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ABSTRACT

Introduction: Chronic inflammation plays a central role in the pathogenesis and progression of Breakpoint Cluster Region- Abelson
murine leukemia viral oncogene homolog 1 (BCR-ABL)—negative myeloproliferative neoplasms (MPNs). Although hydroxyurea is
widely used as a cytoreductive agent in this patient population, its impact on systemic inflammation remains unclear. This study
aimed to evaluate the effect of hydroxyurea on inflammatory markers and indices in patients with MPNs.

Methods: In this retrospective study, 298 patients diagnosed with BCR-ABL—negative MPNs who were followed between 2010 and
2022 were analyzed. Patients were classified as polycythemia vera (PV), essential thrombocythemia (ET), primary myelofibrosis (PMF),
or MPN-unclassifiable (MPN-u) according to the 2016 World Health Organization criteria. Laboratory parameters including leukocyte,
neutrophil, lymphocyte, and platelet counts, C-reactive protein (CRP), and lactate dehydrogenase (LDH) were recorded at baseline
and at months 3, 6, and 12. Inflammatory indices, including the neutrophil-to-lymphocyte ratio (NLR) and systemic immune-
inflammation index (SIII), were calculated. Statistical analyses were performed using non-parametric tests.

Results: Of the 298 patients, 59.4% were male, with a median age of 57 years. The cohort included PV (32.5%), ET (35.2%), PMF
(8.7%), and MPN-u (23.5%). Hydroxyurea was used in 158 patients, while 126 patients were followed without cytoreductive therapy.
Significant reductions in leukocyte and neutrophil counts were observed in the hydroxyurea group at months 0-3, 0-6, and 0-12
(p<0.001). NLR decreased significantly at months 0-3 and 0-6, while SIII showed significant reductions at months 0-3, 0-6, and 0-12.
CRP and LDH levels remained unchanged. No significant inflammatory changes were detected in patients not receiving hydroxyurea.

Conclusion: Hydroxyurea treatment was associated with early reductions in inflammatory indices in BCR-ABL—negative MPN patients,
possibly reflecting either its myelosuppressive or its potential anti-inflammatory effects. Further prospective studies incorporating
cytokine profiling are needed to clarify the mechanisms underlying hydroxyurea’s impact on inflammation.
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Introduction

Myeloproliferative neoplasms (MPNs) comprise a heterogeneous group
of clonal hematopoietic disorders characterized by dysregulated
proliferation of myeloid lineage cells within the bone marrow (1).
These disorders are traditionally categorized based on the predominant
cell lineage involved and include polycythemia vera (PV), essential
thrombocythemia (ET), and primary myelofibrosis (PMF). Following
the identification of the Philadelphia chromosome and the Breakpoint
Cluster Region- Abelson murine leukemia viral oncogene homolog 1
(BCR-ABL) fusion gene, MPNs lacking this molecular abnormality have
been classified as BCR-ABL—negative entities (1).
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Driver mutations involving Janus kinase 2 (JAK2), calreticulin (CALR),
and the thrombopoietin receptor (MPL) play a central role in disease
pathogenesis by promoting constitutive activation of intracellular
signaling pathways (2). These molecular alterations not only drive clonal
expansion but also contribute to a pro-inflammatory microenvironment.

Beyond uncontrolled myeloid proliferation, MPNs are associated
with a spectrum of clinical complications, including extramedullary
hematopoiesis, leukemic transformation, and progressive bone marrow
fibrosis (3). Increasing evidence suggests that chronic inflammation is a
fundamental component of MPN biology. Malignant and non-malignant
cells within the tumor microenvironment interact to sustain the release
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of pro-inflammatory cytokines such as interleukin (IL)-1, IL-6, and tumor
necrosis factor-alpha (TNF-a), which in turn contribute to symptom
burden and disease progression (4,5). This persistent inflammatory
milieu has been linked to constitutional symptoms and fibrotic
evolution.

Hydroxyurea remains one of the most frequently utilized cytoreductive
agents in the management of MPNs. Its mechanism of action is
primarily mediated through inhibition of ribonucleotide reductase,
leading to depletion of deoxyribonucleotide pools and interruption
of DNA synthesis during the S phase of the cell cycle (6). However,
prolonged exposure or higher cumulative doses may result in increased
oxidative stress and cytotoxic effects, ultimately causing bone marrow
suppression and cytopenias (7).

Although hydroxyurea has long been established as a cornerstone in
the treatment of MPNs, its influence on systemic inflammation remains
incompletely understood. Evidence from studies in sickle cell disease
suggests that hydroxyurea may modulate inflammatory pathways by
reducing pro-inflammatory cytokines such as TNF-o, while enhancing
anti-inflammatory mediators such as IL-10 (8). Nevertheless, data
specifically addressing this relationship in MPN patients are limited.

