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PREFACE 

Human pathology forms the cornerstone of medical science by 

providing a comprehensive understanding of disease mechanisms, 

their causes, progression, and clinical manifestations. The increasing 

complexity of healthcare demands an integrated approach to 

studying diseases that bridges fundamental pathological concepts 

with clinical applications. Integrated Human Pathology and Disease 

Systems has been developed to address this need by offering a 

systematic and interdisciplinary perspective on major disease 

conditions affecting individuals across different stages of life. 

This book is designed to serve as a valuable resource for 

undergraduate and postgraduate students, medical professionals, 

allied health practitioners, researchers, and educators seeking a 

deeper understanding of disease processes. The primary objective 

of this volume is to connect pathological principles with clinical 

relevance, enabling readers to appreciate how cellular and 

molecular abnormalities translate into functional impairment and 

clinical symptoms. By emphasizing disease systems rather than 

isolated pathological events, the book promotes a holistic 

understanding of human health and disease. 

The volume is organized into four major thematic sections that 

collectively cover significant areas of contemporary pathology. The 

first section, Genetic and Pediatric Disorders, explores the 

pathological basis of inherited diseases, congenital abnormalities, 

developmental disorders, and pediatric conditions. Understanding 

genetic influences on disease is increasingly important in modern 

medicine, particularly with advances in genomic technologies and 
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personalized healthcare. This section highlights the mechanisms 

underlying genetic alterations and their impact on childhood health 

and development. 

The second section, Hematological Malignancies, focuses on 

disorders affecting blood and lymphoid tissues, including leukemias, 

lymphomas, and related neoplastic conditions. These diseases 

represent a major challenge in clinical practice due to their 

complex pathogenesis and evolving therapeutic approaches. The 

chapters provide insights into disease mechanisms, diagnostic 

strategies, and emerging advances in hematological oncology. 

The third section, Respiratory and Gastrointestinal Diseases, 

examines two of the most essential organ systems that significantly 

influence human well-being. Respiratory and digestive disorders 

contribute substantially to global morbidity and mortality. Through 

detailed discussions of inflammatory, infectious, degenerative, and 

neoplastic conditions, this section offers a comprehensive 

understanding of the pathological changes that affect these systems 

and their clinical consequences. 

The final section, Essential Pathology with Clinical Correlation of Non-

Communicable Diseases, addresses the growing global burden of 

chronic diseases such as cardiovascular disorders, metabolic 

syndromes, endocrine abnormalities, and other non-communicable 

conditions. By integrating pathological findings with clinical 

presentations, this section underscores the importance of early 

diagnosis, prevention, and evidence-based management 

strategies. 

The overarching theme of this book is the integration of pathology 

with disease systems and clinical practice. By combining 
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foundational knowledge with current scientific advancements, the 

book aims to enhance diagnostic reasoning, promote critical 

thinking, and support evidence-based healthcare. We hope that this 

volume serves as a meaningful academic and professional 

resource, fostering a deeper appreciation of disease mechanisms 

and their implications for patient care, research, and medical 

innovation in the years ahead. 

We extend our sincere thanks to our publisher, Scientific Research 

Reports, Chennai, India, for their dedicated efforts in preparing this 

book and for ensuring the inclusion of enriched and high-quality 

technical content. 

Wishes and Regards, 

Dr. HEMALATHA R J 

Associate Professor, School of Allied Health Sciences 

Vels Institute of Science, Technology & Advanced Studies 

Chennai, India. 

 

Dr. J. ESTHER HELLAN PRASANNA 

Assistant Professor 

Department of Food Science and Technology 

School of Applied and Industrial Science 

University of Juba, Republic of South Sudan. 

 

Dr. R.V. SUGANYA 

Assistant Professor, Department of Commerce 

Vels Institute of Science, Technology & Advanced Studies  

Chennai, India. 

 

Mrs. DIMPLE JUNEJA 

Research Scholar, Department of Education 

Mohanlal Sukhadia University 

Udaipur, Rajasthan, India. 
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Chapter 2 

Hematological Malignancies 

Rexiline Reshma.A1, Ashmita G.R2, Beulah Snowin D.R3, 

Shalini.B4 

1Assistant Professor, Department of Cardiac Care Technology, School 

of Allied Health Sciences, Vels Institute of Science, Technology &amp; 

Advanced Studies, Chennai, *Corresponding author mail id: 
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4Assistant Professor, Department of Operation Theatre and Anesthesia 
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shalini.ahs@vistas.ac.in 

Introduction to Hematological Malignancies 

Hematological malignancies are cancers that originate in the blood-

forming tissues or lymphatic system. They include leukemias, 

lymphomas, plasma cell disorders, and myeloproliferative neoplasms. 

