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 Non-Hodgkin lymphomas are a group of related cancers involving lymphocytes

 They vary significantly in their rate of growth and response to treatment.

 The disease is usually already disseminated at the time of diagnosis.

 Molecular and genetic tests are essential for diagnosis and management.

 Limited indolent disease may be treated with radiation therapy.

 Treat more advanced disease (indolent or aggressive) with immunotherapy, chemotherapy, 
hematopoietic stem cell transplantation, or a combination depending on the type and stage of 
non-Hodgkin lymphoma.

Introduction to Lymphoid Neoplasms
6

https://www.merckmanuals.com/professional/hematology-and-oncology/lymphomas/non-hodgkin-lymphomas
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Introduction to Lymphoid Neoplasms
7

WHO Classification of Hematolymphoid Neoplasms, 5th edition – Chapter 1

Hematopoiesis - Lymphoid
8

Image:Hematopoiesis (human) diagram.png by A. Rad

Myeloid
Myeloid

Lymphoid
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https://commons.wikimedia.org/wiki/File:Hematopoiesis_(human)_diagram.png
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 Lymphoma is more common in adults but is the 3rd most common cancer in children 
representing about 15% of pediatric/young adult malignancies. 

 The incidence of lymphoma varies from 3% in children younger than 5 years to 24% in 15 to 19 
year olds.

 Non-Hodgkin lymphoma consists predominantly of mature aggressive B-cell lymphomas, with 
Burkitt lymphoma being most common in 5 to 14 year olds and diffuse large B-cell lymphoma 
more common in 15 to 19 year olds.

 Both Burkitt lymphoma and diffuse large B-cell lymphoma have better outcomes in children 
relative to adults, with survival rates greater than 90%

 The prognosis of adult diffuse large B-cell lymphoma is significantly worse than in children.  It 
is not clear whether this is because children can better tolerate intensive treatment than adults 
or whether distinct pathogenetic mechanisms or distinct molecular genetics create different 
disease outcomes.

 Acute Lymphoblastic Leukemia occurs when 25% or more of cells in bone marrow are leukemic 
blasts of lymphoid origin (lymphoblasts).  These are lymphoid leukemias as compared to the 
myeloid leukemias we discussed last hour.  And yes, there are other lymphoid leukemias – so 
distinction of lymphoma from leukemia can be problematic.

 Acute Lymphoblastic Leukemia is a common malignancy in children.  But, other lymphomas 
are not particularly common.  Myeloid leukemia in children is much less common.

Pediatric versus Adult Lymphoid Neoplasms
9

Adult Myeloid and Lymphoid Neoplasms
10

2022 Cancer Facts & Figures – American Cancer Society
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Pediatric Myeloid and Lymphoid Neoplasms
11

Source:  CDC NPCR United States Cancer Statistics

Lymphoma

Frequency of pediatric cancers in patients younger than 19 years. The figure shows the prevalence of the main 
pediatric cancer types among patients younger than 19 years of age, calculated from Centers for Disease Control 

and Prevention (CDC) data (United States Cancer Statistics Data, https://wonder.cdc.gov/ cancer.html) and 
based on incidence in United States for the years 1999-2016.

Leukemia

Inaugural WHO Classification of Pediatric Tumors
12

Cancer Discovery - https://doi.org/10.1158/2159-8290.CD-21-1094
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Inaugural WHO Classification of Pediatric Tumors
13

Cancer Discovery - https://doi.org/10.1158/2159-8290.CD-21-1094

Blood, Bone Marrow, Circulatory System - Anatomy

Blood Lines – Donald Metcalf, Alpha from MED Press, 2005
Figure 3.2 The eight major hematopoietic lineages generated by self-renewing multipotential stem cells 

Lymphoid

Myeloid

• Cellular differentiation is the process by which an 
immature cell becomes a more mature cell

• Differentiation changes a cell's size, shape, membrane 
potential, metabolic activity, and responsiveness to 
signals or signal pathways

• Regulatory function of cells (regulates cell line 
proliferation and cell line differentiation) so you have 
right mix of different types of hematopoietic cells being 
produced by the bone marrow…and circulating in the 
blood and/or lymph.

• Over/Under Production by bone marrow of one cell line

• Too many/too few cells leads to chronic/acute disease

14
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Blood, Bone Marrow, Circulatory System - Anatomy

 Cell differentiation

 Regulation of proliferation

 Regulation of differentiation

 Turn on/Turn off
 Growth factors

 Genes (including mutations)

 Proteins

 Dysregulation disrupts normal development 

 Oncogenesis – becoming malignant

15

Why are cell line, proliferation, differentiation and function important?

• All cells contain the full complement of biomolecules that are necessary for survival, proliferation, 
differentiation, cell death, and expression of many cell type–specific functions. These functions are 
controlled in normal cells and one or more of the functions operate out of control in cancer cells.

• Regulatory function of cells (proliferation and differentiation) ensure you have right mix/balance of 
hematopoietic cells produced by the bone marrow…and circulating in the blood and/or lymph.

• Failure to regulate the functions properly (dysregulation) results in an altered phenotype and cancer.

• Cell Lines show which major group of disease the malignancy occurs – lymphoid/myeloid

• Proliferation is the process when the body/bone marrow makes too many of a specific type of cells

• Differentiation is the process of an immature cell becoming a mature cell with a specific function.  

