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Epidemiology of Breast Cancer 

•Breast cancer is the most frequently diagnosed malignant disease 

and the second leading cause of cancer deaths among women. 

 

 

•Incidence increases with age, and the probability of a women 

developing breast cancer is 1 in 69 in her 40s, 1 in 38 in her 50s, and 

1 in 27 in her 60s. 

 

 

•Incidence has stabilized in recent years and mortality has decreased 

since 1990 because of many factors, including screening. 

SEER Cancer Statistics Review 2009 

American Cancer Society Statistics 2013 



Nelson HD, Ann Intern Med 2009 

Pooled Relative Risks for Breast Cancer Mortality from 
Mammography Screening Trials for All Ages 



• Stage shift 

 

 

(lead-time bias). 

(length bias). 

 

• Less aggressive tumors 

 

Bias of Screening Mammography 



Disease-specific Survival Distribution by Method of Detection 

Shen Y. J Natl Cancer Inst 2005 

[Scree-detected] 

[Interval-detected] 

[Non-screening] 

[Scree-detected] 

[Interval-detected] 

[Non-screening] 

[Scree-detected] 

[Interval-detected] 

[Non-screening] 



Limitations of Screening Mammography 

•Approximately 10-20% of breast cancers are not routinely detected 

by mammography. 

 

 

•Women who have interval cancers have tumors at a more advanced 

stage at diagnosis and have poorer survival than women with 

cancers detected by mammography. 

 

 

•The high frequency and poorer outcomes of interval cancer may 

have a substantial effect on screening-related mortality reduction. 

Holmberg LH, Lancet 1986 

Porter PL, J Natl Cancer Inst 1999 



Factors Contributing to Screening Mammography Failure 

•Technical or interpretive errors. 

 

 

•Mammographic characteristics of the breast or tumor. 

 

 

•Rapidly growing cancers. 

Porter PL, J Nal Cancer inst 1999 

Gilliland FD, J Natl Cancer Inst 2000 



Author (year) Number of  

screen-detected  

cancers 

Number of 

Interval 

cancers 

Age 

groups 

Screening  

interval 

(years) 

«True» 

interval 

cancer? 

Analysis 

(univariate/ 

multivariate) 

Significant 

differences 

DeGroote (1983) 99 21 30–80 1 Yes Univariate Nodal status 

Heuser (1984) 

 

32 

 

28 

 

— 

 

1 

 

No 

 

Univariate 

 

Mammography 

Age 

Frisell (1987) 222 60 40–64 2 Yes Univariate Tumor size 

Nodal status 

Hatschek (1989) 212 98 40–74 2 No Univariate S-phase fraction 

Bahnsen (1994) 163 22 36–75 2 No Univariatea Nodal status 

Burrell (1996) 267 82 50–64 Varying Yes Univariate Tumor size 

Nodal status 

Tumor grade 

Klemi (1997) 385 100 40–74 Varying No Univariate Age 

Tumor size 

Nodal status 

Raja (2001) 625 230 50–64 3 Yes Univariate Tumor size 

Nodal status 

Tumor grade 

Shen (2005) 712 280 40–64 1 No Multivariateb Nodal status 

Pálka (2008) 258 48 45-65 2 No Univariate Tumor stage 

Tumor grade 

Significant Differences Between Interval- and Screen-Detected Cancers 

aAdjusted for tumor size; bAdjusted for age and tumor size. 



Author (year) Number of  

screen-detected  

Cancers 

Number of 

Interval 

cancers 

Age 

groups 

Screening  

interval 

(years) 

«True» 

interval 

cancer? 

Analysis 

(univariate/ 

multivariate) 

Significant 

differences 

Crosier (1999) 84 51 50–64 3 Yes Multivariate ki-67 

Her2/neu 

Porter (1999) 

 

279 150 40–80 Varying No Univariatea Tumor grade 

ki-67 

ER 

Gilliland (2000) 64 63 40–80 Varying No Multivariate P53 

ki-67 

Anttinen (2003) 79 39 > 50 Varying No Univariatea Her2/neu 

Collettt (2005) 95 95 50-74 2 No Univariate Basal-like 

der Vegt (2010) 63 36 50–74 2 Yes Univariate ER  

Domingo (2010) 115 34 50–69 2 Yes Multivariatea Breast density 

Triple negative  

Kirsh (2011) 450  288  > 50 2 Yes Univariatea Mitotic score 

ER/PR  

Mook (2011) 958  417  50–69  2 No Univariate ER  

Chiarelli (2011) 995b 362 50–69  2 No Univariatea Mitotic score 

Musolino (2012) 292 48 50–69  2 Yes Univariatea ki-67/ER 

Her2/neu 

Caldarella (2013) 211 66 50–69  2 No Multivariatea Triple negative 

Pollan (2013) 870 240 45-69 2 Yes Univariatea Breast density 

Her2/neu 

Triple negative 

aAdjusted for age and tumor size; bRescreen-detected breast cancer. 

