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Introduction

Acute Myeloid Leukemia (AML) is characterized by 
the uncontrolled proliferation of early myeloid precursor 
cells, referred to as myeloblasts, resulting in impaired 
bone marrow function and involvement of the bloodstream 
and organs [1]. Leukemia was the leading cause of death 
for hematologic malignancies at the global and regional 
scales, followed by non-Hodgkin lymphoma, multiple 
myeloma, and Hodgkin lymphoma, accordingly for 
45.8%, 34.9%, 15.5%, and 3.8% of total deaths in 2019, 
respectively [2]. 

   Irrespective of Allogeneic Stem Cell Transplantation 
(Allo-SCT) Long-term survival in AML continues to 
pose a significant challenge, influenced by a range of 
prognostic factors associated with the disease, patient 
characteristics, and treatment strategies [3]. Ferritin’s 
role as the primary intracellular iron storage protein 
has been established over many years [4]. Recent 
evidence shows the potential involvement of ferritin in 
proliferation, angiogenesis, immunosuppression, and 
iron delivery. Additionally, ferritin is highly expressed in 
tumor-associated macrophages and is recognized for its 
critical roles in tumor progression and therapy resistance 
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[5]. These findings propose serum ferritin as a prognostic 
biomarker and a potential target for leukemia treatment 
[6]. 

Recent research has provided groundbreaking insights 
into the disease’s mechanism, leading to the development 
of innovative approaches for combating AML [3]. A 
notable discovery includes the pivotal role of iron in 
the onset and progression of leukemia [4].  However, 
Information is scarce concerning the correlation between 
serum ferritin levels at diagnosis and treatment outcomes, 
particularly for patients with AML. While current evidence 
hints at the potential linkage between higher serum ferritin 
levels before transplantation and an adverse prognosis 
for the disease, our understanding is limited regarding 
AML patients who have yet to receive red blood cell 
transfusions.

Lebon et al. were the pioneers in reporting that 
heightened serum ferritin levels serve as unfavorable 
prognostic indicators for Overall Survival (OS) and 
Progression-Free Survival (PFS) in young AML patients 
with intermediate-risk karyotype [7]. Moreover, numerous 
studies have illustrated a notable correlation between 
elevated serum ferritin levels post-transplantation and an 
amplified risk of relapse, along with diminished overall 
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survival [8-10]. The heightened ferritin levels observed 
in these scenarios primarily stem from iron overload due 
to transfusions, hemolysis, and ineffective hematopoiesis 
[11]. Additionally, these studies encompassed a diverse 
range of chronic benign and malignant hematologic 
diseases.

Intriguingly, many AML patients showcase elevated 
ferritin levels at the onset of the disease before undergoing 
any blood product transfusions [7], and initial heightened 
ferritin levels in AML patients are suggested as a marker of 
tumor burden, linked to predicting diminished event-free 
survival in the intermediate or high-risk group [12-14]. 
Additionally, for certain AML patients, where ferritin 
levels reach or exceed 5000 ng/ml—often associated with 
hemophagocytic lymph histiocytosis (HLH), or may be 
related to hereditary hemochromatosis, there is a markedly 
elevated risk of mortality [15]. 

Serum ferritin (SF) level threshold exceeding 1000 
mg/l, which corresponds to the globally accepted range 
for cutoff values, signifies the requirement for therapeutic 
intervention in individuals with chronic hematologic 
diseases and iron overload [16]. Nevertheless, conflicting 
outcomes from various studies on this matter in Acute 
Myeloid Leukemia (AML) suggest that an elevated 
serum ferritin before transplantation may not function as a 
standalone prognostic indicator in individuals undergoing 
allogeneic hematopoietic stem cell transplantation 
(HSCT). Whether serum ferritin is independently 
associated with the survival of AML patients remains a 
subject of ongoing debate [17-20]. To our knowledge, 
there is no conclusive recommendation for administering 
iron chelation therapy based on serum ferritin levels in 
patients diagnosed with AML.

This systematic review and meta-analysis aimed to 
examine the association between high serum ferritin and 
the overall survival of adult AML patients. By finding a 
SF threshold for a significant poor outcome, study might 
provide insights into new therapeutic strategies in initial 
treatment of patients. 