• Mutations can occur during proliferation & differentiation – pathways to neoplastic development

16

15
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TWO Circulatory Systems – Blood & Lymphatic
17

http://www.gorhams.dk/html/the_lymphatic_system.htmhttp://www.dummies.com/education/science/biology/the-path-of-blood-through-the-human-body

The Lymphatic System
18

Blausen.com staff (2014). "Medical gallery of Blausen Medical 2014". 
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Lymphatic Circulatory System
19

Source: Nature Reviews Immunology  http://www.nature.com/nri/journal/v4/n5 

Lymph Node
20

https://oncohemakey.com/diagnosis-and-classification-of-lymphomas/

Antibody 

Designation
Reactivity Examples of Lymphoid Neoplasms

CD56 Natural killer cells and T-cell subset
Natural killer cell lymphomas, some cytotoxic T-cell 

lymphomas, and plasma cell neoplasms

CD57 Natural killer cells and T-cell subset

Natural killer cell lymphomas, some cytotoxic T-cell 

lymphomas, and diffuse large B-cell lymphoma with 

ALK expression (rare)

CD68 Monocytes and macrophages
Histiocytic sarcomas and reactive histiocytes in many 

lymphomas

CD79a B cells Most B-cell lymphomas and plasma cell neoplasms

CD103 Intestinal intraepithelial T cells
Enteropathy-associated T-cell lymphoma and hairy cell 

leukemia

CD138 Plasma cells
Plasma cell neoplasms and some B-cell lymphomas with 

plasmacytic differentiation

CD246 (ALK)
Neoplastic cells in anaplastic large cell 

lymphoma

Most anaplastic large cell lymphomas and diffuse large 

B-cell lymphoma with ALK expression (rare)

Bcl-2 B-cell subset and T cells
Follicular lymphoma and most other B-cell and T-cell 

lymphomas

Bcl-6 Follicle center B cells
Follicular lymphoma and some diffuse large B-cell 

lymphomas

Clusterin Follicular dendritic cells

Follicular dendritic cell sarcoma, anaplastic large cell 

lymphoma, and follicular dendritic cell meshworks in 

angioimmunoblastic T-cell lymphoma

CXCL13 Follicle center T-helper cells
Angioimmunoblastic T-cell lymphoma and nodular 

lymphocyte predominant Hodgkin lymphoma

Cyclin D1 Neoplastic mantle cells
Mantle cell lymphoma, hairy cell leukemia, and some 

plasma cell neoplasms

Epithelial membrane 

antigen
Epithelial cells and plasma cells

Anaplastic large cell lymphoma, nodular lymphocyte 

predominant Hodgkin lymphoma, plasmablastic 

lymphoma, and plasma cell neoplasms

Fascin

Follicular dendritic cells, histiocytes, 

Reed-Sternberg cells, and Epstein-

Barr virus-infected immunoblasts

Classical Hodgkin lymphoma, Epstein -Barr virus-positive 

B-cell and T-cell lymphomas, follicular dendritic cell 

sarcoma

FoxP3 CD4+/CD25+ regulatory T cells Adult T-cell leukemia/lymphoma

Granzyme A, B, and 

M

Natural killer cells and activated 

cytotoxic T cells

Natural killer cell and activated cytotoxic T-cell 

lymphomas

IgA, IgD, IgE, IgG, 

and IgM
Immunoglobulin heavy chains B-cell lymphomas and plasma cell neoplasms

Kappa and Lambda Immunoglobulin light chains B-cell lymphomas and plasma cell neoplasms

Ki-67/mib-1 Nuclear proliferation antigens

MUM-1

B cells in terminal phase of 

differentiation, plasma cells, 

activated T cells, and Reed-

Sternberg cells

Lymphoplasmacytic lymphoma, some diffuse large B-

cell lymphomas, plasma cell neoplasms, some T-cell 

lymphomas, and Hodgkin lymphomas

PAX-5 B cells and Reed-Sternberg cells B-cell lymphomas and Hodgkin lymphomas

T-cell receptor α /β α /β  T cells Most T-cell lymphomas

T-cell receptor γ /δ γ /δ  T cells Few T-cell lymphomas

TdT Lymphoblasts and some myeloblasts B and T lymphoblastic leukemias/lymphomas

TIA-1
Natural killer cells and cytotoxic T 

cells
Natural killer cell and cytotoxic T-cell lymphomas

19
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Lymph Node
21

https://oncohemakey.com/diagnosis-and-classification-of-lymphomas/

Lymphoma Type Growth Pattern Cytology CD5 CD10 CD23 Surface Ig Genetics

Follicular lymphoma Nodular (follicular)

Lymphocytes with irregular 

cleaved nuclei (centrocytes) and 

admixed large cells (centroblasts)

– + – Bright t(14;18)(q32; q21) in >85%

Chronic lymphocytic 

leukemia/small lymphocytic 

lymphoma

Diffuse with proliferation centers
Small lymphocytes with round 

nuclei and scant cytoplasm
+ – + Weak IgM and IgD > IgG > IgA Trisomy 12 20% to 30%

Lymphoplasmacytic lymphoma Diffuse or interfollicular
Small lymphocytes, plasma cells, 

and plasmacytoid lymphocytes
– – – Moderate IgM MYD88 L265P mutation

Mantle cell lymphoma Diffuse or vaguely nodular

Small lymphocytes with irregular 

nuclei, scant cytoplasm, and few 

admixed large cells

+ – –
Moderate IgM and IgD; Lambda 

> kappa
t(11;14)(q13; q32)

Nodal marginal zone B-cell 

lymphoma
Interfollicular and perisinusoidal

Small lymphocytes with round, 

folded nuclei and abundant 

cytoplasm ± plasma cells

– – – Moderate IgM None

Splenic marginal zone B-cell 

lymphoma
Nodular

Biphasic: inner core of small 

lymphocytes with irregular nuclei 

and scant cytoplasm; outer core 

of medium-size lymphocytes with 

round nuclei and abundant clear 

cytoplasm +/- plasma cells

– – – IgM +/- IgD Del 7q

Extranodal marginal zone B-cell 

lymphoma of mucosa-associated 

lymphoid tissue

Diffuse

Small lymphocytes with round, 

folded nuclei and abundant 

cytoplasm ± plasma cells

– – – IgM Trisomy 3 or t(11;18) (q21; q21)

