
3/5/19

1

1

The Fundamentals of Cancer Care:
Incidence, types & staging of cancer
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Objectives

Discuss the incidence of cancer in the United 
States

Review the different cancer classifications
Highlight various diagnostic procedures 
Explore the ways to stage common types of   

cancer
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Estimated cancer prevalence by age in the U.S. population from 1975 (216 M) to 2040 (380 M).

Shirley M. Bluethmann et al. Cancer Epidemiol Biomarkers 
Prev 2016;25:1029-1036
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Geographic Patterns in Lung Cancer Death 
Rates by State, U.S. 2010-2014:  Males
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Histogenetic classification of select malignant neoplasms

Tumors can be classified by their tissue of origin

Most tumors retain characteristics such as function and structure 

of the normal, differentiated cell, so the tissue of origin can be recognized

Cancer classifications

Omerod KF. Diagnostic evaluation, classification, and staging. In: Yarbro C, et al, eds. Cancer Nursing 
Principles and Practice. 6th ed. Sudbury, MA: Jones and Bartlett Publishers; 2005:153-180.

Epithelial (endodermal)

Mesenchymal (mesodermal)

Neural (ectodermal)

Mixed tissues
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Cancer can also be classified as solid or liquid

Cancer classifications (cont’d)

Carcinoma (eg, lung, breast)
Sarcoma (bone, muscle)

Leukemias
Lymphomas
– Hodgkin’s
– Non-Hodgkin’s
Myeloproliferative neoplasms

Solid malignancies include

Liquid¾or hematologic¾
malignancies include

National Cancer Institute. NCI dictionary of cancer terms: myeloproliferative neoplasm. 
http://www.cancer.gov/dictionary?CdrID=45210. Accessed December 11, 2014. National Cancer Institute. 
NCI dictionary of cancer terms: solid tumor. http://www.cancer.gov/dictionary?CdrID=45301. Accessed 
December 19, 2014. National Cancer Institute. NCI dictionary of cancer terms: hematologic cancer. 
http://www.cancer.gov/dictionary?CdrID=45708. Accessed December 11, 2014.
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X-ray

Cancer.net. Tests and procedures. http://www.cancer.net/all-about-cancer/newly-diagnosed/tests-and-procedures. 
Published July 2012. Accessed December 11, 2014. National Cancer Institute. X-ray imaging. 
http://imaging.cancer.gov/patientsandproviders/cancerimaging/xrayimaging#. Accessed December 11, 2014. 
MedlinePlus. Barium enema.http://www.nlm.nih.gov/medlineplus/ency/article/003817.htm. Last updated 
December 3, 2014. Accessed December 11, 2014. Cancer.net. Mammography. http://www.cancer.net/
navigating-cancer-care/diagnosing-cancer/tests-and-procedures/mammography. Published March 2014. 
Accessed December 11, 2014.

X-rays create an image of the structures in the 
body
X-ray imaging can be utilized for early cancer 
detection or determining if the cancer has 
spread to other parts of the body
Barium enemas are x-rays used to detect cancer 
in the colon and rectum
Mammograms (x-rays of the breast) are used for 
screening and diagnosis of breast cancer
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X-ray

Multiple Myeloma:
Osteoclast-
activating factor 
activity 
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Challenges of Imaging Studies in Obese Patients

Miller, J.  (2005).  Imaging and obese patients.  From Radiology Rounds:  A newsletter for referring physicians, Massachusetts 

General Hopsital, Department of Radiology.  Retrieved March 20, 2015, from 
http://www.mghradrounds.org/index.php?src=gendocs&link=2005_july
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CT scan

A CT scan utilizes x-rays at many angles to obtain cross sections of the body
Contrast agents can be used to show more detail, including the boundaries between 
organs and tumors
Higher risk of cancer due to more radiation by CT scanning

