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Disclosure slide 

• No financial interest in, or arrangement with, a company 
whose products or services are discussed in the lecture  

• No financial interest in, or arrangement with, a competing 
company  

• No other financial connections that might raise the question of 
bias in the work reported or the conclusions, implications, or 
opinions stated 
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Personalising radiotherapy to optimise therapeutic ratios 
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Deciding the right dose for individual patients 
requires biological optimisation 
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Mavaddat et al 2015 JNCI 107(5) 
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Author n Toxicity SNPs HR 

Pu 2014 421 Toxicity 11,930 SNPs sig 

Zhang 2014 301 Lung injury 21 SNPs 3.59 

Wen 2014 362 Pneumonitis 8 SNPs 2.97 

Li 2014 168 Pneumonitis APEX1 5.98 

Kelsey 2013 39 Lung perfusion 33 SNPs sig 

Pang 2013 271 Pneumonitis HSPB1 sig 

Xiong 2013 362 Pneumonitis ATM 0.49 

Yin 2012 261 Pneumonitis LIG4 1.96 

Niu 2012 307 Pneumonitis TGFB1 2.29 

Guerra 2012 198 Esophagitis TGFB1 5.46 

Voets 2012 209 Dyspnoea TGFB1 ns 

Tucker 2012 141 Pneumonitis 5 SNPs sig 

Mak 2012 136 Pneumonitis MTHFR 0.22 

Kelsey 2012 39 Lung perfusion TGFB1 sig 

Guerra 2011 301 Esophagitis HSPB1 0.29 

Yin 2011 165-228 Pneumonitis RAD51, XRCC1, APEX1, LIG4 0.35-3.61 

Yang 2011 253 Pneumonitis TP53, ATM 2.62-6.17 

Hildebrandt 2010 173 Pneumonitis 6 SNPs 69.4 

Zhang 2010 253 Pneumonitis ATM, TP53 sig 

Yuan 2009 164 Pneumonitis TGFB1 0.39 

• ~20 studies 

• 39 – 421 patients 

• Under powered 

• No correction for multiple testing 



Organisers 

15-18 April 2015, Geneva, Switzerland 

Partners 

16 SNPS 

The potential for using genetic analysis 

Tucker et al 2013; Int J Radiat Oncol Biol Phys 85:252 

16 SNPs in: 

XRCC1, XRCC3, APEX1, MDM2, TGFB1, 

TNF, TNFR, MTHFR, MTRR, VEGF 
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Genome wide association studies 

• No assumptions about which genes are important 

• Common variants with small effects 

• Breast cancer GWAS (>120,000 cases & controls) identified 
94 variants. The top 1% of the polygenic risk score have a 
3-fold increased risk of breast cancer.  

• Prostate cancer GWAS (~25,000 cases & 25,000 controls) 
identified 74 variants responsible. The top 1% of the risk 
distribution have a 4.7-fold increased risk prostate cancer. 
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• 92 SNPs in 1,613 radiotherapy patients 

• Previously reported associations were not replicated, showing 
published SNPs do not individually exert a clinically relevant effect 

• Effect size is small 
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Need for a consortium approach 

Doug Easton 

~120,000 samples 
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The Radiogenomics Consortium 
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184 members from 106 institutions in 23 countries 
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Gene involved in smooth muscle 

contraction and rectal incontinence 

GWAS identify novel genes 

Gene involved in muscle cell 

regeneration with  overall toxicity 

Gene involved in erectile function 

with  erectile dysfunction 

Gene involved in regulation of 

angiogenesis and rectal bleeding 
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Radiogenomics Consortium prostate  

GWAS meta-analysis 

MSSM, USA 
N = 298 

Affy SNPv6.0 

CCI, Canada 
N = 153 

Affy SNPv6.0 

CHUS, Spain 
N = 517 

Affy SNPv6.0 

RAPPER, UK 
N = 646 

Illumina CytoSNP12 

Meta-analyse 

Imputation ~6 million SNPs 

Individual GWAS - 2-year toxicity:  

proctitis, nocturia, frequency, decreased stream   
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Meta-analysis of 1,638 patients 

• Identified three SNPs:  

• rs17599026  with urinary frequency (OR 3·17, 95%CI 2·10-4·77, p= 3·3x10-8) 

• rs7720298 with decreased urine stream (OR 2·71, 95%CI 1.90-3·85, p=3·4x10-8) 

• rs11230328 with overall toxicity (Beta 0·31, 95%CI 0·21-0·40, p=6·8x10-10) 

• Heterogeneous radiotherapy cohorts can be pooled/meta-
analysed to increase sample size and identify low-penetrance 
genetic variants associated with radiotherapy toxicity 

 Kerns, Fachal, Dorling, Barnett, Dunning, Rosenstein et al 
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Bentzen & Pharaoh 

How many SNPs? 

• Sufficient for a useful polygenic 
risk score  

• 10 alleles with a RR=1.15   

• 5% of cases in the sensitive tail 
of this distribution would have a 
RR>2 for developing a specific 
toxicity endpoint 

• If the prevalence of an endpoint 
is not low, say 0.2, a study of 
10,000 patients has >99% power 
to detect a signature 

I want more samples!  

2000 is not enough!  5000,  

10000, 20000 are not 

enough! I want more! 
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Author n Toxicity SNPs HR 
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Guerra 2012 198 Esophagitis TGFB1 5.46 

Voets 2012 209 Dyspnoea TGFB1 ns 

Tucker 2012 141 Pneumonitis 5 SNPs sig 

Mak 2012 136 Pneumonitis MTHFR 0.22 

Kelsey 2012 39 Lung perfusion TGFB1 sig 

Guerra 2011 301 Esophagitis HSPB1 0.29 

Yin 2011 165-228 Pneumonitis RAD51, XRCC1, APEX1, LIG4 0.35-3.61 

Yang 2011 253 Pneumonitis TP53, ATM 2.62-6.17 
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Zhang 2010 253 Pneumonitis ATM, TP53 sig 

Yuan 2009 164 Pneumonitis TGFB1 0.39 
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OncoArray 

• Illumina Infinium® OncoArray-500K 
BeadChips 

• 499,170 markers 

• Specific variants for 5 cancers  

• ~45,000 lung cancer variants 
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1. Perform a multi-centre, cohort study collecting: blood samples, 
epidemiology and treatment data, and longitudinal side-effect and 
quality-of-life data (before and after treatment, years 1 & 2) in 5,300 
patients with prostate, breast or lung cancer 

2. Produce a centralised biobank of DNA and a centralised database 
including radiotherapy plans 

3. Validate published biomarkers of radiosensitivity – genetic and 
apoptosis assay, PAXgene tubes 

4. Validate clinical predictive models of radiotherapy toxicity in breast, 
prostate and lung cancer and incorporate biomarker data 

5. Design interventional trials to reduce long-term side-effects 
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http://www.requite.eu/ 

http://www.requite.eu/ 
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Lung questionnaire 

 

• Nederlands 

• English 

• Français 

• Deutsch 

• Italiano 

• Español  

http://www.requite.eu/ 
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Genetics has potential for the biological 
optimisation of radiotherapy 

Shades of gray 


