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Abstract

We prospectively assessed by magnetic resonance imaging (MRI) the advantages of desferrioxamine (DFO) with respect to the
absence of chelation therapy in non transfusion-dependent thalassaemia (NTDT) patients. We considered 18 patients non-
chelated and 33 patients who received DFO alone between the two MRI scans. Iron overload was assessed by the T2* technique.
Biventricular function parameters were quantified by cine sequences. No patient treated with DFO had cardiac iron. At baseline,
only one non-chelated patient showed a pathological heart T2* value (< 20 ms) and he recovered at the follow-up. The percentage
of patients who maintained a normal heart T2* value was 100% in both groups. A significant increase in the right ventricular
ejection fraction was detected in DFO patients (3.48 +7.22%; P=0.024). The changes in cardiac T2* values and in the
biventricular function were comparable between the two groups. In patients with hepatic iron at baseline (MRI liver iron
concentration (LIC) >3 mg/g/dw), the reduction in MRI LIC values was significant only in the DFO group (—2.20 +£4.84 mg/
g/dw; P =0.050). The decrease in MRI LIC was comparable between the groups. In conclusion, in NTDT patients, DFO therapy
showed no advantage in terms of cardiac iron but its administration allowed an improvement in right ventricular function.
Moreover, DFO reduced hepatic iron in patients with significant iron burden at baseline.
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Introduction

In recent years, there has been growing interest on chelation
practice among patients with non transfusion-dependent thal-
assaemia (NTDT). In fact, NTDT patients, even in the absence
of a stable transfusional iron, gradually accumulate iron and
experience, if not treated, a progressive increase in serum fer-
ritin levels and in liver iron concentration (LIC) [1]. The ele-
vated LIC (above 5 mg/g dw) and iron burden these patients
can reach have been associated directly and indirectly with
morbidity [2]. Despite such an evidence and the consequent
need of chelation therapy, very few studies have evaluated the
efficacy of chelating agents in treating and preventing compli-
cations of iron overload among NTDT.

Recently, data from both THALASSA and extension stud-
ies have definitively validated the use of deferasirox (DFX) in
the treatment of liver iron overload and in the normalization of
iron index [3, 4]. However, while the profile of DFX in the
treatment of NTDT iron overload has becoming more and
more ascertained [5], the activity of the older chelator
desferrioxamine (DFO) has not yet fully elucidated and relies
mostly on the wide experience reached from studies per-
formed on population with transfusion-dependent thalassae-
mia (TDT). Paradoxically, administration of DFO was the first
therapy to be studied for the treatment of acquired hemochro-
matosis in patients with NTDT: the decline in ferritin levels
and/or the increase in iron excretion were the main parameters
evaluated [6, 7]. Recently, in a five-year long-term random-
ized clinical trial comparing the effectiveness of DFO vs
deferiprone (DFP) in patients with thalassemia intermedia
(TI), it was reported that long-term iron chelation therapy with
DFO is similarly effective as DFP in terms of ferritin reduc-
tion, but no data appeared about LIC trend under both treat-
ments [8]. Ultimately, the use of DFO for the removal of iron
overload in NTDT still continues in the real life in absence of
specific guidelines and dose indications and also in presence
of nearly normal LIC levels.

There are no studies reporting long-term observational pro-
spective data on the effects of DFO therapy on cardiac iron
and function and liver iron in NTDT patients. The aim of this
multi-center study was to assess prospectively in a large clin-
ical setting of NTDT patients the efficacy of DFO versus no
therapy over a follow-up (FU) of 18 months.

Materials and methods
Study population
The MIOT (Myocardial Iron Overload in Thalassemia) pro-

ject is an Italian network constituted by 68 thalassemia and 9
validated magnetic resonance imaging (MRI) centers linked
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by a web-based network, configured to collect and share pa-
tients’ data [9].

Among the first 185 TI patients who performed a MRI FU
study at 18 + 3 months according to the protocol, we selected
the 68 who were non transfusion dependent (32 females; mean
age, 39.17+10.50 years; age range, 9-67 years). Twenty-
eight patients (41.2%) have never been transfused while 40
(58.8%) have received only sporadic transfusions. We exclud-
ed the remaining 117 patients regularly transfused by a mean
age of 16.91 +16.46 years.

