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| ABSTRACT

dysregulation characterized by a hematologic cytokine storm, a
hyperinflammatory state driven by excessive cytokine release. This dysregulated
immune response contributes to tumor progression, systemic inflammation, and
significant hematologic abnormalities including anemia, thrombocytosis, and
leukocytosis. The cytokine storm reflects a complex interplay between tumor cells,
immune cells, and the tumor microenvironment, resulting in the amplification of
pro-inflammatory mediators such as interleukin-6 (IL-6), tumor necrosis factor-
alpha (TNF-a), and interleukin-1 beta (IL-1B). The pathophysiology of the
cytokine storm involves a feed-forward loop of immune activation where elevated
cytokine levels disrupt normal hematopoiesis, induce endothelial dysfunction, and
promote coagulation abnormalities. Clinically, patients exhibit systemic
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inflammatory symptoms and laboratory evidence of hematologic dyscrasia, which
negatively impact treatment response and overall prognosis. Understanding the
mechanisms underlying cytokine-driven hematologic dysfunction is crucial for
improving patient management in advanced ovarian cancer.
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ABBREVIATIONS

CAR-T — Chimeric Antigen Receptor T-cell Therapy
CRP — C-reactive Protein

CXCR2 - C-X-C Chemokine Receptor Type 2
DOAC:s — Direct Oral Anticoagulants

ESR - Erythrocyte Sedimentation Rate

GM-CSF - Granulocyte—Macrophage Colony-
Stimulating Factor

G-CSF — Granulocyte Colony-Stimulating Factor
IL-1p — Interleukin-1 Beta

IL-6 — Interleukin-6

IL-8 — Interleukin-8

IL-10 — Interleukin-10

LMWH — Low-Molecular-Weight Heparin
MDSCs — Myeloid-Derived Suppressor Cells
NETs — Neutrophil Extracellular Traps

NF-kB — Nuclear Factor Kappa-light-chain-enhancer of
Activated B Cells

NLR — Neutrophil-to-Lymphocyte Ratio

NK Cells — Natural Killer Cells

PAD4 — Peptidyl Arginine Deiminase 4

PD-1 — Programmed Cell Death Protein |

PD-L1 — Programmed Death-Ligand 1

PLR - Platelet-to-Lymphocyte Ratio

STATS3 - Signal Transducer and Activator of
Transcription 3

TGF-p — Transforming Growth Factor Beta
TNF-a — Tumor Necrosis Factor Alpha
VEGF - Vascular Endothelial Growth Factor

INTRODUCTION

Ovarian cancer is a leading cause of
gynecologic cancer mortality worldwide, largely due to
its diagnosis at advanced stages and the complex biology
of its tumor microenvironment [1-2]. Despite advances
in surgical techniques and chemotherapeutic regimens,
long-term survival remains poor, particularly in patients
with late-stage disease. A growing body of evidence
implicates immune dysregulation as a central feature of
ovarian cancer progression, with inflammatory processes
and aberrant cytokine signaling playing critical roles in
tumor development, metastasis, and resistance to therapy
[3-4]. Among the diverse immune abnormalities
observed in ovarian cancer, the phenomenon of a
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cytokine storm—an excessive and uncontrolled release
of pro-inflammatory cytokines—has emerged as a key
driver of systemic inflammation and hematologic
dysfunction. Originally described in infectious and
autoimmune diseases, cytokine storms are increasingly
recognized in malignancies where tumor-induced
immune activation triggers a cascade of inflammatory
mediators. In advanced ovarian cancer, this hematologic
cytokine storm contributes not only to local tumor-
promoting inflammation but also to systemic
complications that adversely affect patient outcomes [5-
6].

The tumor microenvironment in ovarian cancer
is composed of a heterogeneous population of immune
cells, including tumor-associated macrophages,
neutrophils, dendritic cells, and lymphocytes, all of
which interact with malignant cells to modulate cytokine
production. Elevated levels of interleukin-6 (IL-6),
tumor necrosis factor-alpha (TNF-a), and interleukin-1
beta (IL-1P) have been consistently identified in both
tumor tissue and peripheral blood of patients with
advanced disease. These cytokines activate signaling
pathways that promote tumor cell proliferation,
angiogenesis, and  immune  evasion,  while
simultaneously  disrupting normal hematopoietic
processes in the bone marrow [7-8]. Hematologic
abnormalities frequently accompany the cytokine storm
in ovarian cancer and include anemia of chronic disease,
thrombocytosis, and leukocytosis. These changes not
only reflect underlying inflammation but also exacerbate
clinical symptoms such as fatigue, increased thrombotic
risk, and susceptibility to infection. The dysregulated
immune environment impairs effective anti-tumor
immunity and complicates the administration of standard
therapies, highlighting the need for a better
understanding of cytokine-mediated hematologic
dysfunction [9-10].

