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Multidisciplinary Breast Cancer Course

Course aim:

 promoting an integrated approach to the management of breast 

cancer

 individualise treatment approach based on tumour and patient-

related factors

 improving delivery of radiotherapy, starting from optimal 

target volume definition

 interactive through the integration of lectures, clinical case 

discussions and volume delineations

 multidisciplinary from evidence based medicine to the on-going 

research



Multidisciplinary Breast Cancer Course



Thank you all for your active contribution!

- Local organiser, Elisabeth Forde and her 

team

- Teachers

- Contouring administrator

- ESTRO staff

- Participants

Multidisciplinary Breast Cancer Course
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Epidemiology of Breast Cancer: 
Trends in Incidence and Mortality 

Sarah Darby 
Nuffield Department of Population Health 

University of Oxford 
United Kingdom 



Plan of talk 

• Incidence of breast cancer 

 

• Mortality from breast cancer 

 

 

Note: This talk is mainly about how to think 
about these concepts, rather than about facts.  
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What is incidence? 

• Incidence: number of new cases arising in a given 
time period in a specified population. Collected 
routinely by cancer registries. 

• Distinguish from prevalence: number of persons 
in a specified population who have been 
diagnosed with a disease, and who are still alive 
on a particular date, eg cancer survivors  

• Incidence rate: eg number of cases diagnosed per 
100,000 persons per year.  
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Female Breast Cancer (C50):  2012-2014, UK  

Difference between Incidence and Incidence Rate  

Source: cruk.org/cancerstats 
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Female Breast Cancer (C50):  2012-2014, UK  

Difference between Incidence and Incidence Rate  

Source: cruk.org/cancerstats 
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Confusion: Often figures for incidence rates are just labelled incidence 
 

http://cruk.org/cancerstats


Source: www.ncri.ie 

Breast Cancer Incidence Rates in Ireland, 1994-2013 by Sex 
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http://www.ncri.ie/


Female Breast Cancer Incidence Rates in Ireland, 1994-2003, by Age 
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8 Source: gco.iarc.fr/today 

http://gco.iarc.fr/today


Incidence Rates of Female Breast Cancer, 2012 
per  100,000 per year 
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Source: gco.iarc.fr/today 

http://gco.iarc.fr/today


Source: gco.iarc.fr/today 

Female Breast Cancer Rates, 2012 
per  100,000 per year 

http://gco.iarc.fr/today


Age standardisation 

• Age has a powerful influence on 
cancer risk, so age standardisation 
is necessary when comparing 
several populations with different 
age structures 

  

• An age-standardised rate (ASR) is 
the rate that a population would 
have if it had a standard age 
structure, eg WHO World Standard 
Population 
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WHO World Standard Population Distribution (%) 

 
Age group  % of population  

0-4  8.86  

5-9  8.69  

10-14  8.60  

15-19  8.47  

20-24  8.22  

25-29  7.93  

30-34  7.61  

35-39  7.15  

40-44  6.59  

45-49  6.04  

50-54  5.37  

55-59  4.55  

60-64  3.72  

65-69  2.96  

70-74  2.21  

75-79  1.52  

80-84  0.91  

85-89  0.44  

90-94  0.15  

95-99  0.04  

100+  0.005  

Total  100  



Female Breast Cancer (C50):  2012-2014, UK  

Difference between Incidence and Incidence Rate  

Source: cruk.org/cancerstats 
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Age-standardised  rates can be compared between different countries  
and over different time-periods  
 

http://cruk.org/cancerstats


Incidence Rates of Female Breast Cancer, 2012, by country  

Rates are age-standardised using WHO World Standard 
* Rate based on regional registry data, rather than entire country 
 

Source: gco.iarc.fr/today 

http://gco.iarc.fr/today


Factors Influencing Cancer Rates 

• Incidence: 

– Underlying disease rate 

– Earlier diagnosis via screening 

– Earlier diagnosis outside formal screening programme 
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Incidence Rate of  Breast Cancer UK, 1979-2012, by Age 

European Age-Standardised Rate.                                 
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50-64 

70-79 

80+ 

Source: cruk.org/cancerstats 

http://cruk.org/cancerstats


Incidence Rate of  Breast Cancer UK, 1979-2012, by Age 

European Age-Standardised Rate.                                 

1988: screening  

introduced, ages 50-64 

 

 

2001:  screening  

introduced, ages 65-69 
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Source: cruk.org/cancerstats 

http://cruk.org/cancerstats


Proportion of Cases Diagnosed at Each Stage, England, All Ages, 2014 

Source: cruk.org/cancerstats 

Invasive Breast Cancer (C50) 

http://cruk.org/cancerstats


Source: cruk.org/cancerstats 

Invasive Breast Cancer (C50) 

Incidence Rates by Deprivation Quintile, England, 2006-2010 

Rates age-standardised using WHO European Standard 

http://cruk.org/cancerstats


Factors Influencing Cancer Rates 

• Incidence: 

– Underlying disease rate 

– Earlier diagnosis via screening 

– Earlier diagnosis outside formal screening programme 

 

• Survival  

– Efficacy, availability, and uptake of treatment 

– Earlier diagnosis via screening 

– Earlier diagnosis outside formal screening programme 
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Breast Cancer (C50): 1971-2011 

Age-Standardised Ten-Year Net Survival, England and Wales 

Source: cruk.org/cancerstats 

http://cruk.org/cancerstats


Incidence	of	Ductal	Carcinoma	in	Situ	by	age:	1979-2010	

4	

Incidence	Rates	per	100,000	Popula on,	Females,	Great	Britain	

Age	(years)	

h ps://www.cancerresearchuk.org	

1985	 1990	 1995	 2005	2000	 2010	

65-69	
	

	50-64		

	

70+	
	

	40-49	

15-39	

Breast	Screening	introduced	
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Incidence Rate of  in Situ Breast Cancer, UK, 1979-20102 

1988: screening  
introduced, ages 50-64 

2001:  screening  
introduced, ages 65-69 

Source: cruk.org/cancerstats 

http://www.cancerresearchuk.org/
http://cruk.org/cancerstats


Breast Cancer (C50): 1993-2014 

European Age-Standardised Incidence Rates per 100,000 Population, by Age, Males, UK 
 

Source: cruk.org/cancerstats 

http://cruk.org/cancerstats


Conclusions for Breast Cancer Incidence 

• Female breast cancer incidence rates have been 
increasing in recent years in most countries  

• Some of this increase might be avoided in the future by 
changes in lifestyle 

• But some of the increase is due to formal screening 
programmes, and some may be due to earlier diagnosis 
outside formal screening programmes 

• This makes trends and comparisons of breast cancer 
incidence rates and survival hard to interpret  
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Mortality from Breast Cancer 
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Mortality from Breast Cancer 

• Unlike comparisons of survival, comparisons of 
mortality rates are not distorted  by variations 
screening programmes and earlier diagnosis.   

 

• Trends and comparisons of breast cancer 
mortality rates are therefore easier to interpret 
than incidence rates 
 

• They will reflect: 
– Underlying disease rates 

– Biological impact of early diagnosis, without distortion  

– Efficacy, availability, and uptake of treatment 

 25 



Breast Cancer (C50): 1971-2014 

Mortality Rates per 100,000 Population, by Age, Females, UK 

Source: cruk.org/cancerstats 

http://cruk.org/cancerstats


Source: gco.iarc.fr/today 27 

http://gco.iarc.fr/today


Mortality Rates for Female Breast Cancer, 2012 
per  100,000 per year 

                                    

                                                  
 

Source: gco.iarc.fr/today 28 

http://gco.iarc.fr/today


Source: gco.iarc.fr/today 

Female Breast Cancer Rates, 2012 
per  100,000 per year 

 

http://gco.iarc.fr/today


Mortality Rates for Female Breast Cancer, 2012, by Country  

Rates are age-standardised using WHO World Standard 
 

Source: gco.iarc.fr/today 

http://gco.iarc.fr/today


Conclusions for Breast Cancer Mortality 
• Breast cancer mortality rates have been decreasing in 

Western Europe, USA, and Australia for about 20 years. 
 

• More recently they started to decrease in countries of the 
former Eastern Europe (eg Slovakia) and Israel 
 

• These decreases are attributed partly to earlier diagnosis, 
but mainly to more effective treatment 
 

• In some countries, including Singapore and Costa Rica, 
breast cancer mortality rates have remained stable and in 
some, including Japan, South Korea they are still increasing. 

• This suggests that changes in lifestyle are more important 
in these countries than earlier diagnosis and more effective 
treatment 

31 



 

 

 

and now for some facts 

… see part 2 
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Trends in Mortality from Breast 
Cancer for each Country  

for the Students on the Course 
(except Turkey and Morocco) 



Each of the following graphs shows 
the trend over time in the breast 

cancer death rate 
 

• left axis: age-standardised death rate  

• right axis: cumulative 35 year risk 

• bottom axis: calendar year 

 

The vertical axes are the same on each 
graph 

 

So graphs are all comparable with each 
other 
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*Mean of annual rates in the seven 
component 5−year age groups  

Source: WHO mortality & 
UN population estimates  

UNITED KINGDOM 1950−2014:  
Breast cancer mortality at ages 35−69  
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DENMARK 1951−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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*Mean of annual rates in the seven 
component 5−year age groups  

Source: WHO mortality & 
UN population estimates  

NETHERLANDS 1950−2014:  
Breast cancer mortality at ages 35−69  
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NEW ZEALAND 1950−2012:  
Breast cancer mortality at ages 35−69  
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*Mean of annual rates in the seven 
component 5−year age groups  

Source: WHO mortality & 
UN population estimates  

CANADA 1950−2012:  
Breast cancer mortality at ages 35−69  
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SWITZERLAND 1951−2013:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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BELGIUM 1954−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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AUSTRALIA 1950−2014:  
Breast cancer mortality at ages 35−69  
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*Mean of annual rates in the seven 
component 5−year age groups  

Source: WHO mortality & 
UN population estimates  

UNITED STATES 1950−2014:  
Breast cancer mortality at ages 35−69  
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IRELAND 1950−2013:  
Breast cancer mortality at ages 35−69  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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SWEDEN 1951−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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GERMANY 1955−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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ITALY 1951−2012:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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BULGARIA 1964−2013:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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SLOVENIA 1960−2014:  
Breast cancer mortality at ages 35−69  
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ESTONIA 1959−2014:  
Breast cancer mortality at ages 35−69  
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GREECE 1955−2014:  
Breast cancer mortality at ages 35−69  
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POLAND 1959−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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ROMANIA 1959−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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SPAIN 1951−2014:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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ISRAEL 1975−2012:  
Breast cancer mortality at ages 35−69  

1950 1960 1970 1980 1990 2000 2010  

*Mean of annual rates in the seven Source: WHO mortality &  
component 5−year age groups UN population estimates  
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The end 
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Randomized Trials of Radiotherapy 
after  

Breast-conserving Surgery 

Sarah Darby 
Nuffield Department of Population Health 

University of Oxford 
United Kingdom  



Plan of talk 

• Introduction 

• EBCTCG Meta-analysis of radiotherapy after 
breast-conserving surgery 

• Analyses of any, local and distant recurrence 
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Why do we need randomized trials? 

• In clinical practice, the patients who receive a 
treatment differ in many respects from those who 
do not 

• So, if we compare outcomes in patients who 
did/did not receive a treatment, there will be 
many factors that differ between the two groups 

• The only way to obtain reliable comparisons of the 
effects of medical treatments is to randomize 

3 



Why do we need meta-analyses? -1 

• Trials that have extreme results will tend to 
receive more attention than trials with 
moderate results 

 

• So meta-analyses putting together the 
information from all the relevant trials are 
needed to gain a balanced view of the 
evidence 

4 



Why do we need meta-analyses? -2 

• As breast cancer is common, even small 
improvements in survival avoid many deaths 

• Individual trials are often not big enough to detect 
small differences in survival reliably 

• Meta-analyses bring together information on large 
numbers of women so that small differences that 
would save many lives can be detected reliably 

5 



Plan of talk 

• Introduction 

• EBCTCG Meta-analysis of radiotherapy after 
breast-conserving surgery 

• Analyses of any, local and distant recurrence 
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Early Breast Cancer Trialists’  

Collaborative Group (EBCTCG) 
 

So as not to miss any MODERATE  

differences in long-term survival, 

the world’s trialists have shared their  

individual patient data every 5 years since 1985 

 
 

1985, 1990, 1995, 2000, 2005, 2010  





“Effect of radiotherapy after breast-conserving surgery on 
10-year recurrence and 15-year breast cancer death: 
meta-analysis of individual patient data for 10 801 

women in 17 randomised trials” 

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) 
 
 

Lancet 2011; 378: 1707-60 
  



•  Eligibility 

– Trials of radiotherapy (RT) versus same surgery but no RT  

– Began before 2000 

– RT to conserved breast 
 

• Included 

– 10 801 women in 17 trials 

– Follow-up to 2006 (median 9.5 years per woman)  

– Hormonal therapy in both trials arms for 43% of women 

– RT to regional nodes in some trials 

 
 

Trials of Radiotherapy after  

Breast Conserving Surgery (BCS ± RT ) 
EBCTCG, Lancet 2011; 378: 1707-60 

 

Lancet 2011 
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Randomised trials of radiotherapy  
following breast-conserving surgery (BCS ± RT)  

Trial category 

No of 
trials 

started 
before 
2000 

Years 
trials 

started 

No of 
women 

 
Median 

follow-up 
(years)  

     
A. Lump: orig 6 1976-86 4400 12 
B. >Lump  4 1981-91 2400 12 
C. Lump: low risk 7 1989-96 4000 7 
     

     
All women 17  10,800 10 
     

 

          

Lancet 2011 
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Effect of RT after BCS on recurrence,  

breast cancer mortality and all-cause mortality  

  
 

Data from 10,801 women in 17 trials starting before 2000 

Lancet, 2011 



Current questions in RT after BCS 

• Is absolute benefit from RT greater for some 

groups of women than for others? 

• Do all women need RT?  

• Relationship between effects of RT on 

recurrence and on breast cancer death? 

                                                     

 

 

 

13 Lancet, 2011 
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Effect of RT after BCS on recurrence and breast 

cancer mortality in pN+ women  
 

Most trials in pN+ included chemotherapy (usually CMF) in both trial arms 

Lancet, 2011 
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Effect of RT after BCS on recurrence and breast 

cancer mortality in pN+ women  
 

Most trials in pN+ included chemotherapy (usually CMF) in both trial arms 

These data suggest that most/all pN+ women need RT after BCS 
Lancet, 2011 
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Effect of RT after BCS on recurrence and breast 

cancer mortality in pN0 women.  
 

Few pN0 women received chemotherapy 

Lancet, 2011 
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Effect of RT after BCS on recurrence and breast 

cancer mortality in pN0 women.  
 

Few pN0 women received chemotherapy 

Lancet, 2011 

Effect of RT on breast cancer mortality not  big enough for analysis of sub-groups 

Effect of RT greater for recurrence than mortality (NB uncertainty similar) 



Lancet,  2011 

Effect of RT after BCS on recurrence and breast 

cancer mortality in pN0 women.  
 

Proportional benefit of RT 

after BCS similar across 

categories of age, tumour 

grade and tumour size.  



19 

Age < 40 yrs Age 40 - 49 yrs Age 50 - 59 yrs 

   

Age 60 - 69 yrs Age 70+ yrs  

  

 

 

Effect of  RT after BCS on recurrence in pN0 women  

by age at diagnosis 

Lancet, 2011 

Absolute benefit of RT after 

BCS varies substantially  

across categories of age. 

 

Same goes for other factors, 

eg grade, tumour size. Need 

to consider all factors at 

once.  
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  Age:   <40   40-  50- 60- 70+   <40- 40- 50- 60-70+  <40  40- 50- 60- 70+                                      
                        Low  grade           Intermediate grade           High grade 

  

  Age:   <40   40-  50- 60- 70+   <40- 40- 50- 60-70+  <40  40- 50- 60- 70+                                      
                        Low  grade           Intermediate grade           High grade 

  

Absolute 10-year risk (%) of recurrence after BCS in pN0:  

dependence on factors suggested by modelling  
 

Black bars: BCS+RT, White bars: absolute gain from RT, Black+white bars: BCS only 
 

                         T1 (1-20 mm)                                                                                                     T2 (21-50 mm) 

  
 

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) Lancet 2011; 378: 1707-60 



• We can classify pN0 women into large (≥20%), 
intermediate (10-19%), and lower (<10%) 
predicted absolute 10-year recurrence benefit 

 

• Then look to see what happens in these three 
groups in terms of breast cancer mortality 

21 
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Predicted absolute benefit: Large (20+ %) Predicted absolute benefit: Intermediate (10-19%) Predicted absolute benefit: Lower (<10%) 

1924 pN0 women 3763 pN0 women 1600 pN0 women 
 

 
 

Observed absolute breast cancer mortality benefit  

in pN0 women by size of absolute recurrence benefit  

Lancet,  2011 

          
             Large                                   Intermediate                           Lower 
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Dashed line 

is one death 

avoided for every  

four recurrences 

avoided 

(‘one-in-four’ rule) 

Lancet,  2011 

 

 

Absolute reduction in 15-year breast cancer mortality 

 versus 10-year reduction in recurrence 



Conclusions for RT after BCS 

• Radiotherapy can reduce risks of recurrence and 

of death from breast cancer 

• In these trials: 

– Big absolute benefit in recurrence and breast cancer 

mortality for pN+ and high-risk pN0  

– Moderate absolute benefit in recurrence and possible 

small benefit in mortality benefit for other pN0 women  

– No significant departure from “One-in-four”  rule  

 

 

 
24 Lancet 2011 



Plan of talk 

• Introduction 

• EBCTCG Meta-analysis of radiotherapy after 
breast-conserving surgery 

• Analyses of any, local and distant recurrence 

 

25 
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Effect of RT after BCS on recurrence,  

breast cancer mortality and all-cause mortality  

  
 

Data from 10,801 women in 17 trials starting before 2000 

Lancet, 2011 



27 

Effect of RT after BCS on recurrence,  

breast cancer mortality and all-cause mortality  

  
 

Data from 10,801 women in 17 trials starting before 2000 

Lancet, 2011 

To reduce breast cancer mortality, RT must be reducing distant recurrence 



Type of first recurrence after BCS ± RT  
10,801 women in 17 trials 

   
                               



Type of first recurrence after BCS ± RT  
1050 pN+ women 

   
                               



Type of first recurrence after BCS ± RT  
7300 pN0 women 

   
                               



• Valid estimates of the causal effect of radiotherapy on 

recurrence rates can only be made in terms of any recurrence. 

• Valid estimates of the effect of radiotherapy on local 

recurrence rates cannot be made – although many papers 

claiming to do so have been published 

• Valid estimates of the effect of radiotherapy on distant 

recurrence rates can be made – but only if information on distant 

recurrences occurring  after any earlier local recurrence are 

available,  and these will be affected by the treatment given for the 

local recurrence as well as the initial radiotherapy  
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Validity of Estimates of Effect of Treatment on 
Recurrence Rates  

   
                               



 

The end 
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Target Volume delineation: 

chest wall, breast

Youlia M. Kirova, M.D.,

Department of Radiation Oncology,

Institit Curie, Paris, France

youlia.kirova@curie.fr

mailto:youlia.kirova@curie.fr


Evolution of 
volumes definition 

in breast cancer 
treatment





Delineation of the thoracic wall

ESTRO Consensus,

Radiother Oncol, 2015



Delineation of the thoracic wall

• All borders of the CTV thoracic wall are usually considered to be 
identical to the CTV breast.

• In case of an extremely thin thoracic wall, omission of the first 5 mm 
beneath the skin may result in no CTV at all. 

• In that case, do extend the CTV into the skin, and consequently use 
bolus.

ESTRO Consensus,

Radiother Oncol, 2015



Delineation of the thoracic wall

• All borders of the CTV thoracic wall are usually considered to be 
identical to the CTV breast.

• In case of an extremely thin thoracic wall, omission of the first 5 mm 
beneath the skin may result in no CTV at all. 

ESTRO Consensus,

Radiother Oncol, 2015





Delineation of the thoracic wall: RTOG 

Ref: BreastCancer 
Atlas RTOG

Discussion: 

Always include skin 
and/or thoracic 
wall in CTV ?



Massabeau et al., Med Dosim 2012

Immediate breast reconstruction

The volume between skin 

and implant, the pectoral 

muscle must be included





Delineation of the CTV breast using CT:

CTV breast = “whole glandular breast tissue” 

ESTRO Consensus, Radiother Oncol, 2015



Struikmans et al, R&O 2005

Hurkmans et al, IJROBP 2001

But: Large interobserver variation, especially at 

cranial, posterior and medial borders- CT scan



Castro Pena et al, BJR 2009

But: Large interobserver variation in breast and 

lymph nodes



Li et al. IJROBP 2008: 

different institutions in USA

Castro Pena, et al, 

Br J Radiol 2009



Breast

Between Pectoral Muscle and  5 mm below the skin   (dosimetric 
considerations), within the space outlined by skin markers, that 

showed the limits of the palpable breast tissue. 

ESTRO Consensus, Radiother Oncol, 2015



Breast

ESTRO Consensus, Radiother Oncol, 2015



Breast

ESTRO Consensus, Radiother Oncol, 2015



Helpful: Vessels 

Medial:

<ipsilateral edge of the sternum

< vessels: rami mammarii (from 

thoracica int)

Lateral: 

< lateral side of the visible breast 

contour

< vessel: thoracica lateralis



Alternative techniques, 

volumes definition



…to avoid lung and heart irradiation

• Fourquet A et al. Radiother Oncol, 1991

• Campana F et al. Int J Radiation Oncology Biol Phys, 2005

• Bollet MA et al. Br J Radiol, 2006

• Kirova YK et al . Int J Radiation Oncology Biol Phys, 2008

• Kirova et al, Radiother Oncol 2014

• Bronsart et al, Radiother Oncol, 2017



Volume definition



Breast: Delineation in lateral position

Courtesy Dr Castro Pena



Prone



RT in prone position

Memorial Sloan-Kettering, New York

Goodman et al Int J Radiation Oncology Biol Phys 2004



Advances cases: particular situation, no 

possible guidelines use, follow the tumour

and LN extension

Chira et al, Bio Med 2013 



Thank you for your attention

…then homework results and dosimetric 
considerations…
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Local RT: chest wall and whole breast

With thanks to Mirjana Josipovic and Stine Korreman

Marianne Aznar

The Christie/University of Manchester

University of Oxford

Rigshospitalet, Denmark



The ”planning target volume”

Why do we need to irradiate MORE than our clinical target volume ??

PHYSICS      



Outline

➢ Theory/practice

➢ Dose homogeneity and concept of PTV (Sunday)

➢ Imaging guidance and surrogates (Monday)

➢ Dose to OARs, IMRT/VMAT and DIBH (Tuesday)

03/01/13



TREATMENT PLANNING CHALLENGE: 

COVERAGE AND HOMOGENEITY

03/01/13



What are we trying to achieve ?

Coverage target : 

• breast/chest wall

• regional nodes

• IMN ?

Dose homogeneity within the target volume

Max dose to organs at risk (heart, lung, contralateral breast)

03/01/13



Common field arrangements

Isocentric half beam technique

03/01/13



Example of constraints: the DBCG criteria

PRIORITIES ??

For 40 Gy /15 fr

Target:

CTV breast/chest wall:  V95%≥98%, V107% ≤2%, V108%=0

Heart: V17Gy ≤ 5%, V35Gy ≤ 1%, max dose ≤ 40 Gy

Ipsilateral lung: mean dose ≤ 16 Gy, V17Gy ≤ 25%

Contralateral breast: as little as possible  (esp. young patients)



Common field arrangements

Wide tangents for IMN

03/01/13

Simple

Risk of high 

dose to 

OARs

(unless…)



Common field arrangements

Field junction for IMN

With electrons + photons

03/01/13

Overlap can be 

challenging

Higher skin 

dose

Image 

guidance?



More references for planning techniques

Thorsen et al 2013 Acta Onc

Thorsen et al 2014 Acta Onc

Van der Laan et al 2005 IJROBP

All “open access”



When all this is not enough…



“a rose, by any other name…”

what IS called IMRT in the literature ?

• Using wedges

• Using small fields to homogenize the dose 
distribution

• Using inverse-planned MLC motions, but only 
with tangent beam angles

• Using many field angles and a full computer 
optimization

03/01/13



What is IMRT ???

Forward planning for dose 
homogeneity – field-in-
field/electronic compensation

Field arrangement as for standard 
3D-CRT (basically tangents) 

But no wedges !! (decreased scattered 
radiation)

Forward IMRT



Forward planning - field-in-field

+



Advantage over good old wedges ?

f-IMRT Wedged

MU 232 308

Thyroid 1.2cGy 2.8cGy

Contr. breast 5.2 7.9

Mid pelvis 0.2cGy 1.0cGy

Comparison of (physical) 

wedged and f-IMRT tangential 

fields:

Improved dose homogeneity in 

the PTV
Ludwig Strahlenther Onkol. 2008

2.5 cGy = approx 16 CBCTs

(half that value for dynamic wedges)



One example from Rigshospitalet

03/01/13

10 fields !!

Including mixed 

beams(18 MV, but 

limited to 15 MUs)

Still within a standard 

treatment slot



What is IMRT ???

Forward planning for dose 
homogeneity – field-in-
field/electronic compensation

Field arrangement as for standard 
3D-CRT (basically tangents)

Inverse planning with dosimetric 
constraints

Extended field arrangement, 
including non-coplanar fields and 
non-tangent angles

Forward IMRT inverse-planned IMRT 

Evidence from clinical trials
(reviews: Staffurth Clin Oncol 2010
McCormick Semin Radiat Oncol 2011)



Take home message for Homogeneity

03/01/13

Dose homogeneity: solid evidence from clinical trials

Remember the distinction between

forward IMRT (use with no restriction ☺)

inverse planned IMRT /VMAT 

Role IMRT / DIBH for dose reduction to OARs (see Tuesday)



UNCERTAINTIES: ROLE AND DEFINITION 

OF THE PTV

03/01/13



Why are uncertainties important ?

Why do we need to irradiate MORE than our clinical target volume ??

03/01/13

?



CT and treatment plan

Treatment field

Target

95% isodose

The ”planning target volume”



CT and treatment plan

Day 1 Day 2 Day 3 Day 4
…

Beam’s eye view

Target’s eye view

Delivered dose distribution



CT and treatment plan

Day 1 Day 2 Day 3 Day 4
…

Target’s eye view

Delivered dose distribution

Beam’s eye view



CT and treatment plan

Day 1 Day 2 Day 3 Day 4
…

Target’s eye view

Delivered dose distribution

Beam’s eye view



CT and treatment plan

Target’s eye view

Delivered dose distribution

CTV to PTV margin

M = 2.5 Σtot + 1.64 (σtot-σp)

The proper CTV-PTV margin ensures adequate coverage 

of the CTV despite the presence of uncertainties



Where do uncertainties arise?

A. During contouring

B. During planning (e.g. 
dose calculation)

C. During treatment 
delivery

D. All of the above

03/01/13



Uncertainties due to delineation

03/01/13

Solution: guidelines !



Uncertainties due to patient positioning

Kirova et al RO 2014

Lymberis et al IJROBP 2012

How to assess/correct positioning?



What can go wrong ???

➢ Breathing motion

➢ Incorrect patient set-up

➢ Incorrect target or OAR position

➢ Changes in breast volume



Random vs systematic uncertainties

CT 

planning

Treatment fractions

Systematic
Random

systematic random

Systematic: “preparation error” Random: “execution error”

M = 2.5 Σtot + 1.64 (σtot-σp)



Which one of these is NOT a good example of 

systematic uncertainty?

A. A junior physician contouring 

the target volume (might 

under- or over-estimate the 

CTV)

B. A patient with a large BMI, 

who doesn’t fit comfortably in 

the “breast board” fixation

C. A nervous patient, who 

“tenses up” during simulation

D. An outdated dose calculation 

algorithm, which will 

underestimate the dose 

received by the lung tissue.

03/01/13



Random vs systematic uncertainties

CT 

planning

Treatment fractions

Systematic
Random

M = 2.5 Σtot + 1.64 (σtot-σp)

Where Σtot=√(Σ1
2+ Σ2

2+ Σ2
3….)

systematic random



TAKE HOME MESSAGE

CT 

planning

Treatment fractions

What it means (in English, not maths! ☺):

•The systematic uncertainties (between planning and 

delivery) count more

•The largest uncertainty will greatly dominate over the others

•So… our first goal is to reduce the largest, systematic 

uncertainties



What margin for YOUR institution?

It depends on many parameters:

Immobilization/interfraction motion

Breathing/intrafraction motion

Observer uncertainty (delineation + matching)

Set-up verification (IGRT): type and frequency



IMAGE GUIDANCE: 

WHICH MODALITY?

HOW OFTEN

WHICH STRUCTURE?

And how can we do this ???? With image guidance !

03/01/13



3 approaches:

”Guestimate” (least recommended)

Borrow from literature (check similar parameters!!)

Calculate (or set your physicist to do it ☺): best but time-

consuming



Breast

Contouring and different techniques



Contouring



Breast guideline vs 0.5cm more medial



Breast guideline vs 0.5cm more medial



Breast guideline vs 0.5cm more medial



Breast guideline vs 0.5cm more medial



DVH

= guidelines

= 0.5 cm more medial



Mean dose to lung and heart

= guidelines

= 0.5 cm more medial



Comparison of different techniques



Left Breast

• 16 x 2,66 Gy



Breast

Wedges

FiF

IMRT



Wedges

FiF

IMRT



DVH

■ IMRT

▲ FiF

● Wedges



DVH values

Lungs Heart

V20 MLD V20 V10 V5 MHD

FiF 2,7 164 0 0 0 49

Wedges 2,9 173 0 0 0 51

IMRT 3,7 198 0 0 0 53



Right Breast

• 16 x 2,66 Gy



Wedges

FiF

IMRT



Wedges

FiF

IMRT



DVH

■ IMRT

▲ Wedges

● FiF



DVH values

Lungs Heart

V20 MLD V20 V10 V5 MHD

FiF 3,9 230 0 0 0 44

Wedges 4,8 269 0 0 0 41

IMRT 3,4 218 0 0 0 41



Breast Left RA

• 16 x 2,66 Gy



Isodoses



Isodoses



Isodoses





Both Breasts

• Breast left: 16 x 2,66 Gy

• Breast right: 23 x 2,66 Gy on primary tumorbed and 23 x 2,03 Gy on breast



Beams



Isodoses



Isodoses



Isodoses



Isodoses



Isodoses



DVH
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Treatment de-escalation including APBI

Always less, where is the limit? 
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Less local treatment: where is the limit?

1.Introduction

2. The role of radiation therapy in BCT

3. The role of PMRT

4. Interaction with systemic treatment

5. Discussion

6. Conclusions



± 1970

Maximal

tolerable

treatment

± 2000

Minimal

effective

treatment

± 2015

No

treatment

any more
?

Less local treatment: introduction



But what do we really know to base this on?

Less local treatment: introduction



Poortmans P, et al. Breast. 2017;31:295-302.

Less local treatment: introduction



7



Radiation therapy:

- Inconvenience

- Skin

- Breast tissue

- Pulmonary

- Heart

- Secondary tumours

- CL breast: more

21st C, only local RT:

- 7531 weeks

- Lowered

- No boost  low

- Unlikely

- Unlikely

- Seldom

- Less for older pts/proper 
techniques

Side effects

Less local treatment: introduction



In vitro Wound Model – 516 genes

Prognostic Significance in

• Breast

• Lung

• Gastric cancer

Wound Response Signature

Iyer et al Science 1999 83-7; Chang et al  PLoS Biology 2004 Feb 2 2 1- 9

Less local treatment: introduction



Less local treatment: where is the limit?

1. Introduction

2.The role of radiation therapy in 

BCT

3. The role of PMRT

4. Interaction with systemic treatment

5. Discussion

6. Conclusions



EBCTCG Lancet 2011; 378: 1707–1716

Less local treatment: The role of RT in BCT



EBCTCG Lancet 2011; 378: 1707–1716

0 Gy

 50 Gy

0 Gy

 50 Gy

Effect of RT after BCS on recurrence and breast cancer mortality in pN+ women.

-21.2% - 8.5%2.5:1

Less local treatment: The role of RT in BCT



EBCTCG Lancet 2011; 378: 1707–1716

Effect of RT after BCS on recurrence and breast cancer mortality in pN0 women.

0 Gy

 50 Gy

0 Gy

 50 Gy

-15.4% - 3.3%5:1

Less local treatment: The role of RT in BCT



RT after lumpectomy - not always necessary?

Less local treatment: The role of RT in BCT



RT after tumorectomy: not always required?

Poortmans P, et al. Breast. 2017;31:295-302.

Less local treatment: The role of RT in BCT



• 0.5% (1% still acceptable?) per year = limit for LRR

• Mind late relapses!

• Role of systemic treatment?

• Website: https://www.tuftsmedicalcenter.org/ibtr/

RT after tumorectomy: not always required?

Less local treatment: The role of RT in BCT

https://www.tuftsmedicalcenter.org/ibtr/


Who decides?

Low risk:  the same in NL, UK, B, It, D, …?

•Countries with 5 y endocrine therapy for ALL ER+

• Countries with endocrine therapy starting at intermediate 

risk (≥ 5% recurrence or survival benefit)

•Side effects:

• Very (too?) well documented and known for RT

• Emerging knowledge for systemic therapy…

RT after tumorectomy: not always required?

Less local treatment: The role of RT in BCT



Hughes KS, et al. JCO 2013;31:2382-7

• 8% LRR benefit at 10y 

• 3% died < breast ca

• 49% died unrelated

Pt selection: EORTC 

22922 = 82.3% 10y OS

Less local treatment: The role of RT in BCT



Tinterri C, et al. Ann Surg Oncol. 2014;21:408-415.

Less local treatment: The role of RT in BCT



Tinterri C, et al. Ann Surg Oncol. 2014;21:408-415.

N = 749

Unifocal; infiltrating; ≤ 25 mm; N0-1a; no EIC; no (L)VI

96.5% adjuvant systemic treatment:

• 81.3% HT

• 9.5% ChT

• 5.7% both

Less local treatment: The role of RT in BCT



Tinterri C, et al. Ann Surg Oncol. 2014;21:408-415.

Less local treatment: The role of RT in BCT



Tinterri C, et al. Ann Surg Oncol. 2014;21:408-415.

Less local treatment: The role of RT in BCT



Tinterri C, et al. Ann Surg Oncol. 2014;21:408-415.

These data are promising and suggest that 

WBI after BCS can be omitted in 

selected patients with early stage breast 

cancer without exposing them to an 

increased risk of local recurrence and death. 

Longer follow-up is needed to further 

consolidate these results.

Less local treatment: The role of RT in BCT



Tinterri C, et al. Ann Surg Oncol. 2014;21:408-415.

…promising … WBI after BCS can be 

omitted in selected … Longer follow-up 

is needed …

Personal notes:

-An estimated ½ of those pts would not get adjuvant 

systemic treatment according to the Dutch guidelines

-Median FU = 108 months = 9 years

Less local treatment: The role of RT in BCT



Winzer K-J, et al. Eur J Cancer. 2004;40:998–1005.

Less local treatment: The role of RT in BCT



N =361 patients (1991-1998); age 45–75 years

pT1pN0M0; GI-II; ER+

Median follow-up of 5.9 years

2x2 clinical trial of factorial design:

• +/- radiotherapy &

• +/- tamoxifen (2 years)

Winzer K-J, et al. Eur J Cancer. 2004;40:998–1005.

Less local treatment: The role of RT in BCT



Winzer K-J, et al. Eur J Cancer. 2004;40:998–1005.

Less local treatment: The role of RT in BCT



Winzer K-J, et al. Eur J Cancer. 2004;40:998–1005.

Less local treatment: The role of RT in BCT



Winzer K-J, et al. Eur J Cancer. 2004;40:998–1005.

Less local treatment: The role of RT in BCT



Mainly due to the presence of local 

recurrences, the event rate was about 

three times higher in the group with BCS 

only … 

… even in patients with a favourable 

prognosis, the avoidance of radiotherapy 

and tamoxifen after BCS increases the 

rate of local recurrences substantially.

Winzer K-J, et al. Eur J Cancer. 2004;40:998–1005.

Less local treatment: The role of RT in BCT



Blamey RW, et al. Eur J Cancer. 2013;49:2294-302.

Less local treatment: The role of RT in BCT



N = 1135

Invasive; < 20 mm; N0; G1 or good prognosis subtype

2x2 clinical trial of factorial design:

• +/- radiotherapy &

• +/- tamoxifen

Trial entry was allowed to either comparison or both.

Blamey RW, et al. Eur J Cancer. 2013;49:2294-302.

Less local treatment: The role of RT in BCT



Blamey RW, et al. Eur J Cancer. 2013;49:2294-302.

Less local treatment: The role of RT in BCT



Blamey RW, et al. Eur J Cancer. 2013;49:2294-302.

Less local treatment: The role of RT in BCT



Blamey RW, et al. Eur J Cancer. 2013;49:2294-302.

Even in these patients with tumours of 

excellent prognosis, LR after conservative 

surgery without adjuvant therapy was 

still very high. This was reduced to a similar 

extent by either radiotherapy or tamoxifen 

but to a greater extent by the receipt of both 

treatments.

Less local treatment: The role of RT in BCT



Blamey RW, et al. Eur J Cancer. 2013;49:2294-302.

… LR after conservative surgery without 

adjuvant therapy was still very high …

Personal note:

- Virtually none of those pts would get adjuvant 

systemic treatment according to the Dutch 

guidelines

Less local treatment: The role of RT in BCT



Kunkler IH, et al. Lancet Oncol 2015;16:266-73.

Less local treatment: The role of RT in BCT



N = 1326; age ≥ 65 y

Invasive BC; < 30 mm; N0; ER+; low risk

All had adjuvant endocrine therapy

Kunkler IH, et al. Lancet Oncol 2015;16:266-73.

Less local treatment: The role of RT in BCT



Kunkler IH, et al. Lancet Oncol 2015;16:266-73.

Less local treatment: The role of RT in BCT



Kunkler IH, et al. Lancet Oncol 2015;16:266-73.

Less local treatment: The role of RT in BCT



Postoperative WBRT after BCS and adjuvant 

endocrine treatment resulted in a significant 

but modest reduction in local recurrence 

for women aged 65 years or older with early 

breast cancer 5 years after randomisation. 

…probably low enough for omission of 

radiotherapy to be considered for some 

patients..

Kunkler IH, et al. Lancet Oncol 2015;16:266-73.
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… and adjuvant endocrine treatment … 

…probably low enough for omission of 

radiotherapy to be considered for some 

patients..

Kunkler IH, et al. Lancet Oncol 2015;16:266-73.

Personal note:

- About half of those pts would not receive adjuvant 

systemic treatment according to the Dutch 

guidelines
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Disease-free survival at 10 years:

Improved with regional irradiation

Distant metastases-free survival at 10 years:

Improved with regional irradiation

Overall survival at 10 years:

Overall trend towards improvement with regional irradiation

Breast cancer specific survival at 10 years:

Improved with regional irradiation

Late side effects at 10 years following regional RT:

- Pulmonary and skin

- Limited; most often ≤ grade 2; some transient

- No increased lethal toxicity
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2. The role of radiation therapy in BCT

3. The role of PMRT

4.Interaction with systemic 

treatment

5. Discussion

6. Conclusions



1/4

1/2-3

1/1.5

1/

1/4

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 

Less local treatment: interaction loc-syst T



RT & survival:

 Competition/interaction with surgery and 

systemic treatment

↓ risk for death < M+  ↑ importance of LC

 earlier stage BC

 improved systemic therapy

X

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 
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Early stage, low risk (DCIS; T1G1-2; T2G1):

 LC >>> DM: SX/RT

Early stage, high risk (T1G3; T2G2-3; N1a):

 LC: SX/RT effect  by Syst.Th.

 DM: Syst.Th. importance  LC : need for SX/RT

Late stage (T3-4; N2a-3):

 DM >>> LC: Syst.Th.  importance of  LC: SX/RT

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 
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Better local treatment 

adds to the effects of 

systemic therapy on 

local recurrence and on 

breast cancer mortality.

EBCTCG Lancet 2005; 365: 1687-1717; EBCTCG Lancet 2005; 366: 2087–2106
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Less local treatment: discussion

Offersen BV, et al. Radiother Oncol 2015;114:3-10 & 2016;118:205-8.

• Breast

• Boost

• PBI

• Thoracic wall

• LN supraclavicular

• LN axilla level III

• LN axilla level II

• LN axilla Rotter

• LN axilla level I

• LN internal mammary

Heart



Less local treatment: discussion

Courtesy of Marianne Aznar, Rigshospitalet, Copenhagen 

RA 5 field IMRT

Free respiration Breath hold



Less local treatment: discussion

Treatment times are shortening!



Less local treatment: discussion

Poortmans P, et al. Breast. 2017;31:295-302.

Update 2016: 1.8% LRR at 9 years !!!



Dutch population based cancer registry

2000-2004 cohort: 37,207 patients

- 58.4% BCT

- 41.6% MRM

van Maaren M, et al. Lancet Oncol. 2016 Aug;17(8):1158-70.
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2000-2004 cohort: 37,207 patients

- 58.4% BCT

- 41.6% MRM
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Stage Benefit HT Benefit HT
(all 65y;N0;ER+;Her-) DFS (%) OS (%)

T1a-bG1-3 4.9-9.5 0.3-1.4
T1cG1 5.7-8.2 0.9
T1cG2 7.8-11.1 2.0
T1cG3 9.6-13.9 3.3

T2<3cmG1 8.1-11.6 2.4
T2<3cmG2 10.8-15.7 4.3
T2<3cmG3 12.7-18.7 5.9

Interaction between local & systemic treatment
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EBCTCG Lancet 2011; 378: 1707–1716

Effect of RT after BCS on recurrence and breast cancer mortality in pN0 women.

0 Gy

 50 Gy

0 Gy

 50 Gy

-15.4% - 3.3%
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Hormonal therapy (TAM/AI):

- Hot flushes

- Mood disturbances

- Insomnia

- Joint pain

- Osteoporosis

- Coagulopathy

- Endometrial cancer

- CL breast: less

- Treatments

- Switch to AI

- Switch to TAM

- Big issue

- Prevention/treatment

- Prefer AI if risk

- Switch to AI

- No problem

Side effects

Less local treatment: discussion



• ≤ 3 years FU  discontinuation = 52.2% for 

tamoxifen, 47% for anastrozole, 55.1% for 
exemestane, and 44.3% for letrozole. 

• Switch to: 33% tamoxifen, 20% anastrozole, 
22.9% exemestane, and 23% letrozole.

Hadji P, et al. Breast Cancer Res Treat. 2013;138:185–191

Side effects

Less local treatment: discussion



• The cumulative toxicity of upfront AI may 
explain the lack of OS benefit despite 
improvements in DFS. 

• Switching from TAM to AI reduces this toxicity 
and is likely the best balance between efficacy 
and toxicity. 

Hadji P, et al. Breast Cancer Res Treat. 2013;138:185–191

Side effects

Less local treatment: discussion



• Higher discontinuation for: younger pts; 
comorbidity; Prescription via GP.

•  persistence with all endocrine treatments in 

women with hormonereceptor-positive BC is 
low. 

Amir E, et al. JNCI 2011;103:1299-1309

Side effects

Less local treatment: discussion



Hadji P, et al. Breast Cancer Res Treat. 2012;134:459–478

• Arthralgia is important in the clinical 
management of women with early breast 
cancer.

•  may contribute to noncompliance and 

clinical outcomes. 

Side effects

Less local treatment: discussion



Murphy CC, et al. Annals of Oncology 2014;25:372–377

• Adherence and persistence to adjuvant hormonal 
therapy is suboptimal. 

• Many of the correlates of adherence and persistence 
studied to date are not modifiable.

•  critical need for further research on modifiable 

factors associated with adherence to adjuvant 
hormonal therapy/behavioral interventions. 

Side effects

Less local treatment: discussion



Ohsumi S, et al. Breast Cancer Res Treat. 2011;127:143–152

Continuation of tamoxifen treatment after 

adjuvant tamoxifen for 1–4 years may provide 

Japanese breast cancer patients with better 

HRQOL than by switching to anastrozole. 

Side effects

Less local treatment: discussion



Takei H, et al. Breast Cancer Res Treat. 2012;133:227–236

HRQOL was better in Japanese postmenopausal 

women treated with tamoxifen than those 

treated with exemestane or anastrozole. HRQOL 

and AEs were similar with exemestane and 

anastrozole. 

Side effects

Less local treatment: discussion



Side effects
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“Studies seeking to identify a subgroup of 

patients who could undergo breast conserving 

surgery without radiotherapy, based upon 

clinicopathologic characteristics alone have largely 

proved unsuccessful”

Jagsi R Ca Cancer J 2014;64:135-162.

The eternal quest

Less local treatment: discussion
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• We know what we know – and that comes 

from the past  we have to cope with that

• Comparative data on toxicity and QoL of RT vs 

adjuvant hormonal treatment are lacking

• Our “feelings” on risks and treatment benefits 

probably need to be adapted

• What’s new tomorrow will be challenged again 

~ possibly outdated after tomorrow

Less local treatment: conclusions



• Patient selection criteria

• Short (up to 5 (?) years) toxicity 

• Long term FU:

– local control

– long term toxicity 

Less local treatment: conclusions



Less local treatment: conclusions

Poortmans P, et al. Breast. 2017;31:295-302.

Update 2016: 1.8% LRR at 9 years !!!

We did improve BCT rates!
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Poortmans P, et al. Breast. 2017;31:295-302.



Less local treatment: conclusions

Early stage, low risk



APBI: suggested research



Less local treatment: conclusions

Source: Globocan, 2008. Rates shown are age-standardised rate per 100,000 using the standard world population.

Incidence

Mortality

1/2.5  1/6
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Salvador Dalí: Don Quijote de la Mancha
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Cosmetic results after breast conserving therapy
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How to measure cosmetic results ?

• Subjective measures:

• Physician

• Expert panel

• Patient

• Objective measures, e.g.:

• BCCT.core

• BAT

• …



Subjective measures

• Physicians/Expert panels:

• Most frequently used is Harris scale: excellent, good, fair, poor

• Patients - Validated questionnaires, e.g.

• Sneeuw et al: 8 items

• BCTOS: Breast Cancer Treatment Outcome Scale: 22 items.

