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Background 

!  Node involvement 

!  Tumor size 

!  Histologic grade 

!  ER and PgR expression 

!  HER-2 amplification 

!  Markers of proliferation (Ki-67 or MIB-1) 

“Classic” prognostic factor 

Devita, Hellman & Rosenberg's Cancer: Principles & Practice of Oncology, 8th Edition 



Background 
Predictive factor 

Local recurrence after BCT  

or mastectomy 

"  Clinical and Histopathologic 

Factors 

"  Immunohistochemical Markers 

"  Molecular Subtypes 

"  Gene Expression Profiling 

RT Sensitivity 

"  DNA Double-Strand Break 

Repair 

"  Gene expression In Vitro Studies 

"  Gene expression In Vivo Studies 



Background 
RT-induced damage and DNA damage response 

!  DNA damage response 
!  DNA repair mechanisms 

!  Cell-cycle checkpoints 

!  Apoptosis 

!   Single-strand breaks (SSB) and 

double-strand breaks (DSB) 

Borchiellini D et al. Cancer Treatment Reviews 2012, 38:737 



Background 

!   Tandem repeats, copy number variations of a gene,  single-nucleotide 

polymorphisms (SNPs)  

!  SNPs (90% of cases) 
!  DNA sequence alteration affecting a single nucleotide,  

    a point mutation 

!  No major deleterious clinical consequences 

!  Alter gene expression or protein function, predisposing 

    subjects to disease or influencing their response to a given treatment 

Human genome variations 



Background 
Molecular subtype 

Basal-like subtype 

 ERBB2+ enriched  

 
 Luminal B  

  

Luminal A 

Perou CM. Nature 2000; 406, 747–752 
Sørlie T. PNAS 2001; 98 (19), 10869-74 

(ER - , PR - and HER2 -) 



SNPs and toxicity 

Raabe et al. Radiation Oncology 2012, 7:65 

Acute toxicity 

... We investigated in a retrospective study on breast cancer 

patients the association of these SNPs with the risk of acute tissue 

toxicity in terms of erythema, with special focus on the relevance 

of breast size. 
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SNPs and toxicity 

!  Blood samples collected from 83 pts with breast cancer Stage I/II treated 

with QUART 

!   DNA extracted from the whole blood of the patients using a genomic 

extraction kit 

!  It was tested using the two-sided exact Cochran-Armitage trend test: 

!  Association between breast volume and risk of erythema 

!  Associations between erythema grade and each individual SNP 

Materials and methods 

Raabe et al. Radiation Oncology 2012, 7:65 



SNPs and toxicity 
Results 

Significant association between the 
risk of erythema and breast volume 
(OR= 2.55, p = 0.041) 

Raabe et al. Radiation Oncology 2012, 7:65 



SNPs and toxicity 
Results 

Raabe et al. Radiation Oncology 2012, 7:65 



SNPs and toxicity 
Results 

Raabe et al. Radiation Oncology 2012, 7:65 

Odd ratios with respect to risk of erythema 
compared with the OR previously 
determined for risk of fibrosis 

Association of the combination of all SNPs 
with erythema was tested: no significant 
association with risk of erythema for 
all patients (OR = 1.20; p = 0.209)  
small breast vol (OR = 1.36; p = 0.098) 
large volume (OR = 0.89; p = 0.712) 



SNPs and toxicity 
Conclusion 

Raabe et al. Radiation Oncology 2012, 7:65 

... this study demonstrates ... that significant associations between a specific 
SNP and risk of erythema can be identified if patients are grouped by 
their breast volume. 
 
