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Abstract  Case Report 

 

Artificial intelligence (AI) has emerged as a revolutionary tool in hematology, capable of analyzing, interpreting, and 

integrating complex biological, morphological, and genomic data with enhanced precision and speed. This review aims 

to explore the applications of AI in hematology, with a focus on diagnostic automation, flow cytometry, genomic 

analysis, predictive modeling, and clinical decision support. A narrative literature review was conducted using PubMed, 

ScienceDirect, and Google Scholar, covering publications from 2018 to 2024. Keywords included: artificial intelligence, 

machine learning, deep learning, hematology, cytology, genomics, blood cancers. Articles presenting clinically 

validated or promising applications were selected. The findings indicate that AI is particularly applied in automated 

diagnostics and morphological analysis, especially in blood cell classification and the detection of morphological 

abnormalities. It also plays a pivotal role in flow cytometry and genomics, notably through the interpretation of next-

generation sequencing (NGS) data to identify mutations and clinically relevant risk profiles, particularly in acute 

myeloid leukemia (AML). Furthermore, AI contributes to predictive modeling, patient follow-up, and morphometric 

quantitative image analysis, facilitating the early detection of hematologic malignancies. In conclusion, AI represents a 

major technological breakthrough in hematology, complementing human expertise while reducing workload. Future 

efforts should focus on enhancing algorithm explainability and clinical Regulatory harmonization and close 

collaboration between clinicians, data scientists, and institutions are essential to fully harness the potential of AI in the 

diagnosis, prognosis, and treatment of blood disorders. 

Keywords: Artificial intelligence, Hematology, Machine learning, Deep learning, Blood cancer, Morphology, Flow 
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INTRODUCTION 
Artificial intelligence (AI) in hematology 

encompasses a set of technologies designed to analyze, 

interpret, and leverage biological, morphological, and 

genomic data through algorithms, with the aim of 

improving the diagnosis, treatment, and monitoring of 

blood disorders [1]. The role of AI in hematology is 

multifaceted and continuously expanding, offering 

advancements in diagnostic accuracy, laboratory 

workflow efficiency, and personalized patient care. This 

article provides an overview of the current applications 

of AI in hematology, supported by a literature review and 

critical analysis. 

 

Applications of Artificial Intelligence in Hematology 

1. AI-Assisted Diagnosis 

This refers to the automated diagnosis of blood 

disorders using peripheral blood and bone marrow 

smears. Systems such as CellaVision, which use deep 

learning algorithms, can identify and classify different 

blood cell types, thereby detecting abnormalities such as 

blasts in leukemia [2]. 

 

2. Flow Cytometry and Cell Classification 

Flow cytometry enables the characterization of 

cellular populations and generates millions of data points 

per sample. Artificial intelligence can rapidly and 

accurately analyze these data, facilitating the 

identification of immunophenotypic profiles, as in the 

case of acute leukemias or lymphomas [3]. 

 

3. AI and Genomics: Towards Precision Medicine 

AI can rapidly interpret complex and large-

scale genetic data, identifying significant mutations, 

specific genomic signatures, or adverse prognostic 

factors. It can also guide therapeutic decisions based on 

the patient’s molecular profile [4]. 
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4. Patient Monitoring and Clinical Prediction 

AI can be used to monitor the clinical evolution 

of patients by integrating biological, genetic, and clinical 

data into predictive models. This enables the anticipation 

of relapses, prediction of treatment response, and 

detection of complications. Clinical prediction is 

particularly useful in chronic hematologic disorders such 

as chronic myeloid leukemia or myelodysplastic 

syndromes, where long-term monitoring is required. 

 

5. Ethical Issues and Current Limitations 

AI should be regarded as a decision-support 

tool rather than an autonomous solution. It does not 

replace human expertise. Nevertheless, significant 

ethical questions arise, including algorithm transparency, 

health data protection, potential biases in models, and 

medical liability in the event of errors. Rigorous 

validation of algorithms in real-world clinical settings 

remains essential [5]. 

 

METHODOLOGY 
This study is based on a narrative review of the 

scientific literature (articles, reviews, clinical studies) 

published between 2018 and 2024, using searches in 

PubMed, ScienceDirect, and Google Scholar. Keywords 

used included: artificial intelligence, machine learning, 

deep learning, hematology, cytology, genomics, blood 

cancer. Selected documents presented concrete 

application cases, either clinically validated or under 

evaluation. 

 

RESULTS 
Artificial intelligence (AI) is revolutionizing 

medicine, particularly hematology, a discipline with a 

strong visual, genomic, and analytical component. This 

article explores the main current applications of AI in 

diagnosis, cell classification, genetic analysis, clinical 

monitoring, and personalized medicine. A critical 

discussion addresses issues related to validation, ethics, 

integration into care, and professional training. 