In the present study, we investigated the impact of hydroxyurea on
systemic inflammatory status in patients with BCR-ABL—negative
MPNs by evaluating commonly used inflammatory indices, including
the neutrophil-to-lymphocyte ratio (NLR) and the systemic immune-
inflammation index (Slll). These indices, derived from routine
hematologic parameters, have emerged as accessible and reproducible
markers of systemic inflammation and have been increasingly utilized
in both prognostic and predictive settings (9).

Methods

This retrospective study included patients admitted to the hematology
outpatient clinic between January 1, 2010, and January 1, 2022. Patients
were classified as PV, ET, PMF, or MPN-unclassifiable (MPN-u) according to
the 2016 World Health Organization criteria. Baseline demographic and
clinical data, including diagnosis, age at diagnosis, gender, underlying
genetic mutations, and treatment preferences, were recorded. Laboratory
parameters, such as neutrophil, lymphocyte, leukocyte and platelet
counts, C-reactive protein (CRP), and lactate dehydrogenase (LDH), were
evaluated at 0, 3, 6, and 12 months and compared across these time
points. Changes in NLR and SlII, derived from these values, were also
monitored. Analysis of treatment preferences revealed that patients were
either under active surveillance or were receiving cytoreductive therapy,
including hydroxyurea, anagrelide, or ruxolitinib. The formula has been
calculated as follows: NLR: neutrophil count/lymphocyte count (9) and
SII: (neutrophil count x platelet count)/lymphocyte count (10).

Ethical Approval

Ethical approval was obtained from the University of Health Sciences
Turkiye, istanbul Training and Research Hospital Institutional Review
Board (approval number: 328; date: 27 October 2022), and the study
was performed in accordance with the Declaration of Helsinki. All
participants provided written informed consent prior to participation.

Inclusion Criteria

« Patients aged >18 years were eligible for inclusion.
* Patients diagnosed with BCR-ABL negative MPN in our clinic

 Patients who had completed at least one year of follow-up and
treatment in our clinic

Exclusion Criteria

« Patients younger than 18 years or with pregnancy
* Patients diagnosed with BCR-ABL positive MPN

* Patients with another disease or on medication affecting the systemic
inflammatory response

* Patients without regular follow-up for at least one year

Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences
(SPSS) version 25.0 (IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test
was applied to assess the normality of patient data. For comparisons
between two groups, the Mann-Whitney U test was used, while
comparisons among three or more groups were performed using the
Kruskal-Wallis test, followed by Dunn-Bonferroni post-hoc correction.
For within-group comparisons of repeated measurements across the
four time points (baseline, 3, 6, and 12 months), the Friedman test was
used. When the Friedman test was significant, pairwise comparisons
between time points were performed using the Wilcoxon signed-rank
test, and p values were adjusted for multiple comparisons using the
Bonferroni correction. Two-sided p<0.05 was considered statistically
significant.

Results

Of the 298 patients included in our study, 177 were male (59.4%) and
121 were female (40.6%). The median age at diagnosis was 57 years
(range: 19.2-82.4). When divided into subgroups, the patients were
classified as follows: 97 (32.5%) as PV, 105 (35.2%) as ET, 26 (8.7%) as
PMF, and 70 (23.5%) as MPN-u. Analysis of treatment regimens showed
that 126 patients were under active surveillance without cytoreductive
therapy, whereas 158 patients were treated with hydroxyurea, 11 with
anagrelide, and 3 with ruxolitinib (Table 1).

Genetic mutation results were obtained for 144 of the 298 BCR-ABL-
negative MPN patients included in our study. Among them, 142 patients
carried the JAK2 V617F mutation; 1 patient in the ET group had the
MPL mutation, and 1 patient in the unclassified group had the CALR
mutation.

When patients receiving cytoreductive therapy were stratified into
those treated with hydroxyurea and those not, a statistically significant
reduction in leukocyte and neutrophil counts was observed in the
hydroxyurea group over months 0-3, 0-6, and 0-12 (p<0.001). In
contrast, no significant reductions were detected between 3 and 6, 3
and 12, and 6 and 12 months.
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Upon evaluation of inflammatory indices, the NLR showed a statistically
significant decrease from month 0 to month 3 and from month 0 to
month 6 in patients receiving hydroxyurea (p<0.001 and p=0.01).
Analysis of SlII showed a significant decrease in the hydroxyurea group
at months 0-3, 0-6, and 0-12 (p<0.001, p<0.05, and p<0.05) (Graphics
1 and 2). However, no significant changes were found in CRP and LDH
levels within the hydroxyurea-treated group (p>0.05).

