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Abstract: Introduction: Myelofibrosis (MF) is a disease in which the grade of bone marrow fibrosis increases in 
proportion to the degree of extramedullary hematopoiesis and splenomegaly. Associated with increased cytokines 
and inflammation, anemia deepens and an increase in serum ferritin levels is also expected. There are no studies 
addressing the relationship between ferritin and splenomegaly or fibrosis. In this study, the relationship between 
serum ferritin level and splenomegaly and bone marrow fibrosis was examined. Material and Method: The study 
was performed retrospectively in 46 MF cases diagnosed between 2012 and 2020. MF was divided into 3 separate 
subgroups: Primary myelofibrosis, secondary myelofibrosis and myeloproliferative neoplasms (MDS/MPN) with my-
elodsplastic syndrome. Results: Thirty (28.3%) of cases were PMF, 26 (56.5%) were SMF and 7 (15.2%) were MDS/
MPN. There was no relation found between serum ferritin and splenomegaly in none of the cases or subgroup analy-
sis (for PMF p: 0.564, for SMF p: 0.192, for MDS/MPN p: 0.364). There was a statistically significant relationship 
between serum ferritin and marrow fibrosis within the group of ages 60 years and older (p: 0.016). Discussion and 
Conclusion: Disruption of hematopoiesis and progressive splenomegaly causes an increase in iron stores associ-
ated with an increased need for transfusion. This causes iron-related organ toxicity and bone marrow hematopoiesis 
disruption, leading to an increase in morbidity. We see that a significant relationship between ferritin and fibrosis 
has been revealed in the group aged 60 years and older. It is an unprecedented study in the literature in terms of 
both examining the relationship ferritin and fibrosis or splenomegaly and its results.
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Introduction

Myelofibrosis (MF), which is one of the Phi- 
ladelphia negative chronic myeloproliferative 
neoplasms, appears as a disease with bone 
marrow fibrosis, splenomegaly and pancytope-
nia [1, 2]. MF may be divided into groups su- 
ch as primary myelofibrosis (PMF), secondary 
myelofibrosis (SMF) such as post essential 
thrombocythemia myelofibrosis (post-ET MF) 
and post polycythemia vera myelofibrosis (post 
PV MF) and myeloproliferative neoplasms with 
myelodisplastic syndrome (MDS/MPN). Organ 
toxicities that develop as a result of increasing 
deepening cytopenia and increasing erythro-
cyte transfusion increase mortality [1-3].

Iron accumulation in the bone marrow over 
time increases the reactive oxygen derivatives 

and has a toxic effect on hematopoiesis [4]. 
Disruption of hematopoiesis and progressive 
splenomegaly causes an increase in iron over-
load associated with increased need for trans-
fusion. This causes iron-related organ toxicity 
and bone marrow hematopoiesis disruption, le- 
ading to an increase in morbidity [4]. Therapies 
that reduce the need for transfusion and lower 
the level of serum ferritin are used for this pur-
pose. It also contributes to improvement in 
hematopoiesis by reducing the iron level [5].

Iron accumulates in different organs, causing 
toxicity, stimulating fibrosis and disrupting the 
function of many organs [6]. In one reported 
case, a 67-year-old male patient with PMF was 
reported to achieve partial transfusion inde-
pendence with iron chelation therapy [7]. In 
another study [8], it was indicated that survival 
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rate increased after iron-binding therapies in 
patients with PMF. Currently, MF is the only 
curative treatment for allogeneic stem cell tr- 
ansplantation (ASCT) and only a few of the 
patients are considered suitable for the trans-
plant. Palliative treatments are often preferred 
for this reason. 

In some recent publications, the negative ef- 
fect of iron load on long-term morbidity and 
mortality has been reported in transplant cas- 
es [9-11]. In one study, 68.9% of those with 
ASCT were found to have ferritin levels above 
500 ng/ml and it was reported that complica-
tions were higher in the early post-transplant 
cases with high ferritin levels [11]. Additionally, 
splenomegaly targeted therapies are recom-
mended in MF before ASCT [12, 13]. Bone mar-
row fibrosis has also been reported decreas- 
ing the regression of splenomegaly.

