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INTRODUCTION

The consequences of iron overload in multitransfused thalassemia patients are well know, whereas the situation in other settings is poorly documented [START_REF] Piga | Survival improvement in thalassemia: who should take the credit?[END_REF]. Damage due to iron overload may be important in chronic anemias when the prospects of life are good or improve with advances in treatment. Few studies of iron overload in patients with transfusion-dependent Diamond-Blackfan anemia (DBA) have been published [START_REF] Ambruso | Effect of subcutaneous deferoxamine and oral vitamin C on iron excretion in congenital hypoplastic anemia and refractory anemia associated with the 5q-syndrome[END_REF][START_REF] Beck | Endocrine studies in Blackfan-Diamond anemia: evidence for hypothalamic-pituitary dysfunction under frequent transfusion therapy[END_REF]. DBA (OMIM 205900) is a rare congenital or early-onset pure red cell aplasia observed in 5-10 per million live births [START_REF] Campagnoli | Molecular basis of Diamond-Blackfan anemia: new findings from the Italian registry and a review of the literature[END_REF]. Corticosteroids and red cell transfusions are the mainstays of therapy.

Approximately 60-70% of patients initially respond to corticosteroids but many patients require highdose steroids, or develop resistance to therapy and require long-term transfusion or allogeneic stem cell transplantation [START_REF] Campagnoli | Molecular basis of Diamond-Blackfan anemia: new findings from the Italian registry and a review of the literature[END_REF][START_REF] Vlachos | Diagnosing and treating Diamond Blackfan anaemia: results of an international clinical consensus conference[END_REF]. In the last few years, new insights into treatment-related, long-term side effects have become apparent. For transfusion-dependent patients, secondary hemochromatosis is a major medical problem.

The overall actuarial survival at greater than 40 years of age is 75%: 100% for those in sustained remission, 86% for steroid-maintainable patients and 57% for transfusion-dependent patients. There is a statistically significant survival advantage for steroid-maintainable as compared to transfusiondependent patients [START_REF] Lipton | Improving clinical care and elucidating the pathophysiology of Diamond Blackfan anemia: an update from the Diamond Blackfan Anemia Registry[END_REF]. About 23% of all deaths reported in the DBA American Registry are related to complications due to iron overload [START_REF] Lipton | Improving clinical care and elucidating the pathophysiology of Diamond Blackfan anemia: an update from the Diamond Blackfan Anemia Registry[END_REF]. These data highlight the fact that this overload in regularly transfused DBA patients should not be underestimated, and constitutes a serious complication.

Evidence regarding the efficacy of chelation therapy for the treatment of transfusional iron overload has largely been based on experience in patients with thalassemia major [START_REF] Cappellini | Guidelines for the clinical management of thalassemia[END_REF].

The aim of our study was to quantify iron overload directly from the liver iron concentration (LIC) in a large cohort of regularly transfused DBA patients, and relate it to their transfusion and chelation history and their iron-related complications. We also match this cohort with a comparable set of thalassemia major patients.

METHODS

Patients

We retrospectively analyzed all DBA patients referred to our Institution from June 2000 to June 2008. The exclusion criteria were:

-transfusion independence due to achievement of spontaneous remission or to the response to steroid therapy; -bone marrow transplantation.

Informed consent was collected from each patient. Clinical information included gender, age at diagnosis, age at first transfusion, number of units received, amount of transfusional iron, age at start of iron chelation, drug and prescription schedule and compliance.

The following conditions were regarded as iron-related complications: IDDM, altered glucose tolerance, hypothyroidism, hypoparathyroidism, hypogonadism, cardiopathy [START_REF] Cappellini | Guidelines for the clinical management of thalassemia[END_REF]. Regarding cardiopathy we distinguished clinical from preclinical (ejection fraction within normal limits but with a decrease of >10% in more than two consecutive assessments and/or iron cardiac overload measured by cardio RMN T2* and/or prophylactic use of angiotensin converting enzyme inhibitors or angiotensin II receptor antagonists).