 

AI enables automated analysis of digitized blood smears, 

detecting and classifying cells (e.g., neutrophils, 

lymphocytes, blasts). Systems such as CellaVision have 

demonstrated >95% sensitivity for certain morphological 

abnormalities. Machine learning algorithms also play a 

role in interpreting massive datasets from flow 

cytometry, improving the classification of leukemias and 

lymphomas, and accelerating patient stratification. 

 

AI processes next-generation sequencing 

(NGS) data efficiently, enabling the identification of 

mutations, gene fusions, and prognostic signatures. 

Models combining AI and genomics have been used to 

predict treatment response in patients with acute  

 

myeloid leukemia. AI can also predict relapse 

or treatment failure in certain chronic hematologic 

disorders. Systems integrating biological and clinical 

data allow personalized and proactive monitoring. 

AI technologies are also used in medical training (case 

simulation, automated cell recognition) and for exploring 

large biological datasets in research projects. (Table 1) 

 

Table 1: AI Applications and Clinical Impact 

AI Application Clinical Impact 

Blood smear image analysis Reduced diagnostic turnaround time 

Automated flow cytometry Detection of aberrant cell populations 

NLP (Natural Language Processing) Automated summaries of medical reports 

Machine learning on CBC (complete blood count) data Assistance in differential diagnosis 

 

Role of Artificial Intelligence in Hematology 

Interpretation 

Artificial intelligence (AI) in hematology aims 

to assist laboratory specialists in the analysis and 

interpretation of laboratory results (complete blood count 

– CBC) as well as in the interpretation of smear and bone 

marrow images. This is achieved using machine learning 

(ML) and deep learning (DL) methods. A detailed 

overview of these uses is provided in (Table 2). 

 

Table 2: Applications of AI in Hematology 

Assisted Cytology 

Analysis 

AI is transforming hematology cytology by automating the identification and classification of blood cells 

on peripheral smears and bone marrow. 

Classification of lymphocytes and plasma cells 

Interpretation of 

complete blood 

counts 

Routine complete blood counts, combining hematological and biochemical parameters, are an ideal 

standardized data source for AI. Studies have applied ML algorithms to more than 50 blood parameters, 

achieving AUCs greater than 0.90 for the detection of infectious, neoplastic, and metabolic diseases. 

Flow cytometry facilitating the classification of acute leukemias and the detection of rare subpopulations. 

Reducing analysis time. 

Genomic analysis AI is used to identify pathogenic mutations, stratify risks, and predict the progression of hematological 

diseases. Clinical Decision 

Support Systems 

 

CDS integrate laboratory results, imaging, and electronic patient records to provide personalized 

recommendations. 
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ROLE OF AI IN MORPHOMETRY 

Morphometry in hematology involves the 

precise and reproducible quantification of dimensional 

and textural characteristics of blood and bone marrow 

cells. AI contributes at every stage of the process, from 

image acquisition to the statistical analysis of 

morphometric parameters, The main stages and 

associated technologies are presented in Table 3. 

 

Table 3: Stages of Morphometric Analysis 

Step Description AI Technology and References 

1. Image Acquisition Full-field capture of digitized slides, enabling the 

processing of thousands of cells simultaneously. 

Full-field platforms + high-

resolution cameras 

2. Segmentation Automatic detection and isolation of cellular contours 

(nucleus, cytoplasm, artifacts). 

U-Net–based neural networks or 

Mask R-CNN 

3. Feature Extraction Measurement of geometric parameters (area, 

perimeter, circularity), textural features (intensity 

variance). 

Statistical descriptors + deep 

learning (autoencoders) 

4. Multivariate 

Quantification 

Building classification or regression models from a 

morphometric feature vector. 

Random forests, SVM, deep 

networks (DenseNet, ResNet) 

5. Visualization and 

Reporting 

Interactive dashboards, heatmaps, and cluster analysis 

to identify subpopulations. 

Python libraries (Plotly, Dash) 

integrated into clinical settings 

 

AI PLAYS A MAJOR ROLE IN 

AI plays a major role in various aspects of 

hematologic diagnostics. In leukocyte classification, 

Xing et al., demonstrated that AI integrated into a digital 

morphology analyzer can pre-classify cells, increasing 

the sensitivity for detecting abnormal leukocytes by 14–

15% while reducing the classification time per smear by 

215 seconds. In erythrocyte analysis, the quantitative 

differentiation of erythroid precursors using gray-level 

co-occurrence matrices has enabled the accurate 

diagnosis of various forms of anemia. For bone marrow 

blast evaluation, automated measurement of nuclear size 

and heterogeneity has enhanced the early detection of 

acute leukemias, reducing inter-operator variability. 

