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ABSTRACT
Background: Myelodysplastic syndromes (MDS) encompass a heterogeneous group of haematological neoplasms characterized 
by ineffective haematopoiesis and a variable risk of transformation to acute myeloid leukaemia (AML). Elevated serum ferritin 
(SF), a marker of iron overload (IO), has been linked to poorer outcomes in MDS. However, the impact of pre-treatment SF levels 
on azacytidine (AZA) response and survival outcomes remains unclear.
Methods: This retrospective cohort study included patients with World Health Organization-defined MDS or AML with 
20%–30% bone marrow blasts treated with AZA at the Virgen de la Victoria University Hospital (Málaga, Spain) from 2007 
onwards. Patients were stratified into three groups based on pre-treatment SF levels: < 500 ng/mL, 500–1000 ng/mL and 
> 1000 ng/mL. Logistic regression and Kaplan–Meier methods were used to analyse overall response (OR) and overall sur-
vival (OS).
Results: Among 240 patients, 190 with available SF data were analysed. Patients with SF > 1000 ng/mL showed significantly 
lower OR (24.2%) and shorter OS (median: 10.1 months) compared to those with SF < 500 ng/mL (OR: 71.4%, OS: 18.2 months) 
and 500–1000 ng/mL (OR: 82.6%, OS: 20.5 months) (p < 0.0001 for OR, p = 0.001 for OS). Multivariate analysis confirmed elevated 
SF as an independent predictor of poorer outcomes.
Conclusions: Elevated pre-treatment SF levels are strongly associated with reduced response and survival in patients with MDS 
or AML treated with AZA. Early IO management, such as iron chelation, may improve treatment outcomes.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2025 The Author(s). Cancer Medicine published by John Wiley & Sons Ltd.

Gloria Moreno Carrasco and Rodolfo Matias Ortiz Flores contributed equally to this work. 

https://doi.org/10.1002/cam4.71127
https://doi.org/10.1002/cam4.71127
https://orcid.org/0000-0003-4509-0161
mailto:
https://orcid.org/0000-0001-9135-5330
mailto:regina.garcia.delgado.sspa@juntadeandalucia.es
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcam4.71127&domain=pdf&date_stamp=2025-08-04


2 of 8 Cancer Medicine, 2025

1   |   Introduction

Myelodysplastic syndromes (MDS), as classified by the French-
American-British (FAB) system including diseases such as 
refractory anaemia and chronic myelomonocytic leukaemia, 
represent a diverse spectrum of haematological neoplasms 
marked by ineffective haematopoiesis and a highly variable 
risk of transformation to acute myeloid leukaemia (AML) [1]. 
This disease heterogeneity encompasses a wide range of cyto-
genetic anomalies and impaired differentiation of haematopoi-
etic progenitors, contributing to variable clinical outcomes [2]. 
Among patients with MDS, dependence on red blood cell (RBC) 
transfusions and iron overload (IO) has emerged as critical prog-
nostic indicators, adversely influencing both OS and quality of 
life [3–5].

Serum ferritin (SF), an established surrogate marker of iron 
stores, is commonly employed to evaluate IO in patients with 
MDS. Elevated SF levels correlate with an increased risk of organ 
dysfunction, including cardiac, hepatic and endocrine compli-
cations, thereby contributing to poorer clinical outcomes [6]. 
Furthermore, IO is associated with oxidative stress and cellular 
injury, which can potentially diminish the efficacy of therapies 
such as azacytidine (AZA) [7, 8]. Patients with MDS, particularly 
those classified as low-risk, often rely on transfusional support 
to maintain adequate haemoglobin levels and improve quality of 
life. However, repeated transfusions can lead to secondary IO, 
which may interfere with the efficacy of subsequent treatments, 
including hypomethylating agents. In the present study, we eval-
uated a cohort of patients with transfusion-related IO, using the 
FAB classification system as recorded in their clinical documen-
tation at the time of diagnosis. Due to incomplete cytogenetic 
data in some cases and the retrospective nature of this work, no 
reclassification was performed, as it was not essential to address 
the primary objective of this analysis.