For SQUID evaluation, a venous blood sample was collected to measure serum ferritin.

Chelation treatment compliance

Compliance with chelation management was estimated at each follow up visit by a Centre physician from the sum of the following data:

-number of infusions prescribed, -number of infusions reported by the patient, -number of infusions recorded by the electronic pump (Crono ® , Cane s.r.l., Italy), -examination of infusion sites, -conversation with the patient.

The thresholds set for adequate DFO chelation were 20-40 mg/kg/day, as an 8-12-hour subcutaneous infusion, for a minimum of 5 days a week based on the iron input/output ratio.

Iron intake

The iron intake (mg of iron) was calculated as total amount of red blood cells (RBCs) transfused×1.08 [START_REF] Cappellini | A phase 3 study of deferasirox (ICL670), a once-daily oral iron chelator, in patients with beta-thalassemia[END_REF]. The total amount of RBCs transfused was calculated as the total amount of blood (mL) multiplied by the hematocrit of each unit (%).

The total number of transfused RBC units was available for all thalassemia and DBA patients. The hematocrit of each unit was available for all thalassemia patients and for 56% of DBA patients. For the remainders, transfused in different Italian Centers, we considered for the iron intake calculation 

Evaluation of iron overload

Several parameters were employed:

-Serum ferritin Serum ferritin was determined at SQUID evaluation; ferritin values were centralized in the same laboratory by automated immunofluorescent assays (BRAHAMS Ferritin KRYPTOR).

-Liver iron concentration determination LIC was measured by noninvasive technique of magnetic liver susceptometry using SQUID biomagnetic susceptometer (Model 5700 Tristan Technology, S.Diego CA) [START_REF] Angelucci | Hepatic iron concentration and total body iron stores in thalassemia[END_REF].

All SQUID evaluations were made with the same device in Turin Centre. LIC was expressed as mg Fe/g liver dry weight (d.w.), with a wet weight/dry weight ratio of 5.83 as observed in the specific deferasirox studies [START_REF] Roper-Bouchet | Drying methods affect the wet:dry weight ratio of liver tissue samples and impact liver iron content measurements[END_REF]. Iron overload was considered severe when LIC was > 15 mg Fe/g liver d.w., moderate when it was 7-15 mg Fe/g liver d.w. and mild when it was 1.3 -7 mg Fe/g liver d.w. [START_REF] Angelucci | Hepatic iron concentration and total body iron stores in thalassemia[END_REF][START_REF] Olivieri | Survival in medically treated patients with homozygous beta-thalassemia[END_REF].

Iron overload was classified in accordance with the observations on thalassemia, where LIC values > 7 mg iron/g d.w. or > 15 mg iron/g d.w. have been associated with an increased risk of cardiac disease or death respectively [START_REF] Olivieri | Iron-chelating therapy and the treatment of thalassemia[END_REF].

-Cardiac iron concentration determination Cardiac iron loading was quantified by means of the MRI T2* technique as described by Anderson [START_REF] Anderson | Cardiovascular T2* magnetic resonance for the early diagnosis of myocardial iron overload[END_REF]. On a Philips Intera Giroscan 1,5 Tesla scanner calibrated by the authors T2* values < 20 ms were indicative of iron overload, and this was considered severe when T2* was < 10 ms according to Pennell [START_REF] Pennell | T2* magnetic resonance and myocardial iron in thalassemia[END_REF].

Control group

The DBA cohort was compared to a β-thalassemia major cohort selected from the whole series treated at our Centre. The cohort selection included the following steps:

-Inclusion criteria by transfusion-dependence, adequate iron chelation prescription and compliance.

-For each DBA patient, we assigned two thalassemia patients matched for sex and iron intake.

When more than two thalassemics were eligible for each DBA patient, the two with the closest iron intake were chosen.

-Each pair of assigned thalassemia patients has been randomly splitted in group A or B.

-Group A and B have been tested for homogeneity.

