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Simple Summary: Post-transfusion iron overload is a common side effect of anticancer treatment,
including leukemias. We showed that serum ferritin levels could be valuable prognostic marker of
death in children with AML and ALL. Importantly, improved survival of leukemia patients was
found to be associated with lower ferritin values before therapy. It is noteworthy that the observed
phenomenon was dependent on the cancer type, sex, and age of the studied patients.

Abstract: Transfusions of packed red blood cells (PRBCs), given due to an oncological disease and its
acute complications, are an indispensable part of anticancer therapy. However, they can lead to post-
transfusion iron overload. The study aim was to evaluate the role of ferritin as a nonspecific marker
of leukemic growth and marker of transfusion-related iron overload. We performed a longitudinal
study of PRBC transfusions and changes in ferritin concentrations during the oncological treatment
of 135 patients with childhood acute lymphoblastic and acute myeloblastic leukemia (ALL and AML,
median age 5.62 years). At the diagnosis, 41% of patients had a ferritin level over 500 ng/mL, and 14%
of patients had a ferritin level over 1000 ng/mL. At the cessation of the treatment, 80% of the children
had serum ferritin (SF) over 500 ng/mL, and 31% had SF over 1000 ng/mL. There was no significant
difference between SF at the beginning of the treatment between ALL and AML patients, but children
with AML finished treatment with statistically higher SF. AML patients had also statistically higher
number of transfusions. We found statistically significant positive correlations between ferritin and
age, and weight and units of transfused blood. Serum ferritin at the moment of diagnosis can be a
useful marker of leukemic growth, but high levels of SF are connected with iron overload in both
AML and ALL.

Keywords: ferritin; iron overload; childhood leukemia; acute lymphoblastic leukemia; acute
myeloblastic leukemia; blood transfusion

1. Introduction

Ferritin, a protein involved in the metabolism of iron, was first described in the
literature by a German pharmacologist, Oswald Schmiederberg, who found the presence of
an iron-rich component in a liver of a horse. For over 70 years, ferritin has been analyzed for
its numerous functions, including its roles in iron metabolism, angiogenesis, inflammation,
immunosuppression, and proliferation. Although its intracellular functions are quite
thoroughly described, the function of extracellular form (plasma) of ferritin is still not
completely clear [1].
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Although only a small percentage of ferritin supplies are found in the blood serum
and the majority remains hidden intracellularly, the serum ferritin concentration reflects
adequately its storage pool—measured in plasma, it provides fast and reproducible infor-
mation about iron supplies in the body [2,3]. Studies describing the changes in ferritin
concentrations monitored over the years after chemotherapy confirmed the long-term
persistence of its elevated serum concentration [4,5]. High ferritin plasma levels evaluated
prior to treatment have been reported among patients with a variety of cancers, these
included leukemia, Hodgkin’s lymphoma, neuroblastoma, kidney cancer, liver cancer,
melanoma, non-small cell lung cancer, pancreatic cancer, and breast cancer [1,6,7]. A strong
correlation has been demonstrated between high ferritin levels and advanced disease stage,
worse treatment response, and poor prognosis. High ferritin levels before the bone marrow
transplant surgery among patients with proliferative bone marrow diseases seem to be
linked to worse prognosis, when compared to those with low ferritin levels [8].

In recent years, therapeutic protocols of pediatric neoplasms have been tightened,
which led to the necessity of more frequent transfusions of packed red blood cell concentrate
(PRBCs) in children undergoing oncological treatment. Transfusions of blood products
and components allow for the maintenance of treatment of the underlying disease. In this
group of patients, anemia significantly worsens the effectiveness and quality of treatment,
and transfusions of blood and its components have greatly contributed to the increase
in survival and tolerance of treatment [9]. The most common side effect, connected with
multiple blood transfusions, is iron overload (IO), routinely evaluated after procedures.

Exogenous iron acquired from transfusion can accumulate rapidly. Data from studies
on patients with chronic hemolytic anemias who require regular blood transfusions clearly
show that just 10–20 transfusions may already reveal laboratory and histological signs
of iron overload [10–13]. Each full unit of PRBCs provides the body with approximately
200–250 mg of iron [14]. It was also shown that the frequency of transfusion in the amount
of 2 units per month used in non-malignant hematological disorders will result in the
accumulation of 20 g of extra iron in the body within 4 years [15]. Since there is no
physiological mechanism to clear out iron excess, regular and repeatable transfusions lead to
rapid accumulation of iron in macrophages of the reticuloendothelial system, which in turn
leads to the deposition of excess iron in hepatocytes, myocardium, and endocrine organs,
resulting in a cytotoxic effect among free radicals [16,17]. The most frequently observed
symptoms associated with IO include thyroid dysfunction, growth hormone deficiency,
diabetes, and delayed puberty [18]. However, the most dangerous outcomes for patients are
heart and liver failure. The main cause of morbidity and mortality in the group of patients
with transfusion-dependent thalassemia is iron-dependent cardiomyopathy [19,20].

It is estimated that as many as 97% of children treated for acute lymphoblastic leukemia
(ALL) require transfusions of red blood cells [21]. The interaction between iron overload,
chemotherapy, and radiotherapy has not been well studied; however, organ toxicity of
these three phenomena overlaps, which may lead to exacerbation of early and late com-
plications of chemotherapy and radiotherapy [11]. Those who undergo the procedure
of hematopoietic stem cell transplantation have the highest levels of serum ferritin as
a consequence of higher number of transfusions (Ref. [22]), and are at increased risk of
early mortality post-transplantation [8]. IO can be measured indirectly with serum ferritin
concentration, regarded as the most accessible and cheapest indicator of IO. Identifying the
group of pediatric oncological patients endangered with iron overload and its consequences
is important in minimizing the long-term morbidity and increase quality of life among
survivors of childhood cancer [23,24]. The aim of the study was to evaluate the changes in
ferritin concentration due to transfusion during antineoplastic treatment. In addition, we
analyzed the prognostic value of iron levels in an assessment of death risk among children
with acute leukemias.
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2. Materials and Methods
2.1. Patients

The study population was selected from patients treated for acute lymphoblastic
leukemia (ALL) and acute myeloblastic leukemia (AML) who received blood transfusions
in the Department of Pediatrics, Oncology, and Hematology in the Medical University of
Bialystok, Poland. The study group consisted of 551 children (only these patients, who
required blood transfusion). The study was conducted retrospectively. Inclusion criteria
were as follows: age 0–18 years; diagnosis with acute lymphoblastic leukemia or acute
myeloblastic leukemia; history of blood transfusions during antineoplastic treatment; no
previous history of multiple transfusions preceding diagnosis of leukemia; ferritin con-
centration obtained in numerous time points during treatment; no clinical signs and no
laboratory markers of infection and inflammatory process during SF evaluation. Exclusion
criteria were as follows: patients with acute leukemia who underwent only one blood trans-
fusion throughout treatment; all patients with oncological diagnoses other than leukemia;
inflammatory process and acute infection in the moment of SF evaluation. The data from
patients’ transfusions books, physical examinations, and medical documentation were
analyzed, from January 2010 until December 2019. The following variables were collected
from all patients: demographics (age and gender), clinical diagnosis (diagnosis, date of
diagnosis). After excluding non-leukemic patients results from remaining 135 participants
(male: 77, female: 58) between 0.06 and 17.6 years of age (median age 5.62 years) were
analyzed. We performed precise analyses in subgroups according to diagnosis—ALL
(n = 110) and AML (n = 25). The population was also divided into 4 subgroups according
to age (Tables 1 and 2a,b). The study received approval from the Local Ethical Committee
of Medical University of Bialystok, permission number: APK.002.36.2021.

