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Radiotherapy has been shown 
to decrease local recurrence 
and to have a beneficial effect 
on survival.

80%

50%

Radiotherapy (RT) plays a crucial role in breast cancer treatment

of patients diagnosed with cancer will 
receive some form of radiation therapy.

Delaney G et al., Cancer (2005)
McGale et al., The Lancet (2014) 03 | 52



The therapeutic ratio: balancing tumour control and normal tissue complications

The therapeutic ratio describes the balance between tumour control 
probability and normal tissue complications probablitities. 

The probability of tumour control increases with increasing radiation 
dose, but so does the probability of normal tissue damage. 

Figure adapted from Barnett et al., Nat Rev Cancer (2009) 05 | 52
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Around 10% of patients treated with RT suffer from adverse effects, which can be 
acute or late

Figure adapted from De Ruysscher et al., Nat Rev Dis Primers (2019) and Barnett et al., Nat Rev Cancer (2009) 06 | 52
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Breast Cancer

Radiation-induced side effects

Skin toxicity

Fibrosis, telangiectasia, skin 
atrophy and hyperpigmentation

Secondary malignancies

Breast, lung and oesophagueal
cancers

Cardiac toxicity
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Germline genetic predictors of radiotherapy-induced toxicity cancer patients

HYPOTHESIS
• Germline genetic variation modulates RT

toxicity

• Patient blood cell markers are sensitive and
specific indicators of the RT toxicity



¡Juntos somos esperanza de vida!

Identifying patients at risk is critical

Ideal: to identify patients with radiation
sensitivity before or early in treatment and
adapt their treatment plans.



The search for predictive biomarkers of RT toxicity

Transcriptomics
Gene expression
Non-coding RNAs

Biomarkers

10 | 52

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

Genomics
SNPs
GWAS

Cellular 
Markers

Fibroblasts
Lymphocytes



Radiation-induced Lymphocyte Apoptosis (RILA): a promising biomarker

Lymphocyte-based assays → good study model due to their higher radiosensitivity in comparison to other cell types and their
accessibility.

These results have been subsequently replicated in several studies, including a clinical trial (NCT00893035) demonstrating
an inverse relationship between the percentage of apoptosis in irradiated lymphocytes and late toxicities. However, the
mechanism of this inverse association is unclear.

RILA =
% lymphocyte apoptosis after in vitro irradiation

% spontaneous lymphocyte apoptosis

Ozsahin et al., Int J Radiat Oncol Biol Phys (1997)
Ozsahin et al., Clinical Cancer Research (2005)
Azria et al ., EBioMedicine (2015)

Transcriptomic
s

11 | 52

RILA late toxicity

Cellular 
Markers

Genomics



0 h

37ºC incubation

48h

0 h 48h

8 Gy irradiation

37ºC incubation
10 matched breast cancer 
patients without skin toxicity

10 breast cancer patients with 
severe skin long term side 
effects



The cohort of patients with late toxicities is characterised by a low level of radiation-induced 

apoptosis (RILA)



03
Part 1    Methodology

Part 1    Results

Identify the molecular basis underlying radiation-induced CD8 T-lymphocyte
apoptosis (RILA) by using blood gene expression analysis in BC patients
with and without late effects and in whom we had also first identified
differences in RILA.

Ester Aguado Flor



Patient selection and microarray setup

Late clinical toxicity after 
BC RT and low level of 
RILA is associated with 
an altered transcriptional 
profile of PBMCs?

18 | 52Fuentes-Raspall et al., Apoptosis (2015)



No genes with an adj. p-value <0.05.
45 pathways with an adj. p-value <0.05.

Cell senescence-related pathways enriched after irradiation in patients with toxicity

Toxicity vs non-toxicity patients, 8Gy-induced expression

Cell cycle, NF-κB, and interferon signaling pathways are closely linked to cellular 
senescence, suggesting that it could play a crucial role in radiation-induced toxicity.

22 | 52

Li et al., Front Pharmacol (2018)
Leysen et al., Int J Mol Sci (2018)



Both non-coding RNAs modulate key cellular pathways that mediate response to radiation.
However, their role in radiotherapy-induced toxicity in normal tissues remains largely unexplored.

MicroRNAs
(miRNAs)

Long non-coding 
RNAs (lncRNAs)

Non-coding RNAs: an unexplored biomarker of RT-induced toxicity

Zhang et al., Nat Commun (2014)
Yu et al., Journal of Gene Medicine (2023)

13 | 52
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¡Juntos somos esperanza de vida!

Develop a genetic association study of novel candidate miRNA and
lncRNA SNPs as well as of previously related SNPs to acute and late
radiosensitivity in BC patients.

Ester Aguado Flor



▪ 4730 breast, prostate and lung cancer patients 
recruited

▪ Standardized collection of clinical treatment
▪ Dosimetric and toxicity data (Common 

Terminology Criteria for Adverse Events 
(CTCAE)

▪ DNA and RNA
▪ A minimum of 2 years’ follow-up by end of 

September 2018

Achievements:

REQUITE
REQUITE is an international project whose aim is to predict which patients are more likely to have side
effects from RT.

Between 2014 - 2016, eligible patients who received RT for breast, prostate and lung cancer according to
local protocols were enrolled into the REQUITE study from several hospitals in multiple countries
including Germany, Italy, Spain, UK and US.

