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Classification of iron overload disorders 

• Primary iron overload 
•  Hereditary hemochromatosis 
•  Genetic aberrations 
•  Increased intestinal iron uptake 

• Secondary iron overload 
•  Thalassemia 
•  Sickle cell disease 
•  Myelodysplastic syndrome 
•  Rare congenital anemias, eg. DBA 



Types of Hereditary Hemochromatosis 

Type Mutation 

1 HFE gene (C282Y mutation) 

2A Hemojuvelin  

2B Hepcidin 

3 Transferrin receptor 2 

4 Ferroportin 



Treatment Hereditary Hemochromatosis 
• Phlebotomy 

•  Initially: weekly or twice weekly  

•  Maintenance: as needed, on average every 3 months 

•  Target serum ferritin <50 microg/L and transferrin saturation <50% 

•  Iron chelation therapy 
•  Intolerance of phlebotomy 



•  1 unit contains 200 - 250 mg iron  

•  IO occurs after 10–20 transfusions 

Chronic transfusion therapy is the main 
cause of secondary iron overload (IO) 



Tf, transferrin. Hentze MW, et al. Cell. 2004;117:285-97. 

Body iron homeostasis: 
(almost) perfect recycling system 

Other cells 
and tissues 
~ 400 mg 

1–2 mg/day 

Iron loss 

Fe2
3+ – Transferrin 

~ 3 mg 

1–2 mg/day 

Duodenum 

Reticuloendothelial 
macrophages 

~ 600 mg 

Red blood cells 
~ 1,800 mg 

Bone 
marrow 

~ 300 mg 

20–25 
mg/day 

The human body has mechanisms to absorb, transfer, store iron, but none to excrete it 



Modified from Hentze MW, et al. Cell. 2004;117:285-97. 

The hepcidin/ferroportin (FPN) regulatory 
system controls systemic iron homeostasis 

Hepcidin 

Fe2
3+ – Tf 

Bone marrow 

Red 
blood 
cells 

Reticuloendothelial 
macrophages Duodenum 

FPN FPN 
Fe Fe 

Liver 

Iron levels 

Inflammation, infection 

Hypoxia 

Increased 
erythropoiesis 

Hepcidin is a negative 
regulator of ferroportin 



§  Erfe mRNA expression is increased in 
the bone marrow and the spleen  
4 hours after phlebotomy or EPO 
stimulation, preceding hepcidin 
suppression 

§  Erfe-deficient mice failed to suppress 
hepcidin after phlebotomy or EPO and 
recovered more slowly from the 
anaemia compared with Erfe+/− and 
Erfe+/+ mice 

§  In addition, treatment of mouse 
primary hepatocytes with supernatants 
of HEK293T cells overexpressing Erfe 
led to a significant decrease in 
hepcidin expression suggesting that 
Erfe can act directly on the liver to 
suppress hepcidin 

CTRL, control; EPO, erythropoietin; Erfe, erythroferrone. Kautz L, et al. Blood. 2013;122:abstract 4. 

Erythroferrone may be the erythroid regulator of 
hepcidin during increased erythropoietic activity 
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Parenchyma Reticuloendothelial  
macrophages 

Gut 

NTBI 

Erythron 

Transferrin 

Transfusions 

20–40 mg/
day 

Transferrin Reticuloendothelial  
macrophages Parenchyma 

NTBI, non-transferrin-bound iron 
Hershko C et al. Pathophysiology of iron overload. Ann NY Acad Sci 1998;850:191–201 

 

