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Abstract

Purpose: Patients with myelodysplastic syndrome (MDS) and iron overload (IOL) often receive iron chelation
therapy (ICT); however, data on clinical outcomes are limited. We reviewed 178 patients with MDS to determine
the effect of ICT on survival. Patients and Methods: Data were collected by chart review and survival analysis per-
formed. A subgroup analysis compared control patients with clinical features similar to patients who received ICT.
Results: French-American-British MDS subtypes for patients were as follows: refractory anemia (RA), n = 36; RA
with ringed sideroblasts, n = 42; RA with excess blasts (RAEB), n = 28; RAEB in transformation or acute myeloid
leukemia (AML), n = 16; chronic myelomonocytic leukemia, n = 25; other, n = 31. International Prognostic Scoring
System (IPSS) scores were as follows: low risk, n = 44; intermediate-1 risk, n = 55; intermediate-2 risk, n = 17;
high risk, n = 17. Eighteen patients received ICT, median duration was 21.6 months (range, 1.3-151 months). In
univariate analysis (UVA), factors significant for overall survival (0S) were IPSS score; MDS subtype; number of red
blood cell (RBC) units transfused; MDS treatment; elevated ferritin; clinical I0L; receiving ICT (P < .05 for all); and
age (P = .01). In multivariate analysis (MVA), significant factors included IPSS score (P = .008; hazard ratio [HR],
2.2 [95% CI, 1.3-3.7]) receiving ICT (P = .02; HR, 0.2 [95% Cl, 0.01-1.0]). For low/intermediate-1 risk IPSS score,
4-year 0S was 64% for patients receiving ICT and 43% for patients not receiving ICT (P = .003). An MVA was per-
formed, including number of cytopenias; blast count; karyotype; AML transformation; > 1 serious infection (P < .05
in UVA for all) with MDS treatment; number of RBC units transfused; and clinical 10; receipt of iron chelation therapy
determined that factors significant for OS were infection (P = .05; HR, 3.2 [95% Cl, 0.97-10.4]) and ICT (P = .02).
Improved OS was maintained in the subgroup analysis (P = .01; HR, 0.29 [95% CI, 0.1-0.79]). Conclusion: Patients
with MDS and IOL receiving ICT had improved survival compared with patients not receiving ICT, suggesting a possible
beneficial effect on clinical outcome. Prospective studies of ICT in MDS are warranted.
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Introduction

The myelodysplastic syndromes (MDS) are a group of bone marrow disorders that occur more commonly in the
older population and are characterized by ineffective hematopoiesis, cytopenias, and risk of progression to acute myeloid
leukemia (AML).14 The International Prognostic Scoring System (IPSS)5 and World Health Organization (WHO)
Prognostic Scoring System separate® patients into risk groups that predict survival.
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An allogeneic hematopoietic stem cell transplantation is cur-
rently the only potentially curative therapy for MDS, but this is
a treatment option only for younger patients.” Although several
investigational approaches to treatment have shown promise,8-11
many patients with lower-risk MDS require ongoing transfusion
support. Over time, red blood cell (RBC) transfusion—dependent
patients accumulate iron. In addition, increased absorption of iron
via the gastrointestinal tract is observed in anemial2.13 and contrib-
utes to iron overload (IOL).

The effects of iron from RBC transfusions in thalassemia are
well documented.!4 Clinical evidence of IOL can occur after
10-20 units of RBC and, without iron chelation therapy (ICT),15
results in progressive dysfunction in the heart, liver, and endo-
crine system.14.16 Patients with MDS can be at increased risk of
the toxic effects of IOL because of the presence of comorbidities
associated with aging.17-18 Although it is well established that ICT
extends the survival of patients with thalassemia by mitigating iron
toxicity, 1416 there is currently lictle data to guide ICT in patients
with MDS, although some reports suggest benefit.18 Iron chela-
tion therapy is usually offered to patients with lower-risk MDS
because their expected survival might be sufficient for ICT to
confer benefit.17:19-21

To evaluate the effects of ICT on clinical outcomes in patients with
MDS, we performed a retrospective review and examined the effect
of ICT on survival. To control for possible bias favoring patients
who received ICT, we performed a subgroup analysis comparing the
patients with control patients matched for baseline features.

Patients and Methods

Patients seen at St. Paul’s Hospital in Vancouver, Canada,
between 1981 and 2006 with MDS confirmed by bone marrow
(BM) aspirate and biopsy were identified from the database of
the hematology practice and the Provincial Home Hemosiderosis
Program of British Columbia. A chart review was performed, and
clinical and laboratory features were collected.