Lymphatic Organs

 Primary Organs
 Bone Marrow

 Thymus

 Secondary Organs
 Spleen – process blood

 Red Pulp

 White Pulp

 Tonsils (Waldeyer’s Ring)

 Lymph Nodes – process extracellular fluids

 MALT (mucosa-associated lymphoid tissue) 
– process mucosa

 GALT (gut-associated lymphoid tissue)

 Peyer’s Patches

 Skin

22
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Lymphatic Organs
23

http://www.flickr.com/photos

Lymphatic Organs vs Region
24

http://commonsensehealth.com
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Lymph Node Chains and Regions
25

Source:  Wikipedia – Ann Arbor Hodgkin’s Lymphoma; Nodal Regions

26

25
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http://www.google.com/url?sa=i&rct=j&q=lymphoma+staging&source=images&cd=&cad=rja&docid=bEYRbT3vBtJHFM&tbnid=0-7d-zH-HCwixM:&ved=0CAUQjRw&url=http://en.wikibooks.org/wiki/Radiation_Oncology/Hodgkin/Staging&ei=kVVTUYrRGIa68wSk6YCQDg&bvm=bv.44342787,d.eWU&psig=AFQjCNH5QgwOwaJ2L0Pq8ULgRlBOjiQdLA&ust=1364502128400176
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Extra-Lymphatic and Extra-Nodal Lymphomas

Source:  Wen-yan Zhang – Research Gate

28

Milestones - Classification of Hematopoietic Neoplasms

 1951 – Dameshek – clinical phenotype

 1960 – Philadelphia (Ph1) chromosome

 1966 – Rappaport Classification 

 1974 – Kiel Classification System 

 1974 – Lukes and Collins System

 1976 – Revised Rappaport Classification

 1976 – French/American/British (FAB) 
Classification

 1982 – Working Formulation

 1994 –Revised European-American 
Classification of Lymphoid Neoplasms

 2001 – WHO Classification of Tumors 
of Hematopoietic and Lymphoid 
Tissues, 3rd edition, 2001 

 2008 – WHO Classification of Tumors 
of Hematopoietic and Lymphoid 
Tissues, 4th edition, October 2008

 2016 – Revision to 4th edition, 2017

 2022 – WHO Classification of 
Hematolymphoid Tumors, 5th ed

27

28
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 1951, William Dameshek described the concept of 'myeloproliferative disorders' by grouping 
together chronic myelogenous leukemia, polycythemia vera, essential thrombocythemia, 
primary myelofibrosis and erythroleukemia

 1960, Nowell and Hungerford discovered the Philadelphia (Ph) chromosome in CML. 
 1967, Fialkow and colleagues used X-linked polymorphisms to establish CML as a clonal stem 

cell disease.
 1967, the PV Study Group was summoned by Louis Wasserman to study the natural history of 

Polycythemia Vera and conduct large-scale clinical trials. 
 1972, Janet Rowley deciphered the Ph chromosome as a reciprocal translocation between 

chromosomes 9 and 22, thus paving the way for its subsequent characterization as an oncogenic 
BCR–ABL mutation. 

 1996, Brian Druker discovered imatinib (Gleevec) —a small molecule ABL inhibitor with 
exceptional therapeutic activity in CML. 

 2005, a gain-of-function JAK2 mutation (JAK2V617F) was described in BCR–ABL-negative 
MPDs, raising the prospect of a CML-like treatment strategy in PV, ET and PMF. 

 2022, introduction of the concept of an ‘integrated diagnosis’ and ‘essential diagnostic criteria’

29

Milestones - Classification of Hematopoietic Neoplasms

Integrating genetic data into classification
30

National Cancer Institute

29
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Integrated Diagnosis, Essential & Desirable Diagnostic Criteria

31

 The definition and diagnosis of disease types continues to be based on multiple clinicopathologic 
parameters, but with refinement of diagnostic criteria and emphasis on therapeutically and/or 
prognostically actionable biomarkers. Using the classification to its fullest extent requires specialized 
techniques, which at a minimum should include immunophenotyping, conventional karyotyping, 
fluorescence in situ hybridization (FISH), and mutation profiling. 

 Diagnostic Integration or Integrated Diagnosis - this classification is predicated on integrating
morphologic (cytology and histology), immunophenotypic, molecular and cytogenetic data. 

 The essential and desirable diagnostic criteria are intended to facilitate distilling the key 
diagnostic components needed to classify a particular disease type. 

 Essential diagnostic criteria are considered must-have features

 Desirable diagnostic criteria are ‘nice-to-have’ features (they support a diagnosis but are not 
mandatory).

Integrated Diagnosis, Essential & Desirable Diagnostic Criteria

32

 Even the pathologists and oncologists are struggling with information overload from all of these tests –
and their responsibility to interpret a complex set of literally hundreds of results from molecular testing 
while knowing only some of the results ‘might’ be important to Dx or Tx.  So some Dx end up ‘generic’.

 All of these new tests are new.  It is not an exact science yet – and may never be…it is rapidly evolving.

