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Background: Transfusions with packed erythrocytes is a common practice in pediatric patients with acute
lymphoblastic leukemia (ALL) who are on chemotherapy. Since there is no physiological excretion mecha-
nism for iron, the iron related to erythrocyte transfusions accumulates and may contribute to late cardiac,
hepatic and endocrine complications in these patients.

Procedure: In order to evaluate the iron burden among pediatric patients with ALL and define the risk
factors associated with higher iron loading, we evaluated 79 pediatric patients with ALL (36 were off-

Ilfzﬂ‘i/:z;d;" therapy). Cardiac and hepatic T2* were ordered to a total of 22 (28%) patients who were either transfused
ALL with erythrocytes >10 times (n=11; 50%), had serum ferritin (SF) >1000 ng/ml (n=2; 9.1%) or both (n=9;

Iron 40.9%).
Cardiac Results: Half of the patients who were screened by T2* MRI had hepatic T2*<7 ms and six (27%) of
Hepatic the patients had cardiac T2*<20ms, indicating iron loading. Patients who had serum ferritin <1000
MRI vs >1000 ng/ml had median cardiac T2* values of 28.3 ms (15-40) vs 21 (7.9-36), (p=0.324); whereas
hepatic T2* 0f 10.8 (5.32-27) vs 4.7 (2.2-36), (p = 0.017). Patients who had erythrocyte transfusion <10 vs
>10 times had median cardiac T2* values of 34 ms (28-38) vs 23 (7.93-40), (p=0.021); whereas hepatic
T2* 0of 13.6 (6.6-36) vs 5.32 (2.2-27), (p=0.046).
Conclusions: Our results indicate that pediatric patients with ALL should be screened for transfusional
iron load and the amount of erythrocyte transfusions seems to be a more reliable indication than serum
ferritin levels to detect cardiac iron loading in these patients.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Patients with acute lymphoblastic leukemia (ALL) receive multi-
ple erythrocyte transfusions during treatment that may lead to iron
loading ending up with further increase in oxidative stress adding
to that produced by the chemotherapeutics [1,2], contributing to
long-term organ damage. Although, the data on the impacts of
erythrocyte transfusion in patients with thalassemia and sickle cell
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are well-described [3,4], most of the data about the transfusional
iron loading in patients with cancer are obtained from the adult
patients with malignancies [5-7] or limited number of pediatric
reports [8-10]. The transfusional hemosiderosis in these patients
may exacerbate the potential cardiac, hepatic and endocrine late
complications related to chemotherapy and is usually an underes-
timated risk factor. Additionally, the patients with iron overload
have been reported to have increased risk of early mortality after
hematopoietic stem cell transplantation and this was attributed
to the increase in labile iron induced after conditioning regimen
[6,11].

The most commonly used parameters for iron status assess-
ment are serum ferritin, iron, transferrin saturation; however, the
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use of serum ferritin may be inadequate to interpret the hepatic
and cardiac iron loading in patients with ALL, because of the sus-
tained acute-phase reaction and a deranged cytokine balance which
may cause an increase in serum ferritin which itself is an acute
phase reactant [10,12,13]. The gold-standard method for the esti-
mation of cardiac iron loading is cardiac T2* MRI. Hepatic R2*/T2*
MRI, being a non-invasive method, correlates well with the liver
iron concentration measurements from the tissue obtained via
liver biopsy [14,15]. Although, the indications to order for hepatic
R2*/T2* and cardiac T2* are well-described in patients with tha-
lassemia [3,14,15], it is less obscure and arbitrary, usually being
according to the clinician’s decision, such as selection of patients
with serum ferritin level above 1000 ng/ml [9].

Herein, we present the iron loading characteristics among 79
pediatric patients with a diagnosis of ALL and interpret on the more
predictive criteria on the tissue iron loading.

2. Materials and methods

In our study, the patients diagnosed to have ALL below 16 years of age, who were
on follow-up for either treatment or after cessation of treatment and consented for
the study were included (n =83). The patients were enrolled between February 2013
and August 2013. The patients who underwent hematopoietic stem cell transplan-
tation were not screened. Patients with clinical symptoms or signs of infection at
time of assessment were not screened for the above mentioned tests at that visit
and the evaluations were done when the infection status disappeared. None of the
patients were carrier for or had active hepatitis B or hepatitis C infections. The per-
sonnel history prior to diagnosis of ALL revealed no erythrocyte transfusion history
prior to diagnosis. None of the patients’ history revealed a family member with
hemochromatosis or hemoglobinopathy.