Criteria for initiating ICT were low or intermediate-1 IPSS
score with an estimated life expectancy of 5 years at MDS diagnosis
and > 1 of the following: ferritin level > 2000 pg/L, transfusion of
> 20 units of RBCs, or clinical evidence of IOL. Before the availabil-
ity of the IPSS, patients received ICT if they had a diagnosis of refrac-
tory anemia (RA) or RA with ringed sideroblasts (RARS) and fulfilled
the remainder of the criteria stated earlier. Patients who received
ICT received desferrioxamine 0.5-3 g by subcutaneous infusion over
12 hours, adjusted to ferritin level, 5 days weekly. All assessment for
suitability for ICT using desferrioxamine, initiation, and monitor-
ing of desferrioxamine therapy for all patients requiring ICT in the
province of British Columbia is and has been performed by a single
hematologist. Clinical evidence of IOL was defined retrospectively as
end-organ toxicity in the absence of other etiology, demonstrated as
follows: cardiac (left ventricular enlargement or decreased left ventric-
ular ejection fraction [LVEF] on echocardiogram or other imaging, or
clinical signs of systolic or diastolic cardiac dysfunction, or congestive
heart failure/cardiac arrhythmia); hepatic (liver iron concentration of
> 7 mg Fe/g liver dry weight on liver biopsy, clinical signs of chronic
liver disease or portal hypertension, alanine aminotransferase or aspar-
tate aminotransferase > 1.5 times the upper limit of normal [ULN]);
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endocrine (glucose intolerance or diabetes, thyroid-stimulating hor-
mone level above the ULN, sexual dysfunction); arthropathy or
skin hyperpigmentation; documented or undocumented elevated
ferritin level. Serious infection was defined retrospectively as > 1
episode of infection requiring hospital admission.

For the subgroup analysis, 1 control patient was selected for each
patient who received ICT. Selection was made by first eliminating all
non-ICT patients with an intermediate-2 or high-risk IPSS score or
a French-American-British (FAB) diagnosis of RA with excess blasts,
then selecting 1 patient from the remaining non-ICT patients most
closely matched to each of the patients who received ICT for Eastern
Cooperative Oncology Group (ECOG) performance status (PS)2%;
FAB MDS subtype; neutrophil, hemoglobin, and platelet counts at
diagnosis; number of cytopenias at diagnosis; karyotype risk group
(as defined by the IPSS)%; and total number of RBC units received
over their course. Because there was no more than 1 control patient
in this series who was a sufficiently close match as to be meaningful
(for example, who fell into the same IPSS category or for number of
cytopenias or karyotype risk group at diagnosis or for total number of
RBC transfusions received) for some patients who received ICT, only
1 control patient was selected for each ICT patient.

Overall survival (OS) was defined as the time from diagnosis of
MDS to the time of death from any cause. Overall survival was deter-
mined by the Kaplan-Meier method and the significance of differences
in actuarial survival by the log-rank method using SPSS for Windows,
version 13.0. Patients still alive were censored at the last known date
of follow-up. Acute myeloid leukemia transformation was defined as a
change in clinical behavior of the MDS associated with a new appear-
ance of circulating blasts in the peripheral blood and/or = 20% blasts
in the BM.4 Overall survival was compared in subgroups, and patient
outcomes were compared according to baseline features. Univariate
analysis (UVA) was performed using the Kaplan-Meier method. Cox
regression analysis was also performed using SPSS.

Baseline clinical characteristics, initial and follow-up ferritin
levels, number of AML transformations, and total deaths were
compared between groups using the Student # test using SPSS. This
study was performed in accordance with the requirements of St.
Paul’s Hospital Research Ethics Board.

Results
Patient Characteristics

A total of 178 patients with a BM aspirate and biopsy confirm-
ing a diagnosis of MDS by FAB2 or WHO# criteria were identified.
Baseline clinical and laboratory features are summarized in Table
1. The median age at diagnosis was 69 years (range, 18-94 years),
and 59% were men. Eighty-nine percent of patients had an ECOG
PS22 of 0/1. Blast count in the marrow was documented in 165
patients, and the median was 1% (0-31%). Fifty-nine patients had a
ferritin level measurement documented within 3 years of diagnosis,
and the median ferritin level was 358 pg/L (range, 12-6447 pg/L).
Twenty-seven patients (15%) were RBC transfusion—independent,
and 84 (47%) received > 20 RBC units. The majority of patients
(n = 127; 71%) received supportive care as primary MDS therapy.
Eighteen patients received ICT for a median of 21.6 months
(range, 1.3-151 months). Median time from MDS diagnosis to ini-
tiation of ICT was 36.4 months (range, 0-186 months).
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Clinical and Laboratory Features of 178

Table 1A

Clinical and Laboratory Features of 178

Table 1B

Patients with Myelodysplastic Syndromes

Characteristic N (%)

Age at Diagnosis, Years

<65 57 (32)

> 65 121 (68)
Sex

Female 73 (41)

Male 105 (59)
ECOG Performance Score

0 25 (14)