-Group A has been randomly taken for the comparison analysis with DBA. Bland-Altman analysis has been applied to group A and B that resulted homogeneous for iron intake and LIC. The Student's t-Test was used to assess the difference between DBA and thalassemia groups, and a p-value of 0.05 was considered as significant.

Statistics

RESULTS

DBA patients

We considered 31 Italian transfusion-dependent DBA patients. Their clinically relevant features are set out in Table 1. They were all on slow subcutaneous infusion of deferoxamine (Desferal®, DFO, Novartis Pharma AG, Basel, Switzerland); the mean chelation treatment duration was 7,4 years (SD: 6,3 years; median 5,8 years; range: 0-19,5 years); no side effects were reported.

Iron overload

No patient had a normal LIC. Mean LIC was 13,4 mg Fe/g d.w. (SD: 6,8; median 15,1; range 1,4-30,3). Mean ferritin level was 1760 ng/ml (SD: 1152 ng/ml; median: 1500 ng/ml, range: 101-4851 ng/ml); serum ferritin and LIC showed a positive relationship (r = 0,41, p = 0,02).

A severe iron overload (LIC>15 mg/Fe/g liver d.w.) was observed in 17/31 (54%) patients, of whom 10/17 (59%) were inadequately chelated (Figure 1, Table 1). Inadequate chelation was observed in 52% (16/31): 10/16 due to inappropriate prescription and 6/16 to low compliance.

All the 8 patients younger than 5 years showed a moderate (2) or severe [START_REF] Lipton | Improving clinical care and elucidating the pathophysiology of Diamond Blackfan anemia: an update from the Diamond Blackfan Anemia Registry[END_REF] iron overload, 2 to delayed onset of chelation or inadequate prescription or poor compliance. Three patients were assessed for cardiac iron by MRI. One had a T2* value of 7.7 ms, indicating a high cardiac risk. This patient was a nine-year old girl with moderate LIC and non-optimal DFO therapy (late onset and inadequate compliance). Echocardiographic parameters including left ventricular (ejection fraction) were normal. She also developed primary hypothyroidism at the age of 7 (patient no. 14, Table 1).

Complications

Seven (23%) patients presented one or more iron-related complications; a severe iron overload was observed in four (57%) patients (Table 1). On the average, clinical complications occurred 13.1 years after diagnosis and 11.2 years after the start of transfusional therapy.

Comparison between DBA and thalassemia

Clinical features of DBA patients and correlations with thalassemia patients are reported in Table 2.

A significant difference (p<0.0001) between the LIC values of the two groups (Table 2) was found.

The DBA group displayed a substantial and significantly higher LIC. Hypothyroidism (4), diabetes mellitus (2), hypoparathyroidism (1), heart disease (preclinical cardiopathy in 2 cases) were all 

DISCUSSION

There are many studies on the long-term consequences of iron overload, but full reports analyzing iron overload in DBA patients are missing in the literature.

We observed a high prevalence of severe iron overload and inadequate chelation in transfusiondependent DBA patients on long-term follow-up. In our DBA cohort the iron overload was significantly higher than that of thalassemia patients with similar iron intake. Disease-specific differences may potentially exist. However, our data are not sufficient to demonstrate an intrinsically higher propensity to develop iron overload.

In our DBA cohort we found that the correlation between LIC and ferritin levels was not strong, suggesting that a single measurement of serum ferritin was a poor predictor of LIC in DBA, as previously observed in many studies of thalassemia and sickle cell disease [START_REF] Pakbaz | Serum ferritin underestimates liver iron concentration in transfusion independent thalassemia patients as compared to regularly transfused thalassemia and sickle cell patients[END_REF]. Despite the fact that transfusion dependent DBA patients are at risk of developing iron overload, chelation is not well routinely used.

We observed inadequate chelation in 52% of regularly transfused patients: 63% due to an inappropriate prescription (<20mg/kg/day and/or infusions <5 days/week), and 37% to low compliance. The time on transfusion before starting chelation treatment was longer in DBA compared to thalassemia patients (p<0.05). Our DBA patients were all on slow subcutaneous infusion of DFO.