Iron overload leads to production of NTBI 



Transferrin iron 
Controlled uptake 

Non-transferrin 
iron 

Uncontrolled uptake 

Organelle damage 

 Free-radical generation 

Functional 
iron 

Labile 
Iron 

Storage 
iron 

Non-Transferrin Bound Iron  

Porter JB. Am J Hematol 2007;82:1136–1139  



Liver cirrhosis/ 
fibrosis/cancer 

Diabetes 
mellitus 

Endocrine 
disturbances→ 
growth failure 

Capacity of serum transferrin to bind 
iron is exceeded 

Iron overload 

Cardiac failure Infertility 

GENERATION OF  

FREE HYDROXYL RADICALS 

NTBI circulates in the plasma 

some forms of NTBI (eg LPI) load tissues  
with excess iron 

INSOLUBLE IRON COMPLEXES  

ARE DEPOSITED IN BODY TISSUES 

Non-Transferrin Bound Iron 



Treatment and iron toxicity 
• Myelosuppressive treatment 
 

èUnderutilization of plasma iron  
èRelease of cellular iron  

Advances in Hematology 3
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Figure 2: Mean ± SD serum level of the calculated transferrin sat-
uration in 10 allogenic SCT patients during the peritransplantation
period. Arrow indicates onset of the conditioning regimen [12].

Conditions in the peritransplantation period can therefore
result in elevated NTBI and LPI levels in the plasma, which
persist at least until engraftment.

Normally, endogenous antioxidants also play a role in
scavenging free radicals and preventing cell damage [17].
However, in patients undergoing HSCT, chemotherapy or
radiotherapy-based conditioning regimens can result in a
prooxidant status, as indicated by a reduced total radi-
cal antioxidant parameter of plasma (TRAP), a measure
of the overall capacity of human plasma to inhibit free
radical-induced lipid peroxidation [14, 18]. In one study,
assessment of the antioxidant status before and after HSCT
showed a breakdown in plasma antioxidant defense and
an inverse correlation between levels of NTBI and TRAP.
Recent data have also demonstrated a prooxidant state in
patients conditioned with chemoradiotherapy, indicated by
significant increases in malondialdehyde (an indicator of
oxidative stress and lipid peroxidation), glutathione perox-
idase, and super oxide dismutase [19]. Decreased levels of
other endogenous antioxidants such as !-tocopherol and "-
carotene have also been noted [14, 20]. The disturbance of
pro-oxidative/antioxidative balance in the plasma of patients
undergoing HSCT may augment the toxicity of LPI and
suggests that the adminstration of antioxidants, such as N-
acetylcysteine or glutamine (glutathione precursor), may,
therefore, be beneficial [14].

In addition to performing a vital role in the human
body, iron is an important element for the growth of
pathogenic microorganisms [21, 22]. High plasma iron levels
can therefore not only promote microbial growth but can
also directly increase susceptibility to infection by inhibiting
the function of the immune system. High intracellular iron
levels have been shown to result in the direct impairment of
innate and acquired immune responses [21].
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Figure 3: Prognostic impact of elevated pre-transplantation serum
ferritin in patients undergoing myeloablative stem-cell transplanta-
tion (N = 190). Dashed line represents patients with serum ferritin
over 1000 ng/ml. Adapted from [8].

4. Impact of High Pretransplantation
Serum Ferritin Levels on Survival and
Complications

The adverse impact of iron overload on HSCT outcome
was first demonstrated in thalassemia patients. In fact, the
degree of iron overload and adequacy of chelation is used for
prognostic classification of thalassemia patients undergoing
allogeneic HSCT. Multivariate analysis has identified three
iron-related factors associated with a significantly reduced
probability of survival: hepatomegaly, hepatic portal fibrosis,
and inadequate iron chelation [23]. Patients with none of
these pre-HSCT risk factors are considered low risk (Class
1), those with one or two are moderate risk (Class 2), and
those with all three risk factors are high risk (Class 3). While
the probability of long-term survival after HSCT in Class 1
patients may be more than 90%, survival can be anticipated
in only around 50% of high risk, Class 3, patients [2, 23].

In recent years, a number of studies have investigated
the e!ect of high pre-transplantation serum ferritin levels
on survival after HSCT in nonthalassemic patients (Table 2).
Although most of the studies are retrospective, the results
are unequivocal; the increased incidence of complications
associated with high iron load results in reduced overall
survival after HSCT particularly in patients with MDS and
acute leukemia (Figure 3) [8, 24–31]. This is true for both
full- and reduced-intensity conditioning regimens for HSCT
suggesting that reduction in conditioning intensity alone
may not be adequate to minimize the deleterious e!ects of
iron overload on survival.

