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DEPARTRAEMT OF GENETICS



Evidence from the United States and abroad suggests
inadequate genetics education of health care professionals as
a significant factor limiting the integration of genetics into
clinical care. Specific inadequacies include the amount and

type of genetics content included in undergraduate
professional school curricula and the small amount of genetics-
related knowledge and skills of physicians, nurses, and other
health professionals once they enter clinical practice.
Modifications in medical, dental, nursing, public health, and
pharmacy school curricula and in medical residency training
programs are needed to ensure that health care professionals
entering the workforce are well-trained in genetics.




Multiple Endocrine Neoplasia 1

= Parathyroid tumors

= Pituitary tumors

= Gastro-entero-pancreatic tumors
= Carcinoid

= Adrenocorticoid tumors

= Angiofibromas, meningiomas,
ependymomas, etc. ‘ d}

Known pathogenic

18 months old mutation
P ] Mutation not present in child
pathogenic benign VUS not present in mother

Variant of uncertain
significance
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Competencies

Determine risk to child based on dominant inheritance of MEN1
Recognize that child will benefit from diagnosis (? at 18 months)
Order MEN1 genetic testing

Appreciate significance of VUS

Test affected relative first

Formulate appropriate care plan



What are the necessary knowledge and skill sets
required for analyzing, interpreting, and utilizing
genomic information?

* Focus on competencies, not knowledge ...

* ... point-of-care decision support tools may
guide clinical use ...
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... but a health provider should
be able to explain why, not only
what and how




Diagnostic Testing
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“We found an unexpectedly high proportion of
={ |literature-annotated disease mutations that were
incorrect, incomplete, or common polymorphisms.”
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- [ Carrier Testing for Severe Childhood Recessive Diseases
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= Breast

' = Lung . = Prostate
‘ = QOvarian

= Leukemia
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BRCA1+

BRCA1-




AWA A A A A A A A

CGCTCCCCGCCCTCTTCCCGGCCCAGGGCGLCCGGCCCACLCCTTCLCCTCCGLCGLcCCcceaa
GGGGAGGACATGGCCGCGCACAGGCCGGETGGAATGGGTCCAGGCCGTGGTCAGCCGLTTCGAC
GCAGCTTCCAATAAAAACAGGACAGCAGAACACACATACCAAAGTCAGTACTGAGCACAACAAGG

GTCTAATCAATA'I'I'I'CCAAATACAAG'I'I'I'I'C'I'I'I'G GTTATAAG CGGCCTCACTACTA'I'I'I'I'AAAGAAT

AWA AT N /\ AWA ATT /\ AWA ANNNNN T AT N —] AT TN AT /\
L

A

[\

ULYSS

A
€
1

(
A(

(
- A
IAMES JOYCE A
G
G
3 [

. \ /
AAAAACCTACAGACCTGGAGACAAGAAGCTATAAGTATCTTCTCTTGTCCATGGTGAAACTAATTCA
CAGCTCCAAAGCTCTTGCTTTGTAATCCAAGAAAACAGGGGCCCGAAACCCAAGGCAGTACAGCA
ATTAATTACAGGGCTCGTCCAACTGGTCCCTCAGTCACACATGCCAGAGATTGCTCAGGAAGCAAT
AGGCTCTGCTGGTTCTTCATCAGTTAGATAGCATTGATTTGTGGAATCCTGATGCTCCTGTAGAAAC
GGGAGA'I'I'AGCTCACAAATGC'I'I'ITI'I'ACATCTGCAAGAAA'I'I'AACTAGTCATCAAATGC'I'I'AGT

/A 1 1 | | | I\ /A /A /A N

A I\ /A /A 1



Competencies

Recognize indications for testing

Select appropriate family member to test first
Discuss issues of payment/risks/benefits
Select a laboratory

Interpret report — recognize limitations

Genomic sequencing — recognize potential for
secondary findings

Refer to specialist as needed
Discuss results with family



Newborn Screening
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Treatment




Therapeutics

Nature Reviews Molecular Cell
Biology 2, 127-137 (2001)



Pharmacogenetics

Oiw
B |
oom



Risk Assessment

Physician/Counselor
One gene at a time —

Consumer-driven
Genomic testing

Performance

overed the genes

Time

eaded

Modified from Christensen et. al. The Innovator’s Prescription



What are the training needs for an individual
and what is not being addressed?

* Need to establish a vector of competency
— Attract students to careers

— Health professional students should enter better
prepared

— Integrate genetics into health professional
education and residency

— MOC may present an opportunity

\ Pre-he.alth N Mediqal \ Residency \ CME/MOC
ARRY (20 /LY. y




Medical Education

Competency M3

Use the principles of genetic transmission, molecular biology of the
human genome, and population genetics to infer and calculate risk of
disease, to institute an action plan to mitigate this risk, to obtain and
interpret family history and ancestry data, to order genetic tests, to

Report of the AAMC-HHMI Committee




Personalized Healthcare Competencies
Project

Genomics

Pharmacogenetics

Informatics
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Culture & Environment




ACMGF Summer Scholars Program

| American College of Medical Genetics Foundation

Summer Genetics Scholars Program

Better Health Through Genetics®




Banbury Summit | & 11 (2004, 2006)

* Increase numbers of
trainees

* What is a medical
geneticist?




ACMG Competencies

Competency 6: Assess and participate in a clinical or translational research study or
clinical trial involving patients with or at-risk for a genetic disorder.

Learning Objectives:

1. Critically evaluate protocols and/or publications reporting results of clinical
research studies and clinical trials relevant to genetic disorders.
2. Achieve IRB certification to participatt Competency 9: Provide counseling to individuals regarding the application of whole
3. Appreciate the ethical issues that are  genome or whole exome sequencing.
such as return of research results, ide
data, revelation of unexpected family Learning Objectives:
findings that may be clinically signific:
4. Educate participants regarding risks al 1. Explain to an individual contemplating whole exome or genome analysis the
obtain informed consent and/or asser potential risks, benefits and limitations of the information that will be obtained
and facilitate informed decision-making.

2. Prioritize the information obtained from whole exome or genome analysis,
including carrier status for recessive disorders, single gene disorders,
pharmacogenetic traits, and alleles that confer risk of common disease, in
providing feedback and counseling.

3. Describe potential risks and benefits that may be associated with disclosing risks
of adult-onset disorders in children.

4, Utilize genomic databases and bicinformatics tools to filter results on genetic
variants and assess their clinical significance.

5. Explain the difference between variants of known clinical significance and
variants of unknown clinical significance in providing counseling on whole exome
or genome analysis.

6. Explain the concepts of odds ratio and relative and absolute risk, and the
limitations in interpretation of genotypic data regarding risk of common disease.



ACMG Genomics Academy

. .




New Educational Paradigms

“ ﬂ . 228,784,199 lessons delivered
L PRI

iTunes U

Genetics and

Genomics in Clinical
Research

An Immersion Course for
Clinical Investigators at UAB




What is needed to translate genomic information from the lab to the
provider? Will collaborative medicine be needed to interpret genomic
information?

We are a long way from having fully annotated
the genome

Point-of-care decision support tools need to
be deployed

Collaborative partnerships will be key

New counseling paradigms will be needed
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