Between the two oral chelators currently used in patients with iron overload, Deferiprone (Ferriprox®, Apotex) is potentially associated with agranulocytosis and is thus generally avoided in DBA in the absence of particularly strong clinical indications (i.e. severe cardiac iron overload) [START_REF] Henter | Fatal agranulocytosis after deferiprone therapy in a child with Diamond-Blackfan anemia[END_REF]. Deferasirox (Exjade®, ICL670, Novartis Pharma AG, Basel, Switzerland) has recently been shown to be effective and well tolerated in patients on a regular transfusion program including several DBA patients [START_REF] Tchernia | The once-daily oral iron chelator ICL670 is well tolerated and effective in treating transfusional iron overload in Diamond-Blackfan anemia patients 10th EHA Meeting[END_REF][START_REF] Porter | Relative response of patients with myelodysplastic syndromes and other transfusion-dependent anaemias to deferasirox (ICL670): a 1-yr prospective study[END_REF][START_REF] Vichinsky | Clinical application of deferasirox: practical patient management[END_REF][START_REF] Porter | Concepts and goals in the management of transfusional iron overload[END_REF], and should be useful in DBA patients. We observed a high rate iron-related complication in our DBA cohort: twenty-three per cent of our DBA patients had a clinically significant organ damage that could be attributed to iron overload. In addition, 57% of all the complications (mostly endocrinopathies) occurred in patients with severe iron overload. Two patients had evidence of preclinical heart disease. No cardiac failure or death were observed in our series. This severe picture, similar to a no chelation condition, might be explained by non-optimal chelation (late onset, type, dose, prescription and compliance). Our finding on iron cardiac load were preliminary and limited; low T2* can occur in DBA. The evidence of cardiac iron in a nine-year-old patient should be considered seriously, as in our thalassemia series no patient under eleven-year-old has a pathological T2*. A F o r P e e r R e v i e w 7 similar finding has been recently published on a large series of thalassemia major patients [START_REF] Wood | Magnetic resonance imaging assessment of excess iron in thalassemia, sickle cell disease and other iron overload diseases[END_REF] or thalassemia intermedia [START_REF] Origa | No evidence of cardiac iron in 20 never-or minimally-transfused patients with thalassemia intermedia[END_REF]. A larger study dedicated to cardiac function in these patients is warranted.

The comparison of the severity of iron overload effect in thalassemia and DBA is a complex issue.

The risk of toxicity from iron overload hinges on several factors: the magnitude of iron overload, the organ iron distribution, the duration of exposure to toxic iron levels; we can not exclude an unknown biological mechanism that leads to an early severe iron overload in DBA. As in other chronic anemias such as thalassemia syndromes, sickle cell disease, sideroblastic anemia and hereditary spherocytosis, also in DBA [START_REF] Nemeth | Iron regulation and erythropoiesis[END_REF][START_REF] Hershko | Iron loading and its clinical implications[END_REF] should be interesting to explore the expression of hepcidin and the effect of HFE gene mutations to evaluate their contributions to iron overload.

Our study shows that iron overload is a serious, relatively common and early complication in regularly transfused DBA patients and more frequent than observed in regularly chelated thalassemia patients.

Physicians must be concerned that the management of transfusional iron overload is an important component of DBA treatment. Iron concentration should be carefully evaluated and monitored and the clinical consequences of iron overload should be early considered.

Both LIC and serum ferritin should be considered before initiating iron chelation so that chelation is begun when a critical overload is reached. Moreover, they should be regularly evaluated during chelation to measure its efficacy.

