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Objectives
• Describe core principles of 

genetics/genomics that influence 
clinical oncology practice for the 
prevention, screening, diagnosis, 
treatment, and monitoring of cancer.

• Describe the genomic basis for 
oncologic disease including how drugs 
target the genetic composition of 
specific diseases.

• Apply knowledge of genetics/genomics 
to the role of the nurse in germline risk 
assessment and testing.



Genomics Revolution

• 1996 – Beginning of Human Genome 
Project

• 1998 – Isolation of BRCA1/2
• 2003 – Human Genome Project 

completed
• 2010 – Implementation of GINA
• 2012 – Medicare coverage
• 2014 – First PARP inhibitor olaparib is 

approved
• 2016 – Cancer Moonshot initiated
• 2020 - SARS-CoV-2 virus is sequenced
• 2022 – Cancer Moonshot is reignited



Precision Medicine 
• Changing cancer care

• Targeting the genetic change 
in the tumor



Genetics/Genomics
• The main difference between genetics and 

genomics is the amount of material involved. 

• Genetics refers to one gene. 

• Genomics refers to all genes and their interactions
with one another and the environment. 



Definitions

Human cells contain 23 pairs of 
chromosomes.

22 autosomes
1 pair of sex chromosomes

Each chromosome contains many 
genes (25,000+) made up of 3 
billion+ base pairs.
Humans are 99.9% identical and 
0.1% different.



NHGRI 



NHGRI 



Inheritance Patterns



Definitions

• Biomarker is a biological molecule found in blood, other body 
fluids, or tissues that is a sign of a normal or abnormal process, 
or of a condition or disease. 

• Susceptibility: Potential for developing disease – BRCA1/2
• Diagnostic: Detect or confirm presence of disease – HER2 

expression
• Monitoring: Serially assess status of disease – PSA testing
• Prognostic: Likelihood of having a clinical event – Oncotype Dx® 

testing
• Predictive: Likelihood of having a response to a treatment –  

somatic and germline BRCA pathogenic variant eligible for 
treatment with PARP inhibitor



Pharmacogenomics

CDC 



Pharmacogenomics

CDC 2022



Pharmacogenomics

CDC



Genomic Variation, What is a Genomic Variant? NHGRI 



Types of Testing

• Single nucleotide variant
• Sequence a gene
• Next-generation sequencing
• Whole exome testing
• Whole genome
• Carrier



Mutations

Commonly used to define DNA sequence changes that alter protein function

Pathogenic Variant



Classification of Germline Variants



Family History

The most powerful genetic tool available
Includes a minimum of 3 generations
Constructed as a pedigree that includes:

Ethnicity, culture, religious background

Living or deceased, age at death, 
cause of death

Physical, mental, or developmental conditions

Ashkenazi Jewish Ashkenazi Jewish



Standard Pedigree Symbols



Welsh German



Degrees of Relationship



Family 
Histories are 
Dynamic



Most Cancer Susceptibility Genes are 
Dominant With Incomplete Penetrance



Patient Factors 
Affecting 
Pedigree 

Construction

Inaccurate family 
history

Lack of desire 
to explore 

family history

Limited family 
history Patient is adopted

Small family 
history

Unknown 
paternity



Provider Factors Affecting Pedigree Construction

Failure to recognize hereditary 
cancer syndromes

Time to construct a three-
generation pedigree



System Factors Affecting Pedigree Construction

No inclusion of decision support and red flags 
for referral to a genetics provider in the 
electronic medical record

No reimbursement of time for accurate 
pedigree construction 

No visual representation of the pedigree in the 
electronic medical record



Considerations for Germline Testing

Reasonable chance of detecting a pathogenic 
germline variant

Genetics professional available to provide 
pre- and post-test counseling, interpretation of 
results, and coordination of care for the family

Will change management for the patient and/or 
the family



3 Major 
Considerations 
Suggestive of 
Germline Risk

• Patient characteristics
• Tumor characteristics
• Family characteristics



Patient 
Characteristics

Cancer occurring at a younger age than expected

More than one primary cancer in one person or 
bilateral cancer in a paired organ

Presence of premalignant conditions

A diagnosis of a rare cancer or cancer associated 
with hereditary risk



Tumor Characteristics

Microsatellite instability in colon or endometrial cancer

Triple negative breast cancer (especially in a woman under 60 years of age)

