A, Al Jefri A, Elalfy MS, et al. Improved treatment satisfaction
and convenience with deferasirox in iron-overloaded patients with
beta-thalassemia: Results from the ESCALATOR Trial. Acta Haematol.
2010;123(4):220-225.

Tanner MA, Galanello R, Dessi C, et al. A randomized, placebo-
controlled, double-blind trial of the effect of combined ther-
apy with deferoxamine and deferiprone on myocardial iron in
thalassemia major using cardiovascular magnetic resonance. Circula-
tion. 2007;115(14):1876-1884.

Lee JW, Kang HJ, Kim EK, Kim H, Shin HY, Ahn HS. Effect of iron over-
load and iron-chelating therapy on allogeneic hematopoietic SCT in
children. Bone Marrow Transplant. 2009;44(12):793-797.

85U8017 SUOLLLOD BA 1810 3ceoldde ayy Aq pausencb afe saoiLe VO ‘8sn JO se|ni Joj AfeldT8UlUO A8]IAA UO (SUORIPUOD-PUR-SLUR)ALI0O" A3 1WA e.q 1 Bu JUO//:SANY) SUORIPUOD pUe SWie | 8L 88S *[7202/80/6T] U0 AkeiqiTauluo A8|IMm Inieg JO AISIAIUN UedleWY Aq £T2922qd/200T 0T/I0p/wW0d A8 |im AreIq1juljuo//sdiy wolj pepeojumoq ‘T *LT0Z ‘LTOSSKST



v | WILEY

34.
35.
36.

37.
38.

39.

40.
41.

42.

INATI ET AL.

Giardini C, Galimberti M, Lucarelli G, et al. Desferrioxamine ther-
apy accelerates clearance of iron deposits after bone marrow
transplantation for thalassaemia. Br J Haematol. 1995;89(4):868-
873.

Sivgin S, Eser B, Bahcebasi S, et al. Efficacy and safety of oral
deferasirox treatment in the posttransplant period for patients who
have undergone allogeneic hematopoietic stem cell transplantation
(alloHSCT). Ann Hematol. 2012;91(5):743-749.

Unal S, Kuskonmaz B, Hazirolan T, et al. Deferasirox use after
hematopoietic stem cell transplantation in pediatric patients with
beta-thalassemia major: Preliminary results. Pediatr Hematol Oncol.
2010;27(6):482-489.

Porter JB, Abeysinghe RD, Marshall L, Hider RC, Singh S. Kinetics of
removal and reappearance of non-transferrin-bound plasma iron with
deferoxamine therapy. Blood. 1996;88(2):705-713.

Esposito BP, Breuer W, Sirankapracha P, Pootrakul P, Hershko C,
Cabantchik ZI. Labile plasma iron in iron overload: Redox activity and
susceptibility to chelation. Blood. 2003;102(7):2670-2677.

Telfer PT, Prestcott E, Holden S, Walker M, Hoffbrand AV, Wonke
B. Hepatic iron concentration combined with long-term monitor-
ing of serum ferritin to predict complications of iron overload in
thalassaemia major. Br J Haematol. 2000;110(4):971-977.

Angelucci E, Brittenham GM, McLaren CE, et al. Hepatic iron concen-
tration and total body iron stores in thalassemia major. N Engl J Med.
2000;343(5):327-331.

Butt NM, Clark RE. Autografting as a risk factor for persisting iron
overload in long-term survivors of acute myeloid leukaemia. Bone Mar-
row Transplant. 2003;32(9):909-913.

Lichtman SM, Attivissimo L, Goldman IS, Schuster MW, Buchbinder A.
Secondary hemochromatosis as a long-term complication of the treat-
ment of hematologic malignancies. Am J Hematol. 1999;61(4):262-
264.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Strasser Sl, Kowdley KV, Sale GE, McDonald GB. Iron overload
in bone marrow transplant recipients. Bone Marrow Transplant.
1998;22(2):167-173.

Andrews NC. Disorders of iron metabolism. N Engl J Med. 1999;
341(26):1986-1995.

Kirk P, Roughton M, Porter JB, et al. Cardiac T2* magnetic resonance
for prediction of cardiac complications in thalassemia major. Circula-
tion. 2009;120(20):1961-1968.

Pennell DJ, Porter JB, Cappellini MD, et al. Efficacy of deferasirox in
reducing and preventing cardiac iron overload in beta-thalassemia.
Blood. 2010;115(12):2364-2371.

Li CK, Lai DH, Shing MM, Chik KW, Lee V, Yuen PM. Early iron reduc-
tion programme for thalassaemia patients after bone marrow trans-
plantation. Bone Marrow Transplant. 2000;25(6):653-656.

Cappellini MD, Porter J, El-Beshlawy A, et al. Tailoring iron chela-
tion by iron intake and serum ferritin: The prospective EPIC study
of deferasirox in 1744 patients with transfusion-dependent anemias.
Haematologica. 2010;95(4):557-566.

Piga A, Longo F, Musallam KM, et al. Assessment and management
of iron overload in beta-thalassaemia major patients during the 21st
century: A real-life experience from the Italian WEBTHAL project. Br J
Haematol. 2013;161(6):872-883.

Kornreich L, Horev G, Yaniv I, Stein J, Grunebaum M, Zaizov R. Iron
overload following bone marrow transplantation in children: MR find-
ings. Pediatr Radiol. 1997;27(11):869-872.

Taher A, Musallam KM, El Rassi F, et al. Levels of non-transferrin-
bound iron as an index of iron overload in patients with thalassaemia
intermedia. Br J Haematol. 2009;146(5):569-572.

Taher A, Elalfy MS, Al Zir K, et al. Achieving treatment goals of reduc-
ing or maintaining body iron burden with deferasirox in patients
with beta-thalassaemia: Results from the ESCALATOR study. Eur J
Haematol. 2011;87(4):349-354.

85U8017 SUOLLLOD BA 1810 3ceoldde ayy Aq pausencb afe saoiLe VO ‘8sn JO se|ni Joj AfeldT8UlUO A8]IAA UO (SUORIPUOD-PUR-SLUR)ALI0O" A3 1WA e.q 1 Bu JUO//:SANY) SUORIPUOD pUe SWie | 8L 88S *[7202/80/6T] U0 AkeiqiTauluo A8|IMm Inieg JO AISIAIUN UedleWY Aq £T2922qd/200T 0T/I0p/wW0d A8 |im AreIq1juljuo//sdiy wolj pepeojumoq ‘T *LT0Z ‘LTOSSKST