 Not every case will fit neatly into a word-match like our traditional microscopic histology did

 Every case is individualized with some level of unique individual mutation(s)

 Cases will have some ‘in common’ mutations – but there is always something unique – that’s what 
genetics is all about – molecular tests are drawing lines around ‘families’ of malignancies

 If each case required full interpretation of the entire set of mutations for each individual tumor we would 
have thousands of new histology codes to account for each tumor’s unique genetic makeup

 That is why we have to rely on the pathologist and oncologist to give us the integrated diagnosis

 It is up to us to document the integrated diagnosis and which tests led the pathologist and/or oncologist 
to the conclusion that it was xyz lymphoma or 123 leukemia – but they still have to make the statement

31
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What Type of Test Do I Look for in Lymphoid Neoplasms?
33

1. Did the patient have one or more of the following tests performed on blood, lymph, bone marrow or tissue biopsy or 
resection (traditional microscopic anatomic pathology)?  

 Immunophenotype
o Flow cytometry (cell sorting/counting) for cluster of designation or CD marker analysis,
o IHC (immunohistochemistry) for CD marker analysis,
o PCR testing (polymerase chain reaction) for CD marker analysis,

• Molecular pathology studies to analyze DNA or other genetic material using;
o Single gene test,
o Genetic panel test,
o Multi-gene panel test,
o DNA Microarray,
o Biomolecular marker(s),
o FISH (fluorescent in-situ hybridization),
o Other Immunofluorescence testing, 
o Next-generation sequencing (NGS) gene panel, or
o Other DNA/RNA/gene testing

2. Did any of the additional test results; confirm the diagnosis, clarify the type of neoplasm (histologic type or subtype), or identify a 
target drug or specific biological, molecular or immunotherapy (BRM)?

34

Flow Cytometry – How it Works

33
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Flow Cytometry Assays and Reports

Int. J. Mol. Sci. 2016, 17(8), 

1316; https://doi.org/10.3390/ijms17081316

New Developments in Tumor Classification & Biomarker Testing

36

 Histology – Microscopy examines the microanatomy of cells, tissues, and organs as seen through a microscope – physical 
characteristics. It examines the correlation between structure and function. 

 Biologic Tumor Marker – Immunoassay can be used to identify anything present in or produced by cancer cells or 
other cells from blood, urine and body fluids.  Tumor Markers provide information about a cancer, aggressiveness, what 
kind of treatment it may respond to, or whether it is responding to treatment. Tumor markers can be proteins, conjugated 
proteins, peptides and carbohydrates.  

 Immunohistochemistry – a microscopy-based technique that allows selective identification and localization of antigens 
in cells.  IHC selectively identifies antigens (proteins) in cells from tissue by exploiting the principle of antibodies binding
specifically to antigens in biological tissues.  IHC uses light or fluorescent microscopy to analyze results.  IHC is less 
expensive than flow cytometry.

 Flow Cytometry – a laser-based technique that detects and measures the physical and chemical characteristics of a cell 
population. Flow cytometry can be used to count and sort cells (identify proliferation of cells and type), determine cell 
characteristics, identify biomarkers and to diagnose/classify certain cancers.  It is more precise metric for antigens than 
histology or IHC testing.

 Cluster of Differentiation (CD) Molecules – cell surface molecules used to classify white blood cells that are 
especially important for diagnosis of lymphomas and leukemias. CD marker antibodies have been widely used for cell 
sorting, phenotyping, and blood cancer diagnosis and for treatment. 

 Immunophenotype – uses the CD system to define markers associated with specific cells or conditions
 Proteomics – provide valuable information on the identity, expression levels, and modification of proteins. For example, 

cancer proteomics unraveled key information in mechanistic studies on tumor growth and metastasis, which has 
contributed to the identification of clinically applicable biomarkers as well as therapeutic targets. Proteomics-based 
technologies have enabled the identification of potential biomarkers and protein expression patterns that can be used to 
assess tumor prognosis, prediction, tumor classification, and to identify potential responders for specific therapies

 Cytogenetics - involves testing samples of tissue, blood, or bone marrow in a laboratory to look for changes in 
chromosomes, including broken, missing, rearranged, or extra chromosomes. Changes in certain chromosomes may be a 
sign of a genetic disease or condition or some types of cancer.  FISH is common cytogenetics test.

 DNA Microarray – used to study the extent to which certain genes are turned on or off in cells and tissues. It is used to 
identify the changes in gene sequences that are most often associated with a particular disease.

 Next Generation Sequencing – a large-scale DNA and RNA sequencing technology to determine the order of 
nucleotides in entire genomes or targeted regions of DNA or RNA in cells and tissues.

35

36

https://doi.org/10.3390/ijms17081316
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Molecular Genetics and Tumor Markers for Lymphoid Neoplasms

Lymph Node
38

https://oncohemakey.com/diagnosis-and-classification-of-lymphomas/

Antibody 

Designation
Reactivity Examples of Lymphoid Neoplasms

CD56 Natural killer cells and T-cell subset
Natural killer cell lymphomas, some cytotoxic T-cell 

lymphomas, and plasma cell neoplasms

CD57 Natural killer cells and T-cell subset

Natural killer cell lymphomas, some cytotoxic T-cell 

lymphomas, and diffuse large B-cell lymphoma with 

ALK expression (rare)

CD68 Monocytes and macrophages
Histiocytic sarcomas and reactive histiocytes in many 

lymphomas

CD79a B cells Most B-cell lymphomas and plasma cell neoplasms

CD103 Intestinal intraepithelial T cells
Enteropathy-associated T-cell lymphoma and hairy cell 

leukemia

CD138 Plasma cells
Plasma cell neoplasms and some B-cell lymphomas with 

plasmacytic differentiation

CD246 (ALK)
Neoplastic cells in anaplastic large cell 

lymphoma

Most anaplastic large cell lymphomas and diffuse large 

B-cell lymphoma with ALK expression (rare)