All the patients were on or off to St. Jude Total XV treatment protocol for ALL
patients [16], except 2 relapsed patients who were receiving ALL-REZ-BFM 2002
[17]. Packed, irradiated, leukocyte depleted erythrocyte transfusions with hemat-
ocrit levels of 60-65% were transfused 10 ml/kg, whenever hemoglobin level of the
patient was below 9 g/dl during induction, consolidation or maintenance phases of
therapy.

All the patients were analyzed cross-sectionally for iron loading. Serum iron (SI),
serum iron-binding capacity (SIBC), transferrin saturation (TS), serum ferritin and C-
reactive protein (CRP) were obtained. Patients with CRP levels above 2 mg/dl (n=4)
were excluded from the analyses of iron status assessments, although they had no
sign or symptoms for any infection and all biochemical iron status evaluations were
made among the remaining 79 patients. The mean values of serum ALT, AST and
creatinine at last three visits were used in statistical analyses.

Cardiac and hepatic T2* MRI were ordered to a total of 22 (28%) patients who
were either transfused with erythrocytes >10 times (n=11; 50%), had serum fer-
ritin (SF) >1000 ng/ml (n =2; 9.1%) or both (n=9; 40.9%). All MRI examinations were
performed on 1.5 T MRI (Siemens Symphony 1.5 T MRI, Siemens Medical Solutions,
Erlangen, Germany). Multiecho fast gradient echo sequence was used for both car-
diac and hepatic iron evaluation. Hepatic and myocardial iron was obtained from
T2 star value using CMR tools (Cardiovascular Imaging Solutions, London, UK).

None of the patients were on iron chelation treatment or phlebotomy program
prior to either iron status monitoring or MRI evaluation.

The obtained data were evaluated by SPSS 15.0 package program. Normality
test was performed to determine if the data were distributed in normal fashion. For
comparison between two groups, ‘independent samples t test’ and ‘Mann-Whitney
U'test’ were used for groups with evenly and unevenly distributed data, respectively.

3. Results

The mean age of the patients at time of assessment for iron
status was 120459 months (9-264) and 58 (73%) were male. Of
the 79 patients, 36 (46%) have completed treatment, 2 (2%) were
relapsed patients on relapse protocol and the remaining 41 (52%)
were on maintenance treatment. Median number of packed eryth-
rocyte transfusions was 7 (1-46) at the time of assessment for iron
loading. Of the 36 patients who have completed treatment 31 (6.1%)
were off-therapy for at least 1 year.

Mean ranges (in the patients evaluated) of the iron sta-
tus parameters were as following: Mean SI concentration was
86.2 +£54.4 pg/dl (22-246) and mean SIBC was 216.5 +85.5 p.g/dl
(6-369). The mean TS of the study group was 32.8 & 25.5(7.3-98.5).
Serum ferritin was >200ng/ml in 39 (49.4%). The mean serum

Table 1
Clinical and laboratory characteristics of the patients.
Patients’ characteristics Mean £ SD (range) Median
(n=79)
Serum iron (pg/dl) 86.2 + 54.4 (22-246) 73
Iron binding capacity 216.5 £ 85.5 (6-369) 227.5
(pg/dl)
Transferrin saturation 32.8 + 25.5(7.3-98.5) 239

(%)

Serum ferritin (ng/ml) 478.2 + 661.5 (15.3-3657) 203.8

Serum CRP 0.33 £ 0.39(0.1-2) 0.3
Hepatic T2* MRI (ms) 10.4 + 8.7 (2.2-36) 7.6
Cardiac T2* MRI (ms) 25.6 + 8.6 (7.9-40) 27
Number of erythrocyte 10 £ 9(1-46) 7
transfusions
Serum ALT (IU/L) 53.7 + 68.2 (8-475) 33
Serum AST (IU/L) 34.1 + 19.9 (15-138) 28
Serum creatinine 0.4 + 0.15(0.17-0.96) 0.38
(mg/dl)

ferritin level was 478 661 (15.3-3657) and median level was
203 ng/ml. Mean serum CRP was 0.33 4+ 0.39 mg/d1 (0.1-2)(Table 1).