No statistically significant decrease was found in leukocyte, neutrophil,
CRP, LDH, NLR, and SllI values in patients who were under active follow-up
or who received cytoreductive therapies other than hydroxyurea (p>0.05).

Discussion
In our study, which included 298 BCR-ABL—negative MPN patients,
the cohort was classified into the following subgroups: PV (32.5%), ET

Table 1. Distribution of patients included in the study according
to patient characteristics

n %
. 7 s

121 40.6%
Female
E\I/agnc.SIS 97 32.5%
T 105 35.2%
PMF 26 8.7%

0,

MPN-u 70 23.5%
Sueillance 6 a2
Hydroxyurea 158 53%

, Y 11 3.7%
Anagrelide ; o
Ruxolitinib o
Total 298 100%

PV: Polycythemia vera, ET: Essential thrombocythemia, PMF: Primary myelofibrosis,
MPN-u: Myeloproliferative neoplasm-unclassifiable
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Graphic 1. Median NLR at baseline and at months 3, 6, and 12 according to
hydroxyurea treatment. In patients receiving hydroxyurea, NLR decreased
significantly from baseline to month 3 (p<0.001) and from baseline to
month 6 (p=0.010), whereas the baseline-to-month-12 difference was not
statistically significant. No significant longitudinal changes were observed
in patients not receiving hydroxyurea. NLR: Neutrophil-to-lymphocyte ratio
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(35.2%), PMF (8.7%), and MPN-unclassified (23.5%). While 126 patients
were followed without cytoreductive therapy, the remaining patients
mostly received hydroxyurea, and a smaller number received anagrelide
or ruxolitinib. Among 144 patients with available genetic data, the JAK2
V617F mutation was found in 142; only one MPL mutation and one
CALR mutation were detected. Hydroxyurea treatment led to significant
reductions in leukocyte and neutrophil counts at months 0-3, 0-6, and
0-12, and significant decreases in NLR and SIII during early follow-up,
although CRP and LDH levels remained unchanged. This result suggests
that the neutropenic effect caused by hydroxyurea is more prominent
during the early stages of treatment. No significant changes were
found in inflammatory indices in patients who were followed without
treatment or who received treatments other than hydroxyurea.

It is known that chronic inflammation plays an important role in the
pathophysiology of abnormal clonal proliferation, which forms the basis
of MPNs(11). Somatic mutationsunderlyingabnormal clonal proliferation
such as JAK2 (V617F and exon12), MPL and CALR continuously activate
signaling receptor pathways that trigger inflammatory responses (12).
The continuous activation of these signaling receptor pathways plays a
role in disease progression and development of constitutional symptoms
through the release of inflammatory cytokines from both neoplastic
cells and normal cells (13). In addition, inflammation is also involved
in the development of premature atherosclerosis and thrombotic
events in these patients (13). Therefore, controlling the inflammatory
microenvironment is an important therapeutic goal in the MPNs (12,13).

In our study, we investigated the effects of hydroxyurea in the MPN
cohort, particularly its anti-inflammatory properties. A literature review
indicates that similar investigations have been conducted in patients
with sickle cell anemia. In the study conducted by Lanaro and colleagues,
it was demonstrated that hydroxyurea treatment in the sickle cell
anemia group resulted in a decrease in TNF-alpha levels, while leading
to anincrease in IL-10 levels, an anti-inflammatory cytokine (8). In an in
vitro endothelial model carrying the JAK2 V617F mutation, it has been
demonstrated that HU treatment prevents thrombosis development by
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Graphic 2. Median SllI at baseline and at months 3, 6, and 12 according to
hydroxyurea treatment. In patients receiving hydroxyurea, SIlI decreased
significantly from baseline to month 3 (p<0.001), to month 6 (p<0.05), and
to month 12 (p<0.05). No significant longitudinal changes were observed
in patients not receiving hydroxyurea
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reducing P-selectin expression on the endothelium (14,15). In a study
similar to ours that evaluated the NLR, the parameters of 35 children
diagnosed with sickle cell anemia who were monitored while receiving
hydroxyurea treatment for one year and those of 20 healthy controls
were examined. It was observed that hydroxyurea treatment resulted in
asignificant decrease in NLR, accompanied by a concurrent reduction in
inflammatory cytokine levels(15,16). Inadifferent study, the effectiveness
of hydroxyurea was evaluated in adult patients with sickle cell anemia
by examining two distinct cohorts: those receiving hydroxyurea and
those not receiving hydroxyurea. The hydroxyurea cohort was further
divided into two subgroups based on dosage: individuals receiving a
daily dose of 1 gram and those receiving a daily dose of 1.5-2 grams.
Levels of inflammatory markers (myeloperoxidase, TNF-a, and IL-10)
and oxidative markers (superoxide dismutase, glutathione peroxidase,
and malondialdehyde) were significantly altered (p<0.05) in these cells,
demonstrating notable differences between the hydroxyurea subgroups
and the non-hydroxyurea group. Treatment with HU restored the levels
of all markers to concentrations similar to those observed in healthy
individuals, indicating a positive dose-effect relationship (16). In a study
of patients with sickle cell anemia, researchers analyzed the association
between monocyte subsets and hydroxyurea treatment. Significant
alterations in monocyte subsets were observed, with classical monocytes
(CD14**CD167) being highly prevalent in individuals not receiving
hydroxyurea, whereas those with a patrolling phenotype (CD149mCD16%)
were more abundant in patients undergoing therapy. Furthermore,
hydroxyurea was found to reduce the production of TNF-a, IL1-B, I1L-6
and IL-8 (17).

