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Abstract
Background: Iron overload is well documented in patients with 𝛽-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 𝛽-thalassemiamajor 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 to15 and20mg/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 patientswith

𝛽- thalassemiamajor post-HSCT, with amanageable safety profile.

K EYWORDS

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 𝛽-thalassemia major, it

is becoming more relevant to follow-up and assess patient care in

the long term.1–4 Iron overload is well documented in patients with

𝛽-thalassemia major,5–7 and those who have undergone HSCT remain

at risk as a result of pre- and immediate post-HSCT transfusions.8,9

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, transferrin iron clearance returns and transferrin sat-

uration and NTBI fall but remain raised in those patients who have

accumulated a transfusional iron load.10 NTBI is cleared by and accu-

mulated in extra-hepatic tissues such as the myocardium,13,14 catalyz-

ing the formation of free radicals and oxidative stress, ultimately cul-

minating in end-organ damage.15 NTBI availability to microorganisms

leads to an increased risk of infection.16 InHSCT, elevatedNTBI is a key

indicator of adverse outcome.17

The implications of iron overload duringHSCThave 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.19,20 In 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.21 The removal of

iron to prevent associated negative outcomes after curative HSCT for

𝛽-thalassemiamajor 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.8,22–24 However, phle-

botomymay not bewell tolerated and patient adherence can vary,25,26

such that oral iron chelation may be preferable for some patients. The

efficacy and safety of iron chelation therapy in 𝛽-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,34–36 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

deferasiroxwith phlebotomy for the treatment of iron overload in chil-

dren with 𝛽-thalassemia major following HSCT. A secondary objective

was to assess the perceived convenience of deferasirox comparedwith

phlebotomy and patient adherence to the treatment.

2 METHODS

2.1 Inclusion criteria

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

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

level of at least 500ng/ml on two consecutive readings at least 1month

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

the inclusion criteria between June2009andApril 2010were 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 ml/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 studywas conducted in accordancewithGoodClinical Practice

guidelines and theDeclaration ofHelsinki andwas approvedby institu-

tional ethics committees at the participating sites. All patients/parents

providedwritten 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
R©
). Othermeasures 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.,37 with minor modifications. The LPI assay

was performed as previously described,38 but using standards pre-

pared in plasma-like medium containing 20 mg/ml human serum albu-

min. Transferrin wasmeasured using the BNProSpec System (Siemens

Health Care Diagnostics).

Cardiovascular magnetic resonance (CMR) assessment of T2* was

conducted and results were assessed at a central laboratory. Compli-

ancewith study treatmentwas also assessed. For phlebotomy, the ratio

of performedandplanned sessionswas 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, 𝛼 level of 0.05). The pooled standard
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TABLE 1 Baseline patient demographics

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

Mean age± SD, years 12.4± 4.0 12.5± 4.0 12.4± 3.9

Male:female, n 6:6 8:6 14:12

Median time betweenHSCT andMRI (range), years 3.2 (1.2–4.6) 3.4 (1.8–4.6) 3.4 (1.2–4.6)

Mean hemoglobin± SD, g/dl 12.5± 1.5 12.6± 1.5 12.5± 1.5

Mean LIC± SD, mg Fe/g dw 12.5± 10.1 10.2± 6.8 11.3± 8.4

Median LIC (range), mg Fe/g dw 8.6 (4.1–36.6) 7.4 (3.1–24.0) 8.0 (3.1–36.6)

LIC>7mg Fe/g dw, n (%) 7 (58.3) 7 (50.0) 14 (53.8)

LIC≤7mg Fe/g dw, n (%) 5 (41.7) 7 (50.0) 12 (46.2)

Median serum ferritin (range), ng/ml 999 (503–5884) 1,423 (506–2,945) 1,255 (503–5,884)

Serum ferritin≥1,000 ng/ml, n (%) 6 (50.0) 10 (71.4) 16 (61.5)

Serum ferritin<1,000 ng/ml, n (%) 6 (50.0) 4 (28.6) 10 (38.5)