Table 1. Characteristics of the patient groups in terms of age and gender.

LEUKEMIAS ALL * AML **

Total Males (M) Females (F) Total M F Total M F

n 135 77 58 110 64 46 35 23 12

% 100 57.03 42.97 100 58.2 41.82 100 65.71 34.28

Median
(years)

5.62 yrs
6078 8127

0.06–17.6

* ALL Acute lymphoblastic leukemia; ** AML Acute myeloblastic leukemia.

2.2. Laboratory Tests

Serum ferritin (SF, ng/mL) was used as a marker of iron overload (IO). SF was
measured using the electrochemiluminescence method in every patient. In all oncological
patients, measurements were carried out at different stages of therapy: at the beginning
of the treatment (single measurement—SF at baseline), in the course of the treatment
(5 separated measurements during the treatment depending on the time of the therapy
TP1-TP5, mean interspace between each subsequent point was 2–4 months) and after
cessation of therapy (single measurement at the end of treatment—SF at finish). The cutoff
categories describing IO according to SF elevated (>500 ng/mL) and significantly elevated
(>1000 ng/mL) are widely used in the literature regarding the risk of post-transfusion
IO [25–28]. All of the measurements were performed in the local laboratory in Children
University Hospital in Bialystok.

All the baseline characteristics were collected from the medical records, including
age, sex, diagnosis, and serum ferritin concentration (ng/mL). The diagnosis of neoplastic
disease was based upon evaluation of peripheral blood blast percentage, bone marrow
blast percentage, and immunophenotype. The laboratory data were collected within the
first 24 h after the admission.
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Table 2. (a) Division into age subgroups; (b) Study group structure in terms of diagnosis and age.

(a)

AGE GROUPS

≤1 yr
Group 1

1–5 yrs
Group 2

5–10 yrs
Group 3

≥10 yrs
Group 4

Total
8

8/135
30.06%

51
51/135
37.78%

43
43/135
31.85%

33
33/135
24.44%

ALL
3

3/110
2.72%

46
46/110
41.81%

38
38/110

23
23/110
21.82%

AML
5

5/25
20%

5
5/25
20%

5
5/25
20%

10
10/25
40%

(b)

Protocol n Allo
HSCT REC Deceased Second

Malignancy

ALL ALLIC 2009 51
25 4 9 1

ALLIC 2012 59

AML AML BFM 2002 25 23 4 10 0

2.3. Blood Transfusion

The level of hemoglobin at which PRBCs (packed red blood cells) were administered
was below 8 g/dl taking into account the present clinical symptoms of anemia and age
of the child. In most patients, transfusion was performed in cases of lower than 8 g/dl.
In terms of blood transfusions, the parameters were measured in each patient as follows:
(A) total amount of received blood in milliliters (during whole treatment process), (B) total
amount of received blood per kilogram of body weight, and (C) total number of received
transfusion units—episodes of transfusion.

2.4. Statistical Analysis

Processing of the acquired data was performed with the use of GraphPad Prism 9.0
software (GraphPad Prism Inc., San Diego, CA, USA). The normality of the data distribution
was verified before each analysis, implemented using Shapiro–Wilk, Anderson–Darling and
D’Agostiono–Pearson tests. Differences between the unpaired groups were analyzed using
a nonparametric Mann–Whitney test. Chi-square tests were applied to assess the differences
in the selected parameters distribution among the tested groups. The significance of the
changes reported in the course of therapy monitoring was established with two-way
ANOVA, with Fisher’s LSD test. The association between ferritin and other clinical and
laboratory parameters was analyzed with the use of nonparametric Spearman correlation
test. For survival analysis, the log-rank (Mantel–Cox) test was applied. The significance
level was set at p < 0.05, indicated within the manuscript with exact p value or asterisks:
*—p < 0.05, **—p < 0.01, ***—p < 0.001, ****—p < 0.0001.

3. Results
3.1. Blood Transfusions

A total of 100% of patients received blood transfusions, with the lowest number
of two episodes of PRBC. The data presented in Table 3 give a detailed description of
the transfusion parameters within the whole group and subgroups. Patients treated for
leukemia received, on average, 128.6 mL of blood per kilogram of body weight (ranging
from 16.7 mL/kg to 1800 mL/kg; mean 171.29) and 17.62 transfusions (2–78 units; median
of 14 units). A total of 98 patients (72.59%) received at least 100 mL of PRBC per kg,
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including 77 patients with ALL (70%) and 22 with AML (88%). The maximum value
showed in the table refers to a 15-year-old female patient who was treated primarily
for acute lymphoblastic leukemia and then for acute myeloblastic leukemia as a second
neoplasm; the patient received a total of 78 transfusions throughout the treatment, totaling
23,400 mL of blood—1800 mL per kilogram of body weight. With the assumed significance
level, for all three variables (A–C), no statistically significant difference was found between
the median values between the groups according to gender overall and gender groups
between AML and ALL (p > 0.05) (Table 3).

Table 3. Transfusion-related parameters according to the diagnosis.

Median Mean * SD * Min Max

LEUKEMIAS (n = 135)
A. Total amount of transfused blood [mL] 3300 4311.67 3443.45 360 23,400

B. Total amount of transfused blood per kilogram of body weight [mL/kg] 128.6 171.29 173.65 16.7 1800

C. Total number of transfusions [units] 14 17.62 11.99 2 78

ALL (n = 110)
A. Total amount of transfused blood [mL] 3300 3869 2624 360 11,100

B. Total amount of transfused blood per kilogram of body weight [mL/kg] 121.4 150.4 103.1 16.70 532.9

C. Total number of transfusions [units] 12 15.79 10.13 2 49

AML (n = 35)
A. Total amount of transfused blood [mL] 5035 6359 5552 725.0 23,400

B. Total amount of transfused blood per kilogram of body weight [mL/kg] 201.2 267.8 336.2 72.50 1800

C. Total number of transfusions [units] 22.50 26.08 16.01 4 78

* The was no normal distribution in the assessed data, mean and SD were posted for informational purposes.

