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Iron Overload in MDS
—and Why

Case 1

A previously well and fit 60-year-old man with a 10-year history of refractory
anemia with ring sideroblasts (RARS; International Prognostic Scoring Sys-
tem [IPSS] low risk) and red blood cell (RBC) transfusion dependence for
four years was referred for treatment of iron overload (IOL). Early in his daily
workout, he developed shortness of breath and was found to be in atrial flut-
ter with a rapid ventricular response. An echocardiogram showed dilated
cardiomyopathy with a left ventricular ejection fraction of 20%. He received
79 units of RBCs, and his serum ferritin (SF) level was 5,500 ng/mL with a
transferrin saturation of 100%. T2* magnetic resonance imaging (MRI)
showed a liver iron concentration (LIC) of 5-10 mg/g dry weight, indicating
moderate to severe hepatic IOL, and the myocardial value was 10-15 mil-

Heather A. Leitch, MD, PhD, FRCPC liseconds, indicating significant cardiac IOL.

Hematologist, Division of Hematology Case 2

St. Paul’s Hospital A 76-year-old man with a seven-year history of refractory anemia (RA) was
University of British Columbia referred when he became RBC transfusion dependent. Cytopenias had been
Wancouver BribishiColumbia discovered incidentally, and a diagnostic marrow showed no increase in
blasts with a +8 on karyotype analysis (IPSS intermediate- 1 risk). This was
unchanged at the onset of RBC transfusion dependence. He received 3 units
of RBCs up to this point; his SF level was 1,300 ng/mL. Following 20 units of
RBCs, he was offered chelation with deferoxamine (DFO) but declined. He
received, in total, 80 units of RBCs over two years, and his SF rose to
5,300 ng/mL. He started deferasirox (DFX) when it became available. Within
six weeks, the transfusion requirement ceased and his hemoglobin (Hb)
normalized over the following weeks. His Hb remained normal until he died
of unrelated causes at age 84, more than six years after starting chelation.

Introduction

In congenital anemias such as beta-thalassemia major (BTM), IOL impairs organ
function (cardiac, hepatic, endocrine) and limits survival.! The introduction of iron
chelation therapy (ICT) with DFO improved the lifespan of patients with BTM from
the teens to normal life expectancy, with benefit directly related to compliance with
chelation.2 However, because life expectancy in patients with myelodysplastic syn-
dromes (MDS) is limited by marrow failure and progression to acute myelogenous
leukemia (AML), examination of the benefits of chelation in these patients has
lagged behind BTM.

Ineffective erythropoiesis in MDS may lead to increased iron absorption through
the gastrointestinal (GI) tract via the hepcidin pathway, and myelosuppressive ther-
apy may decrease erythropoiesis and iron utilization. However, the main pathway
of IOL is RBC transfusions, which leads to increased transferrin saturation, the
appearance of non-transferrin bound iron (NTBI), and clinical endpoints.3 The
Pavia group demonstrated that MDS patients with an RBC transfusion requirement




FIGURE 1
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Overall Survival (OS) of MDS Patients in a Matched Pair Analysis

A) Matched Pair Analysis on Overall Survival
(all patients; n = 188)

B) Cumulative Survival of Patients with Stable MDS
and Ongoing Transfusion Dependency (n = 31)
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A) In the whole group, patients receiving chelation had significantly superior OS compared to non-
chelated patients. B) Survival was significantly longer in well-chelated patients with decreasing SF level

compared with patients with increasing SF.

Adapted from Neukirchen J, et al. Leuk Res 2012; 36(8):1067-70. With permission from Elsevier Ltd.,

Philadelphia, USA.

