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Does variability in normal tissue reactions after radiotherapy have a
genetic basis — where and how to look for 1t?

Christian Nicolaj Andreassen™, Jan Alsner. Jens Overgaard

Depuartment of Experimental Clinical Oncology, Aarhus University Hospital, Noerrebrogade 44, DK-8000, Aarhus C, Denmark

Radiother Oncol 64(2002):131 - 140

- Late toxicity after radiation is a
multifactorial event.

- Patient characteristics and technical
factors can influence the incidence of
late effects.

But:

- Patients with similar characteristics
and  treated with  homogenous
techniques may develop a different
spectrum and various levels of
Toxicity.

Genetic factors ?



The Cambridge Breast Intensity-modulated Radiotherapy Trial:
Patient- and Treatment-related Factors that Influence Late Toxicity

Barnett et al Clinical Oncol, 2011 in press

Multivariate analysis at 2 years in 1,014 pts

End point Variable Odds ratio 95% confidence interval P value
Assessment by serial photographs
Breast shrinkage Breast volume 1.987 1.41,2.78 <0.0005
Vol >107%" 1.55 1.06, 2.26 0.023
Boost 1.33 0.93, 1.91 012~
Overall cosmesis Breast volume 1.387 0.92,2.08 013~
Surgical cosmesis 37.23 21.5,64.3 <0.0005
Vol >107%" 1.60 0.97,2.63 0.066
Boost 1247 0.80, 2.02 032~
Clinical assessment
Telangiectasia Breast volume 3.94% 2.49,6.24 <0.0005
Age 1.321 0.97,1.79 0076
Specimen weight 1.0375 1.0089, 1.067 0.010
Postoperative infection 3.39 1.94, 5.91 <0.0005
Vol >107%" 127 1.055, 3.68 0.033
Breast oedema Breast volume 3.65% 2.54,5.24 <0.0005
Age 1.44% 1.18,1.76 <0.0005
Diabetes mellitus 1.64 0.77,3.50 020~
Boost 1A | 1.20,2.43 0.003
Acute response 1.51|| 1.13,2.02 0.006
Breast shrinkage Breast volume 1.26% 091, 1.77 047
Diabetes mellitus 2.08 0.73,1.10 046~
Specimen weight 1.0054% 0.98,1.04 073
Surgical cosmesis 4.16 3.07, 5.66 <0.0005
Any induration Surgical cosmesis 223 1.57,3.19 <0.0005
Boost 1.93 1.27,2.93 0.002
Pigmentation Breast volume 1.75% 121251 0.003
Smoking status 2.06 1.22,3.49 0.007
Patient reported
Breast pain Boost 1.38 1.04, 1.83 0.026
Breast volume 1.29% 0.98, 1.70 0673
Age 0.81% 0.70, 0.94 0.007
Oversensitivity Postoperative infection 1.78 1.27, 2.49 0.001
Acute response 1.29|| 1.02, 1.64 0.036




- Patients affected by rare genetic syndromes such as ataxia
teleangectasia, Nijmegen breakage syndrome, Fanconi's anaemia and Bloom's
syndrome experience more severe toxicity than general population.

- In the beginning, most attention was paid to ATM, BRCA1, BRCA2 and
mutations.

- Then, it was hypothesized that single nucleotide polymorphisms (SNPs),
the most abundant type of sequence variation in the human genome, could
make up a proportion of the genetic background (Andreassen, 2005).



REVIEW ARTICLE

Can risk of radiotherapy-induced normal tissue complications be
predicted from genetic profiles?

CHRISTIAN NICOLAJ ANDRIEASSEN

Departmient of Experimental Clirtical Oncology, Aarhus University Hospiral, Dermark

Acta oncologica 44(2005):801 - 815

Acute Late Acute Late
morbidity  morbidity morbidity morbidity

- Mutations of genes
expressed only in some
tissues can affect only the
radiosensitivity of such
tissue.

- Mutations of genes
expressed in all tissues can
affect the radiosensitivity
of all tissues.

