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Year 2011. Patients
} External Beam Radiotherapy


} Brachytherapy: 400 pts

 
No. of 

pts
Paris 2240
Saint-Cloud. René 
Huguenin 1700
Orsay- ICPO 420
  4360
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4 linacs 

1 Cyclotron, 3 rooms 



Breast 
53% 

Prostate 
10% 

H&N 
4% 

Bone & Soft 
Tissues 

4% 

Haematology 
4% 

GYN 
3% 

CNS  
2% 

Eye 
2% GI 

2% 

Lung 
1% 

Skin 
1% 

Others 
4% Metastases 

10% 

% 
Institut Curie 
Paris site 
2011 
2240 patients 
External Radiation Therapy 



Tomotherapy : Concept 



A short 6 MV linac is collimated by jaws 
and a binary multileaf collimator.  

 
The treatment head rotates on a gantry in 

the x/z plane while a patient is 
continuously translated through the 
bore of the machine in the y-direction – 
the therapy analogue of spiral CT. 

 
 Beam is collimated to a fan beam. The jaw 

width is held constant (typically 1 or 2.5 
cm) for the entire treatment delivery.  
 

•  Tomotherapy is rotational IMRT. 
 
 

 
Tomotherapy: How does Helical Tomotherapy work ?  

 



 Tomotherapy: The MACHINE !



Binary Modulating Collimators 

Tomotherapy, Inc.	
  
Laterally the beam is modulated 
using a binary MLC, which 
consists of 64 leaves each of 
width .625 cm for a total possible 
beam length at isocenter of 40 cm.  
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TomoTherapy 

•  Control using CT scan images (MVCT) 

•  No image of the irradiation field 



Helical Tomotherapy in the 
treatment of breast cancer 

 
Early stage breast cancer 
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Breast and LN irradiation, Initially only MSKCC and 
Ontario dosimetric studies. Same protocole 

 

•  10 left side breast cancer 

•  pN+ 

•  Irradiation of the breast and/or chest wall 

•  Dosimetriques comparaisons 

 3D conformal RT vs. 

 IMRT using TomoTherapy 
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MSKCC 
Goddu et al. 

3D TOMO 
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Hijal et al, Dosimetric analysis, Radiother Oncol, 2010 

•  Dosimetric comparative analysis  

•  13 patients 

•  RT: 

Breast:    50.7 Gy/28f de 1.81 Gy 

Boost  :   64.4 Gy/28f de 2.3 Gy 
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Dose equivalences 
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Integrated Boost  

  3D % TOMO 
%  p 

Boost (64.4 Gy)       
V107 0.26 0.70 0.03 
V95 99.72 97.18 <0.001 
Mean Dose (Gy) 65.47 64.97 0.08 
Max. Dose (Gy) 67.95 69.47 0.08 
Min. Dose (Gy) 60.60 57.76 <0.001 
Breast (50.68 Gy)       
V107 30.83 12.47 <0.001 
V95 96.25 96.22 0.64 
Mean Dose (Gy) 53.18 51.85 <0.001 
 Max. Dose (Gy) 67.38 66.68 0.24 
Min. Dose  (Gy) 26.82 22.18 0.45 
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Dosimetric optimization and new 
therapeutic solutions in case of 

breast and LN irradiation 



 de Almeida, et al,  Cancer Radiother 2012 



Isodose 25 Gy 

TOMOTHERAPY 

Combination of e- and photons 

Breast and LN irradiation 

De Almeida, Fournier-Bidoz et al, 2011 
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Breast, boost, with or without LN areas: clinical experience 
In press 

 Dose: breast 52.2 Gy,  
63.8 Gy to the tumor bed  
 50.6 Gy to the LN areas  

(when indicated)  
 

in 29 fr. 
  