The mean values (range of values in the evaluated patients) of
hepatic and cardiac T2* measurements were 10.4+8.7 (2.2-36)
and 25.6+8.6ms (7.9-40), respectively (Table 1). Half of the
patients (n=11) who were screened by T2* MRI (n = 22) had hepatic
T2*<7ms and six (27%) of the patients had cardiac T2* <20 ms,
indicating iron loading. The severity of cardiac and hepatic iron
loading was shown in Fig. 1. All the patients with cardiac iron load-
ing had normal left-ventricle ejection fractions by trans-thoracic
echocardiography.

None of the patients with serum ferritin >1000 ng/ml but <10
times erythrocyte transfusions were found to have iron overload in
heart or liver. However, of the patients who were evaluated with
T2* MRI because of high transfusional history but with serum fer-
ritin < 1000 ng/ml, 27.3% and 18.2% of the patients were found to
have hepatic and cardiac iron loading, respectively. Of the patients
who were evaluated for MRI because of >10 number of transfu-
sions and >1000 ng/ml serum ferritin, 88.9% and 44.4% were found
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Fig. 1. Severity of cardiac and hepatic iron loading by T2* measurements.
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Fig. 2. The comparison of the hepatic and cardiac T2* values (ms) among patients
who received <10 and >10 times of erythrocyte transfusions.

to have hepatic and cardiac iron loading, respectively. Patients
who had serum ferritin < 1000 vs >1000 ng/ml had median cardiac
T2* values of 28.3 ms (15-40) vs 21 (7.9-36), (p=0.324); whereas
hepatic T2* of 10.8 (5.32-27) vs 4.7 (2.2-36), (p=0.017). Patients
who had transfusion <10 vs >10 had median cardiac T2* values
of 34 ms (28-38) vs 23 (7.93-40), (p=0.021); whereas hepatic T2*
of 13.6 (6.6-36) vs 5.32 (2.2-27), (p=0.046). The hepatic and car-
diac T2* values of patients who received <10 and >10 times of
erythrocyte transfusions were summarized in Fig. 2.

We evaluated the 8 patients who completed leukemia treat-
ment and had MRI investigation according to age at diagnosis of
leukemia. Of these patients, 4 were diagnosed before 10 years of
age and were currently off therapy for median 1 year (6 months-42
months), only 1 patient was found to have cardiac iron loading
(T2* 17 ms) and none were found to have hepatic iron loading. Of
the other 4 four patients who were diagnosed to have ALL after 10
years of age, currently completed treatment for median 18 months
(12-60 months) and had MRI evaluation, 2 were found to have
hepatic iron loading (T2* 5.27 and 6.3 ms) and 1 patient was found
to have cardiac iron loading (T2* 15 ms).

The mean values of the last 3 visits’ serum biochemistry val-
ues were analyzed in all the study groups of 79 patients (Table 1).
Twenty-two (27.8%) of the patients had ALT>50IU/L. Of the 9
patients who had ALT>1001U/L, 2 (22.2%) had hepatic T2* value
<7 ms and of the 13 patients who had ALT 50-1001U/L, 2 (15.4%)
had hepatic T2* <7 ms indicating iron loading. Of the 22 patients
who had ALT>501U/L, 4 (18%) were patients were off the treat-
ment (85-981IU/L); but none of these 4 patients were found to
have hepatic iron loading. Of the 11 patients who had T2* <7 ms,
4 (36.3%) were found to have ALT>501U/L (92-217IU/L), but all of
these patients were on chemotherapy protocol.

4. Discussion

According to our results, iron loading in pediatric patients with
ALL is common, both during the anti-leukemic treatment and after
cessation of therapy. The sources of iron loading in these patients
have been reported as from erythrocyte transfusions and also
leukemiaitself[9,10]. Cessation of normal erythropoiesis, related to
active disease or chemotherapy has been suggested to cause unused
iron to accumulate [9]. Cardiac related mortality has been reported

to increase >10-fold among childhood cancer survivors [18-20].
Besides, the risk of late hepatic adverse events have also been
stressed [18,21,22]. The iron overloading may contribute to these
late morbidities in these patients, in addition to contributing poten-
tial endocrinopathies such as hypogonadotropic hypogonadism or
hypothyroidism, similar to those reported in patients with (3 tha-
lassemia major [23,24].