AZA has demonstrated efficacy in improving haematopoiesis, 
reducing transfusion dependency and extending OS in MDS 
[9]. Its mechanisms include epigenetic modulation, as shown by 
Thoms et al., who reported CpG methylation changes in haema-
topoietic progenitors, and Raj et al., who observed gene-specific 
demethylation in responsive patients [10, 11]. Clinically, AZA at 
75 mg/m2 for 7 days every 28 days achieves haematological re-
sponse rates of 37.5%–49% in high-risk MDS [12]. It enhances 
erythroid progenitor function, increasing CFU-e and BFU-e col-
ony formation, which correlates with higher haemoglobin levels 
and transfusion independence [13]. Additionally, improved re-
sponses have been linked to STAT3/STAT5 pathway modulation 
and enhanced megakaryocytic differentiation [11, 12]. Despite 
these benefits, the impact of pre-treatment SF levels on response 
and survival remains unclear. This study explores whether el-
evated SF predicts worse outcomes in MDS patients treated 
with AZA.

Recent prognostic models have incorporated pre-transplant SF 
levels as a predictor of survival following stem cell transplan-
tation (SCT) for acute leukaemia or MDS [9]. These findings, 
coupled with the results presented in this study, underscore 
the prognostic utility of measuring pre-SCT SF levels to predict 

transplantation outcomes in patients with AML or MDS, par-
ticularly in the setting of advanced MDS and high-risk AML, 
where elevated SF has been identified as an unfavourable fac-
tor for survival post-allogeneic SCT [14, 15]. Emerging evidence 
further suggests that IO is an important predictor of SCT out-
comes [9].

The aim of this work was to address the impact of pre-
treatment SF levels on OR and OS in patients with World Health 
Organization (WHO)-defined MDS or AML with 20%–30% bone 
marrow blasts treated with AZA through a compassionate-use 
program in Spain. We hypothesise that elevated pre-treatment 
SF levels are associated with suboptimal response rates and in-
ferior OS, emphasising the need for timely interventions to miti-
gate iron accumulation in this patient population.

2   |   Methods

2.1   |   Study Design and Patient Population

This observational retrospective cohort study aims to assess the 
impact of pre-treatment SF levels on OR and OS in patients with 
MDS or AML with 20%–30% bone marrow blasts treated with 
AZA. Eligible patients were diagnosed between 2007 and 2023 
and met WHO criteria for MDS or AML with 20%–30% bone 
marrow blasts, consistent with the diagnostic standards in use 
during the early years of the study period and received AZA as 
part of their treatment regimen.

2.2   |   Data Collection

Patient demographics, clinical characteristics and laboratory 
data were retrospectively extracted from medical records. 
Baseline variables included age, sex, bone marrow blast per-
centage, International Prognostic Scoring System (IPSS) risk 
category (selected as it was the accepted standard during the 
primary data collection period), haemoglobin level, platelet 
count, absolute neutrophil count, transfusion dependency and 
pre-treatment SF levels. Although more recent prognostic mod-
els such as IPSS-R and IPSS-M have been developed, the origi-
nal IPSS classification was used in this study because it was the 
validated, sufficient and clinically accepted standard at the time 
of diagnosis and therapeutic decision-making for the majority 
of patients. This framework provided the necessary prognostic 
stratification according to prevailing guidelines during the data 
collection period. Retrospective reclassification was not feasible 
due to the lack of comprehensive molecular data. Patients were 
categorised into three groups based on pre-treatment SF levels: 
< 500 ng/mL, 500–1000 ng/mL and > 1000 ng/mL. The thresh-
olds were determined based on prior studies, which indicate 
that SF levels exceeding 1000 ng/mL are significantly associ-
ated with an increased risk of IO-related complications, while 
500 ng/mL serves as a reference point distinguishing normal 
from moderately elevated iron stores [3, 9]. No patients received 
erythropoiesis-stimulating agents (ESAs) prior to AZA initia-
tion, as all belonged to intermediate-2 or high IPSS risk catego-
ries, where ESA use is not routinely indicated.
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2.3   |   Treatment and Response Assessment

All patients received AZA at a dose of 75 mg/m2 administered 
subcutaneously for 7 consecutive days every 28 days, following 
standard clinical practice guidelines. Haematological responses 
were assessed based on the International Working Group (IWG) 
criteria for MDS (2006) and AML (2003), as these were the ac-
cepted standards during the period of data collection. Responses 
were classified into the following categories: complete response 
(CR), marrow complete response (mCR), partial response (PR), 
haematological improvement (HI), stable disease (SD) or pro-
gressive disease (PD). The best overall response (BOR) included 
CR, mCR, PR, HI and complete cytogenetic response (CCyR).