Conditioning regimens, cytopenias, and the use of
immunosuppressive agents can result in severely compro-
mised immunity. As a consequence, infection accounts
for much of the treatment-related mortality observed
in HSCT patients. A recent prospective evaluation of
190 HSCT patients has confirmed that serum ferritin values
of "1000 ng/mL are associated with a significant increase
in the incidence of blood stream infections [8]. In this
study, patients with pretransplantation serum ferritin above
1000 ng/ml had a twofold increased risk of developing blood
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Prognosis 
•  Without transfusions: <5 years 
•  Regular transfusions with red blood cells: <20 years  (CARDIAC DEATH) 
•  Chelation therapy in addition to transfusions: >20 years  

Courtesy of Antonio Piga, MD, University of Turin, Italy 
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33–67% ferritin measures 
>2500 ng/mL 

Cardiac disease-free  
survival in patients with: 

Olivieri NF et al. N Eng J Med 1994;331:574–578 

<33% ferritin measures 
>2500 ng/mL 

>67% ferritin measures 
>2500 ng/mL 

Thalassemia major 
Impact of chelation on outcome 



Brittenham GM, et al. Efficacy of deferoxamine in preventing complications of iron overload in patients with thalassemia 
major. N Engl J Med 1994; 331: 567-73 

 

Thalassemia major 
Impact of chelation on outcome 



•  Impact of IO on outcome more difficult to demonstrate 

• Different patient population (compared to thalassemia) 

•  Older age  

•  Comorbidities 

•  Other risk factors for mortality eg leukemic transformation, bleeding 

en infection complications 

Clinical impact of IO in MDS 
 



HR, hazard ratio. Cazzola M, Malcovati L. N Engl J Med. 2005;352:536-8. 

Transfusion dependency significantly increases 
mortality risk in MDS 
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pRBC, packed red blood cells. Malcovati L, et al. Haematologica. 2006;91:1588-90. 

Survival of MDS patients by 
severity of transfusion requirement 

Overall survival 
(HR = 1.36, p < 0.001) 

Leukaemia-free survival 
(HR = 1.40, p < 0.001) 
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SF, serum ferritin. Malcovati L, et al. Haematologica. 2006;91:1588-90. 

Every 500µg/L increase in serum ferritin above 
1000µg/L associated with 30% greater risk of death 
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Rose C et al. Presented at ASH 2007 [Blood 2007;110(11):abst 249] 

Iron chelation therapy may improve 
outcome in MDS 
 



  

IPSS Low 
Median: not reached vs 69 months 
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Rose C et al. Presented at ASH 2007 [Blood 2007;110(11):abst 249] 

Impact of iron chelation therapy depends 
on IPSS category 
 



Delforge M, Dominik Selleslag, Beguin Y, et al. Adequate iron chelation therapy for at least six months improves survival in 
transfusion dependent patients with lower risk myelodysplastic syndromes. Leuk Res 2014; 38: 557-563 

 

Impact of iron chelation therapy by intensity 
of chelation “the Belgian experience” 
 



•  A Multicenter, Randomized, Double-Blind, Placebo-Controlled Trial of 
Deferasirox (Exjade®) in Patients with Low/Intermediate-1 Risk MDS 
and Transfusional Iron Overload. 

Prospective study on survival impact of ICT 
TELESTO 
 



Armand et al. Blood 2007 

•  Pre-transplant ferritin 
•  <230ng/ml 
•  230-930ng/ml 
•  930-2030ng/ml 
•  >2030ng/ml 

Prognostic impact of IO in alloSCT 
 



Causes of inferior NRM and survival in alloSCT 

•  Increased susceptibility of infections 

•  Iron promotes bacterial and fungal growth in experimental studies 
•  Suppression of immune system 
 

Pullarkat et al. BMT 2008 

Impact of high serum ferritin on blood stream infection risk
after HCT
A total of 89 patients experienced a BSI and another 8
patients died within the first 100 days without having a BSI
for a sum total of 97 (51%) of 190 patients for this
combined end point. There was a significant difference
between the high- and low-ferritin groups for the BSI end
point (o1000! 44%, X1000: 60%, P! 0.042) (Table 3).
This difference remained significant when conditioned on
the diagnosis category (acute leukemia/myeloid malig-
nancy: X1000: 57%; o1000: 42%; lymphoma/Myeloma:
X1000: 88%; o1000: 49%, P! 0.022).

