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The Many Meanings of AMutati on

Low frequency, De novo variant at Somatic variant
often pathogenic, conception (a.k.a. present in tumor
germline variant de novo mutation but not normal
(outdated) or DNM) tissue
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Drivers and Passengers in Cancer

Passengers: Drivers:

Along for the ride, not
necessary to get cells
moving, but might affect
the driver if rowdy

Gets the cell moving by
stepping on the gas and
keeping off the brakes
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Cancer Driver Mutations: Predications and Reality

Review

Cancer driver mutations: predictions and reality

Daria Ostroverkhova.' Terasa M. Przytycka, ™ and Anna R. Panchanko @ ' 245+
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Signatures of Mutational Processes in Human Cancer (Part 1)
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Signatures of Mutational Processes in Human Cancer (Part 2)
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Signatures of Mutational Processes in Human Cancer (Part 3)
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Signatures of Mutational Processes in Human Cancer (Part 4)
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Signatures of Mutational Processes in Human Cancer (Part 5)
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Figure 3 | The presence of mutational signatures across human cancer
types. Cancer types are ordered alphabetically as columns whereas mutational
signatures are displayed as rows. ‘Other’ indicates mutational signatures for
which we were not able to perform validation or for which validation failed
(Supplementary Figs 24-28). Prevalence in cancer samples indicates the
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percentage of samples from our data set of 7,042 cancers in which the signature
contributed significant number of somatic mutations. For most signatures,
significant number of mutations in a sample is defined as more than 100
substitutions or more than 25% of all mutations in that sample. MMR,
mismatch repair.
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Mutational Signatures
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COSMIC Mutational Signatures
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COSMIC Mutational Signatures (Part 1)
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COSMIC Mutational Signatures (Part 2)

COSMIC Mutational Signatures
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Mutational Signatures (v3.4 - October 2023)
SBS4 * GRCh37 - COSMIC v102

Mutational profile
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Proposed aetiology

Associated with tobacco smoking. Its profile is similar to the mutational spectrum observed in experimental systems exposed to tobacco carcinogens such as
benzo[a]pyrene. SBS4 is, therefore, likely due to direct DNA damage by tobacco smoke mutagens.

Comments

Although tobacco smoking causes multiple cancer types in addition to lung and head and neck, SBS4 has not been detected in many of these. SBS29 is found in
cancers associated with tobacco chewing and appears different from SBS4.
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Investigating the origins of the mutational signatures in

cancer (part 1)

Investigating the origins of the mutational signatures in

cancer

Gunnar Boysen ©12*, Ludmil B. Alexandrov ©%*, Raheleh Rahbari ©%, Intawat Nookaew “*,
Dave Ussery ©5, Mu-Rong Chao ©%7, Chiung-Wen Hu “® and Marcus S. Cooke ©9-10-*
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Investigating the origins of the mutational signatures in
cancer (part 2)
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Geographic variation of mutagenic exposures in kidney

cancer genomes (part 1)
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Fig.1| Eleven participating countries and estimated ASRs of ccRCCs. Incidence of ccRCC for men and women combined (ASR per 100,000). Data from GLOBOCAN

2020.Markersindicate countriesincluded in this study (number of participants with ccRCC per country).
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Geographic variation of mutagenic exposures in kidney

cancer genomes (part 2)
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Geographic variation of mutagenic exposures in kidney
cancer genomes (part 3)
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Geographic and age variations in mutational processes in
colorectal cancer (part 1)
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Geographic and age variations in mutational processes in
colorectal cancer (part 2)
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Geographic and age variations in mutational processes in
colorectal cancer (part 3)
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Somatic mutational profiles and germline polygenic risk
scores in human cancer

Somatic mutational profiles and germline
polygenic risk scores in human cancer

Yuxi Liu'?, Alexander Gusev?, Yujing J. Heng®, Ludmil B. Alexandrov® and Peter Kraft'5"®

Table 1 Significant associations between tumor somatic mutation counts and germline PRS
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Incidence of childhood cancer within single year of age
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Figure 2.

Distribution of tumors across the pediatric age spectrum.

Spector and Lupo, 2020
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Sex Ratio Among Childnood Cancers by Single Year of Age

Sex ratio among childhood cancers by single year of age

Lindsay A. Williams! | MichaelaRichardson?
Jenny N. Poynter’? | Logan G.Spector!?
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Racial and ethnic disparities in pediatric cancer incidence
among children and young adults in the United States by
single year of age
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Racial and ethnic disparities in pediatric cancer incidence
among children and young adults in the United States by

single year of age

Racial and Ethnic Disparities in Pediatric Cancer Incidence
Among Children and Young Adults in the United States by
Single Year of Age
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Childhood cancer incidence among specific Asian and
Pacific Islander populations in the United States

childhOOd cancer inCidenCE among Specific ASian and PaCifiC (A) IRR for API regional groups compared to Non-Hispanic White children (B) IRR for API regional groups compared to East Asian children
Islander populations in the United States T - e
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FIGURE 1 Incidence rate ratios (IRR) and 95% confidence intervals (Cl) for US-based Asian and Pacific Islander (API) regional groups
compared to, A, Non-Hispanic White children and B, East Asian children, SEER Detailed Asian/Pacific Islander Database'® (1998-2002; Low
Population) and SEER 13" (1998-2002)
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Advanced parental age as a risk factor for childhood acute
lymphoblastic leukemia: results from studies of the
Childhood Leukemia International Consortium
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Table 1. Confirmed and suspected risk factors for selected childhood cancers.