Classification 

Hematologic cancers are broadly classified into: 

● Leukemias 

 Acute leukemias 

 Chronic leukemias 
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● Lymphomas 

 Hodgkin lymphoma 

 Non-Hodgkin lymphoma 

● Plasma cell disorders 

 Multiple myeloma 

 Monoclonal gammopathy 

● Myeloid neoplasms 

 Myelodysplastic syndromes 

 Myeloproliferative neoplasms 

Epidemiology 

Hematological malignancies account for a significant proportion of 

global cancer cases. Leukemia is among the most common cancers 

in children, while lymphomas and multiple myeloma are more 

common in adults. 

Risk Factors 

Major risk factors include: 

● Genetic predisposition 

● Exposure to radiation 

● Environmental toxins 

● Viral infections 

● Immunodeficiency states 
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Normal Hematopoiesis 

Hematopoiesis is the process by which blood cells are produced from 

hematopoietic stem cells in the bone marrow. 

Hematopoietic Stem Cells 

These are multipotent cells capable of: 

● Self-renewal 

● Differentiation into all blood cell types 

Cell Lineages 

Myeloid Lineage 

Produces: 

● Red blood cells 

● Platelets 

● Neutrophils 

● Eosinophils 

● Basophils 

● Monocytes 

Lymphoid Lineage 

Produces: 

● B lymphocytes 

● T lymphocytes 

● Natural killer cells 

Regulation of Hematopoiesis 

The process is regulated by cytokines such as: 
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● Erythropoietin 

● Thrombopoietin 

● Colony-stimulating factors 

Molecular Pathogenesis 

Hematological malignancies result from genetic and epigenetic 

alterations that disrupt normal hematopoietic regulation. 

Genetic Mutations 

Mutations in oncogenes and tumor suppressor genes play a critical 

role in cancer development. 

Chromosomal Translocations 

Common examples include: 

● t(9;22)  → BCR-ABL fusion gene 

● t(15;17) → PML-RARA fusion gene 

These abnormalities lead to uncontrolled proliferation of malignant 

cells. 

Epigenetic Changes 

Alterations in DNA methylation and histone modification can also 

contribute to malignant transformation. 

Diagnostic Approaches 

Accurate diagnosis requires a combination of clinical evaluation and 

laboratory investigations. 

● Clinical presentation 

● Laboratory investigations 

● Peripheral blood smear examination 
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● Bone marrow aspiration and biopsy 

● Flow cytometry 

● Cytogenetics and molecular diagnostics 

● Imaging techniques 

Clinical Evaluation 

Patient History 

Important aspects include: 

● Constitutional symptoms (fever, weight loss, night sweats – B 

symptoms) 

● Fatigue and weakness 

● Recurrent infections 

● Bleeding tendencies 

● Bone pain 

● Lymph node swelling 

● Exposure to radiation, chemicals, or prior chemotherapy 

These symptoms are frequently seen in diseases such as Acute 

Myeloid Leukemia, Acute Lymphoblastic Leukemia, and Hodgkin 

Lymphoma. 

Physical Examination 

Key findings may include: 

● Pallor 

● Petechiae or bruising 

● Lymphadenopathy 
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● Hepatomegaly and splenomegaly 

● Bone tenderness 

● Signs of infection 

Laboratory Investigations 

Complete Blood Count (CBC) 

CBC is the initial screening test. 

Common abnormalities: 

● Anemia 

● Leukocytosis or leukopenia 

● Thrombocytopenia or thrombocytosis 

For example, markedly elevated white cell counts may be seen in 

Chronic Myeloid Leukemia. 

Peripheral Blood Smear Examination 

Microscopic examination of stained blood smears provides valuable 

information about: 

● Blast cells 

● Dysplastic cells 

● Abnormal lymphocytes 

● Auer rods 

Example: Auer rods are characteristic of certain cases of Acute 

Myeloid Leukemia. 

Bone Marrow Examination 

Bone marrow evaluation is a cornerstone of diagnosis. 

