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where to look for it?

� Endogenous oxidative stress defence

• GSTM1, GSTT1, GSTA1, GSTP1

• SOD2, MPO, eNOS

� DNA repair systems

• BER: XRCC1, APEX1, OGG1, LIG3

• NER: ERCC2/XPD, ERCC4/XPF, RAD9A

• HR and NHEJ: RAD51, RAD52, XRCC3, XRCC2,NBN, LIG4, BRCA1, BRCA2

� DNA damage signalling and cell cycle control

• ATM

candidate gene approach 

Ambrosone CB. Breast Cancer Res. 8 (2006) R40.

Moullan N.Cancer Epidemiol. Biomarkers Prev. 12 (2003) 1168–1174.



• Prospective study: 87 breast cancer patients receiving RT after a breast

conserving surgery



• Prospective study: 87 breast cancer patients receiving RT after a breast

conserving surgery

• severe acute skin reactions (moist desquamation or interruption of RT due to toxicity)

were associated with SNPs, using Cox proportional hazards accounting for

biologically effective dose (BED)

 BED= nd (1+αααα/ αααα/ββββ) – γγγγ/αααα (T-T◦◦◦◦)

where: n: number of fractions; d: fraction size

 α/βratio: 10 for acute skin reaction

          γ/α: time factor of 0,7Gy/day

             T: overall treatment time

                   T◦ :starting time for compensatory proliferation of 21 days 

                                                                              (Fowler JF. IJROBP 1991, 21: 1451-6)



• Prospective study: 87 breast cancer patients receiving RT after a breast

conserving surgery

• severe acute skin reactions (moist desquamation or interruption of RT due to toxicity)

were associated with SNPs, using Cox proportional hazards accounting for

biologically effective dose (BED)

• polymorphic regions analyzed:

DNA repair genes XRCC1-Arg399Gln

XRCC1-Arg194Trp

XRCC3-Thr241Met

XPD-Asp312Asn

XPD-Lys751Gln

Glutathione S-transferase genes GSTM1

GSTT1

DNA mismatch repair genes hMSH2 gIVS12-6T>C

MLH1 I219V

MSH3 T1045A

MGMT L84F



8 out of 87 patients � severe acute skin toxicity

1) Carriers of the variants of the XRCC3-Thr241Met gene have an

increased risk of severe acute toxicity

hazard ratio (HR) unquantifiably high
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2) Carriers of the variants of the hMSH2 gIVS12-6T>C gene have an

increased risk of severe acute toxicity
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3) Carriers of the variants of the MSH3 T1045A gene have an

increased risk of severe acute toxicity
hazard ratio (HR) unquantifiably high
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4) when considering joint effects of different SNPs,

carriers of the XRCC1-Arg194Trp variant allele and XRCC1-

Arg399Gln wild-type allele have un increased risk of severe acute

toxicity

Arg194Trp Arg399Gln HR (95% CI) All patients Severe toxicity

C/C (wt) G/G (wt) 1.00 36 1

C/C (wt) A/A o G/A 7.14 (0.77-66.34) 41 6

C/T o T/T G/G (wt) 23.12 (0.94-567.75) 5 1

C/T o T/T A/A o G/A 0.00 5 0

Results/3



Conclusions

The variant alleles of the XRCC3-Thr241Met, hMSH2 gIVS12-

6T>C, MSH3 T1045A, XRCC1-Arg194Trp may increase the risk of

severe acute skin toxicity after RT
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severe acute skin toxicity after RT

Comparison with other studies

•No association between GSTM1 or GSTT1 and skin reaction,

= Ambrosone CB, Breast Cancer Res 2006; 8: R40

•XRCC1-194 Trp in combination with XRCC1-399 Gln alleles more frequent in

radiosensitive pts

= Moullan N, Cancer Epidemiol Biomarkers Prev 2003; 12: 1168-74

•Association between XRCC3 241 Met and acute skin reactions

≠≠≠≠ in other reports
Chang-Claude J, Clin cancer Res 2005; 11: 4802-9
Popanda O, Cancer Epidemiol Biomarkers Prev 2006; 15: 1048-50



QUANTEC

GENEPI

Europe

GENEPARE

USA



Aknowledgments
Clinical Physipathology Department, Università di Firenze

Radiotherapy Unit

GP Biti

L Livi 

Department of Experimental Pathology and Oncology

E Barletta

Cancer Prevention and Research Institute (ISPO)

G Gorini

A Seniori Costantini

S Bisanzi

F Carozzi

C Sani


