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Regular red blood cell (RBC) transfusions are the prin-

cipal supportive therapy for many rare anaemias.

Although transfusion requirements may vary according

to diagnosis, chronic transfusion therapy inevitably leads

Abstract

Objectives: It is widely assumed that, at matched transfusional iron-loading rates, responses to chelation

therapy are similar, irrespective of the underlying condition. However, data are limited for rare transfusion-

dependent anaemias, and it remains to be elucidated if response differs, depending on whether the anae-

mia has a primary haemolytic or production mechanism. Methods: The efficacy and safety of deferasirox

(Exjade�) in rare transfusion-dependent anaemias were evaluated over 1 yr, with change in serum ferritin

as the primary efficacy endpoint. Initial deferasirox doses were 10–30 mg ⁄ kg ⁄ d, depending on transfusion

requirements; 34 patients had production anaemias, and 23 had haemolytic anaemias. Results: Patients

with production anaemias or haemolytic anaemias had comparable transfusional iron-loading rates (0.31 vs.

0.30 mL red blood cells ⁄ kg ⁄ d), mean deferasirox dosing (19.3 vs. 19.0 mg ⁄ kg ⁄ d) and baseline median

serum ferritin (2926 vs. 2682 ng ⁄ mL). Baseline labile plasma iron (LPI) levels correlated significantly with

the transfusional iron-loading rates and with serum ferritin levels in both cohorts. Reductions in median

serum ferritin levels were initially faster in the production than the haemolytic anaemias, but at 1 yr, similar

significant reductions of 940 and 617 ng ⁄ mL were attained, respectively ()26.0% overall). Mean LPI

decreased significantly in patients with production (P < 0.0001) and haemolytic (P = 0.037) anaemias after

the first dose and was maintained at normal mean levels (<0.4 lm) subsequently. The most common

drug-related, investigator-assessed adverse events were diarrhoea (n = 16) and nausea (n = 12). Conclu-

sions: At matched transfusional iron-loading rates, the responses of rare transfusion-dependent anaemias

to deferasirox are similar at 1 yr, irrespective of the underlying pathogenic mechanism.
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to iron overload that can cause significant damage to the

heart, liver and endocrine glands (1, 2). In regularly

transfused patients with b-thalassaemia, there are sub-

stantial data reporting the efficacy and safety of iron

chelation therapy to treat iron overload (3–5). Data

supporting the use of iron chelation therapy in other

transfusion-dependent anaemias such as myelodysplastic

syndromes (MDS), aplastic anaemia (AA) and sickle cell

disease (SCD) are also accumulating (4–8) and suggest

that response with respect to iron balance is mainly

dependent on chelator dose and transfusional iron-load-

ing rate (4, 9). Studies in patients with rare anaemias

related to decreased RBC production or ‘production

anaemias’ [including Diamond-Blackfan anaemia (DBA)

and pure red cell aplasia] as well as those in patients with

haemolytic anaemias have been limited (4), and response

has not been analysed with respect to the underlying

mechanism of anaemia. The 1-yr Evaluation of Patients’

Iron Chelation with Exjade� (EPIC) study enrolled a

large number of patients with a variety of transfusion-

dependent anaemias (5), thereby allowing the investiga-

tion of disease-specific considerations that might affect

iron chelation therapy with deferasirox (Exjade�; Novar-

tis Pharma AG, Basel, Switzerland). Data from patients

with rare transfusion-dependent anaemias recruited into

the EPIC study were included in these analyses.

The question as to whether the response to iron chela-

tion therapy differs if the anaemia results primarily from

decreased red cell production vs. when there is an under-

lying haemolytic mechanism remains to be answered.

The rationale for the potentially variable response is that

iron pools available for chelation may differ in haemo-

lytic anaemias from those of production anaemias as a

result of a greater rate of RBC catabolism. One

approach to interrogating the access of chelators to iron

pools is by the measurement of labile plasma iron (LPI);

a directly chelatable redox-active subfraction of plasma

non-transferrin bound iron (NTBI) (10). Cellular uptake

of NTBI, through mechanisms including calcium chan-

nels (11) and zinc transporters (12), contributes to the

iron-mediated cell damage (10, 13). NTBI and LPI are

known to increase not only as a result of iron overload

(14, 15) but also from ineffective erythropoiesis (16, 17)

and when erythropoiesis is abrogated such as following

myeloablation (18). LPI levels and the response to iron

chelation may thus differ, depending on the underlying

pathological mechanisms of anaemia. Therefore, in addi-

tion to assessing response of serum ferritin levels to

deferasirox, LPI levels have been measured before and

during iron chelation therapy. LPI levels have been com-

pared between patients with haemolytic and production

anaemias and related to the rates of transfusional iron

loading and to serum ferritin levels.