Significant Differences Between Interval- and Screen-Detected Cancers 



Author (year) Number of  

screen-detected  

cancers 

Number of 

symptomatic 

cancers 

Age 

groups 

Screening  

interval 

(years) 

Analysis 

(univariate/ 

multivariate) 

Significant 

Differences 

Joensuu (2004) 443 1540 40-74 2 Univariate Tumor stage/grade 

Dong (2008) 2387 3094 40-74 Varying Multivariateb Ki-67 

ER/PR 

Her2/neu 

Pálka (2008) 258 263 45–65 2 Univariate Tumor stage/grade 

Sihto (2008) 247 989 30–80 2 Univariate ER/PR  

Her2/neu 

Burke (2008) 100 100 30–80 Varying Univariate Tumor size/grade 

ER/PR  

Dawson (2009) 610 769 50–70 2 Univariate Tumor stage/grade 

ER/PR/Ki-67 

Mook (2011) 958 1217 50-69 2 Univariateb Tumor size/grade 

ER/PR 

Chiarelli (2011) 995c 491 50-69 2 Univariateb Tumor grade 

Mitotic score 

Brewster (2011) 247 603 50-87 Varying Univariate Luminal-A 

Triple negative 

Her2/neu 

Kim (2012) 1025 2116 30–80 2 Univariate Triple negative 

Crispo (2013) 114 334 50-69 2 Univariate Triple negative  

Significant Differences Between Symptomatic and Screen-Detected Cancers 

aAdjusted for age and tumor size; bRescreen-detected breast cancer. 



Association Between Method of Detection and Disease-free Survival After 
Adjusting for Clinical Variables 

Brewster P. Cancer Prev Res 2011 



Study Population Selection  

Musolino A. J Clin Oncol 2012 



Age, Stage Distribution, and Clinical Characteristics  
by Mode of Breast Cancer Detection 

Musolino A. J Clin Oncol 2012 



Tumor Characteristics of Interval-Detected and  
Screen-Detected Cancers 

Musolino A. J Clin Oncol 2012 
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Mendelsohn and Baselga. Oncogene. 2000;19:6550. 

Olayioye et al. EMBO J. 2000;19:3159. 

Prigent and Lemoine. Prog Growth Factor Res. 1992;4:1. 

Harari and Yarden. Oncogene. 2000;19:6102. 

Earp et al. Breast Cancer Res Treat. 1995;35:115. 

The EGFR/HER Family 



Breast Cancer Subtypes 

Perou et al. Nature 2000 

Sorlie et al. PNAS 2001 

 Luminal A    

                      

 Luminal B   

  

 Basal-Like    

 

 HER2+           

 

    ER+ 65-75% 

 

 

    ER- 15% 

 

    ER- 15-20% 



•Targets HER2 protein 

•High affinity (Kd = 0.1 nM) and 

specificity 

•95% human, 5% murine 

–Decreases potential  

for immunogenicity 

– Increases potential for 

recruiting immune 

effector mechanisms 

HER2 epitopes recognized by 

hypervariable murine  

antibody fragment 

Human  

IgG-1 

Trastuzumab: 
Humanized Anti-HER2 Antibody 



BCIRG 006  

Phase III Trial Comparing  

AC→T with AC→TH and with TCH 

in the Adjuvant Treatment of  

HER2-Amplified Early Breast Cancer Patients:  

 

10-year Follow-up analysis 
 

 

Study sponsored by sanofi 

Support from Genentech 

  

Slamon D, Eiermann W, Robert N, Giermerk J, Martin M, Jasiowka M, Mackey 

J, Chan A, Liu M, , Pinter T, Valero V, Falkson C, Fornander T, Shiftan T, 

Bensfia S, Hitier S, Xu N, Bee-Munteanu V, Drevot P, Press M, Crown J, on 

behalf of the BCIRG 006 Investigators. 