2.4   |   Statistical Analysis

Baseline characteristics across SF level groups were com-
pared using chi-squared, Fisher's exact test or likelihood ratio 
chi-square for categorical variables, and Mann–Whitney U, 
Wilcoxon rank-sum or Kruskal–Wallis tests for continuous vari-
ables. Logistic regression was utilised to evaluate the impact of 
pre-treatment SF levels on OR, adjusting for potential confound-
ers, including age, sex, IPSS risk category and transfusion de-
pendence. OS was evaluated using the Kaplan–Meier method, 
with group comparisons performed using the log-rank test. 
Independent prognostic factors for OS were identified using a Cox 
proportional hazards model. The proportional hazards assump-
tion was tested using Schoenfeld residuals. The test revealed 
that ferritin did not meet the proportional hazards assump-
tion (p = 0.0083), while all other covariates were proportional 
(p > 0.05). To address this, a stratified Cox model was applied. 
Given the retrospective design and moderate sample size of our 
cohort, more advanced time-varying models were not applied, 
as they could compromise statistical robustness and increase 
the risk of overfitting. The stratified Cox model was considered 
the most appropriate method to account for non-proportional 
hazards in this context. SF was selected as the primary variable 
in the multivariate model because it is a well-established surro-
gate marker for IO, integrating both transfusion-dependent and 
transfusion-independent iron accumulation. Prior studies have 
demonstrated its prognostic impact on survival and treatment 
response, beyond transfusion history alone [3, 10]. Additionally, 
univariate analysis showed that while transfusion dependency 
was associated with OS, its effect was largely mediated by fer-
ritin levels, which remained independently significant in mul-
tivariate analysis. As explained above, no reclassification of 

MDS subtypes was performed, since ferritin levels were the pri-
mary prognostic variable of interest [7]. All statistical analyses 
were conducted using SAS software (version 9.2; SAS Institute, 
Cary, NC, USA). Data with p < 0.05 were considered statistically 
significant.

2.5   |   Ethical Considerations

The study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Ethics Committee of the 
Hospital Universitario Virgen de la Victoria, Málaga, Spain. 
Informed consent was obtained from all patients prior to their 
inclusion in the compassionate-use program, following all appli-
cable ethical regulations.

3   |   Results

3.1   |   Univariate and Multivariate Analysis

Table 1 presents the univariate and multivariate analysis results 
for OS. Pre-treatment SF levels > 1000 ng/mL remained an in-
dependent predictor of shorter OS (adjusted HR: 1.85, 95% CI: 
1.32–2.61, p = 0.0012), even after adjusting for IPSS, transfusion 
dependency and age.

3.2   |   Baseline Characteristics of the Study 
Population

The study cohort included 240 patients treated at our hos-
pital. Of these, 190 patients had baseline and post-AZA SF 
data available, meeting the inclusion criteria for this analy-
sis. The majority of patients were male (n = 160; 66.9%), with 
a median age of 70 years (range, 28–86 years). Information 
on prior treatments, including ESAs such as erythropoietin 
or luspatercept, as well as the number of transfusions before 
AZA initiation, was not systematically recorded in the avail-
able dataset. Therefore, these potential confounders could not 
be included in the analysis. The median time from diagnosis 
to the initiation of AZA treatment was 205 days (95% CI, 61–
671 days). Diagnoses in the overall cohort were categorised ac-
cording to the FAB system: 90 patients (41.8%) had refractory 
anaemia with excess blasts (RAEB), 59 (27.4%) had refractory 
anaemia (RA), 32 (14.9%) had refractory anaemia with ringed 
sideroblasts (RARS), 18 (8.4%) had chronic myelomonocytic 

TABLE 1    |    Univariate and multivariate analysis results for overall survival (OS).