Implementing GLM to study effects of ferritin on BSI in
a multivariate analysis, the odds for developing BSI were
higher in the high-ferritin category (odds ratio! 1.99, CI:
1.06–3.75, Wald test P! 0.032). None of the other
covariates (diagnosis category, donor type, conditioning
strength, disease activity and gender) were significant for
increased risk of BSI/death in this model. One of the major
determinents for increased BSI is time to neutrophil
engraftment, which is the longest for cord blood trans-
plants followed by BM and PBSC transplants in descending
order. When the data were examined for each of these
donor products, the results were similar to those obtained
for the full data set (data not shown).

Elevated serum ferritin increased the odds for BSI/death
(odds ratio! 1.22) for a doubling in ferritin, when
examined as a continuous variable on a log base 2 scale
(CI: 1.01–1.48, P! 0.041).

Serum ferritin and regimen-related toxicity
Only two regimen-related toxicities namely hepatic VOD
and DAH/IPS were analyzed. The number of patients who
suffered either of these complications is low. Six patients
developed hepatic VOD grade 2 or above, whereas fourteen
patients developed DAH/IPS grade 2 or above. The mean
ferritin levels of patients experiencing toxicity were
compared to those who did not and the difference was
not significant for either complication using a two-sample
t-test assuming unequal variances.

Discussion

Our results show that iron overload measured by pre-
transplant serum ferritin is a strong predictor of day 100
mortality and OS after allogeneic HCT. In addition, we
have shown that elevated ferritin is a risk factor for
development of acute GVHD and BSI after HCT. This

prognostic impact of elevated serum ferritin on mortality
after HCT remained significant even after accounting for
factors like disease status, donor type and diagnosis.
Although we used an arbitrary level of 1000 ng/ml to define
the high-ferritin group, the results remained similar when
ferritin was considered as a continuous variable, suggesting
that is it preferable to undergo HCT with the least amount
of tissue iron. Pretransplant serum ferritin has been
included as a variable in a recently published prognostic
scoring system for predicting survival after allogeneic HCT
for acute leukemia and myelodysplasia. This scoring system
included age, disease, stage at HCT and cytogenetics in
addition to elevated ferritin and was highly predicitive of
survival after allogeneic HCT.10

The adverse impact of high ferritin on OS after HCT in
nonthalassemic patients has been shown in two previous
studies. In a retrospective review of 590 patients, Armand
et al.3 showed declining OS with each increasing quartile of
serum ferritin. However, after accounting for relevant
covariates, the deleterious effect on OS was significant only
for patients with myelodysplastic syndrome or acute
leukemia. Our results were similar and showed an adverse
impact of iron overload on the OS of the whole group as
well as the ‘acute leukemia/myeloid malignancy’ subgroup,
but not for the ‘lymphoma/myeloma’ subgroup. However,
it must be noted that the number of patients in the
‘lymphoma/myeloma’ subgroup was small (N! 45) and
hence the impact of iron overload on the outcome of
patients with lymphoid malignancies requires further
investigation. In a small study of 25 patients (of which 10
patients underwent allogeneic HCT and the rest autologous
HCT), Altes et al.11 showed significantly worse OS by
multivariate analysis for their very high ferritin group
(defined as ferritin X3000 ng/ml). No studies have system-
atically examined the effect of iron overload on the OS of
patients undergoing autologous HCT. This will be difficult
to demonstrate given the lower mortality from autologous
HCT and the lower serum ferritin levels of patients
undergoing autologous HCT compared to those under-
going allogeneic HCT.