Bcl-2 B-cell subset and T cells
Follicular lymphoma and most other B-cell and T-cell 

lymphomas

Bcl-6 Follicle center B cells
Follicular lymphoma and some diffuse large B-cell 

lymphomas

Clusterin Follicular dendritic cells

Follicular dendritic cell sarcoma, anaplastic large cell 

lymphoma, and follicular dendritic cell meshworks in 

angioimmunoblastic T-cell lymphoma

CXCL13 Follicle center T-helper cells
Angioimmunoblastic T-cell lymphoma and nodular 

lymphocyte predominant Hodgkin lymphoma

Cyclin D1 Neoplastic mantle cells
Mantle cell lymphoma, hairy cell leukemia, and some 

plasma cell neoplasms

Epithelial membrane 

antigen
Epithelial cells and plasma cells

Anaplastic large cell lymphoma, nodular lymphocyte 

predominant Hodgkin lymphoma, plasmablastic 

lymphoma, and plasma cell neoplasms

Fascin

Follicular dendritic cells, histiocytes, 

Reed-Sternberg cells, and Epstein-

Barr virus-infected immunoblasts

Classical Hodgkin lymphoma, Epstein -Barr virus-positive 

B-cell and T-cell lymphomas, follicular dendritic cell 

sarcoma

FoxP3 CD4+/CD25+ regulatory T cells Adult T-cell leukemia/lymphoma

Granzyme A, B, and 

M

Natural killer cells and activated 

cytotoxic T cells

Natural killer cell and activated cytotoxic T-cell 

lymphomas

IgA, IgD, IgE, IgG, 

and IgM
Immunoglobulin heavy chains B-cell lymphomas and plasma cell neoplasms

Kappa and Lambda Immunoglobulin light chains B-cell lymphomas and plasma cell neoplasms

Ki-67/mib-1 Nuclear proliferation antigens

MUM-1

B cells in terminal phase of 

differentiation, plasma cells, 

activated T cells, and Reed-

Sternberg cells

Lymphoplasmacytic lymphoma, some diffuse large B-

cell lymphomas, plasma cell neoplasms, some T-cell 

lymphomas, and Hodgkin lymphomas

PAX-5 B cells and Reed-Sternberg cells B-cell lymphomas and Hodgkin lymphomas

T-cell receptor α /β α /β  T cells Most T-cell lymphomas

T-cell receptor γ /δ γ /δ  T cells Few T-cell lymphomas

TdT Lymphoblasts and some myeloblasts B and T lymphoblastic leukemias/lymphomas

TIA-1
Natural killer cells and cytotoxic T 

cells
Natural killer cell and cytotoxic T-cell lymphomas

37
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Lymph Node
39

https://oncohemakey.com/diagnosis-and-classification-of-lymphomas/

Lymphoma Type Growth Pattern Cytology CD5 CD10 CD23 Surface Ig Genetics

Follicular lymphoma Nodular (follicular)

Lymphocytes with irregular 

cleaved nuclei (centrocytes) and 

admixed large cells (centroblasts)

– + – Bright t(14;18)(q32; q21) in >85%

Chronic lymphocytic 

leukemia/small lymphocytic 

lymphoma

Diffuse with proliferation centers
Small lymphocytes with round 

nuclei and scant cytoplasm
+ – + Weak IgM and IgD > IgG > IgA Trisomy 12 20% to 30%

Lymphoplasmacytic lymphoma Diffuse or interfollicular
Small lymphocytes, plasma cells, 

and plasmacytoid lymphocytes
– – – Moderate IgM MYD88 L265P mutation

Mantle cell lymphoma Diffuse or vaguely nodular

Small lymphocytes with irregular 

nuclei, scant cytoplasm, and few 

admixed large cells

+ – –
Moderate IgM and IgD; Lambda 

> kappa
t(11;14)(q13; q32)

Nodal marginal zone B-cell 

lymphoma
Interfollicular and perisinusoidal

Small lymphocytes with round, 

folded nuclei and abundant 

cytoplasm ± plasma cells

– – – Moderate IgM None

Splenic marginal zone B-cell 

lymphoma
Nodular

Biphasic: inner core of small 

lymphocytes with irregular nuclei 

and scant cytoplasm; outer core 

of medium-size lymphocytes with 

round nuclei and abundant clear 

cytoplasm +/- plasma cells

– – – IgM +/- IgD Del 7q

Extranodal marginal zone B-cell 

lymphoma of mucosa-associated 

lymphoid tissue

Diffuse

Small lymphocytes with round, 

folded nuclei and abundant 

cytoplasm ± plasma cells

– – – IgM Trisomy 3 or t(11;18) (q21; q21)

40

Molecular Genetics and Tumor Markers for Lymphoid Neoplasms

39
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What about Molecular Pathology

https://www.guardantcomplete.com/guardant-portfolio/cdx

42

What about Molecular Pathology
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What about Molecular Pathology

Modern Pathology (Mod Pathol) ISSN 1530-0285 

44

What about Molecular Pathology

WHO Classification of Pediatric Tumors and BLOOD, 24 NOVEMBER 2022 | VOLUME 140, NUMBER 21

43
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WHO Classification of Hematolymphoid Tumors, 5th ed

Leukemia (2022) 36:1720–1748; https://doi.org/10.1038/s41375-022-01620-2

Hematopoiesis - Lymphoid
46

45
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WHO Classification of Hematolymphoid Tumors, 5th ed
47

MLL Magazine – http://mll.com/en/the-new-who-classification-2022 
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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53

WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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Virus-Associated Lymphoid Neoplasms
57

Harrison’s Principles of Internal Medicine, 17th Edition
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed
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WHO Classification of Hematolymphoid Tumors, 5th ed

62

“Overlap Lymphoid Syndromes” – Number of Primaries

• Amyloidosis develops in about 10%, typically 
patients who produce excess lambda light chains 

• Do serum and urine protein electrophoresis followed 
by immunofixation, quantitative immunoglobulins, 
and measurement of serum free light chains.