Bone Marrow Aspiration 
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Used for: 

● Morphological assessment 

● Differential cell counts 

● Detection of blasts 

● Cytochemistry studies 

Bone Marrow Biopsy 

Provides: 

● Architecture of marrow 

● Fibrosis detection 

● Infiltration by lymphoma or leukemia 

These tests are essential for diagnosing diseases such as: 

● Acute Lymphoblastic Leukemia 

● Myelodysplastic Syndromes 

● Multiple Myeloma 

Cytochemical Staining 

Cytochemical stains help differentiate leukemia types. 

Common stains include: 

● Myeloperoxidase (MPO) 

● Sudan Black B 

● Periodic Acid–Schiff (PAS) 

● Non-specific esterase 

Example: MPO positivity indicates myeloid lineage in Acute Myeloid 

Leukemia. 
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Immunophenotyping (Flow Cytometry) 

Flow cytometry identifies cell surface and cytoplasmic markers. 

Markers used: 

● CD13, CD33 → Myeloid lineage 

● CD19, CD20 → B-cell lineage 

● CD3 → T-cell lineage 

● CD34 → Stem cell marker 

This technique is critical for diagnosing: 

● Acute Lymphoblastic Leukemia 

● Chronic Lymphocytic Leukemia 

● Non-Hodgkin Lymphoma 

Cytogenetic Analysis 

Cytogenetic studies detect chromosomal abnormalities associated 

with malignancies. 

Techniques 

● Karyotyping 

● Fluorescence in situ hybridization (FISH) 

Example abnormalities: 

● Philadelphia Chromosome in Chronic Myeloid Leukemia 

● t(15;17) translocation in Acute Promyelocytic Leukemia 

These findings help guide therapy and prognosis. 

Molecular Diagnostic Techniques 

Molecular testing identifies specific gene mutations and 

translocations. 
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Methods include: 

● Polymerase Chain Reaction (PCR) 

● Next Generation Sequencing (NGS) 

● Gene expression profiling 

Important examples: 

● BCR-ABL fusion gene in Chronic Myeloid Leukemia 

● JAK2 mutation in Polycythemia Vera 

These techniques are also used for minimal residual disease 

monitoring. 

Imaging Studies 

Imaging helps assess the extent of disease and organ involvement. 

Common modalities: 

● X-ray 

● Ultrasound 

● CT scan 

● PET-CT 

For example, PET-CT is frequently used for staging and monitoring 

treatment response in Hodgkin Lymphoma. 

Clinical Evaluation 

Symptoms may include: 

● Fatigue 

● Fever 

● Weight loss 

● Night sweats 
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● Lymph node enlargement 

Laboratory Investigations 

Peripheral Blood Examination 

Abnormal counts and immature cells may be detected. 

Bone Marrow Examination 

Bone marrow aspiration and biopsy are essential for diagnosis. 

Flow Cytometry 

Used to determine the immunophenotype of malignant cells. 

Cytogenetics and Molecular Testing 

Detect chromosomal abnormalities and gene mutations. 

Imaging 

CT and PET scans help in staging lymphomas. 

Acute Leukemias 

Acute leukemias are characterized by rapid proliferation of immature 

precursor cells known as blasts. 

Acute Myeloid Leukemia (AML) 

Pathogenesis 

AML results from malignant transformation of myeloid precursor 

cells. 

Clinical Features 

● Anemia 

● Bleeding 

● Infections 

● Bone pain 
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Diagnosis 

● Increased blasts in bone marrow 

● Cytogenetic abnormalities 

Treatment 

● Induction chemotherapy 

● Consolidation therapy 

● Stem cell transplantation 

Acute Lymphoblastic Leukemia (ALL) 

ALL arises from malignant lymphoid progenitor cells. 

Clinical Features 

● Fever 

● Bone pain 

● Lymphadenopathy 

● Hepatosplenomegaly 

Diagnosis 

● Bone marrow blasts 

● Immunophenotyping 

Treatment 

● Combination chemotherapy 

● CNS prophylaxis 

● Targeted therapy 
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Chronic Leukemias 

Chronic Myeloid Leukemia (CML) 

CML is associated with the Philadelphia chromosome, resulting from 

the BCR-ABL fusion  gene. 

Phases 

● Chronic phase 

● Accelerated phase 

● Blast crisis 

Treatment 

● Tyrosine kinase inhibitors (TKIs) 

Chronic Lymphocytic Leukemia (CLL) 

CLL is a malignancy of mature B lymphocytes. 