CT=computed tomography. 
National Cancer Institute. Computed tomography (CT) scans and cancer. 
http://www.cancer.gov/cancertopics/factsheet/detection/CT. Last reviewed July 16, 2013. Accessed December 19, 
2014. National Cancer Institute. CT scans. http://imaging.cancer.gov/patientsandproviders/cancerimaging/ctscans. 
Accessed December 19, 2014. U.S. Food and Drug Administration. Radiation-emitting products: computed 
tomography (CT). http://www.fda.gov/Radiation-EmittingProducts/RadiationEmittingProductsandProcedures/ 
MedicalImaging/MedicalX-Rays/ucm115317.htm. Page last updated August 7, 2014. Accessed December 19, 2014. 
Image courtesy of Dr. Peter Choyke, Department of Radiology, Clinical Center, National Institutes of Health.  
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PET scan
PET scan is used to detect cancer and determine if it has spread
PET scan is an imaging test performed by injecting radioactive sugar into the body
– Cancer cells absorb the majority of the radioactive sugar because they use more 

energy than other cells
PET scan can be utilized in many different tumor types, including breast, lung, and colon cancer

PET=positron emission tomography.
Cancer.net. Positron emission tomography (PET) scan—what to expect. http://www.cancer.net/all-about-cancer/cancernet-
feature-articles/cancer-screening-and-prevention/positron-emission-tomography-pet-scan-what-expect. Accessed 
December 19, 2014. MedlinePlus. Colon cancer. http://www.nlm.nih.gov/medlineplus/ency/article/000262.htm. Page last 
updated December 3, 2014. Accessed December 19, 2014. MedlinePlus. Lung PET scan. http://www.nlm.nih.gov/ 
medlineplus/ency/article/007342.htm. Page last updated December 3, 2014. Accessed December 19, 2014. MedlinePlus. 
Breast PET scan. http://www.nlm.nih.gov/medlineplus/ency/article/007469.htm. Page last updated December 3, 2014. 
Accessed December 19, 2014. Breastcancer.org. PET scans. http://www.breastcancer.org/symptoms/testing/types/pet. 
Last modified August 21, 2013. Accessed December 19, 2014.

Cancerous tissues are indicated by the red staining in the image
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MRI
MRI is a diagnostic tool that uses magnetic fields to create pictures of organs and tissues

It provides 2-dimensional slices, but 3-dimensional images can be rendered using 
a computer

MRI is better able to distinguish soft tissue compared with CT scans 

Unlike CT scans, an MRI does not use high-energy radiation that can cause DNA damage

MRI=magnetic resonance imaging; CT=computed tomography.

Cancer.net. Magnetic resonance imaging (MRI)—what to expect. http://www.cancer.net/all-about-cancer/cancernet-
feature-articles/cancer-screening-and-prevention/magnetic-resonance-imaging-mri-what-expect. Accessed December 19, 

2014. National Cancer Institute. Magnetic resonance imaging (MRI). 

http://imaging.cancer.gov/patientsandproviders/cancerimaging/mri. Accessed December 19, 2014. Mayo Clinic. MRI. 

http://www.mayoclinic.com/health/mri/MY00227. Accessed December 19, 2014. 

U.S. Food and Drug Administration. MRI (magnetic resonance imaging).

http://www.fda.gov/Radiation-EmittingProducts/RadiationEmittingProductsandProcedures/MedicalImaging/

ucm200086.htm. Page last updated June 4, 2014. Accessed January 5, 2015.
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Ultrasound

American Cancer Society. Ultrasound. http://www.cancer.org/treatment/understandingyourdiagnosis/
examsandtestdescriptions/imagingradiologytests/imaging-radiology-tests-ultrasound. Last revised August 9, 2013. 
Accessed January 5, 2015. 

Image source: http://imaging.cancer.gov/patientsandproviders/cancerimaging/ultrasound.

Ultrasound uses high-frequency 
sound waves to create images of the 
body
– Time and intensity of reflected 

waves 
are measured 

Ultrasound provides better imaging 
than x-rays for soft tissue diseases
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Bone scan

A bone scan is a nuclear 
imaging procedure that can 
detect if cancer has spread to 
the bone
A radioactive tracer is injected 
into the body to perform this 
procedure

Cancer.net. Tests and procedures. http://www.cancer.net/all-about-cancer/newly-diagnosed/tests-and-procedures. 
Published July 2012. Accessed December 19, 2014. Mayo Clinic. Bone scan. 
http://www.mayoclinic.com/health/bone-scan/MY00306. Accessed December 19, 2014. 

Image source: http://www.mayoclinic.com/health/medical/IM03600.