3.2. Ferritin Levels in AML and ALL Patients before Therapy

No significant differences were observed between AML and ALL patients in the
context of plasma ferritin levels before therapy implementation or when additional strat-
ification was performed into no graft subjects and group with bone marrow allograft
(Figure 1A). Regarding the sex of the analyzed patients, only in the ALL group were
reduced ferritin concentrations reported in male versus female subjects (p = 0.0424). In
addition, the same leukemia groups demonstrated age-based differences in the tested
parameter. Patients with ALL within range of 5 to 10 years showed lower ferritin levels
compared to children younger than 5 years (p = 0.0058) and older than 10 years (p = 0.0012)
(Figure 1B).

Next, we assessed the distribution of the subjects with lower and higher plasma
ferritin values (based on the total median) within the studied groups. In accordance, we
did not show any differences between AML and ALL patients. Additional sex-based
grouping did not introduce changes to that status in either the AML or the ALL subjects.
Significant differences in lower/higher ferritin levels were further shown in the context of
the various age ranges. Patients with AML who were older than 10 years demonstrated a
tendency for increased ferritin levels compared to children aged below 5 years (p = 0.0734).
A similar situation was observed in the ALL patients, where subjects older than 10 years
showed a higher incidence of plasma ferritin versus leukemic patients younger than 5 years
(p = 0.0144) (Figure 1C).



Cancers 2024, 16, 367 6 of 18Cancers 2024, 16, x FOR PEER REVIEW 6 of 20 
 

 

 
Figure 1. Differences in blood ferritin levels in the studied AML and ALL patients. Initial ferritin 
concentrations between the total group of AML and ALL subjects, those with no graft and patients 

A

B

C

Figure 1. Differences in blood ferritin levels in the studied AML and ALL patients. Initial ferritin
concentrations between the total group of AML and ALL subjects, those with no graft and patients
with allo-graft transplant (A). Influence of sex and age (years) on basal ferritin levels within leukemic
groups (B). Lower and higher ferritin concentrations (based on the median value) within the tested
subgroups: total patients, sex- and age-based (years) (C). Data presented as median values and
25th–75th percentile (A,B); percentage share of low/high ferritin levels in selected groups (C).
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3.3. Blood Transfusion Effects on Ferritin Levels in AML and ALL Patients

Considering the assumed cutoff levels for SF at the start of the treatment, percent-
age of children with mildly elevated SF (500–1000 ng/mL) and significantly elevated SF
(>500 ng/mL) were calculated. In the whole group, 40.74% (n = 55) of patients had in-
creased SF > 500 ng/mL; the results were similar in both the ALL and the AML subgroups
(40 vs. 44%). A proportion of 14% (n = 19) of the whole group was diagnosed with serum
ferritin higher than 1000 ng/mL; this accounted for 12% of AML patients and 14.54% of
ALL patients. The analysis of the patients who finished treatment with elevated SF showed
that 80% of them finished therapy with an SF higher than 500 ng/mL; in the AML group
this percentage was 96%. With the cutoff point at 1000 ng/mL at the cessation of therapy,
we found that 31.11% of patients had this (28,18% with ALL and 44% of AML). Comparison
of patients with increased SF both at the beginning and at the cessation of treatment showed
this tendency in both groups regardless of the diagnosis. Our analysis showed that the
majority of patients who were diagnosed with high SF finished treatment with high SF
(Table 4).

Table 4. Characteristic of patients with SF > 500 mg/mL and SF > 1000 ng/mL at the beginning at
the of the treatment.

Serum Ferritin Start
>500 ng/mL

n
Median

Serum Ferritin Finish
>500 ng/mL

n
Median Same Patients

n

Total 55
55/135 (40.74%)

ALL 44/110 (40%)
AML 11/25 (44%)

889
712–963

Total 108
110/135 (80%)

ALL 86/110 (78.18%)
AML 24/25 (96%)

933.7
500.1–4945

53
(96.35%)

Serum Ferritin Start
>1000 ng/mL

n

Median
Min–Max

Serum Ferritin Finish
>1000 ng/mL

n

Median
Min–max

Same Patients
n

Total 19
19/135 (14.07%)

ALL 16/110 (14.54%)
AML 3/25 (12%)

1692
1097–2127

Total 42
42/135 (31.11%)

ALL 31/110 (28.18%)
AML 11/25 (44%)

1589
1001–4945

14
(73.68%)

The analysis of all the AML and ALL patients showed a significant increase in plasma
ferritin levels from the very beginning of therapy. At T2–T3 points of the monitoring phase,
those levels seemed to be stabilized without any further increase. It is noteworthy that
the last time points demonstrated significantly higher ferritin levels in the AML patients
(p = 0.0319). Such a tendency was also observed earlier at T1 (p = 0.0545) (Figure 2A). Similar
changes in time were observed in the AML group when assessing the differences between
the female and male subjects. However, unlike males who maintained significantly higher
levels of plasma ferritin, concentrations in female AML patients seemed to be maintained
on the verge of statistical significance compared to the first time point. In the ALL group,
a constant increase in ferritin level was reported until T3, where male subjects showed
significantly higher levels compared to females (p = 0.0160). Despite further decline in
ferritin concentrations, the values were still significantly higher than those at T0, with
differences between male and female subjects maintained until T5 (p = 0.0227) (Figure 2B).
Considering age-based stratification, AML patients aged below 5 and above 10 years
demonstrated a stable increase in plasma ferritin until the T3–T4 time points. The achieved
levels were maintained at similar levels through the rest of the monitoring time points.
Interestingly, subjects with AML aged between 5 and 10 years did not reach significantly
higher levels of ferritin throughout the period, with only a slight peak showing at the early
T2 stage (p = 0.0738). In reference to the ALL patients, all age groups managed to achieve a
significant increase in ferritin concentration, with highest peak demonstrated at the T3–T4
time points. Despite slight further decline, all the subjects maintained higher levels of the
monitored parameter. It is noteworthy that the most essential changes were reported in
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ALL patients older than 10 years. Those subjects, at several time points (T2, T3, T5, and T6),
showed values that were substantially higher than those of other groups (at T5: p < 0.0001)
(Figure 2C).

As a next step, we verified the eventual associations between the ferritin levels in the
time and clinical or laboratory parameters. First, we demonstrated a positive moderate
correlation of ferritin change with the age (AML: p = 0.012; ALL: p = 0.002) and the weight
(AML: p = 0.021; ALL: p = 0.002) of the subjects. No association was found in reference to
the transfused blood volumes; however, the ferritin levels in the course of therapy were
found to be positively correlated with the units of blood per kilogram: delta T6 versus T0
in AML patients (p = 0.0039) and subjects with ALL at T6 (p = 0.0003). Interestingly, further
analysis revealed that plasma ferritin at T0 correlated positively with CRP (p = 0.005) and
PCT (p = 0.009), but that association seemed to be lost in the course of therapy. In contrast,
AML subjects demonstrated a negative correlation of T0 ferritin with PCT; however, no
significance level was achieved. The values of the ferritin reported further in the course of
therapy showed a strong positive association with PCT, and a moderate negative association
with CRP (no significance level achieved) (Figure 2D).