1 133 (75)

2 14(8)

3 2(1)

4 1(1)
MDS Subtype

RA 36 (20)

RARS 42 (24)

RAEB 28 (16)

RAEB-t/AML 16 (9)

CMML 25 (14)

Other* 31(17)
Neutrophil Count at Diagnosis

<15 x 109L 80 (45)

>1.5 x 109/L 86 (48)
Hemoglobin at Diagnosis

<100 g/L 111 (62)

>100 g/L 64 (36)
Platelet Count at Diagnosis

<100 x 109/L 73 (41)

>100 x 109/L 97 (54)
Number of Cytopenias at Diagnosis

0/1 92 (53)

2/3 80 (45)
Blast Count in Marrow

< 5% 118 (66)

>5% 47 (26)

*Other: MDS NOS, n = 18; hypoplastic MDS, n = 7; deletion 5g, n = 4; refractory cytopenia
with multilineage dysplasia, n = 2.

Abbreviations: CMML = chronic myelomonocytic leukemia; RAEB = refractory anemia with
excess blasts; RAEB-t = RAEB in transformation

Survival

Atamedian follow-upof17 months (range,0.1-226 months), medi-
an OS for all patients was 37.8 months (range, 0.2-255.9 months).
In a UVA, factors significant for OS included the FAB MDS
subtype, IPSS score, number of RBC units transfused, primary
MDS-directed treatment, elevated ferritin level, clinical IOL,
and ICT (P < .05 for all); age showed a trend (P = .1) and was

Patients with Myelodysplastic Syndromes

Characteristic N (%)
Karyotype*
Good 107 (60)
Intermediate 22 (12)
Poor 21 (8)
IPSS Risk Group
Low 44 (25)
Intermediate-1 55 (31)
Intermediate-2 17 (10)
High 17 (10)
Initial Ferritin Level (pg/L)*
<400 31 (40)
401-1000 12(7)
1001-2000 8 (4)
> 2000 8 (4)
Number of RBC Units Transfused
0 27 (15)
1-20 36 (20)
21-50 28(16)
> 50 56 (31)
MDS Treatment
Low-dose chemotherapy 14 (8)
AML chemotherapy = SCT 8 (4)
Immunomodulatory¥ 20 (11)
EPO = G-CSF 11(6)
Supportives 127 (71)

*As defined for the IPSS: good = normal, deletion 5q, deletion 20q, -Y; poor = complex
(> 3 karyotypic abnormalities), chromosome 7 anomalies; intermediate = other anomalies.
TWithin 3 years of MDS diagnosis.

#Including steroids, n = 13; cyclosporine with or without other therapy, n = 5; thalidomide,
n = 1; lenalidomide, n = 1.

SIncluding transfusions only.

Abbreviations: EPO = erythropoietin; G-CSF = granulocyte colony-stimulating factor;

SCT = stem cell transplantation

included in the multivariate analysis (MVA). In an MVA, factors
that remained significant for OS were IPSS score (P = .008; hazard
ratio [HR] for intermediate-2— or high-risk IPSS vs. low- or inter-
mediate-1-risk, 2.2 [95% CI, 1.3-3.7]) and ICT (P = .02; HR,
0.1 [95% CI, 0.01-1.0]). For patients with low- or intermediate-
1-risk IPSS, the median OS for patients who received ICT was not
reached at 226 months compared with a median OS of 40 months
(range, 0.5-224 months; P =.003) for non-ICT patients. Sixty-four
percent of patients receiving ICT were alive at 4 years compared
with 43% of patients not receiving ICT (P = .003; Figure 1).
Because some patients were diagnosed with MDS before the
advent of the IPSS, an additional analysis was performed. In a
UVA, further features significant for OS included neutrophil count
at MDS diagnosis, platelet count at MDS diagnosis, number of
cytopenias (as defined by the IPSS), blast count, karyotype risk
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Overall Survival in Patients with Low
or Intermediate-1 MDS According
to Receipt of Iron Chelation Therapy

Figure 1
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group (as defined by the IPSS), AML transformation, and > 1 seri-
ous infection (P < .05 for all). Because the number of factors that
can be entered into an MVA is limited in a series this size, the
following factors were selected: number of cytopenias; blast count;
karyotype; AML transformation; serious infection; and patients
entered along with primary MDS treatment, clinical IOL, and
receipt of ICT. French-American-British MDS diagnosis was
excluded because it correlates well with blast count, and increased
ferritin was excluded because it is included in the clinical determi-
nation of IOL. Significant factors for OS in this analysis were seri-
ous infection (P =.05; HR, 3.2 [95% CI, 0.97-10.4]) and receipt of
ICT (P = .02). Finally, an MVA was performed that was restricted
to patients of low- and intermediate-1-risk IPSS only. In this
analysis, IPSS score (low vs. intermediate-1 risk) lost significance,
but ICT remained significant for OS (P = .01; HR, 0.05 [95% CI,
0.003-0.68]). In a second analysis in low- and intermediate-1-risk
IPSS patients using number of cytopenias, blast count, etc, as listed
earlier, only ICT remained significant for OS (2 =.0002; HR, 0.01
[95% CI, 0.003-0.68]).

