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Skin side effects

Cardiac complications 

Adapted from a slide kindly shared by Ester Aguado.



Germline genomic predictors of radiotherapy-induced side effects

HYPOTHESIS
• Genetic variation modulates

the appearance of
complications in normal tissue
after radiotherapy

Normal tissue 

response after 
Radiotherapy

Adapted from a slide kindly shared by Ester Aguado.



Radiobiologic Processes in Normal 
Tissue.

Citrin and Timmerman. Effects of Radiotherapy
in Normal Tissue. N Engl J Med. 2026 Mar 
5;394(10):996-1009. doi: 
10.1056/NEJMra2506017. PMID: 41780002.



Bergom et al., 2019 Int J Radiation Oncol Biol Phys, https://doi.org/10.1016/j.ijrobp.2019.07.026

A few known rare radiation sensitivity-related clinical syndromes due to 

pathogenic variants in genes with essential roles in radiation response



Manolio et al., Finding the missing heritability of complex diseases. Nature. 2009 Oct 

8;461(7265):747-53. doi: 10.1038/nature08494. PMID: 19812666



• Identifying the genetic germline 
variants associated with response 
to radiation to personalize the use 
of radiotherapy would not only 
reduce side effects and improve 
quality of life in long-term cancer 
survivors but also enable 
individualized dose prescription

Precision Radiotherapy Through 
Germline Genetic Predictors of 
Radiation Response



The search for predictive biomarkers of radiotherapy side effects

Transcriptomics
Gene expression

Non-coding RNAs

Biomarkers

10 | 52

Still, there is not yet an
optimisation of RT based on
genomic, transcriptomic or cell
markers in standard practice due
to a lack of clinical validation of
candidate biomarkers.

Genomics
SNPs

GWAS

Cellular 
Markers

Fibroblasts

Lymphocytes

Adapted from a slide kindly shared by Ester Aguado.



Genomic variants: single-nucleotide variants (SNVs) 

and single-nucleotide polymorphisms (SNPs)



A genome is the complete set of DNA instructions found in 
every cell needed for an individual to develop and function

https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genomic-
variation



https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genomic-
variation

A person’s genome consists of 23 pairs of chromosomes. One copy of 
each chromosome is inherited from each parent.



Single-nucleotide variants (SNVs) are differences of one nucleotide at a 
specific location in the genome

https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genomic-
variation



To be considered a single-nucleotide polymorphism (SNP), a SNV must
be present in at least 1% of the human population

The T variant of rs77311050 associated with
Induration grade ≥ 2 in REQUITE breast cancer

patients is present in about 5% of the
population

rs77311050 association in Jandu et al., Genome-wide association study of treatment-related toxicity two
years following radiotherapy for breast cancer. Radiother Oncol. 2023. PMID: 37437607.

https://www.ncbi.nlm.nih.gov/snp/rs77311050



https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-risk-
scores

Any two peoples’ genomes are, on average, ~99.6% identical and ~0.4% 
different



https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-risk-
scores

Single-gene diseases



Complex diseases

https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-risk-
scores



Genome wide association studies (GWAS)



Manolio et al., Finding the missing heritability of complex diseases. Nature. 2009 Oct 

8;461(7265):747-53. doi: 10.1038/nature08494. PMID: 19812666

Do Common Genetic 
Variants (SNPs) Influence 
Radiotherapy side effects?

GWAS has become the 
standard approach for 
detecting SNP-
radiotherapy side effects 
associations



https://www.ebi.ac.uk/training/online/courses/human-genetic-variation-introduction/types-of-genetic-variation-studies/genome-wide-association-studies/

GWAS



https://ngs101.com/how-to-perform-genome-wide-
association-analysis-gwas-for-absolute-beginners-
from-raw-variants-to-disease-associated-loci-using-
plink/



Genome-wide association studies (GWAS) estimate the effect
size of individual genetic variants associated with a phenotype

or disease.

GWAS: genome wide association studies

β or OR = 1,06

rs616488 A>G

A

P-val= 5 × 10-20

Significance threshold after Bonferroni correction for multiple testing: 5 × 10⁻⁸

Adapted from a slide kindly shared by Laura Duran.



Graphical GWAS outcome

Manhattan plot

Significance threshold 

after Bonferroni 

correction for multiple 

testing: 5 × 10⁻⁸

Adapted from a slide kindly shared by Laura Duran.



GWAS Summary statistics: 

Adapted from a slide kindly shared by Laura Duran.



https://www.ebi.ac.uk/gwas/





What is a Polygenic Risk Score (PRS)?

• A PRS is a weighted combination of multiple common genetic
variants, each contributing modestly to an individual's risk of a 

trait, disease, or treatment response

Adapted from a slide kindly shared by Laura Duran.



A PRS is a weighted combination of multiple common

genetic variants, each contributing modestly to an

individual's risk of a trait, disease, or treatment response

Estimation of the polygenic risk score (PRS) 

PRS=β1x1 + β2x2 +…+ βkxk + βnxn

βk = estimated effect (risk coefficient) of SNP k

Xk = number of risk alleles carried by the individual at SNP k (0, 1, or 2)

n = number of SNPs included in the PRS

Adapted from a slide kindly shared by Laura Duran.