Clinical Features 

● Lymphocytosis 

● Lymphadenopathy 

● Splenomegaly 

Treatment 

● Observation in early stages 

● Targeted therapy and immunotherapy 

Lymphomas 

Lymphomas arise from malignant lymphocytes in lymphoid tissues. 

Hodgkin Lymphoma 

Characterized by the presence of Reed–Sternberg cells. 
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Subtypes 

● Nodular sclerosis 

● Mixed cellularity 

● Lymphocyte-rich 

● Lymphocyte-depleted 

Treatment 

● Chemotherapy 

● Radiotherapy 

Non-Hodgkin Lymphoma 

A heterogeneous group of lymphoid malignancies. 

Types 

● B-cell lymphomas 

● T-cell lymphomas 

Management 

Depends on histological subtype and stage. 

Plasma Cell Disorders 

Multiple Myeloma 

A malignancy of plasma cells characterized by excessive monoclonal 

immunoglobulin production. 

Clinical Features 

● Bone pain 

● Hypercalcemia 
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● Renal failure 

● Anemia 

Diagnosis 

● M protein in serum 

● Bone marrow plasma cells 

● Lytic bone lesions 

Treatment 

● Chemotherapy 

● Immunomodulatory drugs 

● Stem cell transplantation 

Myelodysplastic Syndromes 

Myelodysplastic syndromes are clonal disorders characterized by 

ineffective hematopoiesis and dysplasia. 

Clinical Features 

● Cytopenias 

● Fatigue 

● Increased risk of transformation to acute leukemia 

Treatment 

● Supportive care 

● Growth factors 

● Stem cell transplantation 

Myeloproliferative Neoplasms 
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These disorders involve overproduction of mature blood cells. 

Major Types 

● Polycythemia vera 

● Essential thrombocythemia 

● Primary myelofibrosis 

Molecular Mutations 

● JAK2 mutation 

● CALR mutation 

● MPL mutation 

Principles of Treatment 

Treatment approaches include: 

Chemotherapy 

Cytotoxic drugs that destroy rapidly dividing cells. 

Targeted Therapy 

Drugs that specifically target molecular abnormalities. 

Immunotherapy 

Stimulates the immune system to attack cancer cells. 

Hematopoietic Stem Cell Transplantation 

Curative option for many hematologic malignancies. 

Complications 

Complications of Hematological Malignancies 

● Infections: Patients with hematological malignancies often 

have weakened immune systems due to abnormal white blood 

cells and the effects of chemotherapy. This makes them more 
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susceptible to bacterial, viral, and fungal infections, which can 

become severe and life-threatening if not treated promptly. 

● Bleeding Disorders: Thrombocytopenia (low platelet count) is 

common in these malignancies and can lead to easy bruising, 

petechiae, prolonged bleeding from minor injuries, nosebleeds, 

and in severe cases, internal bleeding. 

● Tumor Lysis Syndrome: This occurs when a large number of 

cancer cells break down rapidly, usually after the start of 

treatment. The release of intracellular contents into the 

bloodstream can cause metabolic abnormalities such as high 

uric acid, potassium, and phosphate levels, potentially leading 

to kidney failure and cardiac complications. 

● Treatment Toxicity: Therapies such as chemotherapy, 

radiation therapy, and stem cell transplantation can cause 

adverse effects including bone marrow suppression, nausea, 

organ toxicity (liver, kidney, heart), fatigue, and increased risk 

of secondary malignancies. Careful monitoring and supportive 

care are required to manage these toxicities. 

Recent Advances 

Recent breakthroughs include: 

● CAR-T cell therapy 

● Precision medicine 

● Novel monoclonal antibodies 

● Gene-editing technologies 

1. CAR-T Cell Therapy 
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Chimeric Antigen Receptor T-cell (CAR-T) therapy is an advanced 

form of immunotherapy in which a patient’s own T-cells are 

genetically engineered to recognize and destroy cancer cells. 

Principle 

T lymphocytes are collected from the patient and genetically modified 

to express chimeric antigen receptors (CARs) on their surface. 

These receptors allow T-cells to recognize specific antigens on tumor 

cells. 