Median (range) cardiac T2*, ms 23.9 (8.5–39.3) 28.2 (8.9–35.2) 27.6 (8.5–39.3)

Mean ALT± SD, IU/l 53.1± 58.9 43.0± 30.5 47.7± 45.1

Mean AST± SD, IU/L 35.6± 17.1 36.7± 15.0 36.2± 15.7

Mean creatinine clearance± SD, mg/dl 216± 154 162± 107 188± 131

AST, aspartate aminotransferase.

error was used for samples with equal standard deviations (SDs); the

Satterthwaite approximationmethodwas 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 bonemarrow 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-

ticswere 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

20mg/kg/day, respectively. Themean± SD deferasirox dose at the last

visit was 11.0±2.2mg/kg/day in the LIC less than or equal to 7mgFe/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± 69ml, 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 10mg/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± 5.7mg 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=0.0014vs. baseline). Phlebotomyalso 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 hadmyocardial T2* 19.9ms,

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 Iron parameters before and after 1-year treatmentwith deferasirox or phlebotomy in pediatric 𝛽-thalassemiamajor patients following
allogeneic HSCT

Deferasirox Phlebotomy

(n= 12) (n= 14)

Parameter Baseline End of study Change from baseline Baseline End of study Change from baseline

LIC, mg Fe/g dw 12.5± 10.1 8.5± 9.3 –5.8± 3.0 10.2± 6.8 8.3± 9.2 –3.3± 4.9

P= 0.00045 P= 0.050

Serum ferritin, ng/ml 999 (503 to
5,884)

515 (139 to
4,000)

–498 (–1,884 to
–142) P= 0.00014

1,423 (506 to 2,945) 345 (144 to
2,620)

–902 (–1,777 to
–280) P< 0.0001

TIBC, 𝜇M 45.2± 5.9 61.5± 16.8 16.3± 17.5 46.6± 7.1 53.4± 7.9 6.8± 5.1

P= 0.0012 P= 0.00024

NTBI, 𝜇mol/l 2.0± 2.0 0.2± 0.9 –1.9± 1.8 2.3± 2.2 –0.2± 0.6 –2.8± 2.2

P= 0.014 P= 0.0015

LPI, 𝜇mol/l 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
saturation, %

57.8± 26.7 42.0± 14.0 –17.4± 23.4 55.2±30.1 37.9± 24.6 –30.1± 27.2

P= 0.026 P= 0.0018

Data are shown asmean± SD, with the exception of serum ferritin, which is shown asmedian (range).

F IGURE 1 Absolute change in ironparameters during1-year treatmentwithdeferasiroxorphlebotomy inpediatric 𝛽-thalassemiamajor patients
following allogeneic HSCT: (A) LIC, (B) serum ferritin levels, (C) NTBI, and (D) LPI

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 phlebotomyand from8.5 to11.4ms

in the patient randomized to deferasirox. Notably, in the phlebotomy

patientwith improved cardiacT2*, substantial decreases fromelevated

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 𝜇mol/l), and NTBI (6.1 to –0.4 𝜇mol/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 9.4mg Fe/g dw), transferrin saturation (from43.1 to 34.9), LPI (from

0.1 to 0.0 𝜇mol/l), and NTBI (from 1.2 to 0.1 𝜇mol/l). Three other

patients had evidence of cardiac siderosis (myocardial T2* 19.2, 18.6,
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192 INATI ET AL.

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 𝜇mol/l with deferasirox (P = 0.014; n = 9) and –2.8 ±
2.2 𝜇mol/l 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/l

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 7mg Fe/g dw or serum

ferritin 1,000 ng/ml or higher and decreasedwith 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 increasewith deferasirox

(16.3 ± 17.5 𝜇M) was significantly greater than with phlebotomy

(6.8 ± 5.1 𝜇M; 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 𝜇molar 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 𝜇M (range 2.2–41.9) greater TIBC by the

UIBC and serum ironmethod than by the transferrin method; unlike in

phlebotomy patients for whom there was little difference in TIBC by

either method (–3.6 𝜇M [–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%)phlebotomypatients experienceddifficultywith venousaccess