Eight patients changed the chelation regimen during the FU
time due to clinical reasons. Eighteen patients did not receive
any chelation therapy during the entire FU and 42 maintained
the same chelation regimen: DFO for 33 patients, DFP for 4
patients, DFX for 3 patients, and combination DFO + DFP for
2 patients.

The study complied with the Declaration of Helsinki. All
patients gave written informed consent to the protocol. The
institutional review board approved this study.

Magnetic resonance imaging

MRI exams were performed using a 1.5-T scanner (GE Signa/
Excite HD, Milwaukee, WI, USA). An eight-element cardiac
phased-array receiver surface coil with breath holding in end
expiration and ECG gating was used for signal reception.

The T2* technique was used for iron overload assessment.
Its reproducibility and its transferability within the MIOT net-
work had been previously demonstrated [10]. For the heart, a
multislice multiecho T2* approach was used. Three parallel
short-axis views (basal, medium, and apical) of the left ven-
tricle (LV) were obtained at nine echo times (TEs) [11-14].
For the liver, a single mid-transverse slice was obtained at nine
TEs using a T2* gradient—echo multiecho sequence [15]. T2*
image analysis was performed using a custom-written, previ-
ously validated software program (HIPPO MIOT) [13]. The
software provided the T2* value on each of 16 LV segments,
according to the American Heart Association (AHA)/
American College of Cardiology (ACC) standardized myo-
cardial segmentation [16]. Global heart T2* value was obtain-
ed by averaging all segmental T2* values. The value of 20 ms
was used as “conservative” normal value for all 16 segments
and for the global T2* value [13]. For the liver, the T2* value
was calculated in a large region of interest (ROI) of standard
dimension, chosen in a homogeneous area of parenchyma
without blood vessels [17]. As recommended [18], liver T2*
values were converted into LIC values using the calibration
curve introduced by Wood et al. [19]. A LIC higher than 3 mg/
g dry weight indicated iron overload [20].

For the quantification of biventricular function parameters,
steady-state free procession cine images were acquired during
8-s breath holds in sequential 8-mm short-axis slices (gap
0 mm) from the atrioventricular ring to the apex. Images were
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analyzed in a standard way [21] using MASS software
(Medis, Leiden, The Netherlands). The inter-center variability
for the quantification of cardiac function had been previously
reported [22].

Serum ferritin estimation

The assessment of serum ferritin levels was done within
1 month from the MRI scan.

About 3 ml of patient’s blood sample was collected by a
clean venepuncture. The blood was allowed to clot and was
centrifuged to obtain serum samples. The ferritin was then
determined by commercially available kits.

Statistical analysis

All data were analyzed using SPSS version 13.0 statistical
package. Continuous variables were described as mean = stan-
dard deviation (SD). Categorical variables were expressed as
frequencies and percentages.

A receiver operating characteristic (ROC) analysis was
conducted to determine the best serum ferritin cutoff for dis-
criminating the patients with MRI LIC > 5 mg/g dw (threshold
for treatment initiation) and with MRI LIC >3 mg/g dw (pres-
ence of hepatic iron). The probability cutoff points for the
optimal combination of sensitivity and specificity were deter-
mined by the Youden index.

For the intra-treatment and the inter-treatment compari-
sons, the changes between final and basal values were used
for each quantitative variable. The intra-treatment comparison
was performed by univariate analysis of variance (ANOVA)
with repeated measures. The inter-treatment comparison for
the baseline data and the changes between final and basal
values was performed by independent-samples 7 test (normal
distribution) or Wilcoxon’s signed rank test (non normal
distribution).

X test was performed for categorical baseline variables.

A P value <0.05 was considered statistically significant.

Results
ROC analysis

Using ROC curve analysis, a serum ferritin of 525 ng/ml was
found to be the best threshold for predicting a LIC > 5 mg/g
dw, with an area under the curve (AUC) of 0.854 (95%CI =
0.759-0.949) (P<0.0001) (Fig. 1a). The derived threshold
corresponded to a sensitivity of 74% and to a specificity of
87%.

A serum ferritin of 468 ng/ml was found to be the best
threshold for predicting a LIC >3 mg/g dw, with an AUC of
0.924 (95%C1=10.861-0.988) (P <0.0001) (Fig. 1b). The

derived threshold corresponded to a sensitivity of 69% and
to a specificity of 100%.