3.4. Blood Transfusion Volumes and Units among AML and ALL Patients

The patients with AML received significantly higher blood volume compared to the
ALL subjects (p = 0.0003). That difference was maintained when only the patients without
graft (p = 0.0007) or with bone marrow allograft (p = 0.0322) were analyzed (Figure 3A).
No crucial changes were reported when sex- or age-based stratification of the patients
was applied. A slight exception was a tendency for lower volume of blood transfused in
the AML subjects older than 10 years compared to those within the range of 5 to 10 years
(p = 0.0824). Similarly, ALL patients of the same age had significantly lower volumes of
blood used versus children below 5 years (p = 0.0151) (Figure 3B).

Considering transfused blood units, the AML subjects demonstrated higher usage
(p < 0.0001), with the same difference when assessing no graft groups (p < 0.0001). No
difference, however, was demonstrated between AML and ALL patients who underwent
bone marrow transplants (p = 0.1111) (Figure 3C). Contrary to what was noted in the
analysis of the transfused blood volume, female subjects had more units per kilogram used
compared to males in the AML group (p = 0.0020). The same leukemic group showed
higher blood units implemented among patients older than 10 years versus those between
5 and 10 years (p = 0.0420) and younger than 5 years (p = 0.0004). No changes were found
in reference to the ALL patients in terms of both sex and age (Figure 3D).

3.5. Ferritin Levels and Blood-Transfusion-Related Parameters Influence on the Outcome of the
AML and ALL Patients’ Therapy

The relative risk analysis revealed that AML patients with a low initial level of serum
ferritin demonstrated 2.76 times higher risk of death compared to subjects with a high
level (p = 0.0446). Additional stratification based on sex and age revealed that such a
tendency is reported in male patients (RR = 5.00; p = 0.0308), predominantly those younger
than 5 years old (RR = 4.50; p = 0.0651). No significant changes were observed in the
ALL subjects. However, females (RR = 0.38; p = 0.1748) and children below 5 years old
(RR = 0.31; p = 19.26) with lower ferritin levels seemed to have a reduced risk of death
(Figure 4A). Unlike ferritin levels, the volume of the blood for transfusion did not seem to
have a crucial effect on the death occurrence in AML patients. Only in AML subjects older
than 10 years old with lower volumes of the transfused blood was a tendency for higher
risk of death found (RR = 3.75, p = 0.0989). Interestingly, patients with ALL were found to
demonstrate significantly lower death risk among subjects aged between 5 and 10 years
old and where lower volumes of blood were used for transfusion (RR = 0.09; p = 0.0132)
(Figure 4B). Similar results were obtained when we analyzed the influence of the transfused
blood units. Despite no significancy, AML patients older than 10 years old also showed
higher risk of death incidence (RR = 2.67; p = 0.2357). As described above, ALL patients
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aged 5 to 10 years old also showed a reduced risk of death in the group with lower units of
blood used in therapy (RR = 0.10; p =0.0188) (Figure 4C). In addition, similar effect of lower
units of blood used was observed in female ALL subjects (RR = 0.25; p = 0.0416) and all the
ALL patients (RR = 0.41; p = 0.0703) (Figure 4C).
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Figure 2. Blood-transfusion-induced changes in ferritin level of AML and ALL patients. Changes in
serum ferritin levels in total ALL or AML group (A), including stratification based on patients’ sex
(B) and age (years) (C). Correlation of ferritin, at selected periods of the therapy monitoring, with
clinical and laboratory data (D). Data presented as median values and 25th–75th percentile (A–C);
and heat maps with correlation coefficient (r) values (C). Colored asterisks correspond directly to
the graphed groups and indicate differences between selected time points versus beginning of the
therapy (T0). The levels of significant differences were indicated with asterisks or exact p values:
* p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.
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Figure 3. Differences in transfused blood volumes and units between the studied AML and ALL
patients. Blood transfusion volumes in AML and ALL subjects, those with no graft, and patients
with allo-graft transplant (A). Influence of sex and age (years) on blood transfusion volumes within
leukemic groups (B). Blood transfusion units in AML and ALL subjects, those with no graft, and
patients with allo-graft transplant (C). Influence of sex and age (years) on blood transfusion units
within leukemic groups (D). Data presented as median values and 25th–75th percentile.
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Figure 4. Significance of ferritin levels and blood-transfusion-related parameters on AML and ALL
patients’ survival. Analysis of relative risk of death incidence between low/high serum ferritin (A),
low/high transfused blood volume (B), or low/high transfused blood units (C) groups, in AML
and ALL subject, including sex- and age-based (years) stratification. Survival curves of AML and
ALL patients in context of ferritin levels (D) and volumes of blood transfused (E). Data presented as
relative risk values with confidence interval (A–C); survival percentage during therapy, with log-rank
test results (D,E). The levels of significant differences were indicated with asterisks or exact p values:
* p < 0.05.
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The subsequent survival assessment demonstrated essential differences in survival
curves between patients with low/high pre-treatment serum ferritin levels. In the AML
group, subjects with higher ferritin levels showed longer survival (median = 1132 days)
compared to the opposing group (median = 117 days) (HR = 2.67 [low versus high];
p = 0.0854). In the case of the ALL patients, lower initial ferritin concentrations were
associated with better survival (median = 1405 days), with significantly reduced values in
the other group (median = 236) (HR = 3.57 [high versus low]; p = 0.0027) (Figure 4D). We
did not observe significant differences in survival between patients treated with low/high
volume of transfused blood, especially in the group of patients with ALL. Subjects with
AML and higher volumes of the blood transfused seemed to have higher chances of survival
(HR = 2.62 [low versus high); p = 0.1289) (Figure 4E).

