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Abstract: While >85% of children with cancer will become five-year survivors, they are at 

substantially increased risk of developing subsequent neoplasms (SNs) in part due to DNA-

damaging therapy. However, the effects of primary cancer therapy on the SN genomic landscape 

are unknown. We utilized biospecimens collected through the Childhood Cancer Survivor Study 

(CCSS) and employed whole-genome, exome, and RNA sequencing to analyze 199 SNs (median 

diagnosis age of 37.8 years, range 13.0-54.4) and matched germline tissue from 159 childhood 

cancer survivors, including 62 breast, 57 meningioma, and 42 thyroid SN patients. Overall, each 

SN type had similar somatic driver alterations to corresponding de novo cancers though at different 

frequencies, including increased frequency of kinase fusions and copy number alterations in 

thyroid SNs compared to de novo thyroid cancers. Meningioma and thyroid SNs had significantly 

elevated somatic single-nucleotide variant (SNV) and insertion-deletion (indel) burdens compared 

to de novo tumors from published cohorts such as The Cancer Genome Atlas, while breast SNs 

and de novo breast cancers had similar SNV and indel burdens. Prior treatment with nitrogen 

mustards, such as cyclophosphamide, was associated with increased levels of ubiquitous clock-

like SNV mutational signature SBS5 in breast and meningioma SNs. We confirmed this 

association experimentally by treating cultured breast epithelial cells with an active 

cyclophosphamide metabolite followed by WGS, which revealed an SBS5-like signature induced 

by the treatment. In addition, we observed platinum-induced signatures SBS31 and SBS35 in 4 of 

5 meningioma and thyroid SNs previously treated with platinum therapy, and identified and 

functionally validated NF2 splice variants which were predicted to be platinum-induced in 

meningioma based on their occurrence at platinum signature hotspots. Driver alterations occurred 

evolutionarily early in most breast and thyroid SNs (12 of 14 multi-sample patients) as evidenced 

by their truncal status (detected in all samples at clonal variant allele fractions), while most 

meningioma patients (3 of 5) show intrapatient driver divergence, including a lack of shared 

mutations indicative of genetically independent tumors. Together, these results demonstrate the 

long-term impact of childhood cancer treatment on the genomes of SNs developing in adulthood, 

which may guide efforts to treat and prevent SNs. 
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