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Cancer is fundamentally a genetic disease



Canceris clonal

Cell with mutation




Canceris clonal

* Acquired (Somatic) Mutations:

* Inherited (Germline) Mutations:



Canceris clonal

 Acquired (Somatic) Mutations:
e TP53
* KRAS
* PTEN
* RB1



Specific targetable somatic mutations

* Acquired (Somatic) Mutations:
* EGFR: lung adenocarcinoma, osimertinib
* ALK: lung adenocarcinoma, Lorlatinib
ROS1: lung adenocarcinoma, crizotinib

BRAF: melanoma, colorectal cancer, thyroid, cancer; BRAF/MEKK
Inhibitors

BRCA1/2: breast cancer, endometrial cancer, PARP inhibitors
MMR deficiency: MLH1, MSH2, MSH6, PMS2; immunotherapy

KIT: GIST
NTRK:



Specific germline mutations

* Inherited (germline) Mutations:
 TP53: Li-Fraumeni syndrome
« BRCA1/2: breast/ovarian cancer syndrome
* MMR: Lynch syndrome
* Hereditary polyposis colorectal cancer syndrome: APC



Tobacco exposure
gene mutation signature

* Single Base Substitution Signature 4 (SBS4)

* cytosine to adenine transversion



UV exposure
gene mutation signature

* Single Base Substitution Signhature SBS7

* A high frequency of C>T transition mutations occurring at dipyrimidine
sites.



“Clock-like”
gene mutation signature

* Sighatures SBS1 and SBS5: These specific patterns of DNA
damage are found in almost every solid tumor type in older
patients.

* SBS1: Caused by the spontaneous deamination of 5-methylcytosine (a
chemical change in the DNA "letter" C.

* SBS5: A background mutation rate that accumulates constantly over
time, regardless of how often cells divide.



Aging Is the single greatest risk factor for
developing cancer



Why is aging a problem?



Why is aging a problem?
Accumulation of somatic mutations
Decline of DNA repair

Changes in epigenetics

Increased activity of transposons



Why is aging a problem?
Accumulation of somatic mutations
Decline of DNA repair

Changes in epigenetics

Increased activity of transposons



Why is aging a problem?

¢ Changes in epigenetics

s* Global Hypomethylation
** Local Hypermethylation

s Epigenetic Clocks



Age-Related Clonal
Hematopoiesis Associated
with Adverse Outcomes

Jaisal et al., NEJM 2014

Why is aging a problem?
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Why is aging a problem?
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Why is aging a
problem?

Age-Related Clonal
Hematopoiesis Associated
with Adverse Outcomes

Jaisal et al., NEJM 2014
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Hematologic Cancer Events/No. at Risk Hazard Ratio (95% Cl) PValue

No mutation (referent) 698/4886 E

Mutation present 69/246 |~ 14 (1.1-1.8) 0.02
JHS, no mutation (referent) 196/2309 E
JHS, mutation 10/82 _— 0.8 (0.4-1.5) 0.49
UA, no mutation (referent) 78/285 E
UA, mutation 22/42 , ———— 138(1.1-29) 0.02
MEC, no mutation (referent) 138/882 E
MEC, mutation 14/51 —_— 14 (0.8-2.4) 0.27
FUSION, no mutation (referent) 174/896 E
FUSION, mutation 15/48 — 1.4 (0.8-2.4) 0.23
Botnia, no mutation (referent) 112/514 E
Botnia, mutation 8/23 L = 14 (0.7-3.0) 035
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Death from Any Cause Events/No. at Risk Hazard Ratio (95% Cl) PValue

No mutation, RDW <14.5% (referent) ~ 172/1903 E
JHS 115/1684 .

UA 57/219 :

No mutation, RDW =14.5% 60/411 | — 16 (1.2-2.1) 0.004
JHS 44/372 —.— 15 (1.0-2.1) 0.03
UA 16/39 — 1.8 (1.0-3.2) 0.04

Mutation, RDW <14.5% 13/83 —————— 1.0 (0.6-1.9) 0.90
JHS 2/55 ——Mm—&—— 0.3 (0.1-1.2) 0.08
UA 11/28 —~—I— 1.4 (0.7-2.6) 0.34

Mutation, RDW =14.5% 16/27 ! ———— 37 (2.2-6.5) <0.001
JHS 5/15 ' —s—  23(11-7)]) 0.02
UA 11/12 H —a—— 4.4(2.2-8.3) <0.001
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