Materials and Methods

This systematic review adheres to the guidance of 
the Cochrane Collaboration and follows the Preferred 
Reporting Items for Systematic Review and Meta-
analyses (PRISMA) statement. The research protocol was 
registered in PROSPERO with the assigned registration 
number CRD42023437260. The Embase, PubMed, 
PubMed Central, Web of Science, NIH, and Blood Library 
were searched using their respective database search 
engines up to September 2023. 

The search strategy involved utilizing the following 
keywords: “AML or “acute myeloid leukemia” or 
Leukemia Myeloid Acute” And “Iron Overload” or “serum 
ferritin” or “ferritin” And “survival” or “outcomes” And 
“inflammation”. Researchers also conducted manual 
searches through included articles and relevant references 
retrieved from the primary search results. These studies 
needed to provide data concerning serum ferritin levels 
at the time of AML diagnosis or before transplantation, 
with patients’ survival as a primary outcome. Exclusions 

comprised studies involving animals, pregnant patients, 
and children, those primarily conducted in a laboratory 
setting, non-English articles, reviews, editorials, surveys, 
poster presentations, and abstracts retrieved from major 
journals. The researchers also excluded papers presenting 
research in specific settings, such as the Intensive 
Care Unit (ICU), or based on alternative iron overload 
indicators in place of serum ferritin. 

In instances of uncertainties or diverging opinions 
among reviewers, a senior reviewer was approached to 
aid in reaching a definitive decision. Information from 
each incorporated study was systematically arranged and 
recorded in a predetermined data extraction spreadsheet. 
This spreadsheet encompassed details such as the primary 
author, publication year, study design, median or range of 
serum ferritin, cutoff values distinguishing low from high 
levels, inflammatory markers, follow-up duration, median 
survival, hazard ratio (HR), and 95% confidence interval 
(CI) for survival analysis based on the ferritin breakpoint.

Statistical Analysis
Two meta-analyses were conducted to calculate the 

overall risk ratio of the overall survival (OS) and event-
free survival (EFS) of the patients with high and low 
serum ferritin. Only three studies acquired the criteria 
necessary for conducting meta-analysis based on effect 
homogeneity and the presence of two comparative groups. 
The chi-square test and I2 statistics were used to assess 
the percentage of variability across studies attributable 
to heterogeneity beyond chance. The I2 statistics indicate 
the percentage of systematic variability across studies 
(range: 0%–100%), with larger values depicting greater 
heterogeneity. The random effects model was used if the 
heterogeneity test showed statistical significance (I2>50%, 
p<0.05); otherwise, we adopted a fixed effects model. 
As the number of included studies in the meta-analyses 
was insufficient (<10), potential publication bias was 
not assessed. The meta-analyses were performed using 
ReviewManager (RevMan) software (Version 5.4.1 
Nordic Cochrane Centre, Cochrane Collaboration, 2011), 
with a significance level set at p<0.05. 

Quality assessment 
We employed the Newcastle-Ottawa Scale (NOS) 

for both cohort and case-control studies, allowing us to 
scrutinize multiple aspects, including study participant 
selection, performance, detection, attrition, reporting 
biases, and other study-specific biases [21]. Each study 
was assigned a quality score, representing the level of 
bias risk.  

Results

Characteristics of the included studies
The comprehensive search across the specified 

databases initially identified a total of 1650 studies. After 
the removal of duplicates (n=111), 1539 studies remained. 
Further screening based on titles, abstracts, and scanning 
of the manuscripts led to 49 relevant articles undergoing 
dedicated full-text screening. In the final analysis, 16 
studies met the inclusion criteria; among these, three were 
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marker, with several studies (Penack et al. [24], Armand et 
al. [25], and Wahlin et al. [26]) noting improved survival 
rates at lower SF levels [24-26]. 

Specifically, the contributions from Kong et al. [18] 
Tachibana et al. [23] and Penack et al. [24] highlight the 
proactive approach of recent research in addressing the 
complexities of serum ferritin’s role in leukemia treatment. 
Collectively, these studies underscore the imperative 
of future research to refine methodological approaches 
and clinical guidelines, aiming for enhanced prognostic 
precision and improved treatment outcomes [18,23-24]. 