©  M ayo  F ounda tion  fo r M ed ica l 
E duca tion  and  R esea rch . A ll righ ts  
rese rved .
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Bone Scan:  Osteoblastic metastases
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Biopsy

Biopsy is a procedure to remove a small 
amount of tumor from the body
A pathologist examines the tumor under 
a microscope to determine if the sample 
is cancerous
Biopsies are invasive procedures, unlike 
imaging tests
Biopsies are used to diagnose multiple 
tumor types, including breast and 
lung cancer 
Biopsies allow for molecular analysis 
of the tumor, including biomarkers

Cancer.net. Tests and procedures. http://www.cancer.net/all-about-cancer/newly-diagnosed/tests-and-procedures. 
Published July 2012. Accessed December 22, 2014. Breastcancer.org. Biopsy. http://www.breastcancer.org/symptoms/ 
testing/types/biopsy. Last modified September 17, 2012. Accessed December 22, 2014. Cancer.net. Understanding 
tumor markers. http://www.cancer.net/all-about-cancer/cancernet-feature-articles/treatments-tests-and-procedures/ 
understanding-tumor-markers. Accessed December 22, 2014. Mayo Clinic. Biopsy: types of biopsy procedures used to 
diagnose cancer. http://www.mayoclinic.com/health/biopsy/CA00083. Accessed December 22, 2014. 

Image source: http://www.mayoclinic.com/health/medical/IM00808.



3/5/19

6

31 32

Definition of a biomarker

According to the NIH Biomarker Definitions Working 
Group, a biomarker 
is defined as 

“A characteristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic processes, 
or pharmacologic responses to a therapeutic intervention.”

NIH=National Institutes of Health.

Biomarkers Definitions Working Group. Clin Pharmacol Ther. 2001;69:89-95.
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Common biomarker assays
The type of assay used depends on the biomarker 
of interest

– FISH

Detects chromosomal abnormalities
DNA fragments with fluorescent labels bind to 
specific chromosome regions

– IHC
Detects protein expression

Color-labeled antibody (usually brown) specific for a 
protein is applied to the slide

– PCR
Detects gene mutations

Millions of copies of patient DNA are made and 
applied to a gel so that they can be visualized

FISH=fluorescence in situ hybridization; IHC=immunohistochemistry; PCR=polymerase chain reaction.
National Cancer Institute. Chromosome fluorescence in situ hybridization (FISH). http://ncifrederick.cancer.gov/research/ 
cytogenetics/fish.aspx. Accessed December 22, 2014. American Cancer Society. Testing biopsy and cytology specimens for cancer. 
http://www.cancer.org/acs/groups/cid/documents/webcontent/003185-pdf.pdf. Last revised March 7, 2013. Accessed December 22, 
2014. National Comprehensive Cancer Network. HER2 testing: summary for breast cancer patients. her2support.org/pdf/ her2testing. 
pdf. Accessed January 5, 2015. Asano H, et al. Clin Cancer Res. 2006;12:43-48. Smith-Zagone MJ, Pulliam JF, Farkas DH. Molecular 
Pathology Methods. In: Leonard DG, ed. Molecular Pathology in Clinical Practice: Oncology. New York, NY: Springer; 2009:15-40. 
Hematopathology. In: Mais DD, ed. Quick Compendium of Clinical Pathology. 2nd ed. Chicago, IL: American Society for Clinical 
Pathology Press; 2009:241-320. Image sources FISH: http://www.neogenomics.com/alk-rearrangement-in-nsclc.htm; IHC: Ellis CM, 
et al. J Clin Pathol. 2005;58:710-714. Lin SY, et al. BMC Med Genet. 2008;9:53. doi:10.1186/1471-2350-9-53.

FISH IHC

PCR
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HER2; ER/PR
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Cancer staging: Determining the extent 
of cancer

Staging is the process that helps to determine the severity of cancer 
in the patient’s body by size, extent, and whether the cancer has 
spread

Clinical staging of cancer requires diagnostic tests, including x-rays 
and CT scans

The pathological stage of the cancer is determined following surgery

Several systems have been developed to accurately determine 
cancer stage

– The TNM classification system is currently the most widely used 
for solid tumors

– Non-Hodgkin’s lymphoma staging utilizes the Ann Arbor staging 
system

CT=computed tomography; TNM=tumor, node, and metastasis. 