From GWAS to PRS: Development Steps
• Genetic association study (GWAS) for the phenotype of interest → generates 

summary statistics (list of variants, p-values of association, and effect sizes/weights 
for each variant)

• Model development: construction of the PRS using clearly defined methodologies 
(e.g., LASSO regression, LDpred)

• Validation: confirmation of PRS association and calibration with the phenotype in an 
independent cohort

• (Potential) integration into a multivariable risk model combining genetic and non-
genetic factors

• Model evaluation: assessment of predictive performance (e.g., discrimination, 
calibration, and clinical utility)

Adapted from a slide kindly shared by Laura Duran.



Furrer et al., 2026, Nat Hum Behaviour
https://doi.org/10.1038/s41562-026-02475-8



https://www.genome.gov/Health/Genomics-and-Medicine/Polygenic-risk-
scores

Stage What GWAS/PRS can tell 
us

What they cannot tell us 
by themselves

Discovery

Variants statistically 
associated with a trait, 
disease, or treatment 
outcome

Whether the variant is 
causal

Biology
Candidate genes, loci, and 
pathways for investigation

The underlying molecular 
mechanism without 
functional validation

Risk Stratification

Relative genetic risk 
compared with others

Certainty of 
disease/toxicity, absolute 
risk, or timing of 
onset/progression

Clinical Use

One component of a 
broader prediction model

Clinical decisions without 
integration of other genetic, 
clinical, and environmental 
factors



Wrap-up

GWAS and PRS are powerful tools for risk
stratification and biological discovery, but they
identify associations rather than causation. Their
clinical value depends on functional validation and
integration with clinical and environmental
information.



Recommended bibliography

Adapted from a slide kindly shared by Laura Duran.
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WP4: Genomic Markers
Sara Gutiérrez-Enríquez, Antón Vega Méndez, Carmen 
Moreno Aldomà, Jacqueline S. Penaloza, Victoria Reyes 
and Goretti Mallorquí, Vall d’Hebron Institute of 
Oncology (VHIO), Barcelona Spain
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Objectives

WP4 aims at:

• Estimating genetic markers to be included in the risk

scores developed in WP2 and in the CE-marked software 

tool (WP6). 

• The same biomarkers will also be considered in 

prototyping digital twins (WP7).
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GENOMIC 
MARKERS 

Germline variation:

Polygenic risk score 
(PRS)

Somatic variation:

Clonal hematopoiesis
of indeterminate
potential (CHIP)
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• Part I: Processing of REQUITE Breast Cancer 
Variants

1) Starting variants  ∼ 600,000 SNPs, 
Oncoarray

2) Imputation ∼ 60 million SNPs

• Part II: Selection of the published SNP 
weights

1) Traits of Interest were selected

2) Review of performance scores

3) Review of study design of publication

• Part III: Compute PRS score using PLINK 2.0

Workflow for developing PRS
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Baseline patient phenotypes for PRS development: 21 baseline 
traits that may predispose to late radiotherapy complications



PGS catalog

https://www.pgscatalog.org/score/PGS000004/
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Scoring file Number of variants Match % Total matched Total unmatched
PGS000004_hmPOS_GRCh37 313 87.5 274 39
PGS000013_hmPOS_GRCh37 6630150 99.5 6595104 35046
PGS000016_hmPOS_GRCh37 6730541 99.4 6689857 40684
PGS000703_hmPOS_GRCh37 183692 90.1 165465 18227
PGS000706_hmPOS_GRCh37 186726 90.1 168255 18471
PGS000710_hmPOS_GRCh37 183566 90.1 165349 18217
PGS000788_hmPOS_GRCh37 75 90.7 68 7
PGS000791_hmPOS_GRCh37 19 84.2 16 3
PGS000797_hmPOS_GRCh37 12 75 9 3
PGS001784_hmPOS_GRCh37 911440 99.9 910907 533
PGS001787_hmPOS_GRCh37 909990 99.9 909481 509
PGS001788_hmPOS_GRCh37 910082 99.9 909569 513
PGS001790_hmPOS_GRCh37 910146 99.9 909629 517
PGS001791_hmPOS_GRCh37 910439 99.9 909913 526
PGS001793_hmPOS_GRCh37 910099 99.9 909589 510
PGS001796_hmPOS_GRCh37 910337 99.9 909781 556
PGS003382_hmPOS_GRCh37 672 97.5 655 17
PGS003388_hmPOS_GRCh37 356743 95.4 340216 16527
PGS003391_hmPOS_GRCh37 133 82 109 24
PGS004862_hmPOS_GRCh37 709534 100 709184 350
PGS004911_hmPOS_GRCh37 374114 99.9 373775 339

21 baseline traits that may predispose to late radiotherapy complications
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21 baseline traits that may predispose to late radiotherapy complications

Coronary artery disease
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Ongoing and future work

PRS

Truong et al Integrative polygenic risk score improves the
prediction accuracy of complex traits and diseases. Cell Genom. 
2024. PMID: 38508198
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Ongoing and future work

Somatic variation in blood
normal cells:

Clonal hematopoiesis of 
indeterminate potential

(CHIP)
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