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Learning Objectives: After completing this
activity, the participant should be better able to:

* Describe the common mutations and epigenetic alterations
observed in colorectal cancer

e Describe the biological and clinical consequences of
molecular alterations in colorectal cancer

* Describe the clinical application of molecular genetics to
colorectal cancer management
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Pathogenesis of colon cancer
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Molecular heterogeneity of colorectal cancer
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Biological hallmarks of cancer

Self-sufficiency In
growth signals

Evading Insensitivity to Anti-
Apoptosis growth Signals

Sustained Tissue Invasion and
Angiogenesis Metastasis

Limitless Replicative
Potential

Hanahan and Weinberg, ‘00



Central signaling pathways of colorectal cancer

*Ras-Raf Signaling Pathway: KRAS, BRAF
*PI3K Pathway: PIK3CA, PTEN, etc.
*TGF-R Pathway: TGF-3, TGFBR2, SMAD4, SMAD2

*P53: TP53, p14ARF
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Central signaling pathways of colorectal cancer

\Wnt Signaling Pathway: APC, CTNNB1, SFRP, TCF
*PI3K Pathway: PIK3CA, PTEN, etc.
*TGF-3 Pathway: TGF-3, TGFBR2, SMAD4, SMAD2

P53: TP53, p14ARF
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Raf-Ras signhaling pathway

Gene Mutation Frequency
*KRAS mutations 50%
(codon 12, codon 13, codon 61)

‘NRAS ~2%
(codon 12, codon 13, codon 61)

BRAF mutations 10%

(V600E in 88%o0f mutant cases)



Central signaling pathways of colorectal cancer

\Wnt Signaling Pathway: APC, CTNNB1, SFRP, TCF

*Ras-Raf Signaling Pathway: KRAS, BRAF

*TGF-I3 Pathway: TGF-[3, TGFBR2, SMAD4, SMAD?2

*P53: TP53, p14ARF



P13K signaling pathway




Common mutations in PI3K signaling members

Gene Mutation Frequency
*PIK3CA mutations 30%
(codon 12, codon 13, codon 61)

PIK3R1 ~5%
(codon 12, codon 13, codon 61)

PTEN mutations >1%

Mutation in PI3K pathway ~40-50%



Central signaling pathways of colorectal cancer

\Wnt Signaling Pathway: APC, CTNNB1, SFRP, TCF
*Ras-Raf Signaling Pathway: KRAS, BRAF
*PI3K Pathway: PIK3CA, PTEN, etc.

*P53: TP53, pL14ARF
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TGF-[3 signaling pathway mutations

Mutant Mutant
MADH4 MADH?2
20-25%

Undefined

Mutant TGFBR2 53%
27%



Central signaling pathways of colorectal cancer

\Wnt Signaling Pathway: APC, CTNNB1, SFRP, TCF
*Ras-Raf Signaling Pathway: KRAS, BRAF
*PI3K Pathway: PIK3CA, PTEN, etc.

*TGF-I3 Pathway: TGF-[3, TGFBR2, SMAD4, SMAD?2



TP53:A Classic Tumor Suppressor Gene
 Li-Fraumeni Cancer Family Syndrome
e 17p LOH In many tumor types
e Somatic mutations in TP53
* Functional consequences of mutant TP53
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TP53: Increasing complexity of gene functions
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P53 Activation
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Clinical applications of molecular genetics

* Molecular markers for early detection

* Prognostic markers of colorectal cancer
— Survival
— Response to treatment

e Targeted therapies



Potential markers for colon cancer screening

Optimal Screening Time

b-CATENIN

Long DNA/DIA



Molecular marker assays in 2007

« Early Detection of Colon Cancer

TEST Status

* PreGen-26 Commercially available
(MSI, APC, TP53

Long DNA, KRAS)
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Overview of PreGen 26 assay

*Fecal DNA based assay-multiple makers
Manufacturer: EXACT Sciences and LabCorp

*Performance Characteristics:
-Prospective colorectal cancer screening trial (N=4404)

Sensitivity (95% CI) Specificity
Colon Cancer 51.6% (34.8%-68%) 95.2%
Colon Adenoma >1cm 15.1% (12%-19%)
Advanced neoplasia 18.2%

«Cost: $695



Candidate Prognostic/Predictive Genetic
Markers

TEST USE

« MS| *Overall survival
*Response to 5-FU (?)

* 189 LOH Response to 5-FU
« TGFBR2 Mutation *Response to 5-FU
« TP53 Mutation *Response to 5-FU

« KRAS Mutation *Response to 5-FU



Candidate Prognostic Protein Markers

TEST USE

 Thymidylate synthase -Prognosis

» Thymidine phosphorylase -Response to
. o 5-FU based treatment
 Dihyrodpyrimidine

Dehydrogenase




Targeted therapies

*Ras-Raf pathway
-EGFR inhibitor: cetuximab
VEGF
-bevacizumab
«"Epigenetic therapy”
-5-aza 2’ deoxycytidine
-Histone deacetylase inhibitors

*Promising future agents
-Wnt pathway inhibitors
-PI3K inhibitors
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