Methods

EPIC was a prospective, 1-yr, multicenter, open-label

study that enrolled 1744 iron-overloaded patients with

various transfusion-dependent anaemias, conducted across

23 countries. A full description of the study design and

overall inclusion ⁄ exclusion criteria has been published

previously (5).

Key inclusion and exclusion criteria

Patients with rare transfusion-dependent anaemias from

the EPIC study included in this study were male or

female aged ‡2 yrs and with iron overload defined as

serum ferritin levels of ‡1000 or <1000 ng ⁄mL with a

history of multiple transfusions (>20 transfusions or

1000 mL ⁄kg of RBCs) and R2 magnetic resonance imag-

ing-confirmed liver iron concentration (LIC) ‡2 mg Fe ⁄ g
dry weight. These anaemias were classified as production

or haemolytic in aetiology. Production anaemias were

those where decreased red cell production was the under-

lying mechanism and included DBA and pure red cell

aplasia. Patients with AA (19), MDS (8), thalassaemia or

SCD (5) from the EPIC study were excluded from this

analysis as they have been reported elsewhere. A defini-

tion of haemolysis was not included in the EPIC study

protocol, and in this analysis, investigators have attrib-

uted haemolysis as the underlying mechanism on the

basis of either a clear diagnosis [e.g. pyruvate kinase

(PK) deficiency or autoimmune haemolytic anaemia

(AIHA)] or the presence of one or more of the following

features of haemolysis: raised reticulocyte count, raised

lactate dehydrogenase (LDH), raised bilirubin, deleted

plasma haptoglobin in addition to the absence of haem-

orrhage or production aetiology for the anaemia. Patients

(or parents ⁄ guardians) provided written informed con-

sent before entering the study, which was conducted in

accordance with Good Clinical Practice guidelines and

the Declaration of Helsinki. The study was approved

by an Institutional Review Board ⁄ Independent Ethics

Committee ⁄Research Ethics Board at each participating

site.

Deferasirox dosing

Deferasirox starting dose was individualised, based on

the frequency of blood transfusions; a starting dose of

20 mg ⁄kg ⁄d was recommended for patients receiving 2–4

RBC units ⁄month (7–14 mL ⁄kg ⁄month), 30 mg ⁄kg ⁄d
for patients receiving more frequent transfusions and

10 mg ⁄kg ⁄d for patients receiving less frequent transfu-

sions. Protocol-specified dose adjustments were made in

steps of 5–10 mg ⁄kg ⁄d (range 0–40 mg ⁄kg ⁄d), based on

3-monthly trends in serum ferritin and safety markers
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[including serum creatinine, transaminases and adverse

events (AEs)]. Dose increases were recommended in

patients with baseline serum ferritin values of

>500 ng ⁄mL who had an upward trend, or in patients

with baseline serum ferritin values of >1000 ng ⁄mL who

had no downward trend after 3 months. Dose escalation

above 40 mg ⁄kg ⁄d was permitted in exceptional circum-

stances and had to be approved individually by the

Study Monitoring Committee. If serum ferritin levels fell

to £500 ng ⁄mL on two consecutive study visits, deferasi-

rox treatment was suspended until levels increased to

>500 ng ⁄mL once more.

Assessments

Serum ferritin levels were assessed every 4 wks. The

primary efficacy endpoint was the change in serum

ferritin levels from baseline to 1 yr. Secondary efficacy

endpoints included evaluation of the relationship

between dose adjustment regimens and transfusional iron

overload. Blood samples to assess changes in levels of

LPI using methods described previously (10) were taken

preadministration (i.e. at predicted daily peak) and 2 h

postdeferasirox administration, at baseline and Weeks

12, 28 and 52. Safety was evaluated throughout the study

by regular monitoring and recording of AEs, routine lab-

oratory testing and physical examination.

Statistical methods

The efficacy population included all screened patients

who had started deferasirox treatment; analysis was

based upon the intent-to-treat principle. If no serum

ferritin value was available at 1 yr, the last available

observation was used as an end-of-study assessment to

calculate the change from baseline (last-observation-

carried-forward analysis). The safety population included

all patients who had received at least one dose of study

medication. Correlations were assessed using Pearson

correlation coefficients. The reported P-values were

based on two-sided paired tests at a 5% significance level

(Student’s t-test).