TABLE 1

Assessment of Iron Overload and Common Adverse Events of Chelators.
Ideal assessments are listed and mandatory assessments bolded.

have inferior overall survival (OS) and
leukemia-free survival compared to
transfusion-independent patients.45 Sur-
vival was inversely associated with both the
degree of transfusion dependence and the
degree of IOL, as measured by SF level, with
a stepwise decrease in survival for each
increase in SF of 500 ng/mL above 1,000
ng/mL. In an analysis of the European
LeukemiaNet (ELN) MDS registry, the
outcomes of transfusion-independent and
dependent MDS patients with and without
MDS progression were compared. In both
cases, transfusion-dependent patients
fared worse.6 Several analyses have sug-
gested that MDS patients receiving ICT
have improved survival compared to those
not receiving chelation.”-14 Moreover, the
degree of benefit is associated with the
duration!? and intensity8 of chelation (see
Figure 1). However, as no data from
randomized controlled trials (RCT) are
available, some hematologists remain skep-
tical of the benefits of reducing IOL in
MDS.15 Despite the lack of RCT data, the
balance of existing and emerging clinical
and preclinical evidence supports active
management of IOL in MDS.16

Observation Frequency IOL assessment AE monitoring
Iron intake rate Each transfusion J
Chelation dose and frequency 3 monthly J J
Renal functiona As frequently as required
Liver function 3 monthly J
Sequential serum ferritin, 3 monthly
transferrin saturationb
GTT, thyroid, calcium Yearly in adults J
metabolism (BMD)c
Liver iron (T2* MRI)d At baseline, where feasible; and, J
subsequently, as clinically indicated
Cardiac function (echo, MRI, ECG) At baseline, then as clinically indicated
Cardiac iron {T2* MRI) For patients receiving > 50 units RBC
prior to ICT, or with CHF or arrythmias
Slit lamp examination, audiometry Yearly J
aCreatinine should be measured at least every two weeks with each dose increase until stable. PTransferrin saturation > 80% may indicate the presence of oxidative stress.48
cBased on early/suggestive data in transfusion-dependent hemoglobinopathies.49 dHepatic I0L is underestimated in up to 25% of patients. 8
I0L: iron overload; AE: adverse event; GTT: glucose tolerance test; BMD: bone mineral density; MRI: magnetic resonance imaging; echo: echocardiogram;
ECG: electrocardiogram; RBC: red blood cells; ICT: iron chelation therapy; CHF: congestive heart failure.
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TABLE 2

Proposed Classification System for Severity of Iron Overload in MDS

Organ function*

Serum ferritin level (ng/mL) Normal (A) Abnormal (B)
501-1,000 1A 1B
1,001-2,500 2A 2B
2,501-5,000 3A 3B
> 5,000 4A 4B

transfusion burden increases.

Hematology, Springer Press.

*Cardiac, liver and pancreatic endocrine related to iron overload; organ dysfunction progresses as ferritin or

Criteria for organ dysfunction: Cardiac, left ventricular ejection fraction < 50%; hepatic, abnormal transaminase
levels, hepatic fibrosis or cirrhosis; pancreatic endocrine, impaired glucose tolerance.

Adapted from Suzuki T, et al. Int J Hematol 2008; 88(1):30-5. With permission from the International Journal of

TABLE 3
I Iron Chelation Agents Currently Available for Clinical Use; Properties and

Indications

reaction
Potential ocular
and/or otic toxicity®

Property Deferoxamine Deferiprone Deferasirox
Usual dose 20-60 mg/kg/day  75-100 mg/kg/day  20-30 mg/kg/day
Route S.C., i.W. p.o. p.o.
>8-12 h, 3 times daily once daily
> 5 days/week
Half-life 20-30 min 3-4h 8-16 h
Excretion Urinary, fecal Urinary Fecal
Side effects2 Injection site (Rare) Renal insufficiency

agranulocytosis

in up to one-thirde
Gl disturbance

Acute iron
intoxication
Chronic IOL from
TD anemias

Indications

IOL in BTM when
DFO contraindicated
or inadequate

BTM = 6 years with

IOL from frequent

RBC transfusion

IOL when DFO

contraindicated

or inadequate in:

— Other anemias

— Age 2-5 years

- BTM with IOL
from infrequent
RBC transfusion

or non-progressive.

