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Background - In transfusion-dependent thalassemia patients who 
started regular transfusions in early childhood, we prospectively and 
longitudinally evaluated the efficacy on pancreatic iron of a combined 
deferiprone (DFP) + desferrioxamine (DFO) regimen versus either oral iron 
chelator as monotherapy over a follow-up of 18 months. 
Materials and methods - We selected patients consecutively enrolled 
in the Extension-Myocardial Iron Overload in Thalassemia network who 
received a combined regimen of DFO+DFP (No.=28) or DFP (No.=61) or 
deferasirox (DFX) (No.=159) monotherapy between the two magnetic 
resonance imaging scans. Pancreatic iron overload was quantified by the 
T2* technique.
Results - At baseline no patient in the combined treatment group had 
a normal global pancreas T2* (≥26 ms). At follow-up the percentage of 
patients who maintained a normal pancreas T2* was comparable between 
the DFP and DFX groups (57.1 vs 70%; p=0.517). 
Among the patients with pancreatic iron overload at baseline, global 
pancreatic T2* values were significantly lower in the combined DFO+DFP 
group than in the DFP or DFX groups. Since changes in global pancreas 
T2* values were negatively correlated with baseline pancreas T2* values, 
the percent changes in global pancreas T2* values, normalized for the 
baseline values, were considered. The percent changes in global pancreas 
T2* values were significantly higher in the combined DFO+DFP group than 
in either the DFP (p=0.036) or DFX (p=0.030) groups.
Discussion - In transfusion-dependent patients who started regular 
transfusions in early childhood, combined DFP+DFO was significantly 
more effective in reducing pancreatic iron than was either DFP or DFX. 

Keywords: thalassemia, chelating agents, magnetic resonance imaging, iron overload, 
pancreas.
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tolerance, and DM. Furthermore, a normal global pancreas 
T2* value has been demonstrated to have a negative 
predictive value of 100% for disturbances of glucose 
metabolism and for both cardiac iron and replacement 
myocardial fibrosis. However, only a single study has 
evaluated the longitudinal impact of different chelation 
regimens on modifying either pancreatic iron overload 
or pancreatic organ function. The three iron chelators in 
monotherapy were demonstrated to have a comparable 
efficacy in terms of pancreatic iron removal19. 
The aim of this study was to evaluate longitudinally and 
prospectively the effects of combined desferrioxamine 
(DFO) and deferiprone (DFP) therapy vs DFP monotherapy 
and vs deferasirox (DFX) monotherapy on pancreatic iron 
overload and on glucose metabolism in a large clinical 
observational setting of TDT patients who have received 
regular transfusions since early childhood. 

MATERIALS AND METHODS

Study population
The Extension-Myocardial Iron Overload in Thalassemia 
(E-MIOT) project is a network constituted by 11 MRI sites 
and 66 thalassemia centers, in which MRI examinations 
are performed using homogeneous, standardized and 
validated procedures20-22. All centers are linked by a 
shared database, collecting all clinical, laboratory, and 
instrumental information. 
Among the first 1176 TDT patients who started regular 
transfusions in early childhood consecutively enrolled 
in the E-MIOT project from 2015 to 2020, 416 underwent 
an MRI follow-up study at 18±3 months, according to the 
protocol. Seventy-six patients in any treatment regimen 
were excluded because they changed chelation during 
the follow-up for clinical reasons, without repeating the 
MRI examination before the modification of the therapy 
due to logistic reasons. Ninety-two patients were not 
considered because they received different chelation 
regimens from those considered in the present study. So, 
we longitudinally and consecutively evaluated the 248 
TDT patients who had maintained combined DFP+DFO 
therapy or DFP or DFX monotherapy between the two 
MRI scans. Thus, we identified three groups of patients: 
28 treated with combined DFP+DFO, 61 with DFP, and 159 
with DFX. 
All chelators were prescribed based on the current 