(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 IU/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 fourpatients, one remainedon10mg/kg/dayuntil treatmentwas

stopped when reaching serum ferritin level less than 300 ng/ml, two

patients had dose escalations to 15mg/kg/day after the initial increase

in serumcreatinine 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

to 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

resolvedby thenext visit eitherwithout interventionorwith 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

patientmissed 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 𝛽-thalassemia major con-

tinue to be iron overloaded for several years post-HSCT. Despite a

median 3.4 years betweenHSCTandMRImeasurement 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

 15455017, 2017, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pbc.26213 by A

m
erican U

niversity O
f B

eirut, W
iley O

nline L
ibrary on [19/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



INATI ET AL. 193

TABLE 3 Correlation of efficacy parameters at baseline and after 1-year treatment with deferasirox or phlebotomy in pediatric 𝛽-thalassemia
major patients following allogeneic HSCT

Parameter LIC Serum ferritin NTBI LPI Transferrin saturation Hemoglobin

Baseline

LIC 1.000 0.825 0.565 0.574 0.658 –0.454

P< 0.0001 P= 0.0026 P= 0.0027 P= 0.0003 P= 0.0198

Serum ferritin 0.825 1.000 0.618 0.300 0.646 –0.525

P< 0.0001 P= 0.0008 P=NS P= 0.0004 P= 0.0059

1 year

LIC 1.000 0.859 0.881 –0.330 0.747 –0.501

P< 0.0001 P< 0.0001 P=NS P= 0.0002 P= 0.0244

Serum ferritin 0.859 1.000 0.898 –0.096 0.635 0.096

P< 0.0001 P< 0.0001 P=NS P= 0.0006 P= 0.64

aAt last follow-up. Significant correlations are in bold.

F IGURE 2 Serum creatinine during 1-year treatment with (A) deferasirox or (B) phlebotomy in pediatric 𝛽-thalassemia major patients following
allogeneic HSCT

F IGURE 3 ALT during 1-year treatment with (A) deferasirox or (B) phlebotomy in pediatric 𝛽-thalassemia major patients following allogeneic
HSCT

LIC higher than 15 mg Fe/g dw, a level known to be associated with

increased risk of progressive organ dysfunction and death.39 Other

studies have also demonstrated that iron overload can remain signif-

icant for many years after HSCT for hematologic malignancies,40–43

which is to be expected since humans have no physiologic pathway for

ironexcretion.44 Collectively, these results highlight theneed 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*< 10ms), a clinically relevant improvement inmyocar-

dial T2* to a lower risk status for heart failure (T2* >10 ms)45 after

treatment with either phlebotomy or deferasirox was observed.While

improvement in cardiac T2* has been widely reported in clinical stud-

ies with deferasirox,46 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

patientwith improved cardiac T2*, providing a potentialmechanism 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 levels in1yearwitheitherphlebotomyordeferasirox, 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,34,36 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 inmore rapid reduction in serum ferritin levels than

phlebotomy.47 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. AEswere sim-

ilar to those previously reported in 𝛽-thalassemia major28,30,31,48 and

in the post-HSCT setting.28,30,31 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.27 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.48 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 𝛽-thalassemia major may also require prompt

dose escalation in order to optimize efficacy with a manageable safety

profile.35 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.28,49 With the increas-

ing availability of noninvasive MRI techniques, and the altered

pattern of iron distribution in the posttransplant period,50 the uti-

lization of the more clinically robust method of direct LIC measure-

ment becomes important.42 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 𝛽-thalassemia intermedia and sickle cell

disease.51 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.25 Treatment satisfaction with deferasirox in 𝛽-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 𝛽-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 𝛽-thalassemia major

patients with significant iron overload.48,52 Importantly, deferasirox

demonstrated a clinically manageable safety profile in these patients

whowere not receiving transfusions. Since patients are no longer ane-

mic and not requiring transfusions, iron removal in post-HSCT patients

with 𝛽-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.
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