Results

Patient characteristics

Of the 57 patients with rare transfusion-dependent anae-

mias, 34 had anaemia resulting from decreased red cell

production [production anaemias – pure red cell aplasia

(n = 20) and DBA (n = 14)]. Twenty-three patients had

anaemias resulting from a haemolytic process (haemo-

lytic anaemias) including: haemolytic anaemia of unchar-

acterised cause (n = 11), pyruvate kinase deficiency

anaemia (n = 5), autoimmune haemolytic anaemia (n =

4), congenital erythropoietic protoporphyria (n = 2),

hereditary haemolytic anaemia (n = 1)]. Patient charac-

teristics at baseline are shown in Table 1.

Prior chelation history

Overall, more than two-thirds of patients had received

prior chelation therapy for an approximate mean period

of 6 yrs. Deferoxamine was the most frequently used

Table 1 Demographics and patient characteristics at baseline

Production anaemias
(n = 34)

Haemolytic
anaemias (n = 23)

All patients
(n = 57)

Mean age ± SD, years 35.2 ± 23.2 32.3 ± 22.6 34.0 ± 22.8

Age group, years, n (%)

2–<16 8 (23.5) 6 (26.1) 14 (24.6)

‡16 26 (76.5) 17 (73.9) 43 (75.4)

Male:female, n 15:19 12:11 27:30

Race (Caucasian:Oriental:other), n 28:4:2 14:8:1 42:12:3

History of hepatitis B or C, n (%) 3 (8.8) 2 (8.7) 5 (8.8)

History of splenectomy, n (%) 1 (2.9) 11 (47.8) 12 (21.1)

Previous iron chelation therapy, n (%)

DFO monotherapy 21 (61.8) 13 (56.5) 34 (59.6)

Deferiprone monotherapy 1 (2.9) – 1 (1.8)

DFO and deferiprone1 5 (14.7) 2 (8.7) 7 (12.3)

Chelation-naı̈ve 7 (20.6) 8 (34.8) 15 (26.3)

Mean duration of previous iron chelation therapy ± SD, years 6.2 ± 8.6

(n = 27)

5.2 ± 7.5

(n = 15)

5.8 ± 8.2

(n = 42)

Mean duration of transfusion history ± SD, years 9.9 ± 10.2 13.8 ± 12.7 11.5 ± 11.4

Mean number of transfusion sessions in the year prior to study entry ± SD 21.5 ± 18.1 19.0 ± 19.5 20.5 ± 18.5

Mean volume transfused in the year prior to study entry ± SD, mL ⁄ kg 152 ± 118 174 ± 174 161 ± 142

DFO, deferoxamine; SD, standard deviation.
1patients received both DFO and deferiprone as prior chelation therapies, but these may not have been in combination.
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therapy prior to study (Table 1). In previously chelated

patients, the mean duration of previous iron chelation

therapy was similar for production and haemolytic

anaemias (Table 1).

Deferasirox dosing and adjustments

Forty-eight patients (84.2%) started deferasirox at

20 mg ⁄kg ⁄d; 31 (91.2%) with production anaemias and

17 (73.9%) with haemolytic anaemias. The overall mean

planned dose was not different in production anaemias

(20.3 ± 3.0 mg ⁄kg ⁄d) compared with haemolytic anae-

mias (17.6 ± 4.2 mg ⁄kg ⁄d), neither was the median time

to dose increment (20 wks, range 4–48 and 20 wks, range

9–48, respectively). Final daily doses of 10, 20, 25, 30

and 40 mg ⁄kg ⁄d occurred in four, 10, five, five and one

patient in the production group and seven, seven, zero,

four and one patient in the haemolytic group. The num-

ber of patients requiring dose reductions because of

laboratory abnormalities was higher among patients with

production anaemia (n = 9, 26.5%) compared with

patients with haemolytic anaemia (n = 2, 8.7%). Simi-

larly, dose interruptions for AEs were more common in

the production (n = 14, 41.2%) than the haemolytic

cohorts (n = 6, 26.1%). The mean actual dose over 1 yr

was similar in the production (19.3 ± 5.3 mg ⁄kg ⁄d) and
haemolytic (19.0 ± 5.7 mg ⁄kg ⁄d) cohorts.

