


Hematological Profiles and Prognostic Markers in Pediatric Hematologic Malignancies: A Narrative Review


Abstract
Pediatric hematologic malignancies, including acute leukemias and lymphomas, represent the most common cancers in childhood and are associated with variable clinical outcomes despite major therapeutic advances. Hematological profiles derived from peripheral blood and bone marrow assessments remain central to diagnosis, risk stratification, treatment monitoring, and prognostication. This narrative review aimed to synthesize existing evidence on baseline and dynamic hematological parameters and their prognostic relevance in pediatric hematologic malignancies. A narrative literature review was conducted using peer-reviewed articles published in English, identified through major biomedical databases, including PubMed, Scopus, and Web of Science. Relevant studies focusing on pediatric populations with acute lymphoblastic leukemia, acute myeloid leukemia, and lymphomas were reviewed. Emphasis was placed on conventional hematological parameters, blast characteristics, cytogenetic and molecular markers, and treatment-related hematologic responses. Findings indicate that abnormalities in hemoglobin concentration, leukocyte and platelet counts, blast morphology, and marrow cellularity reflect disease burden and marrow failure, while cytogenetic and molecular alterations, particularly minimal residual disease status, are among the strongest predictors of outcome. Emerging hematology-based indices may further enhance prognostic assessment, especially in resource-limited settings. Integrating hematological profiles with advanced prognostic markers supports risk-adapted therapy and remains fundamental to improving survival and long-term outcomes in children with hematologic malignancies.
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Introduction
Pediatric hematologic malignancies constitute a diverse group of cancers arising from the bone marrow, blood, and lymphoid tissues, with leukemias and lymphomas accounting for the vast majority of cases [1-2]. Globally, these malignancies represent approximately one-third of all childhood cancers, with acute lymphoblastic leukemia (ALL) being the most common, followed by acute myeloid leukemia (AML) and non-Hodgkin and Hodgkin lymphomas. Despite substantial improvements in survival over the past several decades, pediatric blood cancers continue to pose significant clinical and public health challenges, particularly in low- and middle-income countries where delayed diagnosis and limited access to advanced diagnostics persist [3-4]. Unlike solid tumors, hematologic malignancies directly disrupt normal hematopoiesis, resulting in characteristic alterations in peripheral blood and bone marrow parameters. Consequently, hematological profiles are often the earliest indicators of disease, frequently identified during routine laboratory investigations for nonspecific symptoms such as fever, pallor, bleeding, or recurrent infections. Complete blood count abnormalities, including anemia, thrombocytopenia, leukocytosis, leukopenia, and the presence of circulating blasts, not only aid in raising clinical suspicion but also provide valuable information on disease severity and marrow involvement [5-7].
Beyond their diagnostic utility, hematological parameters play a critical role in prognostication and treatment stratification. Established markers such as white blood cell count at diagnosis, degree of cytopenias, and bone marrow blast percentage have long been incorporated into pediatric oncology protocols to guide therapeutic intensity. These conventional markers remain particularly relevant in settings where cytogenetic and molecular testing may be unavailable or delayed. Moreover, hematological recovery patterns during therapy offer important insights into treatment response, marrow reserve, and the risk of relapse or treatment-related complications [8-9].
In recent years, there has been growing interest in the prognostic significance of additional hematological and inflammation-based indices derived from routine blood tests. Parameters such as the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, red cell distribution width, and mean platelet volume have been explored as surrogate markers of systemic inflammation, immune dysfunction, and ineffective hematopoiesis. These indices are attractive due to their low cost, accessibility, and potential applicability across diverse healthcare settings. However, their prognostic value in pediatric hematologic malignancies remains an area of active investigation, with varying results across studies [10-11]. 
Aim
The aim of this narrative review is to synthesize and critically appraise current evidence on hematological profiles and prognostic markers in pediatric hematologic malignancies, with emphasis on their diagnostic relevance, prognostic value, and role in treatment response monitoring. The review seeks to highlight both conventional and emerging hematological parameters, assess their clinical utility across diverse healthcare settings, and underscore their contribution to risk-adapted management and outcome optimization in childhood blood cancers.
Methods