Our data show a strong association between iron
overload and moderate to severe acute GVHD when
ferritin was examined both as a categorical and as a
continuous variable. This effect could be explained by the
increased free-radical-mediated tissue injury (discussed
later) on exposure to the conditioning regimen in iron-
overloaded patients, as tissue injury is the initiating event in
acute GVHD pathogenesis. Therefore, it is likely that an
association between iron overload and acute GVHD would
be more significant in allogeneic HCT using high-dose
conditioning. In their retrospective analysis, Armand et al.3

did not find an association between hyperferritinemia and
acute GVHD. Therefore, our finding of increased acute
GVHD risk in iron-overloaded patients remains to be
confirmed in future prospective studies.

Natural resistance to infection is dependent on main-
taining an extremely low concentration of free ionic iron in
tissue fluids.12 Increased availability of iron in iron over-
load states provides an essential nutrient for bacterial and
fungal growth and impairs host defenses. Iron overload as a
risk factor for bacterial and fungal infections has been

Table 3 HCT outcomes in the high and low ferritin groups

Outcome Ferritin (categorical) Ferritin (continuous)

OR 95% CI P OR 95% CI P

Day100 mortality 3.82 1.32–11.0 0.013 1.51 1.07–2.14 0.02
Overall survival 2.28 1.29–4.02 0.004 1.34 1.09–1.65 0.005
Acute GVHD/death 3.11 1.56–6.18 0.001 1.20 0.987–1.46 0.068
BSI/death 1.99 1.06–3.75 0.032 1.22 1.01–1.48 0.041

Abbreviation: BSI!blood stream infection.

Iron overload and hematopoietic cell transplant
V Pullarkat et al

803

Bone Marrow Transplantation



Time to haematological response Percentage of patients with 
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Gattermann N, et al. Hematologic responses with deferasirox therapy in transfusion dependent myelodysplastic syndromes patients.                        
Haematologica. 2012;97:1364-71.  
. 

EPIC, Evaluation of Patients’ Iron Chelation with Exjade study.  

ICT may improve hematopoiesis 
 



Direct effect on a 
neoplastic clone 

or on bone marrow 
environment 

Promoting iron release from 
iron stores, allowing use by 

haemopoietic tissue 

Reduction in oxidative 
species which 

correlate with inefficient 
erythropoiesis1–3 

Inhibition of NF-κB, leading to a reduction 
in the transcription of anti-apoptotic factors, 

cytokines, or adhesion molecules 
that may affect erythroid inefficacy7 

Increasing endogenous 
EPO levels4 

Potential mechanisms for the 
haematological effect of deferasirox5,6 

1. Ghoti H, et al. Eur J Haematol. 2007;79:463-7. 
2. Hartmann J, et al. Blood. 2008;112:abstract 2694. 3. Chan LSA, et al. Blood. 2008;112:abstract 2685. 
4. Ren X, et al. J Appl Physiol. 2000;89:680-6. 5. Breccia M, et al. Acta Haematol. 2010;124:46-8. 
6. Guariglia R, et al. Leuk Res. 2011;35:566-70. 7. Messa E, et al. Haematologica. 2010;95:1308-16. 

NF-κB, nuclear factor kappa B. 

ICT may improve hematopoiesis: how?  
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Assessment body iron  

•  Liver Iron Concentration (LIC) 

• Serum ferritin 

• Magnetic Resonance Imaging (MRI) liver and heart 



Measuring LIC by liver biopsy 

Advantages Disadvantages 

•  Validated reference standard 

•  Direct measurement of LIC 

• Quantitative, specific and sensitive 

•  Provides information on liver 
histology/pathology 

•  Invasive; painful; potentially 
serious complications,  
eg bleeding 

•  Difficult to follow-up 

•  Risk of sampling error, 
especially in patients with 
cirrhosis 
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Heterogeneity of iron distribution  
in the cirrhotic liver 



Measuring serum ferritin 

Advantages Disadvantages 

•  Easy to assess 

•  Inexpensive 

•  Repeat serial measures are useful 
for monitoring chelation therapy 

•  Allows longitudinal follow-up of 
patients 

•  Indirect measurement of iron burden 

•  Subject to natural fluctuation 

•  Non-specific marker that may be 
affected by inflammation, infection, 
GVHD, liver damage 



