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Mutations in oncogenesis

Cancer caused by damage to the DNA in our cells, called gene mutations.
- Passenger mutations : no functional consequences

 Driver mutations : drive cancer initiation and progression by confering a selective
advantage to cells
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Mutations in oncogenesis

Cancers result from the gradual accumulation of n driver mutations (n between 1
and 5) in at least one stem cell.
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Causes of mutations

- Hereditary factors

- For example, women with a BRCA gene mutation have a higher risk of
developing breast and ovarian cancer (4 to 7 times more likely).

- About 5% of cancers are hereditary.
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Causes of mutations

 Environmental factors

- For example, smokers have a higher risk of developing lung cancer (15 to
30 times more likely).

- About 40% of cancers are considered "preventable".
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Causes of mutations

- Endogenous factors

- Mutations occurring naturally during cell divisions (around 3 mutations
per cell division), due to the random mistakes made during normal DNA
replication (“bad luck”).
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- Endogenous factors first suggested and studied in 2015 (Tomasetti &
Vogelstein, Science).



Model of tumor evolution
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Model of tumor evolution
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Selective growth advantage of the driver mutations :

 Cell survival ()
proliferation rate Ab > 0 Snleciue

- Cell fate (F) advantage
asymmetric division probability Ap < 0
- Genome maintenance (M)
driver mutation probability Au > 0

Volgestein et al. Science 2013

— Increase of the carrying capacity, logistic growth rate, or mutation rate
of the clonal population



Mutations in oncogenesis

« Gradual accumulation of n driver mutations (here n=3)
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Time to cancer

Cancer occurs when a first “surviving” clone carries n driver mutations V...V,

where V; € {S, F,M}.
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Time to cancer
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Time to cancer
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Time to cancer

I’, time to cancer :

P(T,<1) = 1—e¢0
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If the probability of mutations occurring before birth is negligible : A (r) = xNu""b"'t"

T, ~W (n, KNu”b”) Weibull distribution



Time 1O cancer N number of stem cells

b proliferation rate

u driver mutation proba

T, ~W (n, b N) n number of drivers

L] . L] —_— n n n
Probability of getting cancer by age a : 1 — ¢ <#'?"¢'N
colon —— bone colon —— bone

0.025 ] 0.004 - ]
4 ] [ 7
2 § ] i ]
g 0.020 : 5 0003 |
S 0.015) ] 5 i ]
Q : , 2 0.002 ]
T 0.010; : © i ?
: L 4 L 4
£ : : 0.001 - .
3 0.005 ] i ]
0.000 ] 0000 =———
o 20 a0 e a0 0 200 400 600 800 1000

Age Age

— Lifetime cancer risk approximately xu"D"N

D = bT lifetime number of divisions per stem cell



Variation in cancer incidence

Breast
2 261 419 (11.7%)

Lung
2 206 771 (11.4%)

Colorectum
1 931 590 (10%)
Prostate
1 414 259 (7.3%)
Stomach

1 089 103 (5.6%)
Cervix uteri Liver
604 127 (3.1%) 905 677 (4.7%)

Other cancers
8 879 843 (46%)

Total : 19 292 789

Estimated number of new cases in the world in 2020.
Globocan 2020



Variati()n in cancer incidence N number of stem cells

D number of divisions

® FAF
Y "e
L S
5 - . i
L o o ° °
® Colorectal
® FAP duoden
e
ad & neck @ @ Pancreatic ductal
® id follscular
h ® Hepatoceliular
’;,‘.L
Hbladc Testicular @ ® Lung :'\"'H,
< ' . (non smokers) P DN
3 1[ a5t LR
L r* Ostecsarcoma Small intestine @

Ovarian germ ce .
- . ©® Thyroid medullary D enum @
. P reatx (.
L e SLON
nie
2
‘ F e L ] teo

- 10° 107 10° 10" 10"

FAP = Familial Adenomatous Polyposis @ HCV = Hepatitis C virus © HPV = Human papillomavirus © CLL = Chronic lymphocytic leukemia © AML = Acute myeloid leukemia

Tomasetti & Volgestein Science 2015

— 2/3 of variation in cancer risk explained by endogenous mutational processes



Variati()n in cancer incidence N number of stem cells
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— 4/5 of variation in cancer risk explained by endogenous mutational processes



Number of somatic mutations
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u background mutation rate
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during development phase
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In a cell lineage of a cancer patient of age a, in the absence of inherited or environmental
factors :

1@ =p (Do+bT, + bV (Ty=T)) + ... + b7 (a = T,) )



Number of somatic mutations

n number of drivers
u background mutation rate

T, T, 15 a D, number of divisions

during development phase
T’ hitting time of ith driver

b proliferation rate after T,

In a cell lineage of a cancer patient of age a, in the absence of inherited or environmental
factors :

1@ =p (Do+bT, + bV (Ty=T)) + ... + b7 (a = T,) )

— comparison of observed number in a cancer patient of age a :
n°"(a)  (sequencing data)

vs. expected number in the absence of inherited or environmental factors :

N (a) = p <Do + (b + bWV + - + b)) E (T,1a=5<T,< a))
n



Number of somatic mutations

Observed vs. expected number of somatic mutations in a cancer cell lineage of
patient of age a in the absence of inherited or environmental factors
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Number of somatic mutations

patient i of age q;
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Number of somatic mutations

Observed number of mutations
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Number of somatic mutations
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Overview
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