• Breast Q (MSKCC, endorsed by ICHOM): Very extensive questionnaire, 

several different modules:

• Breast Conserving Therapy

• Latissimus Dorsi (LD) Scales

• Mastectomy +/- reconstruction (including Expectations scales)

• Reduction/Mastopexy & Augmentation

• Breast Q is currently being modified by dr. Young Afat

Harris et al, 1979; Sneeuw et al, 1992; Pusic et al, 2009; 

Stanton et al, 2001



Subjective measures: review of PROMs

Kanatas et al, 2012 

Included in ICHOM dataset

(www.ichom.org)

http://www.ichom.org/


Examples of objective measures

• Using asymmetry features:

• Photos with manual/ digital measurements (Vrieling et al, 1999; Reddy et al, 2017)

• BAT – software: Breast Analysing Tool (Fitzal et al, 2007)

• Using asymmetry, skin colour & scar appearance

• BCCT.core (Cardoso & Cardoso 2007) 

• 7 asymmetry features

• pBRA = change in nipple position, pLBC = change in level of lower breast 

contour, pUNR = change in nipple level, pBCE = change in distance from nipple 

to inframammary fold, pBCD = change in length of breast contour, pBAD = 

change in area of the breast, pBOD = change in non overlapping area between 

left and right breast.



Example of symmetry features in BCCT.core

 

 

LBC

X1

Y1

X2

Y2

Figure 1C: Breast Overlap Difference (BOD).



Example of good cosmetic outcome in BCCT.core

Voorbeeld van goede cosmetiek



Example of poor cosmetic outcome in BCCT.core



Validity of cosmetic measures 

Cardoso et al, 2007

Kappa < 0.2: slight agreement; 0.21-0.4: fair; 0.41- 0.6 moderate; 0.61-

0.8: substantial; > 0.81: almost perfect



Validity of cosmetic measures 
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Which factors are most important for the patient ?
Analysis of Young Boost Trial patients ( N = 864)

Brouwers et al, R & O 2016



Which factors are most important for the patient ?
Analysis of Young Boost Trial patients ( N = 864)

• Endpoints:

• BCCT.core, physican and - patient reported

• Tested variables

• All 7 BCCT.core parameters

• Ribpain

• Fibrosis (4 point scale – patient and physician)

• QoL

Brouwers et al, R & O 2016



Which aspects influence cosmetic score by the patient ?
Analysis of Young Boost Trial patients ( N = 864)

• Results – correlation between methods:

• Correlation patient and physician: kappa  0.42 (moderate)

• Correlation between patient and BCCT.core: kappa 0.26 (fair)

• Correlation between physician and BCCT.core: kappa 0.39 (fair)

• Results – correlation with patient reported outcome:

• Significant correlation with patient –reported outcome:

• pBCE = change in distance from nipple to inframammary fold

• pBCD = change in length of breast contour

• Fibrosis (cause or consequence ?)

• Patients with better QoL scored their cosmesis better (also reported 

by e.g. Hau et al, 2013) (cause or consequence ?)

Brouwers et al, R & O 2016



Reported cosmetic results after breast conserving therapy

• Good- excellent outcome  / satisfactory results:

• Reported to vary from 56 % to 92%

• Many differences between studies:

• Scored by physician, patient or objective score

• Time to follow-up

• Different RT characteristics:

• Techniques 2D CRT – full IMRT

• Different dose and fractionation

• Different target volumes PBI vs WBRT

• Different surgical techniques

• Lumpectomy +/- less or more extensive oncoplastic surgery

• With or without adjuvant systemic treatment



Fibrosis after breast conserving therapy

Change over the years: boost no boost data

Collette et al 2008 

Fibrosis: 

Is most progressive in first 

4 years after RT



Cosmetic results after breast conserving therapy

Change over the years; boost no boost data

Immink et al, 2012

Years since randomisation

Asymmetry:

progresses over the 

years



• Several RCTs performed to investigate impact on cosmesis of:

• Hypofractionation (40-42 Gy in 15-16 fx) compared to 25 x 2 Gy

• Boost vs no boost

• Low boost vs high boost

• Prone vs supine

• IMRT vs 2D-CRT

• Partial breast RT vs Whole breast RT

Which radiotherapy related factors play a role ?



Cosmetic results after breast conserving therapy

• Which factors play a role ? Several RCTs to investigate impact of:

Factor studied Impact on cosmesis Conclusion

Hypofx No change in breast 

appearance

Hypofx: Whelan 2008; Haviland 2013; Prone vs supine: Veldeman 2016; 2D CRT vs IMRT: 

Pignol  2016; Mukesh 2014; No vs low boost: Vrieling 1999 & 2000, Hau 2013; Low vs high 

boost: Brouwers 2016; PBI vs WBRT: Polgar 2017, Coles 2017, Peterson 2015
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• Which factors play a role ? Several RCTs to investigate impact of:

Factor studied Impact on cosmesis Conclusion
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appearance

No boost vs low boost No boost better than boost
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patients are selected

Partial breast vs WBRT Results conflicting
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Cosmetic results after breast conserving therapy

• Which factors play a role ? Several RCTs to investigate impact of:

Factor studied Impact on cosmesis Conclusion

Hypofx No change in breast 

appearance
Alfa/beta 3.5 Gy

No boost vs low boost No boost better than boost
Dose-effect relation present

Prone vs Supine Tendency for better outcome

prone than supine
Due to better dose 

homogeneity ?2D CRT vs IMRT Only benefit if scored by 

physician at 5 yr, and if 

patients are selected

Partial breast vs WBRT Results conflicting Probably due to DVH 

parameters and dose per 

fraction; not clear

Hypofx: Whelan 2008; Haviland 2013, Valle 2017; Prone vs supine: Veldeman 2016; 2D CRT vs 

IMRT: Pignol  2016; Mukesh 2014; No vs low boost: Vrieling 1999 & 2000, Hau 2013; Low vs 

high boost: Brouwers in preparation; PBI vs WBRT: Polgar 2017, Coles 2017, Peterson 2015



Effect of dose ?

• Preliminary analyses Young Boost Trial (N = 2452)

• Patients ≤ 50 yrs treated with BCT and 50 Gy WBRT

• Randomized between boost 16 vs 26 Gy

• Photos available at baseline and 4 yrs in 684 patients

• Analyzed using BCCT.core, physicians and patients

Brouwers & Werkhoven et al, in preparation



Systematic review on oncoplastic surgery in BCT

• Discrimination between :

• Volume Displacement (VD): mobilizing local glandular flaps

• Volume Replacement (VR): uses autologous tissue from a remote 

site

• N = 4170 patients in 41 studies

• 37 studies included VD: 

• 17 of these had PROMs on cosmetics: 70-100% good- excellent

• 11 studies included VR:

• 6 of these had PROMs on cosmetics: 82-92% good-excellent

Yoon et al, 2016



Effect of oncoplastic surgery ?



Effect of oncoplastic surgery ?

• 125 patients treated with BCT 2004-2012

• 2007: Sequential boost replaced by SIB

• 2009: Hypofx incrementally introduced

• 2011: Oncoplastic surgery incrementally introduced

• Evaluation 1 yr after RT

• PROM:

• Cosmetic questionnaire Sneeuw et al

• BCCT.core

• EORTC QOL C30 and BR23

Lansu et al, 2015



Effect of oncoplastic surgery ?

Conv fx, SIB, 

Lumpectomy

Conv fx, SIB, 

Oncoplastic surgery

Suggestion that oncoplastic surgery leads to worse outcome! 

However, very small figures… 

Due to larger boost volumes ??

Lansu et al, 2015



Lansu et al, 2015

Which factors are related to RT induced fibrosis ?



Nomogram for fibrosis after WBRT with boost

Collette et al 2008

11

18

48

72

149

56 yr, no hematoma, no edema, with tamoxifen, no chemo, > 6 MV, photon 

boost, Dmax 60Gy  40% chance on moderate/severe fibrosis at 10 yr



Nomogram for fibrosis after WBRT without boost

Collette et al 2008

Compared to nomogram with boost:

Hematoma, Edema, Tamoxifen, Rad Quality, Boost/type: NS



Which RT factors are related to fibrosis ?



NTCP models using individual patient data of 2 large trials

Mukesh et al, 2013

• Development of model using pooled data of: boost no boost trial & 

Cambridge IMRT trial

• Validated using the START-pilot trial

• EQD2 for 50% risk on moderate/severe fibrosis: about 80 Gy



Model parameters for fibrosis found in different studies

Mukesh et al, 2013

Conclusions:

• Dose is the most important predictive factor for fibrosis; 

• The volume (n) is very small  breast is a serial organ for endpoint fibrosis

* Study of Alexander et al considered to be not representative: also includes 

mastectomy, techniques outdated, based on studies using different endpoints

n = 0: serial organ

n = 1 parallel organ

*



Which factors have all been mentioned to influence cosmetic 

outcome and/or fibrosis ?

• Treatment related factors:

• Radiotherapy:

• Boost volume, dose inhomogeneity, V55Gy, Dmax, V107, V110, 

IMRT, Prone vs supine, boost dose

• Surgery

• Post-operative complications like infection, hematoma, seroma

• Baseline cosmesis after surgery – prior to RT, location of the  

tumor, time  between surgery and radiotherapy

• Oncoplastic surgery

• Chemotherapy/ hormonal therapy

• Yes/no

• Concurrent/ sequential

• Patient related factors:

• Age, BMI, smoking, diabetes, breast size, Bra size, pain..



Summary (2)

• How to summarize all mentioned factors ?

• IMRT, Dmax, V55Gy, V110, V107, breast size, prone/supine:  Dose 

Homogeneity

• Hypofx, boost no boost, Young Boost: Dose (EQD2)

• Excisional volume, tumor size, re-excision, time between surgery and 

RT, oncoplastic surgery (?): Boost volume

• Excisional volume, tumor size, location of tumor, post-operative 

complications: baseline cosmesis (oncoplastic surgery??)

• Other possible important factors:

• Adjuvant systemic treatment; chemotherapy, (concurrent) 

endocrine treatment

• Case mix factors like Diabetes, Hypertension, Smoking, Age 

(fibrosis vs cosmesis), breast size
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How to improve cosmetic outcome ?

RT factors:

1. Optimize dose – homogeneity

2. Dose as low as considered to be oncologically safe

• Hypofx 15 x 2.67 Gy instead of 25 x 2 Gy

• Minimize indications for a boost – only in case of heavy risk 

factors

3. If a boost is required: minimize the irradiated boost volume

 several strategies to minimize boost volume !



How to reduce the boost volume ?

• Pathology; discuss with your pathologist:

• Free margins in 6 directions  smaller delineated CTV

• Surgery; discuss with your surgeon:

• Limit excision volumes; no tumor on ink is sufficient !

• Limit size of seroma cavity

• Place clips to reduce uncertainty to reduce volume

• Avoid oncoplastic surgery in case of indication for boost ?

• Chemotherapy:

• If required anyway: consider to give it upfront  Smaller tumor, smaller 

excision volumes.

• Consider to give it prior to RT to increase time between OK and RT ?



Take Home Messages (1)

• Cosmetic outcome after BCT varies from 56 - 92%

• Interpretation of literature difficult due to differences in endpoints 

and duration of follow-up

• Most important factor seems to be: cosmesis prior to RT

• Other factors that worsen cosmetic outcome: 

• Inhomogeneous dose distribution, high EQD2, large boost 

volumes, young age, large breast size, smoking, 

chemotherapy

• Questionable influence:

• Endocrine therapy, oncoplastic surgery



Take Home Messages (2)

• Approaches to improve cosmetic outcome:

• Improve dose homogeneity

• Reduce total dose

• Reduce boost volume 

• Multidisciplinary approach required !! 

• Pathologist 

• Surgeon

• Medical oncologist

• Radiation oncologist
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How to reduce boost volume ?

Hanbeukers et al 2009

• Plannings study to compare V95 for boost volume for:

• PTV_conventional simulator

• PTV_CT planning – isotropic CTV margins

• PTV_CT planning – anisotropic margins based on 3D pathology 

data



How to reduce boost volume ?

Hanbeukers et al 2009

• V95:

• PTV_CT plan- isotrop margins = 1.6 times larger than PTV_conv sim

• PTV_CT plan – anisotrop margins ~ PTV_con sim

• Most important factor for boost volume:

• Size of excisional volume  related to time between surgery and RT



How to reduce boost volume ?

Does a pre-operative CT in treatment position help ?

• Boersma et al (2012):

• Boost CTV 42 cc to 36 cc (translating in V95 from 117cc to 105cc)

• Verhoeven et al (2016)

• No difference in size of CTV with or without pre-op CT..

•  No clinically significant reduction in V95



Summary (1)

• Wide variation in cosmetic results after BCT reported 56- 92% good-

excellent outcomes. 

• Variation probably due to a.o. methodological differences:

• Difference types of scoring (Patient, Physician, Objective)

• Difference in f-up time

• Cosmetic worsening progresses over the years – fibrosis 

mainly first 4 years: Time to follow-up extremely important !



• Several radiotherapy-related factors have been reported to be related to 

cosmetic outcome:

• Total dose (EQD2) and/or fraction size ?

• Boost volume

• All kind of factors related to dose inhomogeneity, e.g.:

• IMRT

• Prone vs supine

• Dmax

• V107

• V110

• Breast size (or is this an independent variable ?)

• …

Which factors influence cosmetic result ?



Hypofx does not adversely influence cosmetic outcome

Valle et al, review 2017



Clinical Studies on local treatment: maturing, accruing 

and nurturing 
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Clinical Studies in local treatment 
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Schmidt, A. et al. (2009).  



 

 
 

 

 

 
 

ROMANCE: Phase III Open Labeled Randomized Trial of Omission of Whole-Breast Radiation 

Therapy in patients with very low risk DCIS 

 

4 

MAIN OBJECTIVE : TO DETERMINE WHETHER THE 

COMBINED USE OF CLINICAL, MORPHOLOGICAL, 

AND IMMUNOHISTOCHEMICAL MARKERS OF LOW 

RECURRENCE RISK IN DCIS, COULD BE USED TO 

IDENTIFY PATIENTS WHO COULD BE SAFELY 

OMITTED THE DELIVERY OF WHOLE-BREAST 

IRRADIATION FOLLOWING BREAST-CONSERVING 

EXCISION WITH TUMOUR-FREE MARGINS 

HYPOTHESES AT 5-YEAR:  

< 3,5 % IBR IN EXPERIMENTAL ARM (NO RT) 

0,8 % IBR IN REFERENCE ARM (RT) 

Α (UNILATERAL) =  2% ; Β = 97% 

666 PATIENTS (444 : 222) 

 

 

 

alain.fourquet@curie.fr 

mailto:alain.fourquet@curie.fr


 

 

 

 

 
BREAST P1: Multicenter randomized phase III trial comparing protons versus standard photon 

radiation therapy in breast cancer with an indication  for regional lymph node irradiation  in terms 
of cardiac toxicity occurrence 

 

        n=1310 patients, open for International 

participation 
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 MAIN OBJECTIVE: TO ASSESS THE SUPERIORITY OF THE PROTON 
LOCOREGIONAL RADIOTHERAPY TO CURRENTLY USED PHOTON-
ELECTRONS 3D-CONFORMAL OR INTENSITY MODULATED RADIATION 
THERAPY (IMRT) IN TERMS OF CARDIAC TOXICITY AT 10 YEARS. 

 
 SECONDARY OBJECTIVE S:  

 TO SHOW THAT PROTON LOCOREGIONAL RT IS NOT INFERIOR TO CURRENTLY USED PHOTON-
ELECTRONS 3D CONFORMAL RT OR IMRT IN EARLY STAGE BREAST CANCER WITH AN 
INDICATION FOR REGIONAL LYMPH NODE IRRADIATION IN TERMS OF LOCAL-REGIONAL 
RECURRENCE 

TO ASSESS LOCO-REGIONAL ACUTE AND LATE TOXICITIES (RADIODERMATITIS, ARM MOTION AND 
FUNCTION, COSMETIC RESULT,  

LUNG AND CONTRALATERAL BREAST EVENTS  

 CANCER RELATED-EVENTS: LOCOREGIONAL RELAPSE-FREE SURVIVAL, DISTANT DISEASE-FREE 
SURVIVAL, OVERALL SURVIVAL, CAUSES OF DEATH, 

 TO ASSESS AND COMPARE HEALTH RELATED QUALITY OF LIFE BETWEEN ARMS 

 TO CONDUCT A COST-UTILITY ANALYSIS 

 TRANSLATIONAL RESEARCH 

 

 

 Interim analysis at 5 years 

youlia.kirova@curie.fr 
 

mailto:youlia.kirova@curie.fr


6 

icro.meattini@unifi.it 

mailto:icro.meattini@unifi.it


Clinical Studies in local treatment 
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Schmidt, A. et al. (2009).  



 

 

 

 

 

 

 

 
LORD: Phase III Open Labeled Randomized Non-Inferiority Randomized Clinical Trial 

 

8 

MAIN OBJECTIVE : TO COMPARE THE ACTIVE SURVEILLANCE 
WITH STANDARD TREATMENT APPROACH (CONVENTIONAL 

ARM) IN PATIENTS WITH LOW- GRADE DCIS. 

 

PRIMARY END-POINT:  

IPSILATERAL INVASIVE BREAST CANCER-FREE RATE AT 10 YEARS. 

 

SECONDARY END-POINTS (BOTH TREATMENT ARMS): 

♦    TIME TO IPSILATERAL DCIS GRADE II- III  

♦    TIME TO CONTRALATERAL DCIS GRADE I-II-III  

♦    TIME TO CONTRALATERAL INVASIVE BREAST CANCER 

♦    TYPE OF FIRST EVENT FOR PRIMARY ENDPOINT  

♦    DISTANT METASTASES AND DEATH DUE TO BREAST CANCER  

♦    OVERALL SURVIVAL  

♦    TIME TO FAILURE  

♦    QUALITY OF LIFE  

♦    COST-EFFECTIVENESS  

 

  
 

 

 



 

 

 

 

 

 

 

 
PRIMETIME: Postoperative Avoidance of Radiotherapy: Biomarker Selection of Women at Very 

Low Risk of Local Recurrence 

9 
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15 fractions 

2.4Gy 

2.7Gy 

3.2Gy 

IMPORT HIGH trial 

• 2,600 patients – in follow up 
 

• Tailor dose across breast according 
to risk of relapse 
 

• Uses complex IMRT & IGRT 
 

• Secondary endpoints of normal 
tissue toxicity will report 2018 



2.67Gy 2.4Gy 

IMPORT HIGH Trial (N=2,600) 

15+8 Fractions 15 Fractions 15 Fractions 

2.4Gy 

2.67 &  

2.0Gy 

3.2Gy 3.5Gy 

Sequential 

Boost 
Concomitant Boost  

Test 1             Test 2          



12 

19 PATIENTS INCLUDED 



 

 

IRMA study:  

 

Aimed to include 3302  

Overall trial accrual July 2017:  2927 patients (1462 PBI - 1466 WBI) 

Lymph nodes: 2697 N0 - 230 N1 

Dim T: 978 =1cm 

Chemotherapy: 352 yes - 2575 no 

Open in Italy, Holland…  
 



PAPBI-2 phase III  trial  
Preoperative Accelerated Partial Breast Irradiation: open in Holland 

Preop PBI vs postop PBI (5 x 5.7 Gy) 

Endpoint: cosmetic outcome 

Side study: tumour response on RT 

Hypothesis: fair/poor cosmesis 20% 

vs 10% 

Aim: 500 patients 
 

Inclusion criteria: 

Female patients ≥ 51 years 

cT1-2N0 (≤3 cm) 

Grade I or II (biopsy) 

Histologically proven ductal invasive carcinoma 

Unifocal lesion on mammogram and MRI 

 

Exclusion criteria: 
Lobular invasive carcinoma 

Pure DCIS without invasive tumour 

Triple negative tumours 

Lymphvascular invasion in biopsy 
 



PAPBI-2: flowchart 



Current projects in IC Department of Radiation Oncology 

 

 

 

 

 

 

 

 

 RADIOPARP 

 Phase I, open recently, translational work 
associated 

 PI: Y. Kirova 

BRCA-ness study: M-H Stern 
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NKI-Curie collaboration at the end of these phase I studies  

Differences, similarities NKI/AVL Inst Curie 

Pat population Metast breastca, also ER pos Mets and loc adv breast ca, TN 

Dose esc schedule 50, 100, 200, 300 50, 100, 150,200 bid 

RT dose 46.69/23 fr, 14.49Gy SIB 50 Gy+/-16 Gy boost sequ 

Additional treatment no surgery surgery 

Translational res HRD, par assay HRD, ctDNA, parp1 IHS 

Tite CRM DLT period 12 weeks DLT period 12 weeks 

Late tox See synopsis See full protocol 

Pat with bolus on skin/WEM Separate groups in protocol Not specified 



Clinical Studies in local treatment 

 
 

Nurturing 

 

DCIS 

 

Invasive 
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2 Gy x 8 

2 Gy x 8 

Phase III: Boost for DCIS:  TROG 07.01/BIG 3-07 

Closed 
 



Phase III: Boost for DCIS:  BONBIS Trial (France)  

Randomization 
WBRT (50Gy) 

WBRT + Boost (16 
Gy) 

• N=1 950 DCIS  

• Closed 

• Designed to detect a difference of 7% vs. 4%- 

• Planned analysis based on number of IBTRs  



Young boost phase III trial: Radiation dose intensity study in breast cancer in young 
women: a randomized phase III trial of additional dose to the tumor bed: closed 

Main objective: is to compare the effect of a high boost dose (26 Gy) with a low boost dose (16 Gy) in 

breast conserving therapy, on the local recurrence rate. 

 

Secondary objective: to compare the effect of the high boost dose (26 Gy) with a low boost dose (16 Gy) 

in breast conserving therapy, on the cosmesis and possible sequelae. 

 

Additional objectives: 

 A. To test the genotypic and phenotypic profiles of breast tumors in young patients with invasive 

breast cancer, and its relation to: 

a. Local recurrence after BCT 

b. Lymph node metastases 

c. Distant metastases and survival 

d. Radiosensitivity 

e. Age 

 B. To determine whether improved genotypic and phenotypic profiles can be determined 

related to the endpoints mentioned previously. 

 End-points 

Primary endpoint: Local control at 10 year 

Secondary endpoint: Cosmetic outcome Expected Results in …. 



Reported at 3 years, long term results are expected  



Closed and reported at 5 years; long term results are expected  
 



Offersen et al, EBCC 2016: Closed and reported at 3 years; long term results are expected  
 

DBCG PBI trial 

Conclusion DBCG PBI: 

APBI based on 40 Gy/15 fr does not result in more grade 2-3 induration at 3 yrs 

RT doses to heart and lung are lower with APBI 

 



Closed and reported at 5 years; long term results are expected  
 



 

 

Thank you for your attention 

 
Questions?   
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T.Kuehn

Klinikum Esslingen, Germany

Multidisciplinary Course on Breast Cancer

Breast Surgery

Intraoperative Assessment



Scenarios for Breast Surgery

- Non invasive disease (B3, DCIS)

- Invasive disease

- Primary surgery

- After primary systemic treatment

- Palpable

- Non palpable



Objective of Breast Surgery

- Avoid invasive disease (B3, DCIS)

- Ensure local control (invasive disease)

- Provide diagnostic information (T-
Stage)

- Ensure aesthetic result

- Avoid Reexcisions

04/02/09



Challenge to the Surgeon

1. Localisation of the lesion / target

2. Definition of the Target Volume

3. Intraoperative Verification of
adequate resection volume

4. Handling of the specimen

5. Margin assessment

6. Closure of the defect

7. localisation of resection margins to
improve postoperative radiation

04/02/09



Management of the non palpable lesion

Localisation techniques



Non palpable targets



Localisation Techniques

Techniques

- Injection of Dye

- Injection of charcoal

- Image guided wire localisation

- Radio-guided occult lesion localisation (ROLL)

04/02/09



Lesions and Imaging Techniques



Basic Rule for Image Guided Localisation

Chose the easiest access

- Ultrasound

- Mammography

- MRI

Specimen Imaging with the same technique



Stereotactic Wire Localisation





Specimen Radiography



Imaging of the specimen should be

performed with same technique

that was used for localisation



04/02/09



04/02/09



Variable WGLL ROLL

n 65 64

Localisation rate 65/65 62/64

centricity 14.4 11.7

volume 20.7 ml 18.3 ml

Weight 10.4 g 9.3 g

reexcision 16 12

04/02/09
Duarte et al Surg 2016



Breast Conservation:

Surgical Technical Aspects

Oxford / AGO

LoE / GR



Localisation and Volume Definition



Stereotactic localisation

Definition of localisation and Volume

Drahtmarkierung

Mikrokalk

Bei vollständiger Entfernung 

des Mikrokalkes i.R. der 

Biopsie Clipmarkierung 

erforderlich

Wire localsation of non palpable lesion

Have plan B in mind !!



Surgical technique

Resection Reconstruction+* +



Strategy for defect closure

• Avoidance of seroma

• Close every (partial) mastectomy defect

• Chose the easiest technique

• Local glandular flaps (tissue displacement)

• Tumorspecific reduction mammoplasty

• Distant flaps (Lat dorsi)

04/02/09



Intraoperative Margin Assessment

Palpation

Imaging

New Technologies

04/02/09



Extent of Resection / Margins

B3: no residual suspicious finding on imaging (no
specific margin width based on histopathologic
examination)

DCIS: 2mm (in case of BCT and Radiotherapy)

Invasive disease (primary surgery): no ink
on tumor

Invasive disease (after PST): no ink on tumor



Radiography of the Specimen



New Techniques: Ultrasound guided surgery

Courtesy M.Marx, Radebeul





Handling of the Specimen / Template



Handling of the specimen - radiography

28

Specimen radiography in two planes



Reliability of Margin Assessment

Soft

Malleable

Tissue around the 

tumor shiftable

Surface incised Surface 

coagulated

Courtesy 

A.Lebeau 2012

Surface incised Surface 

coagulated

Courtesy A.Lebeau, Luebeck, Germany

Features of the Specimen



Graham RA et al., Am J Surg 2002



• Infolge der hohen Nachresektionsrate sind verschiedene
Techniken zur Reduktion der Nachresektionsrate in Gebrauch

 Schnellschnitt

– Touch Prep / Imprint Zytology

– Intraoperative Sonographie/Radiographie

– High frequency Sonographie

– Near-infrared fluorescence optical imaging 

– X-ray diffraction Technologie

– Spectroskopie

• ROLL (Radioguided occult lesion localization)

• IFOLL (Indocyanine Green Fluorescence-Guided Occult Lesion
Localization) 

• Full cavity re-excision

Aydogan F et al., Breast Care 2012
Eichler C et al. , Anticancer Res 2012

Esbona K, Ann Surg Oncol 2012
Veronesi U et al., Oncologist 2010
Thill M, Expert  Rev Med Dev 2013 



New Technologies – Margin Probe

04/02/09



04/02/09
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Surgery after Primary Systemic Treatment

04/02/09



Surgery after Primary Systemic Treatment

04/02/09



Surgery after Primary Systemic Treatment

04/02/09
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Extension of surgery to assess pCR

„Surgical resection volume is based on preoperative 

imaging. All detectable residual disease should be 

removed by the surgery with clear margins. In case 

of complete radiologic response the center of the 

tumor bed should be removed“



© AGO e. V.
in der DGGG e.V. 

sowie 

in der DKG e.V.

Guidelines Breast 

Version 2016.1

www.ago-online.de

Procedure after Neoadjuvant Therapy

➢ Marking of tumor in a timely manner 5 D ++

➢ Surgery 2b C ++

➢ Microscopically clear margins  5 D ++

➢ Tumor resection in the new 

margins 3b C +

For „Surgery after neoadjuvant chemotherapy“ see chapter 

„Neoadjuvant chemotherapy“

Oxford / AGO

LoE / GR

http://www.ago-online.de/


Breast Conservation:

Surgical Technical Aspects
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LoE / GR
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Lecture plan

• Indications and Oncology of oncoplastic surgery 

• Classification and Techniques

• Surgical and patient outcomes



ESTRO Teaching Course on the Multidisciplinary management of 
Breast Cancer.    
Dublin, Republic of Ireland.  September 2017

Indications and Oncology of  
Oncoplastic Surgery

Oncoplastic surgery is tumour specific immediate breast 
reconstruction.  

The integration of plastic surgery techniques and breast cancer 
surgery to preserve aesthetic outcomes without compromising local 

disease control.



Breast Conservation versus Mastectomy

Expanding Conservation 
Options:

• Tumour size relative to breast size: 
Used to be 25%, now OPS allows 
50% volume resection

• Position of tumour in the breast: 
OPS options for all quadrants 

• Multicentric and multifocal no 
longer taboo

• Neoadjuvant options improving

• Shrinking indications for 
mastectomy:

• Inflammatory breast cancer

• Failed conservation (primary 
or secondary)

• Extensive DCIS

• Risk reduction ??

• Multicentric cancer??



Impact of Oncoplastic Surgery on Survival and 
Local Recurrence.  Case series
• Large series report 5 year rates 

of LRR 4%.  Overall Survival rate 
94.5% and DFS of 90.9% (Rezai
et al, 2014).

• Lee et al, 2017, compared 
surgery types and 6 year LRR, 
OS and DFS and found no 
significant difference by surgery 
type.

• Mansell et al, 2017, compared 
LRR at 5 years between standard 
WLE, OPS and Mastectomy with 
LRRs of 3.4, 2 and 2.6% 
respectively (P = NS) despite 
WLE cases being smaller and 
less adverse histologically.   

• DFS rates of OPS and 
Mastectomy were similar in 
keeping with their similar stage 
and grade profiles

A large meta analysis (De La Cruz et al, 2016) confirmed that there is no LRR, DFS 
or OS disadvantage compared to case matched standard BCS or mastectomy



How easy is local recurrence to detect after 
flap based oncoplastic surgery

• Level 1 and 2 procedures just move normal parenchyma around but 
may cause additional scarring.   Recurrence is usually easy to see on 
mammograms.   Little published about diagnostic delay but 1 
personal experience of recurrence being called scarring on 
mammography for 6 months or so until symptomatic biopsy.

• For LD miniflaps a large series showed 21 local recurrences out of 
261 cases with mean follow up of 10 years (Mele et al, 2017) and 
noted that lesions were found by palpation of easy to see on 
mammography.

• In lipomodelling cases, calcifications due to fat necrosis have a typical 
appearance and are not usually mistaken for recurrence.



Margin positivity and re excision rates

• Tumour resection volumes may 
be much higher with oncoplastic
techniques than standard BCS

• Rezai, in a large series of 1035 
oncoplastic cases, achieved 
primary clear margins in 88%, 
which compares favourably with 
the UK figure of 60-80%.

• Most studies report margin re 
excision rates similar to those of 
standard BCS

• Systematic review 
(Yiannakopoulou 2016) showed 
rates varying between 0 and 
36% (this being a DCIS only 
series where margins are more 
challenging) and generally 
tending to be low.

• This may reflect the increased 
volume resection making it 
easier to excise widely for 
relatively large tumours



Marking of specimen site and specimen

• Standardisation: 6 quadrants (inferior, superior, 
anterior, posterior, medial and lateral clips to the 
cavity) to facilitate radiotherapy targeting.

• Communication and documentation

• Careful specimen orientation and labelling, 
including shaves.  Detailed diagram in the 
operation note and on the pathology form

• Difficult to target radiotherapy boost without site 
marking.  Equally difficult for the surgeon to go 
back for shaves



Importance of clips

• Scars may be widely distant from the tumour bed so skin scars do not 
permit localisation

• Seroma cavity is not reliable as internal breast scaring may be 
extensive and again, distant from the tumour site

• Cavity marker clips should be applied to the tumour bed



Lipomodelling Oncological Safety

• Lipomodelling has been around 
for 100 years but safety 
concerns (imaging calcification 
artefact) in the 1980s caused a 
loss of interest.  Subsequently it 
was realised that it is easy to tell 
malignant change from 
lipofilling artefact.

• In the 1990s, Sydney Coleman 
reported on his technique and it 
saw a resurgence of popularity 
and an expansion of indications.

• Concerns regarding ‘adipose 
stem cells’ trigger cancer 
recurrence have never been 
proven.

• Numerous studies and meta 
analyses have confirmed 
oncological safety.

• UK Lipomodelling guidelines 
exist (Fatah et al, ABS and 
BAPRAS, 2012)



Indications for Primary Oncoplastic Surgery

• Relatively large tumour compared to breast size and patient/disease 
not suitable for neoadjuvant therapy.

• Adverse location: medial, inferior or central 

• Large breast size such that patient may benefit from reduction or 
uplift and risk of radiotherapy induced lymphoedema and severe 
radiotherapy side effects

• Likelihood of nipple malposition after surgery

• Likelihood of size or shape asymmetry



Indications for secondary oncoplastic surgery

• Positive margins after first wide excision

• Late cosmetic issues requiring correction: nipple height asymmetry, 
size asymmetry, indentation, distortion.



Contra-indications

• Positive margins

• Inflammatory breast cancer

• Relative contraindications:
• Prior radiotherapy

• Smoking

• Diabetes

• Multicentric cancer?



Breast Conservation Outcomes by % volume 
excised
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Media versus lateral location at 10-15% 
volume loss
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Extreme Oncoplasty

• Patients who would normally be offered 
mastectomy.

• Multifocal, multicentric or >5cm tumour

• Series by Silverstein et al, 2015, The Breast 
Journal.

• 83% (extreme) versus 96% (normal BCS) 
achieved clear margins (no tumour at ink) 
with 9% having re excision and 6% having a 
mastectomy.

• 1.5% local recurrence rate at 2 years  versus 
1.2% in the standard arm (P=not significant).  
Both slightly higher than the more usual 0.5% 
per year rate seen for standard BCS)

7 cm area of DCIS
extending towards
nipple.
Bracketted with 2 wires
and inferior pedicle wise
pattern reduction plus
contralateral immediate
symmetrization



Multicentric and multifocal disease

Plan pedicle position.

Intra-operative margin assessment (specimen 
X-ray, margin probes of various sorts) to avoid 
positive margins.

Careful recording of flaps and pedicles relative 
to tumour

Mark with clips for both Xray an margin re 
excision if needed



Planning examples.  
• More complex dermoglandular flaps/ therapeutic  

mammoplasty techniques.   

• May achieve resection volumes of 20-50%

• Many techniques available depending on the site of 
the affected quadrant;  Quadrant by quadrant atlas 
of procedures plus bespoke modifications.  E.g. 
Batwing for superior periareolar, grisotti for central, 
superior pedicle for inferior tumours etc.

• If planning conservation for multicentric disease, 
MRI is necessary, patient must be warned about 
risk of subsequent mastectomy and lack of level 1 
evidence of safety.

• May need multiple tumour wires





Key issues

• Oncoplastic options offered to all patients requiring mastectomy

• MDT discussion of all cases

• Training and CPD requirements

• Rates of implant loss less than 5%: Antibiotic use specified

• Regular audit

• Patient reported outcomes audited



ESTRO Teaching Course on the Multidisciplinary management of 
Breast Cancer.    
Dublin, Republic of Ireland.  September 2017

Classification and Techniques



Classification

Oncoplastic
surgery

Volume 
Replacement

Flaps

LD Miniflap

Thoracodorsal artery 
perforator TDAP

LICAP

Lipomodelling

Small volume (Coleman)

Large volume

Volume 
displacement

Level 1

Level 2

Grissotti

Wise pattern

Batwing

Donut

Round Block

Vertical Scar

Hall Finlay



Volume Displacement Techniques

• Selection of technique depends on the breast size, 
degree of ptosis, breast density, tumour size.

• Level 1: parenchymal mobilisation to fill relatively small 
defects with or without nipple re positioning

• Level 2: therapeutic mammoplasty



Level 1.  Local parenchymal flaps

• For small defects, 
parenchymal flap mobilisation 
to reduce indentation.

• Caution in the fatty breast, 
diabetics, smokers, post-
radiotherapy as increased risk 
of fat necrosis.

• Useful for small to moderate 
volume defects

• Nipple re positioning may not 
be necessary



Level 1 technique

Techniques involve wide skin flap elevation, tumour resection, parenchymal 

mobilisation from the pectoral attachment  and advancement into the defect.  

Nipple repositioning with concentric de-epithelialisation may or may not be 

needed.



Level 2 Oncoplastic techniques:  formal therapeutic 
mammoplasty with nipple re-positioning.  

• More complex dermoglandular flaps and mammoplasty
techniques

• Success depends on a good understanding of the vascular 
supply of the breast and in particular the nipple.

• Many techniques available depending on which quadrant 
contains tumour and the size and degree of breast ptosis.



Not a ‘one size fits all’ option

• Need to modify and tailor the operative approach to the patient:

• Ptosis is used to permit higher volume resection with skin envelope 
tightening to achieve a perter breast.

• Nipple height adjustment and re-centralisation integral to techniques

• Contralateral symmetrisation may be required at the same time or  
later

• Tumour position relative to flap blood supply must be considered so 
may need to modify techniques.  Some women may have anatomic 
variants with few feeding vessels to areolar plexus



Ptosis

• Pedicle length may be a consideration in very large breasts.

• For a superior pedicle, elevating the nipple by 6 cm may be 
the upper limit.  If more elevation is required a medial or 
inferiorly based flap is used.

• Very large ptotic breasts may be better with a broad inferior 
pedicle

• Pedicles may be ‘supercharged’, i.e base procedure  around 
an inferior pedicle but leave another de-epithelialised
pedicle attached.



The Wise Pattern Mammoplasty

• Suitable for tumours in many locations in the 
breast, suitable for very large breasts with 
significant ptsosis

• Pedicle position can be varied from inferior, 
inferomedial or lateral  to supero medial or 
lateral depending on pedicle length and 
tumour position.

• The angle and orientation of the W may vary 
from medial to central to lateral depending 
on tumour location

• Excellent cosmesis



Grissoti type procedure for centrally located 
tumours



Central tumours: Batwing mammoplasty



Donut mastopexy



Volume Replacement Techniques

Volume 
Replacement

Flap based

Pedicled flaps

Free flaps

Perforator 
Flaps

Lipomodelling

Low volume

High volume



Pedicled Flap:
The Latissimus Dorsi Mini-Flap

Used for significant skin and or volume replacement in the upper outer, 
central or upper lower quadrants of up to 50% breast volume/skin loss

Robust flap.  

Now largely superceded in the partial replacement setting by the less 
morbid TDAP/LICAP flaps.



Free Flaps

• Rarely used in the partial breast volume replacement setting and 
usually reserved for post mastectomy reconstruction

• DIEPs, TRAM, TUG.



Lipomodelling
• Based on injection of tiny fragments of living 

adipose.

• Small fragments will revascularise and remain viable

• Fat harvested from fat deposits with liposuction or 
small bore canulae and reinjected diffusely so no 
large ‘puddles’ of fat

• Aspirate centrifuged in theatre to remove liquid fat 
layer

• Small volume (Coleman) or large volume techniques

Riccardo Bonomi 
2016



Lipomodelling Indications

• Correction of defects due to breast conservation 
scarring

• Softening and relaxing of tethered scars

• Volume adjustment to correct asymmetry

• Whole breast reconstruction



Results: Indications for surgery

• 52 cases were performed with a median age 
of 53 (range 32-68).   

• In 85% of cases the small volume technique 
(Coleman) was used and more recently, large 
volume lipofilling was used, in 15% of cases.

• 77% were day surgery. 

Technique or indication Percentage

Volume replacement for 
indentation

44%

Volume symmetrisation 23%

Shape symmetrization 27%

Prior Conservation surgery 34%

Prior mastectomy and 
reconstruction

64%

Coleman 85%

High volume 15%



Lipomodelling Outcomes

• 92% had no early injection site 
complications

• 8% had late fat necrosis or oil cysts.

• 73% had no donor site 
complications.  

• 21% complained of donor site pain 
and 21% donor site bruising of 
bleeding.

• There was 1 local recurrence at the 
injection site.

• Patient satisfaction was good with 
only 12% expressing dissatisfaction.



ESTRO Teaching Course on the Multidisciplinary management of 
Breast Cancer.    
Dublin, Republic of Ireland.  September 2017

Surgical and Patient 
Outcomes



Problems and Complications

• Fat necrosis may delay adjuvant therapy

• Breast nodularity may necessitate biopsy and cause patient concern

• Increased complications of surgery such as wound dehiscence, nipple 
necrosis, flap failure, lipomodelling donor site issues

• Difficulty when re excising if margins positive

• Need for symmetrisation in some cases which adds morbidity to the 
surgery

• Costs are higher



Quality of life

• Quality of life is not necessarily just influenced by cosmesis and 
patients perceptions of subjective cosmesis may vary from objective 
assessments.  

• Results from studies are variable and quality of life does not 
necessarily correlate with cosmesis



ESTRO Teaching Course on the Multidisciplinary management of 
Breast Cancer.    
Dublin, Republic of Ireland.  September 2017

Thank You

Any Questions



DCIS – CRITICAL ISSUES

Reasons to reduce Treatment Intensity

New Approaches and Ongoing Trials

Maastro



Current Treatment Standard

- Surgical Excision  (BCT vs Mastectomy)

- Radiotherapy

- Tamoxifen (in ER+)

03/01/13
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Rate of irradiated patienst DCIS and BCT in Germany

03/01/13



Ductal carcinoma in situ

▪ DCIS per se does not increase breast cancer 
mortality

▪ Tumour cells are restricted to ductulo-lobular 
units not invading beyond the basement 
membrane

▪ Non-obligate precursor for invasive disease

▪ Risk for progression 14 – 53 %

▪ 50 % of recurrences are invasive 

▪ Due to screening activities lesions are identified 
at an earlier stage

▪ Improved pathologic work up – improves risk 
assessment



03/01/13
J Clin Oncol 2009

22 studies

4660 pts



03/01/13
J Natl Cancer Inst 2012

21 studies         7654 patients       



Breast Conserving Surgery of the Primary (DCIS) 

1. In women undergoing breast conserving surgery for DCIS and 

planned whole breast radiation treatment which minimum margin 

width is sufficient to avoid re-excision?

St. Gallen Result of Voting

No ink on DCIS? 34,6%

2 mm clearance? 61,5%

5 mm clearance? 0%

Margin is irrelevant? 0%

Abstain 3,8%

Stellungnahme der dt. Expertengruppe: 

Zustimmung; AGO empfiehlt bei Rändern <2mm über Nachresektion nachzudenken

8
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BMC Cancer 

2015

ME

BCT + 

RT 

BCT

Biopsy 

only

9494 Patients



Overall Survival ?

Invasive Recurrence ?

Any Recurrence ?

Time Interval to Recurrence ?

03/01/13

Treatment Objective



Can we identify these patients ?

Benefit

No 

Benefit

Harm ??

How can I select Patients ?



Individual Decision Making in DCIS – Patient Counseling

03/01/13

Age

Individual Risk

Patients preference

Benefit Harm



Risk Factors for Recurrence in DCIS

03/01/13

Resection margins 1a A ++

Age 1a A ++

Size 1a A ++

Grading 1a A ++

Comedo necrosis 1a A ++

Method of diagnosis 1a A ++

Focality 1a A ++

LoE / GR

Oxford / AGO 



Relative and Absolute Risk Reduction

Relative Risk Reduction by Therapy: 50 %

Absolute Risk   50 %      Individual Benefit 25 %

Absolute Risk   10 %      Individual Benefit   5 % 

03/01/13

Absolute Benefit: 

Number Needed To Treat



Results Low risk  RCT 

03/01/13

Remarks F-up (yr) BCS BCS + RT

EORTC 

10853

15 31% 18%

NSABP 17 17 35% 20%

SweDCIS 20 32% 20%

UK/NAZ +/ - Tamoxifen 12 17% 2.6%

RTOG9804 Low risk:

Grade 1-2, 

tumorsize < 2.5 cm, 

margin > 3 mm

7 6.7% 0.9%

NNT:7.7%

NNT:6.6%

NNT:8.3%

NNT:6.9%

NNT: 17.2 %



Individual Decision Making in DCIS – Patient Counseling

03/01/13

RadiotherapyNo Radiotherapy 

Young age (< 35)

G3

> 2,5 cm



Individual Decision Making in DCIS – Patient Counseling

03/01/13

72 years

comorbidity

G1/2

1.5 cm

No Radiotherapy 

Radiotherapy 



Prognostic score used by Sagara et al JCO 2016

Smith et al (2006): Likelihood of IBTR increases by 22% with every 1-point 

increase in the prognostic score.



Sagara et al JCO 2016

Still: some caution warranted, i.e. retrospective validation…..



Nomogram: A statistically based tool, that provides overall specific 

outcome for an individual patient. Instead of considering 1 single 

risk factor, or several factors seperately the nomogramm 

intergrates a number risk factors according to their weight

1868 patients from 1991 to 2006

10 clinical, pathologic and treatment variables identified

Cox proportional hazard model was constructed



Nomogram to predict DCIS recurrence



Nomogram for DCIS recurrence

http://nomograms.mskcc.org/Breast/Du

ctalCarcinomaInSituRecurrencePage.a

spx

http://nomograms.mskcc.org/Breast/Du


467 pts

The Cancer Journal 2014



New approaches

Biological approach

Can we identify patients with DCIS that will not become clinically 

apparent (and need no treatment at all ?)

Prognostic / Predictive approach

Can we identify patients with a very low recurrence risk ?

Can we identify factors, that indicate a benefit from RT ?
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JNCI 2013



PRKi-67

STK15

Survivin

Cyclin B1

MYBL2

GSTM1

Beta-actin

GAPDH

RPLPO

GUS

TFRC

Hormone receptor groupProliferation Reference 

genes

DCIS Score™ value:
• Continuous variable
• Values from 0 – 100 

DCIS Score® Wert: Genpanell

DCIS Score™ value risk groups 
• low < 39 
• intermediate 39 – 54 
• high ≥ 55



ECOG E5194 (PARENT STUDY)

Prospective multicenter study 1997-2000 (n = 670)
cohort 1:  low/intermediate grading, extent < 2.5 cm
cohort 2:  high grading, extent < 1 cm

Treatment
- Surgical excision
- free margins at least 3 mm
- no RT
- Tamoxifen optional

Solin et al. JNCI 2013 2011; Abstract  S4-6.