4. Discussion

The estimation of iron overload using evaluation of serum ferritin does not seem to
be fully objective; however, this remains the easiest and most accessible method. Since
ferritin is an acute phase reactant, it may be falsely elevated due to any ongoing systemic
inflammatory processes and thus may not be the most reliable measurement of body iron
burden [29]. Studies evaluating the role of ferritin in cancer showed a statistically significant
increase in SF in both localized and metastatic diseases [7,30–32]. Serial measurements of
ferritin concentration performed during anticancer therapy with chemotherapy showed
normalization of SF levels with the proper therapy response [33–35]. On the other hand,
increase in SF is often a sign of progression and poor survival [30]. Most pediatric leukemia
patients receive combination chemotherapy over many months or years, and it is extremely
rare for a patient to complete their therapy without PRBC transfusions. Information
regarding the risk of cumulative erythrocyte transfusions and tissue iron accumulation
is well understood among non-malignant populations. However, very little is known
about transfusion-related iron burden among oncology patients, especially in the pediatric
population [29]. Secondary anemias requiring transfusion can occur not only as a result
of the primary disease and its treatment, but also due to unintentional blood loss during
frequent laboratory analyses, especially at the beginning of therapy. The volume of blood
taken for analysis can be especially significant among infants and younger children, in
certain cases even leading to the need for transfusion. In order to minimize blood loss,
strategies should be introduced and widely popularized for chronically ill hospitalized
patients, including in hematology and oncology units [36].

In many analyses, the cutoff level of ferritin defining IO was described as 1000 ng/mL
or even 1500 ng/mL [4,8,27,37]. Our analysis was based on the serum ferritin level in the
pediatric population; so, in accordance with the recommendations of Trovillion et al. and
Wood et al., we decided to analyze two cutoff points—the first at 500 ng/mL and the second
at 1000 ng/mL. We used 1000 ng/mL due to it being traditionally used in the definition of IO
and as a cutoff level for qualification for chelation therapy [8,27,28]. However, the results of
the study by Kim et al. demonstrated that even lower concentrations of ferritin are efficient
for predicting patients’ outcomes. Kim et al. showed that high and high–intermediate risk
of international prognostic index and ferritin level (≥500 ng/mL) were independent poor
prognostic factors for PFS and OS among patients with lymphoma. Among patients with
lower IPI scores, a high ferritin level was found to be an independent poor prognostic factor
for PFS and OS [38]. In our analysis, we proved that both 500 ng/mL and 1000 ng/mL, at
the onset of neoplastic treatment, were connected with diagnosis and not with disturbances
in iron metabolism. Interestingly, our data showed that AML patients with a lower ferritin
level had significantly higher risk of death compared to high-level subjects. This finding
seemed to be predominantly associated with male subjects and children younger than
5 years. The analysis of the survival curves revealed that AML patients with higher ferritin
levels at diagnosis have higher chances of survival. In contrast, patients with high ferritin
levels while being diagnosed with ALL exhibited worse prognoses.
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Lower volumes of blood transfused were only associated with lower death risk in
ALL subjects compared to the high-level subgroup. Similar changes were reported in
reference to blood units implemented, with an additional reduced risk of death incidence
reported in females with lower transfused units. No statistically significant differences were
demonstrated in the context of transfused blood units’ levels and survival. However, AML
patients with more units transfused seemed to survive longer than their counterparts with
less blood transfused; however, this result was not found to achieve statistical significance.
Our results oppose those obtained by Ihlow et al., who showed that high SF had a negative
impact on long-term survival in 137 adult patients with AML. We explain this discrepancy
through reference to the small number of subjects and possible differences in outcomes
between children and adults [39].

We found that more than 40% (n = 55) of all patients had increased SF > 500 ng/mL,
and 14% (n = 19) had over 1000 ng/mL at the beginning of treatment. At the cessation of the
treatment, 80% (n = 110) of children presented with SF over 500 ng/mL and more than 31%
(n = 42) presented with SF higher than 1000 ng/mL. Comparison of patients with increased
SF at both points—the start and the end of therapy (96.35% with SF > 500 ng/mL and
73.68% with SF > 1000 ng/mL)—proved that starting treatment with high SF is connected
with high SF at the end of the treatment.

High serum ferritin levels, without any correspondence to the amount of total body
storage iron, have been found among patients with leukemia. Investigating 96 adults
with different types of leukemia, Aubert et al. found that serum ferritin can be used as
a tumor marker in myeloid leukemias. Extremely high serum ferritin levels were seen
in acute myeloblastic leukemia before treatment and in blastic crisis of chronic myeloid
leukemia (i.e., 21-fold increased serum ferritin concentrations). Among patients with acute
myeloblastic leukemia who achieved complete remission, ferritin decreased to a normal
level [40]. Our analysis did not show a significant drop in SF during treatment among AML
patients, but this may be attributable to the small number of patients.

We also analyzed a group of 14 patients who started oncological therapy with a ferritin
concentration higher than 1000 ng/mL and received more than 100 mL/kg body mass
PRBC; this comparison was performed to determine whether these patients were more
prone to developing iron overload. We also sought to answer the following question: can
they be considered a marker of leukemic growth or of post-transfusion iron overload? The
analysis showed that high SF at the start of therapy among leukemia patients who received
more than 100 mL/kg of PRBC is not a predictor of high SF at the end of therapy. On the
other hand, receiving more than 100 mL of PRBC does not aggravate primarily increased
SF ferritin. Our analysis of this specific group of patients also proved that knowledge about
the volume of transfused PRBC can be considered more of an objective marker of IO than
SF itself. In their analysis of 139 patients with leukemia, Cacciotti et al. found that 23%
of all the patients had post-treatment ferritin concentrations of over 1000 ng/mL; those
with HR-ALL and AML were more likely to be transfused with >=10 RBC units and were
more prone to develop hepatic dysfunction. In our analysis, the lowest number of episodes
of transfused blood was 2, while the highest was 78. The number of transfusions was the
highest among the patients with AML, HR-ALL, and HSCT; the number of transfusions
was correlated with SF after treatment and delta among the patients with both ALL and
AML [41,42]. An additional analysis revealed reduced blood volumes used for transfusion
among ALL patients compared to AML patients. That difference was also maintained when
separately analyzing the subjects with no graft or with bone marrow allograft. Additional
sex- and age-based stratification revealed slightly lower blood volumes transfused in ALL
patients older than 10 years. Despite similar results in the context of transfused blood
units per kilogram, we did not find differences between AML and ALL patients who
underwent bone marrow allografts. Here, moreover, male AML subjects demonstrated
reduced transfused blood units, whereas the same leukemic patients older than 10 years
old showed higher numbers of transfused blood units.
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According to Cacciotti et al., the number of transfused units can be a better predictor
of cardiac and hepatic iron overload than serum ferritin evaluation. According to some
data qualification for MRI T2 screening of liver and heart, even only upon either a history
of erythrocyte transfusion ≥10 times or serum ferritin ≥1000 ng/mL or both, the number
of transfusions itself is better predictor of IO than SF. It is noteworthy that patients with SF
lower than 1000 ng/mL and with more than 10 RBC transfusions were found to have 27.3%
of hepatic and 18.2% of cardiac iron loading [41].