Initial Ferritin studies
Categorically, nine studies explored the association of 

serum ferritin with induction therapy, shedding light on 
its relevance in the initial phases of leukemia treatment. 
In a cohort study (Table 1) Tachibana et al. [23] found 
serum ferritin (SF) correlation with lactate dehydrogenase, 
C-reactive protein, and white blood cell count leading to 
poor performance status. The group with high ferritin 
levels (above 400 ng/mL) depicted a lower event-free 
survival (EFS) at the 5-year mark compared to the low 
ferritin group (30% vs. 40%; P = 0.033). Moreover, further 
analysis of the high-risk karyotype individuals indicated 
that elevated ferritin levels were predictive of worse EFS 

deemed suitable for meta-analysis, as depicted in the 
PRISMA chart (Figure 1), aligning with recent guidelines 
[22]. The detailed characteristics of these studies are 
showcased in Table 1.

Among the included research, 12 retrospective 
cohort studies provided insights into the historical data 
regarding serum ferritin dynamics in leukemia treatment, 
highlighting past clinical practices and outcomes. 
Complementing these, three prospective cohort studies 
- Kong et al. [18], Tachibana et al. [23], and Penack et 
al. [24] offered forward-looking perspectives, shedding 
light on emerging trends and future considerations in this 
domain [18,23-24]. Moreover, an interventional clinical 
trial conducted by Armand et al. [25] embarked on a deep 
dive into the relationship between serum ferritin levels 
and leukemia outcomes, though its reach was limited to 
five cases due to slow accrual [25].

A closer examination of the selected studies reveals a 
broad age range among participants, from 16 to 71 years, 
reflecting the extensive demographic spectrum involved 
in leukemia treatment studies. Serum ferritin (SF) cut-offs 
exhibited significant variability, ranging from 400 ng/
mL to 2515 ng/mL (Table 1). This diversity underscores 
the need for standardization in defining iron overload 
thresholds and points to the potential of SF as a prognostic 

Figure 1. PRISMA Chart
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(hazard ratio = 2.07; 95% confidence interval, 1.28-3.33; P 
=0.003), resulting in higher tumor burden and forecasting 
a poorer EFS for high-risk groups [23].

In Dou’s study, findings revealed that AML patients 
with SF levels exceeding 800 ug/L faced heightened risks 
of early mortality and sepsis during induction therapy. 
These results underscore the detrimental effect of elevated 
SF on survival outcomes in AML patients undergoing 
therapy. Additionally, the study highlighted the prognostic 
significance of the C-reactive protein to albumin ratio 
(CAR) in AML patients, revealing a critical cut-off value 
of 1.015 determined via ROC curve analysis. Elevated 
CAR levels were associated with lower rates of achieving 
complete remission (CR) post-induction chemotherapy 
and increased risk of disease relapse [12].    

Dudok and colleagues who included 108 patients 
with acute myeloid leukemia (AML) in their study, 
notably found that patients with SF levels above 800 
μg/L experienced a significantly higher incidence of early 
death (p = 0.020) and sepsis during induction therapy (p < 
0.010) compared to those with lower SF levels (Table 1). 
Furthermore, patients with lower SF levels demonstrated 
a higher rate of achieving complete remission (39.8%) 
compared to those with higher SF levels (26.9%), although 
without statistical significance (p = 0.874). Importantly, 
the study identified a critical SF cut-off value of 800 μg/L, 
beyond which disease-free survival was markedly shorter 
(12 months, 95%CI: 7.2 – 16.1) (p = 0.048). Univariate 
analysis further confirmed SF levels >800 μg/L as a 
significant predictor of poor overall survival (p = 0.019) 
and disease-free survival (p = 0.040) [27].

Lebon et al. conducted a comprehensive study 
(Table 1), focusing on the prognostic significance of 
serum ferritin (SF) levels. Through receiver operating 
characteristic (ROC) curve analysis, the study identified 
a cut-off value of >4 times the upper normal limit (>4n), 
which delineated patients at higher risk for adverse events. 
Patients with SF levels >4n exhibited distinct clinical 
characteristics, including higher white blood cell count 
and elevated c-reactive protein levels. Notably, ferritin 
>4n at diagnosis emerged as a poor prognostic factor for 
both disease-free survival (DFS) and overall survival (OS) 
in multivariate analysis (HR: 3.45, 95%CI: 1.98–6.04 for 
DFS; HR: 4.12, 95%CI: 2.29–7.42 for OS). Furthermore, 
patients with ferritin >4n had a significantly higher 
cumulative incidence of relapse compared to those with 
ferritin <4n, even among patients with favorable molecular 
prognosis (NPM1 mutation without FLT3-ITD) [7].