Patient 1 Patient 2




Genetic Markers for Prediction of
Normal Tissue Toxicity After |

Jan Alsner, PhD, Christian Nicolaj Andreassen, MD, PhD, and
Jens Overgaard, MD, DMSc, FRCR, FACR

Semin Radiat Oncol 2008(18):126 - 135
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Meta-analysis of studies addressing the impact of the TGFB1
position 509 C/T SNP upon risk of various late normal tissue
reactions (a) and risk of late toxicity in the breast (b).

d Year Author [ref. #] Events / Total Odds ratio and 95% ClI
Odds Lower Upper
-509TT -509 TC+CC ratio  limit limit
2003 Andreassen [22] 5/6 19/ 35 * 4.21 0.44  39.86
2003 Quarmby [16] 517 9/94 —_— 23861 3.99 139.72
2005 Andreassen [23] &/ 7 20/ 45 7.50 0.83 6749
2006 Andreassen [26] &/ 15 65/ 105 —= 0.41 0.14 1.24
2006 De Ruyck [18] 3/10 8/68 3.21 0.69 15.00
2007 Andreassen [19] 2/6 36/93 0.79 0.14 4.55
2007 Giotopoulos [24] 47 12 16/ 123 — 3.34 0.90 12.39
2008 Azria [30] 1/3 15/ 31 - 0.53 0.04 6.51
2008 Peters [25] 6/ 11 34 /130 — 3.39 0.97 1182
2008 Suga [28] 7740 16 /93 1.02 0.38 271
2010 Barnett [7] 19/ 52 236 /648 I 1.01 0.56 1.81
2010 Martin [8] B/18 73 /187 1.03 0.39 2.74
2010 Zschenker [9] 2/4 15/ 65 - 3.33 043 2572
Al K> 142 1.02  1.99
0.01 0.1 1 10 100
TT protective TT risk factor
b Year Author [ref. #] Events / Total Odds ratio and 95% ClI

Odds Lower Upper

-509 TT -509 CT+CC ratio limit limit

2003 Quarmby [16] 517 9/94 —— 2361 3.89 13972

2005 Andreassen [23] 6/7 20/ 45 T 7.50 0.83 &67.49

2007 Giotopoulos [24] 4/12 16/123 — 3.34 090 12.39

2010 Barnett [7] 19/52 236 /648 1—_ 101 056 181

2010 Moartin [8] B/18 737167 1.03 0.39 2.74

2010 Zschenker [3] 2/4 15/ 65 N 3.33 043 2572

All > 158 103 246

0.01 0.1 1 10 100
TT protective TTrisk factor

Andreassen ¢N, Radiother Oncol 2010, 97: 1-8



Observational Study CE 117/09

Polymorphic variants of genes predicting acute and late toxicity in
patients who underwent postoperative radiotherapy after
conservative surgery for breast cancer.

Radiotherapy, DMCS e BRMA, and Laboratory of
Pharmacogenetics, DISCAFF, University of "Piemonte Orientale”

Inclusion criteria:

- Conservative surgery (96% quadrantectomy) from 1989 through 2009
with or without adjuvant chemotherapy/hormontherapy

Radiotherapy:

» Two opposed tangential fields on CT slices for planning
* Dose to ICRU of 45 - 50,4 Gy, fxs 1,8 - 2Gy/die;
* Boost to tumour bed of 9 - 16 Gy.




Radiation Therapy and example of late toxicity

Grade 3 fibrosis (SOMA LENT)
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Common Variants of GSTP1, GSTA1, and TGFP1 are
Associated with the Risk of Radiation-Induced Fibrosis in
Breast Cancer Patients
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Orfentale “Avogadro”: and 'Depurtment of Radiotherapy, University Hospital Maggiore della Caritd, Novara, Italy

Received Ma 17, 2011, and in revised form Jun 8, 2001 Accepted For publication Jun 29, 24011

Analysis of 237/257 pts

Late Toxicity - I:glg(;osis SOMA - LENT

14.88%

B Grade 0
0O Grade 1
@ Grade 2
B Grade 3

52.38%

Table 3
population

Distribution of polymorphic variants in the study

Polymorphism Patients, n (%) p value®

XRCCI Arg399Gin 0.603
ArglArg 95 (39.9)
Arg/Gin 113 (47.5)
Gl/Gin 29022

XRCC1 Arg 194Trp 0.898
ArgiArg 209 (87.8)
Arg/Tep 27 (11.3)
Top/Tip 1104

ENOS GRMT 0452
GG 97 (40.8)
GT 105 (44.1)
T 35 (14.7)

{IOTHT WL IARNIAY A TA

XRCC1 and TP53

Base-excision repair mechanisms

- 6STP1, 65TA1 and eNOS

Oxidative stress response

TGFR1

Fibroblast  proliferation
differentiation

and




Table 2 Clinical and demographic characteristics in the whole set of breast cancer patients (0 = 237) and after stratification according
to the radiosensitive states (EENT-SOMA Grade 23 fibrosis in 41 patients and Geade (-1 fibrosis in 196

Clinical varisbles Total: n = 237 (%) Grade G011 (%) Grade 2930 0 1%) » value?