ALL IBE Invasive IBE

Solin et al. JNCI 2013

Annual risk of recurrence according to risk score



Study 

name

Study design Main patient inclusion criteria Aimed 

number of 

patients

Recruit-

ment

LORIS 

(UK)

Randomizes between 

active surveillance versus 

surgery

± RT

± Tamoxifen

Yearly mammography

Female, > 46 years; screen detected or incidental 

microcalcification (unilateral or bilateral); 

Nonhigh-grade DCIS confirmed by local 

pathologist on either small volume core biopsy 

or VACB

932 Since June 

2014

LORD 

(EORTC)

Randomizes between 

active surveillance versus 

surgery

± RT

± Tamoxifen

Yearly mammography

Woman of age ≥45 years, Calcifications only 

lesions, detected by population-based or 

opportunistic screening mammography; 

Representative vacuum-assisted core biopsy 

with pure low-grade DCIS

1240 Since 

December 

2015

CALGB 

40903

Neoadjuvant treatment 

with letrozol for 6 month 

with MRT controls at 3 and 

6 month

Resection in case of 

progression

DCIS without invasive cancer or with 

microinvasion on diagnostic core biopsy; 

Estrogen and/or progesterone receptor positive; 

postmenopausal patient

115 Since 

February 

2012

Ongoing Trials for ductal carcinoma in situ



Ongoing Trials – Critical Issues

• Reliability of Imaging (Extent of the lesion)

• Reproducibility of Grading

• Sampling Error 

• Definition of an acceptable endpoint

• Proportion of patients that can be included

03/01/13



To treat or not to treat DCIS ?

Take Home Messages

• Standard treatment for DCIS is still local excision followed by whole 

breast RT, however:

• Subgroups may be identified in whom RT can safely be omitted, 

based Nomogram and DCIS Score – but these need to be validated !!

• Currently 2 studies aimed at investigating whether any treatment can 

be omitted in screen-detected/ asymptomatic – extremely low risk 

DCIS

LORIS study: recruiting

LORD study: starts this Autumn
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DCIS: New Insights

Liesbeth Boersma, radiation oncologist

MAASTRO Clinic/ University Hospital Maastricht, The Netherlands

Thorsten Kuehn, surgical oncologist

Klinikum Esslingen, Germany

ESTRO Teaching Course on Breast Cancer, Dublin, September 2017



DCIS: New Insights

• State of the art treatment of DCIS – current evidence

L. Boersma

• Critical issues – Reasons to reduce treatment intensity

T. Kuehn

• New approaches and ongoing trials

T. Kuehn



Current evidence

• Effect of radiotherapy after lumpectomy on local recurrence

• Systematic review on effect of use of endocrine treatment

• Effect of RT on BCSS/OS

• RT – specific aspects

• Boost required?

• Hypofractionation?

• Partial breast RT 

• Who to treat ?  Risk factors  Thorsten Kuehn



Overview of studies on effect of RT on breast recurrences in 

DCIS

• 3 large meta-analyses

• Meta-analysis EBCTCG (2010), N = 3729: Lumpectomy +/- RT:

• Individual patient data of 4 RCTs

• Meta-analysis Stuart et al (2015), N = 9404: Lumpectomy +/- RT:

• Analysis of published data: 3 RCTs, 2 prospective and 21 

retrospective series

• Meta-analysis Garg et al (2017), N = 3680, Lumpectomy +/- RT:

• Meta-analysis of 4 published RCTs with longterm follow-up



Results of the EBCTCG meta-analysis: lumpectomy +/- RT: 

Ipsilateral breast events*

EBCTCG JNCI 2010

Incl. Tamoxifen
Conclusion of all analyses: 

• RT reduces LR with factor 2; 

• about 50% of recurrences concerns an invasive recurrence

(~  40% probability to become invasive if untreated at all)



Relative effect of RT independent of other factors

Also independent of:

•Detection method

•Grade

•Margin status

•Comedo necrosis

•Tamoxifen use

•Tumor size 

•Etc…



Absolute incidence of ipsilat breast recurrences*

Remarks F-up (yr) BCS BCS + RT

EORTC 108531 15 31% 18%

NSABP-172 17 35% 20%

SweDCIS3 20 32% 20%

UK/ANZ4 +/ - Tamoxifen 12 17% 2.6%

*: in all trials, about 50% of recurrences concerns an invasive recurrence

1Donker et al JCO 2013
2Wapnir et al JNCI 2011
3Warnberg et al JCO 2014 
4Cuzick et al Lancet Oncol 2012



Meta-analysis Stuart et al: 10 yr Ipsilateral Breast Recurrence

All Subset NOT receiving

Tam

Subset also

receiving

Tamoxifen

Mastectomy 2.6%

Lumpectomy + RT 13.6% 14.1% (7.2% invasive) 9.7%

Lumpectomy - RT 25.5% 25.1% (11.3% invasive) 24%

Biopsy only 27.8%

2 adjuvant Rx significantly less invasive LR than one or none adjuvant Rx



Effect of Tamoxifen in DCIS ?

NSABP-24 trial, 2011: N =1799 Tam vs placebo (all RT)

UK/ANZ  trial, 2011: N = 1576 Tam vs placebo (half +/- RT)

Preventive effect on

Ipsilateral DCIS

NSABP

UK/ANZ

NSABP

UK/ANZ Preventive effect on 

contralateral DCIS

Staley et al, The Breast 2014



Effect of Tamoxifen in DCIS?

NSABP-24 trial, 2011: N =1799 Tam vs placebo (all RT)

UK/ANZ  trial, 2011: N = 1576 Tam vs placebo (half +/- RT)

NSABP

UK/ANZ NO significant effect on 

ipsilateral invasive ca

NSABP

UK/ANZ Preventive effect on 

Contralateral invasive ca

Staley et al, The Breast 2014

Tamoxifen works mainly preventive in patients with 

DCIS, but not therapeutic



Does RT influence BCSS/ OS ?

Donker et al, JCO 2013

• All meta-analyses (EBCTCG, Stuart et al, Garg et al): 

No influence of RT on Breast Cancer Specific Survival (i.e. 97-98%) , 

nor on overall survival

• However, several studies show:

IF invasive recurrence occurs: BCSS is worse !

15 yr BCSS for invasive LR after biopsy only: 44.8% ! 



SEER- analyses – main focus at survival

Period Number

of 

patients

Main focus

Narod et al, 

JAMA 2015

1988-2011 108.196 10-20 yr BCSS

Qian et al,

OncoTargets &Therapy 2015

1998-2007 56.968 7 yr BCSS & OS

(No mastectomies)

Sagara et al,

JCO 2016

1988-2007 32.144 Prognostic score 

for survival

(No mastectomies)



Effect of RT on 20 yr Breast Cancer Mortality

Narod et al, 2015

Significant risk factors: Age; Race; ER status; Grade; Size

The risk of dying of breast cancer increased after experience of an 

ipsilateral invasive breast cancer (HR, 18.1 [95%CI, 14.0-23.6]; p < .001), 

but RT does not improve BCSS



Effect of RT on 7 yr OS and  Breast Cancer Mortality

Qian et al, 2015

Better OS after RT 

Better BCSS after RT, especially in young and ER negative patients



Prognostic score used by Sagara et al JCO 2016

Smith et al (2006): Likelihood of IBTR increases by 22% with every 1-point 

increase in the prognostic score.



Sagara et al JCO 2016

Still: some caution warranted, i.e. retrospective validation…..



Summary: risk on LR and on dying from DCIS

All studies show that:

• RT after lumpectomy reduces local recurrences

• About 50% of LR are invasive

• Risk of dying of breast cancer after DCIS is very low (2-3%)

• IF an invasive recurrence develops: risk of dying from breast cancer 

increases enormously (18 fold acc. to SEER data Narrod et al)

• But: preventing invasive LR by RT does not influence breast cancer 

specific survival…?! 

• Suggestion that RT indeed does improve survival in subgroups

• We need more knowledge on biology, apart from Grade

03/01/13



RT specific aspects: Boost required ?

• Retrospective series of 4243 DCIS patients from 4 countries, 10 

academic institutions, treated 1980-2010, with BC + WBRT +/-

boost.

Moran et al, 2017



RT specific aspects: Boost required ?

Moran et al, JAMA Oncol 2017



RT specific aspects: Boost required ?

Moran et al, JAMA Oncol 2017



RT specific aspects: Boost required ?

Moran et al, JAMA Oncol 2017

Waiting for results of TROG 0701 DCIS study (NCT00470236)

RCT with 4 arms:

Boost- no boost AND 

Hypof vs conventional fx

N = 1608

Inclusion 2007 – 2014



RT specific aspects: hypofractionation ?

2016

2016



Hypofx in DCIS

Isfahanian, Clin Breast Cancer 2016

• 2003-2008

• N = 348: 202 patients 2 Gy per fraction; 146 patients 2.67 Gy per fraction

• 5 yr:  LR 91% vs 94%

• Groups seem to be comparable regarding most risk factors, but 

retrospective and very small study..



RT specific aspects: hypofractionation ?

Oar et al, 2016

• 197 patients 2 centers in 

Australia: 

• 141 pts conv vs 56 hypofx

• 4.4 yr f-up, LR: 7.1%  vs 3.6%

• Risk factors seem evenly 

distributed, but retrospective..

Waiting for results of TROG 0701 DCIS study (NCT00470236)

RCT with 4 arms:

Boost- no boost AND 

Hypof vs conventional fx

N = 1608

Inclusion 2007 – 2014



Partial breast irradiation in DCIS



Partial breast irradiation in DCIS

• DCIS  is considered suitable for PBI, if acc. to RTOG 9804 low risk:

• Screen-detected, Grade 1-2, ≤ 2.5 cm, free margins ≥ 3 mm

• IBTR risk w/o RT: 6.7% at 7.2 yr (RTOG 9804)

• IBTR risk w/o RT:  14.2% at 12 yr (ECOG E 5194)

• Applying these criteria to APBI with mammosite:

• 40 patients: 5 yr risk IBTR 0%

• Pooled analysis DCIS treated with mammosite:

• 300 patients, 5 yr IBTR 2.5%

“These patients could also be offered endocrine Rx or observation alone”

• RCTs PBI  vs WBRT for DCIS are underway..!



Summary

• RT reduces LR rate after BCS with a factor 2, but effect on OS 

doubtful/ limited to subgroups.

• Probably we can discriminate 3 risk groups:

• High risk: RT is indicated, yields survival benefit – and boost may 

give additional benefit

• Intermediate risk: RT is to be discussed with patients, and burden 

can be reduced by hypofractionation and/or partial breast RT

• Low risk: RT can be withheld at all !

•  How to discriminate these subgroups ?



03/01/13
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Voting 1

• Please indicate the minimal 
acceptable margin in your unit?.  

1. < 5 mm

2. < 2 mm

3. <1mm

4. No tumour at ink

5. Involved over less than 4 mm 
(focally involved)

6. Involved over > 4 mm



Voting 2

• What factor would make you opt 
for a bigger margin than your 
unit minimum standard

1. Age under 40

2. DCIS only

3. Triple Negative cancer

4. Her-2 positive cancer

5. None of the above

6. All of the above



Voting 3.

• A 36 year old female with a 2 cm 
cancer (luminal B, grade 3) 
undergoes breast conservation 
resulting in the following margins:
• Deep: <1mm, not at ink

• Anterior: 2mm

• Lateral: pleomorphic LCIS at ink over 
3mm, invasive clear

• Medial: classical LCIS at ink, invasive 
clear

• Superior: 4mm clear

• Inferior: 10mm clear

• Which margins would you excise?

1. Deep, anterior, lateral

2. Lateral only

3. Lateral and medial

4. All margins except inferior

5. Would suggest mastectomy 
because of LCIS

6. No margins need re excising



The damage done in pursuit of the  clear margin….

• 20-40% rate of margin re excision, 
including some mastectomies

• Increase costs for re excision

• Use of costly margin assessment 
devices

• Pain and stress of re excisional 
surgery for the patient



Poor Cosmesis

• Breast Conservation Outcomes 
by % volume excised

0
10
20
30
40
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80
90

100

<5 5 to 10 10 to
15

15 to
20

>20

satisfied

not satisfied

Cochrane and Macmillan  2003, 
BJS



What constitutes a clear margin?

• General direction of travel is downwards….removal of the adjacent 
organ, removal of the whole breast, removal of the segment……



…….and then 5mm, 2mm, 1mm, no tumour at ink 
and ?focal +ve



Holland et al 1985, Vaidya et al, 1996

Excision margin around 
primary tumour (cm)

Patients in whom foci
would be left after BCS 
(%)

2 47

3 33

4 20

5 10



Local Recurrence Rates Falling

• Downwards trend towards 0.5% 
per year

• Better pathology assessment

• Better surgery/Intraoperative 
margin assessment

• Better RT plus boost

• Adjuvant systemic therapy
0
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5 year LRR

Local Recurrence rates in women under age 40 (van Laar
2013)



The Question:

• Are resection margins still relevant in the era of modern pathology, 
targeted RT and systemic therapy to tidy up inevitable small volume 
foci remote from the primary?



Factors affecting local recurrence risk

• Tumour and patient factors:
• Tumour size and stage

• Vascular Invasion

• Surgical positive margin

• Young age

• Tumour biological subtype

• Treatment:
• Radiotherapy 

• Adjuvant systemic therapy



Positive versus negative margins:

• Housami et al. Ann Surg Onc, 2014

• Large Meta-analysis of 28000 women undergoing BCS for invasive 
cancer, 1506 local recurrences across 33 studies 

• Overall mean LR rate was 5.3% at 79 months

• Relative risk of recurrence 2.44 for positive versus negative margin.  
Margin width made no difference



Large Danish Cohort (Bodilsen et al, 2016)

• 11 900 women treated with BCS

• Median FU 4.9 years

• Hazard ratio for a positive margin 
2.51 but final positive margins very 
rare (<1% of population.

• Chemotherapy reduced risk by about 
half but small numbers preclude 
assessment according to margin 
status
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Dutch guideline early data

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

clear focal positive positive

Recurrence

Recurrence

Note of caution: LRR was higher on subgroup analysis 
of younger women (<50 years) so probably NOT 
appropriate in this higher risk group.

Longer term follow up and more data are probably 
needed before adoption and pathology review of 
each case



Can we accept a positive margin?

• Rivere et al, 2016.  247 patients 

• Margin re excision performed in 23%
• 46 patients with a close margin, 

• 11 had a positive margin 

• The following variables were not 
predictive of residual disease: 
• tumor stage, 

• ER/PgR status, 

• HER2/neu receptor status, 

• nodal status. 
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Better imaging to define disease extent

• Digital tomosynthesis, contrast 
enhanced mammography and 
MRI all give better definition of 
disease extent and multifocality

• May detect cases where bulky 
residual disease may be present.

• Pathological correlates with pre 
operative imaging may be 
challenging however



Can Boost remove the need for clear margins?

• Lupe et al, 2011.  2264 women treated with BCS 
and WBRT and boost.  1980 had clear margins, 
222 close and 62 positive margins.  5.2 year 
follow up.   92% of close or positive cases had 
boost.

• When close/positive margin cases were matched 
to negative margin controls for other risk factors 
such as age, grade, subtype, the difference in 5-
year LR remained significant (4.25% vs. 0.7%, p < 
0.001).

• Housami meta-analysis found that correction for 
boost rates did not reduce the impact of a 
positive versus a negative margin 0

1

2

3

4

5

6

LR rate

P<0.001

negative close positve



Can systemic endocrine therapy remove the 
need for clear margins?

• Houssami meta-analysis showed 
+ve margin had significant 
negative effect even when 
adjusted for anti-oestrogen use 
and ER status.

• The NSABP B14 Trial of 
Tamoxifen versus placebo 
demonstrated a 14 versus 4% 
LRR



Impact of chemotherapy on local recurrence 

• NSABP B13, methotrexate 
plus 5FU versus no 
chemotherapy, LRR 
dropped from 13% to 2.6%.

• Housami meta-analysis was not able to 
look at positive margins corrected for 
chemotherapy or trastuzumab.  Most 
studies with adequate follow up 
predated use of trastuzumab.

• Most chemotherapy RCTs specify 
adequate surgery with clear margins



Impact of subtype:  Perhaps need to take into 
account when assessing whether to go back

2015

0

2

4

6

8

10

12

Luminal A Luminal B (her 2
neg)

Her 2 Positive
(non luminal)

Triple negative



Tailoring risk factors

• Subtype, margin involvement 
extent (focal or gross), planned 
adjuvant therapy.

• Are we at the stage where we 
can tailor our decisions?

• Probably not yet

• Most studies have excluded 
grossly positive margins and 
recruitment to trials would be 
challenging



Summary 1

• Consistent evidence that 
positive margins result in higher 
LRR, regardless of 
• Tumour biotype

• Age

• Systemic Treatment

• Boost

• Uncertainty regarding whether 
residual disease is present or not 
or whether it is small volume 
(and likely to respond to RT/CT) 
or large volume.

• Data shows that local recurrence 
at 5 years translates into 
increased mortality rates at 15 
years (EBCTCG) 



Summary 2

• Despite the costs:
• Increased mastectomy rates

• Increased costs

• Inferior cosmesis

• Additional technical costs (margin 
probes)

• Patient distress

•Margin negativity 
remains the gold 
standard.



Voting 1

• Please indicate the minimal 
acceptable margin in your unit?.  

1. < 5 mm

2. < 2 mm

3. <1mm

4. No tumour at ink

5. Involved over less than 4 mm 
(focally involved)

6. Involved over > 4 mm



Thank You.

ESTRO Teaching Course on the Multidisciplinary management of Breast Cancer.    
Dublin, Republic of Ireland.  September 2017
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Are resection margins still relevant?

Role of radiotherapy…

Liesbeth Boersma, radiation oncologist

Maastro Clinic/ University Hospital Maastricht, The Netherlands

ESTRO Teaching Course on Breast Cancer, Dublin, Sept. 10-13th 2017



Moran et al, IJRBOP 2014

i.e. in case of a free margin width > 0 mm…



Why is there no relation between LR and margin width > 0 cm ?

Actual key-questions:

What is the probability that residual tumorcells are present ?

• Is this dependent on margin width ?

What is the estimated amount of residual tumorcells ?

• Is this dependent on margin width ?



What if we apply SSO guidelines to a retrospective cohort ?

Merill et al, 2016

14% 17%

Total re-excision 

rate: 31%!



Probability of residual disease as a function of distance from 

primary tumor

Holland et al, 1985

• A: cases without tumor foci outside the tumor

• B: tumor foci < 2 cm of the tumor 

• C: DCIS > 2 cm of the tumor

• D: Invasive tumor > 2 cm of the tumor



Actual key-questions:

•What is the probability that tumorcells are left in situ?

• Is this dependent on margin width ? YES !

•What is the estimated amount of tumorcells left in situ ?

• Is this dependent on margin width ?

Why is there no relation between LR and margin width > 0 cm ?



Dose-effect relations are dependent on tumorload…

JW Denham, Radiother Oncol 1986



Elegant simulation study from NKI, The Netherlands



Methods

• Use of 2 important datasets

1. EORTC boost no boost trial:

N = 1282, all margins with < 10 mm, no EDCIS, including LR rates &  

margin widths

2. MARGINS database: 

Database of 60 patients, with pre-operative MRI matched with pathology

of wide local excision specimens

Described the relation between residual volume of disease and margin

width.



Methods

1. Determine residual tumor volume in wide local excision specimens in 

MARGINs database in relation to distance of invasive primary tumor, 

i.e. margin width

2. Calculate the TCP (LR) for different residual volumes using Webb-

Nahum model

3. Combine 1 and 2 to calculate the LR as a function of margin width

4. Compare the estimated LR with the observed LR rate in the EORTC 

dataset, as a function of margin width





Matched for age and grade 

485 in boost and 499 in no boost arm randomly selected, to match for 

age and grade



Results of margins database

Large variation in 

volume of 

disease around 

the primary 

tumor!



TCP model Webb-Nahum



TCP calculation as a function of residual microscopic disease

for 50 Gy or 66 Gy

- LR increases if residual volume of microscopic disease increases

- Higher dose for same amount of residual volume yields lower LR, 

especially for the larger volumes



Predicted TCP vs observed TCP as function of margin width

Only very weak 

association 

between LR rate 

and margin width !

Probably due to fact 

that patients with 

close or negative 

margins have large 

variation in residual 

volume  



Actual key-questions:

What is the probability that tumorcells are left in situ?

• Is this dependent on margin width ? YES !

What is the estimated amount of tumorcells left in situ ?

• Is this dependent on margin width ? NO ! Other factors 

more important, like age, grade and subtype:

• Chen et al 2014: simulation study & 

• Mihalcik et al 2017, analysis of LR, re-excision and

residual disease,  N = 1073

Why is there no relation between LR and margin width > 0 cm ?



What to do in case of involved margins ?

What in case of more than focally involved margins ?

Re-excision: 

• > 50% of patients: tumor is found in the re-excision specimen 

[ Schnitt et al, 1987; Gwin et al, 1993; Kearny et al 1995; Schmidt-Ullrich et al 1995, Merill et 

al, 2016].

• Risk on finding a lot of residual disease especially high in case of 

EDCIS (67%), multinodular disease, or diffuse invasive lobular ca 

(50%) [ Schnitt et al, 1987]



What to do in case of involved margins ?

What in case of focally involved margins ?

• Focally involved:  < 4 mm (acc to Dutch Guideline)

• Very doubtful whether re-excision is useful

• LR is increased: higher boost dose ?

• Discuss with your pathologist !!!!



What to do in case of involved margins ?

What in case of focally involved margins ?

• Focally involved:  < 4 mm (acc to Dutch Guideline)

• Very doubtful whether re-excision is useful

• LR is increased: higher boost dose ?

• Discuss with your pathologist !!!!



What to do in case of involved margins ?

Recent study on value of MRI to detect residual disease:

• 175 pts with re-excision for involved margins: 80% with residual disease

• Conclusion: MRI can accurately predict residual disease > 5 mm.



What happens if you accept focally involved margins ?

Results in the Netherlands:

Vos et al, 2017



What happens if you accept focally involved margins ?

Results in the Netherlands:

Vos et al, 2017

N = 1078 with focally involved margins

(out of 10.433 patients treated  2003-2008, 

and of whom resection margins were known 

(total treated 32.119 patients))

5 yr LR no re-excision + boost: 2.9%

5 yr LR with re-excision +/- boost : 1.1%

This difference is statistically significant, 

but clinical relevance doubtful, since:

No effect on 5 yr DFS and 5 and 10 yr OS



Conclusions (1)

Literature shows that:

• Margin width is related to probability that residual tumor is left in situ, but 

NOT to the amount of tumor left in situ ! 

• Higher boost dose results in lower LR, especially in case of LARGE 

VOLUME 

• BCT with boost for focally involved margins yields acceptable LR of about

3% at 5 yrs



Conclusions (2)

Thus:

• Since estimated risk on large volume residual disease is a more important 

risk factor for LR than probability on residual disease: 

• High boost dose and / or re-excision: only if high risk on LARGE VOLUME 

residual disease

• Risk factors like Young Age, LVI, Grade, TN,  seem to be associated with

larger residual VOLUMES, and require a boost.



Conclusions (2)

Margins ?

> 0 mm

• No re-excision

• Boost dose only 

in case of other 

risk factors, like 

Young age, LVI, 

Grade 3, triple 

neg.

Macrosc. involved

• Re-excision

• If not possible: 

high boost dose 

(EQD2 20-26 

Gy)

Focally involved

High risk on large 

residual tumor volume ?

NO                  YES

Boost 

Discuss with pathologist !!



Questions ?



What if we apply SSO guidelines to a retrospective cohort ?

Patten et al 2017

Less “positive margins”, 

and less re-excisions, 

with same LR 1.2 vs 

1.5%, short follow-up !!



What happens if you accept focally involved margins ?

Results in The Netherlands:

Margin involvement in 2009:

5 yr IBTR in NL (2003-2006) : only 2.38% (2.18-2.60%) !!

N = 22.450

Van der Heiden et al, Ann Oncol 2015

Van der Heiden et al, Br C Res Tr 2012 



What happens if you accept focally involved margins ?

• Dutch Cancer Registry, 2003-2006: N = 22.450

• Boost only given if Risk Factors like G3, LVI, Age < 50 yr, or Focally 

involved margins

• 5 yr IBTR : 2.38% (2.18-2.60%) 

• NKI/AVL, 1980-2008 : N = 8485 

• 5 yr IBTR:  2% ( if < 40 yr: 4%)

• 10 yr IBTR: 5% (if < 40 yr: 9%)

Van der Heiden et al, Ann Oncol 2015

Results in the Netherlands:

Bosma et al, Br C Res Tr 2016
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Boost and APBI - delineation

Liesbeth Boersma, radiation oncologist

MAASTRO Clinic/ University Hospital Maastricht, The Netherlands

ESTRO Teaching Course on Breast Cancer, Dublin, September 2017



Theoretical concept of the Clinical Target Volume for the boost

• CTV for the boost: 

– The rim of breast tissue – that has been localized < 1.5  - 2 cm 

around the primary tumor.

– Margin of 1.5 - 2 cm is debatable – e.g.< 3.0 cm in case of PBI 

(Kirby et al, R&O 2010).

• Delineation is dependent on the post-op situation; 3 post-operative 

situations can be recognized:

– Clear seroma cavity present

– No seroma cavity present

– Partial seroma cavity present



Pre-operative  situation

Region with microscopic 

extension, within 1.5 cm of 

primary tumor 

1.5 cm

Tumor

Micr. extension

1.5 cm

Rim of 

excision

Excision, with free resection margins < 1.5 cm in all 

directions

Excision, with free resections margins > 1.5 

cm in some directions

Boersma et al, 2012



Tumor

Micr. extension

Region with microscopic 

extension, within 1.5 cm 

of primary tumor 

Seroma cavity

Rim of excision

Tumorbedcav: That part of the rim 

of the seroma cavity where the 

resection margin is < 1.5 cm

1. Post-op situation: 

complete seroma cavity present

Excision, with free resection margins < 1.5 cm in 

all directions

Excision, with free resections margins > 1.5 

cm in some directions

CTV

1.5 cm minus free margin

1.5 cm minus free margin

Boersma et al, 2012



2. Post-op situation: 

no seroma cavity present

Internal surgical scar

CTV

Tumorbed after closure of 

lump cavity

1.5 cm minus free margin

Region estimated to encompass 

the tumorbed

Micr. extension

Region with microscopic 

extension, within 1.5 cm 

of primary tumor 

Boersma et al, 2012



3. Post-op situation:

partial seroma cavity present

Internal surgical scar

CTV

Tumorbed after closure of 

lump cavity

1.5 cm minus free margin

Region expected to encompass 

the tumorbed

Micr. extension

Region with microscopic 

extension, within 1.5 cm 

of primary tumor 

Partial seroma cavity

Boersma et al, 2012



Example ....

Pre-operative 
imaging

•Minimal free  
margin = 2 
mm; 

•CTV margin 
1.3 cm

•Free margins > 
1.5 cm in all 
directions, 
except in medial 
direction, free 
margin 2 mm. 

•CTV margin 1.3 
cm medial

Tumorbed

CTV

PTV



Key-question: 

• Use of pre-operative information:

– Physical examination, Mammography, MRI

– MRI/CT/ultrasound in treatment position ?

• Use of post-operative information:

– Imaging: Clips, density data on CT, MRI, ultrasound

– Surgical report

– Knowledge on the 3D distribution of free margins

How to find this tumorbed or “the rim of the excision cavity 
with a resection margin < 1.5 cm” on a plannings CT?



Difficult interpretation of resection margins in 3 D, 

especially in case of seroma AND ≥ 1 margin > 15 

mm

Boersma et al, Radiother Oncol 2012



Use of a pre-operative (contrast-enhanced ?) CT in 

RT position

Kirova et al, IJRBOP 2008

Gross Tumor Volume prior to 
surgery



Preliminary results delineation study+/- pre-op CT

N = 26, 5 observers

Use of a pre-op CT in RT position for delineation of the boost CTV, 

yields significant smaller interobserver variation, and smaller boost 

volume. However, the effects are rather modest.

Boersma et al, Radiother Oncol 2012



Slide courtesy Ph. Poortmans

Localization of the boost: are clips reliable ?



Placement of clips using a strict protocol

UK-protocol:

6 x 2 clips

At 4 points: medial, lateral, superior & 
inferior, at the level of the tumor.

In the center of the deep margin, 
usually at the fascia, and 
superficially, beneath the skin.

Coles et al, EJSO 2008



Shape and size of the cavity change with time after surgery

Hurkmans et al, R&0 2008
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How to deal with a changing excision cavity ?

• Make planning CT  > or < 8 weeks ?

• MRI data suggest that seromas do

no shrink entirely; Instead, new

tissue may be laid down in

concentric rings.

From Whipp & Halliwell, IJROBP 2008

• Ask surgeon to adapt surgical technique, to avoid presence of 

excision cavity ?



Oncoplastic surgery

Menke et al, NTVG 2007
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GEC-ESTRO guidelines for PBI/ boost in case of 

multicatether brachytherapy: five steps

1. Detailed knowledge on: 

• Preoperative imaging (mammography and/or MRI and/or 

ultrasound); 

• Surgical procedure: number of clips/ how placed ?

• Free margins in 6 directions

2. Tumor localization before BCS, translation into CT planning scan

3. Calculation safety margins for the CTV in all 6 directions.

4. Definition of the CTV and PTV

5. Delineation of the CTV and PTV

Strnad et al, 2015



1818Strnad et al, 2015

Aim for size of CTV 

between 50-250 cc:

CTV < 50 cc: large risk 

on geograohical miss

CTV > 200- 250 cc: 

large risk on 

complications
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WS: Whole Scar

ImTV: Imaging related target 

volume

ETB: Estimated Tumorbed

CTV = ETB + 20 mm minus 

resection margin, but al teast 

10 mm

Strnad et al, 2015



Summary CTV boost and CTV PBI

Boersma L et al. Radiother Oncol. 2012;103:178-82.

1.5 cm

BOOST = 

HIGH RISK 

PATIENTS

2 cm

APBI = 

LOW RISK 

PATIENTS

Slide courtesy Ph Poortmans



Questions ?



2222

The homework case: case 1 - APBI

• 52 years; 62 kg/168 cm, with a screen detected lesion, upper-inner 

quadrant of right breast

• Pathology: IDC

- Surgical report of lump with SN:

- Tumour marked with iodine seed, incision just outside areola from 10h30 

– 01h30; 

- Mobilising of skin in all directions; 

- Marking of lumpectomy cavity with clips; 

- Mobilising glandular tissue above pectoral fascia; closure of cavity and 

skin



2323

The homework case: case 1 - APBI

Pathology report:

• pT1bG1N0(SN 0/1)M0; ER ++; PR ++; Her-2-Neu  -

• Tumour-free margins: 

• cranial = 0.6 cm

• caudal = 1.5 cm

• medial = 1.2 cm

• lateral = 0.8 cm

• anterior/ventral/skin = 0.4 cm

• posterior/dorsal/pectoral = 0.4 cm

Treatment:

• No adjuvant systemic treatment.

• Participates in IRMA trial (® WBI vs EB-APBI): randomised for APBI.



2424

The homework case: case 1 - APBI



Smaller volumes: boost and APBI

03/01/13

Marianne Aznar

The Christie/University of Manchester

University of Oxford

Rigshospitalet, Denmark



IMAGE GUIDANCE: 

WHICH MODALITY?

HOW OFTEN

WHICH STRUCTURE?

And how can we do this ???? With image guidance !

03/01/13



Availability of IGRT to day

R&O 2014

69% of MV machines equipped for IMRT

49% equipped for IGRT



IGRT: patterns of practice in the US

03/01/13

Nabavizadeh et al IJROBP 2016

Lung, oesophagus, anus, prostate: same patterns



Technology party !!!

03/01/13



How important is it ?

breast

43%

head and neck

20%

pelvic

20%

other

17%

re-scanning

03/01/13 Data courtesy of Rob Chuter, the Christie



WHOLE BREAST/ CHEST WALL



Image guidance
Field light / Beam’s-eye-view (portal) images, MV

•Check the CLD

•long or vert ?

•Only one ”direction”



Image-guidance for whole breast (+/- nodes)
E

P
ID

k
V

 C
B

C
T

• EPID  field images (i.e. not 

orthogonal) underestimate bony set-

up errors by 20% to 50%

• Difference probably insignificant for 

tangential whole breast irradiation

• Loco-regional treatment or more 

advanced techniques (SIB? IMRT?) 

could benefit from a more accurate 

set up.Topolnjak IJROBP 2010



Image-guidance for chest wall or whole breast 

Solution: use 

orthogonal images

• AP-lat

• tangential 

+orthogonal

• kV-MV

• kV-kV

Petillion et al JACMP 2015 : 

Tangential kV-kV (green) superior to AP-lat kV-MV (red)



kV versus MV

EPID (MV) images: low constrat

• Planar kV images: better image quality



Orthogonal images: registration

03/01/13

Verify: 

• sternum/ribs

• spinal cord

• clips (if visible)

• Skin contour 

(for swelling, 

not positioning)



Other possible improvements

CBCT images (3D information)



Image-guidance for whole breast/CW (+/- nodes)

Highly conformal /complex techniques

Feng et al IJROBP 2014

Even with daily 

kV, the 

remaining set up 

error justifies a 

considerable 

margin (8mm SI) 

(compared to 

CBCT, 

registered on 

clips)



CBCT acquisition

03/01/13

Note difference in avoidance

of contralateral breast

Donovan et al BJR 2012



CBCT: also possible (and maybe more necessary) 

for non-supine positioning

03/01/13 Jozsef et al, IJROBP 2011



Take home message: bony registration

Tangential MV will underestimate positioning uncertainties

orthogonal images (MV or kV)

CBCT will offer more information about the position of the OAR

exact benefit unclear

data vs qualitative experience (see more? Faster?)



IMAGE GUIDANCE: HOW OFTEN? 

IMAGING DOSE?

03/01/13



Dose burden from different image modalities 

PVI set of orthogonal images (about 1 MU / image)

~ 4 mSv

CBCT

~ 1.5 mSv (maximum value)

kV set of orthogonal images 

< 1 mSv

IR

No dose

NB: approximate numbers !!



Other possible improvements

IR

Exac Track Infrared

Surface scanning

Courtesy of BH Kristensen, DK



Image-guidance for whole breast (+/- nodes)

Target with “high deformability”

Number of cameras ???

Difficult to distinguish between set-up 
error and anatomical changes (or 
breathing)

Combination with x-ray IGRT still 
recommended (Betgen RO 2013)

Bert et al (2 cameras)



Imaging every day versus few days

OFFLINE protocol: NAL or ”no action level“

Imaging first3-5 days…. + once in the middle

Systematic
Random

random

De Boer at al IJROBP 2005



How much accuracy do we actually gain ??

1SD systematic [mm]

lat      lng     vrt 
_________________________________________________________________________________________________________________

no imaging           3.7     3.3     3.5
no tolerance

1st fraction 3.7     3.3     3.4  

tolerance of 5 mm

with NAL                1.5      1.6     1.6

Comparing no images at all to one image on first day: reduction of 

the systematic uncertainty

Courtesy of Mirjana Josipovic, Rigshospitalet



Still concerned about the dose?

03/01/13

Note difference in avoidance

of contralateral breast

Donovan et al BJR 2012

CB dose = 1.2cGy

CB dose = 0.5cGy



Still concerned about the dose?

03/01/13

CBCT dose and image quality

< 0.2 cGy per image

Courtesy of A. Bryce-Atkinson

, U of Manchester



• IGRT still under-used in breast (compared to other sites)

• Weekly images are not an efficient way to reduce 

uncertainties

➢ Consider an offline (NAL / eNAL) protocol

➢ Optimise image quality vs dose

• Daily imaging is the only way to address both systematic 

and random uncertainties

Take home message for IGRT 

modality/frequency: 

Image-guidance for partial breast irradiation



APBI/BOOST



Setup

fields

Treatment fields



Image-guidance in partial breast 

irradiation: implanted markers

CBCT: match 

on soft 

tissue/clips

2D kV images: 

match on clips
MV images: 

match on clips

Topolnjak 2011

Leonard 2010



Visibility in MV imaging ?

Titanium vs gold



Example:  2D imaging for APBI

3 gold markers (1.2 x 3mm)

AP kV, lateral MV daily   +    MV acquisition (open fields)

1cm PTV

No evidence of migration

Average shifts:

- 3mm AP

- 2mm LR

- 2mm sup inf

But displacements of up to 10 mm observed

03/01/13

Leonard et al IJROBP 2010



Example: CBCT for sequential and integrated 

boost

Import HIGH

IMRT (tangential and “real”)

sequential vs integrated boost

1 cm whole breast PTV, 5mm boost PTV

38 patients with boost CBCT (offline or daily)

Systematic and random errors of 

approx 3mm (before correction)

1.5 mm after correction

03/01/13

Donovan BJR 2012



Partial breast /integrated boost

the example of ”IMPORT HIGH”

WB

PB
TB

Comparing bone registration

to clips-based reg
2014



Clips can be used as a surrogate of the PTV (tumour bed)

Reduction in PTV (tumourbed) from 8 to 5 mm with clips-

based IGRT, daily or with eNAL

Modest dosimetric impact



Time varies per institution, even when using the same technique

2D kV scores both as fastest and slowest !

Inter and intra- observer error < 1.4mm for all modalities



IMPORT (low: APBI, high: SIB)

03/01/13

• Gold seeds visible 

both in planning CT 

and in verification 

imaging

• Stable (no migration)

• Artefacts in 1/50 

patients

Coles CE. R&O 2011  



Take home message for APBI/Boost: 

Image-guidance for partial breast irradiation

Clips can be representative for
• the location of the tumor bed

• the location of the whole breast

Registering on clips is time-efficient and can allow for

margin reduction of the tumour bed PTV

kV-CBCT, MV-CBCT, 2D kV are equivalent in terms of

accuracy if registering on clips

➢ 2D MV as well, if clips are visible

Penninkhof Radiother Oncol 2009



Note of caution using clips for registration

seroma

Lewis et al J Med Rad Sci 2015



What margin for YOUR institution?

It depends on many parameters:

Immobilization/interfraction motion

Breathing/intrafraction motion

Observer uncertainty (delineation + matching)

Set-up verification (IGRT): type and frequency



Random vs systematic uncertainties

CT 

planning

Treatment fractions

Systematic

Random

M = 2.5 Σtot + 1.64 (σtot-σp)

Where Σtot=√(Σ1
2+ Σ2

2+ Σ2
3….)

systematic random

NAL

daily



Take home message for IGRT in general: 

Image-guidance for partial breast irradiation

• IGRT may be the most efficient way to reduce

uncertainties in breast cancer RT

• Even more crucial with hypofractionation (see

Wednesday)

• There are ways to reduce the dose from images/ the

resources involved



APBI and SIB

Different techniques



APBI: 3DCRT non coplanar vs VMAT

3DCRT

VMAT



APBI Right

• 10 x 3,85 Gy twice per day



Beams

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



PTV

■ 3DCRT

▲ VMAT



Lung Right

■ 3DCRT

▲ VMAT



Contralateral

■ 3DCRT

▲ VMAT

__ Heart

__ Breast Left

__ Lung Left



3DCRT non coplanar vs VMAT

3DCRT

VMAT



APBI Left

• 10 x 3,85 Gy twice per day



Beams

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT

VMAT



Isodoses

3DCRT VMAT



PTV

■ VMAT

▲ 3DCRT



Heart and Lung Left

■ VMAT

▲ 3DCRT

__ Heart

__ Lung Left



Contralateral

■ VMAT

▲ 3DCRT

__ Breast Right

__ Lung Right



APBI Left

• 10 x 3,85 Gy twice per day



VMAT patient



Isodoses



Isodoses



Isodoses



Isodoses



Isodoses



DVH



SIB right

• 21 x 2,17 on whole breast

• 21 x 2,66 on primary tumorbed



SIB

FiF IMRT3DCRT IMRT



FiF IMRT3DCRT IMRT



DVH

■ FiF

▲ IMRT



DVH values

Lungs Heart

V20 MLD V20 V10 V5 MHD

FiF 6,3 414 0 0 0 110

IMRT 5,3 331 0 0 0 53



SIB Left

• 21 x 2,17 on whole breast

• 21 x 2,66 on primary tumorbed



FiF IMRT

3DCRT IMRT



FiF IMRT3DCRT IMRT



DVH

■ IMRT

▲ FiF



DVH values

Lungs Heart

V20 MLD V20 V10 V5 MHD

FiF 5,2 321 3,4 4,9 11,1 310

IMRT 5,2 321 2,9 4,9 10,3 278



Breast Left SIB RA

23 x 2,03 Gy on thoracic wall

23 x 2,66 Gy on primary tumorbed



Isodoses



Isodoses



DVH



T. Kuehn

Klinikum Esslingen , Germany

Multidisciplinary Course on Breast Cancer

Dublin 10.-13.9.2017

Current Application of SLNB and ALND: Indications, 

Techniques and Timing



Todays issues in lymph node surgery

1.Evolution of lymph node surgery and 
oncologic significance

2.Standard techniques and new 
developments

3.Reliability and utility of SLNB in 
primary surgery and after PST



Time Journey of axillary management

3



4

The management of lymph nodes 

reflects treatment strategies 



Objective of lymph node surgery: 

Mechanical removal of tumor cells

Until 1980:

Exclusive 

local strategy



NSABP 04

R
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N
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primary 

operable 

breast cancer

Radical

Mastectomy           

Mastektomie

Mastectomy 

Radiation

OS 

ns 

Fisher et al. NEJM 2002

Invasive breast cancer is a (predominantly) 

systemic disease



Nodalstatus – prognostische Bedeutung

04/02/09

Lymph Node Involvement and Prognosis

Tumor Registry Munich: Breast Cancer

Overall survival according to LN involvement

(n=29645 pts)



AXILLARY DISSECTION (ALD)

8

Lymph Node Surgery became a 

diagnostic procedure in cN0 patients

cN0 – good prognosis – no CHT

cN1 – bad prognosis - CHT

Prognosis based 

strategy



Axillary Dissection

9 Titel • Vortragsort • Datum • 
Veranstaltung • Referent

10 - 25 LNs



Long Term Morbidity after ALND

3.3%2.6%

17.6%

23.9%

29.9%

22.9%
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T.Kuehn et al. Breast Cancer Res Treat 2000



Endoscopic Axillary Dissection

Kuehn et al. Br. J Surg 2001



Tumor

Sentinel

Non-Sentinel

Sentinel Lymph Node Biopsy
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Feasibility and Accuracy of SLNB in primary Surgery

No 
Patient
s

Feasibility
Detection 
Rate

Accuracy RR

Metaanalysis
Kim 2006

8059 89.0  %
CI 95% (80.0-
92.0%)

7,14 %
CI 95%
(6.04-
10.45%)

NSABP B-32
Krag 2010

5611 97.2 % 9.8 %
CI 95%
(7.8-12.2%)

0.7 %

14



Krag et al The Lancet 2010



Current Status of axillary lymph node determination

SLNB is the standard procedure to determine the pN-
status in all patients who undergo primary surgery

irrespective of

- size

- location

- focalty/centricity

Axillary dissection is no diagnostic procedure to 
determine the pN - status



Injection Technique

Tracer

- Radioactive colloid

- Blue dye (Patent blue, Isosulfane)

- Combined technique

Injection Technique

- peritumoral, intradermal, periareolar

04/02/09



lymphatic drainage form the breast

- functional anatomy -



FNR and number of removed SLNs in

19

All 1 SLN 2 SLN 3 SLN > 3 SLN

NSABP B 
32

9,8% 17,7 % 10,0 % 6,9 % 6,5 %

SENTINA
14,2
%

24,3 % 18,5 % 4,9 %

ACOSOG 
1071

14,7
%

31,5 % 21,1 % 9,0 % 9,09 %

Primary Surgery

After PST
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Lymphoscintigraphy

04/02/09



Scenzi Study

Injection of 
radiocolloid and 
lymphoscintigraphy

Surgeon not 
aware of LS 
result

Surgeons 
aware of LS 
result

SLNB
1:1 

Arm A

Arm B

Kuemmel, Kuehn et al. ASCO 2017



Primary Endpoint….

Number of SLN detected

histologically

parameter value

LSG known 

N=585

LSG 

unknown 

N=578

Overall 

N=1163

Difference 

in means

one-sided 

CI

Number of SLN 

detected histologically

Mean 2.207 2.258 2.232 0.051 (-0.18,inf )

StD 1.470 1.497 1.483

Median 2.000 2.000 2.000

Min, Max 0.000, 13.000 0.000, 11.000 0.000, 13.000



Results…

Secondary Endpoint….

Positive nodal status detected with 

SLNB

Parameter

LSG known 

(N=566)

N(%)

LSG unknown 

(N=561)

N(%)

Overall 

(N=1127)

N(%)

All SLN negative 444 (78.4) 437 (77.9) 881 (78.2)

At least one SLN involved 122 (21.6) 124 (22.1) 246 (21.8)

95% CI for pN+ (18.2%, 25.2%) (18.7%, 25.8%) (19.4%,24.4%)



Scenzi Study

Kuemmel et al. ASCO 2017

Conclusion

Lymphoscintigraphy does not 

improve the performance of 

radioguided SLNB



Drawback of the radioguided SLNB

• 99Tc is produced only in a few reactors 
worldwide which compromises its supply

• Dependency on a nuclear medicine unit

• Cannot be injected by the surgeon

• Radiation exposure of patients and health care 
personel

• Logistical challenges (handling and disposal of 
isotopes, training of staff, legislative 
requirements)

26



Availability of SLNB
(estimated 500.000 patients / year)

• 60 % in developed countries

• 5 % in China

• Even less in other parts of the world

27

Rescigno et al.  Ann Surg Oncol 2009

Leong  et al. Worl J Surg 2010



Alternative Detection Techniques
- under investigation -

• ICG (Indocyanin Green Fluorescence)

• SPIO (Superparamagnetic Iron Oxide)

• CEUS (Contrast-enhanced ultrasound using 
microbubbles)

28



Indocyanin Green Fluorescence 
(ICG)

29

• Binds to plasma proteins

• Associated with a high affinity to the vascular 
compartment

• Illuminates tissues of interest (when excitation 
light of 760 nm is irradiated)

• Light emission at the wave lengh of 750 -800 nm

• Visualisation by an imaging system



Indocyanin Green

30Van der Vorst Ann Surg Oncol 2012



Indocyanin Green

31Aoyama et al W J Surg Oncol 2011

Patients:                         312

Detection rate:                100 %

Mean number of SLN   :      3.41

Non – SLN:                          1.66

Total LN:                               5,04            



Superparamagnetic Iron Oxide (SPIO)

32



We could not identify any technique 

that challenged the existing 

standard procedure



Implications of axillary staging

Systemic Treatment

Local Treatment

- ALD

- Radiotherapy

04/02/09



Introduction of intrinsic subtypes

04/02/09

biology and 

prediction based 

strategy



Introduction of intrinsic subtypes

04/02/09



Luminal A                 no CHT

Luminal B

HER 2 pos                 always CHT (except for very low tumor burden)

Triple Negativ          always CHT (except for very low tumor burden)

37

Gene Expression

Prognosis based strategy Prediction based strategy

Do we need the information of the axillary status ?