National Cancer Institute. Cancer staging. http://www.cancer.gov/cancertopics/factsheet/detection/staging. Last reviewed 
May 3, 2013. Accessed December 22, 2014. National Cancer Institute. Staging. http://training.seer.cancer.gov/lymphoma/ 

abstract-code-stage/staging.html. Accessed December 22, 2104. American Cancer Society. Staging. 

http://www.cancer.org/treatment/understandingyourdiagnosis/staging. Last revised June 7, 2012. Accessed December 22, 
2014.
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The TNM classification system

TNM=tumor, node, and metastasis.
American Cancer Society. Staging. http://www.cancer.org/treatment/understandingyourdiagnosis/staging. Last revised June 7, 2012.
Accessed December 22, 2014.

The TNM staging system assigns each cancer a T, N, and M category

T

N

M

TX
T0

Tis

T1-4

NX
N0

N1-3

MX
M0
M1

Primary tumor cannot be measured
No evidence of primary tumor (also tumor with unknown 
primary site)
The tumor has not started growing into adjacent tissue

Increasing size and extent of the primary tumor (from 1 to 4)

Nearby lymph nodes cannot be evaluated
No evidence of nearby lymph node involvement

Increasing involvement of the nearby lymph nodes (from 1 to 3)

Presence of distant metastasis cannot be evaluated
No distant metastasis found

Evidence of distant metastasis in a different site than the 
primary tumor
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Staging: Breast cancer

Tumor only in the ducts

S
ta

ge
 II

B

Tumor is 1-2 inches and spread to the lymph nodes under the arm or
Tumor >2 inches, but has not spread to the lymph nodes under the arm

S
ta

ge
 0

Tumor <1 inch; contained to the breast

S
ta

ge
 I

Cancer in the lymph nodes under the arm, but not in the breast or
Tumor ≤1 inch and has spread to the lymph nodes under the arm or
Tumor 1-2 inches, but has not spread to the lymph nodes under the arm

S
ta

ge
 II

A

X-Plain Patient Education. Breast cancer. 
http://www.nlm.nih.gov/medlineplus/tutorials/breastcancer/oc139106.pdf. Last reviewed May 17, 2011. 
Accessed December 22, 2014. 
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Staging: Breast cancer (cont’d)

No tumor in the breast, but cancer is in lymph nodes under the arm that 
are attached to each other or other structures or
Tumor ≤2 inches and spread to the lymph nodes under the arm that are 
attached to each other or other structures or
Tumor is >2 inches and spread to the lymph nodes under the arm which 
might be attached to each other or other structures

S
ta

ge
 II

IA

Cancer spread to tissues near the breast and may have spread to lymph 
nodes in the breast or under the arm

S
ta

ge
 II

IB

Cancer spread to lymph nodes under the collarbone and near the neck
May have spread to lymph nodes in the breast or under the arm and 
tissues near the breast

S
ta

ge
 II

IC

X-Plain Patient Education. Breast cancer. 
http://www.nlm.nih.gov/medlineplus/tutorials/breastcancer/oc139106.pdf. Last reviewed May 17, 2011. 
Accessed December 22, 2014. 
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Staging: Lung cancer

Tumor only in the innermost lining of the lung

S
ta

ge
 II

I

Tumor of any size; may be multiple tumors in the lung
May have spread to the lymph nodes on either side of the chest and neck
May have spread to nearby organs

S
ta

ge
 0

Tumor spread to deeper lung tissue, but confined to the lung
≤5 cm

S
ta

ge
 I

<7 cm and spread to lymph nodes or
No cancer in the lymph nodes; tumor >5 cm or spread to nearby tissue
More than 1 tumor may be in the same lobe of the lungS

ta
ge

 II
S

ta
ge

 IV Cancer in both lungs or
Cancer spread to other parts of the body or
Cancer between the 2 layers of pleura

National Cancer Institute. What you need to know about lung cancer. 
http://www.cancer.gov/cancertopics/wyntk/lung/page6. Published July 2012. Accessed December 22, 2014. 
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Staging: Colorectal cancer

