TIpunosu, Onp. 6uon. mepn. nayku, MAHY, XXXII, 1, s. 295-304 (2011)
Contributions, Sec. Biol. Med. Sci., MASA, XXXII, 1, p. 295-304 (2011)
ISSN 0351-3254

YIK: 616.419-085.38

PERSONAL VIEW

IRON OVERLOAD IN PATIENTS WITH TRANSFUSION DEPENDENT
MYELODISPLASTIC SYNDROME

Genadieva-Stavrik S',Georgievski B', Stojanoski Z',
Krstveska-Balkanov S', Pivkova A', Trajkova M?,
Genadieva-Dimitrova M* and Serafimoski V>*

"University Haematology Clinic, Skopje, R. Macedonia
“University Clinic of Gastrenterohepatology, Medical faculty,
Skopje, R. Macedonia
'Macedonian Academy of Sciences and Arts, Skopje, R. Macedonia

Abstract: The myelodisplastic syndrome is a heterogeneous group of disea-
ses, characterised by ineffective and dysplastic haematopoesis and pancytopenia in the
peripheral blood, followed by progressive disturbance of differentiation of the haemato-
poetic stem cell, resulting in evolution of the disease towards acute leukaemia. Accor-
ding to the latest WHO classification, the term myelodisplastic syndrome includes dise-
ases with an indolent course, as well as diseases with a fast evolution towards acute
leukaemia. Because of this diversity, haematologists base their therapeutic decisions on
prognostic scoring systems which incorporate all the significant factors with an influ-
ence on survival in this group of patients with myelodisplastic syndrome. Bearing in
mind that anaemia is the most frequent form of cytopenia in patients with myelodis-
plastic syndrome, it is common that at some point of the disease almost every patient
with myelodisplastic syndrome is transfusion-dependent.

Frequently applied transfusions secure the correction of anaemia in these pati-
ents, giving them a good quality of life, but at the same time endangering them with the
potential threat of iron overload, when the physiological mechanisms of iron excretion
from the organism become insufficient. There is a clear correlation between transfusion
dependence and the overall survival in patients with myelodisplastic syndrome. Chela-
tors secure the lowering of the iron surfeit and are indicated in transfusion-dependant
patients with myelodisplastic syndrome ( need for two blood units monthly, during one
year ), when the ferritin level increases over 1000, in patients who are candidates for
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transplantation as well as in patients from good prognostic groups with median survival
over one year. The therapy with chelators lasts as long as the patient is transfusion-
dependant.

Key words: myelodisplastic syndrome, chelators, iron overload.

Myelodisplastic syndromes (MDS) are a group of haematologic disor-
ders that occur in elderly people with a median age at diagnosis ranging bet-
ween 60-75 years. The incidence of MDS appears to be rising in industrialised
countries in tandem with the ageing of the population. They are a clonal haema-
topoetic stem cell disorder characterized by ineffective and dysplastic haemato-
poesis, peripheral cytopenias and an increasing risk of progression into acute
myeloid leukaemia (AML). Patients with MDS have widely variable cellular
haematopoetic (morphologic) features, chromosomal abnormalities, clinical ma-
nifestations and prognoses. The disease course may be indolent or aggressive.
This is the reason for a risk adapted treatment strategy as mandatory for
disorders that range from indolent conditions lasting years to forms approaching
acute myeloid leukaemia [5, 20, 21].

According to the French-American British (FAB) Classification publi-
shed in 1982, MDS was based on morphological criteria and this classification
was used in all investigational studies for MDS for the following twenty years.
The rising need for a prognostic system with greater power to predict survival
resulted in creating the most useful proposal for the classification of MDS,
which was given in 2002 by the WHO. (Table 1) This proposal is very impor-
tant because it is based on the parameters and factors which have been evalua-
ted as significant ones that influence survival and leukaemic progression in pati-
ents with MDS. Variables that have been included are uni- or multilinage hae-
matopoetic dysplasia, narrower blast count intervals and specific cytogenetic
abnormalities. The retrospective studies that followed confirmed the prognostic
relevance of this classification and proved that the WHO classification can
guide clinical decision-making regarding therapeutic choices [9, 10, 16].