This narrative review was conducted through a comprehensive and structured examination of the existing literature on hematological profiles and prognostic markers in pediatric hematologic malignancies. Relevant studies were identified from electronic databases including PubMed, Scopus, and Google Scholar, using combinations of keywords such as “pediatric hematologic malignancies,” “hematological profiles,” “prognostic markers,” “blood cancer,” “leukemia,” and “lymphoma.” Both original research articles and review papers published in English were considered, with a focus on studies reporting peripheral blood and bone marrow findings, conventional hematological prognostic markers, and emerging inflammation-based indices.
Selection criteria emphasized studies involving pediatric populations (ages 0–18 years) diagnosed with hematologic malignancies. Data from clinical trials, observational studies, and retrospective analyses were examined to extract information on hematological parameters at diagnosis, their association with disease progression, treatment response, and overall survival outcomes. Special attention was given to emerging markers such as neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, red cell distribution width, and mean platelet volume. The review employed a narrative synthesis approach, integrating findings from diverse study designs to provide a comprehensive understanding of the prognostic significance and clinical applicability of hematological profiles. Rather than statistical meta-analysis, emphasis was placed on qualitative assessment, critical interpretation, and contextualization of hematological parameters within current pediatric oncology practice, including implications for resource-limited settings. This approach allows for a holistic exploration of the topic while identifying gaps in knowledge and potential directions for future research.
Hematological Profiles in Pediatric Hematologic Malignancies
Hematological profiles constitute a fundamental component in the evaluation of pediatric hematologic malignancies, reflecting both the biological behavior of the disease and its impact on normal hematopoiesis. Because these malignancies originate within the bone marrow and lymphoid system, alterations in blood and marrow parameters are often profound and clinically informative from the earliest stages of presentation (Table 1) [12-13]. Peripheral blood abnormalities are among the most consistent findings in children with hematologic cancers. Anemia is frequently observed and is typically normocytic and normochromic, arising from marrow infiltration by malignant cells and the consequent suppression of erythropoiesis. In some cases, macrocytosis may be present, influenced by ineffective erythropoiesis or treatment-related factors. Thrombocytopenia is another common feature, particularly in acute leukemias, and contributes significantly to bleeding manifestations at diagnosis. Leukocyte abnormalities vary widely, ranging from marked leukocytosis to leukopenia, depending on disease subtype and burden. In acute leukemias, the presence of circulating blasts in peripheral blood is a defining feature and often correlates with extensive marrow involvement and aggressive disease [14-15].
The bone marrow profile provides more definitive insight into disease pathology. In pediatric leukemias, marrow examination typically reveals hypercellularity with replacement of normal hematopoietic elements by malignant blasts. This disruption leads to pancytopenia in many patients, reflecting the failure of normal cell line production. The degree of marrow infiltration, blast morphology, and suppression of residual normal hematopoiesis are important parameters that inform both diagnosis and prognosis. In contrast, some lymphomas may demonstrate preserved marrow function in early stages, with cytopenias developing primarily when marrow infiltration or hypersplenism occurs [16-17]. Differential hematological patterns are also evident across specific malignancies. Acute lymphoblastic leukemia often presents with profound lymphoblast proliferation, accompanied by anemia and thrombocytopenia, whereas acute myeloid leukemia may exhibit additional features such as dysplastic changes in myeloid precursors. Lymphomas, particularly Hodgkin lymphoma, may show relatively subtle peripheral blood changes initially, with anemia of chronic disease and inflammatory leukocytosis becoming more prominent as disease advances [18]. Importantly, hematological profiles are dynamic and evolve with disease progression and therapeutic intervention. Baseline abnormalities at diagnosis provide critical information on disease burden, while changes observed during treatment reflect response, marrow recovery, or treatment-related toxicity. Persistent cytopenias or delayed normalization of blood counts may signal residual disease or increased risk of complications. As such, comprehensive interpretation of hematological profiles, integrated with clinical findings and advanced diagnostic modalities, remains essential in the effective management of pediatric hematologic malignancies [19].
Table 1: Hematological Profiles in Pediatric Hematologic Malignancies
	Hematologic Parameter
	Typical Findings
	Clinical Significance
	Disease Association