In patients with MF, the progression of the dis-
ease and splenomegaly also increases serum 
ferritin level. Literature review shows that there 
are no studies examining the increase of ferri- 
tin and splenomegaly or fibrosis. In this study, 
the goal was to investigate the relationship 
between all subgroups, serum ferritin level and 
fibrosis and splenomegaly.

Material and method

Patients

The study was carried out retrospectively in 46 
cases followed up with the diagnosis of MF in 
the hematology clinic between 2012-2020. The 
information was obtained from patient files  
and electronic records upon obtaining patient 
consent. 

Recorded parameters

Serum ferritin and other biochemical parame-
ters, cytogenetic results such as JAK2 muta-
tion, bone marrow biopsy pathology results  
and ultrasonography reports were recorded. 
The cases which meets the definitive diag- 
nostic criteria according to the World Heal- 
th Organization (WHO) 2016 Myeloproliferative 
Neoplasms Diagnostic Criteria were included  
in the study [14]. 

Patient subgroups

Cases diagnosed with myelofibrosis were divi- 
ded into 3 subgroups as primary myelofibro- 
sis (PMF), secondary myelofibrosis (SMF) and 
myeloproliferative neoplasms with myelodys-

plastic syndrome (MDS/MPN). Post polycythe-
mia vera MF and post essential thrombocy- 
themia MF were considered as SMF. 

Ferritin level, spleen size and treatment 

The ferritin level was considered as high above 
300 ng/ml (reference range 30-300 ng/ml) 
[15]. In ultrasonography, the spleen vertical 
size was accepted as splenomegaly over 120 
mm [16]. Patients who received JAK inhibitor 
(ruxolitinib) and iron chelation therapy for mini-
mum of 3 months within the past year were 
analyzed as subgroups. Additionally, the pa- 
tients were divided into two groups based on 
the number of transfusions they received with-
in the last year: with minimum of 10 units and 
above, under 10 units or without erythrocyte 
suspension transfusions. 

Exclusion criteria

Patients received splenic radiotherapy, had 
other comorbidities that may cause spleno-
megaly, received iron replacement therapy 
within the last year or had a congenital or 
acquired disease associated with iron deposi-
tion were not included in the study. 

Statistical analysis

NCSS (Number Cruncher Statistical System) 
2007 (Kaysville, Utah, USA) program was used 
for statistical analysis. Descriptive statistical 
methods (mean, standard deviation, median, 
frequency, ratio, minimum, maximum) were us- 
ed evaluating the study data. The suitability of 
the quantitative data for normal distribution 
was tested by Shapiro-Wilk Test and graphical 
evaluations. Kruskal Wallis Test was used for 
comparisons of three or more groups that did 
not show normal distribution, and the Bon- 
ferroni-Dunn Test was used for binary compari-
sons. Spearman’s Correlation Analysis was 
also used to evaluate the relationships bet- 
ween quantitative variables. Significance was 
evaluated at the level of P < 0.05. The evalua-
tion of the correlation coefficient (r) was made 
according to the following criteria: Very weak 
(0.0-0.25); weak (0.26-0.49); moderate (0.50-
0.69); strong (0.70-0.89); very strong (0.90- 
1.00).

Results

Descriptive data

Of the 46 patients with myelofibrosis, 52.2%  
(n: 24) were male and 47.8% (n: 22) were fe- 
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male. The median age was 66 years old, and 
67.4% of the cases were 60 years old and  
older. 28.3% (n: 13) of the patients were diag-
nosed with PMF, 56.5% (n: 26) of with SMF,  
and 15.2% (n: 7) of with MDS/MPN. When the 
cases were examined based on the bone mar-
row fibrosis levels; 34.8% (n = 16) had grade I, 

There was no significant relationship between 
serum ferritin level and splenomegaly in any of 
the cases and in patients with PMF, SMF or 
MDS/MPN (P > 0.05) (Table 2).