The combination of SNPs using risk alleles according to erythema is 
substantially different from a risk score previously defined for risk of 
fibrosis 
 
... these results need to be replicated in an independent and larger study 



SNPs and toxicity 

Falvo et al. Journal of Experimental & Clinical Cancer Research 2012, 31:7 

Late toxicity 

... to evaluate the potential association between SNPs related 

response to radiotherapy injury, such as genes related to DNA 

repair or enzymes involved in anti-oxidative activities in 

patients who underwent a Single Shot 3D-CRT PBI after BCS... 
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SNPs and toxicity 

!   57 patients underwent BCS and a sentinel node biopsy and/or axillary 

dissection for early breast adenocarcinoma 

!  Single dose 3D-CRT APBI (18 Gy or 21 Gy) 

!   Fibrosis assessed using the National Cancer Institute’s Common 

Terminology Criteria for Adverse Events (CTCAE 3.0). 

!   SNPs: XRCC3 C18067T (Thr241Met), XRCC3 A4541G (5’-UTR), 

XRCC1 G28152A (Arg399Gln), GSTP1 A313G (Ile105-Val) and RAD51 

G135C (untranslated region). 

Materials and methods 

Falvo et al. Journal of Experimental & Clinical Cancer Research 2012, 31:7 



SNPs and toxicity 
Results 

Falvo et al. Journal of Experimental & Clinical Cancer Research 2012, 31:7 

 57 patients (March 2006 - January 2008) 

Polymorphism distribution:  
Allele frequencies comparable to those 
reported for European populations 



SNPs and toxicity 
Results 

Falvo et al. Journal of Experimental & Clinical Cancer Research 2012, 31:7 

Subcutaneous fibrosis (≥ G2) or fat necrosis 
more frequent (64% vs 38%) in patients with 
the mutation or heterozygote genotype of 
GSTP1 (OR = 2.9; p = 0.047). 
 
No statistical significant increase/decrease of 
ORs was observed with other SNPs or their 
combination. 



SNPs and toxicity 
Conclusion 

…. this study ... has a power of the study statistically sufficient to 

suggest that SNP in GSTP1 gene could be useful to predict late 

toxicity in BC patients who underwent SSPBI.  

 

...future research will focus on the performance of many 

additional SNPs in other genes that are associated with the 

development of radiation toxicity… 

Falvo et al. Journal of Experimental & Clinical Cancer Research 2012, 31:7 



SNPs and toxicity 

Barnett GC et al. Radiotherapy and Oncology 2012, 105: 289–295 

Late toxicity 

To overcome publication bias, the international 

Radiogenomics Consortium collected and 

analysed individual patient data from both 

published and unpublished studies on SNPs in 

TGFB1 (rs1800469 c.-1347T>C) and radiation-

induced normal tissue injury 
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SNPs and toxicity 

! 3257 patients with breast cancer (from 21 different cohorts, from members of the 

international Radiogenomics Consortium) 

!   Patient-related factors: age, smoking status, body mass index (BMI), breast 

volume and the presence of co-morbidity such as diabetes mellitus and hypertension 

!   Treatment-related factors: total dose, number of fractions, use of a radiotherapy 

boost, chemotherapy, hormone-therapy, acute toxicity, post-operative infection and 

surgical cosmesis 

! SNPs studied in TGFB1: rs1800469 c.-1347T>C  

! Univariate analysis and multivariate analyses were performed 

Barnett GC et al. Radiotherapy and Oncology 2012, 105: 289–295 

Materials and methods 



SNPs and toxicity 

Barnett GC et al. Radiotherapy and Oncology 2012, 105: 289–295 

Results 

Univariate analysis (UVA) 

OR = 1.015 (95% CI 0.89, 1.14) 
p = 0.67 

Multivariate analysis (MVA) 



SNPs and toxicity 

Barnett GC et al. Radiotherapy and Oncology 2012, 105: 289–295 

Conclusion 

The meta-analysis demonstrates successful collaboration of 

groups included in the Radiogenomics Consortium… 

…. this relatively large meta-analysis, found no clinically 

relevant association between the frequently-studied candidate 

SNP rs1800469 in TGFB1 and the development of fibrosis or 

other late radiotherapy toxicity… 



Molecular subtypes and efficacy 

Sioshinashi S et al. Cancer 2012;118:3893-8. 