           San Antonio Breast Cancer Symposium, December 8-12, 2015 



4 x AC 
60/600 mg/m2 

4 x Docetaxel 
100 mg/m2 

6 x Docetaxel and Carboplatin 
        75 mg/m2         AUC 6 

1 Year Trastuzumab  

N=3,222 

1 Year Trastuzumab  

ACT 

ACTH 

TCH 

Her 2+ 
(Central FISH) 

 
 

N+ 

or high 

 risk N- 

4 x AC 
60/600 mg/m2 

4 x Docetaxel 
100 mg/m2 

BCIRG 006 Trial Design 

Stratified by Nodes 

and Hormonal 

Receptor Status 

San Antonio Breast Cancer Symposium, December 8-12, 2015 



BCIRG 006 Overall Survival (10.3 yrs) 
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  1074        141      0.63 (0.51 - 0.79)   <0.0001 
 

  1075        167      0.76 (0.62 - 0.93)     0.0075 

78.7% 

83.3% 

85.9% 

           San Antonio Breast Cancer Symposium, December 8-12, 2015 



This presentation is the intellectual property of the  Dr. D Slamon. Contact at insert your email address here for permission to reprint and/or distribute 

San Antonio Breast Cancer Symposium, December 8-12, 

2015 BCIRG 006 
Grade 3/4 Non-Hematological Toxicity 

AC→T 

n=1,050 
AC→TH 

n=1,068 
TCH 

n=1,056 

% % % 

Arthralgia 3.2 3.3 1.4* 

Myalgia 5.2 5.1 1.8* 

Fatigue 7.0 7.2 7.2 

Hand-foot syndrome 1.9 1.4 0.0* 

Stomatitis 3.5 2.9 1.4* 

Diarrhea 3.0 5.6 5.4 

Nausea 5.9 5.7 4.8 

Vomiting 6.2 6.7 3.5* 

Irregular menses 27.3 24.5 26.7 

           San Antonio Breast Cancer Symposium, December 8-12, 2015 



This presentation is the intellectual property of the  Dr. D Slamon. Contact at insert your email address here for permission to reprint and/or distribute 

San Antonio Breast Cancer Symposium, December 8-12, 

2015 

BCIRG 006 
Specific non-hematological toxicity (all grades) 

AC→T 

n=1,050 
AC→TH 

n=1,068 
TCH 

n=1,056 

% % % 

Neuropathy-sensory 48.8 50.1 36.1* 

Neuropathy-motor 5.2 6.4 4.3* 

Nail changes 49.4 43.7 28.7* 

Myalgia 53.0 55.4 38.9* 

Renal failure 0.0 0.0 0.1 

Creatinine Grade 3/4 0.6 0.3 0.1 

           San Antonio Breast Cancer Symposium, December 8-12, 2015 



BCIRG 006 Grade 3/4 Hematological Toxicity 

AC→T 

n=1,050 
AC→TH 

n=1,068 
TCH 

n=1,056 

% % % 

Neutropenia 63.5 71.6 66.2* 

Leucopenia 51.9 60.4 48.4* 

Febrile neutropenia 

Neutropenic infection 

9.3 

11.9 

11.0 

12.6 

9.6 

11.2 

Anemia 2.3 3.0* 5.4 

Thrombocytopenia 1.6 2.1* 6.1 

Acute Leukemias         6 (0.6) 2 (0.1) 1 (0.1) 

           San Antonio Breast Cancer Symposium, December 8-12, 2015 
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pT1a,b incidence in Italy: 

    1988-1990: 9.6% 

    2005-2007: 21.4% 

    Ratio of pT1a/T1b: 1/5 

Gori et al. BMC Cancer 2012  

Bucchi et al. J Med Screen 2003 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_8JDK9afKAhUCkQ8KHaxHAC0QjRwIBw&url=http://www.slideshare.net/sumizin/12-breast-cancer&psig=AFQjCNFX0mdEO4p96Xv2L2jy9dZir65F2g&ust=1452813329499105


Efficacy Of Adjuvant Trastuzumab Compared With No Trastuzumab for Patients With HER2-Positive Breast Cancer And Tumors ≤ 2cm: A Meta-analysis Of The Randomized 

Trastuzumab Trials 

Presented By Ciara O'Sullivan at 2014 ASCO Annual Meeting 



Cumulative Incidence of Recurrence or Death: <br />HR-Positive Disease with Tumors ≤ 2cm and N 0/1 

Presented By Ciara O'Sullivan at 2014 ASCO Annual Meeting 



Cumulative Incidence of Recurrence or Death: <br />HR-Negative Disease with Tumors ≤ 2cm 

Presented By Ciara O'Sullivan at 2014 ASCO Annual Meeting 



A more pressing question: Do patients with T1aN0 and T1bN0 disease warrant adjuvant tratuzumab? 