INTRODUCTION
Thalassemias are genetic disorders deriving from the 
reduced synthesis of one or more of the globin subunits 
of normal hemoglobin1. This causes an imbalanced 
alpha/beta-globin chain ratio, ineffective erythropoiesis, 
and reduced red blood cell survival, which lead, in 
patients with transfusion-dependent thalassemia (TDT), 
to a complete requirement for transfusions since early 
childhood and to the tendency to develop significant iron 
overload when iron chelation is not adequate. In the past, 
much of attention has been devoted firstly to cardiac iron 
overload as a leading cause of morbidity and mortality2 
and thereafter to liver iron overload as an ultimate and 
extensive cause of complications in patients with TDT3,4. 
Therefore, a large amount of data is available on the 
efficacy of iron-chelating agents alone or in combination 
in the reduction of cardiac and hepatic iron overload and in 
the prevention of injury and/or failure of these organs5-10.
However, virtually all organs can be involved by iron 
accumulation and this process could be of relevance as a 
cause of further morbidity11,12. Among adult patients with 
TDT, endocrinopathies are the most widespread disorders 
resulting from iron overload13,14. As for most complications 
of thalassemia, endocrinopathies progress with aging, 
but can develop at an early age15.  As for the heart and 
the liver, iron accumulation in endocrine glands can be 
non-invasively detected by magnetic resonance imaging 
(MRI)16,17. 
In patients with thalassemia, diabetes mellitus (DM) has 
been historically investigated for its relationship mainly 
with iron deposition in the pancreatic cells and, to a lesser 
extent, with the impact of iron on insulin resistance. 
In a seminal study from 2012, Noetzli showed that, 
although total body iron burden, age, and body habitus 
could have an impact on glucose regulation, pancreatic 
iron was the strongest predictor of beta cell toxicity and 
glucose dysregulation18. More recently, attention has 
been focused on the evaluation of a cross-sectional link 
between pancreatic iron, glucose metabolism and cardiac 
complications in the largest cohort ever reported of 
well-treated and well-chelated TDT patients who started 
regular transfusions in early childhood11. It has been 
shown that patients with normal glucose metabolism 
had significantly higher global pancreas T2* values than 
patients with impaired fasting glucose, impaired glucose 
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clinical practice according to clinical, laboratory, and 
instrumental data. Patients’ interviews and estimates 
by investigators of each thalassemia center were used to 
determine compliance to the chelation therapy. Based on 
the agreement between the self-reported and prescribed 
chelation regimen, compliance was defined excellent 
(>80%), good (60-80%), and insufficient (<60%).
All patients had been regularly transfused since early 
childhood and started chelation therapy from the 
mid-to-late 1970s onwards, while patients born after the 
1970s have received chelation therapy since early childhood. 
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 examinations were performed using conventional 
clinical 1.5 T scanners. Breath-holding in end-expiration 
and ECG-gating were applied. 
The T2* technique was used for assessment of iron 
overload. The intra-operator, inter-operator, inter-study, 
and inter-center reproducibility of this technique had been 
previously demonstrated20,22,23. Five or more axial slices 
including the whole pancreas16, a mid-transverse hepatic 
slice24, and three parallel short-axis views (basal, medium 
and apical) of the left ventricle25,26 were obtained. T2* images 
were analyzed by expert operators blinded to the clinical 
and treatment condition using custom-written, previously 
validated software (HIPPO MIOT®)27. Three small regions 
of interest were manually drawn over the head, body, and 
tail of the pancreas encompassing parenchymal tissue 
and taking care to avoid large blood vessels or ducts and 
areas involved in susceptibility artefacts from gastric or 
colic intraluminal gas28. The global pancreatic T2* value 
was calculated as the mean of T2* values from the three 
regions. The lowest threshold of normal T2* pancreatic 
value was 26 ms16. Hepatic T2* values were calculated in a 
circular region of interest29 and were converted into liver 
iron concentration (LIC)30,31. A LIC >3 mg/g dry weight 
indicated iron overload. The myocardial T2* distribution 
was mapped into a 16-segment left ventricular model, 
according to the American Heart Association/American 
College of Cardiology model32. The global heart T2* value 
was obtained by averaging all segmental T2* values. A 
T2* measurement >20 ms was taken as a “conservative” 
normal value27,33.