... to assess the risk of residual carcinoma related to multiple 

pathologic factors, including molecular phenotype... 
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!  Retrospective review of pathologic records  (369 pts) 

!   Invasive breast cancer who were treated with lumpectomy followed by a 

second ipsilateral breast surgery 

!  Data were collected on age, tumor size, grade, mitotic count, status of 

margins, lymph nodes, ER, PR, and Her2, as well as presence of EIC, 

lymphovascular invasion (LVI), multifocality. 

!   Patients with residual DCIS and neoadjuvant chemotherapy were 

excluded 

! Univariate analysis and multivariate analyses were performed 

Materials and methods 

Molecular subtypes and efficacy 

Sioshinashi S et al. Cancer 2012;118:3893-8. 



Results 

Molecular subtypes and efficacy 

Sioshinashi S et al. Cancer 2012;118:3893-8. 

TN phenotype more likely to have 

       residual  invasive carcinoma - younger population - high grade - high mitotic count 



Results 

Molecular subtypes and efficacy 

Sioshinashi S et al. Cancer 2012;118:3893-8. 

Correlation with residual invasive disease 

Univariate Analysis 

Multivariate logistic regression analysis 

statistical significance 
nodal status (OR: 3.06, P < .0001) 
TN status (OR: 3.28, P = .002) 
tumor size (OR: 3.49, P = .001) 



Conclusion 

Molecular subtypes and efficacy 

Sioshinashi S et al. Cancer 2012;118:3893-8. 

... study shows that TN phenotype is independently correlated with 

increased risk of residual disease after lumpectomy… 
 

This finding suggests that TNBCs harbor more microscopic residual disease 

after lumpectomy … molecular phenotype should factor into decision-

making regarding the extent of initial surgery … TNBCs may also benefit 

from dose escalation to the tumor bed region 



Neboori HJR et al. Int J Radiation Oncol Biol Phys, 2012; 83:e677-83 

Molecular subtypes and efficacy 

... to determine the clinical significance of P53 binding protein 

1 (53BP1) expression for local outcome … in a cohort of 

women with early-stage breast cancer treated with breast-

conserving surgery and radiotherapy... 
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Molecular subtypes and efficacy 

Neboori HJR et al. Int J Radiation Oncol Biol Phys, 2012; 83:e677-83 

Materials and methods 

!  477 patients with evaluable tumor cores for staining of 53BP1 

!  Histologic evidence of invasive breast carcinoma with early-stage (I/II) 

disease and treated with BCS + RT 

! Immunohistochemical analysis performed 

on 5-mm-thick tissue sections 

!  IBRFS, RFS, OS calculated 

! Multivariate analysis used to assess the independent 

contribution of each variable to survival 



Molecular subtypes and efficacy 

Neboori HJR et al. Int J Radiation Oncol Biol Phys, 2012; 83:e677-83 

Results 

IBRFS (76.8% vs. 90.5%; P=0.01) 



Molecular subtypes and efficacy 

Neboori HJR et al. Int J Radiation Oncol Biol Phys, 2012; 83:e677-83 

Results 

Multivariate analysis for IBRFS 

Low53BP1 expression and 

larger tumor size were found to 

be independently predictive of 

worse IBRFS 



Molecular subtypes and efficacy 

Neboori HJR et al. Int J Radiation Oncol Biol Phys, 2012; 83:e677-83 

Results 

Low53BP1 expression among triple-negative was associated with worse IBRFS 

High 53BP1 expression was associated with similar or better outcomes when 

compared with the luminal patients 



Molecular subtypes and efficacy 

Neboori HJR et al. Int J Radiation Oncol Biol Phys, 2012; 83:e677-83 

Conclusions 

…Low53BP1 expression is an independent prognostic indicator for local relapse 

among other endpoints in early-stage breast cancer and TN breast cancer patients 

treated with BCS + RT.  