Ferritin Levels

The initial/pre-ICT ferritin level in ICT patients was a median
of 4215 pg/L (range, 1500-8400 pg/L) compared with 1647 pg/L
(range, 265-5009 pg/L) in non-ICT patients (P = .07). The most
recent follow-up ferritin level in ICT patients was a median of
2659 pg/L (range, 567-5228 pg/l) compared with 3188 pg/L
(range, 763-12,723 pg/L) in non-ICT patients (P = .003 for ICT
compared with non-ICT patients and 2 = .001 for initial ferritin
compared with follow-up in patients undergoing ICT).

Subgroup Analysis

Clinical features of the 18 patients who received ICT and 18
controls used in the subgroup analysis are shown in Table 2. The
median age at MDS diagnosis was 64 years (range, 32-70 years) for
patients who received ICT and 73 years (range, 39-81 years) for
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Tahle 2A Clinical and Laboratory Features of
36 Patients with MDS Undergoing Iron
Chelation Therapy: Characteristics and Controls

Characteristic (IHGL(:% N?:f'; SA’) P Value
Age at Diagnosis, Years
<65 11(61) 4(22)
> 65 7(39) 14 (78) o
Sex
Female 9 (50) 6 (33) NS
Male 9(50) 12 (67)
ECOG PS
0 3(17) 2(1)
1 13(72) 15 (83)
2 1(6) 0 NS
3 1 (6) 0
4 0 0
FAB MDS Subtype
RA 7(39) 6 (33)
RARS 8 (44) 7(39)
Deletion 5g 1(6) 0 NS
Hypoplastic MDS 1(6) 1(6)
MDS-NOS 1(6) 4(22)
Neutrophil Count at Diagnosis
< 1.8 x 109L 10 (56) 9 (50) NS
>1.8 x 109L 8 (44) 8 (44)
Hemoglobin at Diagnosis
<100 g/L 9 (50) 6 (33) xS
>100 g/L 8 (44) 12 (67)
Platelet Count at Diagnosis
<100 x 109L 3(17) 13(72) S
>100 x 109L 15 (83) 5 (28)

Abbreviation: NS = not significant

controls (P = .04). International Prognostic Scoring System score
was low or intermediate-1 risk in all patients. Two patients in the
ICT group had an initial ferritin level > 1000 pg/L compared with
none in the control group (P =.03). All patients received > 50 RBC
units in transfusion over their period of follow-up.

Follow-up was 51.1 months (range, 12.8-225.8 months) for all
patients, 51.4 months (range, 7.1-226 months) for patients who
received ICT, and 44.8 months (range, 10.1-224 months) for
controls. The median OS for patients who received ICT was not
reached at 225 months versus a median of 40.5 months for con-
trols, and 4-year OS was 64% and 49%, respectively (P = .01; HR,
0.29 [95% CI, 0.10-0.79]; Figure 2).

Acute Myeloid Leukemia Transformation and Causes of Death.
One patient who received ICT developed AML at 15 months from
MDS diagnosis as did 4 patients not receiving ICT at a median of
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Clinical and Laboratory Features of 36
Patients with Myelodysplastic Syndrome:
Iron Chelation Therapy Patients and Controls

Table 2B

Characteristic (LCL(:/‘Q) N?:f'; SA’) P Value
Number of Cytopenias at Diagnosis
0/1 13(72) 11 (61)
2/3 5(28) 7(39) S
Karyotype*
Good 9(50) 11 (61) \S
Intermediate 4(22) 3 (44)
IPSS Risk Group
Low 6 (33) 5(28) \S
Intermediate-1 6(33) 8 (44)
Initial Ferritin Level (pg/L)
<400 5(28) 5(28)
401-1000 1 (6) 1(6) 03
1001-2000 2 (11) 0
> 2000 5(28) 0
Number of RBC Units Transfused
<50 0 0
NS
> 50 18 (100) 18 (100)
Primary MDS Treatment
Low-dose chemotherapy 0 1(6)
AML chemotherapy + SCT 0 1(6)
Immunomodulatory ™ 0 1(6) NS
EPO = G-CSF 1(6) 0
Supportive care* 17 (94) 15(83)

*As defined for the IPSS: good = normal, deletion 5q, deletion 20g, -Y; poor = complex
(> 3 karyotypic abnormalities), chromosome 7 anomalies; intermediate = other anomalies.
tIncluding prednisone.

#Including transfusions with or without ICT.

