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Objectives

To review normal peripheral blood, bone marrow, and lymph 
node histology

To briefly review the categories of treatment used to manage 
hematologic malignancies

To review the epidemiology, pathology, and clinical findings 
associated with the following three types of hematologic 
malignancy: Leukemia, Lymphoma, Multiple Myeloma



Hematologic Malignancies: Incidence
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Treatment

• We will not get into the details of treatment, but…

• In general, these disorders are treated with one or more of 
the following therapies:

– Chemotherapy

– Radiation

– Bone marrow transplantation

– Targeted (e.g. CML and TKIs)

– CAR-T (Chimeric antigen receptor T-cell)

– Infrequently surgery



Normal Hematopoiesis



Normal

Peripheral Blood Bone Marrow BiopsyBone Marrow Aspirate



The Leukemias: An 

Overview

• Leukemia is a neoplastic disease composed 
of malignant blood cells

• They typically originate in the bone marrow 
and can involve the patient’s peripheral 
blood.

• They can manifest clinically over weeks to 
months: acute leukemia

• They can manifest clinically over months to 
years: chronic leukemia



Leukemia

Myeloid:
Acute

Chronic

Lymphoid:
Acute

Chronic

https://berkeley-institute.com/understanding-neutrophils/

https://testresult.org/en/components-description/cbc/lymphocytes



Acute Myeloid 

Leukemia



AML is a Disease Primarily of Adults



Origins of AML

• AML is a malignancy of 

a committed myeloid 

progenitor cell.

• In AML, the malignant 

cells largely lose the 

ability to differentiate.

– Morphologically 

homogeneous

population of 

myeloblasts.



Acute Myeloid Leukemia

• Clonal expansion of myeloid 
blasts

• Can arise de novo or because of 
underlying disorder (such as: a 
bone marrow failure syndrome,  
myelodysplastic syndrome, 
myeloproliferative disorder)



Bone Marrow Biopsy

• NORMAL

– Trilineage 
hematopoiesis

• ABNORMAL

– Monotonous population 
of mononuclear cells



Clinical Manifestations
• Anemia

• Fatigue, dyspnea

• Neutropenia
• Infections

• Thrombocytopenia
• Decreased platelets

• Bruising, petechiae, 
mucocutaneous bleeding

• Hyperleukocytosis
• Increased white blood 

cells

• Mental status 
changes 
(somnolence).

• Dyspnea with bilateral 
infiltrates on CXR.

• Acute Disseminated 
intravascular 
coagulation (DIC) Hyperleukocytosis in patient with AML



Acute 

Lymphoblastic 

Leukemia



Origins of ALL

• ALL is a malignancy of a 

committed lymphoid 

progenitor cell (pre-T or –B 

cell).

• In ALL, the malignant cells largely 

lose the ability to differentiate

and from a morphologically 

homogeneous population of 

lymphoblasts.



ALL: Epidemiology
Figure 1

Most common cancer in 
children.

Peak incidence between 
ages 2 to 5.

Risk factors
Prior radiation
Prior chemotherapy
Familial syndromes 

(e.g. Down syndrome)

http://ashimagebank.hematologylibrary.org/content/vol2007/issue0801/images/large/all1.jpeg


Clinical Manifestations

• Anemia

– Fatigue

– Dyspnea

• Neutropenia
– Infections

• Thrombocytopenia

– Bruising, petechiae, 
mucocutaneous bleeding

• Hepatosplenomegaly

– Abdominal pain, early 
satiety

Petechiae



Health Care Disparities in Acute Lymphoblastic 
Leukemia 

• https://www.sciencedirect.com/science/article/pii/S2468124524000068#bib2

• Incidence of childhood ALL: 

Hispanic>White>Asian>Black

• Black and Hispanic children have a lower 

overall survival than White and Asian children.

https://www.sciencedirect.com/science/article/pii/S2468124524000068#bib2
https://www.sciencedirect.com/science/article/pii/S2468124524000068#bib2


Sum

mary
ALL Treatment

• The great success story for 
cancer chemotherapy in the 
21st century

• Childhood ALL was a death 
sentence until the late 1960s

• This story is beautifully told in 
The Emperor of All Maladies.

• Most childhood ALL patients 
are cured but disparities exist 
impacting patients of color



Chronic Myeloid 

Leukemia



Origins of CML
• Neoplastic 

transformation 
of a 
hematopoietic 
progenitor cell 
(HPC).

• The malignant 
cells maintain 
the ability to 
differentiate.



Bone Marrow Biopsy: 

AML vs. CML

• ABNORMAL:AML

– Monotonous population

• ABNORMAL:CML

– Maturing granulocytes



CML: Epidemiology

• Incidence: 1 to 2 / 100,000

• Median age at diagnosis: 66 yrs.

• Male/Female ratio: 1.4 / 1

• Risk Factors

– Ionizing radiation exposure

Jemal A, et al. CA Cancer J Clin. 2008 Mar-Apr;58(2):71-96.



Clinical Presentation of 

CML
• Common Symptoms

– Fatigue, sweats, fever

– Weight loss/anorexia

– Abdominal fullness, early 
satiety (enlarged spleen)

• Physical Exam 
Findings
– Splenomegaly

– Hepatomegaly

• Common 

Laboratory Findings
– Leukocytosis

– Anemia

– Thrombocytosis 

(increased platelets)

*20-40% of patients are asymptomatic



Chronic Myeloid 

Leukemia
Peripheral blood

Bone marrow aspirate

-Numerous immature   

granulocytes

-Increased basophils*

-Hypercellular

-Increased myeloid 

cells



Bone Marrow Biopsy: Normal vs. 