In recent years, therapeutic approaches
targeting components of the cytokine storm have gained
attention. Agents such as IL-6 receptor antagonists and
TNF-0 inhibitors, widely used in autoimmune
conditions, are being investigated for their potential to
mitigate hyperinflammation and improve treatment
tolerance in ovarian cancer patients. Moreover, immune
checkpoint inhibitors and novel immunomodulatory
therapies hold promise for restoring immune balance,
although their efficacy may be limited by the
immunosuppressive effects of chronic cytokine exposure
[11-12].

AIM

This review aims to provide a comprehensive
analysis of the hematologic cytokine storm as a key
component of immune dysregulation in advanced
ovarian cancer.

METHODS

This narrative review was conducted through a
comprehensive search of the scientific literature to
explore the role of hematologic cytokine storm and
immune dysregulation in advanced ovarian cancer. The
databases searched included PubMed, Scopus, Web of
Science, and Google Scholar, covering publications from
January 2000 to December 2025. Key search terms used
were “ovarian cancer,” “cytokine storm,” “immune
dysregulation,” “hematologic dysfunction,” “myeloid-
derived suppressor cells,” “neutrophil extracellular
traps,” “coagulopathy,” and “tumor microenvironment.”

EEENT34

The selection criteria focused on peer-reviewed
original research articles, reviews, clinical studies, and
mechanistic reports relevant to systemic inflammatory
responses and hematologic alterations in ovarian cancer.
Articles not published in English, preprints without peer
review, and studies lacking clear mechanistic or clinical
relevance were excluded. Data from the selected studies
were synthesized thematically, emphasizing mechanistic
insights, systemic hematologic consequences, biomarker
profiles, clinical correlations, and therapeutic
implications. The narrative approach allowed integration
of preclinical findings, translational evidence, and
clinical observations to provide a comprehensive
understanding of cytokine-driven immune and
hematologic dysregulation in advanced ovarian cancer.

Pathophysiology of Hematologic Cytokine Storm in
Ovarian Cancer

The hematologic cytokine storm observed in
advanced ovarian cancer represents a hyperactive and
dysregulated immune response characterized by
excessive secretion of pro-inflammatory cytokines that
profoundly impact both the tumor microenvironment and
systemic physiology. This phenomenon arises from
complex interactions between malignant ovarian cells
and various components of the host immune system,
creating a self-perpetuating cycle of inflammation and
immune dysregulation [13-14]. At the core of this
process are tumor-associated immune cells, particularly
macrophages, neutrophils, and dendritic cells, which
become aberrantly activated within the tumor
microenvironment. These cells secrete elevated levels of
cytokines such as interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), interleukin-1 beta (IL-1pB), and
granulocyte-macrophage  colony-stimulating  factor
(GM-CSF). These cytokines initiate and amplify
inflammatory signaling cascades that not only promote
tumor cell survival, proliferation, and invasion but also
modulate hematopoietic function in the bone marrow
[15-16].

IL-6 is a central mediator in the cytokine storm,
acting through the Janus kinase (JAK)/signal transducer
and activator of transcription 3 (STAT3) pathway to
drive cancer cell growth, resistance to apoptosis, and
angiogenesis. Elevated IL-6 levels also contribute to
systemic manifestations by stimulating the hepatic acute
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phase response, leading to increased production of C-
reactive protein (CRP) and other inflammatory proteins.
This cytokine further disrupts normal hematopoiesis by
promoting myeloid lineage skewing, resulting in
neutrophilia and thrombocytosis commonly seen in
ovarian cancer patients [17-18]. TNF-a and IL-1P
enhance vascular permeability and recruit additional
immune cells to the tumor site, facilitating a pro-
inflammatory microenvironment that supports tumor
progression and metastasis. These cytokines can also
induce endothelial activation and dysfunction,
contributing to coagulopathy and increasing the risk of
thromboembolic events—a significant cause of

morbidity in ovarian cancer. Moreover, they suppress
erythropoiesis and induce apoptosis in erythroid
progenitors, contributing to anemia of chronic disease
[19-20]. The persistent release of these cytokines triggers
systemic immune activation, which overwhelms
regulatory  mechanisms  designed to  contain
inflammation. This unchecked inflammation leads to
hematologic ~ derangements  including  anemia,
leukocytosis, and thrombocytosis. In addition, chronic
exposure to elevated cytokine levels induces immune
exhaustion and senescence, impairing the capacity of
lymphocytes to mount effective anti-tumor responses
(Table 1) [20].