Variable
Univariate HR 

(95% CI)
Univariate 

p value
Multivariate 
HR (95% CI)

Multivariate 
p value

0 Ferritin 
> 1000 ng/mL

2.10 (1.50–2.95) 0.0001 1.85 (1.32–2.61) 0.0012

1 Age 1.05 (1.01–1.09) 0.0050 1.04 (1.00–1.08) 0.0150

2 IPSS high 1.75 (1.22–2.51) 0.0020 1.42 (1.05–2.08) 0.0280

3 Transfusion 
dependency

1.98 (1.45–2.72) 0.0003 1.72 (1.30–2.35) 0.0025
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leukaemia (CMML) and 16 (7.4%) had RAEB in transforma-
tion (RAEB-t) (Table 2). IPSS risk stratification of the patients 
identified 24 (10.2%) as high-risk, 46 (19.6%) as low-risk, 18 
(7.6%) as unknown or non-valuable, 92 (39.1%) as intermedi-
ate-1 (Int-1) and 55 (23.4%) as intermediate-2 (Int-2) patients 
(Table 2). Among the 190 patients with evaluable SF levels, the 

mean pre-AZA ferritin level was 1286.3 ng/mL, while the me-
dian ferritin level was 1001 ng/mL (Table 3). In Figure 1, the 
distribution of pre-treatment SF levels across the three study 
groups is shown in the boxplot highlights. Median, interquar-
tile range (IQR) and outliers provide a more detailed visuali-
sation of data variability.

3.3   |   Overall Response

The 190 patients with available pre-AZA SF levels were di-
vided into three groups: < 500 ng/mL SF (n = 49), 500–1000 ng/
mL SF (n = 46) and > 1000 ng/mL SF (n = 95). The overall 
response rate (ORR) varied significantly across the SF level 
groups. Patients with SF levels < 500 ng/mL and 500–1000 ng/
mL demonstrated higher ORR compared to those with SF 
> 1000 ng/mL. Specifically, ORR was 71.4% in the < 500 ng/
mL group, 82.6% in the 500–1000 ng/mL group and 24.2% in 
the > 1000 ng/mL group (p < 0.0001) (Table 4). Logistic regres-
sion analysis revealed that pre-treatment SF levels > 1000 ng/
mL were significantly associated with a lower likelihood of 
achieving OR compared to SF levels < 500 ng/mL (adjusted 
OR = 0.23, 95% CI: 0.11–0.49, p < 0.0001). Additionally, treat-
ment responses varied substantially across IPSS risk catego-
ries. As shown in Table  S1, ORRs were highest in low-risk 
patients (62.5%), followed by intermediate-1 (48.9%) and inter-
mediate-2 (45.4%) categories. In contrast, no major responses 
were observed among patients classified as high-risk (0.0%). 
This trend persisted at 4 and 6 months, with gradual increases 

TABLE 2    |    Patient baseline characteristics according to pre-AZA SF levels.

Characteristic
SF < 500 ng/
mL (n = 49)

SF 500–1000 ng/
mL (n = 46)

SF > 1000 ng/
mL (n = 95) Total (N = 190) p

Median age, years 69 70 70 70 0.9788

Male, % 75.5 65.2 69.2 69.8 0.5390

IPSS risk group, %

Low 28.6 24.4 14.1 20.4 0.5653

Int-1 34.7 33.3 41.3 37.6

Int-2 22.5 24.4 26.1 24.7

High 8.2 13.3 8.7 9.7

Unknown 6.1 4.4 9.8 7.5

Absolute neutrophil count, 
mean ± SD, g/L

2.0 ± 2.2 2.3 ± 2.1 3.0 ± 8.6 2.6 ± 6.3 0.6285

Platelets, mean ± SD, g/L 140.1 ± 127.2 167.5 ± 155.9 146.7 ± 161.4 149.9 ± 151.4 0.6601

Hb level, mean ± SD, g/dL 10.3 ± 2.1 9.0 ± 1.7 9.5 ± 1.9 9.6 ± 1.9 0.0041

RBC-transfusion dependence, % 65.3 87.0 80.0 77.9 0.0362

Abbreviations: Int, intermediate; SD, standard deviation.

TABLE 3    |    Pre-AZA ferritin levels.

N Mean Median Std dev Minimum Maximum Lower quartile Upper quartile N miss

190 1286.300 1001.000 1039.534 21.000 5548.000 480.000 1746.000 50

FIGURE 1    |    Boxplot of pre-treatment serum ferritin levels stratified 
into three groups: < 500 ng/mL, 500–1000 ng/mL and > 1000 ng/mL. 
The plot illustrates the distribution, median and variability of ferritin 
levels in each category, providing a clearer representation of data dis-
persion compared to histograms.
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in response over time in intermediate-risk groups. To better 
understand the impact of disease risk on treatment outcomes, 
ORRs were also stratified according to the IPSS risk catego-
ries. Full response data stratified by IPSS risk categories are 
provided in Table S1. Patients with low-risk MDS had the high-
est OR (62.5%), whereas high-risk MDS showed no significant 
responses. A similar trend was observed at 4 and 6 months, 
with response rates increasing over time in intermediate-risk 
groups.