• Do bone marrow aspiration and biopsy.
• Symptomatic patients and those with organ 

dysfunction should be treated with drug therapy, 
which may include corticosteroids, chemotherapy 
drugs, proteasome inhibitors, immunomodulatory 
agents, monoclonal antibodies, selective inhibitors 
of nuclear export, histone deacetylase inhibitors, 
and cellular and antibody-based immune therapies 
targeting B-cell maturation antigen.

• Stem cell transplantation is an option for some 
patients, but newer, highly effective treatment 
options may make it unnecessary in others.

• Malignant plasma cells produce monoclonal 
immunoglobulin and invade and destroy bone.

• Expanding plasmacytomas and cytokine 
secretion cause multiple, discrete, osteolytic 
lesions (usually in the pelvis, spine, ribs, and 
skull) and diffuse osteoporosis; pain, fractures, 
and hypercalcemia are common.

• Anemia and renal failure are common.

https://www.merckmanuals.com/professional/hematology-and-oncology/lymphomas/non-hodgkin-lymphomas
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Establishing a Diagnosis – Some are Easy
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Establishing a Diagnosis – Some not as easy.
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Establishing a Diagnosis – Even CLL has options now
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Establishing a Diagnosis – One more example

WHO Classification of Hematolymphoid Neoplasms, 5th edition – Chapter 1
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Demonstration Hematopoietic Manual and Hematopoietic Data Base

68

Diagnostic Confirmation for Lymphoid Neoplasms

NEVER ASSIGN DX CONFIRMATION = 9 FOR LYMPHOID NEOPLASMS – IT IS 1 or 3 or 5

67

68

https://seer.cancer.gov/seertools/hemelymph/
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Diagnostic Confirmation for Lymphoid Neoplasms

• Note 1: Other than microscopic confirmation (1-4) taking priority over clinical diagnosis only (5-8), 
there is no priority order or hierarchy for coding the Diagnostic Confirmation for hematopoietic or 
lymphoid neoplasms. Most commonly the bone marrow provides several provisional diagnoses and 
the specific histologic type is determined through immunophenotyping or genetic testing.

• Note 2: Use code 1 when ONLY the tissue, bone marrow, or blood was used to diagnose the specific 
histology. Do not use code 1 if the provisional diagnosis was based on tissue, bone marrow, or blood 
and the immunophenotyping or genetic testing on that same tissue, bone marrow, or blood identified 
the specific disease (see Code 3).

• Note 3: If a neoplasm is originally confirmed by histology (code 1), and later has immunophenotyping, 
genetic testing or JAK2 which confirms a more specific neoplasm and there is no evidence of 
transformation, change the histology code to the more specific neoplasm and change the diagnostic 
confirmation to code 3.

• Do not use diagnostic confirmation code 3 for cases diagnosed prior to 1/1/2010.

NEVER ASSIGN DX CONFIRMATION = 9 FOR LYMPHOID NEOPLASMS – IT IS 1 or 3 or 5
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Diagnostic Confirmation for Lymphoid Neoplasms
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Diagnostic Confirmation for Lymphoid Neoplasms

DO NOT USE DX CONFIRMATION = 3 FOR ANY SOLID 
TUMORS – ONLY MYELOID/LYMPHOID NEOPLASMS

72

Diagnostic Confirmation for Lymphoid Neoplasms
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Diagnostic Confirmation for Lymphoid Neoplasms

DX CONFIRMATION = 5 CAN ONLY BE USED IN PLASMA CELL MYELOMA (9732/3)

74

Case Example One

Patient has elevated WBC. Workup shows lymphocytosis.  Pt just had Covid infection.  Further workup shows nodes above 
and below diaphragm and splenomegaly.  Then BX and Immunophenotype Panel shows CD5 positive B-cell lymphoma –
gives some information but not enough to subclassify further than B-cell lymphoma.

The expression of CD5 on B-cell neoplasms is classically indicative of either chronic lymphocytic leukemia (CLL), an indolent 
neoplasm, or mantle cell lymphoma (MCL), a usually aggressive lymphoma.  Further testing needs to be done to rule out low 
grade indolent or high grade aggressive CD5 positive B-cell lymphoma.  Knowing the difference determines treatment plan.

The path actually had listed more than just CD5 positive B-cell lymphoma.  It also included LARGE MONOCLONAL B 
CELLS POSITIVE FOR CD5, CD19, CD20 (DIM), CD22, CD23, FMC 7, HLA-DR AND KAPPA DIM).  

Using the Heme DB.  How to do LookUp. You can cut off the CD numbers and just enter them into the Heme DB or 
just into Google and it pulls up – CLL/SLL – and the path says immunophenotypically suggestive of CLL/SLL (78%).  And, 
they decided to just follow the patient with close observation (active surveillance) – it should be low grade.

So, this clears up the histology code - it is CLL/SLL, not a new type or genetic variant of mature b-cell neoplasms – but, it 
does differentiate between low/high grade & tx planning for stage III lymphoma.
• CLL/SLL is positive for CD5, CD19, CD23, CD43, and CD200, with dim expression of CD20, CD22, CD79b.
• MCL is positive for CD5, CD19, CD20, CD22, CD79b, kappa, and negative for CD23, CD43, and CD200.
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Case Example Two

Patient has right groin node enlarge growing larger with no response to antibiotics.  CT Scans not 
available. PET Scan shows update along right ilium and right pelvic soft tissue. Right inguinal large mass 
SUV of 33.2. Uptake concerning for malignancy involving ileum and adjacent soft tissue as well as 
adenopathy extending to superficial inguinal regional and along posterior pelvic soft tissues & fat.