Diagnostic criteria
A fasting plasma glucose <100 mg/dL and a 2-h glucose 
<140 mg/dL were considered to indicated normal glucose 
tolerance. Impaired fasting glucose was diagnosed in the 
presence of fasting plasma glucose levels between 100 
and 126 mg/dL. Impaired glucose tolerance was defined 
by a 2-h plasma glucose between 140-200 mg/dL, with a 
fasting plasma glucose <126 mg/dL. DM was defined by a 
fasting plasma glucose ≥126 mg/dL or 2-h plasma glucose 
≥200 mg/dL during an oral glucose tolerance test or 
a random plasma glucose ≥200 mg/dL with classic 
symptoms of hyperglycemia or hyperglycemic crisis34.
Risk classes were defined on the basis of oral glucose 
tolerance test results from worst to normal: DM → impaired 
glucose tolerance → impaired fasting glucose → normal 
glucose tolerance. For patients with alterations of glucose 
metabolism at baseline, improvement was defined as a 
transition to a better risk class, stabilization was defined 
as no change in the risk class, and worsening was defined 
as a transition to a worse risk class. For patients with 
normal glucose tolerance, worsening was represented by 
the transition to a worse risk class. 

Statistical analysis 
All data were analyzed using the SPSS version 17.0 
statistical package (IBM, Armonk, NY, USA). 
Continuous variables were described as mean ± standard 
deviation (SD). Categorical variables were expressed 
as frequencies and percentages. The normality of 
distribution of the parameters was assessed using the 
Kolmogorov-Smirnov test.
For continuous variables the percentage change was 
calculated as the difference between values at follow-up 
and baseline MRI scans, divided by the baseline value and 
multiplied by 100.
For the intra-treatment and the inter-treatment (between 
two groups) comparisons the changes between final and 
baseline values were used for each quantitative variable.
The inter-treatment comparison for the continuous variables 
at baseline and for changes between final and baseline values 
was made by an independent-samples t-test or by the Mann-
Whitney test. Analysis of covariance (ANCOVA) was used to 
correct for variables significantly different between the two 
treatment groups at baseline and significantly associated 
to the dependent variable. The χ2 test was used for the 
comparison between categorical variables. 
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The intra-treatment comparison was performed with 
the Student’s t-test for paired data or the Wilcoxon’s 
signed-rank test for continuous variables.
Correlation analysis was performed using Pearson’s or 
Spearman’s test where appropriate. 
A two-tailed p<0.05 was considered statistically 
significant.

RESULTS

Characterization of the whole patient population
The mean administered dosages of the chelators were: 
(i) DFP in the combined regimen 84.81±14.87 mg/kg 
body-weight/day with a frequency of 6.86±0.59 days/week  
and DFO in the combined regimen 37.96±7.79 mg/kg  
body-weight/day with a frequency of 3.86±1.74 days/
week; (ii) DFP as monotherapy 83.93±14.39 mg/kg 
body-weight/day; (iii) DFX as monotherapy 
24.91±7.06 mg/kg body-weight/day if in dispersible 
tablets (No.=112) and 17.89±4.23 mg/kg body-weight/
day if in film-coated tablets (No.=47). 
The percentage of patients with excellent/good levels of 
compliance to the chelation treatment was significantly 
lower in the combined DFP+DFO group than in either the 
DFP monotherapy group (82.1 vs 96.7%; p=0.030) or the 
DFX monotherapy group (82.1 vs 98.7%; p=0.001). 
The mean time between the two MRI scans was comparable 
between the combined treatment and DFP monotherapy 
groups (18.02±2.44 vs 18.47±2.16 months; p=0.445) and 
between the combined treatment and DFX monotherapy 
groups (18.02±2.44 vs 18.98±1.88 months; p=0.065).
The clinically and instrumentally relevant baseline 
findings in the three treatment groups are summarized 
in Table I. The combined DFO+DFP group was less 
frequently splenectomized than the DFP group.  Mean 
serum ferritin levels were significantly higher in the 
combined DFO+DFP group than in either the DFP or 
DFX monotherapy groups. Global heart T2* and global 
pancreas T2* values were significantly lower in the 
combined DFO+DFP group than in the DFP group or the 
DFX group. 
Alterations of glucose metabolism were found in 96 (38.7%) 
patients: 17 had impaired fasting glucose, 33 impaired 
glucose tolerance, and 46 DM. The combined DFO+DFP 
group showed a significant higher frequency of alterations 
of glucose metabolism than the DFX group.