Abbreviations: EPO = erythropoietin; G-CSF = granulocyte colony-stimulating factor;

NS = not significant; SCT = stem cell transplantation

35 months (range, 19-71 months). The patient who received ICT
and 1 control patient each received AML chemotherapy, and the
remaining 3 patients received supportive care. All 5 patients died of
progressive AML within weeks of AML transformation. There were
5 deaths (28%) in the ICT group and 15 (83%) in controls. Causes
of death for the ICT group were as follows: cardiac toxicity, n = 2 (1
congestive heart failure and 1 arthythmia); AML, n = 1; infection,
n = 1; and MDS not otherwise specified (NOS), n = 1. Causes of
death for control patients were as follows: MDS-NOS, n = 6; AML,
n = 4; infection, n = 2; bleeding, n = 2; and MDS unrelated (chronic
obstructive pulmonary disease), n = 1.

Ferritin Levels. There was a trend toward higher initial/pre-
ICT ferritin level in patients who received ICT (n = 13 vs. n = 4;
P =.09), and ferritin in patients who received ICT trended lower
at follow-up (n = 16; P = .09) but did not change significantly in
patients not receiving ICT (n = 8; P = not significant).
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Overall Survival in Patients with MDS
According to Receipt of Iron Chelation
Therapy in a Subgroup Analysis

Figure 2
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Control patients with similar clinical features to those undergoing ICT were selected.

Discussion

It is well established that ICT extends the survival of transfusion-
dependent patients with thalassemia by mitigating iron toxicity23-27;
however, there is comparatively little data on clinical outcomes in
patients with MDS receiving ICT. Gonzalez et al demonstrated
that ICT with desferrioxamine is effective in preventing IOL in
transfusion-dependent patients with MDS,28 and it has also been
shown that desferrioxamine can reduce cytopenias in MDS.29 We
performed a retrospective review of patients with MDS and showed
in an MVA of patients of all IPSS scores that patients receiving ICT
had improved OS compared with non-ICT patients. In this analy-
sis, lower IPSS score was also significant for improved OS. Because
ICT is generally restricted to patients with low- or intermediate-
1-risk IPSS score, we compared the OS of patients with low- or
intermediate-1-risk IPSS scores according to whether they received
ICT and found that the OS at 4 years was significantly improved in
patients with low- or intermediate-1-risk IPSS score receiving ICT
(P = .003). Because some patients were diagnosed with MDS before
the IPSS and IPSS scores for some patients were missing, further
analysis was performed, including number of cytopenias, blast count,
and karyotype risk along with AML transformation, serious infec-
tion, primary MDS treatment, number of RBC units transfused, > 1
serious infection, clinical IOL, and ICT. This analysis showed that
serious infection (P = .05) and ICT (P = .02) were significant for
OS. Although FAB MDS diagnosis and elevated ferritin level were
excluded from this analysis, these factors are influenced by blast count
and clinical IOL, respectively.

The improvement in OS in patients receiving ICT was sustained
in a subgroup analysis (P = .01; HR, 0.29), which was performed
to minimize the possibility that improved outcomes in patients
who received ICT might be a result of selection or referral bias. For
example, the possibility that only patients who were clinically well
and expected to live longer than others were referred and/or selected
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to receive ICT must be considered. Fewer patients in the ICT
group underwent AML transformation (1 vs. 4; P = .006), and there
were fewer deaths (5 vs. 15; P = .0001). Although the median age
in non-ICT control patients was 9 years older than in patients who
received ICT (median, 73 years vs. 64 years), only 1 death appeared
to be age-related (chronic lung disease), and all other deaths were
from complications of MDS, suggesting that age was not a major
factor in determining outcome. In addition, in the UVA, age showed
a trend toward significance only for OS (P = .1) and was not signifi-
cant in the MVA. Thus, the difference in age in these 2 groups might
not have significantly affected the findings. However, to verify these
results, another MVA restricted to patients with low- or intermedi-
ate-1-risk IPSS score was performed, and receipt of ICT remained
significant for OS (P =.01; HR, 0.05).

The decrease in leukemic transformation and improvement in sur-
vival observed in patients who received ICT is encouraging; however,
there are limitations to this analysis, which is retrospective and must
be interpreted with caution. However, the majority of patients (92%)
had a good PS and were treated with supportive care (71%) as their
primary MDS-directed treatment, resulting in a relatively homo-
geneous group of patients in which to follow the effect of ICT. In
this analysis, although the median interval to ICT was 36.4 months
(range, 0-186 months), the median and range of follow-up duration
between ICT (51.4 months [range, 7.1-226 months]) and non-ICT
subgroup control patients (44.8 months [range, 10.7-224 months])
were comparable, and OS was determined from the date of MDS
diagnosis, making lead time bias in favor of patients who received
ICT unlikely. Similarly, although clinical evidence of IOL and life
expectancy were determined in many cases by clinical impression
rather than biopsy or imaging or by predetermined criteria, respec-
tively, because ICT with desferrioxamine in British Columbia was
initiated and managed by a single hematologist, gross inconsistencies
in clinical impression are unlikely. Also, although this analysis was
planned retrospectively and data regarding ferritin levels and other
parameters were incomplete and recorded at irregular intervals, gross
inconsistencies in management from patient to patient are unlikely
for the same reason.

