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The Many Meanings of “Mutation“ (Part 1)

cancer.gov/CCDI #data4childhoodcancer
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The Many Meanings of “Mutation“ (Part 2)
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Drivers and Passengers in Cancer
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Drivers:

Gets the cell moving by 

stepping on the gas and 

keeping off the brakes

Passengers:

Along for the ride, not 

necessary to get cells 

moving, but might affect 

the driver if rowdy
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Cancer Driver Mutations: Predications and Reality
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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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Ludmil Alexandrov
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Signatures of Mutational Processes in Human Cancer (Part 3)
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“mutSig”

Ludmil Alexandrov
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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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Mutational Signatures 

cancer.gov/CCDI #data4childhoodcancer
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COSMIC Mutational Signatures (Part 1)
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COSMIC Mutational Signatures (Part 2)
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COSMIC release v3.4:   SBS:  96

       DBS:  78

       ID:   83

       CN:    48

       RNA-SBS: 192

       SV:     32
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Investigating the origins of the mutational signatures in 
cancer (part 1)
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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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Geographic variation of mutagenic exposures in kidney 
cancer genomes (part 2)

cancer.gov/CCDI #data4childhoodcancer



21

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)

cancer.gov/CCDI #data4childhoodcancer
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Geographic and age variations in mutational processes in 
colorectal cancer (part 2)

cancer.gov/CCDI #data4childhoodcancer
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Geographic and age variations in mutational processes in 
colorectal cancer (part 3)

cancer.gov/CCDI #data4childhoodcancer
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Somatic mutational profiles and germline polygenic risk 
scores in human cancer

cancer.gov/CCDI #data4childhoodcancer



26cancer.gov/CCDI #data4childhoodcancer

Spector and Lupo, 2020
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Sex Ratio Among Childhood Cancers 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
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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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Childhood cancer incidence among specific Asian and 
Pacific Islander populations in the United States

cancer.gov/CCDI #data4childhoodcancer



31

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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Geographic variation in pediatric cancer incidence ― United 
States, 2003-2014
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Spector and Lupo, 2020
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Marcotte, Spector, Mendes-de-Almeida, and Nelson, 2021



35

Is there etiologic heterogeneity between subtypes of 
childhood acute lymphoblastic leukemia? A review of 
variation in risk by subtype

cancer.gov/CCDI #data4childhoodcancer
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The landscape of genomic alterations across childhood 
cancers

cancer.gov/CCDI #data4childhoodcancer



37

Comprehensive analysis of mutational signatures reveals 
distinct patterns and molecular processes across 27 
pediatric cancers (part 1)

cancer.gov/CCDI #data4childhoodcancer
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Comprehensive analysis of mutational signatures reveals 
distinct patterns and molecular processes across 27 
pediatric cancers (part 2)

cancer.gov/CCDI #data4childhoodcancer
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Molecular Profiling to Predict Response to Treatment 
(MP2PRT)

cancer.gov/CCDI #data4childhoodcancer
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Diffsig: Associating Risk Factors with Mutational Signatures
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MP2PRT (n = 1510): Molecular Subtype (Part 1)
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MP2PRT (n = 1510): 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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MP2PRT (n = 1510): ALL Polygenic Risk Score

cancer.gov/CCDI #data4childhoodcancer



48

MP2PRT (n = 1510): Genetic Ancestry (Part 1)
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MP2PRT (n = 1510): Genetic Ancestry (Part 2)

cancer.gov/CCDI #data4childhoodcancer



50

MP2PRT (n = 1510): Reported Race/Ethnicity (Part 1)
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MP2PRT (n = 1510): Reported Race/Ethnicity (Part 2)
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MP2PRT/CCRN (n = 858): Parental Age*

cancer.gov/CCDI #data4childhoodcancer

*Greater of parent/guardian 1 or parent/guardian2 age in CCRN data
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MP2PRT/CCRN (n = 858): Latitude
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MP2PRT/CCRN (n = 858): Area-Level SES (Part 1)
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MP2PRT/CCRN (n = 858): Area-Level SES (Part 2)
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MP2PRT/CCRN (n = 858): Area-Level SES (Part 3)
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Molecular Characterization Initiative (Part 1)

cancer.gov/CCDI #data4childhoodcancer
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Molecular Characterization Initiative (Part 2)
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Molecular Characterization Initiative (Part 3)
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Molecular Characterization Initiative (Part 4)

cancer.gov/CCDI #data4childhoodcancer
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Pilot Analysis of MutSig in Ependymoma (Part 1)
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Pilot Analysis of MutSig in Ependymoma (Part 2)
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Pilot Analysis of MutSig in Ependymoma (Part 3)
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N = 148
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Pilot Analysis of MutSig in Ependymoma (Part 4)
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Pilot Analysis of MutSig in Ependymoma (Part 5)
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Aristolochic acid 
Aflatoxin
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(Very) Preliminary Conclusions

▪ mutSig in childhood cancer are 

associated both with endogenous and 

exogenous risk factors

▪ Notably, mutSig vary with area-level SES 

and geography

▪ ALL risk factors appear most associated 

with APOBEC signatures

▪ UV signatures in ALL appear to be 

attributable to UV

▪ mutSig may help establish causality in 

childhood cancer

▪ Childhood cancer may also help establish 

causes of mutSig with “unknown” etiology

cancer.gov/CCDI #data4childhoodcancer
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"This is not the end, it is not even the beginning of the end, but it is perhaps the end of 

the beginning"
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"This is not the end, it is not even the beginning of the end, but it is perhaps the end of 
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Questions?

cancer.gov/CCDI #data4childhoodcancer

spector@umn.edu
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Q&A

cancer.gov/CCDI #data4childhoodcancer
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Join Us at Our Upcoming Events

Webinar: Exploring ecDNA’s 

Impact on Childhood Cancers

September 9, 2025

Learn more and register:

https://events.cancer.gov/ccdi/webinar

2025 CCDI Symposium: 

Collaborate. Innovate. Transform.

October 6–7, 2025

Learn more and register:

https://events.cancer.gov/nci/ccdisymposium

cancer.gov/CCDI #data4childhoodcancer
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How You Can Engage with CCDI

Learn about CCDI and subscribe to our monthly newsletter:

cancer.gov/CCDI

Access CCDI data and resources:

ccdi.cancer.gov

Questions? Email us at:

NCIChildhoodCancerDataInitiative@mail.nih.gov

cancer.gov/CCDI #data4childhoodcancer



cancer.gov                                   cancer.gov/espanol

Thank you for attending!
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