Nowadays, prognosis of a subset of patients with MDS has substantially
improved with novel therapeutic optionals such as epigenetic treatment, farne-
syltransferase inhibitors, and immunomodulatory drugs. The selection of the-
rapy for MDS is based on patient risk score including WPSS risk category, age,
and performance status. Treatment goals are different in different cases and they
range from managing cytopenias and improving quality of life to altering the
natural history of the disease in high-risk patients. New therapeutic strategies
have emerged so that today patients with MDS can be treated with different
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Table 1

WHO Classification of myeloid neoplasm (23)

Disease

Blood findings

Bone marrow findings

Refractory anaemia
(RA)

Refractory anaemia
with
ringed sideroblasts
(RARS)

Refractory cytopenia
with multilineage
dysplasia (RCMD)

Refractory cytopenia
with multilineage
dysplasia and ringed
sideroblasts (RCMD-
RS)

Refractory anaemia
with excess blasts-1
(RAEB-1)

Refractory anaemia
with excess blasts-2
(RAEB-2)

Myelodysplastic
syndrome,
unclassified (MDS-U)

MDS associated with
isolated del(5q)

Anaemia
No or rare blasts
<1 x 10°/L monocytes

Anaemia
No blasts

Cytopenias (bicytopenia or
pancytopenia)
No or rare blasts
No Auer rods, <1 x 10°/L
monocytes

Cytopenias (bicytopenia or
pancytopenia)
No or rare blasts
No Auer rods, <1 x 10°/L
monocytes

Cytopenias
<5%blasts

No Auer rods, <1 x 10°/L
monocytes

Cytopenias
5-19% blasts
Auer rods £, <1 x 10°/L
monocytes

Cytopenias
No or rare blasts, no Auer rods

Anaemia
< 5% blasts
Platelets normal or increased

Erythroid dysplasia only
<10% grans or megas dysplastic
< 5% blasts, < 15% ringed
sideroblasts

Erythroid dysplasia only
<10% grans or megas dysplastic
> 15% ringed sideroblasts, < 5%

blasts

Dysplasia in > 10% of cells in two
or more myeloid cell lines
< 5% blasts in marrow, no Auer
rods,
< 15% ringed sideroblasts

Dysplasia in > 10% of cells in two
or more myeloid cell lines
> 15% ringed sideroblasts, < 5%
blasts,
no Auer rods

Unilineage or multilineage
dysplasia
5-9% blasts, no Auer rods

Unilineage or multilineage
dysplasia
10-19% blasts, Auer rods +

Unilineage gran or mega
dysplasia
< 5% blasts, no Auer rods

Normal to increased
megakaryocytes with
hypolobulated nuclei
< 5% blasts, no Auer rods,
isolated del(5q)
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therapeutic optionals such as: "Best supportive care", including iron chelation,
haemopoietic growth factors, Inmunosuppressive treatment, differentiation in-
duction, immunomodulatory drugs, arsenic trioxide, low-dose chemotherapy,
epigenetic treatment, farnesyltransferase inhibitors, intensive chemotherapy, and
allogeneic stem cell transplantation [1, 22].

Red cell transfusions are the mainstays of therapy in patients with MDS
and symptomatic anaemia. Anaemia is the most frequently observed cytopenia
in MDS and is present among the majority of the patients. About 60% of pa-
tients will have severe anaemia and will require red cell transfusion. Red blood
transfusion as a sole therapeutic option will be offered to 40% of MDS patients
with anemia. In fact almost every patient with myelodisplastic syndrome will be
transfusion-dependent in some period of evolution of the disease. Doctors treating
patients with MDS and anaemia evaluate anaemia-related symptoms and existence
of comorbidities. This clinical evaluation guides doctors in the need for transfusion
therapy. They will give transfusion to any MDS patients because it is well known
that red blood cell transfusions are a vital, life saving treatment for many patients
with MDS and anaemia and it is necessary to preserve the patient’s quality of life.
At the same time doctors are aware that every unit of transfused blood contains
200-250mg of iron and the human body has no mechanism to actively excrete
excess iron. This situation often results in cumulative iron overload as an inevitable
consequence of chronic transfusion therapy [14, 15, 17].