DFO: deferoxamine; RBC: red blood cell.

permission from the American Society of Hematology.

aMonitoring as per product monograph for all agents; Pyearly monitoring recommended for all; cusually reversible

Gl: gastrointestinal; I0L: iron overload; TD: transfusion dependent; BTM: beta-thalassemia major;

Reprinted from Leitch HA and Vickars. Hematology Am Soc Hematol Educ Program 2009; 664-72. With

Diagnosis and Staging

IOL is most frequently measured by SF; SF
levels over 1,000 ng/mL are considered sig-
nificant in most guidelines. SF levels may
be affected by other factors such as inflam-

mation, thus it is important to monitor
trends rather than individual values and to
interpret SF measurements in the context
of transfusion history and transferrin satu-
ration. Assessment of organ function (car-

diac, hepatic, endocrine) should be done at
baseline assessment of IOL and as clinically
indicated. Since LIC may be underesti-
mated by SF level in up to 25% of MDS
patients, LIC should be measured where
available by imaging such as T2* MRI at
baseline, with follow-up measurements as
clinically indicated to ensure that it is
decreasing appropriately with chelation.!?
Table 1 shows a summary of mandatory and
desirable assessments and monitoring for
IOL. A proposed classification scheme for
severity of IOL is presented in Table 2.

Clinical Benefits of Iron Reduction/
Goals of Chelation

Characteristics of the currently available
chelators are shown in Table 3. DFO is given
subcutaneously, ideally by continuous
(see below).
Deferiprone (DFP) is an oral agent taken

subcutaneous infusion
three times daily; however, it is rarely used
in MDS due to concern for an increased risk
of agranulocytosis in patients who may
already be neutropenic. DFX is an oral
agent taken once daily.

ICT is effective at reducing SE LIC and
elevated transaminases.16:18 Cardiac events
are aleading cause of non-leukemic deaths
in MDS514,19; however, detectable cardiac
iron is found in only a minority of
patients,20 and the mechanism of cardiac
complications from IOL is not well under-
stood. Where obtaining LIC by T2* MRI is
indicated, cardiac function may also be
measured during the same scan, as would
(rarely) be done to measure cardiac iron
deposition.

There is evidence that oxidative stress
may be important in iron toxicity. Iron
results in the formation of labile plasma
iron (LPI), labile cellular iron (LCI) and
reactive oxygen species (ROS)—measures
of oxidative stress—by virtue of its Fenton
chemistry. In BTM, decreased cardiac
disease-free survival (DFS) is associated
with an SF over 2,500 ng/mL. Cardiac func-
tion improves with chelation before
changes in cardiac iron are seen, consistent
with removal of a toxic labile iron pool
within cardiomyocytes.2! In MDS, reduc-
tions in LPI622 and cellular ROS23 with
chelation have been demonstrated. Oxida-
tive stress, however, has not yet been tied to
clinical endpoints, possibly because LPI is
suppressed so quickly by chelation.16:22
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TABLE 4
Hematologic Improvement in MDS with Chelation
IPSS RBC Neutrophil Platelet

Reference N Risk Response Response Response
Cilloni D et al 57 Low/Int-1 45.6% NR NR
2011*25
List A et al 173  Low/Int-1 15% 15% 22%
2012*22 52

77
Gattermann N 247  Low/Int-1 21.5% 22% 13%
et al, 2012*28 50

100
Nolte F et al, 50 Low/Int-1 11% NR NR
201226
Angelucci E 152 Low/Int-1 Transfusion NR NR
et al, 201227 independence

in12%

IPSS: International Prognostic Scoring System; RBC: red blood cell; NR: not reported; IWG: International Working
Group.
*RBC, platelet, and neutrophil responses are assessed according to WG 2006 criteria (Cheson et al°0).