Strength of

ALL AML NB HB RB WT MB PNET | Ependymoma Astrocytoma Megrce
F s ti '— -4 #
Smoking ++
Vitamins ++
Occupational exposures +
Residential exposures ++
Coffee +
Alcohol ++
lonizing radiation i+
Birth
Maternal age ++
Paternal ++
Chromosomal birth defects i+
Non-chromosomal birth defects aad
High birth weight +++
Low birth weight +++
C-section +
Gestational age +
Childhood
Breastfeedi +
Allergies ++
Residential chemical +
Passive smoke +
Irradiation | | ++
Mote: Taken from refs. 25, 30, 31,103-266. For strength of evidence: + epidemiologic evidence with little mechanistic support; ++ can cross placenta or has

developmental consequences but epidemiologicevidence is equivocal; +++ strong epidemiclogic and mechanistic evidence.
Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; HB, hepatoblastoma; MB, medulloblastoma; NB, neuroblastoma; PNET, primitive
neurcectodermal tumor; RB, retinoblastoma; WT, Wilms tumor.

Legend

Positive, effect estimate <1.5
Positive, effect estimate 21.5
No association
Negative, effect esti >0.67
Negative, effect esti <0.67
Inconclusive

Spector and Lupo, 2020
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FIGURE 2 | Distribution of B-cell acute lymphobiastic leukemia (ALL) cytogenetic subtypes by age at diagnosis. Data adapted from (6).

Marcotte, Spector, Mendes-de-Almeida, and Nelson, 2021
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Is there etiologic heterogeneity between subtypes of
childhood acute lymphoblastic leukemia? A review of

variation in risk by subtype
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The landscape of genomic alterations across childhood
cancers

Paediatric pan-cancer cohort
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Figure 1 | Somatic mutations in the paediatric pan-cancer cohort. and highly mutated samples are separated by dashed grey lines and
Somatic coding mutation frequencies in 24 paediatric (n =879 primary highlighted with black squares. Median mutation loads are shown as solid

tumours) and 11 adult (n = 3,281) cancer types (TCGA)”. Hypermutated lines (black, cancer types; purple, all paediatric; green, all adult).
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Comprehensive analysis of mutational signatures reveals
distinct patterns and molecular processes across 27
pediatric cancers (part 1)

Paediatric pan-cancer cohort
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Figure 1 | Somatic mutations in the paediatric pan-cancer cohort.
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Comprehensive analysis of mutational signatures reveals
distinct patterns and molecular processes across 27

pediatric cancers (part 2)
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Molecular Profiling to Predict Response to Treatment
(MP2PRT)
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Diffsig : Associating Risk Factors with Mutational Signatures

Diffsig: Associating Risk Factors with Mutational
Signatures

Ji-Eun Park', Markia A. Smith®, Sarah C. Van Alsten”, Andrea Walens®, Di W', Katherine A H'EIEId|E:|'E'E.

Melissa A. Troester™™*, and Michael | Love'®

Mutational o . o
fieal @ Signatures " Diffsig estimated associations
Signature 1 ‘ Signature? : b
Signature 2 N 3
Signature 3 ' : —.—
E Signature3 o |
-2 -1 0 1 2 Y]
intercept

Signature1 —-m—

it - .
Signature2 =
1
Signature3 | —_m—
0 1 2 B
X
4 X=1 X= 2
RS
o 5 e,
y \ K -
2 o 1 0 B 5 e
\___ ___——_'-”
96 contexts s;,..a.\.e 3 Signa(um 3 Signalwa 3 Signanme ) Signature 3

Figure 1.

Schematic of Diffsigmodel. A, Conceptual diagram of Diffsig, for detecting associations between risk factors and mutational signatures (with these target parameters
defined as ). Each sample’s observed somatic mutations are composed of the association (8) and the sample’s risk factor traits (X). Associations between samples
and signatures are defined as c. Even for samples with the same risk factor values, there exists variance among their signature distribution; here, the center of a
distribution persample s diagrammed. The signature contribution is then multiplied by known transition probabilities for a set of reference signatures (C). Finally the
resulting mutation probability  underlies the bserved mutation counts (). B, Diffsig estimates the associations § [yellow dots, point estimates; colored bars, 80%
€l and black lines, 35% Cls] for the left example. €, effect on o across a range of values of X: § can be Interpretad by the strength and direction in which the central
tendency of ¢ moves across the space between signatures with differing values of X. From the ternary plots, we can see that as the X increases, the contribution of
signature 1and 2 decreases and that of signature 3 increases. Signature 1 contribution decreases mare drastically than signature 2, indicating a negative association of
signature 1and positive values of X.
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Molecular Subtype (Part 1)
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Molecular Subtype (Part 2)
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MP2PRT (n = 1510): Sex
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MP2PRT (n = 1510): Age at Diagnosis
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