Cancer only in the innermost lining of the colon or rectum

S
ta

ge
 II

I

Cancer spread to the lymph nodes

S
ta

ge
 0

Tumor spread to the inner wall of the colon or rectum

S
ta

ge
 I

Tumor spread further into or through the wall of the colon or rectum

May have spread to nearby tissue

S
ta

ge
 II

S
ta

ge
 IV

Cancer spread to other parts of the body

National Cancer Institute. What you need to know aboutTM cancer of the colon and rectum. 

http://www.cinj.org/what-you-need-know-about-cancer-colon-and-rectum-booklet. Accessed January 5, 2015.
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Staging: Prostate cancer

Cancer confined to the prostate
Too small to feel during rectal examination

Cancer spread to lymph nodes and organs

Cancer confined to the prostate
Large enough to be felt during rectal examination

Cancer spread beyond the prostate to tissues, but not the lymph nodes

S
ta

ge
 II

I

Cancer spread beyond the prostate to tissues, but not the lymph nodes

Cancer confined to the prostate
Too small to feel during rectal examination

S
ta

ge
 I

Cancer confined to the prostate
Large enough to be felt during rectal examination

S
ta

ge
 II

S
ta

ge
 IV

Cancer spread to lymph nodes and organs

X-Plain Patient Education. Prostate cancer. 
http://www.nlm.nih.gov/medlineplus/tutorials/whatisprostatecancer/oc099105.pdf. 
Last reviewed August 29, 2011. Accessed December 22, 2014.
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Staging: Melanoma
Abnormal melanocytes are found in the outer layer of the skin

St
ag

e 
III

Cancer may be any thickness with or without an ulceration
Has 1 or more of the following criteria: the cancer has either spread 

to 1 or more lymph nodes, lymph nodes are joined together, the 

cancer may be in a lymph vessel between the primary tumor and 
nearby lymph nodes, and/or very small tumors may be found on or 

under the skin ≤2 cm from cancer origin point

St
ag

e 
0

A: tumor is ≤1 mm thick without an ulceration
B: tumor is ≤1 mm thick with an ulceration, or >1 mm thick 

but ≤2 mm thick without an ulcerationSt
ag

e 
I

A: tumor is >1 mm thick but ≤2 mm thick with an ulceration, 
or >2 mm thick but ≤4 mm thick without an ulceration

B: tumor is >2 mm thick but ≤4 mm thick with an ulceration, 

or >4 mm thick without an ulceration
C: tumor is >4 mm thick with an ulceration

St
ag

e 
II

Cancer has spread to other parts of the body

St
ag

e 
IV

National Cancer Institute. Stages of melanoma. 

http://www.cancer.gov/cancertopics/pdq/treatment/melanoma/
Patient/page2. Last updated June 27, 2014. Accessed December 22, 2014.
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The Ann Arbor staging system
The Ann Arbor staging system describes the extent of disease in patients 

with non-Hodgkin’s lymphoma. It is based primarily on the distribution 
of lymphatic involvement with respect to the diaphragm and the presence 

of extralymphatic organ involvement 

Stage I

Stage II

Lymphoma in a single lymph node group or a single localized 
extranodal site

Lymphoma in 2 or more groups of lymph nodes on the same 
side of the diaphragm

Lymphoma in lymph node groups on both sides of the diaphragmStage III

Stage IV Lymphoma in multiple extranodal sites and associated lymph 
node involvement

National Cancer Institute. Staging. http://training.seer.cancer.gov/lymphoma/abstract-code-
stage/staging.html. Accessed August 13, 2013. American Cancer Society. How is non-Hodgkin lymphoma 
staged? 
http://www.cancer.org/cancer/non-hodgkinlymphoma/detailedguide/non-hodgkin-lymphoma-staging. 
Accessed January 7, 2015. 

Lymphoma Staging

46

Lymph Node

47

Lymphomas

Classification
Confusing
Named according to:
–Growth pattern within the lymph node:          

Follicular vs diffuse
–Cell size:  Large vs small
–Appearance:  Cleaved vs noncleaved

Types of Lymphoma
Lymphoma

Hodgkin Lymphoma Non-Hodgkin Lymphoma

NLPHL Classical
- Nodular sclerosing
- Lymphocyte rich
- Lymphocyte depleted
- Mixed cellularity

Aggressive
- DLBCL
- Burkitt
- Mantle cell
- Lymphoblastic
- ALCL

Indolent
- Follicular
- CLL/SLL
- Marginal zone
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International Prognostic Index (IPI)