Table 1: Key Cytokines Involved in Hematologic Cytokine Storm and Their Roles in Ovarian Cancer

Cytokine Primary Source Functions in Ovarian Cancer Hematologic Impact
Interleukin-6 (IL-6) Tumor cells, | Promotes tumor growth, | Induces thrombocytosis,
macrophages, T | angiogenesis, immune evasion via | anemia of chronic disease
cells JAK/STAT3
Tumor Necrosis Factor- | Macrophages, Enhances inflammation, vascular | Suppresses erythropoiesis,
alpha (TNF-a) neutrophils permeability, tumor invasion promotes endothelial
dysfunction

Interleukin-1 beta (IL-1p) | Activated
macrophages,
dendritic cells

Amplifies inflammatory signaling, | Contributes to anemia,
recruits immune cells

coagulopathy

Colony-Stimulating Factor | cells
(GM-CSF)

Granulocyte-Macrophage | Tumor and stromal | Drives myeloid cell proliferation | Causes leukocytosis, alters
and differentiation

immune cell balance

Interleukin-10 (IL-10)

macrophages

Regulatory T cells, | Immunosuppressive, limits | May contribute to immune
excessive inflammation

exhaustion

Clinical and Hematologic Manifestations

The hematologic cytokine storm in advanced
ovarian cancer manifests clinically with a spectrum of
systemic inflammatory symptoms and hematologic
abnormalities that significantly impact patient morbidity
and prognosis. Patients frequently present with
constitutional symptoms such as persistent fever, fatigue,
malaise, and weight loss, reflecting the systemic
inflammatory burden driven by excessive cytokine
release. These symptoms often complicate clinical
management by masking or exacerbating cancer-related
manifestations [21]. Hematologic  abnormalities
associated with the cytokine storm are common and
include anemia of chronic disease, leukocytosis, and
thrombocytosis. Anemia is primarily driven by chronic
inflammation and cytokine-mediated suppression of
erythropoiesis, along with shortened erythrocyte
lifespan. Elevated levels of IL-6 and TNF-a inhibit
erythroid progenitor proliferation and decrease
erythropoietin production, contributing to
hypoproliferative anemia that worsens fatigue and
reduces quality of life [22-23].

Leukocytosis, especially neutrophilia, results
from cytokine-induced myelopoiesis and the recruitment
of neutrophils into circulation. This expansion of the
myeloid compartment may paradoxically coincide with
immune dysfunction, as neutrophils adopt pro-

tumorigenic phenotypes that facilitate tumor growth,
angiogenesis, and metastasis. Similarly, thrombocytosis
is commonly observed and is mediated by inflammatory
cytokines such as IL-6, which stimulate thrombopoietin
production and megakaryocyte proliferation. Elevated
platelet counts not only correlate with advanced disease
stage but also increase the risk of thromboembolic
complications, which remain a leading cause of death in
ovarian cancer patients [24-25]. Beyond these
hematologic changes, systemic inflammation induced by
cytokine storms can disrupt endothelial integrity and
coagulation pathways, resulting in a hypercoagulable
state.  This  predisposes patients to  venous
thromboembolism (VTE), including deep vein
thrombosis and pulmonary embolism, further
complicating treatment and prognosis. Elevated D-dimer
and fibrinogen levels often accompany these clinical
events, reflecting ongoing coagulation and fibrinolysis
[26]. Laboratory markers such as increased C-reactive
protein (CRP), ferritin, and erythrocyte sedimentation
rate (ESR) serve as indicators of systemic inflammation
and correlate with cytokine storm severity. These
biomarkers, combined with hematologic parameters like
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR), have been proposed as
prognostic tools for disease progression and survival in
ovarian cancer patients (Table 2) [27].
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Table 2: Common Hematologic Manifestations of Cytokine Storm in Advanced Ovarian Cancer

