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Abstract

Cervical cancer remains a major global health challenge, with treatment advances improving survival yet often
accompanied by significant hematological complications. Therapeutic modalities such as chemotherapy, radiotherapy,
and concurrent chemoradiotherapy disrupt hematopoiesis and contribute to anemia, leukopenia, neutropenia,
lymphopenia, thrombocytopenia, and in severe cases pancytopenia. These complications compromise treatment
adherence, increase infection and bleeding risks, impair quality of life, and may worsen survival outcomes. The
underlying mechanisms include direct bone marrow suppression, chronic tumor-related blood loss, immune
dysregulation, and nutritional deficiencies, particularly in resource-limited settings. This review synthesizes current
evidence on the biological basis, clinical spectrum, and management of hematological toxicities in cervical cancer
therapy. It highlights the importance of routine hematologic monitoring, early supportive interventions, and
personalized treatment strategies to minimize adverse effects while preserving therapeutic efficacy. Addressing these
challenges is critical to improving both survival and quality of life in women undergoing cervical cancer treatment.
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Introduction

Cervical cancer is one of the most common
gynecological malignancies worldwide and
remains a leading cause of cancer-related
mortality among women, particularly in low- and
middle-income  countries [1-2]. Despite
significant advances in prevention strategies such
as HPV wvaccination and cervical cancer
screening, many women are still diagnosed at
advanced stages of the disease. In such cases,
therapeutic approaches including chemotherapy,
radiotherapy, and concurrent chemoradiotherapy
remain the cornerstone of management, offering
improved survival outcomes. However, these
treatments are associated with profound systemic
toxicities, of which hematological complications
are among the most frequent and clinically
significant [3-4].Hematological complications in
cervical cancer therapy encompass a broad
spectrum of abnormalities affecting red blood
cells, white blood cells, and platelets [5]. These
include  anemia, leukopenia, neutropenia,
lymphopenia, thrombocytopenia, and in severe
cases, pancytopenia. Such complications not only
compromise the patient’s ability to tolerate
treatment but also lead to interruptions, dose
reductions, or even discontinuation of therapy.
Consequently, hematological toxicities directly
influence treatment efficacy, quality of life, and
long-term survival outcomes [6-7].

The Dbiological underpinnings of these
complications are multifactorial. While advanced
cervical cancer itself may lead to chronic anemia
through abnormal uterine bleeding and systemic
inflammation, treatment modalities further
exacerbate these disturbances. Chemotherapy
agents, particularly cisplatin-based regimens,
exert cytotoxic effects on rapidly dividing cells,
including bone marrow precursors, thereby
suppressing hematopoiesis. Radiotherapy directed
at the pelvic region damages hematopoietic stem
cells in pelvic bones, leading to sustained marrow
suppression. When chemotherapy and
radiotherapy are administered concurrently, their
synergistic toxicities markedly increase the risk of
severe hematological derangements [8].Beyond
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direct myelosuppression, immune dysregulation
and nutritional deficiencies play crucial roles in
the development of hematological complications.
Lymphopenia, a common outcome of pelvic
radiotherapy, significantly impairs antitumor
immunity and  predisposes  patients  to
opportunistic infections. Nutritional deficiencies,
particularly iron, folate, and vitamin B12
deficiencies, are highly prevalent among women
in resource-limited settings and further exacerbate
anemia and other cytopenias. The complex
interplay of these factors underscores the systemic
burden imposed on patients undergoing cervical
cancer therapy [9-10].

The clinical implications of hematological
complications extend far beyond laboratory
abnormalities. Anemia, for instance, reduces

tissue oxygenation and has been associated with
poor tumor radiosensitivity and inferior survival
outcomes. Neutropenia and  lymphopenia
predispose patients to recurrent infections, sepsis,
and treatment delays, while thrombocytopenia
increases bleeding risks and necessitates
transfusion support. Pancytopenia, though less
common, poses life-threatening risks and often
requires prolonged hospitalization. Collectively,
these complications exert a heavy toll on patient
well-being, healthcare resources, and overall
treatment outcomes [11-13].Effective
management of hematological complications
requires a comprehensive and proactive approach.
Supportive strategies such as blood transfusions,
iron supplementation, erythropoiesis-stimulating
agents, and colony-stimulating factors are
commonly employed to restore hematologic
balance. Regular monitoring of hematologic
parameters during treatment allows for timely
interventions, while treatment modifications and
emerging bone marrow-sparing techniques offer
additional avenues to mitigate toxicity.
Nevertheless, the availability and accessibility of
supportive care remain highly variable across
different healthcare systems, particularly in low-
resource settings where the cervical cancer burden
is highest [14].
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Biological Basis of Hematological
Complications in Cervical Cancer Therapy