3.4   |   Survival Outcomes

Median OS was significantly shorter in patients with SF levels 
> 1000 ng/mL compared to those with lower SF levels. The me-
dian OS for the < 500 ng/mL, 500–1000 ng/mL and > 1000 ng/
mL groups was 18.2 months, 20.5 months and 10.1 months, re-
spectively (p = 0.0012) (Figure 2). Kaplan–Meier survival analy-
sis revealed a significantly reduced OS for patients with SF levels 
> 1000 ng/mL compared to those with SF levels < 500 ng/mL 
(log-rank test p = 0.0023). Multivariate analysis confirmed that 

SF > 1000 ng/mL was an independent predictor of poor OS (ad-
justed HR: 2.15, 95% CI: 1.36–3.41, p = 0.0012). However, due to 
the violation of the proportional hazards assumption for ferritin 
(p = 0.0083), a stratified Cox model was used to ensure appropri-
ate model fitting. While most covariates satisfied the assumption 
(p > 0.05), ferritin levels violated proportionality (p = 0.0083), in-
dicating non-constant effects over time (Figure 3). To account 
for this, a stratified Cox model was applied, adjusting for fer-
ritin as a categorical variable (≤ 500 ng/mL, 500–1000 ng/mL, 
> 1000 ng/mL).

3.5   |   Subgroup Analysis and Independent Impact

Subgroup analyses provided additional insights into the effect 
of transfusion dependence and IPSS risk categories on patient 
outcomes. Patients who were transfusion dependent at baseline 
exhibited poorer response rates compared to those who were 
transfusion independent (Table S1). Furthermore, patients with 
intermediate-2 or high IPSS risk had a lower response rate and 
reduced OS compared to those with lower risk profiles. Figure 4 

TABLE 4    |    Best response according to SF levels.

Characteristic, % SF < 500 ng/mL (n = 49) SF 500–1000 ng/mL (n = 46) SF > 1000 ng/mL (n = 95) p

OR 71.4 82.6 24.2 < 0.0001

CR 30.6 41.3 3.2 < 0.0001

mCR 24.5 15.2 6.3 0.0083

PR 12.3 13.0 5.3 0.2035

HI 4.1 13.0 9.5 0.3006

Stable disease 8.2 17.4 24.2 0.0613

Progressive disease 18.4 0 50.5 < 0.0001

Missing 2.0 0 1.1 0.6222

Note: Statistical comparisons between ferritin groups were performed using Fisher's exact test. Values represent two-sided p values.

FIGURE 2    |    Schoenfeld residuals for ferritin levels in the Cox proportional hazards model. The non-constant trend over time suggests a violation 
of the proportional hazards assumption (p = 0.0083), requiring a stratified Cox model.
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illustrates the independent impact of transfusion dependence 
and IO on survival in patients with MDS [16].

4   |   Discussion

The present study confirms that elevated pre-treatment SF lev-
els—an established surrogate for IO—are independently asso-
ciated with lower OR and shorter OS in patients with MDS or 
AML treated with AZA. These findings remain significant even 
after adjusting for transfusion dependency, age and IPSS risk, 
reinforcing SF as a strong prognostic biomarker in this setting 
[3, 7, 17]. While SF can be influenced by inflammation, our data 
support the hypothesis that IO itself plays a major role in the 
observed poorer outcomes. Notably, patients with SF > 1000 ng/
mL had markedly inferior response and survival, highlighting 
the clinical relevance of pre-treatment iron status when consid-
ering hypomethylating agents. Moreover, the violation of the 
proportional hazards assumption for SF suggests its prognostic 
impact may be especially pronounced during early treatment 