	White Blood Cell (WBC) Count
	Leukocytosis or leukopenia; presence of circulating blasts
	Indicates disease burden; predictor of prognosis and risk of early complications
	ALL, AML, leukemic phase of lymphomas

	Hemoglobin (Hb)
	Anemia (normocytic, normochromic; occasionally macrocytic)
	Reflects marrow suppression; associated with fatigue, pallor, transfusion requirements
	ALL, AML, advanced lymphomas

	Platelet Count
	Thrombocytopenia
	Indicates marrow infiltration; risk of bleeding; prognostic significance in therapy response
	ALL, AML, lymphomas with marrow involvement

	Peripheral Blood Blasts
	Presence of immature blasts in circulation
	Diagnostic hallmark; correlates with marrow infiltration and aggressive disease
	ALL, AML

	Bone Marrow Cellular Morphology
	Hypercellular marrow with blast infiltration; suppression of normal hematopoietic lines
	Confirms diagnosis; guides risk stratification and therapy
	ALL, AML

	Red Cell Indices (MCV, RDW)
	Normal or elevated MCV; increased RDW in some cases
	May indicate ineffective erythropoiesis and inflammation
	ALL, AML

	Neutrophil-to-Lymphocyte Ratio (NLR)
	Elevated NLR in aggressive disease
	Reflects systemic inflammation and immune dysregulation; emerging prognostic marker
	ALL, AML, some lymphomas

	Platelet-to-Lymphocyte Ratio (PLR)
	Elevated PLR
	Marker of inflammation; may correlate with disease severity
	ALL, AML

	Mean Platelet Volume (MPV)
	Reduced MPV in active disease
	Reflects platelet production/activation; may normalize with remission
	ALL, AML


Conventional Hematological Prognostic Markers
Conventional hematological prognostic markers have long served as reliable and accessible tools for risk stratification in pediatric hematologic malignancies. Derived primarily from routine peripheral blood counts and bone marrow assessments, these markers provide early insight into disease burden, biological aggressiveness, and expected treatment response, particularly at the time of diagnosis (Table 2) [20]. Among these parameters, the white blood cell (WBC) count at presentation remains one of the most extensively validated prognostic indicators, especially in pediatric acute lymphoblastic leukemia. Elevated WBC counts are generally associated with a higher leukemic burden, increased risk of early complications, and inferior survival outcomes. Conversely, children presenting with lower WBC counts often demonstrate better response to induction therapy and improved long-term prognosis. Similar trends, although less consistently defined, have been reported in acute myeloid leukemia and certain lymphomas with leukemic involvement [21].
Hemoglobin concentration at diagnosis reflects the extent of erythropoietic suppression caused by marrow infiltration. Severe anemia is commonly indicative of advanced disease and prolonged marrow compromise. While hemoglobin level alone may not independently predict survival in all pediatric hematologic malignancies, profound anemia has been associated with increased transfusion requirements, higher risk of treatment-related morbidity, and delayed hematological recovery during therapy [22]. Platelet count is another critical prognostic parameter, particularly in acute leukemias. Marked thrombocytopenia at diagnosis often signifies extensive marrow replacement by malignant cells and has been linked to increased bleeding risk and poorer early treatment tolerance. In some studies, higher baseline platelet counts have correlated with more favorable outcomes, reflecting preserved marrow function and lower disease burden [23].
Bone marrow blast percentage further contributes to prognostic assessment. A high proportion of blasts at diagnosis underscores aggressive disease biology and extensive marrow involvement. Moreover, early reduction in blast percentage following initiation of therapy is a favorable prognostic sign, indicating chemosensitivity and effective disease clearance. Conversely, persistently elevated blast levels during early treatment phases are associated with treatment resistance and increased relapse risk [24]. These conventional hematological markers remain integral to pediatric oncology practice. Their widespread availability, low cost, and clinical relevance make them particularly valuable in resource-limited settings. When interpreted in conjunction with clinical features and, where available, cytogenetic and molecular data, conventional hematological prognostic markers continue to guide risk-adapted therapeutic strategies in pediatric hematologic malignancies [25].
Table 2: Conventional Hematological Prognostic Markers in Pediatric Hematologic Malignancies
	Prognostic Marker
	Typical Observation
	Clinical Relevance
	Implications for Disease Outcome

	White Blood Cell (WBC) Count at Diagnosis
	Elevated (>50,000/µL in ALL) or markedly low
	Indicator of tumor burden and disease aggressiveness
	High WBC associated with poor prognosis; low WBC often predicts favorable response to therapy

	Hemoglobin (Hb) Level
	Severe anemia (<8 g/dL) common at presentation
	Reflects marrow suppression and disease extent
	Profound anemia linked to increased transfusion needs, delayed treatment recovery, and potential worse outcomes