Presented By John Mackey at 2014 ASCO Annual Meeting 



Fehrenbacher L, et al. J Clin Oncol 2014 

Vaz-Luis I, et al. J Clin Oncol 2014 

Outcome of pT1a,b HER2+ Breast cancers 



Time Trends in The Use of Adjuvant Chemotherapy and Outcomes in Women 
with T1a/bN0 Breast Cancer in the National Comprehensive Cancer Network 

Vaz Duarte L, et al. J Clin Oncol 2014 



Prognostic Impact of Interval Breast Cancer Detection 
in pT1a N0 M0 Early Breast Cancer with HER2-positive 

Status: A Multicenter, Population-Based  
Cancer Registry Study 

Study financed by Programma di Ricerca Regione-Università 2010-2012 – Regione Emilia-Romagna (ER) 

Prognostic Impact of Interval Breast Cancer Detection in pT1a N0 M0 Early Breast 
Cancer with HER2-positive Status: A Multicenter, Population-Based  

Cancer Registry Study 

Study financed by Programma di Ricerca Regione-Università 2010-2012 – Regione Emilia-Romagna (ER) 

• HER2+ cases: 15% (No adjuvant trastuzumab) 

 

• Screen-detected cancers: 53% 

 

• Interval cancers: 18% 

 

• Nonscreening-related cancers: 29% 

Primary Endpoints: 

• Evidence of poorer disease-free survival (DFS) and overall 

survival (OS) in pT1a N0 M0, HER2-positive interval cancers in 

comparison with pT1a N0 M0, HER2-positive screen-detected 

cancers. 

 

Secondary Endpoints: 

• No differences in outcome (DFS and OS) between pT1a N0 M0, 

HER2-positive screen-detected cancers and pT1a N0 M0, 

HER2-negative screen-detected cancers.  



HER2 Negative HER2 Positive 

Log-rank P = 0.025 

Disease-free Survival by HER2 Status in 
Women with pT1a N0M0 Breast Cancers 
not Treated with Trastuzumab 

Musolino A, Michiara M, Boggiani D, Sikokis A, Rimanti A, Pellegrino B, et al. 

Prognostic impact of HER2 overexpression/amplification in women with 

pT1a N0 M0 breast cancer with known screening status: First results from a 

multicenter population-based cancer registry study. J Clin Oncol 

2015;33:(suppl; abstr 594). 



Conclusions 

• Interval cancers have been shown to be biologically more aggressive 

than their screen-detected counterparts. 

 

• In a general population of pT1a N0M0 early BCs with known screening 

status, HER2-positive tumors account for a substantial proportion of 

screening failure and have a significant risk of relapse. 

 

• Final analysis of this study will evaluate if interval cancer detection 

may identify patients with HER2-positive pT1a N0M0 tumors in whom 

the rate of recurrence justifies consideration for systemic, anti-HER2, 

adjuvant therapy. 
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Disease-free survival in patients with pT1a-b N0 M0 Breast cancer 
by HER2 Status 

Curigliano. J Clin Oncol 2009 
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Disease-free Survival by Mode of Breast Cancer Detection 



Parma Province Cancer Registry and  
Breast Cancer Screening Program 

90 89 86 84 83 82 81 808589 84

0

20

40

60

80

100

CE MO RN RA ER PR RE BO-IM FO FE PC%

 51   53  

 72  

 18  

 49  

 70   70  
 73  

 65  
 70  

 74  

 55  

 63   62  

 75  

 62  

 53  

 71   73   73   76  
 71   71  

 66  
 59  

 63  

 73  

 49  
 55  

 71  
 68  

 75  
 71  

 67   66  
 63  

 -

 10

 20

 30

 40

 50

 60

 70

 80

PC PR RE MO BO IMO FE RA FO CES RN Regione

Attendance at screening mammography (2011) 

45-49 years 50-69 years 70-74 years 

Breast cancer incidence: 

125 per 100,000  

residents 

By courtesy of Dr. Carlo Naldoni,  Regione Emilia-Romagna Breast Cancer Screening Program 

Women aged 50-69 having a mammogram done within the last 2 years (2011) 



Disease-free survival in patients with pT1a-b N0 M0 Breast cancer 
by HER2 Status 

Curigliano. J Clin Oncol 2009 





Author (year) Number of  

screen-detected  

cancers 

Number of 

Interval 

cancers 

Age 

groups 

Screening  

interval 

(years) 

«True» 

interval 

cancer? 