Several techniques underpin these applications, 

including classical machine learning approaches, such as 

support vector machines (SVM) applied to tabular data 

from hematology analyzers to detect quantitative 

abnormalities (cytopenias, hyperleukocytosis), and deep 

learning methods, particularly convolutional neural 

networks (CNNs), for automated recognition and 

classification of blood cells from smear images, 

achieving near-human performance in leukocyte 

differential counts and detection of subtle morphological 

features. More recently, large language models (LLMs) 

have been applied for the semi-automated generation of 

hematology reports, contextual interpretation of results, 

and assistance in drafting standardized documentation. 

 

DISCUSSION 
AI assists in achieving accurate diagnoses, 

accelerating analytical processes, and paving the way 

toward individualized medicine. However, its 

deployment in clinical hematology is hindered by several 

factors, particularly reliability. Models must be validated 

on large and diverse cohorts to avoid bias and ensure 

generalizability of results. 

 

Many algorithms, particularly in deep learning, 

remain poorly interpretable to clinicians. Furthermore, 

AI must integrate seamlessly into hospital systems 

without adding complexity to medical workflows. 

Ethical standards are essential for data protection, to 

regulate algorithmic decision-making, and to ensure 

fairness in patient care [5]. Professionals must be trained 

in the fundamentals of AI to use these tools critically and 

effectively. It is important to emphasize that AI is not 

intended to replace the hematologist, but to augment 

their capabilities, especially in high-workload 

environments or in settings with limited expertise. 

 

Advantages: Time savings, improved accuracy, 

personalization of care 

 

Limitations: Algorithmic bias, need for clinical 

validation, ethical considerations 

 

Future Perspectives 

• Integration into routine clinical practice 

• Collaborative AI (supporting the physician, not 

replacing them) 

• Regulation, safety, and validation by health 

authorities 

 

The application of artificial intelligence (AI) in 

hematology marks a major advance in the way medical 

data are analyzed, interpreted, and integrated into clinical 

practice. Findings from recent studies demonstrate that 

AI, particularly through deep learning and convolutional 

neural networks, significantly improves the accuracy of 

hematologic diagnosis while reducing analysis time and 

inter-observer variability. This added value is especially 

notable in data-intensive areas such as cytology, flow 

cytometry, and genomics. 

 

However, several issues must be addressed to 

achieve realistic and ethical clinical integration of these 
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technologies. While AI algorithms can reach 

performance levels comparable to—or even exceeding—

those of human experts in certain tasks, their validation 

in diverse, real-world contexts remains a challenge. 

Many models are trained on homogeneous datasets (from 

a single center or population), which limits their 

generalizability. It is therefore essential to conduct 

multicenter studies incorporating diverse datasets to 

assess robustness. 

 

A major barrier to clinical adoption of AI in 

hematology is the lack of transparency and explainability 

of many models (often referred to as “black boxes”). In 

the sensitive context of hematologic cancer management, 

it is crucial that clinicians understand the reasoning 

behind an algorithm’s predictions in order to maintain 

patient trust and ensure medical accountability. 

 

For AI to be fully effective, it must integrate 

smoothly into clinical workflows. This requires the 

development of intuitive interfaces, compatibility with 

hospital information systems, and adaptability to daily 

practice. AI should simplify and enhance medical work, 

not make it more burdensome. 

 

The use of health data to train algorithms raises 

significant ethical concerns: protection of personal data, 

informed consent, system security, and fairness in 

algorithmic decision-making. Regulations such as the 

GDPR in Europe provide a strict framework, but remain 

insufficiently adapted to the specificities of medical AI. 

It is therefore necessary to establish specific standards to 

ensure the responsible use of AI in hematology. 

 

The growing role of AI also requires targeted 

training for hematologists, biologists, and laboratory 

technicians. These professionals must acquire basic 

knowledge in data science to interact effectively with AI 

tools and remain central to medical decision-making. AI 

should be viewed as a partner, not a replacement. 

 

CONCLUSION 
The application of artificial intelligence in 

hematology represents a major advance in the way 

medical data are analyzed, interpreted, and integrated 

into clinical practice. Recent studies demonstrate that AI, 

particularly through deep learning and convolutional 

neural networks, significantly improves the accuracy of 

hematologic diagnosis while reducing analysis time and 

inter-observer variability [1,4]. This added value is 

particularly evident in data-intensive fields such as 

cytology, flow cytometry, and genomics. 
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