There was no statistically significant relation-
ship between serum ferritin level and spleno-
megaly in patients who did not receive transfu-
sion (P > 0.05). There was also no significant 
relationship in the PMF and SMF subgroups.  
In all transfused cases and the PMF, SMF and 
MDS/MPN subgroups, there was no statistical-
ly significant relationship between serum ferri-
tin and splenomegaly (P > 0.05) (Table 3).

Serum ferritin level and bone marrow fibrosis

While there was no significant relationship be- 
tween bone marrow fibrosis and spleen size in 
the group with 60 years old or younger, a sta- 
tistically significant difference was found bet- 
ween bone marrow fibrosis and splenomegaly 
in the group aged 60 years old and older. A  
significant difference was found between bone 
marrow fibrosis and splenomegaly and serum 

Table 1. Patients characteristics
Age Min-Max (Median) 31-90 (70)

Mean ± S.d. 66.07±13.73
< 60 15 (32.6)
≥ 60 31 (67.4)

Gender Male 24 (52.2)
Female 22 (47.8)

Subtype PMF 13 (28.3)
SMF 26 (56.5)
MDS/MPN 7 (15.2)

Follow Up Period (Month) Min-Max (Median) 2-22 (6)
Mean ± S.d. 6.30±3.69

Bone Marrow Fibrosis Grade I 16 (34.8)
Grade II 19 (41.3)
Grade III 11 (23.9)

Spleen Size (mm) Min-Max (Median) 132-250 (177)
Mean ± S.d. 177.57±27.64

Ferritin (ng/ml) Min-Max (Median) 16-1500 (132.5)
Mean ± S.d. 386.48±496.97

Need of Transfusion (-) 30 (65.2)
(+) 16 (34.8)

Drug Usage (-) 35 (76.1)
(+) 11 (23.9)
Ruxolitinib 6 (54.5)
Chelation Therapy and Ruxolitinib 5 (44.5)

PMF: Primary myelofibrosis, SMF: Secondary myelofibrosis, MDS/MPN: Myeloprolifera-
tive neoplasms with myelodsplastic syndrome.

41.3% (n: 19) had grade  
II and 23.9% (n: 11) had 
grade III fibrosis. Me- 
dian serum Ferritin level 
was 132.5 (December: 
16 to 1500 ng/ml). Wh- 
en subdivided according 
to ferritin levels, 65.2% 
were normal, 21.8% were 
high but do not require 
treatment (between 300-
1500 ng/ml), 13% were 
high and require treat-
ment (1500 ng/ml and 
above). While erythrocyte 
transfusion was not be- 
ing transfused in 65.2% 
of the cases, 34.8% were 
found to have 10 or more 
erythrocyte transfusions 
in the last 1 year. The per-
centage of patients who 
did not receive transfu-
sion and did not use rux-
olitinib or chelation the- 
rapy was 56.5 (n: 26) 
(Table 1). 

Serum ferritin level and 
splenomegaly

Table 2. Relationship between spleen size 
and ferritin levels in all patients

Serum Ferritin Level and 
Splenomegaly

All patients (n: 46) r 0.244
p 0.103

    -PMF (n: 13) r 0.176
p 0.564

    -SMF (n: 26) r 0.264
p 0.192

    -MDS/MPN (n: 7) r 0.408
p 0.364

PMF: Primary myelofibrosis, SMF: Secondary myelofi-
brosis, MDS/MPN: Myeloproliferative neoplasms with 
myelodsplastic syndrome.
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Pardanani et al. [17] investigated the effect of 
serum hepcidin, ferritin and inflammatory cyto-
kines on prognosis in PMF. In the initial diag- 
nosis, plasma hepcidin levels of 203 patients 
with a diagnosis of PMF were measured and 
hepcidin levels were found statistically signifi-
cant higher than healthy controls (P < 0.0001). 
It has been also demonstrated that high hepci-
din and ferritin levels were shown to be statisti-
cally significant with following parameters such 
as: < 10 g/dL hemoglobin, erythrocyte trans- 
fusion requirement, > 500 mg/L serum ferritin 
level, higher the Dynamic International Prog- 
nostic Scoring System (DIPSS) plus score, pres-
ence of circulating blasts, age > 65 and leu- 
kocyte count < 4 × 109. In the same study, 
increased serum hepcidin and ferritin levels 
were found to be associated with lower OS 
independent of DIPSS plus score and inflam-
matory cytokines. The most important aspect 
of the study is that it revealed the association 
of many parameters with high hepcidin and fer-
ritin levels. Similarly, in this study, which show- 
ed a significant relationship with high ferritin 
levels and bone marrow fibrosis in patients 65 
years old or older, it should be underlined that 
high ferritin levels were not significantly associ-
ated with bone marrow fibrosis in the general 
population.