The study by Hong et al. involved 110 patients with 
AML undergoing induction chemotherapy. Their analysis 
revealed that elevated levels of CRP and ferritin were 
significantly associated with the incidence of systemic 
infection. Specifically, elevated CRP was related to 
infectious treatment-related mortality (TRM), while 
ferritin emerged as an independent risk factor for systemic 
infection. Furthermore, age and Eastern Cooperative 
Oncology Group (ECOG) performance status were also 
linked to an increased incidence of systemic infection [17].

In their investigation into iron overload during acute 
leukemia treatment, Yokus et al. examined a cohort of 50 
patients, predominantly diagnosed with acute myeloid 
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Figure 2. Meta Analysis- Serum Ferritin and Overall Survival

Figure 3. Meta Analysis Serum Ferritin and Event Free Survival 

Table 2. The Newcastle-Ottawa Scale (NOS) for assessing the Quality of Serum Ferritin Studies

leukemia (AML) or acute lymphoblastic leukemia (ALL). 
Notably, AML patients demonstrated elevated serum 
ferritin levels, indicating a greater propensity for iron 
overload, particularly evident at the 6-month mark (mean 
ferritin level of 1500 μg/l). This finding correlated with 
a higher incidence of erythrocyte transfusions among 
AML patients, with a median total of 42.5 units received 
during the study period, compared to 23 units in ALL 
patients [28].
Results of the meta-analyses

Two meta-analyses were conducted to show the effect 
of initial high serum ferritin on overall survival (OS) 

and Event-Free Survival (EFS) survival in patients with 
high and low serum ferritin respectively. The Hazard 
Ratio (HR) was considered a measure of the effect. In 
three studies (Lebon,2015; Ihlow, 2019; Ihlow, 2021) 
[7,14,26] consisting of 873 patients, the overall HR and 
95% CI were 1.99 (1.48-2.66), showing that high serum 
ferritin is a predictor of poor OS. There was no evidence 
of heterogeneity across the studies (I2=40%, P-value=0.19) 
(Figure 2). In the second meta-analysis, totaling 588 
patients, we compared event-free survival in patients 
with high and low serum ferritin [7,14,23]. The overall 
HR and 95% CI were 2.29 (1.73-3.05), showing that high 

Studies Selection Comparability Outcome Total Quaity 
Score

Author, year Representativeness 
of the exposed 

cohort

Selection 
of non-
exposed 
cohort

Ascertainment 
of exposure

Outcome of 
interest was 
not present 
at start of 

study

Comparabil-
ity of cases 
and controls

Assessment 
of outcome

Longetivity of 
follow-up for 
outcomes to 

occur

Adequacy 
of follow up 
for cohorts

Dou et al, 2022 1 0 1 1 2 1 1 1 8

Dudok et al, 2021 1 0 1 1 1 1 1 1 7

Kong et al, 2021 1 1 1 1 1 1 1 1 8

Yokus et al, 2021 1 0 1 1 2 1 1 1 8

Ihlow et al, 2020 1 1 1 1 2 1 1 1 9

Penack et al, 2020 1 0 1 1 1 1 1 1 7

Ihlow et al, 2019 1 0 1 1 1 1 1 1 7

Tachibana et al, 
2018

1 0 1 1 1 1 1 1 7

Artz et al, 2016 1 0 1 1 2 1 1 1 8

Hong et al, 2015 1 0 1 1 1 1 1 1 7

Lebon et al, 2015 1 0 1 1 1 1 1 1 7

Armand et al, 2013 1 0 1 1 2 1 0 1 7

Meyer et al, 2013 1 0 1 1 1 1 1 1 7

Kanda et al, 2011 1 0 1 1 2 1 1 1 8

Wahlin et al, 2010 1 0 1 1 1 1 1 1 7

Armand et al, 2007 1 0 1 1 2 1 1 1 8



Sanambar Sadighi et al

Asian Pacific Journal of Cancer Prevention, Vol 252958

Table 3. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Iron Chelator Studies

serum ferritin is also a predictor of poor EFS. There was 
no evidence of heterogeneity across the studies (I2=34%, 
P-value=0.22) (Figure 3).