	Platelet Count
	Thrombocytopenia (<100,000/µL)
	Marrow infiltration; risk of bleeding
	Low platelets indicate higher disease burden and may predict treatment-related complications

	Bone Marrow Blast Percentage
	>25% blasts at diagnosis; high residual blasts post-induction
	Confirms diagnosis; measures treatment response
	High blast percentage at diagnosis or slow clearance after induction is associated with high relapse risk

	Peripheral Blood Blasts
	Presence of immature blasts in circulation
	Diagnostic hallmark; correlates with marrow infiltration
	High circulating blasts indicate aggressive disease and higher early treatment complications

	Cytopenia Pattern (Pancytopenia)
	Simultaneous anemia, leukopenia, thrombocytopenia
	Reflects extensive marrow compromise
	Greater risk of infections, bleeding, and poor early therapy tolerance

	Hematological Recovery Post-Induction
	Early normalization of counts vs delayed recovery
	Indicator of marrow recovery and chemosensitivity
	Rapid recovery predicts favorable prognosis; delayed recovery suggests residual disease or treatment toxicity


Emerging Hematological and Inflammatory Markers
In recent years, there has been increasing interest in the prognostic relevance of emerging hematological and inflammation-based markers in pediatric hematologic malignancies. These markers, largely derived from routine complete blood count parameters, offer a pragmatic approach to capturing the complex interplay between malignant hematopoiesis, systemic inflammation, and immune dysregulation. Their simplicity and low cost make them particularly attractive in both high-resource and resource-constrained settings (Table 3) [26]. Among the most widely studied indices is the neutrophil-to-lymphocyte ratio (NLR), which reflects the balance between innate inflammatory responses and adaptive immune function. Elevated NLR values at diagnosis have been associated with more aggressive disease phenotypes, higher tumor burden, and poorer survival outcomes in several pediatric hematologic malignancies. A high NLR may indicate a pro-inflammatory state driven by malignant activity, coupled with relative lymphopenia that reflects impaired antitumor immunity. Although findings are not uniform across all studies, NLR has shown potential as an adjunctive prognostic marker, particularly when integrated with established risk factors [27-28].
The platelet-to-lymphocyte ratio (PLR) has similarly been explored as a marker of systemic inflammation and disease activity. Platelets play a recognized role in tumor biology through interactions with inflammatory pathways and the tumor microenvironment. Elevated PLR values have been linked to adverse outcomes in certain pediatric leukemias and lymphomas, suggesting that increased platelet activation in conjunction with lymphocyte suppression may contribute to disease progression. However, the prognostic utility of PLR in children remains less consistent than in adult populations, underscoring the need for further pediatric-specific validation [29]. Red cell distribution width (RDW), a measure of anisocytosis, has emerged as a potential indicator of ineffective erythropoiesis and chronic inflammation. Increased RDW levels in pediatric hematologic malignancies may reflect disrupted marrow function, nutritional deficiencies, or inflammatory cytokine activity. Several studies have associated elevated RDW with poorer prognosis and increased treatment-related complications, although its independent predictive value requires further clarification [30]. Mean platelet volume (MPV) has also attracted attention as a surrogate marker of platelet activation and marrow dynamics. Altered MPV values in children with hematologic malignancies may reflect either increased platelet consumption or impaired platelet production due to marrow infiltration. Lower MPV levels have been reported in active disease, with normalization observed during remission, suggesting a potential role in disease monitoring [31].
Table 3: Emerging Hematological and Inflammatory Markers in Pediatric Hematologic Malignancies
	Marker
	Typical Observation
	Clinical Relevance
	Implications for Disease Outcome

	Neutrophil-to-Lymphocyte Ratio (NLR)
	Elevated NLR at diagnosis or during disease progression
	Reflects systemic inflammation and immune dysregulation
	High NLR associated with aggressive disease, poor early response, and lower overall survival

	Platelet-to-Lymphocyte Ratio (PLR)
	Elevated PLR
	Surrogate marker of inflammation and tumor activity
	High PLR may correlate with increased disease severity and adverse outcomes

	Red Cell Distribution Width (RDW)
	Increased RDW
	Indicates ineffective erythropoiesis, chronic inflammation, or marrow stress
	Elevated RDW linked to poorer prognosis and higher risk of complications