Dose par fraction: 
 

  2.2 to the boost,  
1.8 to the breast  

1.74 to the LN.  
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Breast, boost, with or without LN areas: clinical experience 
Liem et al, CanRad, In press 
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Breast, boost, with or without LN areas: clinical experience 
Liem et al, CanRad, In press 
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Breast, boost, with or without LN areas: clinical experience 
Liem et al, CanRad, In press 

OAR 
Treated side lung 

Contralateral lung 
 

Heart 
Contralateral breast 
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Breast, boost, with or without LN areas: clinical experience 
Liem et al, CanRad, In press 

All toxicities were described using the Common Terminology Criteria for Adverse Effects v3.0. 
 

Indications: 
pectus exavatum,  
problems of field junctions or  
high dose received to lung and heart,  
bilateral breast cancer, etc.) 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Helical TomoTherapy in the 
treatment of breast cancer 

 
Early stage breast cancer:  

difficult cases 
 
 
 
 



 
Breast cancer radiotherapy tayloring,  
J. Jacob et al., 2012: Pb: doses OAR 



 
Breast cancer radiotherapy tayloring,  

Pb of boost volume 
J. Jacob et al. 2012 
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Other difficult case: bilateral breast cancers with LN irradiation 



Helical Tomotherapy in the 
treatment of breast cancer 

 
Advanced and metastatic breast 

cancer 
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Breast cancer patient 

•  T4bN0M+ 

•  IDC right breast 

•  Breast RT: 

Breast:    51.4 Gy /31 f de 1.66 Gy 

Tumor:    74.4 Gy/ 31 f de 2.4 Gy 
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Dose distribution 
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Dose-Volume Histogram 

Heart Breast Tumor 



 
 
 

Helical Tomotherapy in the treatment of 
advanced breast cancer: breast, tumour 

and lymph nodes 
 
 
 



Tomotherapy with integrated boost in locally 
advanced disease as neoadjuvant breast, tumor 

and LN irradiation : patients 

before 

after 



Volumes and doses 

CT scan in treatment position 
 
 

 

Ø Delineation of the volumes after images registration!

Chira et al, 2013 



 T4N+ neo adjuvant  RT after failure of anthracyclines 
and taxans neo adjuvant chemotherapy 

Dose distribution 

Chira  et al, 2013 



Chira et al, 2013 



 

 

Volume definition 



Technique conventionnelle 

Tomothérapie 

3D CRT vs HT 
10 patients : 6 left, 4 right  
uni lateral implants:  
50 Gy Chest wall + supra and 
infra clavicular LN 
 

Massabeau et al, Med Dosim 
2012 



Organ at risk 
 
 

Priority Blocking Importance Histogram Dose 
Volume points 

Dose max  

Controlatera l 
Lung 

1 directional 1000 5 %-7 Gy 
30 %-3 Gy 
50 %-2 Gy 

10 Gy 

Heart 2 directional 1000 15 %-10 Gy 
5 %-15 Gy 

25 Gy 

H o m o l a t e r a l 
Lung 

3 directional 1000 50 %-5 Gy 
15 %-20 Gy 
5 %-30 Gy 

40 Gy 

Controlatera l 
breast 

4 directional 1000 10 %-3 Gy 5 Gy 

Spinal cord 5 directional 300 30 %-10 Gy 10 Gy 

Liver 6 directional 300 20 %-5 Gy 20 Gy 

Massabeau et al, Med Dosim 2012 
 



TOMO VS 3D: dose distribution LN 

Massabeau et al, Med Dosim 2012 
 



TOMO VS 3D: dose distribution chest wall 

Massabeau et al, Med Dosim 2012 
 



Massabeau et al, Med Dosim 2012 

TOMO VS 3D: OAR 



Massabeau et al, Med Dosim 2012 

TOMO VS 3D for implants : Conclusions 



Conclusions  
  Currently the new treatment modalities as the 

TomoTherapy could be used to decrease the 

cardiac and lung toxicity. 

  It is also simple to deliver in complex 

treatment volumes with very homogenious dose 

distribution and perfect conformity 

  The aim of this breast cancer radiotherapy 

tailoring is to avoid the early and late side effects. 

  Therefore, special attention to the low doses to 

contralateral breast and lung is needed 
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