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The patient is the centre 

of the medical universe 

around which all our work 

revolves and towards which 

all our efforts tend. J.B. Murphy 

1857 - 1916 

Tasks of the radiation oncologist 



The CT scan enables the making of an individualised 
treatment plan. 

Tasks of the radiation oncologist 



LASER limes for positioning of the patient. 

Tasks of the radiation oncologist 
CT scan: positioning 
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Indications: breast conserving therapy 

EBCTCG Lancet 2005; 366: 2087–2106 

LR - 70% 



EBCTCG Lancet 2011; 378: 1707–1716 

Indications: breast conserving therapy 
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Any event - 54% 

Indications: breast conserving therapy 
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Any event – 24,6 
… 

Any event – 8,9 

Indications: breast conserving therapy 



We did improve BCT rates! 

Poortmans P, et al. The Breast 2016; in press. 

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

Indications: breast conserving therapy 



Indications: mastectomy 

EBCTCG: Lancet 2014;383:2127–35 
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Indications: mastectomy 



• “Always” as part of breast conserving therapy 

• After mastectomy based on risk factors: tumour size; 
grade; lymph node involvement; resection margens; 
tumour type; vasculair invasion 

• Local control en survival last decennia even better after 
BCT! 

• Dose and target volumes depending on tumour-, patient- 
and other treatment-characteristics 

• On-going research in de-escalation in patients with a 
favourable prognosis!  

Indications: general 
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• Arm edema 

• Impairment of shoulder movement 

• Brachial plexus damage 

• Telangiectasia 

• Change in breast appearance 

• Subcutaneous fibrosis 

• Pneumonitis and lung fibrosis 

• Ischemic heart disease 

• Secondary malignancy 

Side-effects 



• Grade 0 = none 

• Grade 1 = barely palpable 

• Grade 2 = definite increased density & firmness 

• Grade 3 = marked density, retraction & fixation 

Side-effects: grading: fibrosis 

LENT SOMA. R&O 1995;35:17–60.  Harris JR. IJROBP 1979;5:257–61. 



0 No difference in colour 
between the breasts, neither 
on skin nor areola/nipple 

1 Nipple/areola or skin 
darker/lighter on treated side 
compared to untreated side 

2 Both nipple/areola and skin 
darker/lighter on treated side 
compared to untreated side 

3 Marked difference in colour 
between treated and 
untreated breast, either in skin 
or nipple/areola or both 

Side-effects: grading: skin colour 

LENT SOMA. R&O 1995;35:17–60.  Harris JR. IJROBP 1979;5:257–61. 



Small dilated vessels 

0 = none 

1 = <1/cm2 

2 = 1-4/cm2  

3 = >4/cm2  

Grade 1 

Grade 2 = 1-4/cm2 

Grade 3 = >4/cm2 

Side-effects: grading: telangiectasia 

LENT SOMA. R&O 1995;35:17–60.  Harris JR. IJROBP 1979;5:257–61. 



 Radiation therapy 

 Surgery 

 Systemic therapy 

 Comorbidity 

 Individual radiosensitivity: genetics 

 Unknown 

Side-effects: influencing factors 



Bartelink et al. JCO 2007 

EORTC Boost trial 

”dose-response” for fibrosis 

Side-effects: factors: radiation therapy 



Standard “IMRT” 

100 95 98 90 

112 110 105 102 

cosmetic 

change:  

- 14% “a lot”  

- 43% “some”  

cosmetic 

change: 

- 7% “a lot”   

- 31% “some”  

Donovan, Yarnold et al. Radiother Oncol 2007 

Side-effects: factors: radiation therapy 



Menke et al, NTVG 2007 

Past 

Present 

Side-effects: factors: surgery 



Hooning, JNCI 2007 

Congestive heart failure risk 

Non-anthracycline (CMF) ChT 

Side-effects: factors: systemic therapy 



New treatments  new risks! 

Law, Breast Care 2009 

Radiation myelitis after 28 Gy concurrent with trastuzumab 

Side-effects: factors: systemic therapy 



Age 60; BC  TE + SNB + RT 

G2 breast toxicity; pictures after 4.5 years 

“smoking & DM” 

Side-effects: factors: comorbidity 



Age 64; BC pT1cmG2N0M0  TE + SNB + RT (SIB) 

G3 breast toxicity; pictures after 1.5 years 

“muscular reuma” 

Side-effects: factors: comorbidity 



“Radiation-induced morphea of the breast” 

Side-effects: factors: comorbidity 



Variations in risk of normal tissue 
toxicity after RT (within normal 

range) 

More sensitive More resistant 

Use clinical data and 
molecular pathology 

to identify genetic risk factors 
and targets for intervention 

Andreassen et al, CIRRO project 

Side-effects: factors: genetic factors 



Westbury & Yarnold. Clin Oncol 2012;24:657-672 

Side-effects: factors: treatment 
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Primary Tumour Bed (PTB): 

Represents the original tumour 

~ GTV 

≠ surgical bed 

= virtual point 

A lot of uncertainties!!! 

New developments: to start with 



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. 

New developments: to start with 



• Breast 

• Thoracic wall 

• LN axilla level IV 

• LN axilla level III 

• LN axilla level II 

• LN axilla Rotter 

• LN axilla level I 

• LN internal mammary 

Offersen BV, et al. Radiother Oncol 2015;114:3-10. 