No patient in the combined group had a normal global 
pancreas T2* at the baseline MRI. At the follow-up the 
percentage of patients who maintained a normal global 
pancreas T2* value was 57.1% in the DFP group (4/7 patients) 
and 70% in the DFX group (21/30 patients) (p=0.517). 

Baseline characteristics in patients with a baseline 
global pancreas T2* value <26 ms
At baseline 211 patients had a global pancreas T2*<26 ms: 
28 in the combined DFO+DFP group, 54 in the DFP group, 
and 129 in the DFX group. 
The mean administered dosages of the chelators 
were: (i) DFP in patients who received the combined 
regimen 84.81±14.87 mg/kg body-weight/day with a 
frequency of 6.86±0.59 days/week and DFO in combined 
regimen patients 37.96±7.79 mg/kg body-weight/day 
with a frequency of 3.86±1.74 days/week; (ii) DFP as 
monotherapy 84.52±14.31 mg/kg body-weight/day;  
(iii) DFX as monotherapy 24.97±7.07 mg/kg 
body-weight/day if in dispersible tablets (No.=98) and 
18.31±4.43 mg/kg body-weight/day if in film-coated 
tablets (No.=31). The percentage of patients with excellent/
good levels of compliance to the chelation treatment was 
significantly lower in the combined DFP+DFO group than in 
either the DFP group (82.1 vs 98.1%; p=0.016) or the DFX group 
(82.1 vs 99.2%; p=0.001). 
The characteristics of these treatment subgroups at 
baseline are indicated in Table II. Patients in the combined 
DFO+DFP group were less frequently splenectomized 
than were patients in the DFP group. Mean serum ferritin 
levels were significantly higher in the combined DFO+DFP 
group compared to those in either the DFP or DFX groups. 
Global heart T2* and global pancreas T2* values were 
significantly lower in the combined DFO+DFP group 
compared to either the DFP or DFX groups. The frequency 
of alterations of glucose metabolism was  significantly 
higher in the combined DFO+DFP group than in the DFX 
group.

Intra-treatment comparisons in patients with 
baseline global pancreas T2*<26 ms
At the follow-up mean serum ferritin levels and MRI 
LIC values were, respectively, 973.92±1501.62 ng/mL 
and 6.03±5.47 mg/g dry weight in the DFP group, 
1007.822±895.15 ng/mL and 9.69±20.83 mg/g dry weight 
in the combined group, and 815.94±710.91 ng/mL and 
5.10±7.53 mg/g dry weight in the DFX group. 
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Table I - Descriptive statistics of the treatment groups at baseline. The p-values are for the comparisons between the combined desferrioxamine 
(DFO) + deferiprone (DFP) and DFP monotherapy groups and between the combined DFO+DFP and deferasirox monotherapy groups

p-value DFP
(No.=61)

Combined DFO+DFP
(No.=28)

DFX
(No.=159)

p-value

Age (years) 0.542 36.64±11.20 34.79±10.62 35.58±10.97 0.615

Females, No. (%) 0.149 27 (44.3) 17 (60.7) 86 (54.1) 0.516

Age at start of regular transfusions 
(months) 0.933 12.59±11.08 12.04±9.29 16.40±17.22 0.728

Units transfused in the last 12 months 0.782 39.79±11.62 40.62±11.01 38.28±10.96 0.389