Cazzola and Malcovati showed that patients with established transfu-
sion dependency had a significantly reduced probability of survival (survival
hazard 1.58; P = 0.005). One of the possible explanations for decreased survival
with transfusion dependency may be due to more severe bone marrow inef-
ficiency and inadequate chelation therapy [5].

Table 2
WHO classification-based Prognostic Scoring System (WPSS)
Variable 0 1 2 3
RA, RARS, RCMD, ) }

WHO category isolation 5q— RCMD.RS RAEB-1 RAEB-2
Karyotype" Good Intermediate Poor -
Tran.sfus1onT No Regular _ B
requirement

Good: normal, =Y, del(5q), del(20q); poor: complex (= 3 abnormalities) or chromo-
some 7 anomalies; and intermediate: other abnormalities. At least 1 RBC transfusion
every 8 weeks over a period of 4 months
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Transfusion dependency is associated with shorter survival and increa-
sed risk of leukaemic evolution and can be used as an indicator of disease se-
verity in MDS. This important observation incorporated transfusion dependency
into WPSS which is a dynamic prognostic scoring system for predicting survi-
val and leukaemic evolution in MDS patients. This is more noticeable in low-
risk, intermediate-1 MDS patients, and patients with RA [7, 19, 20].

On the one hand iron is vital for survival, but on the other hand an
excess of iron is potentially lethal. Use of red cell transfusions for anaemia in
patients with MDS is the main cause of iron overload in MDS. But there is also
an underrecognized cause of iron overload in some patients with MDS such as
increased absorption iron from the gut due to ineffective erythropoesis. Iron export
into plasma from duodenal entereocytes occurs as a result of elevated protein
ferroportin which is negatively regulated by hepcidin. Hepcidin is a key hormo-
ne that regulates iron metabolism by inducing internalization and degradation of
ferroportin [18].

During normal iron homeostasis, circulating iron is bound to transferin.
Transferin is a dedicated iron-binding protein with a high affinity for ferric iron
and is one of the adaptive defenses against excess iron. The reticuloendothelial
system as a storage for iron has a capacity of about 10-15 grams, corresponding
to about 50 red blood cell units. When these capacities are exceeded parenchy-
mal deposition and tissue damage occurs. For example, if the patient has been
receiving two red blood cell units per month, this situation would be expected in
just two years [13].

Red cell transfusion is the main cause of iron overload in the group of
patients with MDS and this leads to accumulation of macrophage iron and its
export into plasma when there is no more capacity of transferin to bind it. Non-
Transferin bound iron (NTBI) or "free" iron is formed when a state of iron over-
load occurs, and there is no more capacity for transferin to bind iron. Lable plasma
iron (LPI), one form of NTBI is a toxic, cell-penetrating, redox-active that is
directly chelatable and can be taken up by liver, cardiac and endocrine cells
through uptake mechanisms that are independent of the transferin receptor. Inef-
fective erythropoiesis accompanied with decreased iron use by the bone marrow
in patients with suppressed erythropoiesis and in patients undergoing myelo-
ablation for HSCT is another mechanism that increases NTBI. Elevated values
of NTBI and LBI lead to increased risk of bacterial and fungal bloodstream
infection and induce genomic instability in haematopoetic progenitors. Cardiac
dysfunction results from myocardial iron deposition.