Olivieri NF et al. New Engl J Med 1995;332:918–922 
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Relationship between serum ferritin 
and LIC in various anemias  

MDS, myelodysplastic syndromes; DBA, Diamond-Blackfan anemia 
Porter J et al. Eur J Hematol 2008;80:168–176 
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Weak correlation between serum ferritin 
and LIC in SCT recipients 

HCT recipients, which allows for making a diagnosis
of iron overload noninvasively [13,20]. We used the
R2 MRI technique (FerriScan!) for estimating LIC
in this study. This is relatively simple to setup and in-
volves calibrating a standard 1.5T MRI machine with
the proprietary FerriScan software. Images of the liver
are then transmitted and analyzed centrally by the soft-
ware and a report listing the LIC is generated and sent
back to the investigators.

Only 2 patients with elevatedLIChad clinically sig-
nificant end-organ damage that could be attributed to
iron overload. Because iron-induced organ toxicity typ-
ically manifests after years of developing iron overload
[1], the relatively short follow-up of our cohort could
explain the lack of iron-associated comorbidities. Fur-
thermore, the natural history of transfusional iron over-
load in patients who become transfusion independent is
notwell characterized. Slowbut steadydecreases inLIC
over time have been observed in children with thalasse-
mia cured after allogeneic HCT, especially if they have
received adequate chelation therapy and have no liver
fibrosis pretransplant [21,22].

Our study has some limitations. We excluded pa-
tients with worsening GVHD. Selection bias could
also have been introduced because our study cohort
was a convenience sample since follow-up beyond
2 years posttransplant at our center in patients without
GVHD is at the discretion of the primary transplant
physician. However, a similar prevalence of iron over-
load was observed among patients surviving less than
and longer than 2 years and among those with and
without active cGVHD. Also, liver MRIs were not
performed in patients with ferritin levels #1000
ng/mL. Iron overload might have been missed in
patients with ferritin levels that were above normal
but \1000 ng/mL, and as a result, we might have
underestimated the true prevalence of iron overload.
However, few patients with transfusion-dependent
anemias and ferritin #1000 ng/mL have significantly
elevated LIC [1,19,23].

Notwithstanding these limitations our study raises
important issues about iron overload in HCT survi-
vors. The current paradigm of management of post-
transplant iron overload is largely based on
experience with transfusion dependent anemias and
MDS. LICs .5 to 7 mg/g are considered to herald
body iron levels high enough to cause end-organ dam-
age and necessitate the initiation of iron chelation
therapy [1]. Although measurement of LIC is recom-
mended, it is typically not done in routine clinical
practice because of the invasive nature of liver biopsy
and the limited availability of SQUID. Iron chelation
therapy is generally initiated for persistent elevation
of serum ferritin in the setting of ongoing transfusion
therapy. However, the majority of HCT survivors, un-
like patients with transfusion-dependent anemias, do
not need long-term transfusion support after recover-
ing from the early posttransplant period. This impor-
tant difference underscores the need to ascertain body
iron levels by measuring LIC, especially with the avail-
ability of noninvasive MRI techniques, before initiat-
ing iron chelation therapy or phlebotomy instead of
relying on ferritin alone and highlights the need to
conduct future investigations of the evolution of iron
overload following transplantation.

In summary, our study demonstrates that iron
overload is a relatively common complication in
long-term HCT survivors. Serum ferritin is a good
screening test, but estimation of LIC should be consid-
ered before initiating therapy for iron overload. More
studies are needed to better define the natural history
of iron overload and its impact on late morbidity and
mortality in this population.
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Figure 1. Relation between liver iron concentration and ferritin (A)
and transferrin saturation (B) (r is the Spearman’s rank correlation
coefficient). Liver iron concentration was estimated using R2 MRI
in patients with ferritin .1000 ng/mL.
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Measuring LIC with MRI 

Advantages Disadvantages 

•  Assesses iron content throughout  
the liver 

•  Status of liver and heart can be 
assessed in parallel 

•  Allows longitudinal patient follow-up 

•  Indirect measurement of LIC 

•  Requires MRI imager with 
dedicated imaging method 

•  Cost and availability 

MRI = magnetic resonance imaging 
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Figure 1.  