Characterization of patients treated with DFO
or non-chelated

We focused our analysis on the 60 patients with no chelation
or the same chelation regimen during the FU. However, due to
numerical reasons, it was possible to evaluate the changes
between baseline and FU values only for non-chelated pa-
tients and patients treated with DFO, and inter-treatment com-
parison was restricted to these two groups.

The mean FU was comparable between non-chelated pa-
tients and patients treated with DFO (18.89+1.91 vs 18.98 +
1.59 months; P =0.906).

The mean administered dosage of DFO was 40.18 £
6.29 mg/kg body weight via subcutaneous route on 3.44 +
1.52 days/week.

The clinically and instrumentally relevant baseline findings
in the two groups are summarized in Table 1. Five patients
(two non-chelated and three treated with DFO) did not com-
plete the first MRI scan for claustrophobia reasons, making
impossible to evaluate their biventricular function. The two
groups were comparable for all parameters.

Intra-treatment changes and inter-treatment
comparison

Changes of MRI parameters between the two MRI scans in
non-chelated patients are shown in Table 2A. No change in
global heart T2* values was detected. All patients remained
free of cardiac iron also at the FU MRI. Biventricular function
parameters remained almost unchanged. There was a little
nonsignificant increase in MRI LIC values. Two patients with
a baseline MRI LIC < 3 mg/g dw became pathological at the
FU MRI (patient 1 moved from 2.12 to 9.27 mg/g dw; patient
2 moved from 2.12 to 3.63 mg/g dw) while one patient with
hepatic iron at the baseline MRI (MRI LIC =3.26 mg/g dw)
showed no iron at the FU MRI (MRI LIC =2.90 mg/g dw).
Changes of MRI parameters between the two MRI scans in
DFO patients are shown in Table 2B. No change in global
heart T2* values was detected. All 32 patients without signif-
icant MIO at the baseline MRI maintained the same status at
the FU MRI and the single patients with baseline significant
MIO (global heart T2* = 15.23 ms) improved at the FU MRI
(global heart T2* =26.93 ms). Among the biventricular func-
tion parameters, a significant increase in right ventricular ejec-
tion fraction was detected. There was a little nonsignificant
increase in MRI LIC values. Two patients with a baseline MRI
LIC < 3 mg/g dw became pathological at the FU MRI (patient
1 moved from 1.69 to 3.59 mg/g dw; patient 2 moved from
2.17 to 3.78 mg/g dw). Out of the 21 patients with hepatic iron
at the baseline MRI, 6 (28.6%) showed no iron at the FU MRI.
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Fig. 1 ROC curve analysis of
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All changes in MRI parameters and in serum ferritin levels
were comparable between the two groups (Table 3).

Patients with basal MRI LIC > 3 mg/g/dw

At baseline 33 patients showed a MRI LIC >3 mg/g/dw: 12
non-chelated and 21 treated with DFO.

The mean administered dosage of DFO was 40.58 +
5.63 mg/kg body weight via subcutaneous route on 3.71 =+
1.59 days/week. No side effects were recorded from MIOT
centers in patients undertaking DFO.

The characteristics of these subgroups at baseline are re-
ported in Table 4A. No significant differences were detected.

In no subgroup, there was a significant change in serum
ferritin levels (non-chelated: mean difference between follow-
up and baseline — 68.71 + 147.80 ng/ml, P=0.264 and DFO:
mean difference between follow-up and baseline —7.40 +
166.79 ng/ml, P =0.866). The decrease in serum ferritin level
was comparable between the two subgroups (P = 0.481).

100-Specificity (%)

MRI LIC increased in a nonstatistically significant way in
non-chelated patients (mean difference between follow-up
and baseline 0.86 + 6.39 mg/g dw, P=0.651). Conversely, in
DFO patients, there was a significant decrease in MRI LIC
values (mean difference between follow-up and baseline —
2.20+4.84 mg/g dw, P=0.050). The change in MRI LIC
values was not significantly different between the two sub-
groups (P=0.155).

Patients with basal MRI LIC < 3 mg/g dw

At baseline, 18 patients showed no hepatic iron: 6 non-
chelated and 12 treated with DFO.