Biopsy 3cm inguinal node shows B-CELL LYMPHOMA, CD10 POSITIVE DIFFUSE LARGE B-CELL 
LYPHOMA COMMENT: THE CD10 POSITIVITY FAVORS A DIFFUSE FOLLICULAR CENTER CELL 
LYMPHOMA. Bone marrow and flow cytometry show no monoclonal lymphoid population, no 
population w/aberrant immunophenotype and no increased plasma cells – no involvement by Non-
Hodgkin Lymphoma.  Peripheral blood – no circulating blasts.

DX Confirmation = 3
Primary site C77.8 multiple lymph node regions
Histology – DLBCL is the most common B-cell lymphoma.  Diffuse follicular center cell is more specific 
in CD10-positive.  So we code to 9698/3 follicular lymphoma, grade 3 as high-grade subtype of DLBCL
Stage IV – distant - involves ileum and adjacent soft tissue, superficial inguinal node, pelvic soft tissue
Treatment – R-CHOP and proton beam radiation to pelvis 45 CGY

76

Case Example Three

MRI right hip: diffuse osseous metastasis involving imaged bones, most pronounced in rt iliac wing w/ 
associated extraosseous soft tissue component.
PET/CT:  multifocal osseous malignancy suggestive of diffuse metastatic disease.  Likely pathologic 
fracture T8 with paraspinal soft tissue mass.
Bone marrow Bx: normocellular marrow w/ trilineage hematopoiesis, and marked involvement by 
plasma cell myeloma (PCM)(~50% involvement).  

COMMENT: flow cytometry with no monoclonal B cells, aberrant T cells or increase in blasts.  
Cytogenetic Study with no female karyotype.  
FISH myeloma studies positive for hyperdiploidy, gains of 1q, deletion of 13q or monosomy 13, and 
atypical signals suggestive of IgH rearrangement or partial IgH gain.  

Final Synoptic DX:   Chest wall bx shows features compatible with plasmacytoma.  

Treatment with Velcade, Revlimid, Dexamethasone and XRT photon beam to T-spine.  
Recommend Stem Cell Transplant post high dose chemo to increase potential for durable response
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Case Example Four

Bone Survey:  Multiple lytic lesions are seen in the calvarium consistent with the diagnosis of multiple 
myeloma.   

Bone Marrow BX - plasma cell myeloma; high risk cytogenetics - normal female karyotype

Where are the cytogenetics test results?  Including the phrase ‘high-risk cytogenetics’ is no help at all. 

We must have the details even when you have the bone marrow dx and the bone survey dx of MM.

 Histology – biopsy or resection

 Flow Cytometry – lineage and clonality

 Immunophenotypic Analysis - lineage and clonality

 Molecular Analysis – FISH test samples of tissue, 

blood, or bone marrow in a laboratory to look for 

changes in chromosomes, including broken, 

missing, rearranged, or extra chromosomes.

 Staging – Stage I-IV

 Extra-lymphatic Involvement
 Lung
 Liver
 Pleura
 Bone
 Bone Marrow
 Skin

 Extranodal Lymphoid Malignancy

 IPI and FLIPI – International Prognostic Indices

78

 Physical Exam

 Complete blood cell (CBC) count & Serum Chemistry

 Serum beta2-microglobulin

 Immunoglobulins Test – IgG, IgM, IgA

 Immunoelectrophoresis

 Bence-Jones protein – serum or urine

 Chest radiography

 Bone Survey – osteolytic bone lesions

 CT scan of the neck, chest, abdomen, and pelvis

 Positron emission tomography (PET) - PET/CT or FDG/PET

 Excisional lymph node biopsy

 Bone marrow aspirate and biopsy

 Hepatitis B testing in patients in whom rituximab therapy is planned

Workup and Staging Lymphoid Neoplasms

77
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Staging Lymphoid Neoplasms

 Hodgkin Lymphoma

 Non-Hodgkin Lymphoma

 Extra-Nodal lymphoma

 Plasma Cell Neoplasms

 CLL/SLL

 ALL
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Modified Ann Arbor Staging
80

79
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CLL/SLL – RAI Staging System

RAI Staging System for CLL/SLL – 1968
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Staging Extra-Nodal/Extra-Lymphatic Lymphoid Neoplasms
82
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Staging Extra-Nodal/Extra-Lymphatic Lymphoid Neoplasms
83

Gastric MALT Lymphoma – Modified Ann Arbor Staging
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Staging Mycosis Fungoides
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Staging Primary Cutaneous Lymphoma
86
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Peripheral T-cell Lymphoma – not always skin
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Staging Myeloma and Plasma Cell Disorders
88
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Plasma Cell Neoplasms – R-ISS Staging

Revised - International Staging System

Plasma Cell Myeloma/Multiple Myeloma

89

Is it a Transformation or Disease Progression?
90

When a Myeloid Disease (MPN, MDS, Chronic Myeloid Leukemia) Transforms 
to Acute Myeloid Leukemia – See Heme DB for Transformations

Acute Leukemia
The phase of leukemia in which 20% or more of the cells in the blood or bone 

marrow are blast cells.  Lymphoblasts or Leukemic Blasts. 