… These results should be verified in larger cohorts of patients to validate their 

clinical significance. 



Molecular subtypes and efficacy 

Selz J et al. Int J Radiation Oncol Biol Phys, 2012; 84:1123-32 

... To determine whether Ki67 expression and breast cancer 

subtypes could predict locoregional recurrence (LRR) and 

influence the postmastectomy radiotherapy (PMRT) decision 

in breast cancer (BC) patients with pathologic negative lymph 

nodes (pN0) after modified radical mastectomy (MRM).... 
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Molecular subtypes and efficacy 

Materials and methods 

!  699 BC patients without lymph node involvement after mastectomy and 

axillary lymphadenectomy 
! Patients with tumors overexpressing HER2 received adjuvant trastuzumab 

Selz J et al. Int J Radiation Oncol Biol Phys, 2012; 84:1123-32 

! PMRT considered for each patient during multidisciplinary staff meetings 

!  Molecular subtypes according to IHC profile: 

!  Luminal A (ER +, PR + and HER2-) 

!  Luminal B (ER+, PR + and HER2+) 

!  HER2 enriched  (ER and PR -  and HER2 +) 

!  Basal-like or TN (ER - , PR - and HER2 -) 



Molecular subtypes and efficacy 

Results 
In multivariate analysis  Ki67 >20% was the only independent prognostic 

factor associated with increased LRR  

(HR, 4.18; P<.0215) 

Selz J et al. Int J Radiation Oncol Biol Phys, 2012; 84:1123-32 

None of the molecular subtypes was 

associated with the risk of LRR in MVA 



Molecular subtypes and efficacy 

Results 

PMRT was not associated with a higher 
rate of locoregional control in the entire 
population or in the various subgroups of 
molecular subtypes 

Selz J et al. Int J Radiation Oncol Biol Phys, 2012; 84:1123-32 



Molecular subtypes and efficacy 

Conclusions 

… Ki67 expression but not BC molecular subtypes are predictive of locoregional 
recurrence in BC patients without lymph node involvement after modified 
radical mastectomy… 
 
…The benefit of PMRT in the subgroup of patients with high risk of LRR 
defined by KI67 >20% should be further investigated in prospective studies… 

Selz J et al. Int J Radiation Oncol Biol Phys, 2012; 84:1123-32 



Molecular subtypes and efficacy 

Wu S et al. Breast, 2012; 21:657-61 

… To evaluate predictive value of breast cancer 

molecular subtypes in patients with four or more 

positive nodes after postmastectomy radiotherapy… 
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Molecular subtypes and efficacy 

Wu S et al. Breast, 2012; 21:657-61 

Materials and methods 

!  774 patients with four or more positive nodes after mastectomy 

!  No patients received anti-HER2 treatment. 

!  98% received chemotherapy 

! A total of 475 patients (61.4%) were treated with PMRT within six months 

after mastectomy 

! Endpoints: rates of locoregional recurrence-free survival (LRFS), distant 

metastasis-free survival (DMFS) and overall survival (OS). 



Molecular subtypes and efficacy 

Wu S et al. Breast, 2012; 21:657-61 

Results 

5-year OS: 70% PMRT vs 60% no PMRT 
P=0.005 

5-year RFS: 85% PMRT vs 67% no PMRT 
P<0.001 
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Molecular subtypes and efficacy 

Wu S et al. Breast, 2012; 21:657-61 

Results 

5-year OS: 84% PMRT vs 63% no PMRT 
P=0.001 

5-year RFS: 93% PMRT vs 66% no PMRT 
(P<0.001) 
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Molecular subtypes and efficacy 

Wu S et al. Breast, 2012; 21:657-61 

Results 

5-year RFS: 77% PMRT vs 64% no PMRT 
(P=0.014) 
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Molecular subtypes and efficacy 