The mean administered dosage of DFO was 39.44 +
7.72 mg/kg body weight via subcutaneous route on 2.91 +
1.30 days/week.

No side effects were recorded from MIOT centers in pa-
tients undertaking DFO.

The characteristics of these subgroups at baseline are re-
ported in Table 4B. No significant difference was detected.

Table 1 Comparison of baseline

demographic, clinical, and MRI None (N=18) DFO (N=33) P

dota Age (years) 37.83+14.29 38.85+7.83 0.782
Male, N (%) 9 (50) 17 (51.5) 0.918
Hemoglobin (g/dl) 9.17+1.28 8.78£2.00 0.860
Mean ferritin (ng/l) 527.60£316.18 (N = 15) 605.04 +648.14 (N=31) 0.467
Global heart T2* (ms) 38.07+£5.32 38.36+£5.95 0.370
Global heart T2* <20 ms, N (%) 0 13.0) 1.000
N seg. with T2* <20 ms 0.50+£1.09 0.67+1.99 0.937
Mid septum T2* (ms) 42.22+5.89 41.88+8.39 0.820
LV EF (%) 60.12+£843 (N=16) 63.67+4.78 (N=30) 0.116
LV EDVI (ml/mz) 99.79+£20.61 (N=16) 98.77£16.86 (N=30) 0.856
RV EF (%) 64.34+7.82 (N=16) 64.32+5.61 (N=30) 0.992
RV EDVI (ml/m?) 84.66+£20.29 (N=16) 92.91+19.66 (N=30) 0.187
MRI LIC (mg/g dw) 8.19+£7.99 7.67+£8.77 0.686
MRI LIC >3 mg/dw, N (%) 12 (66.7) 21 (63.6) 0.829
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Table2  Changes of MRI parameters in non-chelated patients (A) and patients treated with DFO (B)
(A) Non-chelated patients (B) DFO patients
Baseline MRI FU MRI P Baseline MRI FU MRI P
Global heart T2* (ms) 38.07+£5.31 37.86+5.81 0.820 38.36+5.95 38.89+5.38 0.596
Global heart T2* <20 ms, 0 0 1.000 1(3.0) 0 0.992
N (%)
N seg. with T2* <20ms  0.50+1.09 0.67+1.45 0.381 0.67+1.99 0.21+0.48 0.184
Mid septum T2* (ms) 42.22+5.89 39.89+4.04 0.107 41.88+8.39 42.58+8.20 0.685
LV EF (%) 59.13+8.57 (N=14) 59.89+9.00 (N=14) 0.613 63.45+4.41 (N=25) 64.16+5.84 (N=25) 0.532
LV EDVI (ml/m?) 98.84+1842 (N=14) 9596+20.03 (N=14) 0484 99.36+17.90 (N=25) 97.18+15.67 (N=25) 0483
RV EF (%) 82.18+18.05(N=14)  82.74+19.07 (N=14) 0485 64.43+£5.53 (N=25) 67.90+6.11 (N=25) 0.024
RV EDVI (ml/m?) 63.46+7.98 (N=14) 64.38+8.42 (N=14) 0.888 91.88+21.16 (N=25) 91.60+18.78 (N=25)  0.937
MRI LIC (mg/g dw) 8.19+£7.99 9.26+9.39 0411 7.67+8.77 6.30+7.70 0.061
MRI LIC >3 mg/g dw, 12 (66.7) 13 (72.2) 0.997 21 (63.6) 17 (51.5) 0.456
N (%)

Mean ferritin (ng/ml)

553.45+310.63 (N=11) 579.73+£247.58 (N=11) 0.661

517.57+591.24 (N=25) 518.60+562.76 (N=25) 0.973

In both groups, there was an increase, although not statis-
tically significant, in serum ferritin levels (non-chelated: mean
difference between follow-up and baseline 192.50 +
150.05 ng/ml, P=0.083 and DFO: mean difference between
follow-up and baseline 13.67 + 131.75 ng/ml, P =0.750). The
increase in serum ferritin level was significantly higher in non-
chelated patients (P =0.047).

MRI LIC slightly increased in both groups (non-chelated:
mean difference between follow-up and baseline 1.49 +
2.85 mg/g dw, P=0.257) and DFO: mean difference between
follow-up and baseline 0.10 + 1.04 mg/g dw, P=0.734). The
change in MRI LIC values was not significantly different be-
tween the two subgroups (P = 0.146).