Cardiovascular magnetic resonance T2* images showing the heart and liver from 3 different patients at the 

same echo time (10.68ms): A. Normal appearance with a bright myocardial and liver signal indicating that 

there is no significant cardiac or hepatic iron loading (myocardial T2* 29ms, liver T2* 22ms).  B. Dark 

myocardial signal indicating severe myocardial siderosis (heart T2* 6.2ms) but no liver iron (liver T2* 

18ms). Note that the spleen (asterisk) also has high signal, suggesting that there is no significant splenic iron 

loading. C. Normal myocardial signal (heart T2* 24ms) but dark liver consistent with severe hepatic iron 

overload (liver T2* 1.8ms). Images courtesy Dr JP Carpenter. 
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Iron causes the organ to darken more rapidly 

T2* MRI 
T2* is the time (in msec) needed for the organ to lose 2/3 rd of its signal 



Advantages Disadvantages 

•  Rapidly assesses iron content in the 
septum of heart 

•  Functional parameters can be 
examined concurrently 

•  Iron status of liver and heart can be 
assessed in parallel 

•  Allows longitudinal follow-up 

•  Indirect measurement of cardiac 
iron 

•  Requires MRI imager with 
dedicated imaging method 

•  Cost and availability 

Measuring cardiac iron with MRI 
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Myocardial T2* values <20 ms are associated with progressive 
and significant decline in LVEF  

T2* MRI: emerging new standard  
for cardiac iron 



Chacko J, et al. Br J Haematol. 2007;138:587-93. 

SF levels and LIC correlate poorly with myocardial 
iron loading in patients with MDS 
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LV, left ventricle; RV, right ventricle.  Anderson LJ, et al. Eur Heart J. 2001;22:2171-9. 

Discordance between liver iron and  
cardiac iron overload in thalassaemia major 

Liver Liver 

LV  RV 
LV 

RV 

High liver iron 
Minimal heart iron 

High heart iron 
Minimal liver iron 



§  Serum ferritin (SF) 
• SF levels measurements inconsistently reflect LIC and 

poorly predict cardiac iron concentration1,2 

§  Cardiac and liver MRI3,4 

•  assessments of liver iron and cardiac iron by T2* and R2 
are calibrated and reproducible 

•  LIC may be a poor predictor of cardiac iron concentration 

1. Brittenham GM, et al. N Engl J Med. 1982;307:1671-5. 
2. Karam LB, et al. Pediatr Blood Cancer. 2008;50:62-5. 

3. St Pierre TG, et al. Blood. 2005;105:855-61. 
4. Anderson LJ, et al. Eur Heart J. 2001;22:2171-9. 

Key points in assessing iron overload 



Outline  
•  Iron overload (IO) disorders 

• Mechanisms and pathophysiology of IO 

• Clinical impact of IO 

• Assessment of IO 

•  Treatment of IO, Iron Chelation Therapy (ICT) 



Chelator Metal Chelator 

Toxic 

Excretion Metal 

Iron Chelation Therapy 
Concept 



Properties of an ideal chelator 
Efficacy 
•  Maintenance of iron balance or achievement of negative iron balance 
•  High and specific affinity for ferric iron (Fe3+) 
•  Effective tissue and cell penetration 
•  High-chelating efficiency 
•  No iron redistribution 
•  Slow metabolism and elimination rate 
•  24-hour chelation coverage 

Convenience 
•  Oral bioavailability 
•  Half-life compatible with once-daily dosing 
•  Good compliance 

Tolerability 
•  Good adverse-event profile 



Poor oral bioavailability  
and a short plasma half-life 

Inconvenient 
administration 

Poor compliance 
reported to lead to 

increased mortality1 

Injection-site reactions 
and pain 

Equipment not widely 
available in many 

countries 

Limitations of DFO therapy 

Slow subcutaneous infusion                        
3–7 times weekly 

1Gabutti V, Piga A. Acta Haematol 1996;95:26–36 



Property DFO DFP DFX 

Comparison of chelators 

Route s.c., i.v. 
(8–12 hours,  
5 days/week) 