The time of the analysis of SF seems to be the main factor explaining the phenomenon
of the ferritin increase. The cancer-associated elevation in serum ferritin at diagnosis is most
likely induced by an inflammatory state and not due liver damage or other alterations in the
body’s iron stores [1]. The exclusion of the influence of coexisting inflammatory processes
on the incidence of hyperferritinemia in the moment of diagnosis allowed us to take into
account the oncological explanation of high ferritin concentration. It is noteworthy that the
measurements of SF during and at the end of therapy were performed in the absence of
concomitant inflammation. Many analyses in the literature are based on SF measurement
after the cessation of treatment; meanwhile, our study shows dynamic changes in ferritin
concentration through anticancer therapy. We found a strong positive correlation between
SF at the baseline and finish point, which means that patients with high concentrations
of ferritin at the moment of diagnosis are prone to finishing treatment with high levels of
ferritin. The reason for this increase seems to vary, with nonspecific markers of neoplastic
disease at the beginning and markers of IO at the end of treatment. Considering our data,
in both the AML and ALL patients, time-dependent changes in ferritin were found to
positively correlate with the age and weight of the studied children. Those variations in
ferritin also correlated with the transfused blood units per kilogram, predominantly in
the ALL group. The initial ferritin levels (at T0) correlated positively with CRP and PCT;
however, that association was diminished during the course of therapy. In contrast, ferritin
at diagnosis in the AML group seemed to correlate negatively with PCT, but changed
towards strong positive association over time. Changes in ferritin were also associated with
their negative correlation with CRP in AML; it is noteworthy that no statistical significance
was achieved.

Specific monitoring of ferritin concentration during oncological therapy could allow
for differentiation between the incidence of initial cancer-caused hyperferritinemia and that
related to blood transfusion throughout treatment. Induction therapy with a satisfactory
response to treatment should lead to transient normalization of SF and subsequent increase
due to transfusion-related iron overload, but the recognition of this specific time point
can be difficult and hard to capture. In our analysis, we did not observe the moment of
normalization of SF during therapy, which could be caused by the overlapping early results
of RBC transfusions, especially in cases with initially low, life-threatening hemoglobin
levels.

The disturbed iron metabolism and strongly increased ferritin concentrations not
only in the serum but also in the cancer tissue seem to be responsible for the elevated
levels of ferritin in the cancers. Increased serum ferritin levels at the cessation of treatment
are connected rather with multiple transfusions, especially among patients treated for
leukemias and MDS, with the highest risk among those who have undergone stem cell
transplantation. The link between the first and the last analyzed ferritin concentration
remains unclear. On the other hand, some of the patients are prone to having higher SF at
diagnosis, during the treatment, and after the cessation of the treatment. They develop iron
overload more easily than others, even with comparable transfused blood volumes and the
same type of oncological disease. The genetic background of this phenomenon, including
HFE gene mutations, should be also taken into consideration during qualification for
multiple transfusions to avoid the additional increase in iron burden [43]. Increasing serum
ferritin level during long-time leukemia therapy and its regular measurement should help
in distinguishing a group of patients for the use of chelators alongside oncological therapy
or directly after cessation. Nowadays, oral chelators such as deferasirox are used with a
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satisfactory effect among children with iron overload due to leukemia, MDS, thalassemia,
or Blackfan–Diamond anemia [44,45]. However, conducting chelation therapy alongside
oncological treatment can be questionable due to the concomitant side effects described
in the literature, primarily concerning the kidneys and the liver; such an approach is not
currently recommended in to treatment protocols.

Amid et al. showed that children diagnosed at an early age, before 10 years of age,
with lower body surface area (BSA) and the potential to achieve an increase in BSA, had
lower risk of transfusion iron overload during treatment than those who were diagnosed as
teenagers and had already completed their growth spurt [46]. Unal et al. confirmed that the
time of ALL diagnosis may affect long-term iron loading among these patients. According
to the data, growth spurts may cause a decline in the stored iron among patients who were
diagnosed with ALL before 10 years of age, which can be related to increased demand for
iron due to the expansion in blood volume [8]. Our analysis also showed that the ferritin
concentration, the number of transfusions, and the volume of blood transfused (measured
in ml/kg) was the highest among children older than 10 years. In the youngest children—
below 12 months—ferritin concentration remained higher than those from groups 2 and
3. The explanation of this result lies in there being a small number of patients who were
younger than 12 months and who had a physiologically higher level of serum ferritin, as is
the case for newborns and younger neonates—4/8 patients were younger than 3 months.

The therapy for AML is aggressive and therefore leads to severe side effects, including
the need for more frequent transfusions. According to Nottage et al., recipients of conven-
tional therapy due to AML had a significantly higher transfusion burdens compared to
those with conventional ALL treatment—i.e., a median of 21 vs. 6 transfusions, 3793 mL
vs. 1134 mL, and 182 mL/kg vs. 57 mL/kg (all p-values < 0.001), respectively [29]. In
our analysis, patients with AML had statistically higher serum ferritin at both the start
and the end points of the treatment compared to patients with ALL; they received more
blood units and had more episodes of PRBC transfusions. Comparing the ALL patients
from the HR and the non-HR groups, we found that those treated with more intensive
protocols received more PRBC (in ml) per body weight (in kg) and had more transfusion
episodes. Children from the HR-group finished with statistically higher serum ferritin
concentrations than those from the non-HR group. Additional investigation showed that
ferritin increased significantly in the course of the therapy, reaching peak values usually
around T3–T4. A similar direction of changes was observed in both the studied groups;
however, at certain time points (T1 or T5), patients with AML showed significantly higher
concentrations than patients with ALL. From T4, males seemed to maintain higher levels of
ferritin compared to female subjects in the AML group. That difference was statistically
significant in reference to the ALL group, divided into males and females, starting from the
peak values at T3. AML subjects aged 5–10 years, unlike other subgroups, did not achieve a
statistically significant increase in ferritin levels. All age-based subgroups of the ALL group
achieved a constant increase in ferritin until T3, with a subsequent slight decline in that
parameter. It is noteworthy that, during most of the monitoring time, the ALL subjects who
were older than 10 years dominated over other subgroups in terms of ferritin concentration.

The analysis performed by Lecka et al. on 71 patients with ALL and AML showed
that a higher concentration of ferritin was connected with worse overall and event-free
survival and a higher incidence of relapse. Lecka et al. showed that a ferritin concentration
higher than 1000 ng/mL is a strong adverse independent marker of survival for children
treated for acute leukemia, both with and without hematopoietic cell transplantation (HCT).
Lecka’s analysis corroborates the results presented here. Similarly, we proved that serum
ferritin level at the end of therapy (finish SF) is a maker of worse prognosis in leukemic
pediatric patients; moreover, high delta SF (the difference between SF at the start and end
of treatment) proved to be a strong negative prognostic marker for relapse and death [47].