Overloaded patients should be duly treated; optimal compliance must be constantly encouraged in these patients. Optimizing transfusions and regulating body iron levels by chelation will minimize the risk of iron overload, improve their quality of life, and possibly extend survival. 
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 3 The inclusion criteria were:-DBA diagnosis in accordance with the criteria accepted by the DBA working group of the European Society for Paediatric Haematology and Immunology, ESPHI[START_REF] Campagnoli | Molecular basis of Diamond-Blackfan anemia: new findings from the Italian registry and a review of the literature[END_REF][START_REF] Vlachos | Diagnosing and treating Diamond Blackfan anaemia: results of an international clinical consensus conference[END_REF]; transfusion dependence and one or more LIC evaluations by SQUID (Superconducting Quantum Interference Device)[START_REF] Angelucci | Hepatic iron concentration and total body iron stores in thalassemia[END_REF].

  75% that is the mean one of our blood bank and in line with the most Italian blood bank.

  Descriptive statistics were generated with Statistica v.6, StatSoft Inc.

  patients. As regards other clinical complications, hypogonadism was present in 4 DBA and 3 thalassemia patients.

Figure. 1

 1 Figure. 1 Correlation between time on regular transfusion and LIC by SQUID depending on chelation treatment. The red circles represent patients with inadequate chelation due to prescription or compliance; the blue diamonds indicate adequate chelation.
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 1 Figure. 1 Correlation between time on regular transfusion and LIC by SQUID depending on chelation treatment. The red circles represent patients with inadequate chelation due to prescription or compliance; the blue diamonds indicate adequate chelation. 254x190mm (96 x 96 DPI)

Table 1 .

 1 Clinical features of DBA patients

	Pt=patient; RBCs= red blood cells; FTN=ferritin; LIC=liver iron concentration; F=female; M=male;
	c=low compliance; p=inadequate prescription; HD=heart disease; HT=hypothyroidism; HG=
	hypogonadism; HP: hypoparathyroidism; DM: diabetes mellitus; HD: heart disease

Table 2 .

 2 Comparison of relevant clinical features of DBA and thalassemia patients 11.

		0	M	0.0	54930	5.1	5.81	Yes	2261	8.6	No
	18	11.8	M	5.9	35520	2.0	0.42	No ( c )	2003	30.3	No
	19	12.4	F	0.1	55045	0.3	11.97	Yes	836	15.3	No
	20	12.4	F	10.0	12460	2.0	0.40	No ( p )	702	3.1	No
	21	13.2	F	5.8	47360	0.4	6.99	No ( p )	839	7.9	No
	22	14.4	F	0.7	63285	1.0	12.62	Yes	101	5.1	No
	23	15.0	F	1.1	68500	1	12.90	No ( c )	3000	27	Yes (HT)
	24	16.2	F	0.1	78660	5.9	10.26	No ( p )	1338	17.2	Yes (HG, HPP)
	25	18.1	M	0.1	96970	0.4	17.64	No ( p )	1000	6.6	No
	26	17.7	M	1.1	95515	3.9	12.71	Yes	2854	15.2	Yes (DM, HT, HG, HD)
	27	20.5	F	7.9	85715	3.0	9.56	Yes	2576	10.5	No
	28	22.4	F	0.2	131790	2.7	19.51	Yes	1815	15.1	Yes (DM)
	29	22.6	M	0.4	132390	5.5	16.73	Yes	2593	6.9	Yes (HT, HG)
	30	22.7	M	0.1	133870	3.8	18.73	Yes	589	3	Yes (HT, HG)
	31	29.7	M	3.4	191975	7.0	19.28	Yes	649	1.4	No
	MEAN MEDIAN	11.5 9.2	M/F: 13/18	1.76 0.7	49976 35470	2.43 1.75	7.4 5.8	YES/NO: 15/31	1760 1500	13.4 15.1	YES/NO: 7/31
	RANGE	1.8-29.6		0-10	660-191975	0.35-7.42	0-19.5		101-4851	1.4-30.3	
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Table 2 . Comparison of relevant clinical features of DBA and thalassemia patients DBA patients Thalassemia patients
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	N	Mean	Range	N	Mean	Range	Student's t-Test
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