Peritransplant studies
Seven studies focused on peritransplant serum ferritin 

(6998 patients), contributing to a nuanced understanding 
of its dynamics at different risk levels of the disease and 
therapeutic interventions [18, 24-25,29-32]. Research 
conducted by Kanda and colleagues on Allo-SCT 
examined individuals who experienced confirmed bacterial 
infections within 30 days following the transplantation 
procedure. The findings showed a 29.8% (17.6%-43.0%) 
infection rate in patients with serum ferritin (SF) levels 
above the cut-off (700), compared to 8.4% (2.7%-18.5%) 
in those below the cut-off. Furthermore, infection was 
identified as the cause of death in 29% of patients with 
high ferritin levels within the initial 100 days, as opposed 
to none in patients with ferritin levels below the cut-off 
[29]. Penack et al. [24] studied a cohort of 298 patients 
undergoing Allogeneic Stem Cell Transplantation (Allo-
SCT). Specifically, the OS and the incidence of relapse 
were significantly higher in the high ferritin group. At the 
12-month mark, the infection-related mortality rate was 
approximately 12% in patients with SF levels above the 
cut-off, in contrast to only 2% in those below the cut-off. 
The study also found that death after the last follow-up 
was attributed to infection in 10% of patients with SF 
levels above the cut-off, compared to 3% in patients 
below the cut-off after the last follow-up was attributed 
to infection in 10% of patients with SF levels above the 
cut-off, compared to 3% in patients below the cut-off [24]. 
Meyer et al. studied the impact of iron overload on the 
prognosis of patients undergoing Allo-HCT. Infection was 
found to be the cause of death in 5 (10%) of patients with 
SF levels above the median compared to 2 (9%) in patients 
with SF levels below the median in the first 6 months after 
transplant [30]. In a retrospective study, Tachibana et al. 
[23] explored the predictive value of serum ferritin levels 
and disease status for outcomes in Allo-SCT for patients 
with Acute Myeloid Leukemia (AML) or Myelodysplastic 
Syndrome (MDS), using a ferritin threshold of 1,000 ng/
ml. During a median follow-up of 4.5 years, 61 patients 
remained alive and in remission, with primary causes of 

death including relapse, infection (in 10 cases), and graft-
versus-Host Disease (GVHD) [23].

The study by Meyer et al., with a median follow-up 
of 5.3 years, meticulously documents the dynamics of 
iron metabolism post-allogeneic HSCT, highlighting 
the significant elevation of ferritin levels pre-HSCT 
(median of 1,322 mg/L), which further peaks between 1 
to 3 months post-transplant (medians of 2,660 and 2,337 
mg/L, respectively). This peak is followed by a gradual 
normalization, reaching near-normal levels at 5 years 
(224 mg/L). This trajectory is mirrored by transferrin 
saturation and iron, which also peak early post-transplant 
and subsequently decrease. Interestingly, a significant 
proportion of patients exhibited ferritin levels indicative of 
relevant iron overload (>1,000 mg/L) across various post-
transplantation timelines, underscoring the persistence of 
iron overload in the post-transplantation phase. The study 
aligns with previously published data, confirming the 
detrimental impact of elevated pre-transplantation ferritin 
levels on survival (P = .04), with landmark analysis further 
elucidating the persistently negative prognostic effect 
of high ferritin levels across all post-transplant periods 
analyzed [30]. In contrast, Armand et al. [25] despite 
not finding a direct correlation between serum ferritin 
(SF) and relapse in acute leukemia, identified elevated 
SF levels (>2,500 mg/L) as significantly associated with 
lower overall survival (HR of 1.7, P = 0.007), highlighting 
the nuanced impact of iron parameters on post-transplant 
outcomes [25].

Multiple studies have explored iron chelation 
therapy’s role in leukemia treatment and post-transplant 
iron overload. Cho et al. found longer survival in AML 
patients treated with deferasirox despite dose reductions 
due to adverse effects [31]. Vallejo et al. observed reduced 
serum ferritin levels with deferasirox but noted adverse 
events. High post-transplant serum ferritin levels were 
linked to reduced survival, emphasizing the importance 
of iron removal therapies [32]. Additionally, combining 
deferasirox with vitamin D prolonged survival in AML 
patients unresponsive to other therapies [33-34]. Kong 
et al. [18] found lower transplant-related mortality in 
patients undergoing iron chelation pre-transplant [18]. A 
clinical trial testing peri-transplant iron chelation faced 
recruitment challenges [25]. 