Lymphoma does not have Transformation

Some lymphoma progresses to Stage IV lymphoma that involves bone marrow

Other lymphomas begin in bone marrow as lymphoid leukemia

Leukemia/Lymphoma is always Distant Stage/Systemic Disease

Chronic Leukemia is always Distant Stage/Systemic Disease

Acute Leukemia is always Distant Stage/Systemic Disease

Plasma Cell Myeloma is always Distant Stage/Systemic Disease
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Site-Specific Data Items – CAUTION – next slide

➢ Adenopathy
➢ Anemia
➢ B Symptoms
➢ High Risk Cytogenetics
➢ High Risk Histologic Features
➢ HIV Status
➢ JAK2 
➢ Lymphocytosis
➢ NCCN International Prognostic Index (IPI)
➢ Organomegaly
➢ Peripheral Blood Involvement
➢ Serum Albumin Pretreatment Level
➢ Serum Beta-2 Microglobulin Pretreatment Level
➢ Serum LDH (Lactate Dehydrogenase) Pretreatment Lab Value
➢ Thrombocytopenia

91

PROBLEMS with Staging and SSDIs for Lymphomas

 AJCC and EOD Schema ID are Primarily Designed to be compatible with the AJCC TNM Staging Criteria.
 AJCC TNM Staging is designed for Solid Tumors – not Lymphoma, Leukemia, Plasma Cell Myeloma
 There are a few POORLY Designed Schema for Mycosis Fungoides, Plasma Cell Myeloma, and 

Hematologic Malignancies – only of lymph nodes or blood/marrow – not extra-lymphatic/marrow sites
 Therefore, they are primarily organized by solid organ primary site NOT histology-based malignancies
 Lymphoid and Myeloid Neoplasms are ALL organized by Histology
 Extra-Nodal Lymphomas (UNFORTUNATELY) are still assigned to the solid organ schema ID
 Therefore, the Grade, Staging, SSDIs and Surgery are all Tied to the Solid Organ Requirements
 Why is this a problem?
 When you have a lymphoid or myeloid malignancy of a solid organ – the SSDIs do not apply at all.

 Lymphoma of H&N asks for H&N SSDIs – none apply to lymphoma/leukemia
 Lymphoma of Tonsil asks for Nasopharynx SSDIs
 Lymphoma of Brain – asks for IDH and Brain Markers or Benign/Borderline Tumor Status
 Lymphoma of GI Tract asks for GE Junction, Tumor Epicenter, CEA, MSI, KRAS – none apply

 You CANNOT Code Lymphoid/Myeloid SSDIs when extra-nodal or extra-marrow

92
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 NCCN Treatment Guidelines
 Hodgkin Lymphoma

 B-Cell Lymphomas

 T-Cell Lymphomas

 Primary Cutaneous Lymphoma

 Hairy Cell Leukemia

 Acute Lymphoblastic Leukemia

 Systemic Light Chain Amyloidosis

 Waldenstrom Macroglobulinemia

 Lymphoplasmacytic Lymphoma

 Multiple Myeloma

 Pediatric Hodgkin Lymphoma

 Pediatric B-Cell Lymphoma

 Pediatric Acute Lymphocytic Leukemia

Treatment Guidelines for Lymphoid Neoplasms

 NCCN Treatment Guidelines
 Detailed Description of Diseases
 Descriptions of Genetic Mutations
 Evaluation of Disease at Diagnosis – Staging
 Non-Bulky or Bulky Disease
 Risk Stratification by Genetics

 Criteria for Favorable Risk
 Criteria for Intermediate Risk
 Criteria for Unfavorable Risk

 Non-Genetic Risk Stratification Factors
 Treatment Strategies by Risk Group

 Induction Therapy
 Consolidation Therapy
 Maintenance Therapy
 BMT/SCT Transplant Criteria
 Monitoring Post-Treatment
 Relapsed/Refractory Disease

 Response Criteria

94

 Watch and wait (for indolent, largely asymptomatic lymphomas)

 Chemotherapy

 Radiation therapy (most common in patients with limited-stage 
disease and sometimes in those with advanced-stage disease)

 Immunotherapy (eg, monoclonal antibodies targeting CD20, CD19, 
or CD79, or chimeric antigen receptor T cells [CAR T cells])

 Targeted drugs (eg, BTK [Bruton tyrosine kinase] inhibitors, PI3K 
[phosphoinositide 3-kinase] inhibitors, cereblon inhibitors)

 Sometimes hematopoietic stem cell transplantation (autologous or 
allogeneic)

Treatment Options for Lymphoid Neoplasms

https://www.merckmanuals.com/professional/hematology-and-oncology/lymphomas/non-hodgkin-lymphomas
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Lymphoma – one node removed – Biopsy or Surgery?

ASK YOURSELF: Is this procedure a 
cancer treatment or only a biopsy to make 

a diagnosis?  A single lymph node is 
always just for diagnosis.

96

Surgical Treatment for Nodal Lymphoid Neoplasms
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Chemotherapy and Immunotherapy

 R-CHOP
 Rituximab (Rituxan) – Immune TX

 Cyclophosphamide

 Doxorubicin

 Vincristine

 Prednisone – Hormone

 Maxi-CHOP
 High-dose cytarabine

 Carmustine

 Etoposide

 Ara-C

 Melphalan

 Autologous Stem Cell Transplant

 Since the advent of rituximab as 
the first successful 
immunotherapy for B-cell non-
Hodgkin lymphoma over two 
decades ago, a plethora of new 
immunotherapeutic approaches 
to treat lymphoma has ensued. 

 Four of the most exciting classes 
of immunotherapies include: 
chimeric antigen receptor T-cells 
(CAR-T cells), bi-specific 
antibodies, immune checkpoint 
inhibitors, and vaccines.

Multi-Agent 
chemotherapy

98

Blood & Marrow Stem Cell Transplant Procedures
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Documentation Needed for Lymphoid Neoplasms

100

Documentation Needed for Lymphoid Neoplasms
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https://seer.cancer.gov/seertools/hemelymph/
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2022 FCDS Audit of Lymphoid and Myeloid Neoplasms
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2022 FCDS Audit of Lymphoid and Myeloid Neoplasms

176 Hospitals – 1500 cases/750 e-path
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