Transfusional iron loading

The mean durations of previous transfusion history were

similar for the production anaemias and haemolytic

anaemias (Table 1). The mean transfusion requirements

in the year prior to the study were also similar (Table 1)

with comparable iron-loading rates during the study

(Table 2). This is also similar to mean rates reported for

MDS and thalassaemia major in the EPIC study (5). The

rates and patient numbers differ from rare anaemias

reported in the previous EPIC paper (5) because some

patients previously classified as ‘other’ have been

included in the current analysis of rare anaemias.

Effect of deferasirox on absolute and relative serum
ferritin levels

Overall, baseline median serum ferritin levels were

>2500 ng ⁄mL (Table 2). After 1 yr of treatment with

deferasirox, median serum ferritin levels were reduced to

<2000 ng ⁄mL in both patient cohorts (Fig. 1 and

Table 2 respectively), and 12 patients were able to

achieve serum ferritin levels of <1000 ng ⁄mL; five

patients with haemolytic anaemias, four with DBA and

three with pure red cell aplasia. The percentage reduction

in serum ferritin was similar in production (27.1%) and

haemolytic anaemias (24.1%). The decrease in median

serum ferritin levels was significant in patients with hae-

molytic anaemias (P = 0.02 based on last-observation-

carried-forward analysis) (Table 2). However, in patients

with production anaemias, despite a clinically relevant

median absolute reduction in ferritin levels, this did not

reach statistical significance (P = 0.06). This may have

been attributed to one patient outlier with pure red cell

aplasia who had an absolute increase in serum ferritin

levels of >7000 ng ⁄mL from baseline to end-of-study

associated with rapid weight loss (5.2 kg over 1 month

from treatment day 338–366) and high levels of alanine

aminotransferase (ALT) and aspartate aminotransferase

(585 and 390 U ⁄L, respectively at treatment day 366),

which may have been indicative of acute hepatitis. When

omitted from the analysis, median change in serum ferri-

tin for patients with production anaemias was significant

(P = 0.0009). Subcategorisation of patients with DBA

Table 2 Transfusional iron-loading rate and response to deferasirox

Production anaemias
(n = 34)

Haemolytic anaemias
(n = 23)

All patients
(n = 57)

Mean ± SD iron intake rate, mg ⁄ kg ⁄ d 0.34 ± 0.14

(n = 30)

0.33 ± 0.24

(n = 20)

0.33 ± 0.18

(n = 50)

Median baseline serum ferritin (range), ng ⁄ mL 2926 (908–10861)

(n = 33)

2682 (568–13078)

(n = 22)

2916 (568–13078)

(n = 56)

Median serum ferritin at end-of-study (range), ng ⁄ mL 1972 (145–10700)

(n = 33)

1855 (454–9969)

(n = 22)

1941 (145–10700)

(n = 56)

Median absolute change in serum ferritin, ng ⁄ mL )940 (P = 0.06)

(n = 33)

)617 (P = 0.02)

(n = 22)

)832 (P = 0.005)

(n = 56)

Mean baseline LPI ± SD, lM 0.56 ± 0.5

(n = 22)

0.35 ± 0.5

(n = 14)

0.48 ± 0.5

(n = 36)

Mean LPI at end-of-study predose ± SD, lM 0.16 ± 0.3

(n = 18)

0.29 ± 0.6

(n = 17)

0.22 ± 0.5

(n = 35)

Mean LPI at end-of-study postdose ± SD, lM 0.01 ± 0.0

(n = 17)

0.01 ± 0.0

(n = 15)

0.01 ± 0.0

(n = 32)

RBC, red blood cells; SD, standard deviation; LPI, labile plasma iron.
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also showed a significant reduction in median serum

ferritin levels from a median baseline of 2289 to

1521 ng ⁄mL at end-of-study (median absolute reduction

of 790 ng ⁄mL; P = 0.0121). It should be noted

from Fig. 1 that patients with haemolytic anaemia

experienced a transient increase in serum ferritin levels at

3 months, which subsequently decreased resulting in

comparable serum ferritin values to the production

anaemia at 1 yr.