Discussion

The MIOT network is a robust and scalable system in which
T2* MRI-based iron overload assessment is available, acces-
sible, and reachable for a significant and increasing number of
thalassemia patients in Italy [9].

Currently, there is large consensus for the need of chelation
therapy among patients with NTDT and significant iron over-
load (LIC >5 mg/g dw) [23]. However, in NTDT patients, it
has been previously estimated by quantitative MRI R2* that
LIC and serum ferritin levels have an acceptable relationship
that may be used to guide the start of chelation therapy [24]. In
Europe to date, the use of DFX is approved in NTDT patients
with LIC >5 mg Fe/g dw or serum ferritin levels consistently
over 800 ng/ml with inadequate response or a contraindication
to DFO. Thus, both the need to accurately define the response
achievable with DFO and the possibility to encounter patients
intolerant and/or not effectively managed with DFX make
mandatory to find accurate information on the activity of
DFO and on the reciprocal relationship between iron overload
parameters using the T2* technique. Firstly, we identified se-
rum ferritin thresholds for predicting a LIC > 5 mg/g dw and a
LIC >3 mg/g dw. The identified LIC thresholds were fairly
comparable to those found at R2*, but very similar between
each other (525 and 468 ng/ml, respectively), suggesting that
it may be hard to monitor chelation therapy in this range only
on the basis of ferritin levels, probably due to the presence of

Table 3 Inter-treatment
prospective comparisons

No chelation (N =18) DFO (N=33) P
Mean diff global heart T2* (ms) -021+3.82 0.53+5.70 0.767
Mean diff N seg. with T2* <20 ms 0.17+0.79 -045+1.92 0.239
Mean diff mid septum T2* (ms) —233+5.82 0.69+9.79 0.256
Mean diff LV EF (%) 0.77+£5.51 (N=14) 0.71£5.58 (N=25) 0.977
Mean diff LV EDVI (ml/m?) —2.88+£14.93 (N=14) —2.18+£15.29 (N=25) 0.891
Mean diff RV EF (%) 0.92+£4.79 (N=14) 3.48+7.22 (N=25) 0.244
Mean diff RV EDVI (ml/m?) 0.56+14.43 (N=14) —-028+17.73 (N=25) 0.881
Mean diff MRI LIC (mg/g dw) 1.07+£5.38 —1.36+4.04 0.110
Mean diff ferritin (ng/ml) 26.27+192.80 (N=11) 1.03+£151.15 (N=25) 0.674
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Table 4 Baseline descriptive
statistics of the treatment
subgroups with hepatic iron at the
baseline MRI (A) and with

. . Age (years)
hepatic iron at the baseline
MRI (B) Male, N (%)
Ferritin (ng/ml)
MRI LIC (mg/g dw)

(A) Patients with baseline MRI LIC >3 mg/g dw

(B) Patients with baseline MRI LIC <3 mg/g dw

Age (years)

Male, N (%)
Ferritin (ng/ml)
MRI LIC (mg/g dw)

No chelation (N=12) DFO (N=21) P

36.33+15.89 38.01£7.25 0.734
6 (50) 10 (47.6) 0.895
688.80+234.653 797.65+740.17 0.667
11.27+821 10.91+£9.61 0.301
No chelation (N = 6) DFO (N=12) P

40.83+£11.11 40.31+8.89 0916
3(50) 6 (47.6) 1.000
205.20+176.39 254.85+101.18 0.481
2.04+0.64 1.99+0.56 0.882

confounders of the correlation between ferritin and LIC values
such as liver steatosis [25]. On the other hand, it is also im-
portant to notice that our results about the ferritin thresholds
are similar to those of Karimi et al. who showed that the best
cutoff value for ferritin for the early diagnosis of liver iron
overload (MRI LIC >3.2 mg/g dw) was 412 ng/ml [26].
Therefore, our results may also confirm that the cutoff point
of serum ferritin of 800 ng/ml [23] could be late for starting
iron chelation in NTDT patients.