Age at start of chelation (years) 0.553 3.82±3.17 3.40±1.45 4.07±3.55 0.842

Splenectomy, No. (%) 0.019 44 (72.1) 13 (46.4) 85 (53.5) 0.492

Pre-transfusion hemoglobin (g/dL) 0.169 9.51±0.40 9.66±0.47 9.58±0.46 0.478

Mean ferritin (ng/mL) 0.005 815.15±1,140.32 1,359.76±1,187.56 782.33±637.71 0.009

MRI LIC (mg/g dw) 0.421 4.85±5.21 8.33±10.27 5.76±8.77 0.090

MRI LIC >3 mg/g dw, No. (%) 0.296 32 (52.5) 18 (64.3) 64 (40.3) 0.018

Global heart  T2* (ms) 0.002 38.47±6.55 26.69±15.39 38.20±8.76 <0.0001

Global heart T2* <20 ms, No. (%) <0.0001 2 (3.3) 10 (35.7) 12 (7.5) <0.0001

Global pancreas T2* (ms) <0.0001 11.94±9.57 6.23±4.59 15.08±11.56 <0.0001

Global pancreas T2* <26 ms, No. (%) 0.062 54 (88.5) 28 (100) 129 (81.1) 0.012

Altered glucose metabolism, No. (%) 0.447 34 (55.7) 18 (64.3) 44 (27.7) <0.0001

DFP: deferiprone; DFO: desferrioxamine; DFX: deferasirox; No.: number; MRI: magnetic resonance imaging; LIC: liver iron concentration; dw: dry weight.

Table II - Baseline descriptive statistics of the treatment groups composed of patients with global pancreas T2* value <26 ms. The p-values are 
for the comparisons between the combined desferrioxamine (DFO) + deferiprone (DFP) and DFP monotherapy groups and between the combined 

DFO+DFP and deferasirox monotherapy groups 

p-value DFP
(No.=54)

Combined DFO+DFP
(No.=28)

DFX
(No.=129)

p-value

Age (years) 0.384 37.17±11.46 34.79±10.62 37.08±10.33 0.224

Females, No. (%) 0.215 25 (46.3) 17 (60.7) 67 (51.9) 0.399

Age at start of regular transfusions 
(months) 0.978 12.31±9.06 12.04±9.29 16.69±17.73 0.717

Units transfused in the last 12 months 0.860 40.09±10.97 40.62±11.01 39.38±10.64 0.641

Age at start of chelation (years) 0.514 3.75±3.15 3.40±1.45 4.32±3.69 0.847

Splenectomy, No. (%) 0.013 40 (74.1) 13 (46.4) 80 (62.0) 0.128

Pre-transfusion hemoglobin (g/dL) 0.219 9.53±0.39 9.66±0.47 9.61±0.48 0.777

Mean ferritin (ng/mL) 0.025 894.37±1200.53 1359.76±1187.56 826.20±667.28 0.026

MRI LIC (mg/g dw) 0.762 5.24±5.41 8.33±10.27 6.52±9.51 0.258

MRI LIC>3 mg/g dw, No. (%) 0.547 31 (57.4) 18 (64.3) 60 (46.5) 0.099

Global heart  T2* (ms) 0.003 38.14±6.75 26.69±15.39 37.36±9.27 0.001

Global heart T2*<20 ms, No. (%) <0.0001 2 (3.7) 10 (35.7) 12 (9.3) <0.0001

Global pancreas T2* (ms) 0.003 9.00±4.89 6.23±4.59 10.35±6.07 <0.0001

Altered glucose metabolism, No. (%) 0.779 33 (61.1) 18 (64.3) 44 (34.1) 0.003

DFP: deferiprone; DFO: desferrioxamine; DFX: deferasirox; No.: number; MRI: magnetic resonance imaging; LIC: liver iron concentration; dw: dry weight.
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Table III - Clinical correlates of percent changes in global pancreas T2* values for each treatment group

DFP
(No.=54)

Combined DFO+DFP
(No.=28)

DFX
(No.=129)

Descriptive data (mean ± SD)