Effect of deferasirox on labile plasma iron levels

Mean predose LPI levels are shown in Table 2. Values

above normal reference limits (>0.4 lm) (22) were found

in 11 of 22 patients with production anaemias and in five

of 14 patients with haemolytic anaemias (Fig. 2). Overall,

mean predose LPI was not significantly different in

chelation-naı̈ve versus previously chelated patients in

both production (P = 0.306) and haemolytic anaemias

(P = 0.809). LPI levels decreased from predose values

Figure 1 Median serum ferritin levels

(±25th ⁄ 75th percentiles) and mean deferasirox

dose (±SD) for all patients over the 1-yr study.

*Dotted line indicates a threshold of

2500 ng ⁄ mL, serum ferritin levels above which

are associated with significant negative

outcomes in thalassaemia major (20, 21).

A

B

Figure 2 Labile plasma iron (LPI) levels, pre- and postdose administration at baseline and after repeat doses. Individual patient data are shown

for patients with (A) production anaemias and (B) haemolytic anaemias. The grey-shaded area indicates a LPI threshold of 0.4 lM (22). Horizontal

bars denote mean LPI.
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for both cohorts, with normalisation (<0.4 lm) of the

mean for all patients at all points in the study (Fig. 2).

For patients with production anaemias, the reduction in

predose LPI levels was significant after the first dose

(P < 0.0001), and at Weeks 12 (P = 0.0002), 28

(P = 0.006) and 52 (end-of-study) (P = 0.014) com-

pared with baseline. When excluding the patient with a

reported absolute increase from baseline in serum ferritin

level to >7000 ng ⁄mL, the results remained significant

(P < 0.0001, P = 0.0005, P = 0.012 and P = 0.029,

respectively). A ‘rebound’ effect was noted in some

patients at Week 52 (end-of-study) predose assessments.

Of the patients with production anaemias with predose

LPI levels >0.4 lm at Week 52 (end-of-study) (n = 3),

all had pure red cell aplasia; one patient had an increase

in serum ferritin level >7000 ng ⁄mL from baseline at

the end-of-study as previously discussed; one patient

achieved a reduction in serum ferritin levels of

1709 ng ⁄mL at end-of-study compared with baseline,

despite having a higher than average transfusion rate

(0.53 mL RBC ⁄kg ⁄d); and the third patient achieved a

reduction in serum ferritin level of 1658 ng ⁄mL and

had a lower than average transfusion rate (0.33 mL

RBC ⁄kg ⁄d). Mean deferasirox dose at end-of-study in

these three patients was 29.8, 10.6 and 28.4 mg ⁄kg ⁄d,
respectively. All three patients completed the study.

For patients with haemolytic anaemias, the reductions

in predose LPI levels were significant after the first dose

(P = 0.037) and at Week 12 (P = 0.048) compared with

baseline. As with production anaemias, some patients

with haemolytic anaemia (n = 3) demonstrated a recur-

rence of LPI predose at Week 52 (end-of-study) with pre-

dose LPI levels >0.4 lm; these had underlying diagnoses

of hereditary haemolytic anaemia, acute porphyria and

pyruvate kinase deficiency, respectively. The patient with

hereditary haemolytic anaemia achieved a reduction in

serum ferritin levels of 771 ng ⁄mL but discontinued the

study because of withdrawal of consent. The remaining

two patients with end-of-study LPI values >0.4 lm com-

pleted the study, and both had increases in serum ferritin

levels compared with baseline (+1254 and +1079 ng ⁄
mL, respectively) with transfusion rates lower than aver-

age (0.23 and 0.18 mL RBC ⁄kg ⁄d, respectively). Mean

deferasirox dose at end-of-study in these three patients

was 25.1, 18.9 and 28.4 mg ⁄kg ⁄d, respectively.

Relationship of baseline LPI to iron-loading rate and
serum ferritin

Analysis of available predose LPI measurements at

baseline in all patients indicated a significant correlation

with the rate of transfusion (mL RBC ⁄kg ⁄d) in the year

prior to study entry [R = 0.58, P = 0.0005 (n = 32);

Fig. 3A]. Patients with haemolytic (circles) and produc-

tion (diamonds) anaemias appear to fall broadly within

this same relationship. Predose LPI measurements at

baseline were also correlated with transfusional iron-

loading rate (mg ⁄kg ⁄d) over the study (R = 0.56,

P = 0.001; not shown). Transfusional iron-loading rate

(mg ⁄kg ⁄d) over the study was correlated with LPI levels

at 12 wks (R = 0.39, P = 0.01; not shown), but by

28 wks (R = 0.21, P = 0.22; not shown) and end-of-

study (R = 0.06, P = 0.76; not shown), this relationship

was not apparent. This is likely to reflect the progressive

and effective suppression of LPI by deferasirox so that

the contribution of the iron-loading rate to LPI levels

A B

Figure 3 (A) The relationship between baseline predose labile plasma iron (LPI) and transfusion rate in the year prior to study entry. There is a

significant correlation (R = 0.58, P = 0.0005, n = 32) between transfusion rate in the year prior to study entry and baseline predose LPI in all

patients. Haemolytic anaemias are shown in circles and production anaemias in diamonds. The grey area denotes the healthy reference range.