Age tyr mediag (ange) 6 {3585}
20 (vi: mean (SDy 62495 639 {104)
BME median {range) 242 (ThS1 4y
BML mean (SD) 24639 261 3%
Breast diameter (om0 = 236
Midian (range) 12 (49-25)
Mean (8D} 12.0(26) 1204 (2%
Follow-up (moy: median (ange) 63 {9220
Follow-up, mean (SD) T2 425 729 (39.6)
Acnle woxicity (RTOG Grads »1y 72 = 236
No 161 {68.2) 1324600 29 4707
Yes TS 3E8) 63 £32.3) 12 {29.3)
Diaberes
No 2224931 186 {94.9) A6 (87.8)
Yis 15(6.3) 10 5. 5012.2)
Hypertension
No 1701743 HMo{74.5) 0 E
Yes 61 (257) 50(255) 1268
History of vasculopathy
No 2189200 179983 39U5.H
Yes 1980} 174873 249
Smoking status
Never 200 (R4 45 162i82.7) 38¢92.7)
Current or former 37 {15.6) {173 313
Alcohol {wine at mweals)y
No 2291960 189 506,47 40 197.6)
Yes 8 (343 7 (35} 12
Adjuvant treatvent, o o= 237
Nong H e 20 315
Chemotherapy (O} 51 {225} 42 (225) 9225
Hormone thegapy (H) HI7 (4585 874465 20500
C+H 45 (19.8) 374198 820y
Doseffraction, Gy
2 229 {(96.6% 189 (9643 40 {97.6)
18 & (34) 706 124
Radiation quality
Xays 2181920y 179 491L3) 39951
Y-rays 19 (80 174 249
Boost therapy type
Elections 202 (85.2) 168 (85.7) 34829
Photons (x-rays) 14 (39 11436} 313
No boost 21 {89 17480 419.8)
Boost dose Bactionation (Gy)
3 59.(24.9) 50.¢255) 419
1,52 157 {66.2) 129 {65.8) 28 168.3)
No boost 21 {849} 1787 4 9.8y




Table 4  Association between single-nucleotide polymorphisms and radiation-induced skin fibrosis in breast cancer patients

Polymorphism Grade 0—1 n (%) Grade 2—3 n (%) Odds ratio® 95% confidence interval p value

XRCC1 Arg399Gin

Arg/Arg 77 (39.3) 18 (43.9) 1 (Ref)

Arg/Gln + GIn/Gln 119 (60.7) 23 (56.1) 0.843 0.375—1.895 0.679
XRCC1 Argl9%4Trp

Arg/Arg 173 (88.3) 36 (87.8) 1 (Ref)

Arg/Trp + Trp/Trp 23 (11.7) 5(12.2) 1.279 0.377—4.338 0.692
GSTP1 ILE105Val

AA 95 (48.5) 13 (31.7) 1 (Ref)

AG + GG 101 (51.5) 28 (68.3) 2756 1.188—6.393
GSTA1 C-69T

CC 59 (30.1) 8 (19.5) 1 (Ref)

CT + TT 137 (69.9) 33 (80.5) 3.223 1.176—8.826
ENOS G894T

GG 76 (38.8) 21 (512) 1 (Ref)

GT + TT 120 (61.2) 20 (48.8) 0.478 0.215—1.065 0.071
TGFp1 C-509T

ek 85 (43.4) 18 (43.9) 1 (Ref)

CT +TT 111 (56.6) 23 (56.1) 1.841 0.561—6.036 0.313
TGFB1 T869C

TT 71 (36.2) 19 (46.3) 1 (Ref)

TC + CC 125 (63.8) 22 (53.7) 0.295 0.090—0.964 -
TP53 Arg72Pro @

Arg/Arg 110 (56.1) 29 (70.7) 1 (Ref)

Arg/Pro + Pro/Pro 86 (43.9) 12 (29.3) 0.654 0.271—1.573 0.343

* (Odds ratio adjusted for age, body mass index, breast diameter, follow-up, adjuvant treatment, listory of vasculopathy, smoking status, dose per

fraction, radiation quality, and boost method.
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% of patients with G2-3 fibrosis
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Number of concomitant genetic risk factors
(GSTP1 105Val, GSTA1 -69T, TGFB1 869TT)



Conclusions

-Our results suggest that functional variations in genes involved
in oxidative stress response and fibroblast proliferation may
modulate the development of radiation-induced fibrosis in breast
cancer patients.

-Consisting but also equivicol results are reported in the
literature.

-Unravelling the genetic basis of normal tissue complication risk
will be more dif?cult and complicated than (probably) anticipated
at ?rst.

-Standardized procedures for reporting clinical outcome data and
dosimetric treatment parameters are needed.

-Future studies should probably be undertaken by consortia
rather than single institutions.
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