CML

NORMAL

– Trilineage hematopoiesis

ABNORMAL: CML

– Maturing granulocytes



Pathogenesis: The Philadelphia 

Chromosome

First human malignancy associated with a recurring cytogenetic 

abnormality

Fusion protein with constitutive tyrosine kinase (TKI) activity

First targeted therapy (Imatinib)



Chronic 

Lymphocytic 

Leukemia



Origins of CLL

• CLL is a malignancy of 
mature B-cells.

• In CLL, the malignant cells 
are a morphologically
homogeneous population 
of mature lymphocytes.



CLL: Epidemiology

• The most common adult leukemia 

• CLL characterized by accumulation of mature, 

homogeneous, mature lymphocytes.

• Median age at diagnosis: 72

• Risk Factors

– Familial

– Environmental (e.g.  Agent Orange)

“Smudge” cell

Jemal A, et al. CA Cancer J Clin. 2008 Mar-Apr;58(2):71-96.



Clinical Presentation of CLL

• Common Symptoms
– Fatigue, sweats, fever

– Weight loss/anorexia

– Abdominal fullness, early 
satiety

– Infections

– Incidental lab finding in 
~20%

• Common Physical 
Exam Findings
– Lymphadenopathy

– Splenomegaly

– Hepatomegaly

• Common Laboratory 

Findings
– Lymphocytosis (high 

lymphocyte count)

– Anemia

– Thrombocytopenia

– Hypogammaglobulinemia



Morphology

Bone Marrow Aspirate: CLL

-mostly lymphocytes

Peripheral blood: CLL

-mostly lymphocytes

Normal blood:

-neutrophils & lymphocytes



Lymphoma

• To review the epidemiology, risk factors, clinical findings,
and pathology associated with lymphomas



Lymphoma Epidemiology

• Lymphoma definition: malignant neoplasm of 
lymphocytes associated with a solid mass or infiltrate

• 6th most common cancer in America

• Approximately 77,000 new lymphoma cases 
diagnosed a year in US

• Approximately 20,000 deaths a year in US due to 
lymphoma (11,000 males, 9,000 females)

• Approximately 1,000 people worldwide are diagnosed 
with lymphoma every day. 



Non-Hodgkin 
Lymphoma:
Risk Factors

• Infections

– HIV

– Epstein-Barr virus (EBV), virus associated with 
mononucleosis

– Helicobacter pylori

– Hepatitis B

– Hepatitis C

– Human T-cell leukemia virus type 1 (HTLV-1)

– HHV-8

• Medical conditions that compromise the 
immune system

– HIV

– Autoimmune disease (e.g. Hashimoto 
thyroiditis, Sjögren syndrome)

– Use of immune suppressive therapy (e.g.
associated with organ transplant)

– Inherited immunodeficiency diseases (e.g.
severe combined immunodeficiency, ataxia 
telangiectasia, IgA deficiency, many others)

• Toxic chemicals

– Pesticides, herbicides, or benzene

– Hair dye use in patients who started to use 
the dyes before 1980

• Age

• While risk factors are important, most patients 
have no identifiable risk factor



Normal Hematopoiesis



Lymphoma



Lymphoma Types:
WHO Classification

Non-Hodgkin

• B-cell 
– Precursor B-cell neoplasms

– Mature B-cell neoplasms

• T-cell 

– Precursor T-cell neoplasms

– Mature T-cell neoplasms



Lymph Node Groups

Buzzle.com



Lymphoma

Nodal

Extra Nodal, Colon



The Lymph Node



Small LargeIntermediate

Histologic 
Classification:

Cell Size



Reed-Sternberg Cell

Hodgkin Lymphoma

Tumor is primarily composed of benign reactive cells 

with rare malignant Reed-Sternberg Cell





Multiple Myeloma

• To review clinical findings, bone marrow pathology, and 
laboratory studies associated with multiple myeloma



• Approximately 1% of all malignancies

• Approximately 10% of hematological 
malignancies

• Approximately 20,000 cases a year

• Primarily incurable, but survival has increased 
in the past decade

Multiple Myeloma: 
Epidemiology



Multiple 
Myeloma: Risk 

factors

• Risk factors include:

• Age (peak incidence 
between 65 and 70)

• Gender (males>females)

• Genetic ancestry 
(Blacks>Whites>Hispanic>A
sian)

• Family history

• Radiation exposure

• Chronic antigenic stimulation



Demographics & 
Disparities*

*Substitute genetic ancestry for race



Lytic Skull Lesion

Lytic lesions see on skeletal survey, but not bone scans



Lytic Skull Lesion

Lytic lesions see on skeletal survey, but not bone scans



Multiple Myeloma – Lytic lesions in skull



Normal Hematopoiesis



Normal Hematopoiesis



Multiple Myeloma is a Malignancy of 
Plasma cells



Bone marrow 
plasmacytosis



Colin Powell & Multiple Myeloma

• https://www.cbsnews.com/news/colin-
powell-covid-vaccine-multiple-myeloma-
cancer-risk/

• Multiple myeloma is associated with 
suppression of normal 
immunoglobulins

• This causes patients to be more 
vulnerable to infections

• They do not make normal 
immunoglobulins like people with 
normal immune systems

• They might not make antibodies in 
response to a vaccine

https://www.cbsnews.com/news/colin-powell-covid-vaccine-multiple-myeloma-cancer-risk/
https://www.cbsnews.com/news/colin-powell-covid-vaccine-multiple-myeloma-cancer-risk/
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Summary

• Hematologic neoplasms 
include leukemia, lymphoma, 
and multiple myeloma

• These diseases occur 
throughout life

• Disparities exist based on 
socioeconomic and genetic 
ancestry

• There have been many 
advances in therapy in the last 
decades, but more work needs 
to be done!

•
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