(B) The relationship between baseline predose LPI and baseline serum ferritin. There is a significant relationship (R = 0.47, P = 0.004) between

baseline ferritin and baseline predose LPI for all patients. Haemolytic anaemias are shown in circles and production anaemias in diamonds. The

grey area denotes the healthy reference range.
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progressively decreased. Abnormal predose LPI values at

baseline were found only in patients with transfusional

iron-loading rates >0.2 mg ⁄kg ⁄d.
Pretreatment LPI also shows a significant correlation

with baseline serum ferritin levels [R = 0.47, P = 0.0043

(n = 35); Fig. 3B]. Patients with haemolytic (circles) and

production (diamonds) anaemias appear to fall broadly

within this same relationship. This relationship of pre-

dosing LPI and serum ferritin also correlated signifi-

cantly at end-of-study (R = 0.47, P = 0.004; not

shown). However, unlike the relationship to transfusional

loading rate, there was no serum ferritin value below

which abnormal LPI values were absent (Fig. 3B).

Tolerability of deferasirox over 1 yr

Overall, 44 ⁄ 57 (77.2%) patients completed 1 yr of treat-

ment. In patients with production anaemias, six discon-

tinued (all with pure red cell aplasia) because of AEs

(increased serum creatinine, oedema, abdominal pain,

chronic renal failure, hyperpyrexia and dyspepsia), two

died (one as a result of cardiac and respiratory failure

and one as a result of bladder neoplasm, neither of

which were considered related to study drug) and one

discontinued because of a protocol violation. Two

patients from the cohort with haemolytic anaemias dis-

continued because of an AE (angioedema and choleli-

thiasis, respectively), one patient withdrew consent and

one patient discontinued because of unsatisfactory ther-

apeutic effect. The most common drug-related AEs as

assessed by investigators were gastrointestinal: diarrhoea

(28.1%), nausea (21.1%), abdominal pain (12.3%),

upper abdominal pain (10.5%), vomiting (7.0%),

abdominal distension (5.3%) and constipation (5.3%).

Other AEs assessed by the investigators were as follows:

increased serum creatinine (12.3%), rash (10.5%), ALT

increases (8.8%), fatigue (8.8%), pruritus (5.3%) and

dizziness (5.3%). There were no serious AEs considered

by the investigators to be drug-related in either patient

cohort.

When strict criteria of a > 33% creatinine increase

and a value greater than upper limit of normal on two

consecutive occasions were used, eight patients had such

an increase, three with production anaemias and five

with haemolytic anaemias. For the patients with haemo-

lytic anaemias, three received dosing reductions as a

result, from 20 to 10 mg ⁄kg ⁄d (n = 2) and from 30 to

20 mg ⁄kg ⁄d (n = 1). Serum creatinine levels then

decreased and these patients completed the study. The

other two patients completed the study without any dose

alterations. Of the three patients with production anae-

mias (all with pure red cell aplasia), one continued the

study without any dose alterations (although serum cre-

atinine levels remained high but subsequently discontin-

ued because of dyspepsia). For the other two patients,

the deferasirox dose was initially reduced from 20 to

10 mg ⁄kg ⁄d. Following dose reduction, serum creatinine

levels decreased in one of these, but remained high com-

pared with baseline levels, resulting in eventual discontin-

uation from the study.

In total, four patients received cyclosporine. Two

patients completed the study without drug discontinua-

tion; one (described above) received a dose reduction

because of serum creatinine levels (>33% above baseline

and greater than upper limit of normal on two consec-

utive visits); the other patient had a stable serum creati-

nine level throughout the study (baseline serum

creatinine of 57 lm; range throughout the study 55–

65 lm). Two of the four patients receiving concomitant

cyclosporine discontinued, one discontinued because of

chronic renal failure having experienced elevated creati-

nine (105 and 146 lm on study days 1 and 196, respec-

tively). This patient also experienced multiple AEs

during the study including pancytopenia, bronchitis, pos-

tallograft lymphoproliferative syndrome and persistent

fever that were not considered to be related to chelation

therapy by the study investigator. The second patient

discontinued because of cardiac ⁄ respiratory failure.