Iron chelation therapy could have improved survival by decreas-
ing the body iron burden. In the whole group of 178 patients,
ferritin levels in patients who received ICT decreased significantly
over the period of follow-up, rose significantly in non-ICT patients,
and was significantly higher at most recent follow-up in non-
ICT patients than in patients who received ICT. In the subgroup
analysis, the changes and differences in ferritin levels did not reach
statistical significance, which is likely a result of insufficient num-
bers for comparison. Although the ferritin level is a suboptimal
marker of total body iron, it has been shown that maintenance of
a serum ferritin below 2500 pg/L improves survival in iron-over-
loaded patients with thalassemia treated with desferrioxamine.14
It was difficult to determine with certainty whether individual
deaths in this study might have been related indirectly to IOL; for
example, an increased predisposition to infection in IOL has been
postulated,30:31 an effect that might be difficult to separate from
a susceptibility to infection from neutropenia. In most patients,
an assessment of IOL was made by clinical impression, and death
could be definitely attributed to IOL in only 1 case.

210

These findings are in keeping, however, with the results of other
analyses. In a recent study of 467 patients with MDS, IOL was an
adverse prognostic factor for survival, and transfusion-dependent
patients died more frequently of a cardiac event than patients
who were transfusion-independent.!8 In another study, > 40% of
patients with MDS showed signs of congestive heart failure, 24%
had hepatic dysfunction, and 10% developed diabetes mellitus.32
Organ toxicity as a result of iron is likely to be under-recognized in
clinical practice, and the potential to mitigate this toxicity through
treatment is likely underutilized. Recent guidelines suggest a ferritin
level be obtained at MDS diagnosis and at regular intervals!9-21,33
in addition to an evaluation of cardiac status by imaging,34 electro-
cardiogram (ECG), evaluation of LVEE35 and imaging or biopsy
of the liver; these studies were not regularly documented in this
retrospective series. As an example of the probable under-recogni-
tion of iron-mediated toxicity, one of our patients with IOL did
not undergo ICT because of the presence of cardiac arrhythmias
and congestive heart failure, which were judged to be the limit-
ing factor for survival. However, in retrospect, it is possible that
these problems might have been a result of cardiac toxicity from
iron,18:36:37 and recent studies suggest that ICT will at least par-
tially reverse these complications.25-38 In addition, a recent report
confirms an improvement in OS in patients with MDS receiving
ICT and suggests that survival was superior in patients who were
well chelated compared with those who were poorly chelated.3?
However, another recent study suggests that, in patients with the
FAB MDS subgroup diagnosis RARS, no improvement in survival
was observed in patients receiving ICT49; thus, the survival benefit
of ICT in this setting remains controversial.

Iron might have its toxic effects not only by direct deposition
into tissues but also by the formation of reactive oxygen species
(ROS), which could damage lipids, proteins, and nucleic acids.41-45
One study suggests that cytopenias in MDS could be mitigated
by ICT through a decrease in ROS-mediated damage to hemato-
poietic cells.2? We examined neutrophil and platelet counts and
RBC transfusion requirements and found no significant difference
between groups (data not shown). However, the median duration of
ICT was only 21.6 months, and the number of patients was small,
so an effect of ICT on cytopenias cannot be ruled out. This poten-
tial effect as well as the effect on survival should be further analyzed
in prospective studies in which parameters such as transferrin satu-
ration, non—transferrin-bound iron (NTBI), and labile plasma iron
(LPI) and even ROS can be regularly monitored.

Conclusion

This study is retrospective and therefore subject to the biases
of any analysis not randomized and controlled. Drawbacks of the
retrospective design include the fact that life expectancy and clini-
cal evidence of IOL were determined largely by clinical impression
and not by a predetermined set of criteria. Despite these limita-
tions, however, important points were raised that warrant further
study. To further clarify the role of ICT in MDS, it is important
to verify these findings in prospective trials. Such trials would ide-
ally use objective measurements of iron load such as NTBI, LPI,
T2-weighted magnetic resonance imaging, and measurements of
iron indices and organ function, such as liver tests, glucose, hor-
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mone levels, ECG, Holter monitor, and determination of LVEE,
at standardized intervals. Finally, further studies are needed to
evaluate the effect of ICT on patient quality of life46 as well as its
cost/benefit ratio.4” Because of the suggested survival benefit and
other potential benefits of ICT23-30 and particularly now that oral
iron chelators are available in many countries, further study of this
intervention in patients with MDS is warranted.