Hematologic Description Underlying Mechanism Clinical Consequences
Abnormality
Anemia of Chronic | Hypoproliferative anemia | Cytokine-mediated Fatigue, reduced treatment
Disease with low reticulocytes suppression of erythropoiesis | tolerance
(IL-6, TNF-0)
Thrombocytosis Elevated platelet count IL-6 induced thrombopoietin | Increased thrombotic risk,
stimulation vascular complications
Leukocytosis Increased white blood cell | Cytokine-driven myelopoiesis | Predisposition to infection
count, mainly neutrophils and neutrophil mobilization and immune dysfunction
Coagulopathy Hypercoagulable state with | Endothelial activation by | Venous thromboembolism,
elevated D-dimer, fibrinogen | TNF-o and IL-1 bleeding risk
Elevated Raised CRP, ESR, ferritin Acute phase response driven | Correlates  with  disease
Inflammatory by IL-6 severity and prognosis
Markers

Therapeutic Approaches

Addressing the hematologic cytokine storm in
advanced ovarian cancer requires a multifaceted strategy
aimed at modulating the hyperinflammatory state while
preserving effective anti-tumor immunity. Therapeutic
interventions focus on controlling excessive cytokine
production, mitigating systemic inflammation, and
managing hematologic complications to improve patient
outcomes and quality of life (Table 3) [28].

Anti-inflammatory and Cytokine-Targeted
Therapies: One of the primary approaches to attenuate
the cytokine storm involves the use of agents that directly
inhibit key pro-inflammatory cytokines. Interleukin-6
(IL-6) receptor antagonists, such as tocilizumab, have
shown promise in mitigating systemic inflammation by
blocking IL-6 mediated signaling pathways responsible
for tumor progression and hematologic abnormalities.
Similarly, tumor necrosis factor-alpha (TNF-a)
inhibitors have potential to reduce inflammation and
vascular dysfunction, although their use in oncology
remains investigational. These therapies aim to disrupt
the cytokine-driven feedback loop, thus limiting further
immune dysregulation [29-30].

Immunomodulatory and Checkpoint Inhibitor
Therapies: Immune checkpoint inhibitors (ICIs),
targeting molecules such as PD-1, PD-L1, and CTLA-4,
have revolutionized cancer treatment by reactivating
exhausted T cells. However, their efficacy in ovarian
cancer is often hampered by the immunosuppressive
milieu created by chronic cytokine exposure and
myeloid-derived suppressor cells (MDSCs). Combining
ICIs with cytokine-targeting agents or myeloid cell
modulators may enhance immune responses by

alleviating

cytokine-induced

immunosuppression.

Additionally, therapies aimed at reversing immune
senescence and exhaustion, including senolytics and
adoptive cell transfers, represent emerging modalities
that warrant further exploration [31-32].

Supportive Hematologic Management:
abnormalities is

hematologic

Managing

critical in patients

experiencing cytokine storms. Anemia may be treated
with erythropoiesis-stimulating agents and transfusions,
whereas thrombocytosis and leukocytosis require careful

monitoring to prevent thrombotic and
Anticoagulants,

complications.

infectious
including  low-

molecular-weight heparin, are frequently employed to
reduce venous thromboembolism risk, particularly in
patients with elevated inflammatory markers and platelet
counts. Growth factors such as granulocyte colony-
stimulating factor (G-CSF) can be used to support

neutrophil

recovery during

chemotherapy-induced

myelosuppression [33-34].

Combination and Personalized Therapy: Given the
complexity of immune dysregulation in ovarian cancer,

personalized therapeutic approaches

that integrate

cytokine modulation, immune checkpoint blockade, and
conventional chemotherapy hold the greatest promise.

Biomarker-driven

patient

stratification—utilizing

cytokine profiles, inflammatory markers, and immune
cell phenotyping—can guide therapy selection and

optimize  efficacy
Multidisciplinary

while
care

minimizing  toxicity.
involving  oncologists,

hematologists, and immunologists is essential for
tailoring interventions to individual patient needs [35-

36].