We are aware of the limitations in our study. An important limitation of our analyses
is in our defining iron burden in terms of serum ferritin levels. Analysis of ferritin is
inexpensive, and it is a widely available indicator of IO; however, a more accurate measure
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in assessing iron content in the body is the LIC (liver iron concentration) measurement that
is performed through MRI imaging. This is more sensitive and specific and less invasive;
however, it is more expensive and less accessible than assessing ferritin. However, the
correlation between plasma ferritin and LIC in pediatric patients has been investigated and
both of these measurement methods have proven to be highly correlated [18]. However,
the analysis identified a group of patients for whom further LIC screening should be
considered. Another major disadvantage seems to be the measurement of ferritin without
the simultaneous analysis of CRP values; the increase of these could suggest the presence of
inflammation and thus also explain the increased concentration of SF. We have not noticed
other coexisting medical conditions that could disturb the concentration of ferritin, such as
haemochromatosis or ascorbate deficiency. Further disadvantages lie in the small research
group and the small number of diagnosis groups and age groups.

5. Conclusions

In summary, iron overload, as measured through serum ferritin concentration, is a
common side effect of antineoplastic treatment among children and young adults. We
showed that different ages among the AML and ALL groups can affect the ferritin levels
for both the basal level and its response to the applied therapy. In fact, changes in serum
ferritin levels were significantly related to the patients’ age and weight, together with the
volume of the blood used for transfusion. SF at the start of the treatment seems to be a good,
nonspecific tool for diagnosis of leukemia; however, its role in monitoring the response
to oncological treatment can be disrupted by the overlapping effect of blood transfusions.
Importantly, we demonstrated that lower pre-treatment values of the ferritin are associated
with better survival among ALL subjects. A different tendency was found in patients with
AML who had high basal ferritin concentrations, leading to a lower death rate. Further
investigation is of great importance in establishing the mechanism behind the various
effects of initial serum ferritin levels on subsequent therapy-related survival among studied
patients.
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Leukemia Converges with Treatment Intensity: Biochemical and Clinical Analysis. Cancers 2021, 13, 3029. [CrossRef] [PubMed]
23. Mainous, A.G.; Gill, J.M.; Everett, C.J. Transferrin Saturation, Dietary Iron Intake, and Risk of Cancer. Ann. Fam. Med. 2005, 3,

131–137. [CrossRef] [PubMed]
24. Stevens, R.G.; Jones, D.Y.; Micozzi, M.S.; Taylor, P.R. Body Iron Stores and the Risk of Cancer. N. Engl. J. Med. 1988, 319, 1047–1052.

[CrossRef]
25. Bowen, D.; Culligan, D.; Jowitt, S.; Kelsey, S.; Mufti, G.; Oscier, D.; Parker, J. Guidelines for the Diagnosis and Therapy of Adult

Myelodysplastic Syndromes. Br. J. Haematol. 2003, 120, 187–200. [CrossRef]
26. Jabbour, E.; Kantarjian, H.M.; Koller, C.; Taher, A. Red Blood Cell Transfusions and Iron Overload in the Treatment of Patients

with Myelodysplastic Syndromes. Cancer 2008, 112, 1089–1095. [CrossRef]
27. Trovillion, E.M.; Schubert, L.; Dietz, A.C. Iron Overload in Survivors of Childhood Cancer. J. Pediatr. Hematol. Oncol. 2018, 40,

396–400. [CrossRef]
28. Wood, J.C. Estimating Tissue Iron Burden: Current Status and Future Prospects. Br. J. Haematol. 2015, 170, 15–28. [CrossRef]
29. Nottage, K.; Gurney, J.G.; Smeltzer, M.; Castellanos, M.; Hudson, M.M.; Hankins, J.S. Trends in Transfusion Burden among

Long-Term Survivors of Childhood Hematological Malignancies. Leuk. Lymphoma. 2013, 54, 1719–1723. [CrossRef]
30. Marcus, D.M.; Zinberg, N. Measurement of Serum Ferritin by Radioimmunoassay: Results in Normal Individuals and Patients

with Breast Cancer. J. Natl. Cancer Inst. 1975, 55, 791–795. [CrossRef]
31. Jones, P.A.E.; Miller, F.M.; Worwood, M.; Jacobs, A. Ferritinaemia in Leukaemia and Hodgkin’s Disease. Br. J. Cancer 1973, 27,

212–217. [CrossRef] [PubMed]
32. Tappin, J.A.; George, W.D.; Bellingham, A.J. Effect of Surgery on Serum Ferritin Concentration in Patients with Breast Cancer. Br.

J. Cancer 1979, 40, 658–660. [CrossRef] [PubMed]
33. Maxim, P.E.; Veltri, R.W. Serum Ferritin as a Tumor Marker in Patients with Squamous Cell Carcinoma of the Head and Neck.

Cancer 1986, 57, 305–311. [CrossRef] [PubMed]
34. Melia, W.M.; Bullock, S.; Johnson, P.J.; Williams, R. Serum Ferritin in Hepatocellular Carcinoma A Comparison with Alphafeto-

protein. Cancer 1983, 51, 2112–2115. [CrossRef]
35. Niitsu, Y.; Kohgo, Y.; Yokota, M.; Urushizaki, I. Radioimmunoassay of Serum Ferritin in Patients with Malignancy. Ann. N. Y.

Acad. Sci. 1975, 259, 450–452. [CrossRef] [PubMed]

https://doi.org/10.1002/pbc.21260
https://www.ncbi.nlm.nih.gov/pubmed/17557314
https://doi.org/10.1002/pbc.28359
https://doi.org/10.1007/BF02934136
https://doi.org/10.1016/j.leukres.2014.05.002
https://doi.org/10.1002/pbc.20260
https://doi.org/10.1046/j.1365-2141.2001.03195.x
https://doi.org/10.1002/pbc.22851
https://www.ncbi.nlm.nih.gov/pubmed/21072815
https://doi.org/10.1016/S0037-1963(01)90060-5
https://www.ncbi.nlm.nih.gov/pubmed/11206962
https://doi.org/10.1182/blood-2009-09-243568
https://www.ncbi.nlm.nih.gov/pubmed/20378761
https://doi.org/10.1016/j.leukres.2008.06.007
https://doi.org/10.1053/j.seminhematol.2005.01.002
https://www.ncbi.nlm.nih.gov/pubmed/15846579
https://doi.org/10.1016/S0025-7125(16)31585-1
https://doi.org/10.1007/s00018-009-0051-1
https://doi.org/10.1093/tropej/48.1.50
https://doi.org/10.1196/annals.1345.006
https://doi.org/10.1196/annals.1345.045
https://doi.org/10.1002/mpo.10183
https://www.ncbi.nlm.nih.gov/pubmed/12203661
https://doi.org/10.3390/cancers13123029
https://www.ncbi.nlm.nih.gov/pubmed/34204310
https://doi.org/10.1370/afm.283
https://www.ncbi.nlm.nih.gov/pubmed/15798039
https://doi.org/10.1056/NEJM198810203191603
https://doi.org/10.1046/j.1365-2141.2003.03907.x
https://doi.org/10.1002/cncr.23280
https://doi.org/10.1097/MPH.0000000000000887
https://doi.org/10.1111/bjh.13374
https://doi.org/10.3109/10428194.2012.750724
https://doi.org/10.1093/jnci/55.4.791
https://doi.org/10.1038/bjc.1973.26
https://www.ncbi.nlm.nih.gov/pubmed/4511989
https://doi.org/10.1038/bjc.1979.232
https://www.ncbi.nlm.nih.gov/pubmed/497113
https://doi.org/10.1002/1097-0142(19860115)57:2%3C305::AID-CNCR2820570219%3E3.0.CO;2-D
https://www.ncbi.nlm.nih.gov/pubmed/3942962
https://doi.org/10.1002/1097-0142(19830601)51:11%3C2112::AID-CNCR2820511126%3E3.0.CO;2-6
https://doi.org/10.1111/j.1749-6632.1975.tb25443.x
https://www.ncbi.nlm.nih.gov/pubmed/1060427