Therapeutic Implication of Axillary Status

- Systemic Treatment  

- Surgery

- Radiotherapy
(EBCTCG, MA 20, EORTC)



Do we need axillary Staging at all ?



INSEMA – Study
(Deutsche Intergroup-Studie)

B.Gerber, T.Reimer



Conclusion SLNB in Primary Surgery

- Is the current standard of care for every patient 
with invasive disease

- Easy to perform, high reproducibility

- High Accuracy

- Oncologic Safe (Negligible Recurrence Rate)

In 20 years ? 



Neoadjuvant Chemotherapy

• Allows less extensive Surgery

• Increases the Rate of BCT

• Provides information on Response to 
Chemotherapy

42



Pathologic Complete Response and Long-Term Clinical Benefit in 
Breast Cancer: The CTNeoBC Pooled Analysis

Cortazar P, et al. Lancet. 2014;384(9938):164-172.



Baden Baden 2013







Definition: pathologic complete response (pCR)
(FDA)

47

„Pathologic complete response 

(pCR) is defined as the absence of 

any residual invasive cancer on 

evaluation of the resected breast 

specimen and all sampled ipsilateral 

lymph nodes following completion of 

neoadjuvant systemic treatment“



SLNB before or after PST
- clinical utility -

• SLNB before NACT

– Provides information on original prognosis

– Improves locoregional treatment decisions            
(radiotherapy)

• SLNB after NACT

– Avoids 1 operation

– Reduces the rate of axillary dissections

– Provides information on pCR
48



SLNB after PST ?

• Feasible ?

• Reliable ?

• Safety ?

49



SLNs detected and removed

99.1%

60.8%

80.1%

SLNB prior to

any therapy

Re-SLNB after

SLNB + NACT

1013/1022 474/592219/360

Arm A + B Arm  B Arm  C

50

P < 0.001

P < 0.001

P < 0.001

SLNB after NACT

for cN1      ycN0

Kuehn et al. Lancet Oncol 2013;14:609-18



GANEA:
French Prospective Multicenter Trial

Classe et al. JCO 2008

Detektionsrate

% No. of Patients Total Patients x² P

All 90.1 176 195

N0 94.6 123 130 0.008

N1 81.5 53 65

Falsch-Negativ-Rate

% No. of Patients Total Patients x² P

All 11.5 6 52

N0 9.4 3 32 0.66

N1 15.0 3 20



52



53





© AGO e. V.
in der DGGG e.V. 

sowie 

in der DKG e.V.

Guidelines Breast

Version 2016.1

www.ago-online.de

Axillary Intervention Before or After NACT

SLNB before or after NACT in cN0

SLNB before NACT

SLNB after NACT

2b

2b

B

B

+

+

Further surgical procedures depending on SLNB status

cN-Status

(before NST)

pN-Status

(before NST)

cN-Status

(after NST)

Surgical

Procedure 

(after NST)

cN0 pN0(sn) - nihil 1a A +

cN0

pN+(sn)

(analog ACOSOG Z0011)

ycN0

nihil

Re-SLNB alone

ALND

3

2b

3

B

B

B

+/-

-

+/-

cN0

pN+(sn)

(not analog ACOSOG Z0011)

ycN0

Re-SLNB alone

ALND

Axilla XRT

2b

2b

2b

B

B

B

-

+

+

cN0 not done ycN0
ypN0 (sn)

SLNB alone

ALND

2b

2b

B

B

+/-

+/-

ypN+ (sn) ALND 2b B +

cN+ cN+

(CNB/FNA + clip placement)

ycN0

ycN+

SLNB alone*

ALND

ALND

2b

2b

2b

B

B

B

+/-

+

++

Oxford / AGO

LoE / GR

* Analogue ACOSOGZ1071

http://www.ago-online.de/
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19. In a patient who is clinically (at palpation and US) node negative at 

diagnosis: 

When is the best time point for SN biopsy? 

St. Gallen Abstimmungsergebnis:

Before the start of neoadjuvant chemo 20%

After neo-adjuvant chemo 60%

Either before or after chemo are valid options 16,7%

Abstain                                                                             3,3%

Stellungnahme der dt. Expertengruppe: 

Zustimmung

Surgery of the Axilla following Neo-Adjuvant 

Chemotherapy 

57



SLNB after NACT in cN1 Patients

• Clinical Utility

• Feasible ?

• Reliable  ?

• Safe  ?
58



Do we have clinical need ?

59



SLNs detected and removed

99.1%

60.8%

80.1%

SLNB prior to

any therapy

Re-SLNB after

SLNB + NACT

1013/1022 474/592219/360

Arm A + B Arm  B Arm  C

60

P < 0.001

P < 0.001

P < 0.001

SLNB after NACT

for cN1      ycN0

Kuehn et al. Lancet Oncol 2013;14:609-18



FNR and number of removed SLNs in

61

All 1 SLN 2 SLN 3 SLN > 3 SLN

NSABP B 
32

9,8% 17,7 % 10,0 % 6,9 % 6,5 %

SENTINA
14,2
%

24,3 % 18,5 % 4,9 %

ACOSOG 
1071

14,7
%

31,5 % 21,1 % 9,0 % 9,09 %

Primary Surgery

After PST



Neue Metaanalyse

62

N 7451

Detektion 89, 6 %

FN-Rate 14,2 %

Int J Cancer 2016

„Based on the largest series of studies ever meta-analyzed, our findings

highlight the limits of SNB performance in this population, where the 

impact of SNB on patient survival is still to be defined“.



SLNB after NACT in cN1

• Clinical utility: 

• Feasibility: 

• Reliability:

• Safety:                      ??            
63



Can Success Rates be Improved ?

• Combined Tracer

• Resection of > 2 SLNs

• Ultrasound of the Axilla

• Search for Micromets and ITC

• Targeted Axillary Dissection
64



65

Boughey et al JAMA 2013



Combined tracer ? 
Mulivariate analysis SENTINA on FNR

66Kuehn et al. Lancet Oncol 2013



Remove > 2 SLN ?

67

34 %



© by Thorsten Kuehn, Esslingen 68

Not confirmed in the 

SENTINA TRIAL



69



Targeted Axillary Dissection

(TAD)
Clip localisation of a positive lymph 

node at the time of biopsy and targeted 

resection of this lymph node after PST



FNR bei TAD +/- SLNB

71Caudle A et al. J Clin Oncol 2016

SLNB alone: 

10.1 %

SLNB + TAD: 

1.4 %

Unicenter

retrospective





© AGO e. V.
in der DGGG e.V. 

sowie 

in der DKG e.V.

Guidelines Breast

Version 2016.1

www.ago-online.de

➢ Clinically (cN0) / sonographically neg. axilla 1b A ++

➢ Add. FNA/CNB of LN (clinical/sonogr.

suspicious + Clip localization if NACT) in order

to enable SLNB 2a B +

➢ T 1-2 2b A ++

➢ T 3, 4a-c 3b B +

➢ Multifocal / multicentric lesions 2b B +

➢ DCIS 3b B +

➢ Mastectomy 3b B +

➢ DCIS in male 5 D +

➢ BCT 3b B -

➢ Male breast cancer 2b B +

➢ In the elderly 3b B +

Oxford / AGO

LoE / GR

Sentinel Lymph Node 

Biopsy (SLNB): Indications I

http://www.ago-online.de/




TAD
- open issues -

• Exclusively Retrospective Data

• Technical Issues Unclear

– Clip vs Seed vs coal

– Legal limitations for the use of radioactive seeds 

– Localisation technique (wire, gamma probe)

– No data available on surgical extent (number of 
removed Lns)

75







23. In a patient who is clinically node-positive at diagnosis and who 

downstages after chemotherapy: 

Is SN biopsy appropriate only in selected cases such as: 

Clipping/seeding of involved nodes at diagnosis and targeted removal? 

St. GallenVoting:

Yes No Abstain

50% 28,6% 21,4%

Stellungnahme der dt. Expertengruppe: 

Dies ist eine Option, um die Falschnegativrate zu senken (AGO slide 200); 

Verweis auf die SENTA-Studie

Surgery of the Axilla following Neo-Adjuvant 

Chemotherapy 

78



Axillary Intervention Before or After NACT

SLNB before or after NACT in cN0

SLNB before NACT

SLNB after NACT

2b

2b

B

B

+/-

+

Further surgical procedures depending on SLNB status

cN-Status

(before NST)

pN-Status

(before NST)

cN-Status

(after NST)

Surgical

Procedure 

(after NST)

cN0 pN0(sn) - nihil 1a A +

cN0

pN+(sn)

(analog ACOSOG Z0011)

ycN0

nihil

Re-SLNB alone

ALND

5

2b

3

D

B

B

+/-

-

+/-

cN0

pN+(sn)

(not analog ACOSOG Z0011)

ycN0

Re-SLNB alone

ALND

Axilla XRT

2b

2b

2b

B

B

B

-

+

+

cN0 not done ycN0
ypN0 (sn)

SLNB alone

ALND

2b

2b

B

B

+/-

+/-

ypN+ (sn) ALND 2b B +

cN+ cN+

(CNB/FNA)

ycN0

ycN+

SLNB alone*

ALND

ALND

2b

2b

2b

B

B

B

+/-

+

++

Oxford / AGO

LoE / GR



T. Kuehn

Klinikum Esslingen , Germany

Multidisciplinary Course on Breast Cancer

Tokio 20.-22.5.2016  

Current opinion regarding SLNB and ALND: 

Indications, techniques and timing

Thank you very much



Current Application of SLNB and ALND: 

What re we doing after Z11 and 
AMAROS?

Lynda Wyld

Reader In Surgical Oncology

University of Sheffield

Consultant Oncoplastic Breast Surgeon

Doncaster and Bassetlaw Teaching Hospital

UK.

ESTRO Teaching Course on the Multidisciplinary management of Breast 
Cancer.    
Dublin, Republic of Ireland.  September 2017
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Lecture plan

• Historical perspective

• Z11

• AMAROS and others

• A new management algorithm

• What is current practice?



Axillary Clearance

• Gold standard until 1990s: thought to be necessary for local control 
and staging.

• All women had clearance.

• No preoperative imaging or node biopsy.

• 60% of women had an unnecessary clearance, with negative nodes 
and a subsequent 15-35% risk of lymphoedema



Is this necessary?

Node 
Positive

Halsted

Mx/RT

Node 
negative

Halsted

MX/RT

Mx only

NSABP B-04, (started in 1971), study of 
Fisher and colleagues, (2002)

Women randomised according to 
whether clinically node positive or 
negative.  

No patients had adjuvant systemic 
therapy and tumours were large by 
modern standards

40% of the ‘clinically node negative’ 
cases had +ve nodes in the clearance 
group



Long term disease control in NSABP B 04

• At 25 years of follow up no 
significant differences were 
found in any parameter

• Overall mortality rates were not 
significantly different regardless 
of axillary treatment type
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Lymphoedema

• 46% of women experienced arm 
oedema during follow-up. 

• Radical mastectomy was 
associated with the highest rate 
(p<.001) with no difference 
between Mx alone and RT.
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Arm oedema %

Chart Title
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Sentinel Node Biopsy

• David Krag and Armando Giuliano introduced SLNB for breast cancer in 
1996

• The principle that the first draining lymph node in the lymphatic chain 
will be representative of the status of the lymphatic basin

• Large validation studies confirmed SLNB reliable and safe with a low 
morbidity and high sensitivity and specificity for staging the axilla



NSABP (National Surgical Adjuvant Breast and Bowel Project) B-32

Women with invasive breast cancer were randomly 
assigned to either SLN resection plus ANC (group 1) or 
to SLN resection alone with ANC only if the SLNs were 
positive (group 2)

No significant difference in OS, DFS at 8 years

Overall survival (OS) , disease-free survival (DFS) , and 
regional control were statistically equivalent between 
groups.



And so we moved into the era of SLNB for patients with clinically 
negative axillas.

Axillary staging being a prime motivation for axillary surgery, used to 
guide adjuvant therapy choices, rather than solely for disease control

Even so, recent St Gallen guidelines (2013) suggest that the total 
number of nodes involved is less important than nodal status plus 
tumour biology, so further weakening the drive towards completion 
clearance

A Paradigm Shift…..



How to manage women with a positive SLNB?

• Completion clearance or radiotherapy

• Regional recurrence rates are very 
low, (2%) and depend on tumour 
biology, patient age and tumour size 

• Seminal trial: ACOSOG Z0011 trial.

• 800+ women with +ve SLN 
randomised to completion clearance 
or lower axillary RT  as part of 
standard breast RT fields.

• At 6 years median FU, regional rates of 
recurrence were 0.5% versus 0.9% and 
not significantly different



AMAROS

• Randomised trial of women with 3-
5cm sized breast cancers and a 
positive sentinel node.

• 744 patients radnomised to axillary 
clearance versus 681 to axillary 
radiotherapy.

• 5 years follow-up

• Primary outcome: axillary recurrence 
(No significant difference). 

• DFS, OS no significant difference
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UK ABS Guidelines for the clinically negative axilla

SLNB

1-2 Macromets

low risk, BCS WBRT

High risk or MX

ALND or Axillary RT (if low 
disease burden)

Node negative
No further 
treatment

ITC/micromets
No further 
treatment

>2 Macromets



Practice Elsewhere

Single US Institution

• Of 849 cases before Z11, 144 had +SLNB and 
113 underwent ALND (79%)

• Of 932 patients after Z11: 139 had +SLNB and 
73 underwent ALND (53%)

• If only those meeting the Z11 criteria were 
assessed, these percentages changed to 75 
and 2.2% showing that Z11 has significantly 
changed practice in the USA.

• The completion AD rate in the BEFORE group 
was 78.5%, compared to 52.5% in the AFTER 
group

• (Le, 2016, the Breast)

• Ireland

• Compared completion clearance rates pre and 
post Z011 publication.  

• Rate of completion fell from 94%  to 71% (92 
versus 65 if only the last year of the study 
period was reviewed, suggesting an 
downwards trend).

• (Joyce, 2016, Irish J Med. Sci)



Question for Voting:  What best describes your Unit’s axillary 
management protocol?

1. All women with sentinel node macrometastases have ALND, 
regardless of surgery type or risk factors

2.  Women with Z11 compliant disease are offered WBRT and full axillary 
RT (if not Z11 compliant) as an alternative to ALND 

3. Women with Z11 compliant disease are offered WBRT but otherwise 
are only offered ALND

4. Women are not offered WBRT as an alternative to ALND but may be 
offered full axillary RT or ALND



Thank You.

Any Questions?



Randomized Trials of  
Post-mastectomy Radiotherapy 

following Axillary Dissection 
 

Sarah Darby 
Nuffield Department of Population 

Health 
University of Oxford 

United Kingdom 



Plan of talk 

• Meta-analysis of radiotherapy after 
mastectomy and axillary dissection 

 

• Analyses of any, local and distant recurrence 

 

 

2 



“Effect of radiotherapy after mastectomy and axillary 
surgery on 10-year recurrence and 20-year breast cancer 

mortality: meta-analysis of individual patient data for 
8135 women in 22 randomised trials” 

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) 
 
 

Lancet 2014; 383:2127-35  

EBCTCG, Lancet 2014 



Individual patient data to be presented 

• Criteria: 
– Randomised trials of post-mastectomy radiotherapy (RT) 

versus same surgery but no RT  

– Started before 2000 

– Mastectomy and axillary dissection to at least level II 

– RT to include chest wall 

– Known pathological nodal status 

 

• Found: 
– 3786 women in 14 trials (started 1964 to 1982) 

– 43 000 years of follow-up to 2009 (median 9.0 years) 

– RT to axillary, internal mammary and supraclavicular nodes 

 
 

 

 

 



Current Guidelines 

Mastectomy + 
axillary dissection 

(Mast+AD) 

0 positive        
(pN0)   

Not usually 

4+ positive   
(pN4+) 

Yes 

1-3 positive    
(pN1-3) ?? 

   Surgery                                    Nodal status      Radiotherapy ? 



Trials of radiotherapy after mastectomy and axillary dissection  
 

700 pN0 women 

Any first recurrence                    Breast cancer mortality 

                                    Years since randomisation                                                                                            Years since randomisation 
 

RT: No significant benefit  



Current Guidelines 

Mastectomy + 
axillary dissection 

(Mast+AD) 

0 positive        
(pN0)   

Not usually 

4+ positive   
(pN4+) 

Yes 

1-3 positive    
(pN1-3) ?? 

   Surgery                                    Nodal status      Radiotherapy ? 



Trials of radiotherapy after mastectomy and axillary dissection  
 

1772 pN4+ women  

Any first recurrence Breast cancer mortality 

                                         Years since randomisation                                                                                           Years since randomisation 
 

8.8% 
9.3% 

RT: Significant benefit  



Current Guidelines 

Mastectomy + 
axillary dissection 

(Mast+AD) 

0 positive        
(pN0)   

Not usually 

4+ positive   
(pN4+) 

Yes 

1-3 positive    
(pN1-3) ?? 

   Surgery                                    Nodal status      Radiotherapy ? 



Trials of radiotherapy after mastectomy and axillary dissection  
 

1314 pN1-3 women  

Any first recurrence      Breast cancer mortality 

                                              Years since randomisation                                                                            Years since randomisation 
 

11.5% 
7.9% 

RT: Significant benefit  



 
Trials of radiotherapy after mastectomy and axillary dissection  

 

1314 pN1-3 women 
 

Any first recurrence by use of systemic therapy 

RT: Significant benefit  



 
Trials of radiotherapy after mastectomy and axillary dissection  

 

1314 pN1-3 women 
 

Breast cancer mortality by use of systemic therapy 

RT: Significant benefit  



Trials of radiotherapy after mastectomy and axillary dissection 
 

 1133 pN1-3 women in trials with systemic therapy 
   

Any first recurrence                  Breast cancer mortality 

                               Years since randomisation                                                                                                 Years since randomisation 
 

7.9% 11.7% 

RT: Significant benefit  



Trials of radiotherapy after mastectomy and axillary dissection  

 

1133 pN1-3 women in trials with systemic therapy  

Any first recurrence by number of nodes positive 

RT: Significant benefit  



Trials of radiotherapy after mastectomy and axillary dissection  

 

1133 pN1-3 women in trials with systemic therapy  

Breast cancer mortality by number of nodes positive 

RT: Significant benefit  



Any first recurrence                  Breast cancer mortality 

Trials of radiotherapy after mastectomy and axillary dissection 
  

318 women with Mast+AD, systemic therapy and 1 positive node 

11.0% 4.7% 

                               Years since randomisation                                                                                                 Years since randomisation 
 



Radiotherapy after Mastectomy and Axillary Dissection 
Conclusions 1 

In these trials:  

• for pN0 women, RT gave no significant benefit 

 

• for pN4+women, RT gave significant benefit 

–   Absolute reductions 

• 10-year recurrence: 8.8% (75.1% vs. 66.3%) 

• 20-year breast cancer mortality: 9.3%  (80.0% vs. 70.7%) 

–  Proportional reductions 

• Recurrence: 21% (SE 6) 

• Breast cancer mortality:  13%  (SE 8) 



Radiotherapy after Mastectomy and Axillary Dissection 
Conclusions 2 

• In these trials, for pN1-3 women, RT gave significant benefit 

–   Absolute reductions 

• 10-year recurrence: 11.5 % (34.2% vs. 45.7 %) 

• 20-year breast cancer mortality: 7.9%  (42.3 % vs. 50.2 %) 

–  Proportional reductions 

• Recurrence: 32 % (SE 8) 

• Breast cancer mortality:  20 % (SE 8) 
 

• For women today 

– Absolute reductions with RT likely to be smaller  

– Proportional benefits of RT at least as big 

 



Plan of talk 

• Meta-analysis of radiotherapy after 
mastectomy and axillary dissection 

 

• Analyses of any, local and distant recurrence 

 

 

19 



Trials of radiotherapy after mastectomy and axillary dissection  
 

1772 pN4+ women  

Any first recurrence Breast cancer mortality 

                                         Years since randomisation                                                                                           Years since randomisation 
 

8.8% 
9.3% 

RT: Significant benefit  



                                                                                                                      



Trials of radiotherapy after mastectomy and axillary dissection 
 

 1133 pN1-3 women in trials with systemic therapy 
   

Any first recurrence                  Breast cancer mortality 

                               Years since randomisation                                                                                                 Years since randomisation 
 

7.9% 11.7% 

RT: Significant benefit  



                                                                                                                      



• Valid estimates of the causal effect of radiotherapy on 

recurrence rates can only be made in terms of any recurrence. 

• Valid estimates of the effect of radiotherapy on local 

recurrence rates cannot be made – although many papers 

claiming to do so have been published 

• Valid estimates of the effect of radiotherapy on distant 

recurrence rates can be made – but only if information on distant 

recurrences occurring  after any earlier local recurrence are 

available,  and these will be affected by the treatment given for the 

local recurrence as well as the initial radiotherapy  
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Valid Estimates of the Effect of Treatment on  
Recurrence Rates  

   
                               



 

The end 
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Post-mastectomy and elective 

regional irradiation: 

for all node-positive patients

Birgitte V. Offersen, 

Clinical oncologist

Aarhus University Hospital, Denmark



Surgery and Radiotherapy 

complement each other, and is 

balanced with the risk of the patient

Low risk 

patient

High risk 

patient

Simpel 

mast. + RT

Lumpectomy 

+ RT
Lumpectomy 

+ partial RT

Most studies have tried to balance the effect of combined 

loco-regional therapy to yield same outcome, but more 

recently there has been a tendency to reduce the overall 

burden of local treatment



Loco-regional treatment in early breast cancer

Tendency of 

development

It must cover the essential parts – but as little as possible



If you treat node-positive patients with less intensity in the axilla outside 

trial you must be sure you know what is going to happen…..

Do we have level 1 evidence from randomised trials?

RT after mastectomy and axillary surgery

RT after breast conserving surgery and axillary surgery

Can you predict what is going to happen in this situation?



Postmastectomy radiotherapy, PMRT, 20 year update

AD, axillary dissection = 10 or more nodes removed

Patients randomised during 1964-86 in 22 trials

PMRT given to chest wall, supraclavicular or axillary fossa (or both) and internal mammary chain 

Level 1a evidence



Effect of PMRT in pN1-3 and pN4+

16.5% gain

19.1% gain



Effect of PMRT in pN1-3 patients treated with systemic therapy

Systemic therapy usually CMF or tamoxifen

Locoregional recurrence rate ratio:

0.25 (95% CI, 0.17-0.36)



Effect of PMRT in pN1-3 patients treated with systemic therapy

20 yr





EBCTCG´s conclusions

PMRT to pN+ patients: 

LRR     Any first rec      BC mortality

PMRT to pN+ patients is effective 

systemic therapy

1 pos node

pN1-3 nodes

pN4+ nodes

RT after BCS to pN+ disease

Any first rec      BC mortality



Are there any guideline recommendations?



ASCO, ASTRO & SSO recommendation, 2016

Thus, tricky to recommend who is not a candidate for PMRT in this group

(level 5 evidence=personal experience)



ESMO recommendations



ESMO recommendations



International consensus on RT to pN1-3, however…

Old data

Outdated surgical techniques

Outdated systemic therapy

Today´s patients do much better

So do we have new data 

on modern treated patients?



International consensus on RT to pN1-3, however…



EORTC trial 22922/10925

1996-2004

Eligible: pN0 with centrally/medially tumour or pN+

R to +/- RT to IM-MS, mostly including IC3

Primary endpoint: OS

Secondary endpoints: DFS and BCM

4004 patients, 44% node-negative

Around 25% had mastectomy

Median follow up 10.9 yr



EORTC trial 22922/10925



EORTC trial 22922/10925



Forest plot of IM-MS RT 

effect in relevant subgroups 

using OS as endpoint

Conclusion: all subgrops 

appear to gain the same 

effect
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DBCG IMN study

1980’s
Internal mammary 

node (IMN) RT for all 
N+ breast cancer 

patients

1987

2000
Anthracyclines

?
Right side 
+ IMN RT

Left side 
No IMN-RT

2003

No evidence for 
effect of IMN-RT

Left side
heart dose high

Cuzick, et al. 
Cancer Treat Rep, 1987

2003

Overall 

survival

Courtesy of Lise Thorsen



Patient and tumor characteristics

IMN RT (n=1485) No IMN RT (n=1586)

Median age (range) 56 (23-70) 57 (27-70)

Pre-menopausal 611 (41%) 646 (40%)

Estrogen receptor positive (%) 1202 (81%) 1274 (80%)

Invasive ductal carcinoma

Invasive lobular carcinoma

Other

1305 (88%)

134 (9%)

46 (3%)

1346 (85%)*

163 (10%)

77 (5%)

Grade I

Grade II

Grade III

307 (19%)

710 (48%)

414 (28%)

307 (19%)

743 (47%)

456 (29%)

pT1

pT2

pT3

527 (36%)

830 (56%)

126 (9%)

556 (35%)

905 (57%)

124 (8%)

pN1

pN2

pN3

867 (58%)

396 (27%)

222 (15%)

949 (60%)

412 (26%)

225 (14%)

Lateral

Medial/central

904 (61%)

578 (39%)

943 (60%)

640 (40%)



DBCG-IMN: Treatment

IMN RT (n=1485) No IMN RT (n=1586)

Radiotherapy: 48 Gy/24 F

IMN-RT (%)

Axillary level II-III-IV (%)

Axillary level I-II-III-IV (%)

Boost after BCS (%)

1431 (96%)

1213 (82%)

272 (18%)

176 (33%)

161 (10%)

1294 (82%)

292 (18%)

164 (30%)

Type of surgery

Mastectomy  + AC(%)

Breast conserving  +AC(%)

959 (65%)

526 (35%)

1048 (66%)

538 (34%)

Systemic treatment

Endocrine therapy (%)

Chemotherapy (%)

Endocrine + chemotherapy (%)

697 (47%)

274 (19%)

514 (35%)

741 (47%)

304 (19%)

541 (34%)
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PMRT & Reconstruction

03/01/13

PMRT and reconstruction?

The far majority of PMRT is therapy of the chest wall and regional nodes

If the chest wall target is replaced with autologous tissue, then the PMRT 

may be modified to only include regional nodes, except in cases with locally 

advanced breast cancer (LABC).

In patients with LABC immediate reconstruction is generally not a good 

strategy. However, if performed the chest wall is still target for PMRT. 



But can we further individualize the use of loco-regional 
radiation therapy?





RT+TAM TAM 

PMRT: Material and Methods

DBCG82bc
Danish Breast Cancer Cooperative Group

3083 high risk pts.

1708
Pre-meno.

(b)

1375
Post-meno.

(c)

267 
fresh frozen tumor samples

Whole genome arrays 
(Applied Biosystem Human 

Genome Survey Microarray v2.0)

195/267 samples 
successful microarray

2-step 
Cox Proportional Hazard 
model with lasso penalty

mastectomy
partial axillary lymph node dissection

7 genes identified
7-gene index based on 

the combined expression levels

RT+CMF CMF

Tramm T et al, Clin Can Res 2014
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no PMRT

PMRT
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Results

Patients split in quartiles 
according to size of 7-gene-
index

High index = 25% of
patients with highest index

Low index = 75% of
patients with lowest indexes

Prognostic (no PMRT group)

Predictive Low index High index

0 24 48 72 96 120 144 168 192 216 240

31%

no PMRT

PMRT

Events  All

no PMRT

PMRT

HR = 0.16 (0.09 to 0.34)
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90%

31%

85% 86%

90%

0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240

This pattern is seen regardless of

-nodal status

-T status

-menopausal status

The gene profile has been 

validated in an independent data 

set (Tramm et al, Clin Can Res, 2014)



Clin Can Res, 2015

1) In vitro: Clonogenic survival assays to identify the SF-2Gy in 16 BCC lines

2) Surviving fractions (17-77%) independent of intrinsic subtypes

3) Gene expression data from BCC correlated to SF data, 147 genes identified

4) Hierarchical cluster analysis separates genes into radioresistent vs –sensitive

5) In vivo: RSS run in test set of 343 pts with gene analysis data, all treated with 

BCS+RT and with FU, then RSS further trained and refined to 51 genes.

6) 51 gene profile evaluated on ingenuity.com, tested in a validation set of 295 pts 

with gene analysis data and with BCS+RT and FU

Genes involved in 

cell cycle

DNA damage

DNA repair

http://ingenuity.com/


Radiation signature tested in the validation set

The RT signature is independent of molecular subtype (luminal A/B….)



Radiation signature tested in the validation set



Potential of gene analysis studies

03/01/13

The DBCG 7 gene profile can predict gain from loco-regional RT after 

mastectomy. It identifies 25% of a high-risk cohort where RT may not be of any 

value. This gene profile is predictive of RT effect.

The Michigan 51 gene profile can discriminate patients treated with BCS+RT who 

are unlikely to develop local recurrence after RT from those patients with a high 

likelyhood of recurrence despite RT. Thus it may identify patients who need 

treatment intensification. This gene profile is prognostic (not predictive).

Further studies are being performed to explore the potential of these profiles.



Conclusion

Results from large randomised trials demonstrate significant gain in recurrence 
from loco-regional RT in pN+ breast cancer, also in overall survival. The gain is 
seen also in pN1 patients treated with PMRT

The gain in recurrence from loco-regional RT is (at least) of the same magnitude as 
for systemic therapy

The morbidity after RT is not higher or more serious than after systemic therapy 
(lecture later on in this ESTRO course) and now virtually all departments use 
CT-planning, target delineation, gating techniques, advanced RT technique with 
field-in-field strategy, so morbidity is likely to be even more limited in the future

Subgroups of pN+ patients may be overtreated with loco-regional RT, but no 
consensus no how to select these patients

Very promising new strategies involving gene analyses are now underway to help 
optimal selection of the right therapy to the right patient

BUT, WE STILL DO NOT HAVE THE OPTIMAL SELECTION CRITERIA TO SELECT 
PATIENTS WITH NODE-POSITIVE DISEASE TO LESS RADIATION THERAPY 



If you treat node-positive patients with less intensity in the axilla outside 

trial you must be sure you know what is going to happen…..



….. So you may need to prepare for a surprise!



Everything has a time….. And you can´t turn back time….

So support trials when you have the chance! 

When RT gene signatures are ready for 

clinical test, we need to support those trials.



1

Target volume delineation: lymph node areas

Liesbeth Boersma, radiation oncologist

Maastro Clinic/ University Hospital Maastricht, The Netherlands

ESTRO Teaching Course on Breast Cancer, Dublin, September 10-13th 2017



Background and aim of the guideline:

• Aim:

• Guideline which is endorsed by many, that does NOT lead to larger 

treatment volumes, but DOES lead to uniform delineation in the 

various studies

• Primarily started with anatomical borders, based on theory.

• But, because of excellent local and regional controls:  take care not to 

increase treatment volumes!

• Made compromises, tried to reconstruct: what is the CTV we apparently 

have been treating all these years …- does it fit the recurrence rates ?







1) Brachiocephalic vein

2+7) Subclavian vessels

3+8) Axillary vessels

4) Internal jugular vein

5) External jugular vein

6) Brachiocephalic trunk

9) Common carotid artery

10) Vertebral artery

1
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Delineation of nodal areas: 

mainly 5 mm around the 

veines



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Delineation of the vessels



Global anatomy of axillary levels

Level I

Level II

Level III

Level IV

Pm: pectoralis minor

IV



Supraclavicular LN area,  CTVn_L4:

✓Superior border: upper limit of subclavian artery 

✓Caudal border: 5mm caudal from junction of subclavian and internal jugular 

veins

✓Ventral border: sternocleidomastoideus muscle, clavicle

✓Dorsal border: Pleura

✓Medial border: including the jugular vein without margin; excluding the thyroid 

gland and the common carotid artery

✓Lateral border: includes the anterior scalene muscle, and connects to medial 

border CTVn_L3



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



CTVn_L4 = orange



Axillary lymph node areas levels 1-3 

Traditionally  subdivided into 3 subregions:

- level 1 caudally from lower border of major pectoral muscle

- level 2 posterior to minor pectoral muscle

- level 3 located medio-cranially from the pectoral muscles

+ Rotter located between minor and major pectoral muscle



Axilla level 3 (infraclavicular) – CTVn_L3:

✓Cranial border: 5 mm cranial of the subclavian vein. More medially it is the 

clavicle

✓Caudal border: 5 mm below the subclavian vein

✓Lateral border: medial side of the pectoralis minor muscle

✓Medial border: junction of subclavian and jugular vein ~ the clavicle

✓Ventral border: pectoralis major muscle

✓Dorsal border: up to 5mm post. of subclavian/axillary vein



CTVn_L3 = dark blue



CTVn_L3 = dark blue



CTVn_L3 = dark blue



CTVn_L3 = dark blue



CTVn_L3 = dark blue



CTVn_L3 = dark blue



CTVn_L3 = dark blue



CTVn_L3 = dark blue
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Coronal view of Level 3 and 4
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Coronal view of Level 3 and 4
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Coronal view of Level 3 and 4
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Coronal view of Level 3 and 4
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Coronal view of Level 3 and 4
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Coronal view of Level 3 and 4



Axilla level 2 – CTVn_L2

✓ In between levels 1 and 3

✓ Dorsal of minor pectoral 

muscle

✓ Cranial/Dorsal: 5 mm around 

axillary vein

✓ Caudal: dorsal of minor 

pectoral muscle  



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



CTVn_L2 = red

Rotter/ Interpectoral nodes = light blue



Axilla level 1- CTVn_L1:

✓General: use surgical effects to guide

✓Cranio-medial: lateral limit of level 2/ interpectoral nodes

✓Cranio-lateral: up to 1 cm below and following edge of caput humeri, OR where 

axillary vein crosses the minor pectoral muscle; 5mm around axillary vein 

✓Caudal border: between the level of ribs 4 – 5

✓Lateral border: up to superficial part of muscles (line)

✓Medial border: level 2 and thoracic wall

✓Ventral border: pectoralis major & minor muscles

✓Dorsal border: up to the posterior blood vessels



CTVn_L1 = yellow



CTVn_L1 = yellow



CTVn_L1 = yellow



CTVn_L1 = yellow



CTVn_L1 = yellow



CTVn_L1 = yellow



CTVn_L1 = yellow



CTV of internal mammary lymph node area

✓Cranial: junction of subclavian and internal jugular veins  L4 

✓Caudal: superior side of the 4th rib

✓Ventral: anterior limit of the vascular area

✓Medial: 5 mm medial of vessels; edge of the sternal bone

✓Dorsal: pleura

✓Lateral: 5 mm lateral of vessels



CTVn_IMN = purple



CTVn_IMN = purple



CTVn_IMN = purple



CTVn_IMN = purple



CTVn_IMN = purple



CTVn_IMN = purple



CTVn_IMN = purple



Questions ?



Case for homework – case 2

• Palpable lump in upper outer quadrant of right breast.

• Mammography: cluster of cysts, tumour located amongst the cysts.

• Ultrasound: suspicious lesion:  biopsy -> malignant

• Lumpectomy with  SN and ALND:

• Pathology: 

• IDC gr 2; 12mm; no LVI, irradical at cranial resection side

• SLNB: 2+/3 ; ALND:9+/11; total 11+/14

• pT1cpN3M0; ER = ++; PR = ++; Her-2-Neu = -

• Further Treatment: 

• Adjuvant chemotherapy and hormonal treatment and locoregional RT:

• Breast with boost (!) and all lymph node areas: axilla L1, L2, L3, L4, 

IMN, Rotter



Case for homework – case 2



Case for homework – case 3

• 53 yr, lump cranially in left breast, slightly red skin and slight edema

• Imaging: 8.2 x 5.7 x 2.8 cm and couple of pathological nodes

• Biopsy: IDC gr 1, ER neg, Her2.neu pos

•  cT3/4 N1 M0 breast cancer left-sided

• Treatment:

• Primary systemic treatment with immunotherapy --. Clinically near 

CR

• MRM left; right preventive mastectomy: ypT0N0 (6/22 nodes with 

signs of treatment response)

• Locoregional RT, including 4th ICR 40 Gy/15 fx SKAGEN Trial 1

• Adj. immunotherapy



Case for homework



Case for homework



Most important points of discussion…(1)

Dorsal border level 1:

• Sometimes we do see a recurrence dorsally; Dijkema and RTOG 

atlas more to dorsal

• However, the dorsal border has a large impact on dose to the 

lungs

• LRR pattern justifies our choice
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RTOG atlas axilla level 1 has a different dorsal border



Most important points of discussion…(2)

Cranial border level 4

• Many guidelines use lower border of cricoid

• However, is not logical in view of theory and anatomy

• LRR pattern justifies our choice



Borders of CTVn_IMN:

• Should we limit CTVn to tissue around the vein only or also around 

the artery ?

• Since nodes are often seen around both vessels, include both ( 

update 2016)

Most important points of discussion…(3)



Localisation of locoregional recurrences

Anatomical localisation of all RR diagnosed from 2000 to 2013 in Aarhus, 

analysed in detail:

RR detected inside or outside of the RT fields given to the patients



Localisation of  RR in patients WITHOUT adjuvant RT

• 38 patients with 53 RR

• Half of the patients had an 

indication for RT, not given due 

to patients’ refusal or 

comorbidity

• Most frequent localisations: 

axilla levels 1, 3, & 4

Nielsen and Offersen 2015



Localisation of  RR in patients AFTER adjuvant LR-RT

• 21 patients with 25 RR.

• Field border medially of humeral 

head, just caudally of cricoid, 

medially of sternocleidomastoid 

muscle

• Most frequent localisations: 

level 1 & 4

• 1 recurrence very caudal in level 

1 (17 positive nodes in ALND)

Nielsen and Offersen 2015



Localisation of RR after ONLY RT breast

• 14 patients with 23 RR.

• Most frequent localisation: 

level 1.

Nielsen and Offersen 2015

Most recurrences occur within the delineated volumes



General considerations

• General rule for LN areas: veins+ 5mm margin in surrounding fatty tissue.

• IV contrast  facilitates  for learning 

but not required.

• Normal anatomy atlas = more than helpful.

• Coronal views: very helpful as well !

• Lymph node regions should all interconnect.

• Some discussion points left:

• Are we ready to leave a gap between PTVs of primary tumor and LN 

areas ?



General considerations

• Recent comments on RTOG atlases ( & probably also valid for ESTRO 

atlas):

• In case of massive involvement supraclavicular nodes: nodes extend 

beyond CTVn_L4  should atlas be adapted ? (Brown et al, IJRBOP 2015; Jing et 

al IJRBOP 2015)

• To cover 95% of lymph nodes at cranial and anterior borders of level 1, 

CTVn_L1 should be increased considerably: i.e. take into account 

nodal involvement seen before surgery/ chemotherapy (Gentile et  al, IJRBOP 

2015).

• NB: ESTRO guidelines are meant for elective irradiation of early stage 

breast cancer; i.e.  in case of clinically overt pathological nodes: 

individualise target volume delineation !



General considerations

We don’t have clinical reason to increase field size compared to 

the old standard fields.

 mind resulting field size/including OAR!

a margin of 5 mm from CTV to PTV should be sufficient (if 

adequate fixation as well as a carefully designed IGRT 

procedure are used)



Questions ?



Loco-regional treatments

Marianne Aznar/Sandra Hol

With treatment examples from:

Rigshospitalet, Denmark

Tilburg, the Netherlands, courtesy of P Poortmans and S Hol

Institut Curie, France, courtesy of Y Kirova

03/01/13



Learning objectives: loco-regional treatments

• To know the most common field arrangements in loco-regional treatments

• To be able to discuss the respective advantages of  

1)DIBH and 

2) IMRT 

in loco-regional treatment

• To understand the challenges of positioning/IGRT in loco-regional versus 
local treatments

03/01/13



Larger, complex volume



What are we trying to achieve ?

CTV target : minimum 95% to the breast

CTV nodes (including IMN): minimum 90% to nodal targets

NB: CTV vs PTV coverage !!!!

Until recently…

compromize the IM nodal coverage if the dose to the heart was too high

But now ????

03/01/13



Example of constraints: the DBCG criteria

CTV

CTV breast/CW  V95%>98%, V107% ≤2%, V110%=0

CTV nodes V90%>98%, V107% ≤2%, V110%=0

Organs at risk

Heart V20Gy ≤ 10 %, V40Gy ≤ 5 %

Ipsi lung V20Gy ≤ 35 %  Mean ≤ 18 Gy

Contralateral breast “as low as possible”

+ spinal cord, brachial plexus, and optimisation constraints

PRIORITIES ??

For 2 Gy x 25



Common field arrangements

Isocentric half beam technique
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Common field arrangements

Wide tangents for IMN

03/01/13

Simple

Risk of high 

dose to 

OARs

(unless…)



Common field arrangements

Field junction for IMN

With electrons + photons

03/01/13

Overlap can be 

challenging

Higher skin 

dose

Image 

guidance?



“full” IMRT / VMAT / rotational therapy

= many angles, not only tangents



Static field –IMRT: usually 4-5 
fields, mostly entering ispilateral 
side

Rotational IMRT: 
irradiating through arcs
(or portion of arcs)

inverse-planned IMRT= more field directions !!

Step and shoot, sliding window

VMAT, RapidArc, Tomo



First step when using inverse-planned IMRT

Delineation of Target PTV and OAR

heart, LAD, both lungs, contralateral breast, esophagus, spinal cord, liver, 
brachial plexus, ribs, skin, body?

Dummy contours?

To avoid hotspots outside target



A no- brainer

03/01/13

Arsene-Henry R&O 2017
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T4N+ pre operative RT
or radical RT in M+ 
patients

Pre-operative RT (high dose, need for sharp gradients)

Courtesy of Youlia Kirova



SIB: 25 x 2 Gy = 50 Gy whole bilateral breasts

25 x 2.5 = 62.5 Gy (left boost) & 25 x 2.35 Gy (right boost)

2 isocentric arcs

516 + 522 MU 

76 + 74 sec

Lungs MLD = 10.4 Gy

Heart mean dose = 8 Gy

PTV

Whole

breasts

PTV

Boost L

PTV

Boost L

Lbreast: 520 cm3

Rbreast: 551 cm3

Lboost: 50 cm3

Rboost: 32 cm3 

Bilateral treatment with Intensity-modulated arc

therapy

Nicolini et al, Radiation Oncology 2009



Inverse-planning: you only get what you ask for

• Inverse planning is not a magic bullet: it does not remove dose, it 
redistributes it

• Talk to your computer: 

- contour as much as clinically relevant

- use constraints on the low dose bath (ex V5Gy for the lung, as 
low as possible for the heart)

• Be careful when reviewing the literature: 

- what compromise did they accept? (contralateral lung?)

- what dose level are they looking at? (at V20 or V30, IMRT looks 
often better than 3D-CRT… but this is not the whole picture!)

- what is their target coverage criterion (CTV/PTV)



Take home message for IMRT

03/01/13

➢ Inverse planned IMRT /VMAT  clearly has a role for 

challenging cases

➢ Be careful about dose to OARs (delineated or not!)

➢ The computer has no brain: use yours!

➢ How do you handle breast swelling / breathing motion ??



A (GOLDEN) MIDDLE WAY?



Hybrid technique

Why?

Compromise between 

open fields (very robust to position/volume changes)

modulated field (re-distribute the dose)

How? (example)

make plan for 1Gy with open tangents

input this plan in optimizer and “add” another Gy with 
VMAT/IMRT

03/01/13



“Hybrid” techniques

+

50/50 ? more modulated

80/20 ?  more robust



OAR sparing vs target coverage: no free lunch!

Better coverage of IMN, 

lower V20 for lung 

BUT: higher dose to the 

liver and the heart

3D vs “hybrid 

technique” (combination 

of 3D and arc)



Inverse-planning: you only get what you ask for

• Inverse planning is not a magic bullet: it does not remove dose, it 
redistributes it

• Talk to your computer: 

- contour as much as possible

- use constraints on the low dose bath (ex V5Gy for the lung, as 
low as possible for the heart)

• Be careful when reviewing the literature: 

- what compromise did they accept? (contralateral lung?)

- what dose level are they looking at? (at V20 or V30, iIMRT looks 
often better than 3D-CRT… but this is not the whole picture!)

- what is their target coverage criterion (CTV/PTV)



HOW CAN WE EFFICIENTLY REDUCE THE 

DOSE TO OARS?



How often is IMRT/VMAT/rot therapy used??