Age (> 60)
Elevated LDH
Performance status > 2 
Stage III or IV disease
>1 site of extranodal involvement

51

International Prognostic Index (IPI)

Degree of risk # of adverse 
risk factors

5-year 
survival 
rate

Low 0 to 1 73%

Low-
intermediate

2 51%

Intermediate-
high

3 43%

High 4 to 5 26%

52

Follicular Lymphoma International 
Prognostic Index (FLIPI)
Age (>60)
Ann Arbor Stage III or IV
Hemoglobin level < 12 gm/dl
LDH elevated
Number of nodal sites involved >4

Hematopoiesis

54

Lym
phoid

M
yeloid

AML

ALL CLL

CML

Leukemias: Stages of Maturation/Differentiation
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Classification of Leukemias

Differentiation
Cell growth arrested at certain stage 

of development

Maturation
Degree of 

maturation of 
leukemic cells

Myeloid Lymphoid

Acute AML ALL

Chronic CML CLL

56

AML

57

WHO Classification of Acute Myelogenous 
Leukemia Genomic Changes and Age are the Most 

Important Predictors of Prognosis

2017 European Leukemia Network (ELN) 

Risk Stratification by Genetics

Dohner H et al. et al. Blood. 2017;129:424-447.
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Classification of Acute Lymphocytic Leukemia 

B-cell precursor
Common ALL

Early pre-B-cell
Pre-B-cell
B-cell

T-cell precursor
T-cell
Pre-T-cell

FAB Classification
L1 Small cells with minimal cytoplasm (30% adult ALL, 

80% childhood ALL)
L2 Larger cell with moderate amounts of cytoplasm     

(65% of adult ALL)
L3 Large round cells with deeply basophilic cytoplasm 

and vacuoles (Burkitt�s leukemia, 5% of ALL)

60

Classification of Acute Lymphocytic Leukemia 
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Classification of Chronic Lymphocytic Leukemia

http://www.training.seer.cancer.gov/leukemia/abstract-code-stage/staging.html retrieived 5-30-17

CML and the Ph Chromosome:  
t(9;22) Translocation

FUSION PROTEIN
WITH TYROSINE
KINASE ACTIVITY

22

bcr

abl

Ph 

(22q-)

bcr-abl

9 9

(q+)
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Classification of Chronic Myelogenous Leukemia 

Type Description
Chronic Peripheral blood blasts fewer than 10% in 

the blood and bone marrow

Accelerated Blasts 10-19% of WBCs in peripheral 
and/or nucleated bone marrow cells ; 
Peripheral blood basophils > 20%; 
Persistent thrombocytopenia (< 100 ×
109/L) unrelated to therapy or persistent 
thrombocytosis (> 1000 × 109/L) 
unresponsive to therapy; Increasing WBCs 
and splenomegaly unresponsive to 
therapy; Cytogenetic evidence of clonal 
evolution

Blast crisis Blasts ≥ 20% in blood or nucleated bone 
marrow cells; Extramedullary blast 
proliferation; Large foci or clusters of blasts 
on bone marrow biopsy

64

Multiple Myeloma:  International Staging System (ISS)

Stage 1 – B2M <3.5 mg/L and 

serum albumin > 3.5 g/dL
Stage 2 – Either of these two:

Serum albumin <3.5 g/dL (B2M < 3.5 mg/L)

or     B2M 3.5 – 5.5 mg/L (with any albumin level)

Stage 3 – B2M >5.5 mg/L

LDH has now been included--higher blood levels of LDH indicate a poorer
prognosis; High risk gene abnormalities also now considered in prognosis.

65

Myeloma-related Organ Dysfunction

CRAB criteria 
C=Calcium elevation
–>10.5ng/L or upper limit of normal

R=Renal insufficiency
– Serum creatinine >2 mg/dL

A=Anemia
– Hemoglobin < 10g/dL

B=Bone lytic lesions

66

Summary 

There is a high incidence of cancer cases and death from 
cancer in the United States
Tumors can be classified by their tissue of origin and 
whether they are solid or liquid
Different imaging tests and other tools can be utilized to 
diagnose and stage tumors
Staging systems can be used to determine the extent of 
cancer in the body
Biomarkers can serve as either prognostic or predictive 
factors and can determine appropriate patient selection