Gleason score greater than 7 in prostate cancer

Higher allele count on tumor (somatic) testing in a germline gene



Family History Characteristics

Evidence of autosomal-dominant inheritance

Any pattern of cancer(s) associated with a known cancer syndrome

A family history of rare cancers

A known pathogenic variant in the family

Member of an ethnic group associated with increased risk of hereditary cancer



A Multi-Step Process: Pre-test Counseling

•Personal and family medical history
•Risk perception and motivation for testingAssess
•Basic genetics and inheritance
•Cancer or other disease genetics and riskEducate
•Risks, benefits, and limitations of testing 
•Test procedure – blood or saliva
•Alternatives to testing
•Management options – depending on test results

Discuss



Informed Consent:
Potential Benefits of 
Germline Genetic Testing

• Improved risk management
• Relief from uncertainty and 

anxiety about risk
• Information for individual and 

family members
• Lifestyle decision making



Informed Consent:
Potential Risks of Germline Genetic Testing

Psychological distress

Loss of privacy

Problems obtaining life or disability insurance

Change in family dynamics

False sense of security



Informed Consent: 
Limitations of 
Germline Testing
• Not all pathogenic variants are 

detectable

• Uncertain significance of some 
pathogenic variants

• Negative result is fully 
informative only if a pathogenic 
variant has been identified in 
family 

• Results indicate probability, not 
certainty, of developing disease 

• Unproven efficacy of some 
interventions



15% to 25% chance of a VUS
85% will be reclassified as benign



Case Study



Case Study
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Case Study



Case Study



Check Back 
Every 12 
Months

• Family history

• Variant classification

• Recommendations



Susceptibility 
Testing

• A biomarker that 
indicates the potential 
for developing a disease 
or medical condition in 
an individual who does 
not currently have 
clinically apparent 
disease or malignancy

• Germline testing

• BRCA1/2; Lynch 
syndrome

• Consider penetrance 
and expressive 
variability



Diagnostic 
Biomarker

• A biomarker used to 
detect or confirm 
presence of a disease or 
condition of interest or 
to identify individuals 
with a subtype of the 
disease

• Estrogen/progesterone 
receptor testing

• HER2 testing in breast 
cancer to guide 
treatment



Prognostic 
Biomarker

• A biomarker used to 
identify likelihood of a 
clinical event, disease 
recurrence or 
progression in patients 
who have the disease

• Oncotype DX®



Predictive 
Biomarker

• A biomarker used to 
identify individuals who 
are more likely than 
similar individuals 
without the biomarker 
to experience a 
favorable or unfavorable 
effect from a treatment

• PARP inhibitors with a 
pathogenic BRCA1 
variant

• Erlotinib for NSCLC with 
a pathogenic EGFR 
variant



Monitoring 
Biomarker

• A biomarker measured 
serially for assessing 
status of a disease

• CEA in colon cancer

• PSA in prostate cancer



Somatic 
Variant 

Classification

• Tier I: Variants of strong 
clinical significance 
FDA-approved therapy; 
included in professional 
guidelines

• Tier II: Variants of potential 
clinical significance 
FDA-approved therapies for 
different tumor types or 
investigational therapies

• Tier III: Variants of 
unknown significance
No convincing published 
evidence of cancer 
association 

• Tier IV: Variants of 
known insignificance (i.e., 
likely benign or benign) 





Intersection 
of Germline 
and Somatic 

Testing

Are there any patient, tumor, or family history red 
flags of germline risk?

Is there a pathogenic variant in a gene associated 
with germline risk for developing malignancy?

Consider type of testing (paired, somatic, or 
germline) and number of genes tested

Variant allele frequency (VAF)



Tumor vs. Germline Testing

32-year-old female with metastatic rectal cancer

Tumor testing to select therapy

Tumor showed pathogenic variants in TP53, BRCA2, PTEN, and APC as well as 
21 VUS 

Germline testing was offered based on early-onset colorectal cancer



Western European Western European





Western European Western European



Reading a 
Somatic 
Report

• Variants detected
• Variant tier
• FDA-approved therapies
• Therapies not likely to be effective
• Clinical trials
• FDA-approved therapies in other tumor 

types
• Genes tested
• Immunotherapy/Microsatellite instability
• Prognostic and diagnostic variants
• VAF







Why is this so 
important?

• Oncology nurses 
provide education about 
germline and somatic 
variants to patients and 
families.

• Biomarker testing that 
drives genomic cancer 
care provide 
information about 
susceptibility, prognosis, 
diagnosis, monitoring, 
and treatment choices.



Oncology Nursing Society Genomics and 
Precision Oncology Learning Library
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