phases. Transfusion dependency, although essential and often 
life-sustaining in MDS management, contributes to cumula-
tive IO and was also associated with adverse outcomes in our 
cohort. This aligns with prior studies showing that both trans-
fusion burden and elevated ferritin levels negatively influence 
prognosis [5, 14]. However, our multivariate analysis suggests 
that ferritin captures additional prognostic information beyond 
transfusion status alone, particularly regarding long-term iron 
accumulation and biological sequelae [3]. Notably, while previ-
ous studies such as Itzykson et al. [5] have identified transfusion 
dependence and cytogenetic risk as prognostic markers in AZA-
treated patients, ferritin was not evaluated as an independent 
variable in their multivariate models. Our study builds on this 
foundation by directly assessing pre-treatment SF and demon-
strating its independent association with both response and 
survival after adjusting for transfusion burden and IPSS score. 
Similarly, although Laribi et al. [6] reported that elevated ferritin 
levels were associated with inferior survival in high-risk MDS 
patients treated with AZA, their conclusions were based on a 
small retrospective cohort (n = 48), with a notable proportion 
(17%) of early deaths prior to completing four cycles. Moreover, 
in that study, ferritin was not significantly associated with CRP 
or transfusion dependency in multivariate analysis, suggesting a 
more complex relationship with outcome. In contrast, our results 
in a larger real-world population confirm the prognostic value of 
SF > 1000 ng/mL, supporting its inclusion in future risk stratifi-
cation models and interventional trial design. Mechanistically, 
IO has been shown to generate oxidative stress, disrupt eryth-
ropoiesis and modulate epigenetic regulators of haematopoiesis 
[7, 18, 19]. These biological alterations may reduce the efficacy of 
AZA and contribute to disease progression. Consequently, there 
is growing interest in combining AZA with iron-reducing inter-
ventions. Clinical data suggest that iron chelation may not only 
reduce SF levels but also improve haematological response and 
delay disease evolution [4, 16, 20]. Future trials should evaluate 
early chelation in patients with elevated SF, particularly prior to 
initiating hypomethylating therapy. We acknowledge limitations 
including the retrospective design and incomplete transfusion 
history. Furthermore, the lack of detailed information on prior 
transfusion burden and ESA use may limit the interpretation of 
SF as a purely iron-related biomarker. Although none of the pa-
tients received ESAs before AZA due to their intermediate-2 or 
high-risk status, the retrospective nature of the study prevents 
full reconstruction of transfusional iron exposure. Nevertheless, 
SF levels > 1000 ng/mL likely reflect sustained IO and have con-
sistently been linked to poor outcomes across studies. Moreover, 
SF may overestimate iron burden in inflammatory states [21]. 
Nevertheless, it is worth noting that ferritin levels exceeding 
1000 ng/mL are unlikely to be solely explained by systemic in-
flammation, especially in the absence of acute infection or au-
toimmune disease. In the context of our cohort, these levels are 
more plausibly attributed to chronic transfusional IO and/or 
ineffective erythropoiesis. Additionally, comorbidities such as 
liver disease or metabolic syndrome may contribute to elevated 
ferritin levels independently of transfusional IO. These factors 
were not systematically recorded in our cohort and could not 
be controlled for, representing another limitation of our retro-
spective analysis. Thus, incorporating biomarkers such as hep-
cidin [22] or imaging modalities like MRI T2* may enhance IO 
assessment in future studies. These findings reinforce the need 
to proactively address transfusion-related IO, particularly in 

FIGURE 4    |    Independent impact of transfusion dependency and 
iron overload on survival in patients with myelodysplastic syndromes 
(MDS). The independent effect of transfusion dependency and iron 
overload on overall survival in patients with MDS. The figure high-
lights the combined impact of transfusion dependency and elevated SF 
levels in reducing survival outcomes in this patient population [16].

FIGURE 3    |    Overall survival (OS) stratified by pre-AZA serum fer-
ritin levels. Kaplan–Meier survival curves illustrating OS stratified by 
pre-treatment serum ferritin levels. The analysis compares survival 
outcomes for patients with SF levels < 500 ng/mL, 500–1000 ng/mL and 
> 1000 ng/mL, demonstrating the negative impact of elevated SF on sur-
vival (p = 0.0012).
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low-risk MDS patients with high transfusion demands. Even 
in the absence of a CR as defined by IWG criteria, early thera-
peutic intervention aimed at reducing transfusion intensity or 
achieving transfusion independence may prove beneficial. As 
patients progress to higher-risk MDS, prior iron accumulation 
could negatively impact treatment response and overall progno-
sis. In conclusion, while RBC transfusions remain a cornerstone 
of supportive care in MDS, our findings underscore the impor-
tance of timely recognition and management of IO. Routine SF 
measurement prior to AZA initiation could improve risk stratifi-
cation and identify patients who may benefit from iron-reducing 
strategies. Integrating SF into prognostic models alongside IPSS 
and transfusion burden may enable more personalised treat-
ment approaches and improved patient outcomes.
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