Analysis 

(univariate/ 

multivariate) 

Significant 

differences 

DeGroote (1983) 99 21 30–80 1 Yes Univariate Nodal status 

Heuser (1984) 

 

32 

 

28 

 

— 

 

1 

 

No 

 

Univariate 

 

Mammography 

Age 

Frisell (1987) 222 60 40–64 2 Yes Univariate Tumor size 

Nodal status 

Hatschek (1989) 212 98 40–74 2 No Univariate S-phase fraction 

Bahnsen (1994) 163 22 36–75 2 No Univariatea Nodal status 

Burrell (1996) 267 82 50–64 Varying Yes Univariate Tumor size 

Nodal status 

Tumor grade 

Klemi (1997) 385 100 40–74 Varying No Univariate Age 

Tumor size 

Nodal status 

Raja (2001) 625 230 50–64 3 Yes Univariate Tumor size 

Nodal status 

Tumor grade 

Shen (2005) 712 280 40–64 1 No Multivariateb Nodal status 

Pálka (2008) 258 48 45-65 2 No Univariate Tumor stage 

Tumor grade 

Significant Differences Between Interval- and Screen-Detected Cancers 

aAdjusted for tumor size; bAdjusted for age and tumor size. 



Author (year) Number of  

screen-detected  

Cancers 

Number of 

Interval 

cancers 

Age 

groups 

Screening  

interval 

(years) 

«True» 

interval 

cancer? 

Analysis 

(univariate/ 

multivariate) 

Significant 

differences 

Crosier (1999) 84 51 50–64 3 Yes Multivariate ki-67 

Her2/neu 

Porter (1999) 

 

279 150 40–80 Varying No Univariatea Tumor grade 

ki-67 

ER 

Gilliland (2000) 64 63 40–80 Varying No Multivariate P53 

ki-67 

Anttinen (2003) 79 39 > 50 Varying No Univariatea Her2/neu 

Collettt (2005) 95 95 50-74 2 No Univariate Basal-like 

der Vegt (2010) 63 36 50–74 2 Yes Univariate ER  

Domingo (2010) 115 34 50–69 2 Yes Multivariatea Breast density 

Triple negative  

Kirsh (2011) 450  288  > 50 2 Yes Univariatea Mitotic score 

ER/PR  

Mook (2011) 958  417  50–69  2 No Univariate ER  

Chiarelli (2011) 995b 362 50–69  2 No Univariatea Mitotic score 

Musolino (2012) 292 48 50–69  2 Yes Univariatea ki-67/ER 

Her2/neu 

Caldarella (2013) 211 66 50–69  2 No Multivariatea Triple negative 

Pollan (2013) 870 240 45-69 2 Yes Univariatea Breast density 

Her2/neu 

Triple negative 

aAdjusted for age and tumor size; bRescreen-detected breast cancer. 

Significant Differences Between Interval- and Screen-Detected Cancers 



Parma Province Cancer Registry and  
Breast Cancer Screening Program 
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By courtesy of Dr. Carlo Naldoni,  Regione Emilia-Romagna Breast Cancer Screening Program 

Women aged 50-69 having a mammogram done within the last 2 years (2011) 



N Engl J Med 2015 



N Engl J Med 2015 



N Engl J Med 2015 



N Engl J Med 2015 





Covariate Hazard Ratio 95% CI S.E. Z-score P-Value 

Detection outside screening 2.4 1.4-5.9 0.6 1.2 0.04 

Hormone receptor negative 3.5   1.2-10.1 0.5 2.3 0.02 

HER2+ 2.5 1.2-5.2 0.4 2.6 0.009 

Advanced tumor stage 7.1   2.5-20.7 0.5 3.6 < 0.001 

Cox Multivariate Analysis of Overall Survival 

Musolino A. Unpublished data 



Conclusions 

• Interval cancers have been shown to be biologically more aggressive 

than their screen-detected counterparts. 

 

• Molecular subtype distribution of screen-detected breast cancer differs 

from that of interval cancers and may account, in part, for the better 

outcome of screen-detected cancer. 

 

• Intervention studies aiming to optimize imaging technologies and 

screening intervals are warranted to improve the early detection of 

aggressive, fast-growing, breast cancer phenotypes. 

 

• Screen detection has been found to be independently associated with 

better overall and breast cancer–specific survival, and the method of 

detection should be taken into account when estimating individual 

prognosis.  