• 20-30 breast patients with 

IMRT or RapidArc /year

Institut Curie: Tomo 3% 2012 – 10% 2017

alternative positioning

Tilburg:   3% VMAT, 20% hybrid (all locoregional RT)

DIBH in all locoregional patients and left sided 

local

Rigshospitalet: vast majority DIBH, 

approx 5% IMRT/hybrid VMAT



Systematic review of published doses to the heart

Taylor IJROBP 2015

Mean dose to the heart

IMC irradiation       4 Gy vs 8 Gy

Technique: 

Lowest: protons and prone 

Highest: IMRT (fixed field or rotational)

Breathing adaptation (DIBH)    3 Gy vs 1 Gy without IMC  (tangents)

9 Gy vs 4 Gy with IMC        (tangents)



Systematic review of published doses to the lung

Aznar et al (submitted)

Mean dose to ipsilateral lung

Regions irradiated

Breast/CW < Axilla/SCF <IMC

Breast/CW: tangents < IMRT

+axilla/SCF + IMC: IMRT < tangents

Breathing adaptation (DIBH)           20 Gy 16 Gy  (wide tangents)

14 Gy vs 13 Gy (IMRT)



Take home message for loco-regional treatment

03/01/13

➢ IMRT/VMAT: no magic bullet

➢ Remember the distinction between

- forward IMRT (use with no restriction ☺)

- inverse planned IMRT /VMAT  (role for challenging 

cases, not your “bread and butter” cases)

➢ If your main challenge is to reduce the dose to the heart and 

lungs

- use deep inspiration



Breast and lymph nodes

Contouring and different techniques



Contouring



L4 contouring

03/01/13

Students

Author



L4 contouring

03/01/13

Author

Students



L4 Author’s structure

03/01/13

Range 20%-90%



L4 Student’s structure

03/01/13

Range 20%-90%



03/01/13

Range 20%-90%



Comparison of different techniques



Lymph nodes: techniques

• FiF (combined with wedges for lymph nodes)

• Hybrid: 80% open fields for breast combined 

with 20% VMAT for breast and 100% VMAT for 

lymph nodes

• Full VMAT



Differences between techniques

• No strict junction with hybrid and VMAT

• Better coverage lymph nodes with hybrid and 

VMAT

• Higher MHD if MHD is below 3 Gy with hybrid 

and VMAT (approximately 0,5 Gy for hybrid and 

sometimes more for VMAT) 

03/01/13



Left Breast and lymph nodes

• 16 x 2,66 Gy



Isodoses

FiF

Hybrid

VMAT



Isodoses

FiF

Hybrid

VMAT



Isodoses

FiF Hybrid VMAT



DVH

■ VMAT

▲ Hybrid

● FiF



DVH values

Lungs Heart

V20 MLD V20 V10 V5 MHD

FiF 13 634 0,4 0,9 2,4 131

Hybrid 9,4 526 0,2 0,9 2,9 183

RA 5,8 538 0 0,5 2,8 261



Right Breast and lymph nodes SIB

• 21 x 2,17 Gy on whole breast and lymph nodes

• 21 x 2,66 Gy on primary tumorbed



Isodoses

FiF

Hybrid

VMAT



Isodoses

FiF

Hybrid

VMAT



Isodoses

FiF

Hybrid

VMAT



Isodoses

VMATHybridFiF



DVH

■ FiF

▲ VMAT

● Hybrid



DVH values

Lungs Heart

V20 MLD V20 V10 V5 MHD

FiF 9,9 631 0 0 3,5 108

Hybrid 8,9 619 0 0 0,1 148

RA 7,9 691 0 0 0 182



IMN techniques

• Tangents

• VMAT/IMRT

• Hybrid

• Other

03/01/13



Tangents
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Other
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Bilateral thoracic wall + IMN 3 boosts

• 21 x 2,17 Gy to thoracic wall left and right

• 21 x 2,66 Gy to IMN nodes



Isodoses



Isodoses



Isodoses



Isodoses



DVH



Breast left , L1-L4, IMN

• 21 x 2,17 Gy on whole breast, L1-L4, IMN

• 21 x 2,66 Gy on primary tumorbed



Beams (4 arcs)



Isodoses



Isodoses



Isodoses



Isodoses



DVH



Breast left IMN

• 23 x 2Gy + hyperthermia 





Beams (2 arcs)



Isodoses



Isodoses



Isodoses



Isodoses



Isodoses



DVH



Clinical studies on lymph node treatment: 

maturing, accruing and nurturing

Birgitte V. Offersen, MD, PhD

Clinical oncologist

Aarhus University Hospital, Denmark



Trials on pN+ disease, maturing (accrual finished, 

(more) results awaited)

EORTC IM-MS trial 22922/10925

MA.20

DBCG IMN study

IBCSB-23-01

AMAROS These trials were discussed Day 2, not included here

ACOSOG Z0011



EORTC IM-MS trial 22922/10925



EORTC IM-MS trial 22922/10925

1996-2004

Eligible: pN0 with centrally/medially tumour or pN+

R to +/- RT to IM-MS, mostly including IC3

50 Gy/25 fractions

Primary endpoint: OS

Secondary endpoints: DFS and BCM

4004 patients 

Median follow up 10.9 yr



IM-MS technique

Basic: 

50 Gy/ 25 fractions,

26 Gy/13 fr was photons, 24 Gy /12 fr was electrons

Anterior fields, 

Dose prescribed at depth 3 cm



EORTC trial 22922/10925



EORTC trial 22922/10925



EORTC trial 22922/10925



EORTC trial 22922/10925



Forest plot of IM-MS RT 

effect in relevant subgroups 

using OS as endpoint

Conclusion: all subgrops 

appear to gain the same 

effect



NCIC-CTG MA.20



Stratification

▪ Axillary nodes removed (<10, >10)

▪ Positive axillary nodes (0, 1-3, >3)

▪ Chemotherapy (anthracycline, other, none)

▪ Endocrine therapy (yes, no)

Study Design

WBI

WBI + RNI

Node Positive or

High Risk

Node Negative

Post-BCS

R

A

N

D

O

M

I

Z

E

Time period: 2000-2007

Primary endpoint OS

Sec endpoints DFS, locoreg 

DFS, distant DFS



Methods

WBI + RNI 

Treat breast + upper 3 
intercostal IM, SC and level 3 
AX nodes

IMN volume treated with a 
modified wide tangent 
technique or direct field 
matched to tangent fields

Aim to include IMN + 1cm with 
the 80% isodose, 50 Gy

SC and level 3 AX nodes treated 
with an anterior field

Dose to the breast and boost 
irradiation 50 Gy/25 fr + 10-16 
Gy boost 

Dose to the periclavicular nodes: 
45 Gy/25 fractions



Baseline Characteristics, N=1832 patients

WBI
N=916

WBI+RNI
N=916

Age (mean) 53 54

Axillary nodes removed (mean) 12 12

Node Negative 10% 10%

Node Positive (1-3) 85% 85%

Tumor size > 2cm 45% 50%

Grade III 42% 43%

ER Negative 26% 25%

Adjuvant chemotherapy 91% 91%

Adjuvant endocrine therapy 77% 77%

Boost irradiation 35% 32%

Median follow up 9.5 years





MA.20, Forest plot using DFS as endpoint







DBCG IMN study

1980’s
Internal mammary 

node (IMN) RT for all 
N+ breast cancer 

patients

1987

2000
Anthracyclines

?
Right side 
+ IMN RT

Left side 
No IMN-RT

2003

No evidence for 
effect of IMN-RT

Left side
heart dose high

Cuzick, et al. 
Cancer Treat Rep, 1987

2003

Overall 

survival

Courtesy of Lise Thorsen



Patient and tumor characteristics

IMN RT (n=1485) No IMN RT (n=1586)

Median age (range) 56 (23-70) 57 (27-70)

Pre-menopausal 611 (41%) 646 (40%)

Estrogen receptor positive (%) 1202 (81%) 1274 (80%)

Invasive ductal carcinoma

Invasive lobular carcinoma

Other

1305 (88%)

134 (9%)

46 (3%)

1346 (85%)*

163 (10%)

77 (5%)

Grade I

Grade II

Grade III

307 (19%)

710 (48%)

414 (28%)

307 (19%)

743 (47%)

456 (29%)

pT1

pT2

pT3

527 (36%)

830 (56%)

126 (9%)

556 (35%)

905 (57%)

124 (8%)

pN1

pN2

pN3

867 (58%)

396 (27%)

222 (15%)

949 (60%)

412 (26%)

225 (14%)

Lateral

Medial/central

904 (61%)

578 (39%)

943 (60%)

640 (40%)



DBCG-IMN: Treatment

(IMN RT n=1485) No IMN RT (n=1586)

Radiotherapy: 48 Gy/24 F

IMN-RT (%)

Axillary level II-III-IV (%)

Axillary level I-II-III-IV (%)

Boost after BCS (%)

1431 (96%)

1213 (82%)

272 (18%)

176 (33%)

161 (10%)

1294 (82%)

292 (18%)

164 (30%)

Type of surgery

Mastectomy  + AC(%)

Breast conserving  +AC(%)

959 (65%)

526 (35%)

1048 (66%)

538 (34%)

Systemic treatment

Endocrine therapy (%)

Chemotherapy (%)

Endocrine + chemotherapy (%)

697 (47%)

274 (19%)

514 (35%)

741 (47%)

304 (19%)

541 (34%)



Results

Pattern of recurrence

Median FU= 8.0 years

IMN RT (n=1485) No IMN RT (n=1586)

Local recurrence 29 (2.0 %) 21 (1.3 %)

Regional lymph node recurrence 10 (0.7 %) 15 (0.9 %)

Contralateral breast cancer 39 (2.6 %) 36 (2.3 %)



DBCG IMN study, OS

Median follow up 8.9 years
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DBCG IMN study, BCM



03/01/13

DBCG IMN study, Distant recurrence



03/01/13

DBCG IMN study, Forest plot using OS as endpoint





Maturing of these trials?

All trials will provide up-dates of results with longer follow up

A meta-analysis is in process

Regarding the DBCG-IMN study, the rigth/left guideline was used 2003-

2014, but the DBCG IMN study reported data only from 2003-2007. Thus 

outcome from >5000 patients treated 2008-2014 will be published 

(including taxans, trastuzumab, letrozole)

What do we need? Biological information to identify subgroups who do not 

need MS-IMN RT



Accruing: open trials accruing pN+ patients

FRACTIONATION

The DBCG RT Skagen Trial 1

The HYPOG-01 trial

Trials from Colorado/Kansas/Virginia/Egypt

Ghent trial

FAST forward trial, nodal substudy

TARGET FOR REGIONAL RT AFTER PST

NSABP-B51 trial

Alliance A011202 trial

MANAGEMENT OF THE AXILLA WITH MACROMET IN SN

POSNOC

SENOMAC



FRACTIONATION

The DBCG RT Skagen Trial 1

The French HYPOG-01 trial

R

Women ≥18 years

Operated for early breast
cancer with an indication for 

loco-regional RT 

All tumour bed boost as SIB

50 Gy / 25 
fr, 5 weeks

40 Gy / 15 
fr, 3 weeks

Primary endpoint: ipsilateral arm lymph oedema

Sec endpoints: other morbidities, PROMs, pattern of recurrences

Follow up yearly for 5 years then at 10 years

DBCG trial: open since 2015

Active in 6/7 DK centres and centres 

in Norway, Germany, Belgium, Poland, 

Slovenia and soon in Finland and 

Australia/New Zealand. Now 1000 pts

accrued. Continues until 1012 pts

have 3 yr morbidity results.

PI: Birgitte Offersen

HYPOG-01 trial: open since 2016

Active in 6 centres now, a total of 28 

French centres will start. Now ~ 100 

pts accrued. Continues until 1012 pts

have 3 yr morbidity results.

PI: Sofia Rivera

Skagen Trial: www.dbcg.dk, Nielsen et al 2016, Francolini et al 2017, Eldesoky et al 2017 

http://www.dbcg.dk/


FRACTIONATION

Similar trials from Colorado/Kansas/Virginia/Egypt

General: Patients with indication for loco-regional RT, BCS/mast, 

morbidity is primary endpoint

Randomised trials:

Colorado: 40 Gy/15 fr versus 50 Gy/25 fr, target accrual 112 pts

Kansas: 40 Gy/15 fr versus 50 Gy/25 fr, target accrual 296 pts

Egypt: 42.5 Gy/16 fr versus 50 Gy/25 fr, target accrual 500 pts

Single arm study: 

Virginia: 42.5 Gy/16 fr, target accrual 145 pts



FAST-Forward Trial

Randomised clinical trial testing a 1-week 

course of curative whole breast 

radiotherapy against a standard 3-week 

schedule in terms of local cancer control 

and late adverse effects in patients with 

early breast cancer.

Courtesy Professor Murray Brunt, Cambridge, UK

FRACTIONATION, severe hypofractionation



START Trial B –

40Gy in 15# of 2.67Gy was as effective in terms of tumour control &
adverse effects as 50Gy in 25# of 2Gy.

FAST trial

28.5Gy in 5# of 5.7Gy appears equivalent to 50Gy/25F in terms of
change in breast appearance at 2 years and late adverse effects
in breast at a median of 3.1 years.

This is unlikely to be the limit of hypofractionation – how far can
we go?



Trial Design

Eligible patients

Breast only RT

40Gy in 15 #
(2.67Gy) 3 wks

N=1333

Annual clinical assessment

R

A

N

D

O

M

I 

S

E

27Gy in 5 #
(5.4Gy) 5 days

N=1333

26Gy in 5 #
(5.2Gy) 5 days

N=1333

Recruitment 
and consent

Radiotherapy

+/- boost

Primary endpoint: 
- ipsilateral local tumour control 

Secondary endpoints: 
- early and late adverse effects in normal tissues,

- quality of life,

- contralateral primary tumours,

- regional and distant metastases

- survival. 



Current Status

Trial opened to recruitment on 23rd Nov 2011

103 centres open to recruitment

4110 patients recruited by March 2014

– 3903 blood, 1798 PROMS, 1737 photographs



Nodal Radiotherapy Sub-study

-Start April 2016
Aim:

To show that a 5-fraction schedule of adjuvant radiotherapy to levels 1-3 

axilla and/or level 4 axilla is non-inferior to a 15-fraction standard in terms 

of patient reported arm swelling and function and to contribute additional 

information to the endpoints of the main trial

Primary endpoint: Ipsilat tumour control (personal communication, M Brunt)

Sec endpoints: PROMs 

Sample size: 627 patients randomised 1:1:1 to 3 arms

August 2017: 202 patients accrued



Nodal Radiotherapy Sub-study 
- endpoints

Patient-reported outcomes:

• arm swelling

• shoulder stiffness

• upper limb pain

• sensorimotor symptoms

• arm function

Clinical-reported outcomes:

• upper limb sensorimotor symptoms



Nodal Radiotherapy Sub-study

- inclusion criteria

Inclusion Criteria: as for the main trial plus

• pT1-3, pN1-2, M0 disease

• histological involvement of axillary lymph nodes

• indication for radiotherapy to level I-III axilla and/or level IV 

axilla (SCF) (NO IMN RT)

(combinations)

Sub-studies: PROMS are mandatory

Other sub-studies as per main trial



FRACTIONATION, severe hypofractionation cont.

HAI-5-III trial: partially randomised patient preference trial, comparing adjuvant 

hypofractionated RT in 15 versus 5 fractions after breast conservation or 

mastectomy for early or locally advanced breast cancer in women above 65 

years

Boost provided as SIB

Pts can accept randomisation or choose treatment

Primary endpoint: 

breast retraction 2-5 years, BCCT core

Start Febr 2017

Expected accrual 798 patients

PI: Liv Veldeman, Ghent

(If regional nodes RT: 27 Gy/5 fr)

R

Women >65 years

Operated for early
BC or LABC with 
an indication for 

RT

28.5 Gy / 5 
fr, 10 days

40 Gy / 15 
fr, 3 weeks



Accruing: open trials accruing pN+ patients

FRACTIONATION

The DBCG RT Skagen Trial 1

The HYPOG-01 trial

Trials from Colorado/Kansas/Virginia/Egypt

Ghent trial

FAST forward trial, nodal substudy

TARGET FOR REGIONAL RT AFTER PST

NSABP-B51 trial

Alliance A011202 trial

MANAGEMENT OF THE AXILLA WITH MACROMET IN SN

POSNOC

SENOMAC



Molecular subtypes and residual disease

233 pts (from MSKCC) with stages 2-3 BC, NAC, mastectomy, PMRT 2000-2009

(50 Gy/25f, chest wall+supraclav, 40% axillary boost, 20% IMN boost, 14% scar 

boost)

NAC: Anthracycline 10%, Taxane 6%, both 86%

99% had ALND, 36% had ypN2-3

HR+: 53%

HER2+: 23% (74% had trastuzumab)

TN: 24%

pCR: 14% (T and N site)



Molecular subtypes, residual disease 

and 5-yr LRR
Median follow up 62 months

5-yr LRR 8% overall cohort
pCR vs no pCR: 0% vs 9%, p=0.05

Endpoint LRR: HR (TN) 4.4, p=0.003 and HR (ypN+) 9.8, p=0.03

All patients, n=233 Patients with no pCR, n=201

5-yr LRR p 5-yr LRR p

TN 20% 0.005 26% <0.001

HER2+ 6% 7%

HR+ 4% 4%



Whole cohort No pCR

Molecular subtypes, residual disease and 5-yr LRR

Conclusion: 

TN breast cancer pts have a poor prognosis, and in particular patients with no 

pCR have a very high LRR risk

Patients with HR+ or HER2+ breast cancer had favourable LRR rates regardless 

of NAC response

In addition: the National Comprehensive Cancer Network (NCCN) and St. Gallen 

consensus statements advise to use the pre-NAC staging and risk factors



Target for RT after PST, ongoing trials

cN1    NAC ypN0

NSABP B-51

Standard versus comprehensive radiotherapy in treating patients with no
residual nodal disease after NAC 

cT1-3N1M0

Needle biopsy demonstrating nodal disease before NAC

NAC

Surgery + ALND/SNB with nodal pCR

Randomisation

BCS: WBI vs WBI + RNI

Mastectomy: PMRT (chest wall + RNI) vs no PMRT

N=1636

Start 2013, estimated end of accrual 2023

Primary endpoint: any event (LR, RR, DM, death)



cN1 NAC ypN+

Alliance trial A011202

Comparison of ALND with axillary RT for pts with node-positive BC treated with 
NAC

cT1-3N1M0

Needle biopsy proving nodal disease before NAC

NAC

Residual nodal disease after NAC (>0.2mm) 

Randomisation

ALND + RNI (undissected axilla + level III, supraclav fossa+IMN I-III)

RNI (full axilla level I-III + supraclav fossa + IMN I-III

Primary endpoint: invasive breast cancer recurrence-free interval

Start 2014, expected closure 2024

Accrual 2918 pts

Notice:

In the retrospective MSKCC study the risk of 5-yr LRR in triple neg pts with 

ypN+ was 26% (all had ALND + PMRT, however, clinical stages 2/3)

Target for RT after PST, ongoing trials



Accruing: open trials accruing pN+ patients

FRACTIONATION

The DBCG RT Skagen Trial 1

The French HYPOfractionated nodal trial

Ghent trial

FAST forward trial, nodal substudy

HeNRIetta

TARGET FOR REGIONAL RT AFTER PST

NSABP-B51 trial

Alliance A011202 trial

MANAGEMENT OF THE AXILLA WITH MACROMET IN SN

POSNOC

SENOMAC Thorsten presented these trials yesterday



Nurturing (resulted in clinical guidelines)

03/01/13

Strategies from ACOSOG Z0011 & AMAROS trials are used in some 

institutions and countries

IMN RT is international standard in most patients treated with regional 

nodes RT



Future trials pN+

03/01/13

ATNEC Trial, UK trial in planning phase

DBCG RT Recon trial (later today)

Breast P1
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03/01/13
~AMAROS, but now

with neoadj chemo

~AMAROS, but now

with neoadj chemo



03/01/13



BREAST P1: 

Multicenter European Randomized 

Phase III trial comparing protons 

vs. optimal photon radiotherapy in 

breast cancer with an indication  

for regional lymph node irradiation  

in terms of cardiac and other long 

term toxicities 

52

Youlia M. Kirova, M.D.,

youlia.kirova@curie.fr

mailto:youlia.kirova@curie.fr


BREAST P1: Main objective

➢ To assess the superiority of the proton locoregional radiotherapy to currently 

used photon-electrons 3D conformal or IMRT radiotherapy in term of cardiac 

toxicity at 10 years (reduction of 50% in 10 yrs).

➢ Evaluation strict by ultrasound but also blood tests, MRI in population at risk.

➢ ESTRO Guidelines for volume definition

➢ Translational research



BREAST P1: 

Stratification

Proton RT of 

breast/chest 

wall + LN

Photon 

RTbreast/chest w 

all + LN



Statistics

We estimated that among patients treated with normofractionated 

radiotherapy in EORTC IMN vs no IMN study, the cardiac disease rates 

were 6.5% at 10 years after radiation therapy. If we want to show 50% 

decrease of this cardiac toxicity using protons;

With this total of 1310 patients, we will be able to show this difference 

at 10 years if it exists with a power of 87%.

To assess the non-inferiority to proton versus photon therapy in 

reducing ipsilateral breast cancer loco-regional recurrence, 1310 

patients in total are needed. There is 80% power for a 5-year non-

inferiority not higher than 3 % for local-regional recurrence assuming 

local-regional recurrence in the photon arm of 5% at 5 years with a type 

one error equal to 5% (unilateral).



Conclusion: Recent trials in pN+ patients

TARGET FOR NODAL RT

EORTC trial

MA.20

DBCG IMN study

FRACTIONATION

The DBCG RT Skagen Trial 1

The HYPOG-01 trial

Other fractionation trials

Ghent trial

FAST forward trial, nodal substudy

TARGET FOR REGIONAL RT AFTER PST

NSABP-B51 trial

Alliance A011202 trial

MANAGEMENT OF THE AXILLA WITH MACROMET IN SN

POSNOC

SENOMAC



A little remark on biology and RT (because the 

debate on nodal RT was cancelled yesterday)



RT+TAM TAM 

PMRT: Material and Methods

DBCG82bc
Danish Breast Cancer Cooperative Group

3083 high risk pts.

1708
Pre-meno.

(b)

1375
Post-meno.

(c)

267 
fresh frozen tumor samples

Whole genome arrays 
(Applied Biosystem Human 

Genome Survey Microarray v2.0)

195/267 samples 
successful microarray

2-step 
Cox Proportional Hazard 
model with lasso penalty

mastectomy
partial axillary lymph node dissection

7 genes identified
7-gene index based on 

the combined expression levels

RT+CMF CMF

Tramm T et al, Clin Can Res 2014
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Results

Patients split in quartiles 
according to size of 7-gene-
index

High index = 25% of
patients with highest index

Low index = 75% of
patients with lowest indexes

Prognostic (no PMRT group)

Predictive Low index High index

0 24 48 72 96 120 144 168 192 216 240

31%

no PMRT

PMRT

Events  All

no PMRT

PMRT

HR = 0.16 (0.09 to 0.34)
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This pattern is seen regardless of

-nodal status

-T status

-menopausal status

The gene profile has been 

validated in an independent data 

set (Tramm et al, Clin Can Res, 2014)



Clin Can Res, 2015

1) In vitro: Clonogenic survival assays to identify the SF-2Gy in 16 BCC lines

2) Surviving fractions (17-77%) independent of intrinsic subtypes

3) Gene expression data from BCC correlated to SF data, 147 genes identified

4) Hierarchical cluster analysis separates genes into radioresistent vs –sensitive

5) In vivo: RSS run in test set of 343 pts with gene analysis data, all treated with 

BCS+RT and with FU, then RSS further trained and refined to 51 genes.

6) 51 gene profile evaluated on ingenuity.com, tested in a validation set of 295 pts 

with gene analysis data and with BCS+RT and FU

Genes involved in 

cell cycle

DNA damage

DNA repair

http://ingenuity.com/


Radiation signature tested in the validation set

The RT signature is independent of molecular subtype (luminal A/B….)



Radiation signature tested in the validation set



Potential of gene analysis studies

03/01/13

The DBCG 7 gene profile can predict gain from loco-regional RT after 

mastectomy. It identifies 25% of a high-risk cohort where RT may not be of any 

value. This gene profile is both prognostic and predictive of RT effect.

The Michigan 51 gene profile can discriminate patients treated with BCS+RT who 

are unlikely to develop local recurrence after RT from those patients with a high 

likelyhood of recurrence despite RT. Thus it may identify patients who need 

treatment intensification. This gene profile is prognostic (not predictive).

Further studies are being performed to explore the potential of these profiles.



The role of adjuvant systemic treatment in the 

21st – screening – patient population 

B.Vriens

Medical oncologist

Catharina Hospital Eindhoven

The Netherlands

ESTRO Breast Cancer 2017

19-9-2017



Prognosis of early breast cancer has been greatly improved in the 

last four decades

19-9-2017

1986 to 1992 2004 to 2008 

Cossetti R J et al. JCO 

J Clin Oncol 2015:33(1):65-73

Hazard rate of relapse according to tumor subtype and year of diagnosis (breast)



Improved survival by treatment escalation

Systemic treatment

• in terms of number of drugs

• dose (sometimes)

• duration of therapy

Increasing number of breast cancer survivors

Focus on quality of life, limiting morbidity

Trials addressing de-escalation of treatment to 

reduce morbidity without significantly 

compromising survival are of increasing importance.

It seems unlikely that further escalation of adjuvant chemotherapy will improve 

survival, except in selected subgroups

19-9-2017



Escalation or De-escalation?

Therapeutic escalation has also brought about significant problems. 

• For patients: increasing burden of treatment-related toxicities, which can 

cause important emotional, social and economic issues.

• Healthcare systems: enormous financial strain as treatment costs soar ever 

higher. 

Determining which patient will benefit from therapeutic escalation has proven to 

be a scientific challenge.

Failure to de-escalate systemic treatments contrasts starkly with successful de-

escalation that come from breast cancer SURGERY and RADIOTHERAPY.



19-9-2017

Who needs more or less treatment?



Treatments (neo)-adjuvant setting

Chemotherapy (e.g.)

• Taxanes

• Anthracyclines

• Cyclophosphamide

• Carboplatin

Endocrine therapy (ER+ and/or PR+ tumors)

• Tamoxifen

• Aromatase-inhibitors

Trastuzumab +/- Pertuzumab (HER2+ tumor)

19-9-2017



Prognosis of early breast cancer has been greatly improved in the 

last four decades

• Landmark trials of adjuvant tamoxifen

• 1970s and 1980s; combination chemotherapy 

• Since then, ever more intense and complex regimens, containing a 

combination of cytotoxic agents, endocrine agents and/or targeted 

agents have become the norm for hundreds of thousands of women.

19-9-2017



(Neo)adjuvant Chemotherapy

19-9-2017



Anthracyclines

19-9-2017



Chemotherapy – Antracycline based

6 months of anthracycline-based 

polychemotherapy (eg, with FAC or 

FEC) reduces the annual breast 

cancer death rate 

• by 38% (SE 5) age <50y

• by 20% (SE 4) age 50–69y

Irrespective of the use of tamoxifen, 

oestrogen receptor (ER) status, nodal 

status, or other tumour characteristics.

19-9-2017

EBCTCG 2005



Chemotherapy – Antracyline based

19-9-2017

EBCTCG 2005



Chemotherapy TAC vs FAC

19-9-2017

Node positive Node Negative

Martin M; 2005 & 2010

Median FU 55m – 5y DFS/5y OS

75%

68%

87%

81%

Median FU 77m DFS and OS

87,8%

81,8%

N.S; small number of events



De-escalation anthracyclines

DOSE:

Escalation of doxorubicin dose did not improve the DFS and OS (stage II BC)

19-9-2017

Henderson, JCO 2003



De-escalation anthracyclines

19-9-2017

Blum JCO 2017



Results Invasive free survival

19-9-2017



Minimal/No benefit anthracylines

ER+N0 High risk group

Benefit anthracyclines

• Triple negative N0/N+

• ER+/N+

• Waiting for data longer FU!!

Explorative analysis

19-9-2017



Conclusions ABC trials

IDFS was significant for superiority of TaxAC relative to TC

4 year OS was high in both groups

Exploratory subgroup analyses suggest TaxAC provides

• Minimal, if any benefit in ER+/Node negative cohorts

19-9-2017



TC versus EC-D

19-9-2017



Patient characteristics

19-9-2017



19-9-2017

TC not inferior

to EC-D



Anthracyclines

The role of non-anthracycline chemotherapy needs further investigation 

in lesser risk cancers

Additional follow up and correlative studies to identify biomarkers of 

anthracycline benefit will be crucial for fully determining the utility of 

anthracyclines

The use of neoadjuvant chemotherapy for larger cancers with 

pathological Complete Remission as a surrogate end point might 

identify more patients who do not require more intensive 

anthracycline-containing regimens. 

19-9-2017



Treatment 

HER2+ Breast

Cancer 

19-9-2017



HER2+ breastcancer; NeoSphere



NeoSphere pCR rates

• Significant increase pCR rate THP population

• Substantial antitumor effect with trastuzumab en 

pertuzumab without chemotherapie



HER2+ patients

19-9-2017



19-9-2017



Treatment duration trastuzumab

2 vs 1 year trastuzumab after adjuvant chemotherapy

6 vs 12 months trastuzumab after adjuvant chemotherapy



HERA Trial Design

19-9-2017



HERA: Overall survival

• No evidence of long-term

benefit of 2 years

compared to 1 year

trastuzumab

• Secondary cardiac

endpoints and other

adverse events are 

increased in the 2 years

trastuzumab arm

• The majority of cardiac

endpoints occurred during

trastuzumab

administration and are 

reversible



Phare studie design



Ziekte vrije overleving

Non-inferiority trial

Primaire eindpunt scenario’s

• PHARE failed to show that 6 m of trastuzumab is non inferior to 12 months

•Longer follow up is needed

•Other trial results are expected (shorther & SOLD trial)

1 year trastuzumab adjuvant will be daily practice



HER2 + patients

Weekly paclitaxel with anti-HER2 therapy is as effective as standard 

chemotherapy for small cancers. 

Available data shows, that only a fraction of patients benefit from any 

particular instance of therapeutic escalation.

Evidence suggests that some patients with HER2-positive cancers may 

be curable with anti-HER2 antibody therapy alone, and the 

challenge is to identify these.

At this moment 1 year trastuzumab adjuvant will be daily practice

19-9-2017



Escalation

19-9-2017



Escalation in specific populations

. E.g. post-neoadjuvant study design show that it is possible to target very 

specific populations for escalation based even on conventional pathologic 

criteria.

Asian

32% triple negative

6 – 8 cycles

capecitabine 1250 

mg/m2 twice daily d1-

d14 q 3wk



Create X trial

Masuda, 2017

74,1%

67,6%

69,8%

56,1%





Endocrine

therapy

19-9-2017



HR for Breast Cancer Death ER+/ER- patients

19-9-2017 Jatoi, et al;JCO 2011

A substantial proportion of breast cancer recurrences occur >5 

years post-surgery 

The annual risk of late recurrence is higher in ER+ tumors



Questions in endocrine therapy

• What is the optimal duration of endocrine therapy? 

• What is the optimal treatment for premenopausal women?

• What is the impact of adherence/ compliance? 

• What is next in endocrine therapy?

19-9-2017



ER-positive disease and tamoxifen

• Tamoxifen for 1-2 years is significantly more effective than no treatment

• Recurrence rate 5,8% vs 7,1%/year

• Tamoxifen for 5 years is significantly more effective than just 1–2 years of 

tamoxifen. 

• 5 year of adjuvant tamoxifen reduces the annual breast cancer death rate 

by 31% (SE 3)

• Irrespective of the use of chemotherapy and of age, progesterone 

receptor status, or other tumor characteristics. 

19-9-2017
EBCTCG 2005 & 2011



ER-positive disease; 5y Tamoxifen vs no Tamoxifen

19-9-2017
EBCTCG  2011



ER-positive disease and Tamoxifen

• The annual breast cancer mortality rates are similar during years 0 - 4 and 

5 - 14

• The cumulative reduction in mortality is more than twice as big at 15 years 

as at 5 years after diagnosis

19-9-2017

EBCTCG 2005 & 2011



Aromatase inhibitors (AI)

Upfront studies: AI versus tamoxifen (5 year)

ATAC; BIG 1-98; ABCSG-12

Sequential studies 

2-3 y tamoxifen followed by 3-2y AI vs 5y tamoxifen or 5y AI

2-3 y AI followed by 3-2y tamoxifen vs 5y tamoxifen or 5y AI

IES; ITA; ARNO-95 Randomisation after 2-3y tamoxifen

TEAM; ABCSG-8

Extension studies 

AI after 5y tamoxifen 

AI after 5y tamoxifen/AI

MA.17; ABCSG-6A; NSABP B-33; DATA; LEAD

19-9-2017



Tamoxifen vs Tamoxifen then AI

19-9-2017
EBCTCG



Recommendations endocrine therapy

Premenopausal women

5 years of tamoxifen +/- ovarian suppression

Caution against longer durations of treatment when neither safety nor efficacy 

data were available.

Soft and Text trial

Additional benefit of ovarian suppression?

Two important questions

•Tamoxifen  + Ovarian suppression vs. Aromatase inhibitor + Ovarian

suppression ?

• Tamoxifen  + Ovarian suppression vs Tamoxifen

19-9-2017

ASCO guideline



Conclusions Pre-menopausal ER+ BC

Effectivity aromatase inhibitor + ovarian suppression not convincing

Trend worser overall survival

•Impact ovarian suppression + TAM vs TAM: 

–Trend better DFS and OS 

–Young age

–Higher risk (initial chemotherapy)

•Don’t forget large influence Qol: 

–AR / OFS > TAM + OFS > TAM 

19-9-2017



Consider Pre-menopausal ER+ BC

Low risk: Tam 5 y

Intermediair risk: TAM + ovarian suppression 5-10 y

–Young age

–Higher risk (initial chemotherapy)

High risk: TAM + ovarian suppression 10 y 

–Young age

–Higher risk (initial chemotherapy)

Depending on tolerance and co-morbidity

19-9-2017



Recommendations endocrine therapy

Postmenopausal women

• A minimum of 5 years of adjuvant therapy using either an AI or a sequence 

of tamoxifen followed by an AI.

• Women who are postmenopausal who receive tamoxifen as initial

treatment are candidates for extended adjuvant endocrine treatment

either by continuing tamoxifen for a total of 10 years, or by

switching to an AI.

• As there are no data for the efficacy or safety of AI therapy in excess of 5 

years, 5 years remains the appropriate duration of AI treatment, whether 

begun as initial therapy or after prior tamoxifen.

Caution against longer durations of treatment when neither safety nor efficacy 

data were available.

19-9-2017
ASCO guideline



How can we select for candidates for 

shorter or longer therapy today?

19-9-2017



Use of extended adjuvant endocrine therapy

• Higher stage at diagnosis

• Limited or absent toxicity

• Absence of life-threatening co-morbidities

• Younger age

• Patient preference

• Biomarkers for late recurrence?

19-9-2017



Prognostic signatures for the predictions of late 

distant recurrence

19-9-2017

I Sestak

These markers combine expression profiles of a panel of cancer-related genes

Mostly been developed and validated in ER+/HER2- and Node- patients

Prognostic information or recurrence-free survival independent of traditional clinical markers (TNM)

They were not developed to specifically predict late (distant) recurrences



Prognostic signatures for the predictions of late 

distant recurrence

19-9-2017

I Sestak

These markers combine expression profiles of a panel of cancer-related genes

Mostly been developed and validated in ER+/HER2- and Node- patients

Prognostic information or recurrence-free survival independent of traditional clinical markers (TNM)

They were not developed to specifically predict late (distant) recurrences



Challenges in Optimal Endocrine therapy

• Predictive markers beyond ER,PR

• Understanding pathways of resistance

• Optimizing host environment (BMI?)

• Monitoring long term benefit & toxicity

• Compliance of patient

• Dissemination of endocrine prevention strategies for high 

risk women

• New treatment combinations targeting both ER and 

growth factor receptor signaling to block the crosstalk 

between these pathways and eliminate escape routes

19-9-2017



Targeting both ER and growth factor receptor 

signaling

PI3K/mTOR inhibitors

Everolimus

CDK4/6 inhibition

Palbociclib

Ribociclib

Fibroblast growth factor (FGFR) inhibitors 

19-9-2017

Usefulness of endocrine therapy is limited by 

common intrinsic and acquired resistance.



Gene expression

profiling

19-9-2017



Gene expression profiling

Gene expression profiling including Oncotype DX and Mammaprint

• a substantial reduction in the number of patients receiving 

chemotherapy

• so far without any suggestion of impaired outcome

19-9-2017



Take home message

There may be opportunities for de-escalation without compromising

Outcome

Major efforts must be made to further refine “personalised”

treatment approach.

19-9-2017



Questions??

19-9-2017



Possible interaction 

between systemic 

treatment and radiation 

therapy

Youlia M. Kirova, M.D.,

Institit Curie, Paris, France

youlia.kirova@curie.fr

mailto:youlia.kirova@curie.fr


…or survival of the radiation oncologist in 

the world of new systemic treatments…

http://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjP3PbWjZPWAhUJAxoKHWFOBJMQjRwIBw&url=http://www.dailymail.co.uk/travel/travel_news/article-3019274/Now-s-black-run-Thrillseeking-skiers-terrifying-vertical-slopes-turn-avalanche-seconds.html&psig=AFQjCNG2rQltfej_PTIq0-wFIYRTErBQLg&ust=1504874786442339


Introduction

Widespread use of systemic treatments in breast cancer

-Hormone therapy

-Chemotherapy

-Targeted therapy (Trastuzumab, Avastin, Pertuzumab, TDM1, 

immunotherapy)

All these treatments have an impact on local control and survival

In the adjuvant setting, they are usually delivered sequentially

Few studies have evaluated the delivery of concurrent radiotherapy and 

systemic treatments



Concurrent radiotherapy and systemic treatments

Theoretical benefit:

Reduction of delay of initiation of each modality

« Supra-additive » effect on tumor control

Theoretical risk

Toxicity and sequelae

Decreased radiosensitivity



Concurrent radiotherapy and endocrine 

treatment

TAMOXIFEN



Interactions anti-estrogens/RT: clinical results

No increased toxicity Increased toxicity

Lung toxicity Malher et al., ESTRO 2002 Bentzen et al., JNCI, 1996

Koc et al., Radiother Oncol, 2002

Skin toxicity Wazer er al., JCO, 1992

Fowble et al., IJROBP, 1993

Taylor et al. IJROBP, 1995

Christensen et al., ASCO 2003

Azria et al., BJC, 2004



RT + Tam : similar tolerance

* RH+ : 64% et 50%
J Clin Oncol 2005

Med FU Seq Conco.

yrs. No. No. Tox. Cosm.

Pierce * 

SWOG
10.3 107 202 ns -

Ahn 

U.Yale
10 241 254 - -

Harris 

U.Penn
8.6 104 174 ns ns



Harris, U.Penn

J Clin Oncol 2005, 23 (1)



Aromatase  Inhibitors and RT



L’association aux traitements systémiques

Center, RILA, Adjuvant CT, Boost 

CO HO RT phase II study

Breast-conserving surgery, HR+, post-menopause

Arm A

Radiation-induced lymphocyte apoptosis (RILA) test

No adjuvant CT Adjuvant CT

2nd RILA testStratification

Adjuvant RT

Randomization

Arm B

Letrozole 2.5 mg/day

5 years

Adjuvant RT
Letrozole 2.5 mg/day

5 years

Azria et al. Lancet Oncol 2010



L’association aux traitements systémiques
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L’association aux traitements systémiques

• COHORT is the first randomized trial evaluating RT and HT (letrozole)

concurrently or sequentially

• In both arms,

No difference of acute and late skin toxicity

• Interestingly, late subcutaneous fibrosis is strongly influenced by intrinsic

radiosensitivity evaluated by RILA

Longer F-up is warranted for:

- Skin toxicity evaluation

- Lung fibrosis evaluation (CT Scan, functional tests)

- Cardiac events (3D planning dosimetry, Heart DVH)

- SNP screening

Conclusions

Azria et al. Lancet Oncol 2010



L’association aux traitements systémiques



L’association aux traitements systémiques

Biological factors

Azria et al. EBM 2015



L’association aux traitements systémiques

Biological factors for fibrosis

Azria et al. EBM 2015



Concurrent RT-Chemotherapy (CT)



Adjuvant studies

N FU Surgery CT 

Arcangeli 206 5 T+AD CMFx6

IJROBP 2006

Rouësse 638 5 T/M-AD FEC60x4 Sequential

IJROBP 2006 FNCx4     Concurrent

Toledano 695 5 T+AD FNCx6

JCO 2006



L’association aux traitements systémiques

Loco regional control, conserving treatment, pN+

99200A

At 5 years 

97% Arm A Conc

91% Arm B Seq

Logrank test; p=0.01

ARCOSEIN

At 5 years

97% Conc

91% Seq

Logrank test; p=0.02

Ptes à 
risque

Conc 210 208 155

Seq 206 204 141

Rouesse, de la Lande et al. IJROBP 2006 Toledano, Azria et al. JCO 2007

Increased early and late toxicity



L’association aux traitements systémiques

Early toxicity

Rouesse Arcosein

Seq Conc p Seq Conc p

Epidermitis Grade ≥2 21% 29% 0.03 Grade ≥1 37% 41% NS

Fever

Febrile 

Neutropenia <1 1 0.007 Fever 5 7 NS

Cardiac LVEF ↓15% 2 6 0.02 Grade ≥1 1 1 NS

Neutropenia Grade ≥3 <1 14 0.0001 Grade ≥1 36 37 NS

Esophagitis Grade ≥1 13 17 0.02

Rouesse, de la Lande et al. IJROBP 2006 Calais Cancer Radiothérapie 2004



Late toxicity

Seq Conc p

Fibrosis  (grade >=2) 5 25 0.003

Teleangectasia (grade >=2) 7 25 0.001

Atrophy (grade >=2) 20 44 0.0006

Hyperpigmentation (grade >2) 15 30 0.02

Deformation of breast(>moderate) 14 29 0.0015 

Pain (grade >=2) 12 22 0.07

Edema (grade >=2) 0 1

Lymphoedema (Grade >=2) 7 5

Toledano et al. IJROBP 2006



No. Stage ChT RT* pCR

Epidermatitis

Grade 3

%

Formenti et al 35 T3-4 5FU-ci 50 Gy 20 26

IJROBP 1997 Neaoadj 200mg/m2

Formenti et al. 44 IIB-III Paclitaxel 45 Gy 16 7

JCO 2003 Neoadj.

Kao et al. 16 IIIB-C VB + P 60 Gy 46 50

IJROBP 2004 Neoadj or P

* RT Breast+LN

%

Neo adjuvant RT-CT

Bollet et al.

EJC 2006

* RT Breast+LN
60 T2-3, 

N0-1

5FU-ci

+VB
50 Gy 1427



Concurrent RT-targeted treatments



Concurrent RT-targeted treatments, 

WHY?

•Radiosensibilisation = additive and/or supra-additive effect

•Spatial cooperation = action to the micro-metastases

•Protection of the healthy tissues = radioprotection



Concurrent RT-targeted treatments, 

HOW?

Molecular mechanisms

• Inhibition of the reparation

Cellular mechanisms

• Cytokinetic cooperation

• Action to the hypoxic cells

• Promotion of the apoptosis

Tissular mechanisms

• Tumoral re-oxygenation 

• Decreasing the tumor repopulation 

• Angiogenesis 



Breast cancer 

Her2+

Breast cancer 

HR+

Breast cancer 

TN

Trastuzumab

TDM-1

Pertuzumab

PARP 

inhibitors

Bevacizumab

mTor

inhibitors

ANTI-ANGIOGENICS



HER2 POSITIVE BREAST CANCER



➢ HER2

- Surexpression in 20-25% of BC

(Spector et al., J Clin Oncol 2009)

- Trastuzumab

(Piccart-Gebhart et al., N Engl J Med 2005,

Halyard et al., J Clin Oncol 2009)

- Association RT & Trastuzumab

> radio sensibilisation (Pietras et al., Cancer Res 1999)

Toxicity?



28 - -



Cardiac toxicity in case of IMN RT

➢ Only 44 patients with IMN irradiation



Jacob et al., 2014

Other studies



Conclusions Herceptin-RT

Trastuzumab can be administered concurrently with locoregional

breast radiotherapy

Tailored irradiation techniques are required

Long-term follow-up is warranted



• Trastuzumab-Pertuzumab and radiotherapy: no preclinical data

- Autorisation in Her2+ metastatic BC  

- No published clinical data



Ajgal Z et al,CanRad 2016

10



Ajgal Z et al, EBCC 2016



Ajgal Z et al, EBCC 2016

Toxicity (n,%)

Grade 0   

n

%

Grade 1

n

%

Grade 2 

n    

%

Grade 3   

n

%

Diminution of LVEF 0 0 0 0 2 9 1 4

Radiodermatitis 11 48 5 22 6 26 1 4

Esophagitis 23 100 0 0 0 0 0 0

Radiation 

pneumonitis 0 0 1 4 1 4 0 0

Conclusions: Acceptable toxicity comparable with Herceptin-RT, but very preliminary 

results, have to be confirmed in prospective trials.



TDM1-RT



-7 patients association TDM1- RS 

-4 cases of radio necrosis

2 immediately after TDM1 perfusion, 

1 after 5 cycles, 

1 after 2 cycles.

-3 patients: ARRET  et 1 presented the sequels



TN BREAST CANCER

ANTI-ANGIOGENIC TREATMENT + RT



4 possible mechanisms: 

- Vascular normalization

- Apoptosis of endothelial cells provoking the radio 

sensibility of the tumor cells

- Reduction of the radio resistance of the tumor cells

- Reduction of the number of tumor stem cells



Early toxicity in breast cancer therapy

Goyal et al., IJROBP, 2011

14 patients with bevacizumab –RT mached to 14 controls (RT alone).



Tolerance of the Radiotherapy of BC

associated or not with Bevacizumab

ToleRAB: National retrospective case-controls study

• Patients includes in the adjuvant studies with bevacizumab as BEATRICE 

or neo adjuvant (BEVERLY) associated with radiotherapy (RT) in the breast 

cancer (BC) treatment

• Follow-up of two cohorts: +/- Bevacizumab during 5 years after the end of 

the RT

• 65 patients included in the cohort bevacizumab

• 62 patients evaluated at 1 year



Tolerance of the Radiotherapy of BC associated or not with Bevacizumab

ToleRAB n= 65 (B+RT): National retrospective case-controls study

Pernin, et al, The Breast 2014



ToleRAB: Acute toxicity (CTCAE v3)

Bevacizumab + RT

Grade 1 Grade 2 Grade 3 Grade 4 Total

Radiodermatitis 27 (62) 17 (62) 4 (62) 0 (62) 48 (62)

Œsophagitis 0 (62) 1 (62) 0 (62) 0 (62) 1 (62)

Pernin et al, 2014



ToleRAB: Late toxicity at 1 year

Bevacizumab + RT

Grade 1 Grade 2 Grade 3 Grade 4 Total

Pain 3 (62) 4 (62) 0 (62) 0 (62) 7 (62)

Lymphedema 4 (62) 1 (62) 0 (62) 0 (62) 5 (62)

Fibrosis 3 (62) 0 (62) 0 (62) 0 (62 3 (62)

Ulceration 0 (62 0 (62 0 (62 0 (62 0 (62)

Telangiectasias 1 (62) 1 (62) 0 (62) 0 (62) 2 (62)

2 cardiovascular events: 1 case of grade 1 hypertension et 1 case of 

grade 1 ventricular extrasystolas



ToleRAB: Early toxicity: cosmesis,  Pernin, et al, The Breast 2014



ToleRAB: randomized part,  Pernin, et al, Br J Radiol 2015



ToleRAB: Conclusions,  Pernin, et al, The Breast 2014, BJR 2015

At 3 years: no increased toxicity found

Dautruche et al, in press



PARP inhibitors and RT



PARPs: poly(ADP-ribose) polymerases

• Superfamily of 16 members.