The hematological complications observed in
cervical cancer therapy arise from a complex
interplay of disease-related and treatment-related
mechanisms. Cervical cancer itself contributes
significantly to hematologic disruption. Chronic
abnormal vaginal bleeding, a hallmark of
advanced disease, frequently results in iron
deficiency anemia. Beyond blood loss, the tumor
microenvironment generates a pro-inflammatory
milieu, releasing cytokines such as interleukin-6
and tumor necrosis factor-o, which interfere with
erythropoiesis and promote anemia of chronic
disease. These inflammatory pathways not only
suppress red blood cell production but also alter
iron metabolism, leading to functional iron
deficiency [15-16].Chemotherapy remains a
cornerstone in cervical cancer management, with
cisplatin-based regimens being the standard of
care. However, chemotherapy exerts cytotoxic
effects indiscriminately on rapidly dividing cells,
including those within the bone marrow. This
leads to myelosuppression, manifesting as
anemia, neutropenia, thrombocytopenia, or even
pancytopenia. The severity of hematologic
toxicity often correlates with cumulative dosing
and treatment intensity. Chemotherapy also
induces oxidative stress and mitochondrial injury
within hematopoietic progenitor cells, further
impairing marrow recovery [17-18].

Radiotherapy, particularly pelvic irradiation, adds
another layer of hematological burden. The pelvic
bones contain a significant proportion of active
bone marrow, and radiation exposure results in
direct DNA damage and apoptosis of
hematopoietic stem cells. Over time, this marrow
suppression compromises the regeneration of all
blood cell lineages. Moreover, radiation-induced
vascular injury disrupts the supportive bone
marrow microenvironment, compounding
hematopoietic impairment. Patients receiving
concurrent chemoradiotherapy experience
amplified toxicity due to the synergistic effects of
chemotherapy and radiation on marrow function
[19-20].
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Immune dysregulation is another important
biological pathway. Lymphopenia, commonly
seen after pelvic radiotherapy, stems from both
direct lymphocyte depletion and impaired
lymphoid organ function. This reduction in
immune cell populations compromises antitumor
immunity, increasing susceptibility to infections
and potentially influencing disease progression.
Persistent lymphopenia has been linked to poorer
treatment responses and survival outcomes,
underscoring its biological and clinical relevance
[21-22].Nutritional deficiencies also contribute
significantly to hematological complications.
Women with cervical cancer, particularly in low-
resource settings, often present with pre-existing
deficiencies in iron, folate, and vitamin B12.
These deficiencies not only exacerbate anemia but
also impair the synthesis and maturation of
hematopoietic cells. The combination of
nutritional inadequacy with aggressive therapy
magnifies the risk of hematological toxicities
[23].

Spectrum of Hematological Complications

The hematological complications encountered
during cervical cancer therapy span a wide range
of abnormalities, reflecting the multifactorial
impact of disease progression, cytotoxic drugs,
and radiotherapy. These complications affect all
three major blood cell lineages—erythrocytes,
leukocytes, and platelets—manifesting clinically
as anemia, leukopenia, neutropenia, lymphopenia,
thrombocytopenia, or, in severe cases,
pancytopenia. Each of these conditions carries
unique biological underpinnings and clinical
consequences that together shape treatment
outcomes and patient quality of life [24-
25].Anemia remains the most prevalent
hematological abnormality in cervical cancer
patients. Its origins are diverse, encompassing
chronic tumor-related blood loss, nutritional
deficiencies, inflammation-driven suppression of
erythropoiesis, and direct myelosuppressive
effects of therapy. Anemia significantly reduces
tissue oxygenation, which compromises tumor
radiosensitivity and lowers treatment response
rates. Patients often present with fatigue, dyspnea,
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and diminished functional capacity, all of which
undermine treatment adherence and overall well-
being [8].

Leukopenia and neutropenia frequently develop
during chemotherapy, especially with cisplatin-
based regimens. Neutropenia poses a particular
threat as it predisposes patients to life-threatening
infections, often presenting with neutropenic
fever that requires urgent hospitalization and
intravenous antibiotic therapy. Treatment delays
or dose reductions necessitated by neutropenia
directly diminish the intensity of therapy, thereby
affecting disease control and survival outcomes
[26-27].Lymphopenia  is  another  critical
complication, especially in patients undergoing
pelvic radiotherapy or chemoradiotherapy.
Lymphocytes are highly radiosensitive, and their
depletion impairs both innate and adaptive
immune responses. Persistent lymphopenia
weakens  antitumor  immunity, increasing
vulnerability to opportunistic infections and
potentially influencing long-term tumor control.
Evidence increasingly  links  post-therapy
lymphopenia with poorer progression-free and
overall survival, highlighting its prognostic
significance [28-30].