Cancers 2024, 16, 367 18 of 18

36. Jackson Chornenki, N.L.; James, T.E.; Barty, R.; Liu, Y.; Rochwerg, B.; Heddle, N.M.; Siegal, D.M. Blood Loss from Laboratory
Testing, Anemia, and Red Blood Cell Transfusion in the Intensive Care Unit: A Retrospective Study. Transfusion 2020, 60, 256–261.
[CrossRef] [PubMed]

37. Sait, S.; Zaghloul, N.; Patel, A.; Shah, T.; Iacobas, I.; Calderwood, S. Transfusion Related Iron Overload in Pediatric Oncology
Patients Treated at a Tertiary Care Centre and Treatment with Chelation Therapy. Pediatr. Blood Cancer 2014, 61, 2319–2320.
[CrossRef] [PubMed]

38. Kim, K.H.; Kim, J.W.; Rhee, J.Y.; Kim, M.K.; Kim, B.S.; Kim, I.; Bang, S.M.; Yoon, S.S.; Lee, J.S.; Han, K.S.; et al. Cost analysis of
iron-related complications in a single institute. Korean J. Intern. Med. 2009, 24, 33–36. [CrossRef]

39. Ihlow, J.; Gross, S.; Sick, A.; Schneider, T.; Flörcken, A.; Burmeister, T.; Türkmen, S.; Arnold, R.; Dörken, B.; Westermann, J. AML:
High serum ferritin at initial diagnosis has a negative impact on long-term survival. Leuk. Lymphoma. 2019, 60, 69–77. [CrossRef]

40. Aulbert, E.; Schmidt, C.G. Ferritin—A Tumor Marker in Myeloid Leukemia. Cancer Detect. Prev. 1985, 8, 297–302.
41. Cacciotti, C.; Athale, U. Transfusion-Related Iron Overload in Children with Leukemia. J. Pediatr. Hematol. Oncol. 2021, 43, 18–23.

[CrossRef]
42. Ruccione, K.S.; Wood, J.C.; Sposto, R.; Malvar, J.; Chen, C.; Freyer, D.R. Characterization of Transfusion-Derived Iron Deposition

in Childhood Cancer Survivors. Cancer Epidemiol. Biomarkers. Prev. 2014, 23, 1913–1919. [CrossRef] [PubMed]
43. Schneeweiss-Gleixner, M.; Greiner, G.; Herndlhofer, S.; Schellnegger, J.; Krauth, M.-T.; Gleixner, K.V.; Wimazal, F.; Steinhauser, C.;

Kundi, M.; Thalhammer, R.; et al. Impact of HFE Gene Variants on Iron Overload, Overall Survival and Leukemia-Free Survival
in Myelodysplastic Syndromes. Am. J. Cancer Res. 2021, 11, 955–967. [PubMed]

44. Ktena, Y.P.; Athanasiadou, A.; Lambrou, G.; Adamaki, M.; Moschovi, M. Iron Chelation with Deferasirox for the Treatment
of Secondary Hemosiderosis in Pediatric Oncology Patients: A Single-Center Experience. J. Pediatr. Hematol. Oncol. 2013, 35,
447–450. [CrossRef] [PubMed]

45. Scoglio, M.; Cappellini, M.D.; D’angelo, E.; Bianchetti, M.G.; Lava, S.A.G.; Agostoni, C.; Milani, G.P. Kidney Tubular Damage
Secondary to Deferasirox: Systematic Literature Review. Children 2021, 8, 1104. [CrossRef]

46. Amid, A.; Barrowman, N.; Vijenthira, A.; Lesser, P.; Mandel, K.; Ramphal, R. Risk Factors for Hyperferritinemia Secondary to Red
Blood Cell Transfusions in Pediatric Cancer Patients. Pediatr. Blood Cancer 2013, 60, 1671–1675. [CrossRef]

47. Lecka, M.; Czyzewski, K.; Debski, R.; Wysocki, M.; Styczynski, J. Impact of Ferritin Serum Concentration on SurvivalImpact of
Ferritin Serum Concentration on Survival in Children with Acute Leukemia: A Long-Term Follow-up in Children with Acute
Leukemia: A Long-Term Follow-up. Acta Haematol. Pol. 2021, 52, 54–60. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/trf.15649
https://www.ncbi.nlm.nih.gov/pubmed/31883275
https://doi.org/10.1002/pbc.25189
https://www.ncbi.nlm.nih.gov/pubmed/25154390
https://doi.org/10.3904/kjim.2009.24.1.33
https://doi.org/10.1080/10428194.2018.1461860
https://doi.org/10.1097/MPH.0000000000001849
https://doi.org/10.1158/1055-9965.EPI-14-0292
https://www.ncbi.nlm.nih.gov/pubmed/24962841
https://www.ncbi.nlm.nih.gov/pubmed/33791166
https://doi.org/10.1097/MPH.0b013e318292baf5
https://www.ncbi.nlm.nih.gov/pubmed/23669734
https://doi.org/10.3390/children8121104
https://doi.org/10.1002/pbc.24629
https://doi.org/10.5603/AHP.2021.0008

	Introduction 
	Materials and Methods 
	Patients 
	Laboratory Tests 
	Blood Transfusion 
	Statistical Analysis 

	Results 
	Blood Transfusions 
	Ferritin Levels in AML and ALL Patients before Therapy 
	Blood Transfusion Effects on Ferritin Levels in AML and ALL Patients 
	Blood Transfusion Volumes and Units among AML and ALL Patients 
	Ferritin Levels and Blood-Transfusion-Related Parameters Influence on the Outcome of the AML and ALL Patients’ Therapy 

	Discussion 
	Conclusions 
	References