I FIGURE 2

Probability of Acquiring Transfusion Independence
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& Sons Ltd., Hoboken, USA.

The probability of acquiring transfusion independence over the period of chelation with deferasirox
increased from 5.5% at 6 months to 19.7% at 12 months.
Adapted from Angelucci E, et al. Eur J Haematol 2014; 92(6):527-36. With permission from John Wiley

Hematologic improvement (HI), includ-
ing RBC transfusion independence, has
been reported in multiple cases (reviewed
in Advances in Hematology?*). This phe-
nomenon has been reported with all three
chelators, suggesting that HI is related to
iron reduction rather than a fortuitous off-
target effect. In recent analyses, erythroid
responses were seen in 11-46% of patients
(see Table 4),22.25-28 with the probability of
transfusion independence increasing with

the duration of chelation?? (see Figure 2).
Transfusion independence has been main-
tained long term in some cases after stop-
ping chelation.29:30 The mechanism of HI is
an area of active investigation; however,
these data suggest that iron reduction is in
some way favourably altering bone marrow
failure in some MDS patients.

Preclinical data indicate that IOL may
promote progression to AML. IOL is associ-
ated with DNA damage.3132 Mice receiving

sublethal irradiation (to induce genomic
instability) and iron progressed to AML,
while control mice that received irradiation
alone did not.3! Epigenetic changes
induced by IOL and which promote AML
progression have been reported.33 Clinical
data in this regard are scant, with some
indicating an increased propensity to AML
progression in MDS patients with IOL,4
while another shows no impact of effective
ICT on AML progression.8 A study in
progress is evaluating the utility of chela-
tion in higher-risk MDS.34 Accumulating
data indicate that transfusion dependence
and IOL negatively impact on endpoints
(OS, non-relapse mortality) surrounding
hematopoietic stem cell transplantation
(HSCT),3536 and that chelation pre-37 and
post-HSCT38:39 impacts favourably on these
outcomes and on relapse incidence.39 In
many cases, SCT must be undertaken
before it is practical to address IOL, in
which case IOL reduction should be under-
taken following SCT.

To summarize, the goals of chelation are
to prevent organ damage, induce hemato-
logic improvement where possible, mini-
mize the risk of AML progression, and
optimize outcomes around HSCT. In
patients such as the one presented in
Case 1, chelation must be intensified (if
possible) in an attempt to rescue damaged
tissue, which may be constrained by dose-
limiting side effects.

Guidelines and Treatment
Guidelines for chelation are largely based
on the experience with DFO in BTM, and
are likely to evolve. A consensus statement
by Bennett and colleagues suggests that
patients be considered for chelation if they
have lower IPSS-risk MDS, SF greater than
1,000 ng/mL, and a life expectancy of at
least one year.4041 Candidates for HSCT
should also be considered for chelation. Ac-
cording to more recent guidelines, patients
with higher-risk MDS who are eligible for
potentially disease-modifying therapies
such as azacitidine, should also be consid-
ered.2 In practical terms, chelation is avail-
able according to provincial criteria for
reimbursement, which, in British Columbia,
are largely based on current guidelines.
Criteria for access to chelators by Canadian
region are listed in Table 5.

Chelators available in Canada include
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TABLE 5

Criteria for Access to Deferasirox or Deferoxamine by Province or Group

Province or Group

Deferasirox Access Criteria2

Deferoxamine Access CriteriaP

British Columbia

Acquired anemia: aplastic anemia, myelofibrosis,
low-IPSS-risk MDS

Transfusion-dependent

Life expectancy > 2 years

Prescribed by a hematologist

Cannot be adequately treated with deferoxamine
Required information:

¢ Number of RBC units

BMBx and cytogenetics report

Ferritin, creatinine, AST, ALT

Initial request requires a serum ferritin level > 1,000 ng/mL

Administered through the Provincial
Home Hemosiderosis Program
based at St. Paul’s Hospital