Pullarkat clearly emphasized that the benefit from iron chelation in
MDS is not only from the reduction in cardiac and other end organ damage due
to tissue iron overload, but from a potential favourable impact on three other
outcomes: reduction of infections, improvement in survival after allogeneic
haematopoetic stem cell transplantation (HCT), and delayed leukaemic progres-
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sion. Bearing this in mind, this study clarifies that chelation therapy should be
appropriate for higher grades of MDS [18].

Patients benefit from iron therapy in two ways. Iron therapy binds and
removes iron from the body at a rate that is either equal to the rate of transfu-
sional iron input, known as maintenance therapy, or greater than iron input,
known as reduction therapy [7, 8, 11, 24].

Table 3

Comparison of Basic Properties of the Three Chelators Available in Clinical Use (4)

Chelators

Property | Ideal | Deferoxamine | Deferiprone |Deferasir0x |
Route Oral S.C.; 1.V. Oral Oral
Molar Fe chelating eff. High 1:1 3:1 2:1
Usual dose mg/kg/d — 20-50 75 20-30
Half life Long 20-30min 3-4 hrs 12—16 hrs
Excretion easy Urine/Fecal Urine Fecal
Full day LPI Coverage Yes No No No
Penetration to tissue - + +HA+++ +H/+++
Lowering liver Fe =+ +++ + +t++
Lowering heart Fe ++ ++ (high doses) ~ ++/+++ ++
Compliance THAF HHARF THHAERF S A

Medications that can fulfil those criteria are helators. an ideal chelator
for the future iron chelation era should allow individualizing and tailoring of the
treatment in order to attain a high compliance rate, achievement of a negative
iron balance and limitation of side-effects [8, 11].

Iron overload is an important adverse prognostic factor for patients with
haematologic malignancies undergoing haematopoetic stem cell transplantation
(HSCT). HSCT is the only curative therapeutic approach in patients with MDS
and is highly recommended for high risk patients, especially younger ones. An
elevated pretransplant serum ferritin level is strongly associated with lower ove-
rall, disease-free survival and transplant-related mortality. Patients with a high
ferritin level have an increased risk of veno-occlusive disease [2]. There is a
statistically significant absolute difference of 37% in 5-years overall survival for
patients with MDS between the highest and lowest ferritin quartilies. Chelation
therapy should be considered as an option for significant improvement in trans-
plantation outcomes for patients of MDS undergoing haematopoetic stem cell
transplantation.

The American Society of Hematology established precise recomenda-
tions for initialing and moniotoring iron chelator therapy in myelodisplastic
syndromes, according to the consensus statement on iron overload in myelodis-
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plastic syndromes published by the MDS Foundation’s Working Group on
Transfusional Iron Overload [3, 13].

MDS patients who would benefit most from treatment of iron overload
are those who require transfusion of more than 2 red blood cell units per month
for more than a year; patients with a ferritin level more than 1000ng/mL; pati-
ents with low risk MDS (according to IPSS low or intermediate —1, according to
WHO —RA, RARS, and 5q-); patients with life expectancy of more than a year;
patients who do not have comorbidities that would limit prognosis, those pati-
ents who are candidates for allograft; patients in whom preservation of organ
function is needed and patients without response or ineligible for primary the-
rapy such as immunomodulatory or hypomethylating agents [13].

For monitoring iron overload the following tests are recommended: serum
ferritin, transferin saturation. There are cases when monitoring of organ func-
tion is indicated (cardiac, hepatic, endocrine). The recommended test should be
repeated every three months. In additional test such as MRI, or investigational
parameters like NTBI (nontransferin binding iron), LPI (lable plasma iron) can
be performed.