New developments: to start with 



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 
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Level 1 - level 2 - Rotter - level 3 - level 4 

New developments: to start with 

Offersen BV, et al. Radiother Oncol 2015;114:3-10. 



New developments: to start with 

Aims:  

 Prepare guidelines for volume delineation for all structures 
relevant in radiation therapy for breast cancer. 

 Work towards an agreement and endorsement by all relevant 
parties in Europe. 

 Publish & make available in the form of an atlas by electronic 
means.  

• Support translation into a number of major European 
languages. 





Standard “IMRT” 

100 95 98 90 

112 110 105 102 

cosmetic 

change:  

- 14% “a lot”  

- 43% “some”  

cosmetic 

change: 

- 7% “a lot”   

- 31% “some”  

Donovan, Yarnold et al. Radiother Oncol 2007 

New developments: dose homogeneity 



Massabeau C. Med Dosim. 2012 

Volumetric IMRT: 

-Better TV coverage 

-Improved dose homogeneity 

3D-CRT: 

-More experience 

-No “low dose bath” 

New developments: dose homogeneity 



RA 5 field IMRT 

 Free respiration Breath hold 

Courtesy of Marianne Aznar, Rigshospitalet, Copenhagen  

New developments: lowering the cardiac dose 



RT of the thoracic wall - with IM-MS: 
the next steps. 

New developments: combining it all 



BVI photon technique including the IMC 



5-field electron technique including the IMC 
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  Free breathing Breath Hold 

RT techniques: vmDIBH + IMRT 



3D-CRT vIMRT 3D-CRT vIMRT 

Heart V30Gy (%) 2.7 0 0.5 0 

Heart V20Gy (%) 

 

7.7 0.6 2.4 0.5 

IL Lung V20Gy(%) 16.4 5.8 16.5 5.3 

IL Lung V10Gy(%) 26.5 16.4 23.25 15.3 

CL breast Dmean(Gy) 0.29 3.7 0.62 2.3 

Free breathing Breath hold 

RT techniques: vmDIBH + IMRT 

Osman SO, et al. Radiother Oncol. 2014;112:17-22. 

New developments: combining it all 
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New developments: combining it all 



The future, according to some 
scientists, will be exactly like the 

past, only far more expensive. 

John Sladek, American Science Fiction author, 1937-
2000. 



Name of presenter 

Function of presenter 

Radiotherapy or surgery of the axilla 

after a positive sentinel node in 

breast cancer patients: final analysis 

of the EORTC AMAROS trial 

By the EORTC Breast Cancer Group and 

Radiation Oncology Group  

In collaboration with the Dutch BOOG Group  

and ALMANAC Trialists’ Group  

Emiel J.T. Rutgers  

The Netherlands Cancer Institute, Amsterdam 

       

        Clinical trial information: NCT00014612 



Trial design 

cT1-2 

N0 

 

R 

 

SNB 
 

Stratification: institution 

Adjuvant systemic therapy by choice 

ALND 

AxRT 

AxSN+ 

AxSN- 

Donker M, et al. Lancet Oncol. 2014;15:1303-10. 



64 

Lymphedema: clinical observation 

and/or treatment 

Donker M, et al. Lancet Oncol. 2014;15:1303-10. 
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Conclusion 

 

 Both ALND and AxRT provide excellent and 

comparable locoregional control in AxSN+ 

patients  
 

 Significantly less lymphedema after AxRT 
 

   AxRT can be considered standard 

Donker M, et al. Lancet Oncol. 2014;15:1303-10. 
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Boersma L, Poortmans P et al. R&O 2012  

Future work 

•  Involvement of surgeons: 
– Optimal positioning of clips 

– Information on the position of tumor  scar  

•  Involvement of pathologist: 
– 3D information on resection margins  

•  Involvement of radiologists: 
– Use of MRI (usually not available in RT position)  

•  Involvement of radiation oncologist: 
– Pre-operative localization of tumour: 

• physical examination 

• pre-operative planning-CT scan 

The future: target volumes 



Oncoplastic surgery & RT: conclusions 



Philip Poortmans  

09-10-2006 

ESTRO 25 Leipzig 

 

20th  century 21th century 

The « omics" are here? 

L. van ‘t Veer et al Nature 415, p530-536, 2002    M. vd Vijver et al, NEJM 347; 1999-2009, 2002 



Combining radiation therapy with: 

• Chemotherapy 

• Hyperbaric oxygen 

• Hyperthermia 

• Targeted therapy 

• Immunotherapy 

The future: preventing radioresistance & complications 



The future: particle therapy 
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• Effective in curative setting 

• Effective in palliative setting 

• The cheapest oncological treatment 

• Favourable cost-benefit ratio 

• Local treatment – interaction with systemic 
treatments 

• Increasing demand 

The future: conclusions 



• Arm edema 

• Impairment of shoulder movement 

• Brachial plexus damage 

• Telangiectasia 

• Change in breast appearance 

• Subcutaneous fibrosis 

• Pneumonitis and lung fibrosis 

• Ischemic heart disease 

• Secondary malignancy 

Side-effects 
 no surgery + RT 

 no surgery + RT 

 limit dose (RBE) 

 avoid skin folds 

 homogenisation 

 homogenisation 

 limit lung dose 

 limit heart dose 

 avoid other RF 



The organising team of this great course 

My colleagues: 

  RO’s & all others!!!!!! 

Colleagues and staff of EORTC and ESTRO 

Colleagues and staff of BOOG, IKNL, EBCTCG, .... 

Numerous patients 

And so many others! 
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