Alberta

Require iron chelation
Inadequate response to deferoxamine (minimum 6 months)
or deferoxamine is contraindicated

Limited by access to pumps

Saskatchewan

Transfusion-dependent anemia
Chronic iron overload
Contraindication to deferoxamine

Covered

Manitoba

Not listed, under review
May be available on an individual basis by Pharmacy
and Therapeutics committee review

No restriction

Ontario

Management of chronic iron overload

Transfusion-dependent anemia

Low-risk MDS or other rare anemia

Contraindication or severe intolerance to deferoxamine:

¢ Hypersensitivity to deferoxamine

¢ Recurrent infusion-site reactions

¢ Bleeding disorder

¢ Documented risk of significant infections with parenteral
administration

Covered

Québec

« Patient d’exception » list:

e Special & exceptional need

e Individualized to the patient

e Appropriate scientific literature specific to the therapeutic
indication

¢ Different therapeutic use

e Condition is chronic and serious

e Treatment of last resort

No restriction

Nova Scotia

Require iron chelation
Deferoxamine is contraindicated

Covered

New Brunswick

Require iron chelation
Deferoxamine is contraindicated

Covered

Newfoundland

Require iron chelation
Deferoxamine is contraindicated

Covered

Prince Edward Island

Require iron chelation
Deferoxamine is contraindicated

Possibly available on an individual
basis through the hospital pharmacy

Nunavut Not covered Considered on a case-by-case basis
Northwest Territories Not covered Covered
Yukon Not covered Covered

National Defence

Require iron chelation
Deferoxamine is contraindicated

May be coveredc

Veterans

Not covered

May be covered depending on the
individual’s (assigned) class of coverage

First Nations
NIHB Program

Not covered

Considered on a case-by-case basis

NIHB: non-insured health benefits.
alnformation supplied by Novartis Corporation; Pinformation supplied by colleagues from across Canada; clisted medication. May be on a case-by-case basis.
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Guidelines for the Management of Deferasirox Side Effects

e Hydration

e | operamide

e |actaid®, if indicated
e Dose at night

e Use water to disperse

dosing

use antacids

drugs
tablets
e Reduce dose or interrupt treatment
treatment

Abdominal pain Nausea and vomiting

e Switch to pre-prandial
e For upper abdominal pain,
e Consider spasmolytic

e Reduce dose or interrupt

e Use antemetics

e Switch to preprandial
dosing

e Reduce dose or interrupt
treatment

Philadelphia, USA.

Adapted from Nolte F, et al. Leuk Res 2011; 35(9):1131-5. With permission from Elsevier Ltd.,

FIGURE 4

Dispersal of Deferasirox
Microparticles with the
Battery-operated Disperser to Reduce
Gl Side Effects

DEFX and DFO. DFO, because of its short half-
life, must be administered by continuous
subcutaneous infusion. This medication
should be managed by a hematologist who
has experience with its administration,
monitoring, and side-effect management.
Twenty-four-hour chelation can be consid-
ered for patients requiring intensification,
such as patients with cardiac IOL or severe
hepatic IOL. Combination with DFP—an

oral chelator not generally available in
Canada—has been used.

More recently, DFO has been safely and
successfully combined with DFX.43 DFX is
an oral medication that is administered once
daily, dispersed in liquid, and is often pre-
ferred by patients. It is usually started at a
dose of 20 mg/kg/day and escalated to
30 mg/kg/day, or even higher, to achieve a
negative iron balance. Although it may be
started at doses as low as 5 mg/kg/day and
gradually escalated to minimize side effects,
this dose is usually insufficient to achieve
effective reduction of established IOL.
Because of provincial guidelines requiring
that patients receive more than a few RBC
units and have SF levels greater than 1,000
ng/mL to be eligible for coverage, this med-
ication is usually started at 20 mg/kg/day
and escalated as tolerated in order to achieve
effective reduction of IOL. Dose-limiting side
effects of DFX include GI disturbances
(nausea, vomiting, diarrhea, constipation,
abdominal pain) and renal insufficiency,
which occur in up to one-third of patients.