ALT levels >10· upper limit of normal on two con-

secutive visits were seen in two patients with DBA. These

patients also had elevated ALT levels at baseline (301

and 130 U ⁄L) but had no reported history of hepatitis

B ⁄C. The investigators did not adjust dose and both

patients completed the study, with end-of-study ALTs of

154 and 92 U ⁄L. One patient with pure red cell aplasia,

who also had a raised baseline ALT (254 U ⁄L), devel-

oped ALT levels >10· upper limit of normal on two

consecutive visits and subsequently discontinued because

of abdominal pain.

Discussion

This is the first study to examine how responses of rare

transfusion-dependent anaemias to deferasirox chelation

are affected by the underlying production or haemolytic

mechanisms. Because of their rarity, such patients may

not be monitored or treated as consistently as those with

thalassaemia major (23). In this study, even though many

patients had received prior chelation, in over half of the

patients, baseline serum ferritin values were at levels typi-

cally associated with negative outcomes in thalassaemia

major (20, 21). Reductions in serum ferritin levels were

clinically relevant for both production and haemolytic

anaemias, supporting a dosing approach tailored to base-

line serum ferritin measurements with subsequent dose

adjustment, based on serum ferritin trend analysis every

3 months. Overall, the mean transfusional iron-loading

rates, doses of deferasirox received and final serum ferri-
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tin responses were similar in production and haemolytic

anaemias, suggesting no fundamental difference in chela-

tion response.

The delayed serum ferritin response in the haemolytic

group relative to the production group is of interest. The

mechanism is not clear but may relate to a higher propor-

tion of iron being present in the reticuloendothelial com-

partment in haemolytic anaemias compared with

production anaemias. Serum ferritin up to values of

4000 lg ⁄L is predominantly derived from macrophages of

the reticuloendothelial system (24). The higher rate of red

cell catabolism within macrophages of haemolytic patients

may result in continued high ferritin synthesis in this com-

partment, even when iron is being effectively chelated

within hepatocytes. There is also some evidence using liver

biopsies which suggests faster iron chelation by deferasi-

rox from hepatocytes compared with macrophages in the

initial stages of chelation therapy (Yves Deugnier, per-

sonal communication). Both of these effects would mean

that serum ferritin decrements would tend to lag behind

decrements in LIC, particularly with haemolytic anae-

mias. However, the similar serum ferritin values in the

haemolytic and production anaemias at 1 yr suggest that

macrophage iron is eventually accessed as effectively in

haemolytic anaemias as in production anaemias.

In patients with DBA, the reduction in serum ferritin

was comparable to other anaemias in the EPIC study,

but in a previous Phase II study, serum ferritin decre-

ments were less than in other patients (including patients

with b-thalassaemia and MDS) (4). This was previously

attributed to comparatively higher transfusional iron

intake for DBA patients (4), but here, the iron-loading

rates for DBA (0.37 ± 0.12 mg ⁄kg ⁄d) are similar

to other rare anaemias and may explain why the serum

ferritin response is also similar.

The measurement of LPI may give insights into the

effectiveness and duration of action of chelation therapy

(22), but its value in the routine monitoring of iron over-

load and chelation therapy remains unclear. Deferasirox

produces sustained decrements in LPI in b-thalassaemia

(25) and MDS (26–28), but this is the first time that LPI

levels have been assessed in rare transfusion-dependent

anaemias. The correlation of LPI with the transfusional

rate has not been previously reported in any form of

transfusional iron overload and suggests that the transfu-

sional loading rate may be an important factor in deter-

mining plasma levels of iron species responsible for

pathological iron distribution. Once deferasirox chelation

is ongoing, LPI is largely determined by the plasma levels

of chelator (22); thus, no correlation between LPI and

iron intake rate was observed at later time points. Previ-

ous studies have provided indirect evidence linking chelat-

able iron (as assessed by urine iron with deferoxamine

therapy) and myocardial iron (29). As LPI is a key chelat-

able form of plasma iron, the findings here suggest a link

could also exist between transfusional loading rates and

the risk of myocardial iron loading from LPI or other

NTBI species. As myocardial T2* was not measured in

this study, this merits systematic investigation.