• 6 have poly(ADP-ribosyl)ating 
activity 

• PARP-1 accounts for more 
than 90% of this activity.

• Share a common catalytic site

• Inhibitors are often analogues 
of its substrate NAD> will 
inhibit many PARPs

Schreiber et al. Nature Reviews Molecular Cell Biology 7, 517–528 (July 2006)



Calabrese et al., Journal of the National Cancer 

Institute, 96 (2004) 56-67

Fig. 5. E) Growth of SW620 tumor xenografts 

after daily treatment for 5 days with vehicle 

control alone (solid circles, solid bars), 2 Gy of 

x-irradiation (IR)  vehicle (solid squares, 

shaded bars), or 2 Gy of x-irradiation  AG14361 

at 15 mg/kg (open squares, hatched bars).



PRE-CLINICAL STUDIES OF THE THERAPEUTIC EFFECT OF A 

PARP INHIBITOR COMBINED WITH RADIOTHERAPY FOR BREAST 

CANCER TREATMENT, Pouzoulet et  al, AACR 2013

Our preclinical results confirm the susceptibility of TNBC to ionizing radiation and the 

impact of BRCA2 mutations on this sensitivity. Such a characterization of highly relevant 

preclinical models supports their use for pharmacological assessments that will combine both 

radiotherapy and new therapeutic approaches to improve the outcome of TNBC patients



Phase I studies currently running:

Differences, similarities NKI/AVL Inst Curie

Pat population Metast breastca, also ER pos Mets and loc adv breast ca, TN

Dose esc schedule 50, 100, 200, 300 50, 100, 150,200, 300

RT dose 46.69/23 fr, 14.49Gy SIB 50 Gy, 16 Gy boost sequ

Additional treatment no surgery Surgery in some cases

Translational res HRD, par assay HRD, ctDNA, parp1 IHS

Tite CRM DLT period 12 weeks DLT period 12 weeks

Late tox Evaluated in the protocol Evaluated in the protocol

Pat with bolus on skin/WEM Separate groups in protocol Depends



Immunotherapy and RT

coming



Radiotherapy and immunity

VAN LIMBERGEN, et al, BJR 2017



Abscopal Effect

Sharabi et al, 2015

Immunity and radiotherapy



Tumor model and treatment schedule. 

M. Zahidunnabi Dewan et al. Clin Cancer Res 

2009;15:5379-5388

©2009 by American Association for Cancer Research



Fractionated radiotherapy given to TSA tumor-bearing mice in three doses of 8 Gy is more 

effective than five doses of 6 Gy at synergizing with anti–CTLA-4 antibody. 

M. Zahidunnabi Dewan et al. Clin Cancer Res 

2009;15:5379-5388

©2009 by American Association for Cancer Research



The abscopal effect is induced in MCA38 tumor-bearing mice by fractionated radiation in 

combination with anti–CTL-4 antibody. 

M. Zahidunnabi Dewan et al. Clin Cancer Res 

2009;15:5379-5388

©2009 by American Association for Cancer Research



Conclusions - I

1. Concurrent radiotherapy with Tamoxifen is probably safe

2. Limited clinical data on radiotherapy and AI, but also probably 

safe

3. Concomitant radiotherapy with current chemotherapy protocols 

should be evaluated in trials

4. There is an urgent need to evaluate the concurrent use of new 

targeted therapy and radiotherapy in breast cancer!



Conclusions-II- new targeted treatments

5.  More and more new studies with new targeted treatments 

in association with RT without solid pre clinical data in breast 

cancer

6.  It is important to continue to improve the RT techniques 

and decrease the toxicity to be sure that these associations 

will be safe for the patients

7.   A lot of work for the radiation oncologist

8.   It is important to assess prospectively the early and late 

toxicities of these associations



Thank you for your attention. 

Questions?

youlia.kirova@curie.fr

mailto:youlia.kirova@curie.fr


Systemic treatment: how to advise to most 

appropriate treatment for your patient: 

Adjuvant!Online; molecular prediction tools

B.Vriens

Medical oncologist

Catharina Hospital Eindhoven

The Netherlands

ESTRO Breast Cancer 2017
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To identify those who will benefit from 

adjuvant chemotherapy remains a 

challenge, leading to the overtreatment of 

some patients

19-9-2017



The biology and behavior of breast cancer affects the treatment plan. 

Treatment options and recommendations are very personalized and depend on 

several factors, including:

The tumor’s subtype, including hormone receptor status (ER, PR) and HER2 

status 

The stage of the tumor

Genomic markers, such as Oncotype DX™/ 70-gene signature (if appropriate) 

The patient’s age, general health, menopausal status, and preferences

The presence of known mutations in inherited breast cancer genes, such 

as BRCA1 or BRCA2

19-9-2017



Treatments (neo)-adjuvant setting

Chemotherapy (e.g)

• Taxanes

• Anthracyclines

• Cyclophosphamide

Endocrine therapy (ER+ and/or PR+ tumors)

• Tamoxifen

• Aromatase-inhibitors

Trastuzumab +/- Pertuzumab (HER2+ tumor)

19-9-2017
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Who needs treatment?

Planning adjuvant treatment is complex and 

incorporates a variety of prognostic and predictive 

factors



Prognostic & predictive markers utilized in breast

cancer

ER/PR status

HER2 neu status

19-9-2017

Prognostic (recurrence risk) Predictive (treatment benefit)

Axillary node status

Histologic type/grade/proliferation

index

Tumor size

Patient age

Performance status

Lymphatic/Vascular invasion

ER/PR status

HER2 neu status

Oncotype DX test

70 gene signature (mammaprint)



25% will develop distant metastases

Systemic therapy will reduce 

development of distant metastases
19-9-2017



We treat almost 75% of the patients

19-9-2017



50% of all patients had no benefit of systemic 

therapy

19-9-2017



Cured by local therapy

Cured by combination of local

and systemic therapy

Disease recurrence despite of 

systemic therapy

19-9-2017



Systemic therapy yes or no

• Prognostic markers

• Better prognosisabsolute advantage is less

• Minimal absolute overall survival benefit of 4 - 5% in 10 

years

• Individual consideration

• Use of NewAdjuvant Online! or Predict

19-9-2017
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Adjuvant! online



How to use Adjuvant! Online

o Introduction

o Examples

o Discussion

o Conclusions
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Adjuvant! Online

19-9-2017

• Adjuvant! Online tools

• Professionals and patients with early cancer

• Discuss the risks and benefits of getting additional therapy after 

surgery. 

http://www.newadjuvant.com/

http://www.newadjuvant.com/


Adjuvant! Online

• A version of Adjuvant! Online that will include HER2 status and the potential 

benefit of trastuzumab is in development

• Information about the efficacy of different therapy options are derived from 

Early Breast Cancer Trialists Collaborative Group (EBCTCG) meta-

analyses in order to provide estimates of reduction in risk at 10 years of 

breast cancer related death or relapse for selected treatments

19-9-2017

The basic format of an early version of Adjuvant! was described by Ravdin

Ravdin, Siminoff, Davis, et al. JCO 2001;19(4):980-991

001;19(4):980-991


How to use Adjuvant! Online: introduction

Adjuvant! online provides estimates:

 Of the risk of negative outcome (cancer related mortality or relapse) 

without systemic adjuvant therapy

 Of the reduction of these risks afforded by therapy

Epply this effect to the baseline risk

-direct comparisons can be made of the estimated risks of mortality or 

relapse between treatments and with no treatment.

19-9-2017



How to use Adjuvant! Online: introduction

Entering patient, tumor and treatment related information

•Age

•Tumor size

•Nodal involvement

•Histologic grade

•Provides an estimate of the baseline risk of 

mortality or relapse for patients without 

adjuvant therapy. 

•Results may be displayed in graphical form

19-9-2017



How to use Adjuvant! Online: introduction

Effectiveness estimate from a given adjuvant therapy.

5 preset selections for adjuvant hormonal therapy:

• Tamoxifen (Overview 2000)

• Aromatase Inhibitor for 5 years

• Tam for 2-3 yr then AI 2-3 yr

• Ovarian Ablation

• Ov.Abl. + Tam. (or other horm.)

9 preset selections for adjuvant chemotherapy:

• CMF Like (Overview 2000)

• Anthra. (Overview 2000)

• 1st Generation Regimens

• CA * 4, CMF, FE(50)*6

• 2nd Generation Regimens

• Anthra.>4cycles >2 agents

• CA*4 then T*4 (q3w)

• 3rd Generation Regimens

• Adjusted By User

In blue: the estimates 

produced by the program
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How to use Adjuvant! Online: introduction

Effectiveness estimate from a given adjuvant therapy.
5 preset selections for adjuvant hormonal therapy:

• Tamoxifen (Overview 2000)

• Aromatase Inhibitor for 5 years

• Tam for 2-3 yr then AI 2-3 yr

• Ovarian Ablation

• Ov.Abl. + Tam. (or other horm.)

9 preset selections for adjuvant chemotherapy:

• CMF Like (Overview 2000)

• Anthra. (Overview 2000)

• 1st Generation Regimens

• CA * 4, CMF, FE(50)*6

• 2nd Generation Regimens

• Anthra.>4cycles >2 agents

• CA*4 then T*4 (q3w)

• 3rd Generation Regimens

• Adjusted By User

In blue: the estimates 

produced by the program
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How to use Adjuvant! Online

o Introduction

o Examples
o Discussion

o Conclusions
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How to use Adjuvant! Online: examples

Log In to Use Adjuvant!

Please enter your registered email address and password below.

Why do we require a registered email and password? Primarily, 

the reason is to ensure the information on this site is used by 

well trained and informed personnel. 

Email:  

Password:

19-9-2017

Login



How to use Adjuvant! Online: examples

R E L A P S E S U R V I V A L

Age 50, perfect health

ER: positive, tumorgrade III, 
tumorsize 2.1-3.0 cm, positive 
nodes 1-3

Horm used: tam -> AI

Chemo used:  3nd regimen

Age 50, perfect health

ER: positive, tumorgrade III, 
tumorsize 2.1-3.0 cm, positive 
nodes 1-3

Horm used: tam -> AI

Chemo used:  3nd regimen

19-9-2017



How to use Adjuvant! Online: examples

PROGNOSTIC FACTORS & SURVIVAL

pT2G2N0 50y, ER+/PR+/HER2- pT2G3N1

19-9-2017



How to use Adjuvant! Online

o Introduction

o Examples

o Discussion
o Conclusions

19-9-2017



How to use Adjuvant! Online: discussion

Controversies and questions: 

Prognostic estimates are absolutely precise? No, and they will never be ... 

1. Number of events needed to measure with great precision  estimates.

2. Precision of staging changes with time: sentinel node biopsy; CT scanning and 

other staging techniques. 

3. Improvements in local therapy: chest wall irradiation post mastectomy node 

positive patients may improve survival  cause of drift in the survival statistics for 

patients with a given pathological stage.

4. Improvement of salvage therapy  10 year mortality rates will fall even if adjuvant 

therapy becomes no more effective.  

… but:

• Numerical estimates are better then using terms like low, moderate, and high risk that are vague. 

• The data is robust enough to give some meaning to the terms low, moderate and high risk. 

• Staging, local therapy, and salvage therapy are changing, but not yet in so revolutionary way that makes 
outcome estimates based on cases from the late 1980's and 1990's irrelevant.

19-9-2017



How to use Adjuvant! Online: discussion

Controversies and questions: 
Prognostic estimates are absolutely precise? No, and they will never be ... 
1. Number of events needed to measure with great precision  estimates.

2. Precision of staging changes with time: sentinel node biopsy; CT scanning and other staging techniques. 

3. Improvements in local therapy: chest wall irradiation post mastectomy node positive patients may improve 
survival  cause of drift in the survival statistics for patients with a given pathological stage.

4. Improvement of salvage therapy  10 year mortality rates will fall even if adjuvant therapy becomes no more 

effective.

… but:

• Numerical estimates are better then using terms like low, moderate, and high risk 

that are vague. 

• The data is robust enough to give some meaning to the terms low, moderate and 

high risk. 

• Staging, local therapy, and salvage therapy are changing, but not yet in so 

revolutionary way that makes outcome estimates based on cases from the late 

1980's and 1990's irrelevant.
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How to use Adjuvant! Online: discussion

• Estimates are based on older data  updates required on 

regular base.

• It should be noted that the user does not need to accept the 

preset values, but can enter their own estimates. 

19-9-2017



How to use Adjuvant! Online

o Introduction

o Evaluation

o Discussion

o Conclusions

19-9-2017



How to use Adjuvant! Online: conclusions

19-9-2017

o Adjuvant! Online is intended as a practical and 

educational tool for health care professionals.

o It is not designed to be used by patients directly.

o Outcome estimates are estimates and projections. 

o Information about toxicity can be found in the help files.

o Supplementary illustrations are available.

o Print a copy of the graphs  supplement in discussion.



How to use Adjuvant! Online: conclusions

o Adjuvant! Online is for sure a handy tool to objectivise our 

“educated guesses” for:

o Overall survival.

o Disease free survival.

o Breast cancer related mortality.

o The influence of adjuvant systemic treatments.

o But it does not show the influence and interaction of 

optimising loco regional treatments.

19-9-2017



PREDICT                 http://www.predict.nhs.uk

19-9-2017

http://www.predict.nhs.uk/


Predict

19-9-2017

• Statistical model

• Accessed by the internet

• Designed for patients and doctors to help them 

decide on the ideal course of treatment following 

breast cancer surgery. 

• It is the first model of this type to include tumor HER2 

and KI67 status.

http://www.predict.nhs.uk/

http://www.predict.nhs.uk/


PREDICT

19-9-2017

The PREDICT website only needs to know about the 

histopatology of your cancer. 

Wishart GC et al, Breast Cancer research 2010

Wishart GC et al, EJSO 2011

Wishart GC et al, Britsh J Cancer 2012

PREDICT has been developed by a partnership between The Breast Unit at 

Cambridge University NHS Hospital, the University of Cambridge Department 

of Oncology and the NHS Eastern Cancer Registry and Information Centre 

(ECRIC).

http://www.cuh.org.uk/addenbrookes/services/clinical/breast_unit/breast_unit_index.html
http://www.oncology.cam.ac.uk/
http://www.ecric.nhs.uk/
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Gene expression profiling



Gene expression profiling

Advances in molecular medicine have substantially 

improved the accuracy of gene-expression profiling of 

breast tumors, resulting in improvements in the ability 

to predict a patient's risk of breast cancer recurrence 

and likely response to therapy

19-9-2017



Gene expression profiles 

Gene expression profiles: Mammaprint™ or Oncotype Dx Recurrence Score™ 

Patients with intermediate risk

•more accurately identifying patients who will gain the most benefit

•to gain additional prognostic and/or predictive information to complement 

pathology assessment

•to predict response to adjuvant chemotherapy, in particular in patients with 

ER-positive early breast cancer

The accurate integration of these new genomic tools into current clinical 

practice and their added value is evaluated in two large prospective phase III 

trials (MINDACT and TAILORx). 
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Mammaprint 70 gene expression profile

38
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Mindact NEJM 2016 

SABCS 2016
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The primary analysis population
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Mindact NEJM 2016 SABCS 2016



Clinical outcome 5y median FU

19-9-2017
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Efficacy CT vs no CT (discordant risk groups)

19-9-2017

Mindact NEJM 2016 SABCS 2016



Recurrence Score
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Design TAILORx

19-9-2017
SABCS 2016



Results from TAILORx and Conclusions

19-9-2017

SABCS 2016



Take home message

Classical prognostic factors of breast cancer are the patient's age and 

performance status, in addition to tumor related factors such as tumor size, 

lymph node status, hormone receptor status, HER2 status, tumor grade and 

proliferation index

Adjuvant! and Predict are validated for prediction prognosis of the individual

patient and predictive for absolute risk reduction because of adjuvant

treatment

If there is doubt about the indication of adjuvant chemotherapy based on the 

classical prognostic factors, a gene expression profile may be used in 

addition to the classic prognostic factors (eg. in patients> 35 years with pT1-

2N0 ER positive and HER2 negative invasive ductal breast cancer)

Gene expression profiles have prognostic significance in addition to the known 

classical clinical and pathological factors. They can not replace the classical 

clinical and pathological factors.

19-9-2017



Questions??
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How to use Adjuvant! Online: introduction

Using prognostic factors to modify the 10-y mortality estimate.

Adjuvant! allows you to take into account prognostic 

information and to modify Adjuvant!'s prognostic estimate for 

outcome (based on tumor size, number of nodes, histologic

grade, and estrogen receptor status) in 3 basic ways.

1. Using a prognostic calculator to adjust for impact of additional prognostic 

information  requires estimate of the prevalence of a positive test and a 

relative risk estimate.

2. By directly entering a prognostic estimate from a literature source into the 10 

Year Risk box.

3. By simply toggling the number in the 10 Year Risk Box until it seems about 

right (guessing).
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How to use Adjuvant! Online: introduction
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Adjuvant! allows you to take into account prognostic 

information and to modify Adjuvant!'s prognostic estimate for 

outcome (based on tumor size, number of nodes, histologic 
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seems about right (guessing).
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How to use Adjuvant! Online: introduction

Using prognostic factors to modify the 10-y mortality estimate.

Using the Prognostic Factors Calculator

• Press "Prognostic" button to the right of the 10 yr Risk.

• The user enters:

1.Relative risk of high risk vs low risk group.

2.Percentage of patients in high risk group. 

• Press calculate button  results high & low risk group.

• Press appropriate button  number in the "10 yr Risk 

Estimate" box on the main screen. 

Note:

• Standard "10 year Risk Estimate" will be overridden.

• After changing values of grade, ER, size, nodes, or method of calculation 

 reset to default  repeat the above steps to customize the risk 

estimate again.

19-9-2017



How to use Adjuvant! Online: introduction

Using prognostic factors to modify the 10-y mortality estimate.

Using the Prognostic Factors Calculator

• Press "Prognostic" button to the right of the 10 yr Risk.

• The user enters:

1. Relative risk of high risk vs low risk group.

2. Percentage of patients in high risk group. 

• Press calculate button  results high & low risk group.

• Press appropriate button  number in the "10 yr Risk Estimate" box on 

the main screen. 

Note:

• Standard "10 year Risk Estimate" will be overridden.

• After changing values of grade, ER, size, nodes, or 

method of calculation  reset to default  repeat the 

above steps to customize the risk estimate again.
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Indications for neoadjuvant 

systemic treatment

B.Vriens

Medical oncologist

Catharina Hospital Eindhoven

The Netherlands

ESTRO Breast Cancer 2017



Timing of treatment

Indication for systemic therapy

Timing systemic treatment: 

before or after surgery?



Neo-adjuvant/Primary chemotherapy (=NAC)

• Concept developed concurrently with adjuvant 

chemotherapy in the 1970s

• Neoadjuvant systemic treatment is an established part of 

the management of large, potentially operable, and 

locally advanced breast cancers 

• Converts a previously unresectable, locally advanced 

breast cancer to an operable tumor

• Has evolved since to use in operable breast tumours



Sequence of treatment primary breast cancer

Diagnosis and staging

Surgical resection

Radiotherapy

Adjuvant systemic treatments

(chemotherapy, hormone therapy

and/or targeted therapy)

Diagnosis and staging

Neoadjuvant systemic treatments

(chemotherapy, hormone therapy

and/or targeted therapy)

Surgical resection

Radiotherapy

Adjuvant hormonal therapy



Neoadjuvant chemotherapy



Adjuvant systemic therapy is a “blind” 

procedure: It is administered after the 

only opportunity for monitoring for 

effectiveness has been eliminated

G.N.Hortobagyi, SABCS 2012



Neoadjuvant vs. adjuvant chemotherapy: 

a meta-analysis

Mauri, D. et al. J Natl Cancer Inst 2005;97:188-194
<9 phase III studies, Total +/- 4000 pt, T1-4N0-2>

•Survival is as good as with 

adjuvant therapy 

•Selection for neo adjuvant 

= adjuvant 

Recommendations from an international expert panel.
Kaufmann et al. JCO April 20th 2006



Neoadjuvant vs. adjuvant chemotherapy: 

a meta-analysis

Mauri, D. et al. J Natl Cancer Inst 2005;97:188-194



The increase in relative risk of LRR in the meta-analysis is 

mainly due to 3 trials without surgery in case of cCR

Rel. risk of locoregional relapse in the 3 studies was 1.53 (1.17-2.00)

Cochrane review 

No increase in local-regional recurrence rates if surgery is 

part of treatment (HR=1.112; 0.92 – 1.37)*

*vd Hage, Cochrane 2007



LRR-Free Survival rates

The ability to do less surgery after NAC does not seem to be 

associated with any risk for te patient 



Neoadjuvant vs. adjuvant chemotherapy: 

OS, DFS and RFS

B-18, Wolmark 2008 JCO



Neoadjuvant vs. adjuvant chemotherapy: 

DFS and age < 50 years

Trend in favor of neoadjuvant chemotherapy in DFS and OS 

for women less than 50y

OS: HR=0.81, P=0.06

B-18, Wolmark 2008 JCO



Neoadjuvant chemotherapy

-Survival-

• Survival is as good as with adjuvant therapy

• Relation between:

• cOR and overall survival??

• pCR and disease free survival??

• pCR and overall survival?? 

• Prognostic information??



Clinical response disease free / overall survival

Cleator, 2005 Ann of Oncol



pCR and  disease-free / overall survival

B-18: AC pre vs postoperative 

Rastogi, 2008 JCO

DFS HR = 0.47, P < 0.0001



pCR and  disease-free / overall survival

B-27: Effect of adding T to pre-operative AC

Rastogi, 2008 JCO

HR = 0.49, P < 0.0001



Definition phenotypes (St. Gallen definition)



DFS in luminal  A DFS in luminal B (HER2+)

DFS in HER2+ (non-luminal) DFS in TN

Gepartrio

trial

design

HR+/HER2- G1/2



Breast cancer subtypes and pCR

G. Von Minckwitz SABCS 2011

Luminal-type tumors:  

This treatment effect could not be predicted by

pCR as these tumors have lower pCR rates and 

their prognosis does not depend on pCR



Is respons neoadjuvant chemotherapy correlated 

with improved outcome?

• cOR is associated with improved outcome 

• pCR is associated with better DFS and OS

• Probably not in all subgroups (luminal A?)

• Prognostic information



Predictive markers of pCR

• There is no individual

pathological or molecular

marker that can reliably

predict response to NAC in 

an individual patient

•Patients with ER-negative, 

high-grade tumors are more 

likely to respond than

tumors with opposite

characteristics
P. Cortazar, Lancet 2014



Different endpoints for pCR after NAC

•Pathological complete response (pCR)

• pCR in breast and lymph nodes

• pCR in breast

• ypT0 ypN0

• Absence of invasive cancer in the breast and axillary nodes

• Absence of DCIS

• ypT0/is ypN0

• Absence of invasive cancer in the breast and axillary nodes

• DCIS allowed

• ypT0/Tis

• Absence of invasive cancer in the breast and DCIS allowed

• Regardless of nodal involvement



Association of pCR definitions and Survival

P. Cortazar SABCS 2012

ypN in definition: better association with survival



Response rates Axilla after NAC



Axillary lymph nodes and neoadjuvant therapy

• Today’s strategies aim to minimize the rate of patients who undergo 
axillary lymph node dissection

•A procedure with low false negative rates is preferred to predict the 
axillary status after chemotherapy

SNB: for patients with a clinically negative axilla at time of diagnosis

• To spare patients from further regional treatment preferred after 
NAC



What if no pCR after NAC





Neoadjuvant systemic therapy optimal for all 

patients?

• NAC is optimal for all patients who are candidates for systemic

therapy

• If indication for systemic therapy is uncertain, surgical FIRST is 

preferable

• Only if a multidisciplinary team is available



Conclusion neoadjuvant chemotherapy

Safe application of preoperative 

chemotherapy in the treatment of women with 

early stage breast cancer in order to down-

stage surgical requirement, to evaluatie 

chemosensitivity and to facilitate translational 

research

Safe application of NAC in treatment of women with early stage breast

cancer in order to down-stage surgical requirement, to evaluate

chemosensitivity and to facilitate translational research*

• Survival and ipsilateral breast recurrence is comparable after neoadjuvant and 

adjuvant chemotherapy, NAC = safe therapy

• Prognostic information

• Assessment of in vivo response to therapy with NAC

• Excellent tool for translational research

• Accelerated approval new drugs

Future

• Allows better individualization of therapy according to mid-course treatment effect

• Using early information treatment effect can serve to design better treatment

• Spare patients from further regional treatment who are downstaged from a positive to 

a negative LN status

*Vd Hage, Cochrane 2007



Neoadjuvant chemotherapy and Radiotherapy



Neoadjuvant chemotherapy

Many new questions for radiation oncology/locoregional treatment

The risk of LRR according to pathological extent of disease after 

neoadjuvant chemotherapy is different than the risk in patients 

treated with initial surgery

Lack of pathologic stage to guide indications

• Treatment response and indications

– Breast conservation

– Postmastectomy radiation

– Regional lymph node radiation

• Are new strategies for poor responders needed?

Clinical studies on locoregional treatment after NAC by L. Boersma



Is Neoadjuvant chemotherapy 

always appropriate for new drug 

approval or to change practice?



Example:

What is the role of pertuzumab in the treatment 

of HER2 positive Breast Cancer, in 

combination with trastuzumab and docetaxel?



Pertuzumab as neoadjuvant treatment HER2+

Gianni, 2016



FDA approval pertuzumab

In 2013 the FDA granted accelerated approval to pertuzumab for use in 

combination with docetaxel and trastuzumab for HER2+ patients.

NEOSPHERE: It nearly doubled the pCR rate

They concluded

“Large improvement in pCR rate was reasonable likely to predict clinical

benefit“

A confirmatory trial should be ongoing



Aphinity trial design



Aphinity trial

3y rate of invasive free survival was 94% PERTUZUMAB +

3y rate of invasive free survival was 93.2% PERTUZUMAB-



A substantial improvement in pCR may not necessarily

indicate a substantial improvement in survival

Long term follow up is still required



Why Improvement in Pathologic Complete 

Response May Not Lead to Change in DFS



Interpretation clinical neoadjuvant trials

Greater understanding of pathologic endpoints for

neoadjuvant trials is necessary to design and interpret

future clinical trial

Uniform staging



Neoadjuvant chemotherapy

Downstaging of disease and facilitation of less surgery

Better prognostication

New clinical trial opportunities

Tissue-based research for translational science



Questions?
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The conundrum of PST for the rad. oncologist

1.Introduction

a. Some notes about post-operative RT

b. The rise of primary systemic therapy

2. Interaction with systemic therapy

3. Current evidence

4. On going trials and future directions

5. A technical note

6. Discussion & Conclusions



Conundrum of PST: post-operative RT

EBCTCG Lancet 2011; 378: 1707–1716



Conundrum of PST: post-operative RT

EBCTCG. Lancet. 2014;383:2127-35.



Conundrum of PST: post-operative RT

EBCTCG Lancet 2011; 378: 1707–1716 & 2014;383:2127–35.

Interpretation: RT reduced recurrence and 

breast cancer mortality after BCT (N0/N+) and 
after mastectomy (N+).



Conundrum of PST: post-operative RT

EBCTCG Lancet 2011; 378: 1707–1716 & 2014;383:2127–35.

Interpretation: RT reduced recurrence and 

breast cancer mortality after BCT (N0/N+) and 
after mastectomy (N+).

Similar effects:

• Irrespective of the number of involved lymph nodes 

• Whether systemic therapy was given or not

• More benefit after partial or no AD

• Less benefit if only regional RT



Conundrum of PST: post-operative RT

EORTC 10981-22023 “AMAROS”

RT-fields: inappropriate (too large)!!!

ARM



Conundrum of PST: post-operative RT

Jagsi R, et al. J Clin Oncol 2014;32:3600-6.

ALND: 39.4% 21.2%

SLNB: 43.7% 16.9%

ACOSOG Z0011: QART: 228 replies (= the best 29%?)



Conundrum of PST: post-operative RT

Jagsi R, et al. J Clin Oncol 2014;32:3600-6.

ACOSOG Z0011: QART: 228 replies (= the best 29%?)

ALND: 0.56cm = part L1-2-3-Rotter

SLNB: 0.69cm = part L1-2-3-Rotter



The conundrum of PST for the rad. oncologist
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Conundrum of PST: the rise of PST

Poortmans P, et al. Breast. 2017;31:295-302.



Conundrum of PST: the rise of PST

The rise of primary systemic therapy:

✓ Initially reserved for locally advanced BC

✓ Later to facilitate breast conservation

✓ Now also for all who will anyway require 
adjuvant chemotherapy

✓ Other reasons: buying time for genetic 
counselling; evaluation of new treatments



Conundrum of PST: the rise of PST

Limitations of primary systemic therapy:

✓ Delay for patients with tumours that are 
resistant to systemic therapy 

✓ Lacking initial pathological information (pTpN) to 
tailor postoperative radiation therapy

✓ Radiation therapy preceding surgery poorly 
investigated
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Conundrum of PST: interaction RT - ST

Poortmans P, et al. Breast. 2017;31:295-302.



Conundrum of PST: interaction RT - ST

What is the size of a cancer cell

= 0,01 mm3



Conundrum of PST: interaction RT - ST

2

1

8
4

32

16

.
64

.

1.000.000.000 = 1 cc = 1 grams
.

3-6 months
3-6 months
3-6 months
3-6 months
3-6 months
3-6 months 8-12 years



Conundrum of PST: interaction RT - ST

Duplication time

= 3 months

Not detectable at all

Detectable with 
special techniques

Physically 
detectable.



Conundrum of PST: interaction RT - ST

So what is a “complete pathological 
remission"?

• Resection specimen = 100 grams 

100.000.000.000 cells

• Do you know a pathologist who can perform a 
complete evaluation?

• It will rather be around 1 to 5% of the 
material…



Conundrum of PST: interaction RT - ST

PR

CR

Duplication time

= 3 months

Not detectable at all

Detectable with 
special techniques

Physically 
detectable.



Conundrum of PST: interaction RT - ST

Systemic treatment cures breast cancer

Contributes to cure



1/4

1/2-3

1/1.5

1/

1/4

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 

Conundrum of PST: interaction RT - ST



Triple -/Her2 type Lum B type Lum A type

NC/PD PR CR

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 

Conundrum of PST: interaction RT - ST



Triple -/Her2 type Lum B type Lum A type

NC/PD PR CR

Lum A; minor R

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 

Conundrum of PST: interaction RT - ST



Triple -/Her2 type Lum B type Lum A type

NC/PD PR CR

---; ypCR

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 

Conundrum of PST: interaction RT - ST



Triple -/Her2 type Lum B type Lum A type

NC/PD PR CR
---; NC

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 

Conundrum of PST: interaction RT - ST
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Conundrum of PST: current evidence

Sachelarie, et al. The Oncologist 2006;11:574-589

Primary or adjuvant systemic therapy? 
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Conundrum of PST: current evidence

Fisher B, et al. JCO 1997;15:2483-93  - Bear HD, et al JCO 2003;21:4165-74.

NSABP-B18 NSABP-B27

Conclusions:

Overall:
✓ Equal survival when the same regimen is given 

before or after Sx

✓ Fewer mastectomies

Specific:
✓ Better survival for patients with a pCR after PST

✓ Addition of taxanes 

✓ Increased pCR

✓ No improvement in survival

✓ No increased BCT rate
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NSABP-B18 NSABP-B27

Conclusions:
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Conundrum of PST: current evidence

Mamounas E, et al. JCO 2012;30:3960-6.

Combined analysis of NSABP B18 and B27

Predictors of LRR after primary chemotherapy

Radiation therapy in B18 and B27:

• Radiation to breast alone post-BCS

• No radiation post-mastectomy

• No regional nodal radiation



Conundrum of PST: current evidence

Mamounas E, et al. JCO 2012;30:3960-6.

Combined analysis of NSABP B18 and B27

Predictors of LRR after primary chemotherapy

Follow-up 10 years:

• 335 LRR events

• 10 year cumulative incidence of LRR:

• 12.3% (local 8.9%, regional 3.4%) for mastectomy

• 10.3% (local 8.1%, regional 2.2%) for BCS + radiation 
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Conundrum of PST: current evidence

Mamounas E, et al. JCO 2012;30:3960-6.

Combined analysis of NSABP B18 and B27

Summary:

• Predictive factors for LRR: 

• age 

• initial clinical stage prior

• pathological response in breast and axilla

• Impact of age and clinical stage on absolute LRR 
rate is low if pCR in breast/axilla

Predictors of LRR after primary chemotherapy



Conundrum of PST: current evidence

Mamounas E, et al. JCO 2012;30:3960-6.

Combined analysis of NSABP B18 and B27

Limitations:

• Patients with T4 and N2 disease were not eligible

• >85% patients diagnosed by FNA

• Unknown ER, PR, HER2 receptor status

• Non-contemporary systemic treatment:

• Tamoxifen given on the basis of age (>50years) not ER

• Chemotherapy schedules (AC*4 and AC*4-D*4)

• No trastuzumab

Predictors of LRR after primary chemotherapy



Conundrum of PST: current evidence

Combined analysis of NSABP B18 and B27

Predictors of LRR after primary chemotherapy

Other limitations:

• QA of radiation therapy?

• Endpoint: DFS rather then LRRX



Conundrum of PST: current evidence

Buchholz TA, et al. JCO 2001;20:17-23.

Retrospective analysis of 5 prospective trials at  

MDACC with PST & mastectomy without PMRT

Stage distribution: I - 1%
II - 43%
IIIA - 23%
IIIB - 25%
IV - 7%



Conundrum of PST: current evidence

Buchholz TA, et al. JCO 2001;20:17-23.

MDACC series: predictive factors for LRR

Pre-PST factors:
✓ Increasing clinical T stage (p<0.0001)

✓ Nodal status (p<0.0001) 

Post-PST factors:
✓ Size of residual primary tumour (p=0.0048)

✓ Increasing number of involved nodes (p<0.0001)

✓ No tamoxifen (p<0.0013)

LRR after pCR (n = 18) = 19%:

 Achievement of pCR does not preclude the need for 

PMRT if indicated by the initial stage of the disease



Conundrum of PST: current evidence

Huang EH, et al. J Clin Oncol 2004;22:4691-9

6 studies (713 pts) PST + surgery ± RT



Conundrum of PST: current evidence

McGuire SE. IJROBP 2007;68:1004-9. 

226 pts PST  pCR + surgery ± RT



Conundrum of PST: current evidence

Krug D, et al. JCO 2015;33:A1008



Conundrum of PST: current evidence

Krug D, et al. JCO 2015;33:A1008

RT-indication based on initial stage: cT3/4, cN+ & on ypN+

GBG Trials: GeparTrio, GeparQuatro, GeparQuinto



Conundrum of PST: current evidence

Krug D, et al. JCO 2015;33:A1008

GBG Trials: GeparTrio, GeparQuatro, GeparQuinto

Overall results:
•5yr LRFS, 90% vs 81.5%, p=0.001 for ± radiation

•5yr DFS, 75% vs 67%, p=0.001 for ± radiation

After pCR:
•5yr LRFS, 96% vs 87%, p=0.051 for ± radiation

No pCR:
•5yr LRFS, 89% vs 81%, p=0.001 for ± radiation

In multivariate analysis, adjusting for baseline 
characteristics and pCR, RT was confirmed as an 
independent prognostic factor for LRFS and DFS



Conundrum of PST: current evidence

Mamounas E. et al. JCO 2012;30:3960-6 - Buchholz TA, et al. JCO 2001;20:17-23 - Krug D, et al. JCO 2015;33:A 1008.

Indications for post-mastectomy RT

Factors that assist in decision making based on 
retrospective analyses of NSABP-B18; NSABP-
B27; MDACC series; GBG Trial Meta-analysis:

✓ Initial stage

✓ Biological characteristics

✓ Burden of residual disease

✓ Response to chemotherapy



Conundrum of PST: current evidence

• Studies performed in ‘80s & ‘90s

• Since then practice has changed:

✓ Shift towards use in earlier stage BC patients

✓ Improved diagnostic tools (MRI)

✓ More reliable staging tools  “Will Rogers phenomenon”

✓ More effective systemic treatments

✓ Improved knowledge on patient selection (molecular subtype)

Is this still valid?



Conundrum of PST: current evidence

What evidence are we missing?

• Is BCT after down-staging safe?

• Indications for chest wall RT after mastectomy

• Need and extent for/of local/regional surgery?

• Indications for nodal irradiation?

• Benefit of subsequent adjuvant systemic treatment?

• Role of preoperative irradiation?
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http://4.on/


Conundrum of PST: trials and future directions

NCT01901094

ACOSOG A0112012 

cT1-T3 cN1  PST  surgery including SLNB

If N+: ® ALND vs. RT



Conundrum of PST: trials and future directions

ACTO (Russia)

cT0-T3 cN+  PST  mastectomy

If N-: ® PMRT vs. observation



Conundrum of PST: trials and future directions

http://www.nsabp.pitt.edu/B-51.asp        https://clinicaltrials.gov/ct2/show/NCT01279304

NSABP B51 (RTOG 1308)

cT1-T3 cN1  PST  mastectomy

If ypN0: ® PMRT vs. observation

http://www.nsabp.pitt.edu/B-51.asp
https://clinicaltrials.gov/ct2/show/NCT01279304


Conundrum of PST: trials and future directions

BOOG 2010-03 RAPChem

cT1-T2 cN1  PST  registration project



Conundrum of PST: trials and future directions

Coles CE, Fourquet A, Poortmans P. Eur J Cancer 

2017;78:116-117.

The missing link: pre-operative RT?
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Riet FG, et al Eur J Cancer 2017;76:45-51.

The missing link: pre-operative RT?



Conundrum of PST: trials and future directions

Lightowers SV, et al. European Journal of Cancer 2017;82:184e192.

The missing link: pre-operative RT?
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Conundrum of PST: a technical note

Offersen BV, et al. Radiother Oncol 2015;114:3-10 & 2016;118:205-8.

• Breast

• Boost

• PBI

• Thoracic wall

• LN supraclavicular

• LN axilla level III

• LN axilla level II

• LN axilla Rotter

• LN axilla level I

• LN internal mammary

Heart
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Conundrum of PST: a technical note

Planning-CT-scan before and after PST

March 2013: patient age 49
•Tumour central in left breast: 

•Biopsy (histology): IDA G3; triple –

•FNA axillary LN: +

•FNA supraclavicular LN: +

•Conclusion after staging: cT3N3M0

Treatment: PST
•Referred for evaluation by RO

•TAC x 6



Conundrum of PST: a technical note

Planning-CT-scan before and after PST
May 2013: 
•Major tumour regression on MRI 

Treatment: 
•Continue TAC  July 2013

•MRM: ypT0ypN0

•PMRT + boost on non-removed nodes
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Planning-CT-scan before and after PST

?

March 2013 September 2013
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Planning-CT-scan before and after PST

March 2013 September 2013
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Conundrum of PST: a technical note

Planning-CT-scan before and after PST

March 2013 September 2013

OK



Conundrum of PST: a technical note

Courtesy of MC Valli and A Fozza

Or even a PET-CT?
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Conundrum of PST: discussion & conclusions

EBCTCG Lancet 2005; 365: 1687-1717; EBCTCG Lancet 2005; 366: 2087–2106

Better local treatment adds 

to the effects of systemic 

therapy on local recurrence 

and on breast cancer 

mortality.



Conundrum of PST: discussion & conclusions

Poortmans P. Lancet. 2014 Jun 21;383(9935):2104-6. 
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Conundrum of PST: discussion & conclusions

Decreasing role of surgery:

• Less extensive surgery after PST  none?

• HER2+: pCR rates >50%

• TN: pCR rates >30%



Conundrum of PST: discussion & conclusions

Poortmans P, et al. Breast. 2017;31:295-302.



Conundrum of PST: discussion & conclusions

 consensus agreements



Conundrum of PST: discussion & conclusions

Protocol Radboud umc, March 2016.

3.1. PST; cN0 (US +/- FNA)



Conundrum of PST: discussion & conclusions

Protocol Radboud umc, March 2016.

3.2. PST; cN+(1-3) (US +/- FNA); MARI advised



Conundrum of PST: discussion & conclusions

Tools to individualise:

•Response to PST (= predictor of RLR risk)

•Pre-PST stage incl histology; VI; molecular 

profile; …

•Age



In vitro Wound Model – 516 genes

Prognostic Significance in

• Breast

• Lung

• Gastric cancer

Wound Response Signature

Iyer et al Science 1999 83-7; Chang et al  PLoS Biology 2004 Feb 2 2 1- 9

Conundrum of PST: discussion & conclusions



Conundrum of PST: discussion & conclusions

Nuyten DS et al, Breast Cancer Res. 2006;8(5):R62.

Predict of Local Recurrence in Early Breast 
Cancer
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Conundrum of PST: discussion & conclusions

Personalised/individualised/stratified 
approaches:

• Biological optimisation

• Technological optimisation

• Shared decision making

Precision radiation medicine 



Conundrum of PST: discussion & conclusions

• Extent of surgery?

• Timing of radiation therapy?

• Molecular and genetic evaluation of tumour and 
normal tissue – also sequential? Liquid biopsies?

• Role of immune system and host response?

• Value of radiation genomics? 

• Combinations with other therapies: immuno; 
nanoparticles; others.

Still a lot of work to be done!



Conundrum of PST: discussion & conclusions

Still a lot of work to be done!

• Predictive molecular and genetic testing of normal 
tissue and tumour responsiveness. 

• The role of the immune system and host response.

• Test general hypotheses relating to radiation 
genomics and normal tissue responses. 

• Large databases including radionomics

• Nanoparticles as radiosensitisers. 

• Sequential/serial biopsies.

• Overall treatment time.



Conundrum of PST: discussion & conclusions

Francis A, et al.  SABCS 2016; Cancer Res 2017;77:P5-16-14..

Still a lot of work to be done!



Conundrum of PST: discussion & conclusions

What is new tomorrow will be 

challenged again / and 

probably be obsolete the day 

after tomorrow.



Conundrum of PST: discussion & conclusions

• Primary systemic treatment is increasingly 
used

• Radiation therapy is indicated for most patients 

• The role of surgery is questioned

• High-level evidence is missing

• Available evidence supports basing indications for RT on 
disease extent at diagnosis

• Individualisation based on tumour- and patient-related 
factors can be done, combined with the response to PST

• For fine-tuning we need results from on-going and future 
clinical trials
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• Primary systemic treatment is increasingly used

• Radiation therapy is indicated for most patients 

• The role of surgery is questioned

• High-level evidence is missing

• Available evidence supports basing indications for RT on 
disease extent at diagnosis

• Individualisation based on tumour- and patient-related 
factors can be done, combined with the response to PST

• For fine-tuning we need results from on-
going and future clinical trials
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Liesbeth Boersma, Radiation Oncologist

MAASTRO Clinic/ University Hospital Maastricht, The Netherlands

ESTRO Teaching Course on Breast Cancer, Dublin, Sept. 10-13th 2017

Clinical studies on locoregional treatments after PST: 

maturing, accruing and nurturing 
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• Reduce mainly axillary treatment



Introduction

• Primary systemic treatment (PST) is being given more frequently

• Timing of systemic treatment: not relevant for outcome, as long as 

treatment consists of same ingredients (?)

• Indications for locoregional RT: based upon pathologic findings after

primary surgery how to interpret ypTNM status ?

Central question: 

Can subgroups be identified in whom locoregional treatment after PST  

can be reduced ?



Indications for post-operative radiotherapy in case after PST:

pTNM vs ypTNM

• Buchholz et al., 2002 IJRBOP:

– NO RT indicated based on ypTNM (N = 150) 

– NO RT indicated based on pTNM  (N = 1031)

– Results: 5 yr LRR 27% vs 15%, respectively, p = 0.001

• Further analysis of the retrospective series:

– Not only ypTNM but also cTNM stage prior to chemotherapy is 
important:

• Stage III prior to PST: 20% LRR, even after excellent response !

• pts with pCR – high LRR rate : 33% !



Indications for post-operative radiotherapy in case after PST

• Tumor biology AND initial stage AND response to chemotherapy  are 
probably the driving forces for a local recurrence (Mittendorf et al, 2013)

• RT is indicated if:

• RT was already indicated based on cTNM stage prior to chemotherapy: 
Stage III and higher : cT3/4 and/or cN2/3 thus even in case of pCR !

• In patients with ypTNM stages T3-4 and/or N2-3.

• What about the patients with clinical stage T0-2N0-1 ?



What about patients with cT1-2N0-1 disease ? 

• cT1-2N0   ypT0-2 ypN0 after PST: 

RT after MRM probably not required (SUPREMO trial to be awaited).

• cT1-2N1 ypT0-2 ypN0-1

Role of RT unclear;

• Some advocate LR- RT, since the cN1 might have been pN2 disease

• Some advocate LR- RT, since RT in cN+ improves OS

• Some advocate  L(R) RT based on risk factors prior to chemo: 
vascular invasion, grade;  however, no reliable scoring on biopsy..?

 Over- or undertreatment ?
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Restaging of the breast

breast surgery, an expected average of 4 months. ]

Most studies agree that MRI is most reliable way for noninvasive restaging

Mini-review of Price et al (2015):

• MRI is reliable for surgical planning purposes in tumor that are: 

• Triple negative

• Her2 positive

• Hormone receptor negative,

• Especially if they are of a solid imaging phenotype. 

• MRI shows lower concordance with surgical pathology in:

• Hormone receptor positive cancers

• Lesions with non mass enhancement



Re-staging of the breast: ongoing studies

breast surgery, an expected average of 4 months. ]

Two studies comparing biopsy findings with final pathology findings

NRG Oncology study, USA, NCT03188393:

• Assessing the Accuracy of Tumor Biopsies After Chemotherapy to 

Determine if Patients Can Avoid Breast Surgery

• N = 175,  between 2017 – 2019: 

• Stereotactic biopsy any time before BCS. 