	Mean Platelet Volume (MPV)
	Reduced MPV in active disease; may normalize in remission
	Reflects platelet production and activation status
	Low MPV may indicate marrow suppression; normalization often reflects treatment response

	Immature Platelet Fraction (IPF)
	Increased IPF in marrow recovery phase
	Measures new platelet production
	High IPF during therapy may signal bone marrow recovery and effective response

	Leukocyte Subset Ratios (e.g., Lymphocyte-to-Monocyte Ratio)
	Altered ratios reflecting immune dysregulation
	Surrogate markers for systemic inflammation and host immunity
	Abnormal ratios may predict relapse risk or poor treatment response


Hematological Profiles in Treatment Response and Monitoring
Hematological profiles play a pivotal role in evaluating treatment response and ongoing disease monitoring in pediatric hematologic malignancies. Because therapeutic interventions directly target malignant hematopoietic cells, changes in peripheral blood and bone marrow parameters provide timely and clinically meaningful indicators of treatment effectiveness, marrow recovery, and emerging complications (Figure 1) [2]. During induction therapy, rapid clearance of circulating blasts and progressive normalization of peripheral blood counts are generally regarded as favorable signs of chemosensitivity. Early improvement in hemoglobin levels, rising platelet counts, and recovery of neutrophil numbers reflect restoration of normal hematopoiesis and effective suppression of malignant clones. Conversely, persistent cytopenias or continued presence of blasts in peripheral blood may suggest inadequate treatment response, high-risk disease biology, or early therapy resistance, warranting closer evaluation and potential treatment modification [32].
[bookmark: _GoBack]Bone marrow assessment remains central to response evaluation, particularly in the early phases of therapy. A marked reduction in blast percentage following induction is a critical prognostic indicator and often correlates with long-term disease control. Hematological recovery patterns observed in the marrow, including re-emergence of normal erythroid, myeloid, and megakaryocytic lineages, further support evidence of remission. Delayed marrow recovery, however, may indicate residual disease, cumulative treatment toxicity, or increased susceptibility to infections and bleeding [33]. Throughout consolidation and maintenance phases, serial hematological monitoring is essential for detecting relapse, assessing treatment tolerance, and guiding supportive care. Sudden or unexplained declines in blood counts may serve as early warning signs of disease recurrence or secondary marrow failure. Additionally, trends in hematological indices can help clinicians differentiate between disease-related cytopenias and treatment-induced myelosuppression, informing decisions on dose adjustments or therapy delays [34]. Although advanced techniques such as minimal residual disease assessment by flow cytometry or molecular methods have become integral to modern pediatric oncology, hematological profiles remain indispensable. They offer continuous, cost-effective, and widely accessible information that complements sophisticated diagnostics. When interpreted longitudinally and in conjunction with clinical and laboratory findings, hematological profiles provide a comprehensive framework for monitoring treatment response and optimizing outcomes in pediatric hematologic malignancies [35-36].
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Figure 1: Hematological Profiles in Treatment Response and Monitoring
Conclusion
Hematological profiles remain central to the diagnosis, prognostication, and longitudinal management of pediatric hematologic malignancies. Conventional parameters, including white blood cell count, hemoglobin concentration, platelet count, and bone marrow blast percentage, continue to provide robust and clinically actionable prognostic information, particularly at diagnosis and during early treatment phases. These markers are especially valuable in resource-limited settings, where access to advanced molecular diagnostics may be constrained. The growing body of evidence supporting emerging hematological and inflammatory indices underscores their potential role as complementary prognostic tools. Markers such as the neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, red cell distribution width, and mean platelet volume offer additional insight into disease biology, immune dysregulation, and systemic inflammation. While promising, their interpretation must be cautious, standardized, and integrated with established clinical and laboratory parameters.
Importantly, serial hematological monitoring provides continuous insight into treatment response, marrow recovery, and early detection of relapse or therapy-related complications. When combined with contemporary approaches such as minimal residual disease assessment, hematological profiles contribute to a more comprehensive and dynamic risk-adapted management strategy. An integrated framework that incorporates conventional hematological parameters, emerging biomarkers, and advanced diagnostic modalities is essential to optimizing outcomes in pediatric hematologic malignancies. Continued research aimed at refining prognostic models and validating accessible biomarkers will further enhance personalized care and improve survival for children affected by these cancers. 
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