Studies Selection Comparability Outcome Total Quality 
Score

Author, Year Representativeness 
of the exposed 

cohort

Selection 
of non-
exposed 
cohort

Ascertainment 
of exposure

Outcome of 
interest was 
not present 
at start of 

study

Comparability 
of cases and 

controls

Assessment 
of outcome

Longetivity 
of follow-up 
for outcomes 

to occur

Adequacy of 
follow up for 

cohorts

Argenziano et al, 2021 0 0 1 1 2 1 1 0 6

Kong et al, 2021 1 1 1 1 1 1 1 1 7

Tachibana et al, 2018 1 0 1 1 1 1 1 1 7

Taher et al, 2018 1 1 1 1 1 1 1 1 8

Vallejo et al, 2014 1 0 1 1 1 1 1 1 7

Armanda et al, 2013 1 0 1 1 2 1 0 1 7

Kennedy et al, 2013 1 0 1 1 1 1 1 1 8

Paubelle et al, 2013 1 0 1 1 1 1 1 1 7
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Risk of bias in included studies
The Newcastle-Ottawa Scale (NOS) was employed 

to assess the quality of included studies, focusing on 
selection, comparability, and outcome measures to 
evaluate the overall risk of bias, as presented in Table 2 
[21]. The analysis revealed that, while the majority of 
studies exhibited strong selection criteria, ensuring the 
robust representation of study populations, specifically, 
the selection of non-exposed cohorts was often lacking, 
as evidenced by several studies scoring zero in this 
area. Furthermore, while ascertainment of exposure was 
generally well-addressed, the comparability of cases and 
controls varied, with some studies receiving lower scores 
due to insufficient adjustment for key variables. These 
variations highlight the necessity for methodological 
refinement. In terms of outcome measures, most studies 
adhered to objective and reliable outcome measurement 
practices. The total quality scores of the studies ranged 
from 7 to 9 (one 6 in Table 3), indicating a generally high 
level of methodological quality across the board. Despite 
these areas for improvement, the studies predominantly 
adhered to objective and reliable outcome measurement 
practices. 

Discussion

This study has demonstrated a statistically significant 
association between unadjusted serum ferritin levels 
above 1000 mg/L or adjusted by CRP levels above 750 
mg/L and both overall survival (OS) and event-free 
survival (EFS) among AML patients before initiating 
treatment. Elevated serum ferritin levels are inversely 
correlated with the gradual onset of infections. In such 
cases, heightened serum ferritin levels are associated with 
an increased risk of early mortality, with infection being 
the primary contributing factor [31]. This investigation 
could open up promising possibilities for personalized 
treatment approaches for AML patients with iron overload 
at diagnosis. 

The majority of participants in the meta-analysis, 
the systematic review, had acute myeloid leukemia 
(AML) without concurrent hematological malignancies 
and underwent standard induction chemotherapy. An 
unadjusted threshold of >1000 mg/l for serum ferritin 
(SF) level aligns with the internationally accepted range 
for cutoff values, indicating the need for therapeutic 
intervention in patients with hematologic diseases and 
iron overload. However, there is currently no widely 
acknowledged algorithm for quantitatively adjusting 
elevated serum ferritin (SF) levels based on an individual’s 
(subclinical) inflammation status. Nevertheless, the 
algorithm employed in the two studies is sourced from 
comprehensive published research and relies on serum 
CRP values [13-14]. One study excluded patients based 
on CRP levels above normal values [28]. 

The connection between excess iron levels and the 
results of various types of leukemias, particularly in 
the context of transplantation, has been assessed in a 
few meta-analyses [8,35]. Yet, as far as we know, there 
hasn’t been a systematic review examining the distinct 
impact of serum ferritin specifically on the survival of 