MICRA study, Netherlands, NTR 6120 

• Minimally Invasive Complete Response Assessment of the breast after 

primary systemic treatment

• N = 440, between 2016-2019.

• 8 biopsies immediately prior to surgery; 4 at <0.5 cm distance of 

the marker; 4 at 1.0-1.5 cm distance of the marker. 



Studies on local treatment

Omission of breast surgery after PST 

• “Neoadjuvant Chemotherapy Followed by RT Alone in BC Patients”

• Study from Brazil: NCT03213925, phase 2 study

• If cCR on MRI: Only RT breast with boost

• Inclusion 2017 - 2020; Number of patients not given.

• Primary endpoint: IBTR at 5 yrs.

• NOSTRA trial UK

• RCT for ER negative Her2 positive patients with pCR:

• RT alone vs surgery with RT.

• First pilot aimed at staging: breast biopsies followed by surgery (Francis 

et al, abstract Cancer Research 2017)



Studies on local treatment

Omission of breast surgery after PST 

• Eliminating Breast Cancer Surgery in Exceptional Responders With PST

• Study from MD Anderson NCT02945579, phase 2 study

• If c/pCR  based on image guided breast biopsy:  Only RT breast < 12 

weeks of end of chemotherapy

• Inclusion 2017 – 2022, aimed to include 50 patients

• Primary endpoint: Feasibility i.e. no IBTR < 6 months for first 6 patients; 

then: 5 yr IBTR



Study on local RT

Omission of RT thoracic wall

• SUPREMO study (NCT00966888) www.supremo-trial.com

• Selective Use of Postoperative RadiothErapy after MastectOmy

• Worldwide study of the NHS- UK:

• Patients with (y)pT1-2N1 disease;  (y)pT1-2N0 with G3 and / or LVI 

• Randomised between thoracic wall RT or no thoracic wall RT

• Patients treated with PST were eligible as well

• Target was 1600 patients; trial closed April 30th 2013, 1688 patients 

enrolled

• Data are maturing…

• Major contributors: UK (75%), NL (10%)

http://www.supremo-trial.com/


Study on local RT

Omission of RT thoracic wall

• Pathology review of the SUPREMO study was published this year….:

Thomas et al, 2017

PA review of 

1373/1688 patients:

408 by pathologist 1

965 by pathologist 2



Study on local RT

Omission of RT thoracic wall

• Pathology review of SUPREMO study was published this year….:

Thomas et al, 2017

• Large differences in reporting on Grade 3 and LVI, both in pN+ and in 

pN0 group ! Partly due to review on only 1 slide.

• 25 cases re-evaluated by two pathologists: 80% agreement; 20% 

disagreement grade 2/3; 8% disagreement LVI yes/no

• 19% of pN0 patients would have been ineligible



Contents

• Introduction: 

• Overview current open questions in LR treatment after PST

• Studies on local management

• Restaging the breast tumor after PST

• Reduce local treatment

• Studies on (loco) regional management

• Restaging the axilla after PST

• Reduce mainly axillary treatment



Restaging the axilla 

• About 40% of patients with positive axillary nodes prior to PST convert to 
ypN0; can’t these patients benefit from less axillary treatment ?

• Studies on noninvasive restaging:



Restaging the axilla 

• Noninvasive restaging:

Review Schipper et al 2015

Conclusion: 

There is not (yet) a noninvasive restaging technique able to identify 

patients with  pCR in the axilla after PST



Restaging the axilla 

• Invasive re-staging:

• SN after PST – with confirmatory ALND

• SENTINA trial1; ACOSOG Z10712 and FNAC trial3

• Prospective cohort study4 (no ALND if ≥ 3 SN negative)

• Removal of clipped pathological node – with confirmatory ALND

• MARI5 (Marking of the Axilla with Radioactive Iodine)

• Clipped node i.c.w. SN 2,6

• RISAS study: recruiting

1Kuehn et al 2013; 2Boughey et al 2013, 2016, 2017 3Boileau 

et al 2015; 4Mamtani et al 2016; 5 Donker et al 2015; 6Caudle 

et al 2016.



SN after PST in patients with cN+ disease 

Mamounas et al, Ann Surg Oncol 2015

10.8% 8.6% 5.2% 10.3%

False negative rate reduced when:

Number of SNs harvested: > 2 or 3

if  yN0(i+) – Isolated Tumour Cells considered as positive nodes



SN after PST in patients with cN+ disease 

Prospective cohort  study: inclusion 2013-2015

Mamtani et al (2016)

68%



SN after PST in patients with cN+ disease 

Prospective cohort  study: inclusion 2013-2015

Mamtani et al (2016)

8 patients ypN0

5 patients ypN+



Removal of MARI/ clipped node +/ - SN

after PST in patients with cN+ disease 

• Prior to PST: clip pathological node with clip or radioactive Iodine seed

 After PST: remove the clipped node

• Donker et al, Ann Surg 2015

• MARI procedure, i.c.w. ALND, N = 100

• Caudle et al, JCO 2016: 

• Removal of clipped node + SN, i.c.w. ALND, N = 118

• Boughey et al, Ann Surg 2016: 

• Removal of SN i.c.w. ALND, and analysis of clipped node in ALND, 

N = 141



Removal of MARI/ clipped node after PST in patients with cN+ 

disease 

False Negative rate Negative 

Predictive Value

MARI1 7% 84%

Clipped node2 4.1% 93%

Clipped node in ALND3 8.4% 82%

Clipped node + SN 2 2% 97%

SN + Clipped node in ALND3 6.8% N.A.

1Donker et al 2015, 2Caudle et al 2016, 3Boughey et al 2016



RISAS study (NCT02800317)
Primary Radioactive Iodine Seed Localisation in the Axilla in Axillary Node Positive Breast Cancer 

Combined With Sentinel Node Procedure (RISAS) Following Neoadjuvant Chemotherapy

breast surgery, an expected average of 4 months. ]

• MARI i.c.w. SN, followed by ALND in The Netherlands, recruiting:

• Primary outcome: 

• Identification rate and accuracy (sensitivity, negative predictive 

value (NPV) and false negative rate (FNR)) for identifying 

axillary pCR

• Secondary outcome:

• Same as primary, but then for MARI and SN separately

• Number of patients:

• 200 patients to be included from October 2016-October 2018



Studies on locoregional treatment after PST

• 2 RCTs currently recruiting:

• NSABP-51 and Alliance 11201 (USA)

• 1 RCT in preparation:

• ATNEC trial (UK) 

• Several prospective cohort studies with reduced treatment:

• Galimberti: 5 yr follow-up

• ACOSOG Z 1071: data are maturing

• Mamtani: data are maturing

• RAPCHEM: data are maturing

• Several Dutch strategies: are currently registered in Dutch         

Cancer Registry



Bazan and White Cancer 2015

NSABP 51 & Alliance 11202 
(NCT01872975) & (NCT01901094)

NSABP-51 RCT:

No RT vs. locoregional RT

N: 1636 patients

Primary endpoint: 10 yr DFS

Alliance 11202 RCT:  

Locoregional RT vs. ALND +RT

N: 2918 patients

Primary endpoint: 5yr DFS



Studies on locoregional treatment

ATNEC trial – Goyal et al, NHS, UK: in preparation

Slide courtesy Charlotte Coles

Primary endpoint:

5 yr DFS

Work in progress !!



5 yr f-up of SN only after PST, median f-up 61 mo

Only scarce information 

on applied RT .. About 

75% received at least 

breast/ thw RT

Galimberti et al EJSO 2016



Studies on locoregional treatment after PST

Haffty et al,2016



SN after PST in patients with cN+ disease 

Prospective cohort  study: inclusion 2013-2015

Mamtani et al (2016)

68%

32% no ALND: no data yet on follow-up 



RAPCHEM study (NCT01279304)

cT1-2N1 ( > 3 suspicious nodes excluded), treated with PST

• Group I low risk: ypT0-2N0:

• after MRM: no RT; after BCT: RT breast 

• If SN/MARI is negative: no RT

• Group II intermediate risk: ypT0-2N1:

• after MRM: RT thoracic wall; after BCT: RT of breast

• if SN/MARI micromets and no RF: add RT of the axilla level 1&2

• Group III high risk: ypT0-2N≥2:

• RT thoracic wall/ breast and periclavicular nodes.

• if SN/MARI shows metastasis, add RT of the axilla1&2 or perform 
ALND.

RT of the axillary and  internal mammary chain nodes is optional. Each 
participating centre should state their treatment policy on beforehand.



RAPCHEM study (NCT01279304)

cT1-2N1 ( > 3 suspicious nodes excluded), treated with PST

Inclusion 2011-2015: 860 patients.

Preliminary analysis March 2016:

Boersma et al, poster EBCC 2016

• Data maturing to reach at least 5 year of follow-up…



Proposed axillary treatment after PST 

(Netherlands Cancer Institute)

Koolen et al, Br J Surg 2017



Proposed axillary treatment after PST 

(Netherlands Cancer Institute)

Koolen et al, Br J Surg 2017

If applied to 93 patients undergoing PET-CT:

• 74% of patients an ALND would have been avoided

• 3% (3 pts with false negative MARI) would have been “undertreated”

• 17% (13 ART, but no additional pos. nodes; 3 x ALND in case of ≥ 4 

nodes) would have been “overtreated”

• = current practice ! Data to be obtained through Dutch Cancer Registry



Take Home Messages

• Indication for locoregional RT depends on both pre-treatment 

characteristics and ypTNM status

• For patients with cT4 disease or cT3N+ disease and/or cN2/3: locoregional 

RT is currently indicated independent of response.

• For patients with cT1-2(3)N0-1 disease, lots of studies are ongoing:

• Re-staging: SN + clipped node seems most promising: Note: pCR 

does not always mean that LR treatment is not required anymore !!

• Hardly any data available on longterm follow-up of reduced 

treatment !

• Data of prospective cohort studies applying reduced treatment are 

maturing

• RCTs are recruiting..

It will take at least 5 - 10 years before we have sufficient long term follow-

up before we have real evidence for reduced treatment



03/01/13
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What are the current Indications for 
Mastectomy?

• Absolute

• Patient choice

• Inflammatory cancer

• Failed conservation surgery

• Multicentric carcinoma or DCIS 
spanning >1 quadrant or separated 
by more than 4cm…..may be safe 
with oncoplastic techniques if 
oligocentric

• Previous radiotherapy….some 
exclusions may be safe

• Size of tumour? Upper 
limit…..neoadjuvant therapy may 
help

• Relative

• BRCA gene carrier…..but debate 
about survival advantage for some 
sub groups

• Large size of tumour relative to 
breast size….but neoadjuvant therapy 
and oncoplastics may address this.

• Multifocal breast cancer……but may 
be safe with oncoplastic techniques



UK Practice (National Audit 2011)

All Mastectomies

No reconstruction

70%

Immediate 
Reconstruction 

20%

Delayed 
Reconstruction 10%



Temporal and regional UK variation 
(Jeevan et al, BJS 2016)

• Delayed reconstruction rate has 
risen from 2 to 10 % between 
2000 and 2015

• Immediate has risen from 7 to 
20% over the same time period

• BUT  huge regional variation 
between 15 and 37% across the 
UK



Impact of Deprivation on Reconstruction 
Rates

• Hazard ratios show clear inverse 
link between immediate 
reconstruction and index of 
multiple deprivation with the 
most deprived only having 56% 
the chance of reconstruction 
compared to the most deprived. 
(Jeevan et al, 2016)

• May reflect later stage of 
diagnosis, other health issues 
(higher rates of smoking, 
obesity, diabetes in deprived 
cohorts) and lack of patient  
interest.



Reconstruction Rates by Age Group

Rates of 
reconstruction by 
age group (UK Nat. 
Mast. Audit 2010)



Reconstruction methods in older women
(UK Age Gap Cohort Study)

0

2

4

6

8

10

12

14

16

18

TRAM/DIEP ADM Implant Implant
Expander

• 17 local complications: 
• 7 seromas, 

• 2 haematomas, 

• 5 infections and 

• 3 flap necrosis 

• no systemic 
complications.  

31/924 (3.4%) women having mastectomy



Over 70 reconstruction fitness variation

Mastectomy only

Mastectomy and reconstruction



Oncological Considerations
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Primary or Delayed Reconstruction

•Primary
• Increased options for skin 

preservation and therefore better 
objective cosmesis

• Reduced psychological trauma from 
disfigurement

• May delay chemotherapy or 
radiotherapy if complications

• Radiotherapy may spoil result.  
Indications may broaden after the 
recent EBCTCG data

•Delayed
• Minimal risk of delays in other adjuvant 

therapies from complications

• Irradiated tissue may be excised when 
reconstructing and healthy tissue used 
to recreate breast

• Limited skin preservation options

• Loss of the infra mammary fold

• Period without a breast-may never have 
reconstruction or face long delays as no 
longer urgent



Type of Reconstruction

• NMBRA 2010

%

Implant expander only pedicle flap + implant

Autologous pedicle Free flap

Immediate Delayed



When will radiotherapy be needed?

• Difficult to predict before surgery.

• T3 and T4 cancers usually attract a 
recommendation for post-operative 
chest wall radiotherapy.

• High grade PLUS nodal disease may 
be offered radiotherapy

• Close margin posteriorly or 
anteriorly: careful review of imaging 
as may be VERY tricky to go back 
afterwards



Radiotherapy

•Problems
• High rate of capsule 

formation with implants:
 5% normal, 

 40% after RT

• Skin viability risk
• Wound healing
• Loss of elasticity
• Fat necrosis
• Fibrosis
• Implant extrusion



Rates of Capsule Formation after RT and 
Breast Reconstruction

• Rate is broadly 3 fold higher when rates of capsule formation are 
compared between those who do or do not have RT

• Highly significant in all studies



Implant removal/replacement after RT

• 29% rate of removal or replacement at 7 years after mastectomy and 
RT

• Cause:

• Infection 40%

• Implant extrusion, shift, leak or rupture 10%

• Patient request 3%

• Multifactorial 48%



Involve the MDT BEFORE Immediate 
Reconstruction

• Options to aid prediction:  

1. SLNB before mastectomy to aid in planning of both implant and 
flap based reconstructions (if using an axillary pedicle for a flap)

2. Grade and immunophenotype on core: Her-2/TNP/grade 3

3. Imaging review re posterior clearance and proximity to skin and 
nipple

4. ? Role for an oncoplastic MDT (some low level evidence this 
enhanced the rate of immediate breast reconstruction, El 
Gammal et al, 2017)



Author Number 
breast 
ops

Study type Surgery type Length FU/
months

Rate of 
Capsule 
formation

Spear 2008 58 Prospective series Immed. 
expander

26 1.7%

Maxwell 
2009

78 Retrospective series Mixed, 
including 
revisions

12 1% baker 2

Salzberg
2011

455 Retrospective series Immed. implant 29 0.4%

Vardanian
2011

208 Retrospective 
cohort

Immed. 
Expander/ADM

NS 3.8%

129 Retrospective 
cohort

Immed. 
expander

NS 19%

Summary of Studies of rates of Capsule 
Formation with ADM



Acellular Dermal Matrix and Post Operative 
Radiotherapy

Valdatta et al, 2014, Meta-analysis shows 

that RT plus ADM is associated with a 

higher rate of complications (RR~3 fold)



Complications of autologous reconstruction 
+/- radiotherapy

Schaverian et al, Journal Plastic reconstructive and aesthetic surgery, 2013

Showed that overall rate of complications is similar with autologous 

reconstruction (comparing RT or not) BUT higher rates of revision surgery and 

fat necrosis if RT is given after reconstruction



Immediate Delayed Technique and RT 
(Ayoub et al, Annals Surgical Oncology, 2017)

Large series of cases (384) with skin sparing 

mastectomy and tissue expander placement.

13% of women lost their TE prior to 

definitive reconstruction

80% of definitive reconstructions were 

autologous



Other Technical Issues due to preop
RT

• May have had more aggressive 
cancer

• Quality of the skin:

• Radiation fibrosis

• Thin, poorly vascularised flaps

• Muscle denervation  and irradiation 
of pectoralis may compromise 
submuscular pocket

• May have had RT to chest wall, 
internal mammary chain, axilla.

• May have had axillary 
clearance

• Pedicles may be unreliable for 
anastomosis of flap



Neoadjuvant RT

• A logical extension of the above

• USA SEER database analysis of 2500 cases shows potentially enhanced rates 
of second cancer and excellent rates of disease control, so appears to be at 
least as oncologically sound as post surgery RT  (Poleszczuk et al, Breast 
Cancer Research, 2017)

• Baltodano et al.

• Plast Reconstr Surg Glob 

• Open 2017;5:e1108;



Oncological Safety of Skin Sparing 
Mastectomy

• Skin sparing mastectomy has 
generally got good rates of local 
control in most large series, 
comparable to rates for 
mastectomy.

Author No .SSM vs 
Mx

LRR SSM

Newman 
1998

372 6.2%

Carlson 
2003

539 5.5%

Lanitis 
2010

825 vs 2518 5.7 vs 4.0 %

Sheikh 
2011

177 vs 249 1.1 vs 0.8%



Chemotherapy Delay

•Chemotherapy, if needed, may be delayed slightly 
by immediate reconstruction.

•No large studies

•Meta-analysis suggests time increases between 13 
and 36% between surgery and chemotherapy.

•No data on the oncological significance of this

•Consideration of neoadjuvant chemo if complex 
surgery planned and chemo known to be needed



Delayed Chemotherapy with Immediate 
Reconstruction?

Lee et al, 2011, EJBC

Immediate reconstruction No Immediate reconstruction



Primary Systemic Therapy

• Indicated in cases where locally advanced

• But, in cases where chemo is inevitable, up front use may avoid  risk 
of delays

• May allow time for gene testing, especially in younger women in 
whom risk of a gene is higher and may wish to chose mastectomy 
(unilateral or bilateral) if positive.



The Nipple: to Spare or not to 
Spare

In a ptotic breast

Wise pattern skin reduction not 
compatible with nipple preservation 
unless by free nipple graft.

Bucket handle techniques may be used 
but risk of nipple loss

 In a non-ptotic breast
 Disease proximity: greater 

than 2-2.5 cm
 Nipple shave to confirm

 Increased risk if multicentric
disease, (4% if unifocal versus 
34% if multicentric 4 
quadrantic disease.   If 1cm, 
8% risk versus 20% if more 
than 5cm



Reconstruction Techniques
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Patient variability!

General fitness, 

Shape, ptosis & size of breast, 

Spare tissue availability, 

Attitudes to silicone implants, 

Personal choice, 

Personal activities/employment, 

Time off work, 

Abdominal/breast  scars



Skin Envelope Planning
Blood supply: scars, previous reduction or 
augmentation, radiotherapy, flap length.

Ptosis.  

Cleavage scars

Tumour position relative to overlying skin 
and nipple



Dealing with Ptosis: None

•No skin envelope tightening 
needed.  

•Skin incision can be placed 
anywhere for optimal cosmesis

•Acellular Dermal Matrix may not 
be needed as fully submuscular
pocket may be adequate but 
caution is thin skin coverage



Dealing with Ptosis: Minor

•No skin envelope tightening 
needed.  

•May correct simply by use of a 
slightly larger volume 
reconstruction

•ADM valuable to give a fuller 
breast volume, better shape, 
better inframammary fold 
definition than a submuscular
pocket



Superior Periareolar Mastopexy

• Suitable for minor adjustment of ptosis to 
elevate nipple height.

• 1 third areolar circumference.

• Can extend laterally to gain further lift and 
better access.

• Again ADM ideal as not usually enough ptosis 
for a wise pattern/dermal sling technique.

• De-epithelialise the crescent and use for a 
double layer closure



Dealing with Ptosis: Severe

• Reduction Pattern techniques.

• Wise Pattern

• Lends itself beautifully to dermal sling 
(fully or ADM supplemented).

• Wise pattern is higher risk if directly 
over ADM so careful selection needed 
or retain a paddle of de-epithelialised 
skin at the T junction.



Wise Pattern Problems

• Full thickness skin flap necrosis 
of T junction and vertical limb  
12% of 75 breasts

• Partial thickness in 14%

• Implant loss in 4.7%

• All had dermal sling, so implant 
covered but major risk if using 
wise pattern with ADM

• (Santanelli, 2013)

• Risk factors (multivariate 
analysis):
• Smoking: OR 16

• Prosthesis weight over 470 gm OR 7

• Obesity (BMI) trend towards 
significance



Technical considerations in women with 
little subcutaneous fat

• Implant based reconstructions 
should always place the implant 
in the sub pectoral plane to avoid 
a cleavage ridge.

• Great care when dissecting flaps

• Care with ADMs.



Breast Mound Recreation

Implant Based
Fully submuscular expander/implant
Implant augmented latissimus dorsi.
Dermal Sling and Implant
Acellular Dermal Matrix and Implant

Autologous
Autologous Latissimus Dorsi
TRAM/DIEP Flap
SGAP/IGAP (Superior/Inferior Gluteal Artery Perforator)
Transverse Upper Gracillis (TUG) Flap
Perforator flaps: LICAP, TDAP, AICAP
Lipomodelling



Implant/Expander

• Who is suitable
• Women with small, minimally or non-

ptotic breasts, (B/C cup).

• Women who prefer simpler, shorter 
procedure, or who have health 
problems which contra-indicate a long 
procedure.

• Acceptance of risks of implants

• New issue with BI-ALCL

• Contra-indications
• Radiotherapy

• Large ptotic breasts

• High expectations for symmetry, 
unless bilateral procedure



Implant Position

• Sub-mammary or sub-pectoral are standard for 
augmentation.

• Post-mastectomy, subcutaneous seems logical, especially with 
a skin sparing technique, BUT high risk of implant loss, 
wrinkling, infection…..

• Partial or fully sub-muscular is therefore preferred.
• 1 or 2 stage options



Reconstruction with submuscular
expander implant:



Acellular Dermal Matrix, ADM

 Gives a more ptotic shape and greater breast 
volume than submuscular

 May not need to expand

 Derived from porcine, bovine, human dermis 
or pericardium

 Slightly higher infection rate (retrospective)

 Expensive!



Dermal Sling + Implant and Goldilocks

 Only suitable for women with 
ptosis to a degree that could 
have a wise pattern reduction 
and want a lift and size 
reduction.

 De-epithelialise the inferior 
skin and use of endogenous 
dermal to support and 
provide a pocket for an 
implant or to ‘scrunch up’ to 
create the breast mound!



Latissimus Dorsi

•Flat sheet of muscle.

•Blood and nerve supple from axilla

•Can be moved as muscle only, muscle and fat and 
skin, or muscle and skin.

•Minimal physical limitation afterwards.



Latissimus Dorsi Flap

• Who is suitable
• Most sizes and shapes can be 

achieved.

• Not all suitable for autologous

• Ptosis and D+ cup can be 
achieved.

• Contra-indications
• Long term back pain

• Physical job or hobby

• Previous axillary surgery with 
evidence of pedicle damage

• Axillary RT



Latissimus Dorsi-variations

 Primary 
Subcutaneous 
mastectomy with 
nipple preservation.

 Nipple shave to 
ensure no residual 
disease

 Lateral scar gives 
good access and 
cosmesis.



Latissimus Dorsi-variations

•Bilateral Wise pattern 
mastectomy 



Latissimus Dorsi-Limitations

Can achieve some ptosis 

but within limits

Can get good DD cup 

size but not much more

Back morbidity: long 

scar, back pain, prolonged 

seroma.



Latissimus dorsi limitations



DIEP Flap

Who is suitable.

• Need to have enough of a 
‘tummy’ for a tummy tuck.

• Not too much.  BMI 30-35 
maximum.

• Need to be well motivated.

• Fit

Contraindications

• Very obese (BMI >35), smokers, 
diabetics, hypertensives.

• Previous surgery to abdomen 
compromising pedicle and flap size

• Chest wall radiotherapy may 
compromise the pedicle if needs to be 
plumbed into the internal mammary.

• Axillary RT or poor quality surgery may 
compromise the pedicle if to be 
plumbed into the thoracodorsal vessels



TRAM or DIEP Flap



Lipomodelling in the Mastectomy Setting

• Pre delayed reconstruction to thicken a poor quality/irradiated flap.

• To enhance projection/volume of an autologous reconstruction

• To thicken or smooth a thin or irregular skin flap

• To build an entire breast!!

• (photos coutesy of R Bonomi)



Maintain/Restore Symmetry
‘What do you think of your breasts as they are now/what 
would they ideally be like?’

Late asymmetry may require ongoing correctional procedures 
such as lipomodelling to thicken flaps, nipple height 
adjustment, volume adjustment.



Risk Factors for nipple necrosis
Large US series of 500 cases, (Coldwell et al 2013)

• Nipple necrosis 4.4 percent 

• Risk Factors for nipple or skin necrosis:

• Smoking (OR, 3.3)  

• Periareolar incisions (OR, 3.63)

• Increasing body mass index (OR, 1.154)  

• Preoperative irradiation (OR, 4.86). 

• Inframammary fold incision decreased complications (OR, 0.018)



Nipple Reconstruction: Prosthetic

•May be ‘off the shelf’ 
or bespoke.

•Bespoke are made by 
taking a cast of the 
patient’s own nipple 
and making a silicone 
rubber prosthesis 
which is then coloured 
to match.



Stick-on Nipples 



Nipple reconstruction techniques

• Skate flap

• Star flap

• CV flap

• Trefoil flap

• Nipple sharing

• Free nipple graft

• Skin grafting for areolar reconstruction

• Tattooing for areolar reconstruction



Nipples:  Trefoil flap and tattoo



Nipple Reconstruction with Wise Pattern

•Double S type flap at the 
wise pattern apex in the 
areolar folded to make a 
new nipple.

•Free nipple graft

•Standard nipple 
reconstruction and areolar 
tattoo



Tattoos



Patient satisfaction and 
outcomes
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Patient Satisfaction (NMBRA 2011)



Summary

Treatment needs to be tailored to the individual.

Complex planning and decision making

Manage expectations: Reconstructions are NEVER 
perfect



Radiation therapy prior to or after 

breast reconstruction?

Birgitte Vrou Offersen, 

Clinical oncologist

Aarhus University Hospital, Denmark



1980-ies 
Pivotal trials

BCT as an alternative for MRM

1990-ies
The NIH Consensus Conference defined 

“BCT as the standard of excellence in early breast 

cancer care”



Kummerow, JAMA Surg 2015

USA-Low risk/BCS eligible 

Younger women were more likely to undergo mastectomy irrespective of tumor size

Steeper increases in mastectomy rates for women with N0, smaller tumors, DCIS

Breast reconstruction increased from 11.6% to 36.4%

Bilateral mastectomy for unilateral disease increased from 1.9% to 11.2%

Reconstruction for bilateral mastectomy increased from 36.9% to 57.2%

Temporal trends: 1,216,820 patients, NCDB 1998-2011

35% had mastectomy



Europe– Low risk/BCS eligible
EUSOMA (2003-2010):

A total of 15,369 pts

27 % mastectomies

Statistically significant decrease in mastectomy rates from 2005 to 2010, 
a progressive reduction of 4.24%/year.

Garcia-Etienne, Eur J Cancer 2012



SEER 2000-2010:

• The immediate breast reconstruction rate among pts requiring RT

increased from 13.6 to 25.1 % 

• IR with implant-only increased from 27 to 52 % (p<0.001) with a 

decrease in IR tissue-only from 56 to 32 % (p<0.001).

Agarwal Ann Surg Oncol 2015



So, there is a trend towards 

more immediate implant-based 

reconstruction in pts who need 

RT in the USA



Survey of Practice Pattern among US Plastic Surgeons 

N=358 who perform breast reconstruction routinely

- 81 % respondents do not perform immediate recon if RT is indicated
- 60 % agree with preop SLN before immediate reconstruction

Gurunluoglu Ann Pl Surg, 2013



1450 patients treated 2005-2007 (SEER database) 

All had responded QoL questionnaire 9 mths and 4 yr post BC surgery

Ann Surg 2015

Scale = 1 (very dissatisfied) to 5 (very satisfied)



(Survey-based, not prospective)

n = 29

n = 24

n = 113

n = 34

P<0.001
No information on timing of RT in relation to reconstruction



Why is immediate reconstruction in pts who need RT increasing?



SurgeonsPatients

Less technically demanding operations

(Momoh, 2014; Agarwal 2015)

Cosmetic satisfaction was similar for BCS

and mastectomy w reconstruction

(Jegasi, 2015)

Shorter operative times

(Momoh, 2014; Agarwal 2015)

Younger pts don’t want “ptotic breasts”

(Agarwal, 2015; Seth 2015)

Avoidance of donor sites

(Momoh, 2014; Agarwal 2015)

Younger pts – less “donor” sites

(Momoh, 2014; Agarwal 2015; Seth 2015)

Potential for shorter recovery

(Momoh, 2014; Agarwal 2015)

Immediate reconstruction has physiological and 

QoL implications

(Eldar, 2005)

Better reimbursement for

implant reconstruction

(Agarwal 2015; Seth 2015)

Insurance (US) covers both breasts-> oncoplastic

surgery

Despite higher rates of capsular contracture, 

aesthetic results were good to excellent 

(McCarthy, 2005; Corderio, 2014)

Immediate implant reconstruction & RT: 

Satisfaction 90%,  Would choose the

same method of reconstruction 94%

(Corderio, 2014)

Courtesy Orit Kaidar-Person, Israel



SurgeonsPatients

Less technically demanding operations

(Momoh, 2014; Agarwal 2015)

Cosmetic satisfaction was similar for BCS

and mastectomy w reconstruction

(Jegasi, 2015)

Shorter operative times

(Momoh, 2014; Agarwal 2015)

Younger pts don’t want “ptotic breasts”

(Agarwal, 2015; Seth 2015)

Avoidance of donor sites

(Momoh, 2014; Agarwal 2015)

Younger pts – less “donor” sites

(Momoh, 2014; Agarwal 2015; Seth 2015)

Potential for shorter recovery

(Momoh, 2014; Agarwal 2015)

Immediate reconstruction has physiological and 

QoL implications

(Eldar, 2005)

Better reimbursement for

implant reconstruction

(Agarwal 2015; Seth 2015)

Insurance (US) covers both breasts-> oncoplastic

surgery

Despite higher rates of capsular contracture, 

aesthetic results were good to excellent 

(McCarthy, 2005; Corderio, 2014)

Immediate implant reconstruction & RT: 

Satisfaction 90%,  Would choose the

same method of reconstruction 94%

(Corderio, 2014)

Courtesy Orit Kaidar-Person, Israel

Confused ? It depends on WHO and WHEN you ask

Is this also true for Europe?



JAMA Onc, 2016

pT3 and/or pN2-3
pT1-2 and pN1

SEER database, 

2000-2011, 

>41000 patients

APC, annual percentage change



Timing of post-mastectomy RT and breast reconstruction

Momoh & Kelly,  Ann Surg Onc 2014



Timing of post-mastectomy RT and breast reconstruction

Momoh & Kelly,  Ann Surg Onc 2014

897 papers 20 relevant information 6 pre-recon RT

9 post-recon RT

5 both pt groups

1006 papers 26 relevant information 14 pre-recon RT

23 post-recon RT



Timing of RT and reconstruction TE/implant

Systematic review:

26 studies included out of 1006 published 1992-2012 :

3 studies analyzed for Pre-reconstruction RT

12 studies analyzed for Post-reconstruction RT

11 on both Pre and Post

Among these 26 studies

23 Retrospective

3 -> “prospective cohorts” of Post-reconstruction RT

Momoh, Ann Surg Onc 2014

Mean age 48 years (range, 44-54)

Median # of pts in the studies 55 (range, 13-159)

Median follow up 34.5 months (range, 15-96)



Reconstruction-> RT

Pooled rate (95% CI)

RT -> Reconstruction

Pooled rate (95% CI)

Complication

37% (20-55)30% (0-77)Mild Capsular 

contracture

32% (20-46)25% (0-45)Severe Capsular 

contracture

31% (17-46)18% (5-36)Major 

complications

39% (24-55)49% (25-72)Minor 

complications

20% (15-25)19% (10-29)Failure

80% (68-90)83% (68-94)Successful 

implant 

reconstruction

Momoh, Ann Surg Onc 2014

Timing of RT and reconstruction TE/implant



Reconstruction-> RT

Pooled rate (95% CI)

RT -> Reconstruction

Pooled rate (95% CI)

Complication

37% (20-55)30% (0-77)Mild Capsular 

contracture

32% (20-46)25% (0-45)Severe Capsular 

contracture

31% (17-46)18% (5-36)Major 

complications

39% (24-55)49% (25-72)Minor 

complications

20% (15-25)19% (10-29)Failure

80% (68-90)83% (68-94)Successful 

implant 

reconstruction

Momoh, Ann Surg Onc 2014

Timing of RT and reconstruction TE/implant



Momoh, Ann Surg Onc 2014

Timing of RT and reconstruction TE/implant

Caution:

Pre-reconstruction RT was in most cases pts who were treated initially with BCT

Post-reconstruction RT was delivered after placement of TE or implant

Very difficult to get hold on timing:

Immediate (RT to chest wall before implant)

Immediate (RT to implant)

RT to chest wall and delayed TE/implant

RT to deflated TE

RT to inflated TE

- So this is not something you just start to do next Monday……..



MSKCC Yale University Hospital

“Our findings suggest that neither the sequencing nor timing of 
expander-implant exchange in the setting of PMRT affects overall 
complication or reconstruction failure rate” (Lentz, Yale, 2013)

Timing of RT and reconstruction TE/implant



Moreover…

Oncologic outcome was not reported in 

the systematic review nor in some of 

the studies…

MSKCC – 7 yrs f/u – OS - 93%, LC-

100%

Momoh, Ann Surg Onc 2014

Timing of RT and reconstruction TE/implant



More things to think about…

Single

surgeon, 

n=319

Mean F/U 

56.8m

3 surgeons, 

n=151

Median F/U 

86m

MSKCC

9.1%13.3%Implant 

removal 

12.7%17.1%Replacement

MSKCC, 2012 and 2014 publications



More things to think about…

Single

surgeon, 

n=319

Mean F/U 

56.8m

3 surgeons, 

n=151

Median F/U 

86m

MSKCC

9.1%13.3%Implant 

removal 

12.7%17.1%Replacement

MSKCC, 2012 and 2014 publications

Significant heterogeneity was noted 

between studies for multiple 

complications
(Momoh, Ann Surg Onc 2014)

Surgical potential confounders:

type flap, TE, silicone, saline, fully muscle 

covered, subcutaneous implant, nipple 

sparing…



Gets even MORE confusing…

RT doses were not uniformly reported

Use of bolus

Use of Boost Momoh, Ann Surg Onc 2014

Timing of RT and reconstruction TE/implant

Total dose 50 Gy (range 45–60), including boost, 1.8-2 Gy per fx, 4–6-MV 

photons and wedges, without any bolus (Tallet et al, 2003)

Total dose 50 -50.4 Gy, 1.8-2 Gy per fx, no boost, daily bolus 0.5-1 cm, IMRT 

after 2002 (Ho, 2012 & 2014)



Current Practice Patterns

Radiation Oncologists

Pre-RT deflation:

- 75 % do not routinely deflate TE pre-RT

- 11.5 % routinely deflate TE pre-RT

Bolus over TE:

- 52% use all the time

- 37% never use

- 11% use sometimes

Boost in TE:

- 23% boost all

- 43% boost some

- 34% don’t boost
Chen, Rad Onc, 2013

Can’t blame only the surgeons…



Timing of post-mastectomy RT and breast reconstruction

Momoh & Kelly,  Ann Surg Onc 2014



RT after Flap

reconstruction

Pooled rate (95% CI)

RT before Flap

reconstruction

Pooled rate (95% CI)

Complication

14% (0-0.38)10% (0.04-0.77)Wound healing

13% (0.07-0.2)10% (0.06-0.14)Fat necrosis

6% (0.03-0.1)4% (0.02-0.06)Infection

1% (0.01-0.04)2% (0.01-0.04)Hematoma

4% (0-0.12)4% (0.02-0.05)Seroma

27% (0.12-0.45)-Flap fibrosis

4% (0-0.04)1% (0-0.02)Flap loss

-6% (0.03-0.11)Partial flap necrosis

-4%(0.03-0.06)Vascular thrombosis

(reoperation)

Kelley, Ann Surg Onc 2014

Similar rates of complications and success for pre- and post-reconstruction RT

Immediate autologous reconstruction should be considered as a valuable 

option even when PMRT is indicated (up to 4% flap loss)

Timing of RT and reconstruction FLAP



Timing of RT and reconstruction

Reconstruction - RT

The differences between overall complications and outcomes with flap-

based surgery before/after RT are more subtle compared to TE/implant

BUT

Immediate TE/implant has become the more popular technique

Kelley, Ann Surg Onc 2014



Timing of RT and reconstruction

Again…

not much about Oncological Outcomes (not much data, seems okay, 

but…)

different RT doses, bolus, boost…

different surgical techniques!

Kelley, Ann Surg Onc 2014



Safety after immediate reconstruction?

Delays in treatment due to immediate reconstruction

Impact of a reconstructed breast on adequate CW and IMN radiation delivery 

Normal tissue dose (lung, heart, liver, stomach)



PMRT after reconstruction: Chest wall shape

Courtesy Poortmans, 2014



Kaidar-Person O et al, 2017



Radiation Delivery

Scored 4 categories: 1. CW and 2. IMN Coverage, 3. Lung Avoidance 4. Heart Avoidance

Scores for each category: 0, 0.5, 1. Best score = 4/4

Motwani, IJROBP, 2006



Radiation Delivery

Motwani, IJROBP, 2006



What is the largest study?

Published online Aug 1st, 2017

MD Anderson, single institution, retrospective study on all pts operated since 

2002-13

Strategy: DELAYED-IMMEDIATE RECONSTRUCTION



Majority of PMRT was loco-reg RT incl IMN

98% of PMRT planning was without compromises 

due to the reconstruction

384 patients

95% stage II-III breast cancer

Median FU 5.6 yr (range 1.3-13.4)

5 yr locoreg control 99.0%

5 yr DFS 86.1%

5 yr OS 92.4%





Still so many questions with regards to RT

Boost? Where to boost?

Bolus material/thickness/schedule/where

Effect of Metallic port in TE on RT delivery 
(Damast 2006)

Fractionation

Target definition

Constraints



A randomised trial is needed!

According to current publications, we are entering a new era: 

frequency of immediate reconstructions will increase

Pro trial:

Max control on who does what how to whom when

Techniques (surgical/RT) well described and no surprise 

Only way to ensure optimal follow up



A randomised trial is needed!

According to current publications, we are entering a new era: 

frequency of immediate reconstructions will increase

Pro trial:

Max control on who does what how to whom when

Techniques (surgical/RT) well described and no surprise 

Only way to ensure optimal follow up

DBCG CLUB



The DBCG RT Recon Trial

Aim: 

investigate risk of complications following breast 
reconstruction in early breast cancer patients operated with 
mastectomy for high risk breast cancer with indication for 
post-mastectomy radiation therapy (PMRT)

Hypothesis: 

the risk of complications is not increased by performing 
delayed-immediate reconstruction compared with delayed 
reconstruction in relation to the timing of PMRT  

delayed-immediate reconstruction (before PMRT)

R
delayed reconstruction (after PMRT)

If you are interested, contact Birgitte Offersen: birgoffe@rm.dk or bvo@oncology.au.dk

mailto:birgoffe@rm.dk
mailto:bvo@oncology.au.dk


Primary endpoint

Any complication deeming invasive intervention necessary : 

Infection

Haematoma 

Seroma

Loss of implant 

Necrosis 

The DBCG RT Recon Trial



STUDY POPULATION

Inclusion criteria

Invasive breast cancer

Indication for unilateral mastectomy and deemed fit to undergo unilateral 
breast reconstruction

PMRT indicated according to guidelines

Exclusion criteria

Pregnant or lactating

Conditions indicating that the patient cannot go through breast 
reconstruction, PMRT or follow up, or a condition where the treating 
specialist thinks the patient should not participate in the trial 

Not being able to participate due to language problems

The DBCG RT Recon Trial



TREATMENT PROTOCOL
Treatment arm A

Delayed-immediate reconstruction

Initial surgery

Skin sparing/nipple sparing 
mastectomy and axillary surgery 

silicone gel implant and mesh

PMRT

Final reconstruction 6 months later

Autologous

Flaps

Fat transfer

Implant-based 

+/- ADM 

Flap + implant

Fat transfer 

Treatment arm B
Delayed reconstruction

Initial surgery

total mastectomy and axillary 

surgery

PMRT 

Final reconstruction 6 months later

Autologous

Flaps

Fat transfer

Implant-based 

+/- ADM (?)

Flap + implant

Fat transfer 

The DBCG RT Recon Trial



DBCG workshop to reach national consensus on target 

delineation and treatment planning September 18th, 2017 and 

then the protocol will be finished

We will start end of 2017 or primo 2018

”Target delineation group” so far was L Boersma (NL), I Mjaaland (N), C Coles (UK), P Poortmans (F) and BV Offersen (DK)



Late Side-effects of Radiation Therapy 

Sarah Darby 
Nuffield Department of Population Health 

University of Oxford 
United Kingdom 



Plan of talk 

• Identifying the  late side-effects of 

radiotherapy 

• Deriving dose-response relationships for 

late-effects 

• Estimating absolute risks of late effects 
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Using information from randomized 
trials to identify late side-effects 

• Randomized trials of breast cancer treatments  
are usually conducted in order to study breast 
cancer recurrence and mortality. 

 

• They provide valid information on other 
endpoints as well. 

 



Taylor et al on behalf of EBCTCG, JCO 2017; 35:1641 

Number of events 
Rate ratio  

(95% CI) 
P value 

RT No RT 
Excess with 

RT 

Death without breast cancer recurrence 

Heart disease 705 548 143 1.30 (1.15—1.46) <0.0001 

Non-breast cancer  475 375 67 1.19 (1.03—1.37) 0.02 

Other specified causes   638 629 6   1.01 (0.90—1.14) 0.83 

Second cancer incidence without prior breast cancer recurrence 

Leukaemia   43 23 17    1.71 (1.05—2.79) 0.03 

Lung, years 0-9 71 60 5  1.08 (0.76—1.53) 0.66 

Lung, years 10+   94 40 47    2.10 (1.48—2.98) <0.0001 

Oesophagus   23 10 13    2.42 (1.19—4.92) 0.01 

Contralateral breast 881 673 130  1.20 (1.08—1.33) 0.0006 

                

Effect of Radiotherapy on Non-breast-cancer Mortality  and on 
Incidence of Second Cancers before any Recurrence of Breast Cancer 

 (40,781 women in 75 trials of radiotherapy versus no radiotherapy) 



These randomised trials show conclusively 
that breast cancer radiotherapy as given in 
these trials can cause heart disease 
contralateral breast cancer, lung cancer, 
oesophagus cancer and leukaemia 
 
By itself this information is interesting  
   …. but of little practical value 
  

 



Limitations of Randomized Trials for Studying 

Late Effects of Breast Cancer Radiotherapy  

• Old fashioned radiotherapy techniques and little 

detailed information on regimens, so accurate 

doses to organs at risk cannot be calculated 

• Incidence information not usually available for 

heart disease (and only sometimes for second 

cancer) 

• Women at increased risk of heart disease or 

lung cancer tend not to be included in trials 

6 



Plan of talk 

• Identifying the  late side-effects of 

radiotherapy 

• Deriving dose-response relationships for 

late-effects 

• Estimating absolute risks of late effects 
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Example of heart disease 

8 



  

To produce a clinically useful dose-response 
relationship we need: 

• Large studies of women in the general population 

– patients who have comorbidities or complicated 
problems are not usually entered into trials 

• Long follow-up 

• Data on non-fatal as well as fatal events 

• Sufficient detail on RT to calculate cardiac doses 

• Information on pre-existing risk factors for heart 
disease 

 



Question 

Do we get the right answer if we compare 

irradiated and unirradiated women using 

observational (ie non-randomised) data from 

cancer registries? 



Comparison of Randomised and 
Observational Data 

• Data sources: 

– Randomised: EBCTCG 

– Observational: SEER Cancer Registries 

 

• Treatment comparison: 

– Radiotherapy versus not in women after BCS, 
or after mastectomy in pN+ disease 

McGale et al, JCO 2016; 34:3356 



EBCTCG and SEER 
Radiotherapy versus not 

12 

EBCTCG:   
42,080 in 78 trials of radiotherapy vs no 
radiotherapy 
 
SEER:  
329,235 women given BCS or pN+ and 
mastectomy  

McGale et al, JCO 2016; 34:3356 



EBCTCG and SEER 1990-2008 
Non-breast-cancer mortality  

RT vs no RT 
 

SEER data stratified by: age, follow-up year, stage, year, ethnicity,  
tumour size, no of nodes, grade, ER status, quadrant, axillary surgery 
 

McGale et al, JCO 2016; 34:3355 
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SEER data: Left versus right-sided breast cancer: 
subsequent cardiac mortality ratios by radiotherapy status 

 

 

Darby et al, Lancet Oncol 2005; 6:557 



  

To produce a clinically useful dose-response 
relationship we need: 

Large studies of women in the general population 

– patients who have comorbidities or complicated 
problems are not usually entered into trials 

Long follow-up 

• Data on non-fatal as well as fatal events 

• Sufficient detail to calculate cardiac doses 

• Information on pre-existing risk factors, eg prior 
heart disease 
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Cohort study 



Left-sided versus right-sided breast cancer: heart disease incidence ratios 
in women given adjuvant radiotherapy for breast cancer 

     
    Radiotherapy   

  
Number of  Incidence  ratio,  

 Disease category  events left/right left vs. right  (95% CI) P 

  

 
n=17,912/16,913 

  
          

     

    Ischaemic heart disease 878/712 1.18 (1.07-1.30) 0.001 

    Hypertensive heart disease 209/182 1.11 (0.91-1.35) 0.32 

    Pulmonary embolism  165/148 1.08 (0.86-1.35) 0.51 

    Pericarditis  60/36 1.61 (1.06-2.43) 0.03 

    Valvular heart disease  94/60 1.54 (1.11-2.13) 0.009 

    Other rheumatic heart disease  2/2 0.82 (0.11-5.90) 0.84 

    Acute endocarditis  8/7 1.07 (0.39-2.97) 0.89 

    Myocardial disease  37/37 0.99 (0.63-1.57) 0.97 

    Conduction disorders & arrythmias  445/453 0.94 (0.82-1.07) 0.35 

    Cardiac arrest  36/27 1.28 (0.78-2.12) 0.33 

    Heart failure  310/315 0.95 (0.81-1.11) 0.51 

    Other & ill defined heart disease   31/37 0.78 (0.48-1.26) 0.30 

    All heart disease 2275/2016 1.08 (1.02-1.15) 0.01 
          

  

Analyses based on first diagnosis of any type of heart disease after diagnosis of breast cancer. 