Acknowledgements

This study was supported by a grant from Novartis Canada. All
study design, data collection, analysis, and compilation for presen-
tation and publication were performed independently.

References

1. Aul C, Bowen DT, Yoshida Y. Pathogenesis, etiology and epidemiology of myelo-
dysplastic syndromes. Haematologica 1998; 83:71-86.

2. Bennett JM, Catovsky D, Daniel MT, et al. Proposals for the classification of the
myelodysplastic syndromes. Br J Haematol 1982; 51:189-99.

3. Steensma DD, Bennett JM. The myelodysplastic syndromes: diagnosis and treat-
ment. Mayo Clin Proc 2006; 81:104-30.

4. Vardiman JW, Harris NL, Brunning RD. The World Health Organization
(WHO) classification of the myeloid neoplasms. Blood 2002; 100:2292-302.

5. Greenberg P, Cox C, LeBeau MM, et al. International scoring system for evaluat-
ing prognosis in myelodysplastic syndromes. Blood 1997; 89:2079-88.

6. Malcovati L, Germing U, Kuendgen A, et al. Time-dependent prognostic scoring
system for predicting survival and leukemic evolution in myelodysplastic syn-
dromes. J Clin Oncol 2007; 25:3503-10.

7. Cutler CS, Lee SJ, Greenberg B, et al. A decision analysis of allogeneic bone mar-
row transplantation for the myelodysplastic syndromes: delayed transplantation
for low-risk myelodysplasia is associated with improved outcome. Blood 2004;
104:579-85.

8. Hellstrom-Lindberg E, Gulbrandsen N, Lindberg G, et al. A validated decision
model for treating the anaemia of myelodysplastic syndromes with erythropoietin
+ granulocyte colony-stimulating factor: significant effects on quality of life. Br J
Haematol 2003; 120:1037-46.

9. List A, Kurtin S, Roe DJ, et al. Efficacy of lenalidomide in myelodysplastic syn-
dromes. NV Engl ] Med 2005; 352:549-57.

10. Raza A, Meyer B, Dutt D, et al. Thalidomide produces transfusion independence
in long-standing refractory anemias of patients with myelodysplastic syndromes.
Blood 2001; 98:958-65.

11. Silverman LR, Demakos EP, Peterson B, et al. Randomized controlled trial of
azacitidine in patients with the myelodysplastic syndrome: a study of the Cancer
and Leukemia Group B. J Clin Oncol 2002; 20:2429-40.

12. Ganz T. Hepcidin and its role in regulating systemic iron metabolism. Hematology
Am Soc Hematol Educ Program 2006; 29-35.

13. Weinstein DA, Roy CN, Fleming MD, et al. Inappropriate expression of hepcidin
is associated with iron refractory anemia: implications for the anemia of chronic
disease. Blood 2002; 100:3776-81.

14. Olivieri NF, Brittenham GM. Iron-chelating therapy and the treatment of thalas-
semia. Blood 1997; 89:739-61.

15. Majlis A, Pugh WC, Rodriguez MA, et al. Mantle cell lymphoma: correlation of
clinical outcome and biologic features with three histologic variants. / Clin Oncol
1997; 15:1664-71.

16. Porter JB. Practical management of iron overload. Br J Haematol 2001; 115:239-52.

17. Gattermann N. Clinical consequences of iron overload in myelodysplastic syn-
dromes and treatment with chelation. Hematol Oncol Clinics of North America
2005; 19(suppl 1):13-7.

18. Malcovati L, Porta MG, Pascutto C, et al. Prognostic factors and life expectancy
in myelodysplastic syndromes classified according to WHO criteria: a basis for
clinical decision making. / Clin Oncol 2005; 23:7594-603.

19. Alessandrino EP, Amadori S, Barosi G, et al. Evidence- and consensus-based prac-
tice guidelines for the therapy of primary myelodysplastic syndromes. A statement
from the Italian Society of Hematology. Haematologica 2002; 87:1286-306.

20. Bowen D, Culligan D, Jowitt S, et al. Guidelines for the diagnosis and therapy of

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

adult myelodysplastic syndromes. Br | Haematol 2003; 120:187-200.

Greenberg PL, Baer MR, Bennett JM, et al. Myelodysplastic syndromes clinical
practice guidelines in oncology. / Natl Compr Canc Netw 2006; 4:58-77.

Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
Eastern Cooperative Oncology Group. Am ] Clin Oncol 1982; 5:649-55.
Angelucci E, Turlin B, Canatan D, et al. Iron chelation therapy with deferasirox
(Exjade, ICL670) or deferoxaimine is effective in reducing iron overload in patients
with advanced fibrosis and cirrhosis. Blood 2005; 106:757a (Abstract 2696).
Brittenham GM, Griffith PM, Nienhuis AW, et al. Efficacy of deferoxamine in
preventing complications of iron overload in patients with thalassemia major. N
Engl ] Med 1994; 331:567-73.