In various studies conducted with PMF, it has 
been found that serum ferritin level and fre-
quent transfusions could not clearly prove fibro-
sis and associated organomegaly [18-21]; how-
ever, in the same studies, the relationship bet- 
ween fibrosis and OS is clearly demonstrated. 
In the study conducted by Li et al. in 2016 [18]; 
bone marrow fibrosis in patients with PMF was 
shown as an independent risk factor for OS. In 
this context, and based on the results of this 
study, specifically in the group 60 years old or 
older, it shows that high serum ferritin levels 
can give an idea in the prediction of bone mar-
row fibrosis and OS without the result of bone 
marrow biopsy. It is possible to say that it will 
contribute to scoring systems developed for 
determination of prognosis. All of these find-
ings of this study contribute to the literature.

This study had also limitations: Splenomegaly 
and fibrosis relationship, which is the expected 
finding, may not be demonstrated among those 
60 years old or younger because of the small 
case subgroup and the majority is cumulative 

Table 3. Relationship between serum ferritin level 
and splenomegaly in all patients without transfu-
sion or drug usage

Serum Ferritin Level 
and Splenomegaly

All Patients (n: 26) r 0.281
p 0.164

    -PMF (n: 8) r -0.595
p 0.120

    -SMF (n: 18) r 0.202
p 0.421

PMF: Primary myelofibrosis, SMF: Secondary myelofibrosis.

ferritin levels in the group aged 60 years old 
and older which constitutes 67.4% of the ca- 
ses (P: 0.016) (Table 4).

Discussion

Many patients diagnosed with PMF are at risk 
of iron overload and iron-related toxicity due to 
transfusion dependence. In this context, iron 
chelation therapies are an important treat- 
ment step in order to prevent hemosideros is 
related toxicity. Leitch et al. analyzed 41 pa- 
tients with PMF retrospectively in their study 
and found that those who received iron chela-
tion therapy had significantly better overall sur-
vival (OS) [8]. Although the effect of iron chela-
tion therapies on disorders that require fre- 
quent transfusion such as MDS is known, the 
literature data for PMF is limited. In the study of 
Elli et al. [10]; the change in median serum fer-
ritin levels obtained with chelation therapy was 
higher in hematological responders (HR) com-
pared to non-responders (NR). Similarly, these 
patients were found to have a better OS and  
a lower incidence of leukemic transformation. 
These two important studies are considered  
as examples of limited literature data between 
iron overload and PMF prognosis. In addition to 
all this information; there was an opportunity  
to evaluate the relationship between iron over-
load and bone marrow fibrosis and splenomeg-
aly in this study. It is possible to say that se- 
rum ferritin level is very important in terms of 
explaining the relationship with poor OS. In the 
light of the findings of this study, the increase  
in serum ferritin level directly increases bone 
marrow fibrosis and splenomegaly; therefore it 
can be significantly associated with poor OS in 
PMF.
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in the group aged 60 years old or older. Similar- 
ly, there was no finding that the relationship 
between ferritin and fibrosis in the same age 
group could be proven.

As a result, even there was no statistically sig-
nificant difference between serum ferritin level 
and splenomegaly in the general population in 
this study; a significant relationship has been 
demonstrated between fibrosis and ferritin in 
the group 60 years old and older. In this res- 
pect, ferritin is very important in showing the 
relationship between fibrosis. This study rec-
ommends that ferritin-fibrosis relationship can 
be demonstrated also in the general popula- 
tion with a study in a larger case group.
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