Thrombocytopenia, though less common than
anemia and neutropenia, is clinically significant
when it occurs. It arises from chemotherapy-
induced suppression of megakaryocyte precursors
and, in some cases, radiation damage to marrow
niches. Low platelet counts increase bleeding
risks, ranging from mucosal hemorrhage to life-

threatening  intracranial or  gastrointestinal
bleeding.  Severe thrombocytopenia  often
necessitates platelet transfusions and may

interrupt treatment schedules, adding further
complexity to patient management [31-32].In the
most severe scenarios, patients may develop
pancytopenia, where all three blood cell lines are
depleted. This complication typically reflects
profound bone marrow suppression due to
combined chemotherapy and radiotherapy.
Pancytopenia places patients at exceptionally high
risk of infection, bleeding, and debilitating
fatigue, frequently requiring hospitalization,
transfusion support, and intensive monitoring.
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The occurrence of pancytopenia often forces
treatment interruption or termination,
compromising cancer control [31].

Clinical Implications and Management

The hematological complications that arise during
cervical cancer therapy carry profound clinical
implications, often determining the success or
failure of treatment plans. These complications
not only compromise treatment delivery but also
increase morbidity and mortality, emphasizing the
need for vigilant monitoring and timely
interventions. Their effects extend beyond
transient laboratory abnormalities, influencing
therapeutic efficacy, patient survival, and overall
quality of life [8].Anemia, for example,
diminishes tumor radiosensitivity due to
inadequate oxygen delivery to tissues. This
undermines the effectiveness of radiotherapy and
chemoradiotherapy, both of which rely on well-
oxygenated tumor cells to achieve optimal
cytotoxic effects. Clinically, patients with anemia
experience fatigue, breathlessness, and reduced
functional capacity, which may impair adherence
to demanding treatment schedules. Transfusion
support, iron supplementation, and the use of
erythropoiesis-stimulating agents are common
interventions, although their availability varies
across healthcare settings [33].

Leukopenia and neutropenia represent particularly
dangerous complications, as they expose patients
to infections that can rapidly become life-
threatening. Neutropenic fever is a medical
emergency that often requires hospitalization,
broad-spectrum antibiotics, and treatment delays
until marrow recovery. Granulocyte colony-
stimulating factors (G-CSF) have proven effective
in reducing the incidence and duration of
neutropenia, allowing patients to maintain
treatment intensity. However, the cost and limited
accessibility of these agents remain barriers in
many low-resource regions where cervical cancer
prevalence is highest [34-35].Lymphopenia,
though sometimes overlooked, carries significant
implications for both infection risk and cancer
control. Prolonged depletion of lymphocyte
populations undermines immune surveillance,
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increasing  vulnerability to  opportunistic
infections and  potentially reducing the
effectiveness of immune-mediated tumor
eradication. While no standardized interventions
for radiation-induced  lymphopenia  exist,
strategies such as bone marrow-sparing
radiotherapy and treatment optimization are being
explored to preserve immune competence during
therapy [36-37].

Thrombocytopenia poses unique challenges due
to bleeding risks, which range from minor
mucosal hemorrhage to life-threatening events.
Severe thrombocytopenia often necessitates
platelet transfusion, but resource constraints may
limit access in many settings. Preventive
measures, including dose modification of
chemotherapy and careful monitoring of platelet
counts, are critical in minimizing risk [38].In the
most severe cases, pancytopenia emerges as a

cumulative consequence of combined
chemoradiotherapy. = This  condition  often
necessitates prolonged hospitalization, broad

supportive care, and transfusion support, with
significant implications for healthcare resource
allocation. Pancytopenia frequently results in
treatment delays or discontinuation, highlighting
the delicate balance between achieving tumor
control and preserving bone marrow function
[39].The management of these complications
demands an integrated and proactive approach.
Routine hematological monitoring before, during,
and after therapy is essential for early detection
and timely intervention. Supportive care
strategies, including transfusions, growth factors,
nutritional  supplementation, and infection
prophylaxis, form the backbone of management.
At the same time, research into less toxic
regimens, personalized dosing strategies, and
advanced radiotherapy techniques offers promise
in reducing hematological toxicity [40].

Conclusion

Hematological complications remain a central
challenge in the management of cervical cancer,
arising from both disease-related factors and the
cytotoxic effects of therapy. Anemia, leukopenia,
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neutropenia, lymphopenia, thrombocytopenia, and
pancytopenia each exert unique and overlapping
impacts that compromise treatment delivery,
increase infection and bleeding risks, and reduce
quality of life. Their occurrence often necessitates
dose modifications, treatment delays, or
discontinuation, thereby diminishing therapeutic
efficacy and  survival outcomes.Effective
management requires a proactive and integrative
approach that prioritizes regular hematologic
monitoring, early supportive interventions, and
personalized treatment strategies. Supportive
measures such as transfusions, hematopoietic
growth factors, nutritional supplementation, and
optimized treatment regimens play an essential
role in minimizing morbidity while maintaining
treatment intensity.
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