There is a consensus regarding the duration of iron chelation therapy.
Patients with MDS should be on iron chelation therapy as long as they are trans-
fusion-dependent and transfusion therapy continues.
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AmncTpakT: MHETOIUCITIACTHYHAOT CHHIPOM OI(paka XeTopereHa rpyrma
Ha 3a0oiyBama KOM ce KapaKTepH3HpaaT CO HapyllyBakbe Ha XeMaTolloe3ara,
MAHIUTONEHH]ja BO Nepu(epHaTa KpB clefieHa cO MPOTPECHBHO HAPYIIyBame BO
nudepeHnrjanmjaTa Ha XeMaTONOeTCKaTa CTeM-KIeTKa KOe pe3yJTHpa BO €BO-
Jyligja KOH aKkyTHa jJeykemuja. Crnopen HajHoBaTa kKjacudukanuja Ha CBeTckara
37paBCTBEHA OpraHU3anyja, IOMMOT MUEJIOAUCIUIACTUYEH CHHAPOM BO cebe omda-
Ka, Off efHa CTpaHa, 3a00JyBama Co MHAOJIETEH TEK, HO, ICTO TaKa, i 3a001IyBama
co Op3a eBonyluja KOH akyTHa jeykemuja. [lopagu Toa, XeMaTOJO3UTE Tepa-
MEeBTCKaTa ONJIyKa ja 0asmpaaT Ha MPOTHOCTHYKHUTE CKOPHHI CHCTEMH KOU BO
ce0e ' CHHTETU3UpaaT CUTe CUTHU(PUKAHTHY (DAaKTOPH KOU 3HAaYajHO BIWjaaT HA
MIPEKNUBYBAKb-CTO BO TPYNaTa HA MANMEHTH CO MUEIIOUCIUIACTHYICH CHHAPOM.

TprayBajku off pakTOT eKa aHeMHujaTa € Haj(ppeKBEeHTHATa [UTONECHHU]a
KOja ce jaByBa Kaj MalMEHTUTE CO MHUEJOANCIUIACTUYEH CHHAPOM, Pa30oMpIUBO €
ieKa BO OfipefieH Neprof Off 3a00IIyBambEeTO PEUNCH CeKOj HalUeHT CO MUEIIOfHC-
mwiactudyer cuappoM (80-90%) e Tpancdy3uoHo 3aBuceH. Yecture TpaHcy3un
nM o6e30efyBaaT Ha MAIUEHTUTE KOpPEKIXja Ha aHEMHjaTa, a cO caMOTO Toa W
moGap KBaJUTET HA KUBOT, HO MCTOBPEMEHO M MOTEHIUjallHA ONAacHOCT Off Tpe-
OTITOBApyBame CO XKeJle30 Kora Ke ce 3achcTaT W HaMUHAT (PU3HONOIMIKITE Me-
XaHU3MM Ha OTCTpaHyBaibe Ha BUIIOKOT Ha 3KeJIe30TO Of opraHu3mot. [locTon
jacHa Kopemnanyja Ha TpaHC(y3UBHATa 3aBUCHOCT U BKYIHOTO NPEKUBYBame Kaj
MAIMEeHTHTE CO MUEJIOANCITIAaCTHYCH CHHAPOM. XeaTopure 06e36enyBaaT Hama-
JyBamke Ha BUIIOKOT Ha 3KEJe30 M Ce MHAWIUPAHU Kaj MAIUEeHTATE CO MHUEINO-
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IWCIUIACTAYCH CHHAPOM KOU ce TPaHC(Y3MOHO 3aBUCHH (TIOTpeba Off IBE eICHUIN
KPB MECEYHO BO TEKOT Ha €JIHa TOflMHA), IOKaYeHO HUBO Ha (peputud Haj 1000,
TIallMEHTH KaHAWAATH 3a TpaHCIJIaHTallKja, ¥ NalMeHTH KOou npunafraaTt Ha 1oOpu
MPOTHOCTHYKY TPYIU CO CPEHO MpEKUBYBame HaJ efHa rofuHa. Tepanujata co
XeJaTopH Tpae ce Jofeka NaleHTOT € TpaHc(y3uo 3aBUCEH.

K.IIy‘ll-lI(l 360[)0]31/]: MUCJTOJUCIITIACTUYEH CUHIIPOM, XEJIAaTOPHU, IMPEONTOBApYyBamkE
CO 2K€JIE30.
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