Davis BA, Porter JB. Long-term outcome of continuous 24-hour deferoxamine
infusion via indwelling intravenous catheters in high-risk beta-thalassemia. Blood
2000; 95:1229-36.

Olivieri NE Nathan DG, MacMillan JH, et al. Survival in medically treated
patients with homozygous beta-thalassemia. IV Engl | Med 1994; 331:574-8.
Porter JB, Tanner MA, Pennell DJ, et al. Improved myocardial T2* in transfu-
sion dependent anemias receiving ICL670 (Deferasirox). Blood 2005; 106:1003a
(Abstract 3600).

Gonzalez FA, Arrizabalaga B, Villegas A, et al. Study of deferoxamine in subcu-
taneous profusion treatment of iron overload in myelodysplastic syndromes. Med
Clin (Barc) 2005; 124:645-7.

Jensen PD, Heickendorff L, Pedersen B, et al. The effect of iron chelation on
haemopoiesis in MDS patients with transfusional iron overload. Br J Haematol
1996; 94:288-99.

Rahav G, Volach V, Shapiro M, et al. Severe infections in thalassaemic patients:
prevalence and predisposing factors. Br J Haematol 2006; 133:667-74.

Vento S, Cainelli F, Cesario F. Infections and thalassaemia. Lancet Infect Dis 2006;
6:226-33.

Jaeger M, Aul C, Sohngen D, et al. Secondary hemochromatosis in polytransfused
patients with myelodysplastic syndromes. Beitr Infusionsther 1992; 30:464-8.
Gattermann N, Porter J, Lopes LE et al. Consensus statement on iron overload
in myelodysplastic syndromes. Hematol Oncol Clinics of North America 2005;
19(suppl 1):18-25.

Wood JC, Tyszka JM, Carson S, et al. Myocardial iron loading in transfusion-
dependent thalassemia and sickle cell disease. Blood 2004; 103:1934-6.

Davis BA, O'Sullivan C, Jarritt PH, et al. Value of sequential monitoring of left
ventricular ejection fraction in the management of thalassemia major. Blood 2004;
104:263-9.

Liu B, Olivieri N. Iron overload cardiomyopathies: new insights into an old dis-
case. Cardiovasc Drugs Ther 1994; 8:101-10.

Wood JC, Enriquez C, Ghugre N, et al. Physiology and pathophysiology of iron
cardiomyopathy in thalassemia. Ann N'Y Acad Sci 2005; 1054:386-95.

Anderson L], Westwood MA, Holden S, et al. Myocardial iron clearance during rever-
sal of siderotic cardiomyopathy with intravenous desferrioxamine: a prospective study
using T2* cardiovascular magnetic resonance. Br ] Haematol 2004; 127:348-55.
Rose C, Brechignac S, Vassilief D, et al. Positive impact of iron chelation therapy
(CT) on survival in regularly transfused MDS patients. A prospective analysis by
the GFM. Blood 2007; 110:80a (Abstract 249).

Chee CE, Steensma DP, Hanson CA, et al. Neither serum ferritin nor number of
red blood cell transfusions affect overall survival in refractory anemia with ringed
sideroblasts. Blood 2007; 110:723a (Abstract 2454).

Amer J, Fibach E. Oxidative status of platelets in normal and thalassemic blood.
Thromb Haemost 2004; 92:1052-9.

Amer J, Ghoti H, Rachmilewitz E, et al. Red blood cells, platelets and polymor-
phonuclear neutrophils of patients with sickle cell disease exhibit oxidative stress
that can be ameliorated by antioxidants. Br J Haematol 2006; 132:108-13.

Amer J, Goldfarb A, Fibach E. Flow cytometric analysis of the oxidative status of
normal and thalassemic red blood cells. Cytometry 2004; 60:73-80.

Britton RS, Leicester KL, Bacon BR. Iron toxicity and chelation therapy. /nt J
Hematol 2002; 76:219-28.

Esposito BP, Breuer W, Sirankapracha P, et al. Labile plasma iron in iron overload:
redox activity and susceptibility to chelation. Blood 2003; 102:2670-7.
Mantovani LG, Scalone L, Ravera S, et al. Quality of life and satisfaction with
iron chelation therapy in patients with beta thalassemia major: results from the
ITHACA study. Blood 2006; 108:954a (Abstract 3344).

Brun-Strang C, Bachir D, Montalembert MD, et al. Socio-economic impact of
infused iron chelation therapy in France: ISOSFER study results. Blood 20065
108:957a (Abstract 3354).

Clinical Leukemia « August 2008 211




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