Change in serum ferritin (ng/mL) 77.40±398.86 −200.36±625.37 -44.86±425.74

% change in serum ferritin 12.98±52.921 3.01±60.83 9.81±69.28

Change in MRI LIC values (mg/g dw) 0.79±3.75 1.37±13.50 -1.42±6.83

% change in MRI LIC values 12.58±95.60 −0.79±45.01 0.81±67.07

Change in global pancreas T2* values (ms) 0.39±3.74 3.18±6.36 0.69±4.27

% change in global pancreas T2* values 11.68±37.28 60.44±101.41 18.48±63.19

Change in global heart T2* values (ms) 1.37±5.37 2.69±5.89 0.56±4.98

% change in global heart T2* values 6.40±19.97 23.82±48.77 4.35±20.63

Correlation with % changes in global pancreas T2* values (R-squared; p-value)

DFP dose R=−0.047; p=0.738 R=0.162; p=0.420

DFO dose R=0.340; p=0.082

DFX dose
dispersible tablets
film-coated tablets

R=0.077; p=0.475
R=0.032; p=0.878

Age R=0.238; p=0.083 R=0.270; p=0.165 R=−0.015; p=0.868

Baseline ferritin R=−0.182; p=0.215 R=−0.098; p=0.633 R=0.098; p=0.291

% changes in ferritin R=−0.145; p=0.358 R=−0.279; p=0.198 R=−0.213; p=0.025

Baseline MRI LIC R=0.049; p=0.726 R=−0.181; p=0.358 R=0.205; p=0.080

% changes in MRI LIC R=−0.141; p=0.310 R=−0.463; p=0.013 R=−0.483; p<0.0001

% change in global heart T2* R=0.014; p=0.992 R=0.055; p=0.430 R=0.117; p=0.185

% changes in global pancreas T2* values: differences between groups

Gender (males vs females) 13.55±36.08 vs 9.51±39.26
(p=0.609)

52.20±122.08 vs 65.78±89.23
(p=0.359)

17.71±75.36 vs 21.12±49.91
(p=0.206)

Splenectomy (no vs yes) 11.86±33.13 vs 11.61±39.02
(p=0.851)

35.26±69.02 vs 89.51±125.99
(p=0.134)

24.56±71.59 vs 16.37±57.71
(p=0.564)

Altered glucose metabolism at basal MRI 
(no vs yes)

0.74±44.14 vs 18.64±30.92
(p=0.077)

51.75±77.43 vs 65.28±114.41 
(p=0.962)

15.63±48.30 vs 26.93±85.12 
(p=0.800)

DFP: deferiprone; DFO: desferrioxamine; DFX: deferasirox; N: number; MRI: magnetic resonance imaging; LIC: liver iron concentration; dw: dry weight.

Figure 1 - Intra-treatment comparison between 
final and basal global pancreas T2* values in 
patients with a baseline global pancreas T2* 
value <26 ms
MRI: magnetic resonance imaging; DFP: deferiprone; 
DFO: desferrioxamine; DFX: deferasirox. 
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A significant improvement in global pancreas T2* values was 
detected in the combined DFO+DFP group (from 6.23±4.59 to 
9.41±9.24 ms; p=0.002) and in the DFX group (from 10.35±6.07 
to 11.04±6.57 ms; p=0.036) but not in the DFP group (from 
9.00±4.89 to 9.39±5.15 ms; p=0.192) (Figure 1).
A significant negative association was detected between 
changes in global pancreas T2* values and baseline global 
pancreas T2* values (R=−0.192; p=0.005). As a consequence, 
the percent change in global pancreas T2* values, normalized 
for the baseline values, were also taken into account. 
Table III shows the mean percent changes between final and 
baseline global pancreas T2* values and their correlates for 
each treatment group. There was no correlation between 
the percent changes in global pancreas T2* values and iron 
chelator dosage. Percentage changes in global pancreas 
T2* values were not inf luenced by initial serum ferritin 
or MRI LIC values in any chelation group. Percentage 
changes in global pancreas T2* values correlated with 
percent changes in MRI LIC values in both the combined 
DFO+DFP and DFX monotherapy groups but not in the 
DFP monotherapy group and with percent changes in 
serum ferritin levels in the DFX group. No association 

Figure 2 - Comparison of mean changes in global pancreas T2* values between the combined treatment and deferiprone 
monotherapy groups (upper panel) and between the combined treatment and deferasirox monotherapy groups (lower 
panel) in patients with baseline global pancreas T2* value <26 ms
The *symbol indicates that the p-value was adjusted for baseline global pancreas T2* values.
DFP: deferiprone; DFO: desferrioxamine; DFX: deferasirox. 

was detected between percent changes in pancreatic and 
cardiac T2* values.