A common target antigen is CD19, which is expressed on B-cell 

malignancies such as: 

● Acute Lymphoblastic Leukemia 

● Diffuse Large B-Cell Lymphoma 

Procedure 

1. T-cell collection (leukapheresis) 

2. Genetic modification in laboratory 

3. Expansion of modified cells 

4. Infusion back into the patient 

Advantages 

● Highly targeted therapy 

● Effective in relapsed or refractory disease 

● Long-lasting immune response 

Limitations 

● Cytokine release syndrome 

● Neurotoxicity 
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● High cost and complex manufacturing 

2. Precision Medicine 

Precision medicine refers to tailoring treatment according to an 

individual patient's genetic and molecular characteristics. 

This approach uses genomic profiling and molecular diagnostics 

to identify specific mutations driving the cancer. 

Key Concepts 

● Identification of actionable mutations 

● Personalized drug selection 

● Prediction of therapeutic response 

● Monitoring minimal residual disease 

For example: 

● Targeting the BCR-ABL fusion gene in Chronic Myeloid 

Leukemia using tyrosine kinase inhibitors. 

● Detecting JAK2 mutation in Polycythemia Vera to guide 

targeted therapy. 

Benefits 

● Improved treatment efficacy 

● Reduced toxicity 

● Better prognostic stratification 

3. Novel Monoclonal Antibodies 

Monoclonal antibodies are laboratory-produced molecules designed 

to bind specific antigens on cancer cells. 
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These antibodies enhance immune-mediated destruction of tumor 

cells. 

Mechanisms of Action 

● Antibody-dependent cellular cytotoxicity 

● Complement activation 

● Direct apoptosis of tumor cells 

● Delivery of cytotoxic drugs or radioisotopes 

Examples 

A well-known monoclonal antibody is Rituximab, which targets CD20 

on B-cells and is widely used in: 

● Non-Hodgkin Lymphoma 

● Chronic Lymphocytic Leukemia 

Newer monoclonal antibodies include: 

● Daratumumab used in Multiple Myeloma 

● Blinatumomab used in Acute Lymphoblastic Leukemia 

Advantages 

● Target specificity 

● Reduced systemic toxicity 

● Combination with chemotherapy or immunotherapy 

4. Gene-Editing Technologies 

Gene-editing technologies allow precise modification of DNA 

sequences to correct or disrupt genes involved in cancer 

development. 

One of the most widely used tools is the CRISPR-Cas9 system. 
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Mechanism 

CRISPR-Cas9 uses a guide RNA to direct the Cas9 enzyme to a 

specific DNA sequence where it introduces a cut, enabling gene 

modification. 

Potential Applications 

● Engineering improved CAR-T cells 

● Correcting genetic mutations 

● Developing targeted cellular therapies 

● Studying mechanisms of malignancy 

Research Applications 

Gene editing is being explored in: 

● Acute Myeloid Leukemia 

● Multiple Myeloma 

● Lymphoma 

Challenges 

● Ethical considerations 

● Off-target mutations 

● Regulatory issues 

Future Directions 

The future of hematologic oncology will likely involve integrated 

therapeutic approaches, combining: 

● Cellular immunotherapy 

● Molecular targeted therapy 

● Genomic diagnostics 
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● Gene-editing technologies 

These strategies aim to achieve more effective, personalized, and 

potentially curative treatments for patients with hematological 

malignancies. 

Prognosis and Survivorship 

Survival depends on multiple factors including: 

● Type of malignancy 

● Genetic abnormalities 

● Response to treatment 

Long-term follow-up is necessary to monitor relapse and treatment-

related complications. 

Conclusion 

Hematological malignancies are a diverse group of cancers that affect 

the blood, bone marrow, and lymphatic system, including leukemia, 

lymphoma, and multiple myeloma. These disorders arise from 

abnormal proliferation and differentiation of hematopoietic cells, 

leading to impaired immune function, anemia, bleeding tendencies, 

and increased susceptibility to infections. Advances in diagnostic 

techniques, such as molecular and genetic testing, have improved 

early detection and classification of these diseases. In recent years, 

significant progress has been made in the management of 

hematological malignancies through targeted therapies, 

immunotherapy, stem cell transplantation, and personalized 

treatment approaches. These developments have considerably 

improved patient survival rates and quality of life. However, 

challenges such as drug resistance, relapse, treatment toxicity, and 

limited accessibility to advanced therapies remain major concerns. 
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Therefore, continued research, early diagnosis, multidisciplinary 

care, and the development of novel therapeutic strategies are 

essential to further improve outcomes for patients with hematological 

malignancies. Enhancing awareness and expanding access to 

modern treatment options will also play a critical role in reducing the 

global burden of these cancers. 
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