individuals with AML. Elevated ferritin levels identified 
in this systematic review have been linked to unfavorable 
outcomes, establishing a connection between iron 
metabolism and critical aspects of acute myeloid leukemia 
(AML) development, including cell proliferation and 
inflammation. The investigations involved the assessment 
of patients exhibiting diminished overall survival (OS) 
and disease-free survival (DFS), associating heightened 
serum ferritin (SF) levels with excessive growth of bone 
marrow cells. The primary emphasis is on the observation 
that AML patients without pre-existing conditions mostly 
do not necessitate transfusions before treatment, and 
ferritin could serve as an indicator of disease burden 
and inflammation. Nearly all the studies integrated into 
this systematic review revealed a noteworthy correlation 
between serum ferritin and well-known inflammatory 
biomarkers such as C-reactive protein (CRP), albumin, 
and fibrinogen [1, 36-37]. Furthermore, the three studies 
by Tachibana et al, Wahlin et al. [26] and Kanda et al. 
[23, 26, 29], employing SF cutoff points below the iron 
overload threshold (<1000 mg/L or adjusted <750 mg/L), 
demonstrated a substantial hyperferritinemia impact on 
the OS of AML patients. This effect was attributed to 
immunosuppressive effects leading to increased rates of 
relapse [7, 8, 30] and mortality related to infections [8,24, 
29-30] or chemotherapy-related toxicity [31].

Ihlow et al. and Dudok et al. [14,27] found that 
with adjusting serum ferritin levels based on elevated 
C-reactive protein (CRP) patients with higher baseline 
serum ferritin levels (>750 mg/l) experienced higher 
non-relapse mortality (NRM). This increased mortality 
is primarily attributed to iron-related toxicity during 
chemotherapy. Research has shown that elevated levels of 
C-reactive protein (CRP) and ferritin in the bloodstream 
are associated with a higher risk of systemic infection, 
regardless of white blood cell count [14]. In a study 
focusing on elderly AML patients, the same research 
team found a significant correlation between non-adjusted 
serum ferritin (SF) levels exceeding 1000 and elevated 
mortality rates in individuals undergoing intensive 
induction chemotherapy [38]. This suggests that SF 
could serve as a biomarker that is concerning in terms 
of guidance for therapeutic decisions for older AML 
patients, whose long-term survival is only 10%-15% [14, 
38]. When addressing elderly patients with acute myeloid 
leukemia (AML), retrospective studies indicate that iron 
chelator plus Vitamin D therapy is associated with a 
heightened overall survival rate [33-34]. 

As per guidelines set by the European Leukemia 
Net (ELN), a significant proportion of acute myeloid 
leukemia (AML) patients who achieve initial complete 
remission (CR) are at risk of relapse unless they undergo 
post-remission therapy [1]. The objective of such therapy 
is to eliminate residual, undetectable diseases to ensure 
sustained disease control and a potential cure. Allogeneic 
stem cell transplantation (Allo-SCT) is considered 
among the available options for post-remission therapy. 
Notably, in all studies within this domain, serum ferritin 
(SF) levels have served as a surrogate marker for iron 
overload. Additionally, pre-transplant serum ferritin levels 
could serve as a useful indicator for predicting the risk 
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of early bacterial complications and mortality after Allo-
SCT. In the context of transplantation, existing literature 
underscores the reverse relationship between relapse 
and graft-versus-host disease (GVHD), underscoring 
the immunosuppressive impacts of iron overload and 
elevated ferritin levels [20, 31]. In our comprehensive 
review, we observed an association between pre-transplant 
serum ferritin levels and the susceptibility to relapse. 
Some of the studies we examined indicated a positive 
and straightforward correlation, indicating that increased 
post-transplant ferritin levels were associated with a higher 
probability of mortality due to relapse, although this 
connection was not consistently observed in all studies.

Meyer et al. focused on the timing of peak serum 
ferritin levels in the context of allogeneic stem cell 
transplantation (Allo-SCT), determining that this 
peak typically occurs within one to six months post-
transplantation. They underscored iron overload as the 
leading cause of hyperferritinemia during this period [30]. 
In the Yokus et al study, it was revealed that within six 
months, patients with iron overload received a median 
total of 42.5 units of erythrocyte transfusion, whereas 
those without iron overload received only 23 units. 
The research concludes that, especially in diseases like 
acute leukemias, the main cause of iron overload stems 
from multiple blood transfusions [28]. Meyer et al. also 
concluded that over five years, iron overload significantly 
impacts post-transplantation mortality, highlighting the 
potential benefits of efforts to reduce iron overload both 
before and after transplantation [30]. These risks are 
primarily associated with immune suppression, organ 
failure, and infection rates, which are major contributors 
to mortality and ultimately influence the overall survival 
of transplant recipients [31].