A review of the literature shows that the number of studies investigating
the relationship between hydroxyurea and inflammation, particularly
in MPNs, is limited. In this research, MPN patients who were
started on hydroxyurea treatment experienced an early decrease in
neutrophil count, NLR, and SIII. It is known that hydroxyurea causes
myelosuppression through inhibition of DNA synthesis, which may lead
to neutropenia, and that this side effect can resolve upon discontinuation
of the drug (18,19). Thrombotic events are common complications in
MPNs and arise through a complex interplay of blood cell activation,
endothelial dysfunction, inflammation, and coagulation abnormalities.
Leukocytes are key drivers of this thromboinflammatory process,
releasing pro-inflammatory and pro-thrombotic mediators that amplify
clot formation (19). Hydroxyurea has been shown to reduce thrombosis,
particularly in high-risk ET and when combined with aspirin in MPNs
(20,21). Therefore, its influence on inflammatory markers is clinically
important. In this context, our study evaluates the effect of hydroxyurea
on inflammatory parameters, changes in which may contribute to its
protective role against thrombotic complications.

The observed reductions in NLR and SlII may suggest attenuation of
the circulating inflammatory milieu during hydroxyurea treatment
(10). However, neutrophils constitute the numerator of both indices,
while platelet counts are also incorporated into the calculation
of SllI. Therefore, the observed changes may largely represent a
mathematical consequence of hydroxyurea-induced cytoreduction
and myelosuppression rather than an independent anti-inflammatory
effect (19). The absence of a significant change in CRP further limits

the interpretation of these findings as evidence of a systemic anti-
inflammatory response. Although previous studies have reported that
hydroxyurea may modulate inflammatory cytokines and immune-cell
subsets (18), the present data cannot distinguish trueimmunomodulation
from the numerical effects of reduced circulating blood cell counts.
Moreover, thrombotic events, symptom burden, disease progression,
and survival outcomes were not evaluated. Accordingly, these findings
should be interpreted as changes in cell-count-derived inflammatory
indices rather than definitive evidence of an independent anti-
inflammatory effect or of clinical benefit.

We believe that, to more clearly demonstrate the impact of hydroxyurea
on inflammation in patients with MPNs, future studies should evaluate
inflammatory markers and cytokine profiles concurrently throughout
the course of treatment in larger patient cohorts. Such comprehensive
and longitudinal assessments will not only help clarify the mechanisms
underlying hydroxyurea’s anti-inflammatory effects, but also contribute
valuable insights to future research and the development of more
targeted therapeutic strategies.

Study Limitations

This study has several limitations that should be acknowledged. First,
the retrospective study design inherently limits the ability to establish
causal relationships between inflammatory indices and clinical
outcomes. Second, as the analysis was conducted at a single institution,
the findings may not be fully generalizable to broader, more diverse
patient populations.

Although inflammatory parameters were assessed at predefined time
points, potential confounding variables that could influence systemic
inflammatory status may not have been fully controlled. The absence
of detailed longitudinal cytokine profiling further restricts the ability to
comprehensively interpret the underlying biological mechanisms.

Conclusion

Finally, molecular and genetic data were not uniformly available for
all patients, which may have limited the ability to perform a more in-
depth evaluation of disease heterogeneity and its potential impact on
inflammatory markers.

Ethics

Ethics Committee Approval: Ethical approval was obtained from the
University of Health Sciences Tiirkiye, istanbul Training and Research
Hospital Institutional Review Board (approval number: 328; date: 27
October 2022), and the study was performed in accordance with the
Declaration of Helsinki.

Informed Consent: All participants provided written informed consent
prior to participation.
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