Inter-treatment comparisons in patients with 
baseline global pancreas T2*<26 ms
The percentage of patients who showed a normal global 
pancreas T2* value at the follow-up MRI was comparable 
between the combined DFO+DFP group versus either the 
DFP group (7.1 vs 1.9%; p=0.267) or the group DFX (7.1 vs 
3.1%; p=0.291).
The increase in global pancreas T2* values was higher in 
the combined DFO+DFP group than in the DFP group 
and the difference became statistically significant after 
the correction for baseline global pancreas T2* values 
(p=0.018). The percent changes in global pancreas T2* 
values were significantly higher in the combined DFO+DFP 
group than in the DFP group (p=0.036) (Figure 2).
The increase in global pancreas T2* values was higher in 
the combined DFO+DFP group than in the DFX group 
and the difference became statistically significant after 
the correction for baseline global pancreas T2* values 
(p=0.036). The percent changes in global pancreas 
T2* values were significantly higher in the combined 
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DFO+DFP group than in the DFX group (p=0.030) 
(Figure 2).
Figure 3 shows glucose metabolism at baseline and at the 
follow-up MRI scans and the switch from one risk class 
to another one for each treatment group. In each chelator 
group about three-quarters of patients remained in the 
same risk class. The frequency of patients who started 
with alterations of glucose metabolism and transitioned 
to a better risk class at the follow-up was 20.4% in the DFP 
group, 7.1% in the combined DFO+DFP group, and 8.5% in 

Figure 3 - Change in glucose metabolism between the baseline and follow-up magnetic resonance imaging scans in the 
three treatment groups
DFP: deferiprone; MRI: magnetic resonance imaging; N: number; NGT: normal glucose tolerance; IFG: impaired fasting glucose; IGT: impaired 
glucose tolerance; DM: diabetes mellitus; FU: follow-up; DFO: desferrioxamine; DFX: deferasirox. 

the DFX group. The risk class changes were not different 
between the combined DFO+DFP and the DFP groups 
(p=0.076) or between the combined DFO+DFP and the 
DFX groups (p=0.719).

DISCUSSION
Accumulating evidence suggests that the use of tailored 
iron chelation therapy is the only way to treat or prevent 
the organ damage caused by iron accumulation. The 
widespread use of MRI and the higher number of the organs 
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simultaneously assessed are rendering this scenario more 
complex. Furthermore, as the course of iron loading 
and clearance following iron chelation therapy between 
organs seems to ref lect specific dynamics and functional 
associations35, the search for pancreatic and cardiac 
iron and their correlation both with hepatic iron and 
altered glucose metabolism is becoming appropriate and 
intriguing. Preliminary retrospective MRI data showed 
a delay in mobilization of pancreas iron overload in TDT 
patients under standard chelation therapy compared to 
that for the liver and heart36. Indeed, it is well known that 
intensive chelation therapy, by completely removing iron, 
may not only prevent new morbidities, but also reverse 
many cardiac and hepatic complications37. However, 
excluding case reports38 and a single longitudinal study 
from the E-MIOT Network19, studies that specifically 
addressed these changes at a pancreatic level remain 
limited. In this context, our longitudinal and prospective 
study evaluated for the first time the effect on pancreatic 
iron and dysfunction not only of both oral chelators, for 
which compliance was likely comparable, but also of 
combined DFO+DFP treatment. 
We confirmed that pancreatic iron overload and impaired 
glucose metabolism are widespread among adult TDT 
patients who started regular transfusions in their 
early childhood39,11. Furthermore, patients heavily iron 
overloaded were those more frequently under combined 
treatment, whose schedule appears a bit more intensified 
in terms of dose of DFP and days of DFO administered 
than in previous Italian reports8,40. 
At the intra-treatment analysis, in patients with baseline 
pancreatic iron overload, both DFX monotherapy and 
combined treatment, but not DFP monotherapy, were 
able to lower the global pancreatic iron. Due to the strict 
inverse linkage between changes in global pancreas T2* 
values and baseline global pancreas T2*, the analysis 
was performed also considering mean percent changes 
between final and baseline values and revealed that for 
the DFX and the DFO+DFP treatments pancreatic iron 
clearance occurs simultaneously with liver iron clearance 
and in parallel with a drop in ferritin level. A recent 
study found no significant changes in the prevalence 
of endocrine disease (diabetes, hypothyroidism, 
hypogonadism, hypoparathyroidism) in patients receiving 
DFX for a median duration of 6.5 years41, but no data were 