Iron chelator therapy, recognized for its dual efficacy in 
treating leukemia and preventing complications, has been 
employed in clinical trials and case studies for patients 
with the disease and transfusion-related iron overload. Iron 
chelators such as deferoxamine (DFO) and deferasirox 
(DFX) have been demonstrated the ability to inhibit the 
generation of deoxyribonucleotides, resulting in G1/S 
cell cycle arrest in leukemia cells, inducing apoptosis in 
leukemia cells, and impede various signaling pathways 
[37, 39-40]. This sequence of events leads to an increase 
in platelet production, the suppression of leukemia 
cell growth, and the promotion of their differentiation 
[41]. Moreover, when utilized in combination with 
conventional chemotherapy medications, iron chelators 
exhibit synergistic effects, enhancing the responsiveness 
of leukemia cells to treatment [42]. Nevertheless, it is 
essential to acknowledge that the effectiveness of iron 
chelators may vary based on the specific chemotherapy 
drug employed. In a phase I trial involving 31 patients, 
primarily those with refractory acute leukemia, it 
was observed that four achieved complete remission 
(CR) and a longer median survival after receiving a 
combination of 3-AP and Ara-C. However, the study 
documented the occurrence of dose-limiting toxicities, 
including mucositis, neutropenic colitis, neuropathy, and 
hyperbilirubinemia. Other phase I trials reported a similar 
pattern of dose-related toxicities (DLTs) with a 3-AP and 

Ara-C combination. [43-45]. The prognosis for older 
individuals (aged 65 years or more) diagnosed with acute 
myeloid leukemia (AML) is generally grim, particularly 
for those who are not eligible for intensive therapies. In 
such situations, promoting blast differentiation is similar to 
the mechanism seen with all-trans-retinoic acid (ATRA) in 
treating promyelocytic leukemia (APL), a specific subtype 
of AML, could represent a promising strategy. 

One strength of this systematic review lies in its 
examination of serum ferritin (SF) levels both at the 
initiation of treatment and during the transplantation 
phase. Additionally, by comparing outcomes based on 
SF cutoff values across various studies, we aimed to 
identify differences in SF as an inflammatory and iron 
overload surrogate biomarker. The diversity in study 
designs including both retrospective and prospective 
studies enhances the comprehensiveness of our analysis, 
incorporating data from various research methodologies. 
Furthermore, it is worth mentioning that we specifically 
delved into the effects of iron chelator therapy in AML. 
This aspect contributes a valuable perspective to our 
examination of serum ferritin dynamics within the realm 
of AML treatment. However, our review has several 
limitations. inconsistencies arose among studies due to 
researchers using varying ferritin levels (ranging from 
400 to 2500 mg/l) for statistical analysis. This variation 
in serum ferritin cut-off points across studies limits the 
extent of meta-analysis. Certain studies, particularly in the 
peri-transplant group, included cases of myelodysplastic 
syndrome (MDS) and acute lymphoblastic leukemia 
(ALL) alongside acute myeloid leukemia (AML) patients, 
but we tried to use just AML data. Importantly, the 
study only considered literature in English, potentially 
excluding relevant studies in other languages. Despite 
conducting an extensive search for recent prospective 
and retrospective studies, the heterogeneity in therapeutic 
strategies, which encompass criteria for allogeneic 
stem cell transplantation (Allo-SCT), transplant source, 
graft-versus-host disease (GVHD) prevention, infection 
prophylaxis, and differences in follow-up durations among 
studies, poses a challenge. Future research should aim 
to address these sources of heterogeneity by employing 
standardized methodologies and clearly defined inclusion 
criteria to enhance comparability across studies in this 
field. Additionally, in the context of iron chelators, there 
is a recognized need for advanced clinical trials and large 
prospective cohorts that include validation studies on less 
toxic medications [45].

In conclusion currently, the main clinical approaches 
for managing AML involve chemotherapy and bone 
marrow transplantation. However, a potential shift in the 
treatment paradigm for AML, especially in medically unfit 
patients, may emerge by focusing on iron metabolism. 
This systematic review and meta-analyses have revealed 
that hyperferritinemia impacts the overall survival and 
event-free survival of AML patients, with iron chelators 
showing potential to improve patients’ outcomes. 
Nevertheless, the toxicity associated with current iron 
chelators underscores the importance of exploring new, 
less toxic options with multiple effects which has the off-
label potential to reshape the landscape of AML treatment. 
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Further research and extensive clinical trials are essential 
to gain a deeper understanding of the optimal utilization 
of these treatments and their wide spectrum of benefits.
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