There are published guidelines for the
management of GI side effects (Figure 3).44
Renal insufficiency is best addressed by
managing GI side effects and volume status,
although dose reductions and interruptions
may be needed. Good responses of GI side
effects with the battery-operated disperser
have been noted (Figure 4). Although man-
ually the medication appears dispersed to
the naked eye, microparticles that may irri-
tate the GI tract are completely dispersed
using this device. It is important to monitor
patients and side effects according to recom-
mendations in the product monographs; a

simplified monitoring scheme is presented
in Table 1. More detailed and readily acces-
sible information on dosing, safety and effi-
cacy, adverse event management and
provincial reimbursement may be found at
www.MDSClearPath.org. Proposed response
criteria for IOL therapy are shown in Table 6;
however, given the decrease in cardiac DFS
noted at an SF level over 2,500 ng/mL, it may
be desirable to decrease the SF further than
suggested in this table.

To summarize, the usual first choice for
chelation (where accessible) is DFX, given
at a dose of 20 mg/kg/day for patients with
an SF level over 1,000 ng/mL and dose-
adjusted to GI and/or renal side effects.
Where DFX is not tolerated or is insufficient
to effectively offfload excess iron, DFO or
combinations may be used. This approach
should be supervised by a hematologist
who is experienced with the use of DFO or
combinations of agents.

Future Directions

Areas of future investigation include: clari-
fication of the mechanism of cardiac com-
plications in MDS with IOL; clarification of
the extent and impact of endocrine compli-
cations; identification of which MDS sub-
types benefit most from iron reduction?5;
examination of chelation for higher-risk
MDS; examination of initiating chelation at
a lower ferritin threshold/iron burden in
order to prevent complications rather than
attempting to rescue tissue once damage
has occurred; reducing SF to lower than
1,000 ng/mL with current chelators (the
toxicity of DFO is increased at an SF level
less than 1,000 ng/mL); reducing IOL with
medications other than chelators46; and
examination of the results of oxidative
stress (products of oxidative DNA damage,
lipid peroxidation products, depletion of
antioxidants such as glutathione and
N-acetyl-cysteine) in relation to clinical
endpoints. The Kallisto trial*” not only
examines chelating at a lower SF threshold
(300-1,000 ng/mL), but also aims to identify
whether the hematologic improvement
seen with chelation is additive or synergis-
tic with that of erythropoietin. This trial is
currently open and enrolling in Vancouver,
Toronto and Hamilton.

Conclusions
The goals of chelation in MDS are to pre-
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Proposed Response Criteria for the Therapy of Iron Overload

Response Criteria
Complete (CR) Decrease in SF to < 2,000 ng/mL
AND
Decrease in SF by > 500 ng/mL
Minor (MiR) Decrease in SF to < 2,000 ng/mL

BUT

Decrease in SF by < 500 ng/mL

Stable iron load (SIL)
BUT

< 4,000 ng/mL

SF constantly elevated

No response (NR)
OR

SF constantly > 4,000 ng/mL

Increase in SF of > 500 ng/mL

SF: serum ferritin.

Adapted from Valent P, et al. Eur J Clin Invest 2008; 38(3):143-9. With permission from Wiley-Blackwell.

vent organ damage, induce hematologic
improvement in a substantial minority of
patients, minimize the risk of AML progres-
sion, and optimize outcomes around HSCT.
In some patients, chelation must be inten-
sified in an attempt to rescue damaged tis-
sue. Future studies will examine endpoints
in the context of prospective controlled tri-
als, determine the mechanisms by which
chelation is conferring benefit, and deter-
mine whether different starting/stopping
thresholds should be considered in regard
to those used in congenital anemias with
historical chelators. The significant rate of
hematologic improvement seen with chela-
tion in MDS suggests that this intervention
may be considered active treatment rather
than supportive care.
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