(results similar considering any diagnosis rather than just first): 

18 
McGale et al, Rad Onc 2011 



  

To produce a clinically useful dose-response 
relationship we need: 

Large studies of women in the general population 

– patients who have comorbidities or complicated 
problems are not usually entered into trials 

Long follow-up 

Data on non-fatal as well as fatal events 

• Sufficient detail to calculate cardiac doses 

• Information on pre-existing risk factors, eg prior 
heart disease 
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Case-control study 



Population-based case-control study of  
major coronary events (MCEs) 

• Population: Women irradiated for breast cancer identified from 
population-based cancer registries   (Denmark: 1977-2006, Stockholm: 
1958-2002) 

• 963 Major Coronary Events (MCEs) before breast cancer recurrence 
identified from nationwide disease registers 

• 1205 controls also irradiated for breast cancer but without 
recurrence identified from nationwide disease registers (matched for 
country, age, calendar period & time since cancer diagnosis) 

• Information from oncology records obtained by research nurses                                                
(tumor characteristics,  medical history, including prior heart disease) 

• Individual radiotherapy treatment information obtained by research 
nurses 

 
NEJM 2013; 368:987-98 
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Left tangential pair Co60 

50 

45 

Left anterior descending 

coronary artery 

Circumflex coronary 

artery 

Right 

coronary 

artery 

Taylor et al,  Rad Onc  2011 

•  Detailed dose-plan for each woman reconstructed on modern planning system  

•  97 x 2 different regimens reconstructed using CT-scan for patient with typical anatomy  

•  Physical dose to whole heart estimated from dose-volume histogram  

• Mean heart dose in study subjects: 4.9 Gy 



Mean heart dose (Gy) 

0 

100 

200 

300 

400 

500 

600 

N
u

m
b

e
r 

o
f 

s
tu

d
y
 s

u
b

je
c
ts

 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 

Distribution of mean heart doses in case-control study of MCEs  

after breast cancer RT 

NEJM 2013; 368:987-98 

Average of mean heart doses 

    MCE cases: 5.4 Gy 

    Controls:  4.5 Gy 



7.4% increase per Gy  
(95% CI 3-14; p=0.0001)  

Radiation Associated Cardiac Events (RACE) 

Dose-response Relationship for Major Coronary Events 

NEJM 2013; 368:987-98 



Nimwegen et al, J Clin Oncol 2015;34:235 

Dose-response Relationship for Coronary Heart Disease 

in Dutch Hodgkin Lymphoma Survivors 

 



7.4% increase per Gy  
(95% CI 3-14; p=0.0001)  

Radiation Associated Cardiac Events (RACE) 

Dose-response Relationship for Major Coronary Events 

NEJM 2013; 368:987-98 



7.4% increase per Gy  
(95% CI 3-14; p=0.0001)  

Radiation Associated Cardiac Events (RACE) 

Dose-response Relationship for Major Coronary Events 

NEJM 2013; 368:987-98 

Same slope for women 

with and without 

cardiac risk factors 

at time of breast 

cancer diagnosis 



Plan of talk 

• Identifying the  late side-effects of 

radiotherapy 

• Deriving dose-response relationships for 

late-effects 

• Estimating absolute risks of late effects 
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• The dose-response relationship from the case-
control study estimates risk in terms of the 
percentage increase per Gy 

• It can be combined with recent population-
based rates of: 

– death from ischaemic heart disease 

or 

– incidence of acute coronary events 

• to provide estimates of the absolute risks 

29 



 

 

Illustrative calculations for a woman aged 50 at RT 
 

Death from IHD                                   Acute coronary event 

 

 

Radiation Associated Cardiac Events (RACE) 
 

1.9% 
2.4% 

NEJM 2013; 368:987-98 

3.4% 

7.7% 

5.4% 

4.5% 



 

 

Illustrative calculations for a woman aged 50 at RT 
 

Death from IHD                                   Acute coronary event 

 

 

Radiation Associated Cardiac Events (RACE) 
 

1.9% 
2.4% 

NEJM 2013; 368:987-98 

3.4% 

7.7% 

5.4% 

4.5% 

Need to take other causes of death into account 



Current Issues in  

Radiation-related Heart Disease 

• Effect of radiation in patients receiving 
cardiotoxic chemotherapy (eg anthracyclines) 

• Are some parts of the heart more sensitive 
than others? 

• Increased cardiac risk with increasing use of 
IMC RT? 

32 



Taylor et al. Int J Radiat Oncol Biol Phys 2015 
33 

Systematic review of published estimates of cardiac doses  

from left breast radiotherapy: 2003-2013 
(398 regimens in 149 studies) 

 



Dose-response Relationships for 

Other Important Late Side-effects 

• Lung cancer – approach similar to heart disease 
with smoking as main risk factor 

 

• Contralateral breast cancer – contralateral 
breast hard to contour on CT scans so different 
approach to dose estimation needed, eg using  
thermolunimescent dosimeters in tissue 
equivalent phantoms (eg Stovall et al, IJROBP, 2008; 72:1021)  

 
34 



Overall conclusion 

• To make the best choice for each patient, careful 
evaluation of both the absolute benefits and of 
the absolute risks of radiotherapy is needed.  

• For many patients this will provide reassurance 
that the benefits of radiotherapy outweigh the 
risks  

• It will also enables the remaining patients to be 
identified, so that alternative treatment options 
can be considered. 



The end 
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Contemporary techniques

Marianne Aznar

marianne.aznar@manchester.ac.uk

03/01/13

mailto:marianne.aznar@manchester.ac.uk


PROFOUND HYPOFRACTIONATION



Yarnold et al., Breast 19, 176-79, 2010

112%

 Under- and especially overdosage are more 

relevant for late effects with hypofractionation

What hypofractionation means for treatment 

planning:



FAST-forward planning constraints : 5.2 Gy x5

5.4 Gy x5

PTV V95%>95%

Upper dose limit :       <5% of the volume should receive ≥105%

<2% of the volume should receive ≥107%

global max <110% of the prescribed dose

More field-in-field / IMRT / VMAT



Random vs systematic uncertainties

CT 

planning

Treatment fractions

Systematic
Random

M = 2.5 Σtot + 1.64 (σtot-σp)

systematic random



Random vs systematic uncertainties: what does it mean ?

When the fraction number is reduced, execution (“random”) errors may 
have a systematic component

They won’t “cancel out”

But in breast cancer, we don’t want to increase the PTV margins !

So how do we minimize execution errors?

More advanced IGRT: daily, 3D



REDUCING DOSE TO OARS: 

DEEP INSPIRATION

03/01/13



Not to reduce motion

Increase spatial separation between target and risk organs

Free breathingDeep Inspiration

Aim of breathing management in breast treatments

3 cm
1.1 cm



Free BreathingDeep Inspiration 

Breath Hold

Dose comparison – free breathing/inspiration



How much can you gain?

Systematic reviews of the effect of DIBH

Target Heart

(mean dose)

Ipsilateral lung

(mean dose)

Breast / CW - 2.5 Gy - 1 Gy

Breast/CW + 

axilla/SCF
-2 Gy

Breast/CW + 

axilla/SCF+ IMC
- 5 Gy - 3 Gy

03/01/13

Sources: Taylor et al, IJROBP 2015

Aznar et al (in preparation)



Most commonly used systems (non-exhaustive)

Based on an external
signal (e.g. marker, 
surface)

Based on expiratory volume

SpiroDynR’x

ABC

VisionRT

RPM/Gating ABC



The simpler, the better?

Voluntary breath hold 

preferred over 

“forced”

Paul Keall

Sydney



Deep inspiration breath hold with visual coaching

Courtesy of Sidsel Damkjær, Copenhagen

At Rigshospitalet: RPM system from Varian + third part screens/goggles

Alternatives: ABC system from Elekta,  VisionRT, C-RAD sentinel…



Visual guidance:

• Scanner

• linac



Free breathing

Deep inspiration 

breath hold



Reproducibility of deep inspiration level

Damkjaer 

Acta Oncol 2013



No equipment ? No excuse !!

The ”no equipment” solution: 

short hyperventilation followed by breath hold

Monitoring is visual (draw the light field on the patient, observed through 
control room monitors)

Video article: Bartlett et al J Vis Exp 2014



Treatment at deep inspiration

PROs

Simple technology

Sparing of OARs without 
dose bath

Applicable to other patient 
groups

CONs

Increased workload (coaching)

May increase treatment time 

Patient cooperation?



Compliance?

Lung 

cancer
Breast 

cancer

Courtesy of M Guckenberger



Take home message for DIBH

03/01/13

Just do it !

Start with node-positive left-sided patients

consider expanding to: node-positive right sided

Or selected node negative left-sided

Or left-sided with boost…

Once you’re over the learning curve, the time investment 

decreases drastically

Expand to other patient groups!



POSITION VERIFICATION IN DIBH

IGRT



Can check heart position and lung inflation

NB: lymphoma patient



Daily 2D images: fuse on spine, check sternum



COMBINING THE TWO ?



IMRT or deep inspiration treatment?

• Since 2003, > 1500 patients treated 

with respiratory management

• 20-30 breast patients with 

IMRT or RapidArc /year



Combining DIBH and VMAT

03/01/13

At Rigshospitalet:

For IGRT: 2 very short DIBHs (one per image)

For each 3D field: one DIBH

For each arc: 1 to 2 DIBHs

Total: worst case scenario 8-10 breath holds of 10 to 20 sec

(patient catches her breath between fields)

Treatment time slot of 10-15 min



When do you gain from adding IMRT/VMAT to 

DIBH?

Only if the mean heart dose (in 3D DIBH) > approx 3Gy

Osman et al R&O 2014

03/01/13



Take Home message

03/01/13

IMRT/VMAT will reduce the mean heart dose if it is high to start 

with… but difficult to get below approx 3 Gy (dose bath)

Combine with DIBH for best results

Combination might require special license / QA



Breast cancer : 

Optimised treatment planning to minimise side effects:

from easy and not expensive to highly sophisticated 
techniques

Youlia M. Kirova

1



To reduce the cardiac toxicity reducing the doses to heart and 

coronaries

1936 : François Baclesse (Institut Curie) jette les bases du traitement conservateur du cancer du sein



Lateral Isocentrique RT: To avoid lung and heart irradiation

� Fourquet et al. Radiother Oncol, 1991

� Campana et al. Int J Radiation Oncology Biol Phys, 2005

� Bollet et al. Br J Radiol, 2006

� Kirova et al . Int J Radiation Oncology Biol Phys, 2008

� Capezzali et al, Gl J Br Can Res, 2013

� Kirova et al, Radiother Oncol, 2014

� Bronsart et al, Radiother Oncol 2017



Lateral Isocentrique RT: To avoid lung and heart irradiation

� Capezzali et al, Gl J Br Can Res, 2013



Lateral Isocentrique RT: To avoid lung and heart irradiation

� Campana et al, IJROBP, 2005



Lateral Isocentrique RT: To avoid lung and heart irradiation

� Capezzali et al, Gl J Br Can Res, 2013



Lateral Isocentrique RT: To avoid lung and heart irradiation

� Capezzali et al, Gl J Br Can Res, 2013



Dose distribution: Breast 50 Gy + boost 16 Gy
Fourquet, Breast Cancer Management  2012

50 Gy

47.5 Gy

25 Gy

66 Gy

62.7 Gy

53.5 Gy



Lateral Isocentrique RT: To avoid lung and heart irradiation

� Kirova et al, Radiother Oncol, 2014



Doses to OAR, 
Bronsart et al, Radiother Oncol 2017



Bollet et al, BJR, 2006 11



Protons to reduce the long term toxicities 

12



…not so simple because the cardiac toxicity is multifactorial



Dosimetric work: best photons vs protons 
Photons using IMRT by Tomotherapy
-Homogeneous dose distribution

-Optimal couverage but higher dose to heart, 
corronaries and lung
-Low but increased dose to contralateral breast

Protons using 2 fields

-Homogeneous dose distribution
-Optimal couverage and lower dose to heart and 
corronaries

-No dose delivered  to contralateral breast (young 
high risk patients+++)



Dosimetric work
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Who should not undergo breast conservation?

Risk factors:
• > focally incomplete margins: x2
• < 35 years: x 2 (yes, but: see later)

• no radiotherapy: x 3-6

In larger cancers  PST to be considered. 
Oncoplastic procedures to be available.

Finally: remains an individual decision 

Nijenhuis MV, Rutgers EJ. Breast. 2013;22 Suppl 2:S110-4. 

Oncoplastic surgery: background



Oncoplastic surgery: background

Menke et al, NTVG 2007



Oncoplastic surgery: background

http://www.drjayharness.com

http://www.drjayharness.com/
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Target volume delineation

of primary tumour bed:

- by dedicated RTO’s

- no clips

- no seroma

van Mourik AM et al. Radiother Oncol. 2010;94:286-91.

Oncoplastic surgery: CTV boost/APBI delineation





Oncoplastic surgery: CTV boost/APBI delineation
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RT & oncoplastic surgery: localisation of the tumour bed

N = 25 patients (26 tumours) incl 11 with ≥ 4 clips

Results:

≥ 4 clips: - 8 (73%) tumour bed beyond original quadrant 

- 3 (27%) CTV = 2-3 separated regions 

Conclusion:

Tumour bed can be more extensive and relocated

Clips after resection and before oncoplastic reconstruction

Pezner RD et al. Am J Clin Oncol 2013;36:535-9.

Oncoplastic surgery & RT: outcome



Rainsbury RM. Nat Clin Pract Oncol 2007;4:657–664

Oncoplastic surgery & RT: outcome



Breast conserving therapy changes in Tilburg region:

2005: Sequential → simultaneous boost

2009: Conventional → hypofractionation

2010: Conventional → oncoplastic surgery

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.

Influence of SIB, hypofractionation and oncoplastic
surgery on cosmetic outcome in breast cancer

J. Lansu, A. Voogd, S. Hol, P. Poortmans, M. Essers

Oncoplastic surgery & RT: outcome



Conventional fractionation and sequential boost (58 patients)
• Breast: 25 x 2 Gy

• Boost: 8 x 2 Gy

• TOTAL: 66 Gy

Conventional fractionation and SIB (42 patients)
• Breast: 28 x 1,81 Gy

• Boost: 28 x 0,49 Gy

• TOTAL: 64,40 Gy

Hypofractionation and SIB (24 patients)
• Breast: 21 x 2,17 Gy

• Boost: 21 x 0,49 Gy

• TOTAL: 55,86 Gy

Oncoplastic surgery & RT: outcome

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Oncoplastic surgery

• Remodeling the breast by mobilizing tissue in addition to 

resection of the tumor 

• Volume replacement or displacement

• Equal weight to cancer removing surgery and physical 

restoration of the breast

• Classic tumorectomy (91 patients)

• Oncoplastic surgery (33 patients)

Oncoplastic surgery & RT: outcome

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Materials and methods (1)

•Digital pictures one year after BCS

•BCCT. Core 

• Breast Cancer Conservation Treatment. cosmetic results

• Software tool developed in Porto

• Asymmetry, colour differences, scar visibility  

• Higher score →worse cosmetic outcome

http://medicalresearch.inescporto.pt/breastresearch/index.php/BCCT.core

Oncoplastic surgery & RT: outcome

http://medicalresearch.inescporto.pt/breastresearch/index.php/BCCT.core


Oncoplastic surgery & RT: outcome

Materials and methods (2)

• Cosmetic self evaluation Young Boost Trial

• size

• shape

• skin colour

• massiveness of breast

• nipple position

• general appearance

• overall satisfaction

• visibility of surgical scar

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Oncoplastic surgery & RT: outcome

Materials and methods (3)

• EORTC-QLQ-C 30

• 5 functional scales: physical, functioning, cognitive, 
emotional, social

• 3 symptom scales: fatigue, pain, nausea 

• global health status

• EORTC-QLQ-BR23:

• 23 supplementary QOL questions for breast cancer 
patients to be used with QLQ C30 (functioning and 
symptoms)

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Score (SD) 

CR arm 

(n=58) 

SIB arm 

(n=27) P value 

BCCT.core score 1.7 (0.7) 1.9 (0.6) 0.376 

YBT 23.3 (14.3) 27.6 (21.1) 0.292 
C30Funct. scale 89.7 (11.8) 87.1 (18.7) 0.94 

C30Symptom scale 10.6 (8.1) 16.5 (12.9) 0.025 

C30QOL 84.1 (16.0) 82.0 (17.4) 0.632 
BR23Funct.scale 71.6 (11.2) 82.9 (13.0) 0.001 

BR23Symptom scale 11.9 (11.3) 13.7 (9.3) 0.471 
 

Results sequential vs simultaneous boost

The patients in this comparison had conventional surgery

Oncoplastic surgery & RT: outcome

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Score (SD) 

Conventional 

fractioning 
(n=15) 

Hypofractionation 
(n=18) 

P 

value 

BCCT.core score 2.45 (0.52) 2.25 (0.62) 0.4 
YBT 26.94 (15.03) 29.2 (18.5) 0.71 

C30Functioning scale 75.90 (22.57) 86.91 (22.18) 0.19 

C30Symptom scale 17.31 (10.22) 17.97 (12.85) 0.88 
C30QOL 63.45 (35.77 75.00 (22.24) 0.29 

BR23Functioningscale 70.19 (16.30) 84.72 (16.91) 0.02 
BR23Symptom scale 20.51 (12.35) 17.06 (13.30) 0.46 

 

Oncoplastic surgery & RT: outcome

Results conventional vs hypofractionation

The patients in this comparison had oncoplastic surgery

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



The patients in this comparison were treated with a 

conventional fractionation scheme

Score (SD) 
Traditional 
surgery (n=27) 

Oncoplastic 

surgery 
(n=18) 

P value 

BCCT.core score 1.83 (0.76) 2.40 (0.52) 0.01 
YBT 28.11 (20.55) 26.48 (15.48) 0.8 

C30Functioning scale 87.44 (18.20) 77.78 (22.48) 0.19 

C30Symptom scale 16.25 (12.59) 16.67 (10.39) 0.92 
C30QOL 82.08 (16.94) 62.5 (37.18) 0.05 

BR23Functioning scale 82.14 (13.19) 71.18 (16.62) 0.04 
BR23Symptom scale 13.42 (9.71) 18.85 (11.28) 0.15 

 

Oncoplastic surgery & RT: outcome

Results traditional vs oncoplastic surgery

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Conclusions:

Quality of life:

• Hypofractionation > conventional fractionation

• Conventional surgery > oncoplastic surgery

Cosmetic outcome:

•Hypofractionation ≥ conventional fractionation

•Conventional surgery > oncoplastic surgery

Oncoplastic surgery & RT: outcome

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.



Oncoplastic surgery & RT: outcome

Conclusions:

Further research:

• To be validated in other patient series

• Similar approach to be used in new prospective studies

Lansu JT, et al. Eur J Surg Oncol. 2015;41:1411-6.
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http://4.rt/


Poortmans P, et al. Breast. 2017;31:295-302.

Update 2016: 1.8% LRR at 9 years !!!

We did improve BCT rates!

Oncoplastic surgery & RT: RT considerations



APBI: who might be the candidates?

✓ Participants of clinical trial

✓ Low risk patients (ASTRO and/or GEC-ESTRO) if:

✓The burden of WBI might be high (7531 week)

✓Who accept a possible higher recurrence risk

✓Treated by an experienced team

✓Who require adjuvant systemic treatment (also with WBI)

Poortmans P. Clinical Science Symposium at EBCC 2014

Oncoplastic surgery & RT: RT considerations



Target volume delineation

of primary tumour bed:

- by dedicated RTO’s

- no clips

- no seroma

van Mourik AM et al. Radiother Oncol. 2010;94:286-91.

Oncoplastic surgery & RT: RT considerations



Region with microscopic 

extension, within 1.5 cm 

of primary tumor 

Tumor

Micr. extension

1.5 cm

✓Radio-opaque wire (scar & palpable area) to guide.

✓Pre-operative localisation of tumour (phys ex, imaging).

✓Features visible on the planning CT: clips, surgical effects, …

Boersma L et al. Radiother Oncol. 2012;103:178-82.

Oncoplastic surgery & RT: RT considerations



Bartelink H, et al. Radiother Oncol. 2012;104:139-42.

Oncoplastic surgery & RT: RT considerations



Major T, et al, Radiother Oncol. 2016;118:199-204.

Oncoplastic surgery & RT: RT considerations

Strnad V, et al, Radiother Oncol. 2015;115:342-8.



Oncoplastic surgery & RT: RT considerations

RCA: relevant clipped area SFM: Smallest surgical Free Margin

Major T, et al, Radiother Oncol. 2016;118:199-204.

Strnad V, et al, Radiother Oncol. 2015;115:342-8.
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Oncoplastic techniques

• Volume replacement

• Volume displacement

Oncoplastic surgery & RT: examples

Rainsbury RM. Nat Clin Pract Oncol 2007;4:657–664



Volume replacement

Rainsbury RM. Nat Clin Pract Oncol 2007;4:657–664

Oncoplastic surgery & RT: examples



Volume displacement

Rainsbury RM. Nat Clin Pract Oncol 2007;4:657–664

Oncoplastic surgery & RT: examples



Iwuchukwu OC et al. Surgical Oncology 2012;21:133-41

Oncoplastic surgery & RT: examples



Iwuchukwu OC et al. Surgical Oncology 2012;21:133-41

Oncoplastic surgery & RT: examples



Iwuchukwu OC et al. Surgical Oncology 2012;21:133-41

Oncoplastic surgery & RT: examples



Iwuchukwu OC et al. Surgical Oncology 2012;21:133-41

Oncoplastic surgery & RT: examples



Iwuchukwu OC et al. Surgical Oncology 2012;21:133-41

Oncoplastic surgery & RT: examples



Iwuchukwu OC et al. Surgical Oncology 2012;21:133-41

Oncoplastic surgery & RT: examples



2 separate CTV

Rainsbury RM. Nat Clin Pract Oncol 2007;4:657–664

Oncoplastic surgery & RT: examples
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• TV delineation = challenge +++

• TV delineation + oncoplastic surgery = (challenge)2

• Close collaboration surgeons and RO = essential 

before, during and after surgery

• Discuss use of oncoplastic surgery: tool but not goal!

Oncoplastic surgery & RT: conclusions
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Late side-effects of systemic therapy

B.Vriens

Medical oncologist

Catharina Hospital Eindhoven

The Netherlands
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4e Mammacongres



Why study late side effects of systemic therapy



Survival of patients  treated for breast cancer

One woman out of 8 is affected with breast cancer during her life.

Breast cancer is often diagnosed at an early stage.

The number of different medical treatments is increasing.

The results of treatments are overall good and overall survival

increases

Several millions women in the world are breast cancer survivors * 

and their number increases dramatically

Long term complications, even rare, are becoming a public health

issue

*Rowland 2000



Hazard rate of relapse according to tumor subtype and year of 

diagnosis (breast)

19-9-2017

1986 to 1992 2004 to 2008 

Cossetti R J et al. JCO 

J Clin Oncol 2015:33(1):65-73



Cancersurvivorship is described in several 

"seasons”

19-9-2017

Diagnosis, 

staging, 

actuel

treatment

Transition from active treatment to careful observation and 

the emotional, social, and medical adaptations that occur

Gosain R, et al Cancer J 2013



Survival of patients treated with breast cancer

More drugs are used simultaneously,  sequentially and/or longer 

duration increasing the risk of side effects

• Increased knowledge of biology BC

• Increased treatment options

The medical oncologist is well aware of short term side effects but 

not of long term side effects. Long term complications are not 

sufficient studied in clinical trials.

There is a lack of definition and standardization of methods to 

study late complications



Side effects endocrine therapy

Side effects can negatively affect quality of life and have 

been shown to lead to treatment discontinuation.



Short and longterm side effects tamoxifen

Most commonly reported symptoms

Menopausal symptoms

• hot flushes/night sweats

• gynecologic complications/vaginal dryness

• Depression

Range from mild to severe, at times significantly affecting quality of life.

Rare but serious toxicities 

• increased risks of endometrial cancer and thromboembolism (VTE).

19-9-2017



Short and long term side effects aromatase 

inhibitor 

Most commonly reported symptoms

Menopausal symptoms

• Musculoskeletal symptoms (AIMSS) 

• Arthralgias incidence is 40%, 15-20% reason for treatment discontinuation

• Myalgias, tendonitis, and carpal tunnel syndrome

• Vaginal dryness and decreased libido

• Hot flushes

Osteoporosis BMD -6 à 7% after 5 year compared to tamoxifen (+1 à 2%)

19-9-2017



Hot flushes

Neuroendocrine mechanisms underlying development of hot flushes remain 

poorly defined

• estrogen withdrawal at the time of menopause appears to play a role.

Advice

Lifestyle changes

• avoiding triggers

• keeping the core body temperature cool

Extensive research has been conducted to identify nonhormonal medications 

or nonpharmacologic options for symptom management

19-9-2017
N. Lynn Henry, ASCO 2014



Ahrtralgias

▪ Musculoskeletal symptoms: treatment-limiting

▪ A number of studies have identified musculoskeletal toxicity as the most 

frequent cause for treatment discontinuation.

▪ Standard analgesics are often ineffective 

▪ Research is being conducted to identify effective management options

19-9-2017



AI related joint symptoms

19-9-2017



Tamoxifen (5y)vs no Tamoxifen

ER+: Effects on uterine (excluding cervix) cancer

NB: Strongly age-related with greater absolute risk at older age

Tamoxifen increased uterine cancer incidence

(excluding cervix cancer, RR 2・40 [0・32], p=0・00002)

INCIDENCE DEATH



Tamoxifen (5y) vs no Tamoxifen

Endometrial cancer 

Relative risk: 2.40 ( p<0.00002)

Thrombo-embolic disease/Vascular mortality

Little net effect on overall vascular mortality

Relative risk trombo-embolic disease: 2.50 (p: 0.07)

Overall, the absolute risk of death for both endometrial cancer and 

vascular complications is 0.2% in ten years ( ECCTCG 2005)

EBCTCG, Lancet  2005

EBCTCG, Lancet  2011



TAM  5 years vs TAM 10 years

Thrombo-embolic disease RR: 1.87 ( p:0.01)

Endometrial cancer  RR: 1.74 ( p: 0.0002)

Incidence of endometrial cancer 3.1% in the tamoxifen arm vs. 1.6% 

(placebo). 

Endometrial cancer–related mortality was 0.4% in the tamoxifen arm 

vs. 0.2% in the placebo arm.

When compared to no TAM, the RR of 10 year TAM is between 4 and 5

Davies et al, Lancet 2013



Tamoxifen vs aromatase inhibitors

Differences OR (AI vs TAM) Absolute risk

( ) difference

NNH

Cardio vasc

disease

Hyper cholesterol

1.26 (1.10-1.43)

2.36 (2.15-2.60)

4,2 vs 3,4%  

(0.8%)

132

Thrombosis 0.55(0.46-0.64) 1,6 vs 2,8% (1.2%) 79

Bone fractures 1.47(1.34-1.61) 7,5 vs 5,2% (2.3%) 46

Endometrial cancer 0.34(0.22-0.53) 0,1 vs 0,5% (0.4%) 258

NNH: number needed to harm

Amir et al, JNCI 2011



Side effects chemotherapy

Side effects can negatively affect quality of life and have 

been shown to lead to treatment discontinuation.



Side effects chemotherapy

19-9-2017

Costs/Side 

effects Benefits

Discuss with your patient!



Systemic therapy and early toxicity

19-9-2017



Myelosuppression

Most agents nadir d7-14, recovery d21-28

Management febrile neutropenia

Febrile neutropenia (FN) is defined as an oral temperature >38.5°C or two 

consecutive readings of >38.0°C for 2 h and an absolute neutrophil count <0.5 

× 109/l, or expected to fall below 0.5 × 109/l.

Sepsis work up

Antibiotics

PM G-CSF profylaxis

19-9-2017



Mucositis

Whole GI tract from mouth to rectum is susceptible

Mild mouth complaints to severe bloody diarrhea

Breakdown of the mucosal barrier is portal of entry for the infectious agents

Treatment

• Keep mouth clean wit saline or other mouthwashes

• Topical or systemic anesthetics

• Antibiotics

• Parenteral nutrition

19-9-2017



Pulmonary toxicity – Interstitial pneumonitis

Complaints:

• Pneumonitis/fibrosis, acute pleuritic pain,  hypersensitivity

• Pulmonary edema, dyspnea, dry cough, fatigue, fever

• Appears gradually over several weeks

• Differential diagnosis: Infection, pulmonary embolus, cardiogenic edema, 

lower ejection fraction, progressive tumor

• Pathology: endothelial cell swelling, necrosis of pneumocytes, generalized

fibrosis in end-stage

• Treatment: supportive care, steroids

19-9-2017



Cardiovascular toxicity - chemotherapy

• Myocardial ischemia and infarction very rarely

• Cardiomyopathy (and pericarditis)

• Symptoms: non-specific; tachycardia, dyspnea, cardiomegaly, 

peripheral and pulmonary edema

• Anthracyclines and high dose chemotherapy may produce fatal

cardiomyopathy

• Acute drop in ejection fraction (hrs-wks), pericardial effusion, chronic

heart failure

• Occurs 30 days – 1 year after treatment

• No specific therapy; supportive care

• Diuretics, digitalis, ACE-inhibitors, b-blockers

• Further use of anthracyclines is contra-indicated

19-9-2017



Cardiovascular toxicity – trastuzumab

• Trastuzumab is associated with cardiomyopathy

• Assesment of LVEF is indicated

• Data combination trastuzumab and radiotherapy

• NCCTG N9831 trial: No increased cardiotoxicity with concurrent 

treatment

• Late effects are not known (FU 3.7 years)

• Concurrent trastuzumab with radiotherapy (with modern techniques, 

cardiac sparing) may be continued

Perez, JCO 2011
19-9-2017



Long termside effects of – chemotherapy

( Mrozek 2005)
Chronic fatigue

Ovarian failure

- Vasomotor symptoms

- Bone loss

- Sexual problems

Cardiovascular disease

Cognitive function

Secondary malignancies



Fatigue

‘a distressing, persistend, subjective sense of physical, emotional, 
and/or cognitive tiredness or exhaustion that is not proportional to 
recent activity and interferes with usual functioning’’

Incidence during treatment 70 – 100%

Chronic fatigue

Incidence 0 - 60%*

Possible mechanisms: Hormonal dysfunction, dysregulation
cytokines, dysruption biorhythm

Predictors: depression, pain,poor sleep, menopausal symptoms#

More studies are needed to evaluate the burden of this side effect

*Broeckel (1998), Bower(2000), Servaes(2002), Cella(2001)

#Lawrence 2004



Ovarian failure

Depends on drugs, total cumulative dose and age of the patient.

Younger women ( less than 40 years) are likely to have transient

amenorrhea

Chemotherapy induced ovarian failure leads to a rapid decrease in 

estradiol levels.

Many patients will be prematurely postmenopausal with vasomotor

symptoms, osteoporosis, increase in cholesterol levels and 

cardiovascular disease, genito urinary symptoms

Patients who resume menstruations will experience a decreased

fertility

Sexual problems



Incidence of chemotherapy induced amenorrhea

19-9-2017 Lambertini, J. Thoracic disaese 2013



Cardiovascular disease

Congestive heart failure first year

Dose dependent

Less than 1% up to 300 mg/m² doxorubicine/adriamycine

26% over 500mg/m² 

Swain 2003



19-9-2017 Brown-Glabermann et al, Oncology 2014



Cardiovascular disease

Late onset cardiovascular disease ( years or decades)

- congestive heart failure, ventricular dysfunction, arrhytmia

- dose dependent

- Reduction in left ventricular mass, diastolic dysfunction

These cardiovascular conditions have often to be treated on the 

long term



19-9-2017

Risk factors for cardiotoxicity

-Increased cumulative dose

-Age

-Predisposition cardiac

disease

-Meidastinal irradiation

-Hormonal therapy

-Risk factors cardiovasc. 

disease Risk of developing congestive heart

failure over 2.5 years after epirubicin

treatmentRyberg M et al, JNCI 2008



Cognitive function

Post chemotherapy but also post endocrine therapy

Impairment of verbal, visual memory, of attention, vigilance and 

processing speed

A lot of studies are ongoing

Ahles, JCO 2012

Van Dam et al, J Natl Cancer 1998

Schagen et al,  Cancer 2011

Self reported

cognitive

changes, 2y 

after ctx

Concentration

Memory



Mechanisms for Cogitive dysfunction

19-9-2017

Gosain R et al, Cancer J 2013



Chemo-induced peripheral neuropathy: symptoms

• Pain (which may be there all the time or come and go, like shooting or stabbing pain)

• Burning • Tingling (“pins and needles” feeling) or electric/shock-like pain

• Loss of feeling (which can be numbness or just less ability to sense pressure, touch, 

heat, or cold)

• Trouble using your fingers to pick up or hold things; dropping things

• Balance problems 

• Trouble with tripping or stumbling while walking

• Being more sensitive to cold or heat

• Being more sensitive to touch or pressure 

• Shrinking muscles

• Muscle weakness 

• Trouble swallowing

• Constipation 

• Trouble passing urine 

• Blood pressure changes 

• Decreased or no reflexes 

19-9-2017



Chemo-induced peripheral neuropathy

Peripheral neuropathy can remain for years , only partially

reversible ( Taxanes, Oxaliplatin)

Chronic pain syndrom in 33% of the patients after chemotherapy

but also endocrine therapy

Symptomatic treatment

Mostly given to relieve the pain

• Antidepressant medicines, often in smaller doses than are used to 

treat depression 

• Anti-seizure medicines, which are used to help many types of 

nerve pain 

• Opioids or narcotics, for when pain is severe

Pachman et al, JCO 2012



Secondary leukemias

Praga:

8 year absolute risk: 0.55%(0.33-0.78%)

* « standard » regimen : 0.37%

* High doses: 4.97% (2.06-7.87%)

Wolff         Risk of marrow neoplasms

* HR surgery and chemo: 6.8 (1.3-36.1)

surgery,chemo and RT: 7.6 (1.6-35.8)

* Risk at 10 years twice the risk at 5 years

* Risk per 1000 person.year: 0.5

Praga et al, JCO 2005, Wolff et al, JCO 2015



RISK-BENEFIT RATIO



Example of cardiovascular disease

Comparison of the 10 year breast cancer recurrence

rate according to Adjuvant!on line and the 10 year

cardiovascular disease risk according to the 

Framingham risk score

415 pts receiving AI as an adjuvant treatment

Bardia et al, Breast Cancer Res Treatment 2011



Bardia et al, Breast Cancer Research and Treatment 2011



Clinical  case  1

Postmenopausal 60 y of age patient , average health condition, with a 

tumor of 1cm, SBR1, ER positive,  no axillary node

Risk of cancer death at 10 years : 1%

Absolute benefit with endocrine therapy: 0,3%

But

TAM 5y: Thrombo-embolic disease: RR: 2.5

Endometrial carcinoma: RR: 2.5

AI : Absolute increase of CV disease: 0.8%

Absolute increase of bone fractures: 2.3% 

Risk of arthromyalgia , vasomotor symptoms, weight gain..



Clinical Case 2

Premenopausal 35 y of age patient, average clinical condition, with

a tumor of 1.5 cm, SBR 1, ER positive, no axillary node

Risk of cancer death at 10 years: 3%

Benefit with endocrine therapy:1%, with chemo:1%, with both 1.2%

But

If TAM:  RR of thromboembolic disease : 2.5

Small increase of endometrial carcinoma

Effects on « quality of life », weight control, sexual

problems..

If chemotherapy: risk of bone marrow neoplasms of 0.3 to 0.5 %  

(much more if high dose chemotherapy), low risk of CV 

complications, chronic fatigue syndrom, ovarian suppression



Social and financial consequences of 

overtreatment

Overtreatment have psychological and social 
consequences:  no or late return to work, less efficiency
…

Overtreatment side effect have to be treated.

Overtreatment costs a lot to the patient and to society



Conclusion or…. what next ?

Current breast cancer treatment more effective

The clinician must balance efficacy of the drug and long 

term side effects,to evaluate the  risk/benefit ratio on the 

long term

The clinician must discuss this with the patient

Shared decision making

The clinician must be aware of the late side effects and 

be able to deliver post treatment survivorship care
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Personalized or Individualized Medicine ?



Individualized ? Personalized ?



One fits all – 100 years



Different patients Different tumors



Challenges to individualise treatment
strategies

• Current existing tools

• Future Tools



Differences in Patients / Tumor / Treatment

• Patient

– Age, comorbidities

– Expectations and whishes

• Tumor

– Prognosis

– Responsiveness to treatment

• Treatment

– Side effects



Significance of Guidelines

Guidelines are Important !! 

Use them Wisely !!







Is a statistical significant benefit

for a cohort always clinically

significant for a single patient ?



Therapeutic Index – Individual Patients
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Benefit Harm



Definition
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A Prognostic Factor* is any parameter

available at the time of interest e.g. 

primary diagnosis that correlates with

disease-free or overall survival, in the

absence of any therapy and, as a result, is

able to correlate with the natural history

of the disease.

Marker of Recurrence and defines the

aggressiveness of the disease

Need for Treatment



Definition

A Predictive Factor is any parameter

associated with response to a given

therapy.
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Estimated Effect of Treatment



Low absolute risk implies low absolut benefit even

from an effective treatment

High absolute risk implies higher absolut benefit

from a less effective treatment
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Results Low risk  RCT 
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Remarks F-up (yr) BCS BCS + RT

EORTC 

10853

15 31% 18%

NSABP 17 17 35% 20%

SweDCIS 20 32% 20%

UK/NAZ +/ - Tamoxifen 12 17% 2.6%

RTOG9804 Low risk:

Grade 1-2, 

tumorsize < 2.5 cm, 

margin > 3 mm

7 6.7% 0.9%

NNT:7.7

NNT:6.6

NNT:8.3

NNT:6.9

NNT: 17.2 
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Consider Plausibilty

66 year old Patient, good health

2.2 cm tumor

ER pos PR pos, HER 2 neg

G3

KI 67: 10 %
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Responsiveness of intrinsic subtypes



Low responsiveness implies benefit

even in higher risk patients
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ER as predictive factor for Tamoxifen effect
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Predictive Factors with a defined Target

ER, PR

HER 2
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Effect of Chemotherapy

10-years recurrence rate reduced by 

about 10% with adjuvant 

chemotherapy 

Benefit of adjuvant Chemotherapy is in 

the first 5 years

EBCTCG. Lancet. 2012.

- 53.6 %  will not recur without

CHT

- 39.4 % will recur even after 

CHT



The majority of breast cancer patients do not benefit from adjuvant 

chemotherapy 

28

EBCTCG Lancet 2012;379:432-44. Walgren RA et al. J Clin Oncol 2005

© American Society of Clinical Oncology



Absolute Gain from Chemotherapy - PREDICT

03/01/13

6.1 %

3.4 %



Gain of CHT according to PREDICT
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59 yrs, 20 mm, G3, ER pos, HER 2 neg, KI 67 pos

0 LN pos 1 LN pos 3 LN pos





Comprehensive Geriatric Assessment
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Future Tools to assess prognosis and treatment effectiveness

Gene expression profiles

Gene mutations

- PIK3CA

- BRCA

Tumor cells from Bone Marrow (Genetic profiles)

Liquid Biopsy

- CTC (circulating isolated tumorcells)

- cT DANN (circulating tumor DANN)
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The PI3K Pathway is Activated in 

Breast Cancer

PI3K/mTOR pathway activation is a hallmark of HR+/HER2– breast cancer 

cells that have developed resistance to endocrine therapy1,2

The ER pathway is upregulated in tumors from patients treated with PI3K 

inhibitors1

Dual blockade of the PI3K/mTOR and ER pathways may therefore restore 

sensitivity to endocrine therapy1,3,4

3

5

ER, estrogen receptor; HER2–, human epidermal growth factor receptor 2 negative; HR+, hormone receptor-positive; mTOR, mammalian target of rapamycin; 

mTORC, mammalian target of rapamycin complex; PI3K, phosphatidylinositol 3-kinase.

1. Bosch A, et al. Sci Transl Med. 2015;7:283ra51; 2. Miller TW, et al. Cancer Discov. 2011;1:338–351; 3. Fox EM, et al. Front Oncol. 2012;2:145; 

4. Yardley D, et al. Adv Ther. 2013;30:870–884.

Growth factor receptor

Protein 
synthesis

AKT

mTORC2

PI3K

Buparlisib

Pan-PI3K inhibitor

Tumor growth and progression

Resistance to endocrine therapy

Fulvestrant

Estrogen

ER

mTORC1



Buparlisib and Fulvestrant Produced a Clinically Meaningful 

PFS Improvement in Patients With ctDNA PIK3CA Mutations

3

CI, confidence interval; ctDNA, circulating tumor DNA; HR, hazard ratio; PFS, progression-free survival. 

ctDNA PIK3CA Mutant

n=200

Buparlisib + 

Fulvestrant

n=87

Placebo + 

Fulvestrant

n=113

Median PFS, months 

(95% CI)

7.0 

(5.0–10.0)

3.2 

(2.0–5.1)

HR (95% CI) 0.56 (0.39–0.80)

One-sided nominal P value <0.001

ctDNA PIK3CA

Non-mutant

n=387

Buparlisib + 

Fulvestrant

n=199

Placebo + 

Fulvestrant

n=188

Median PFS, months 

(95% CI)

6.8 

(4.7–8.5)

6.8 

(4.7–8.6)

HR (95% CI) 1.05 (0.82–1.34)

One-sided nominal P value 0.642
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Towards Improved Decision Aids for 
Adjuvant Treatments  
in Early Breast Cancer 

Sarah Darby 
Nuffield Department of Population Health 

University of Oxford 
United Kingdom  



                                                     
             



Some Potential Improvements to 

Existing Decision Aids 

• Benefits of radiotherapy as well as systemic 
therapy  

• Risks of late side-effects from radiotherapy & 
chemotherapy  

• Estimates up to 20 years after initial diagnosis  

• Estimates for patients diagnosed today based on 
large numbers of patients 

• Take into account higher mortality in smokers or 
with pre-existing risk factors for heart disease  

 



Problem 

• The women randomised in the trials of 
radiotherapy versus no radiotherapy were 
diagnosed many years ago. 

 

• Outcomes in breast cancer have improved since 
then 

 

What happens if we try to estimate treatment 
effects on modern data, eg from cancer 
registries? 



Comparison of Randomised and 
Observational Data 

• Data sources: 

– Randomised: EBCTCG 

– Observational: SEER Cancer Registries 

 

• Treatment comparison: 

– Radiotherapy versus not in N+ women after 
mastectomy 

McGale et al, JCO 2016; 34:3356 



EBCTCG and SEER 
Radiotherapy versus not 

6 

EBCTCG:   
~3000 women, N+ disease in 14 trials of 
radiotherapy after mastectomy 
 
SEER:  
~33,000 women with radiotherapy after 
mastectomy 
~56,000 pN+ women with mastectomy but 
no radiotherapy 

McGale et al, JCO 2016; 34:3356 



EBCTCG and SEER 1990-2008 
Breast cancer mortality 

RT vs No RT in pN+ given mastectomy 

             

McGale et al, JCO 2016; 34:3355 

SEER data stratified by: age, follow-up year, stage, year, ethnicity,  
tumour size, no of nodes, grade, ER status, quadrant, axillary surgery 
 

                                                   



Have to be smart! 

 

Need two components of 
information 

plus a trick 

 
 



Today, several treatment combinations commonly used 
in early breast cancer (together with surgery) 

 

Component 1:  

• For each treatment combination, need mortality 
rates  for recently diagnosed breast cancer patients 
for patients who received those treatments 

  

• Then can estimate cumulative risk for patients 
receiving each group of treatment combinations  

How to be Smart 



• Academic partnership set up between Oxford 
University and the Public Health England to 
review/improve data held within National Cancer 
Registration System (NCRAS) 

• Information from all relevant sources now being 
brought into NCRAS: Hospital Episode Statistics (HES), 
Cancer Waiting Times (CWT), Radiotherapy Dataset (RTDS), 
Digital Imaging Dataset (DID), the Systemic Anti-Cancer 
Therapy (SACT) data, National Health Service Breast Screening 

Programme (NHSBSP) audit.   

• Mortality information  (including cause) already 
held in NCRAS 

 

High Quality Data on All Women Diagnosed with 
Breast Cancer in England, 1997-2016 



• Provisional data on over 500,000 women 
received in Oxford 

• Variables:   age  at diagnosis, ethnicity,  fitness index, 
deprivation score, screen detected, BCS/mast, excision 
margin, laterality, tumour size, tumour grade, nodal status, 
ER, PR, Her2, RT,  systemic treatments 

• Use this data to estimate Component 1:   for each 
combination of treatments in common use, 
mortality rates  for recently diagnosed breast 
cancer patients for patients receiving those 
treatments 
 

High Quality Data on All Women Diagnosed with 
Breast Cancer in England, 1997-2016 



How to be Smart - continued 

• For each combination of treatments in common use, 
need  Component 2:   

• ie, the proportional effect of that treatment on 
mortality from breast cancer, heart disease and lung 
cancer 

• Obtain these proportional effects from the 
randomised trials 



EBCTCG: Effect of RT after BCS on recurrence and 

breast cancer mortality in pN0 women 
 

In the randomised trials, the 

proportional benefit of RT 

after BCS similar across 

categories of age, tumour 

grade and tumour size, etc. 

 

 

Proportional effects of 

individual treatments also 

stable against different 

background treatments and 

across calendar year 

  

 

NB certain exceptions: 

hormonal therapy in ER+ vs 

ER-, RT after Mast in pN0 vs 

pN+ 

 EBCTCG, Lancet, 2011; 378:1707 



Now for the Trick 

For each combination of treatments: 

• Divide mortality rates for those receiving all the 
treatments by the rate ratios from the trials for 
each individual treatment in turn. 

• Hence estimate mortality rates in the absence of 
each treatment in patients judged suitable for it 

• Then estimate cumulative risk for patients 
without that treatment. 

 

 



Some examples  

• Numbers are preliminary 

• For illustration only and so not included 
in this version 