14 | 52



Sample and data were collected following REQUITE protocols

24 | 52



44 SNP were selected for this study

23 | 52



1962 and 1560 BC patients for studying acute and late toxicity respectively

Oedema and Erythema Atrophy, Fibrosis and Oedema

25 | 52



Around 23% of patients had acute or late RT-induced toxicities

The most common acute toxicity was erythema (around 93%) and atrophy was the most common late toxicity (around 55%).

29%
18%

20%
25%
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Significant associations:

“Breast volume in the CT” and “Whole breast RT dose” variables associated with acute toxicity

Acute toxicity | Multivariate Logistic Regression Model - Clinical Data

28 | 52

77 clinical variables 20 selected included in the model 9 significant associations 2 validated associations



Combination of clinical variables & SNPs significantly associated with acute toxicity
Acute toxicity | Logistic Regression Model with risk score categories

30 | 52



Combined/clinical model were the best in the validation cohort with an AUC of 0.60
Acute toxicity | Logistic Regression Model with risk score categories

Rattay et al., Frontiers in Oncology (2020) 31 | 52



Significant associations:

“Body Mass Index” variable associated with late toxicity

Late toxicity | Multivariate Cox Regression Model - Clinical Data

32 | 52

77 clinical variables 19 selected included in the model 8 significant associations 1 validated associations



Combination of clinical variables & SNPs significantly associated with late toxicity

Late toxicity | Cox Regression Model with risk score categories

34 | 52



¡Juntos somos esperanza de vida!

Combination of clinical variables & SNPs significantly associated with late toxicity



Combined/clinical model were the best in the validation cohort with c-index of 0.59 
Late toxicity | Cox Regression Model with risk score categories

35 | 52



¡Juntos somos esperanza de vida!

1. The predictive value for clinical toxicity after radiotherapy in

breast cancer patients of the studied set of candidate

SNPs, composed of previous reported in the literature and

those located in non-coding RNAs, was limited or

insufficient compared to the influence of clinical

variables.

2. Patient-related factors such as breast volume, whole

breast radiotherapy dose, and BMI had a significant role in

determining the likelihood of developing both acute and late

toxicities post-radiotherapy in breast cancer patients.



microRNAs modulate key cellular pathways that mediate response to radiation.
However, their role in radiotherapy-induced toxicity in normal tissues remains largely unexplored.

MicroRNAs
(miRNAs)

Non-coding RNAs: an unexplored biomarker of RT-induced toxicity

Zhang et al., Nat Commun (2014)
Yu et al., Journal of Gene Medicine (2023)

13 | 52

Cellular 
Markers

Transcriptomic
s

Genomics



¡Juntos somos esperanza de vida!

Identify differentially expressed miRNAs as novel biomarkers for radiosensitivity
in blood cells of PC and BC patients.

Ester Aguado Flor



This project aims to improve the prediction of the risk for long-term side effects after RT using multiple biomarkers from
blood in addition to clinical and personal factors. Information from the prediction models will be incorporated into RT
treatment planning systems.

RADprecise

15 | 52Figure adapted from RADprecise project proposal.



Patient Selection

Atrophy and 

Fibrosis
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Experimental Workflow

37 | 52*In collaboration with Bioinformatics Group (VHIO)

*

*



There is a differential expression pattern of microRNAs between BC patients with toxicity and those without

DISCOVERY

Breast Cancer | Overall Toxicity

90 miRNAs with an adj. p-value <0.05.

38 | 52



BC patients with toxicity show an enrichment of transcription, DNA repair and cellular senescence

Breast Cancer | Overall Toxicity

84 pathways with an adj. p-value <0.05.

39 | 52



5 microRNAs were validated as biomarkers of overall toxicity in BC patients

Out of the 22 selected for validation, a 5-miRNA signature that was validated externally, indicating the potential use of
miRNA profiles as prognostic indicators for severe late radiotherapy-induced toxicity in breast cancer patients.

Roles in processes like proliferation, fibrosis,
inflammation, and apoptosis, which reinforce their utility
as biomarkers of radiation toxicity.

Encrypted 

miRNA

Discovery Cohort Validation Cohort

log2FC p-value padj log2FC p-value padj

Micro23 -0.682 0.000 0.001 -0.656 0.000 0.000

Micro83 0.657 0.009 0.029 0.360 0.000 0.000

Micro14 -0.919 0.000 0.000 -0.384 0.000 0.001

Micro13 0.585 0.000 0.000 0.288 0.000 0.002

Micro54 -0.747 0.001 0.008 0.281 0.001 0.005

Micro19 0.671 0.000 0.000 0.186 0.002 0.006

42 | 52

Same FoldChange direction

Different FoldChange direction



What we have learned:

Patients at risk of 

developing radiotherapy-

induced side effects might 

be identified according to 

their level of blood markers 

such as apoptosis and 

microRNA gene expression 

Future Challenges:

Validate the models of prediction 

toxicity integrating clinical, 

dosimetry and biological factors

Conduct clinical trials in which 

patients would be randomized to 

conventional or biological-

modulated treatment groups



48 | 52

A personalized approach, incorporating predictive models, could improve patients’ quality of life
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