Our study was a cross-sectional study including both patients on
and off of the leukemia treatment. We screened the patients with
T2* MRI for hepatic and cardiac iron loading in case that they had
either a history of erythrocyte transfusion >10 times or serum fer-
ritin >1000 ng/ml or both. Of the 22 patients out of 79 who fulfilled
these requirements were evaluated with T2* MRI and 50% and 27%
were found to have hepatic and cardiac iron loading, respectively.
These results indicate that the iron overloading is not uncommon
among pediatric patients with ALL during both treatment phase and
after cessation of therapy. In a recent study among pediatric cancer
patients, the patients who were not transfused at baseline evalua-
tion were not found to have cardiac or hepatic iron loading. On the
other hand, these patients have been found to develop liver and car-
diac iron loading in 63% and 6%, respectively [18]. In this study, the
serum ferritin values have not been in correlation with the MRI T2*
values [18]. In a previous study, the amount of erythrocyte trans-
fusions was found to be correlated with the ALL risk category [25].
In our study, we found out that the higher number of erythrocyte
transfusions was a more reliable factor in estimation of the cardiac
iron loading compared to serum ferritin measurements (p =0.021
vs 0.324). Additionally, none of the patients with serum ferritin
>1000 ng/ml as the sole indication were found to have cardiac or
hepatic iron loading, whereas the patients who were screened with
MRI just because of transfusion number >10, but had normal serum
ferritin levels, 27.3% and 18.2% were found to have hepatic and car-
diac iron loading, respectively. We suggest that patients who are
on or off the anti-leukemic treatment might be evaluated with T2*
MRI for cardiac and hepatic iron loading despite they had serum
ferritin levels below 1000 ng/ml, but they received >10 times of
erythrocyte transfusions.

In a recent study, the patients who had a large increase in body
surface area (BSA) were found to be more protected against the iron
loading than those with a little or no change or a decrease in their
BSA and concluded that the younger patients treated for cancer may
not be as high risk for persistent iron loading as patients who were
treated older and completed their growth spurt [8]. In our study,
we evaluated the patients who completed leukemia treatment and
had MRI investigation according to age at diagnosis of leukemia.
Although, the number of patients in each group was a limiting fac-
tor, 1 out of 4 patients (25%) who were diagnosed before 10 years
of age with leukemia and were evaluated with MRI after cessa-
tion of treatment according to or study indications was found to
have tissue iron loading, whereas of the 4 patients who were diag-
nosed to have ALL after 10 years of age and was evaluated with
MRI after cessation of treatment, 3 (75%) were found to have either
cardiac or hepatic iron loading. This finding may indicate that the
time of diagnosis of ALL may affect the long term iron loading in
these patients. The growth spurt may cause a decline in the stored
iron in patients who were diagnosed with ALL before 10 years of
age related to increased requirement for iron due to expansion of
blood volume. However, our sample size is limited to make such a
definitive conclusion.

The absence for a genetic analyses to rule-out genetic causes
of hemochromatosis is a limitation of our study, which may have
contributed to serum ferritin levels and tissue iron loading. How-
ever, family history revealed no family member with a diagnosis of
hemochromatosis or any disease related to iron overloading. Addi-
tionally, serum ferritin is an acute phase reactant that may increase
in the presence of inflammation. In order to rule-out the elevations
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in serum ferritin that may be related to infection, the blood analyses
were made when patients were free from any symptom or sign of
infection. Besides, we excluded the data of the patients from anal-
yses if they had serum CRP above 2 mg/dl, even though they had
no signs of infection. The hypertransaminasemia in some of the
patients may not be solely attributed to hepatic iron loading, but
may be related to the toxicities of the chemotherapy regimens.

In conclusion, our study indicates that pediatric patients with
ALL should be screened for transfusional iron load and the amount
of erythrocyte transfusions seem as a more reliable indication than
serum ferritin levels to detect cardiac or hepatic iron loading in
these patients. Secondly, especially the patients who were diag-
nosed to have ALL before 10 years of age are more at risk to have
persistent iron loading after cessation of treatment compared to
those who were diagnosed after 10 years of age.
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