Despite the relatively advanced age, our data of the whole
study population at baseline are indicative of mild-to-
moderate iron-overloaded population. We confirmed the ab-
sence of clinically significant myocardial iron overload among
NTDT patients [27, 28] where a slight, but not statistically,
increase in ferritin level and in LIC concentration was
assessed in not treated patients. Interestingly, at final evalua-
tion, an increase in RVEF was noticed in treated patients. No
other similar observations were reported on right ventricular
parameters following chelation therapy in a NTDT popula-
tion. Further studies are needed to clarify how these data could
be consistent and/or related with those previously observed at
echocardiography either in the “OPTIMAL CARE” study
where a protective effect of iron chelation therapy against
pulmonary hypertension (PHT) was reported [29] or in the
study of Isma’eel et al. where a correlation between LIC and
PHT was found [30].

Some additional data came from the subgroup analysis of
patients with and without significant hepatic iron overload at
baseline. In fact, we firstly found that among iron-overloaded
patients, DFO at 40.58 +5.63 mg/kg body weight on 3.71 £
1.59 days/week was able to significantly reduce LIC (a de-
crease of —2.20+4.84 from a baseline of 10.91 £9.61 mg/g
dw). It could be argued that a higher dose and/or number of
days of DFO administration could have strengthen the in-
crease in LIC observed among our patients to an extent com-
parable to that obtained in THALASSA trial (a decrease of
3.80 mg/g dw from a baseline of 14.6 mg Fe/g dw) with
DFX used at 10 mg/kg per day. According to the identified
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relationships between ferritin levels and LIC in our ROC
curves, such a result was observed in presence of almost un-
changed ferritin levels. Conversely, no statistically significant
difference at inter-treatment analysis was detected in LIC
changes; it is conceivable that a more protracted follow-up
would have revealed higher LIC changes among treated and
not treated patients and, consequently, significant differences.

No data are available in the literature about the use of che-
lation therapy among NTDT patients with basal MRI LIC <
3 mg/g dw. In fact, for patients receiving deferasirox, interrup-
tion of treatment is recommended if serum ferritin levels de-
cline below 300 ng/ml or if LIC drops below 3 mg Fe/g dw to
avoid over-chelation. Our data highlight the possibility of sub-
cutaneous DFO therapy at 39.44 +7.72 mg mg/kg body
weight on 2.91 + 1.30 days/week to be used to maintain pa-
tients at nearly normal levels of iron stores. No data of toxicity,
side effects, and/or over-chelation of iron were reported from
MIOT centers in patients undertaking such chelation treat-
ment. Interestingly, regarding the statistically significant
change in ferritin levels observed among not treated patients,
it could be affirmed that ferritin levels in this scantily iron-
overloaded population more accurately mark the iron loading
and the iron store.

In conclusion, our data from MIOT network showed
that iron chelation with DFO is able to significantly reduce
hepatic iron in NTDT patients with significant burden at
baseline.

This study has the limitations of a non-randomized trial
including potential selection bias. But, given the* real life
nature” of this prospective study, presumably, it occurred that
the non-chelated patients were those with less severe form of
NTDT and therefore those accumulating less iron as reflected
by the little nonsignificant increase in MRI LIC values ob-
served in this population, and that patients with more severe
NTDT were those receiving DFO treatment. Nevertheless,
such a selection bias would have attenuated but not increased
the significance of the effect of DFO on LIC reduction at the
prospective comparison with not treated patients.
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Despite prolonged injectable chelation may be inconve-
nient and cumbersome, it could be of utility for patients who
for any reason cannot receive DFX or in countries where the
DFX availability is restricted mainly due to the significantly
higher costs in comparison to DFO [31]. Recently, it has been
shown that DFX can be safely used in NTDT patients ap-
proaching the lower, near-normal iron burden and chelation
interruption target of LIC < 3 mg/g/dw [32]. Our data provide
first evidence of the feasibility and effectiveness of an ongoing
clinical practice based on the use of reduced frequency of
DFO administration to maintain iron in NTDT patients at
normal levels. Further studies are needed to verify if this ap-
proach should be carried out particularly among defined pop-
ulations of NTDT, such as those receiving occasional red
blood cell transfusions and/or with high rate of body of iron
loading. Additional prospective assessments of the ongoing
MIOT data base are needed to verify if such chelation practice
is feasible in long term and if it is associated to a further
reduction of the incidence of complications linked to iron
overload in NTDT without side effects from over-chelation.
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