available on the effect of the drug on iron accumulation. 
On the other hand, weak data on the effect of DFP, a 
drug well known for its cardiac chelating efficiency, on 
both the pancreas and liver could suggest that liver iron 
clearance is a mandatory condition to remove iron from 
the pancreas and indicate that, despite being joined by 
parallel uptake mechanisms, the two organs are not freed 
of iron similarly by DFP in this clinical setting; however, 
before this conclusion can be reached, higher dosages 
of DFP and different iron overload baseline conditions 
should be investigated.
The observed difference in organ iron burden at baseline 
led us to further adjust our data for this variable to 
compare the specific effect of each drug more adequately. 
At the inter-treatment analysis the comparisons between 
both the combined DFO+DFP and DFP groups and that 
between combined the DFO+DFP and DFX groups showed 
the superiority of the combined regimen in reducing 
pancreatic iron, also in term of percent changes. Overall 
these data led to establish a hierarchy in chelating 
efficiency between chelators.
Nevertheless, although the chelating efficiency of 
combined treatment on pancreatic iron was so evident in 
the comparison against either DFP or DFX monotherapy, 
our longitudinal and prospective data on biochemical 
and clinical alterations of glucose metabolism were not 
clinically meaningful.  Historical data from Farmaki and 
coworkers showed that very intensive chelation therapy 
with combined treatment, by lowering both serum ferritin 
and LIC to normal values, could significantly ameliorate 
glucose tolerance and revert some case of DM42. These 
data, despite lack of information about the effect on 
pancreatic iron overload, first suggested the contribution 
of the liver to this effect, as an organ whose iron clearance 
may not only favorably affect insulin sensitivity, but could 
also be necessary to reach pancreatic iron clearance. Our 
findings are not in contrast with this seminal observation, 
but were likely made in very different baseline and 
treatment conditions. In fact, our patients were older 
and less exposed to combined treatment than the Greek 
study population. Furthermore, it seems that altered 
glucose function is not an immediate outcome following 
iron deposition, but develops with latency, as a result of 
progressive damage to the functional reserve of beta-cell 
function, whose injury may be not reversible43-45. Therefore, 
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both the advanced mean age of our population and our 
follow-up iron overload values, very far from normal, 
suggest that an improvement of glucose metabolism was 
not an achievable endpoint under our explored “real life” 
conditions. 
A limitation of this study is the unavailability of data about 
iron intake. However, there were no difference among 
the three groups in terms of age at the start of regular 
transfusions or frequency of transfusions. 

CONCLUSIONS
The most relevant conclusions of this study are that 
pancreatic cells are not completely refractory to iron 
chelation therapy and that combined treatment, more 
than DFX or DFP monotherapy, is able to remove iron 
from the pancreas. Further studies are needed to 
re-examine the findings of Farmaki et al., intensifying iron 
chelation therapy and/or the duration of exposure until 
the normalization of pancreatic iron also in adult patients, 
bearing in mind that reversal or attenuation of glucose 
dysregulation could not be guaranteed, but toxicity and 
loss of compliance, due to over chelation, would lie in wait. 
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