Oral 
3 times daily 

Oral 
Once daily 

Half-life 20–30 minutes 3–4 hours 8–16 hours 

Excretion Urinary, faecal Urinary Faecal 

Main 
adverse 
effects        
in PI 

Local reactions, 
ophthalmological, 
auditory, growth 

retardation, allergic 

Gastrointestinal 
disturbances, 

agranulocytosis/ 
neutropenia, arthralgia, 
elevated liver enzymes 

Gastrointestinal 
disturbances, rash, mild 

non-progressive 
creatinine increase, 

elevated liver enzymes, 
ophthalmological, 

auditory 

Usual dose 
(mg/kg/day) 

25–60 75–100 20–30 



Reimbursement iron chelators 

• Deferiprone 
•  thalassemia patients (<18y)  
•  deferoxamine is contra-indicated 

• Deferasirox 
•  Thalassemia major 
•  SCD en congenital anemia (DBA) if deferoxamine inadequate 
•  MDS with IPSS max 1,5 or preparing for alloSCT if deferoxamine 

inadequate or not feasible for socio-professional reasons 



The primary goals of iron chelation therapy are  

to remove excess iron and provide protection from the effects of toxic iron  

Normalization 
of stored 

tissue iron 

May take years  
in established 
iron overload 

Safe levels of 
tissue iron differs 
between organs 

Control of 
toxic iron 
over 24-hr 

period 

Iron  
balance 

Complete 
chelation 

Removal of iron 
at a rate equal  

to transfusional 
iron input 

Prevents end- 
organ damage due 

to iron 

24-hr control  
of NTBI/LPI and 

intracellular labile 
iron 

Prevents end-
organ damage 

due to iron 

Normalization 
of stored 

tissue iron 

Control of 
toxic iron 
over 24-hr 

period 

Iron  
balance 

Complete 
chelation 

Goals of Iron Chelation Therapy  



Effect on Labile Plasma Iron 

Cabantchik ZI, et al. Best Pract Res Clin Hematol 2005;18:277–287 
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Maintenance or reduction of serum ferritin levels with appropriate dosing 

DFO Deferiprone DFO:deferiprone 
combination Deferasirox 

24-hour control of NTBI/LPI levels 

DFO Deferiprone DFO:deferiprone 
combination Deferasirox 

Levels rebound 
when infusion is 

stopped 

Levels rebound 
between doses 

Continuous 
administration 

required 

24-hour chelation 
coverage achieved 

with once-daily 
dosing 

24-hour control achieved with continuous combination therapy of DFO and 
deferiprone or with once-daily dosing of deferasirox  

Effective control of iron in the blood with 
chelation therapy 

ü  ü  ü  ü 

x  x  ü  ü 



Recommendations 

Spanish 
Guidelines, 20081 

Italian Guidelines, 
20022 

Japanese 
Guidelines, 20083 

MDS Foundation 
Guidelines, 20084 

Recommended that chelation therapy should be considered: 

Transfusion 
status 

●  Transfusion 
dependent 

●  Received >50 
RBC units 

●  Received >40 
Japanese RBC 
units 

●  Received 2 RBC 
units/month for 
≥1 year 

Serum ferritin 
level 

●  >1000 ng/mL – ●  >1000 ng/mL ●  >1000 ng/mL 

Patient profile ●  IPSS Low or Int-1 
●  Very low, Low or Int 

(WPSS) 
●  Low risk (Spanish 

prognostic index) 

●  Life-
expectancy 
>6 months 

●  Life-expectancy   
>1 year 

●  Life-expectancy 
>1 year 

1Arrizabalaga B et al. Haematologica 2008;93(Suppl 1):3–10; 2Alessandrino EP et al. Haematologica 2002;87:1286–1306; 
3Suzuki T et al. Int J Hematol 2008;88:30–35; 4Bennett JM. Am J Hematol 2008;83:858–861 