The correlation of baseline LPI with serum ferritin is

consistent with findings in untransfused b-thalassaemia ⁄
haemoglobin E (15) but has not been previously demon-

strated in transfusion-dependent anaemias. Despite the

relationship of LPI with serum ferritin, there was no clear

ferritin ‘cut-off’ below which LPI was always in the nor-

mal range (Fig. 3B). Conversely, LPI was often within

the normal range (<0.4 lm) even though ferritin values

exceeded 1000 ng ⁄mL (Fig. 3B). It is noteworthy that in

a previous study of AA (19), LPI was not increased at

baseline, despite similar mean iron-loading rates to the

production anaemias described in this study. The reason

is unclear and requires further investigation. As with thal-

assaemia major (25), there was an immediate postdosing

decrease in LPI, but unlike thalassaemia major patients

in the EPIC study (30), all rare transfusion-dependent

anaemias had values in the normal range after the first

dose. The predosing trough levels are clearly decreased at

12 wks, but at end-of-study assessments, there was a

‘rebound’ in some patients. As the removal of LPI by

deferasirox correlates with drug concentrations (25), the

measurement of trough levels in patients with unex-

plained late LPI resurgence may be helpful in establishing

whether inadequate drug exposure, either from reduced

compliance or drug absorption, is responsible.

Deferasirox was generally well tolerated with predomi-

nantly gastrointestinal and rash-related AEs, consistent

with other anaemias such as b-thalassaemia and SCD

(4, 7, 31) as well as the overall EPIC study (5). Renal

and hepatic safety were managed using monitoring rec-

ommendations in line with the product label for deferasi-

rox (4, 5, 32). Increments in serum creatinine levels

>33% above baseline and greater than upper limit of

normal were generally managed with dose decreases

and ⁄or interruptions and without subsequent progressive

increments in plasma creatinine. More patients with pro-

duction anaemias or, more specifically, those with pure

red cell aplasia, discontinued the study as compared with

haemolytic anaemias, and these patients also experienced

a higher frequency of AEs, dose reductions and dose

interruptions. The reasons are not obvious but may

relate to previous treatments and ⁄or drug exposure. For

example, two patients with pure red cell aplasia, requir-

ing discontinuation, were receiving concomitant cyclo-

sporine, which may have contributed to the rise in serum

creatinine (33). A rise in creatinine with deferasirox ther-

apy, more than 33% above baseline and above upper

limit of normal, was previously noted to be three times

as likely in patients with AA also receiving concomitant
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cyclosporine (19). Careful monitoring is therefore advis-

able for patients receiving concomitant cyclosporine or

other potentially nephrotoxic medications.

In conclusion, these data provide evidence that trans-

fusional iron overload in patients with a variety of rare

anaemias may be effectively managed using a tailored

dosing deferasirox regimen, based on individual blood

transfusion requirements, regular monitoring of serum

ferritin trends and safety parameters. These data also

indicate that, for patients with similar rates of transfu-

sional iron loading, the trends in serum ferritin and LPI

reduction following treatment with deferasirox are essen-

tially the same, irrespective of the underlying condition

requiring chronic blood transfusions.
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erre, Strasbourg, France; E. Angelucci, Ospedale

Oncologico A. Businco, Cagliari, Italy; B. Arrizabalaga,

Hospital de Cruzes, Barakaldo, Spain; M. Athanasiou-

Metaxa, Aristotle University of Thessaloniki, Thessalo-

niki, Greece; B. Augustson, Sir Charles Gairdner

Hospital, Perth, Australia; Y. Aydinok, Ege University,

Medical Faculty, Bornova, Izmir, Turkey; A. Baba,

Hospital University Sains Malaysia, Kota Bahru,

Malaysia; M. Baccarani, Az. Ospedaliera di Bologna,

Malpighi, Bologna, Italy; J. Beck, Klinikum der Univer-

sität Mainz, Mainz, Germany; O. Beyne-Rauzy, Hôpital
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A. Goldfarb, Hadassah Medical Centre, Jerusalem,

Israel; A. Grigg, Royal Melbourne Hospital, Melbourne,

Australia; A. Guerci-Bresler, CHU Nancy, Vandoeuvre

Les Nancy, France; F. Gumruk, Hacettepe University,

Medical Faculty, Sihhiye, Ankara, Turkey; S. Y. Ha,

Queen Mary Hospital, Hong Kong, Hong Kong; D.
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