Table 3: Therapeutic Strategies Targeting Hematologic Cytokine Storm in Ovarian Cancer

Therapeutic Mechanism of Action Examples/Agents Clinical Considerations
Approach
Cytokine Inhibition | Blocks specific cytokine | Tocilizumab (IL-6R | Potential  immunosuppression;
signaling to reduce | antagonist), Infliximab (TNF- | currently under clinical
inflammation o inhibitor) evaluation
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Therapeutic Mechanism of Action Examples/Agents Clinical Considerations
Approach
Immune Restores T cell function by | Pembrolizumab, Nivolumab Efficacy may be limited by
Checkpoint inhibiting  PD-1/PD-L1, cytokine-induced
Blockade CTLA-4 immunosuppression
Hematologic Corrects anemia, reduces | Erythropoiesis-stimulating Requires monitoring to balance
Supportive Care thrombosis risk agents, anticoagulants, G-CSF | benefits and risks
Combination Combines cytokine | Clinical trial combinations Personalized therapy guided by
Immunotherapy inhibitors with ICIs or biomarkers preferred
chemotherapy
Emerging Targets senescent immune | Senolytics, JAK/STAT | Experimental; promising
Therapies cells or metabolic | inhibitors preclinical data
pathways

Future Perspectives

The hematologic cytokine storm in advanced
ovarian cancer represents a formidable challenge in both
understanding and clinical management. Future research
directions must focus on elucidating the complex
molecular and cellular networks driving this
hyperinflammatory state, with an emphasis on
identifying novel biomarkers and therapeutic targets.
Advances in high-throughput technologies, such as
single-cell RNA sequencing and proteomics, will
facilitate deeper insights into the heterogeneity of
immune cell populations and their dynamic interactions
within the tumor microenvironment [37-38]. Emerging
evidence suggests that the integration of multi-omics
approaches, combining genomic, transcriptomic, and
metabolomic data, can uncover key regulators of
cytokine production and immune dysregulation. This
systems biology perspective is essential for developing
precision medicine strategies that tailor interventions
based on individual patient profiles, including cytokine
signatures, immune cell phenotypes, and genetic
predispositions. Such personalized approaches hold
promise for improving the efficacy of cytokine-targeted
therapies and minimizing adverse effects [39].

Immunotherapeutic advancements, particularly
in immune checkpoint blockade and adoptive cell
therapies, are poised to benefit from concurrent
modulation of the cytokine storm. Combinatorial
regimens that simultaneously inhibit pro-inflammatory
cytokines and rejuvenate exhausted T cells may enhance
anti-tumor immunity. Furthermore, emerging modalities
such as senolytic agents targeting senescent immune
cells and metabolic reprogramming of immune subsets
offer novel avenues to reverse immune dysfunction and
restore homeostasis [40]. Clinical trials incorporating
biomarker-driven patient selection will be pivotal in
validating new therapeutic combinations and identifying
predictors of response. Additionally, the development of
non-invasive monitoring tools—such as circulating
cytokine panels and liquid biopsies—will facilitate early
detection of cytokine storm onset and guide timely
intervention, potentially preventing severe systemic
complications [41].

Addressing the hematologic complications of
the cytokine storm, including anemia and thrombosis,
remains a critical area of focus. Innovative supportive
care protocols integrating anti-inflammatory agents,
hematopoietic growth factors, and anticoagulants need to
be optimized and individualized to balance efficacy with
safety. Moreover, understanding the impact of standard
chemotherapeutic and targeted agents on immune and
hematologic parameters will inform combination
strategies that mitigate exacerbation of cytokine-driven
pathology [42]. Fostering interdisciplinary collaboration
among oncologists, immunologists, hematologists, and
bioinformaticians will accelerate the translation of basic
scientific discoveries into clinical applications. By
bridging gaps between laboratory research and patient
care, future efforts can transform the management of
hematologic cytokine storms and improve the prognosis
for patients with advanced ovarian cancer [43].

CONCLUSION

The hematologic cytokine storm in advanced
ovarian cancer represents a critical axis of immune
dysregulation that profoundly influences disease
progression, systemic inflammation, and hematologic
abnormalities. This hyperinflammatory state, driven by
excessive release of cytokines such as IL-6, TNF-q, and
IL-1B, not only fosters a tumor-promoting
microenvironment but also contributes to debilitating
clinical manifestations including anemia,
thrombocytosis, leukocytosis, and increased thrombotic
risk. Understanding the complex interplay between
tumor cells, immune effectors, and hematopoietic
processes is essential for improving patient outcomes.
Therapeutic strategies targeting key cytokines and
inflammatory pathways, combined with
immunomodulatory  treatments and  supportive
hematologic care, hold promise for mitigating the
detrimental effects of the cytokine storm. However,
challenges remain in balancing immune suppression with
the restoration of effective anti-tumor responses.
Personalized approaches guided by biomarker profiling
and integrated multi-omics analyses will be pivotal in
tailoring therapies to individual patient needs.
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