Wu S et al. Breast, 2012; 21:657-61 

Conclusions 

… different molecular subtypes of breast cancer have different prognoses and 
distinct sensitivities to PMRT 



Molecular subtypes and efficacy 

Le Scodan R et al. J Neurooncol, 2012; 106:169–176 

… to develop a specific prognostic score for BC patients 

with brain metastasis, taking into account general and 

specific biological factors, the molecular subtype of BC, 

and specific treatment parameters, in order to help define 

homogeneous cohorts for prospective randomized trials … 
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Molecular subtypes and efficacy 

Le Scodan R et al. J Neurooncol, 2012; 106:169–176 

Materials and methods 

! 130 patients with brain metastasis (BM) who received whole-brain RT 

! Survival curves were constructed with the Kaplan–Meier method and 

compared with the log-rank test 

! Univariate (Cox regression model) and multivariate analysis was used to 

test the following variables for their impact on overall survival: age at BM 

diagnosis, KPS, RTOG RPA class, presence of extracranial metastases, sites of other 

extracranial metastases, number of BM, interval between primary tumor and BM 

diagnosis, tumor HR status,  HER-2 overexpression, trastuzumab-based therapy and 

the BC molecular subtype 



Molecular subtypes and efficacy 

Le Scodan R et al. J Neurooncol, 2012; 106:169–176 

Univariate analysis 
 
•  KPS <70 

•  RTOG RPA Class III 

•  trastuzumab-based therapy 

for HER- 2 + 

•  triple-negative phenotype 

•  serum LDH level 

•  lymphocyte count at BM 

diagnosis 
 

were predictive of 
overall survival 



Molecular subtypes and efficacy 

Le Scodan R et al. J Neurooncol, 2012; 106:169–176 

Best survival  (median of 19.5 months) among pts HER2 + who received trastuzumab 
 
Worst survival  (median of 3.5 months) among pts who did not receive trastuzumab and who had 
lymphopenia at BM or KPS <70 and age over 50 years at BM diagnosis, or KPS >70 and a 
triple-negative tumor 



Molecular subtypes and efficacy 

Le Scodan R et al. J Neurooncol, 2012; 106:169–176 

Conclusions 

BM patients HER2+ treated with trastuzumab can expect a median overall 
survival time of about 20 months … this subgroup of patients may therefore 
have a higher risk of experiencing late radiation-related toxicity… and might 
benefit from longer-course WBRT with lower doses per fraction 
 
… However, this specific prognostic score was developed in a selected 
population of patients with advanced disease … and for whom WBRT was 
considered to be the standard treatment... Therefore …prospective validation of 
this prognostic score is needed, and we encourage other investigators to validate 
it externally. 



Conclusions 

# No “robust” data show association between toxicity RT-related and 
molecular subtypes 

# TN phenotype is independently correlated with increased risk of residual 
disease after lumpectomy (..should factor into decision-making regarding the 
extent of initial surgery … TNBCs may also benefit from dose escalation to the 
tumor bed region) 

# Low53BP1 expression is a prognostic indicator for local relapse  in early-

stage breast cancer and triple negative pts treated with BCS + RT. 



Conclusions 

# Ki67 expression but not molecular subtypes are predictive of locoregional 

recurrence in BC patients without node involvement after radical mastectomy;  

PMRT was not associated with a higher rate of locoregional control  

# Different molecular subtypes in patients with four or more positive nodes after 

postmastectomy radiotherapy have different prognoses and distinct sensitivities 

to PMRT (best outcome for luminal A e B, worse outcome  for basal-like e Her2 

enriched) 



Conclusions 

Genome-Wide Association Studies to investigate cancer risk, survival 

outcome,  treatment-related toxicity, or predictive factors for treatment response. 

Progress in this field of research requires collaboration and cooperative groups 

to standardize methodologies and facilitate data sharing (national and 

international biorepositories) 


