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Basics !!! 
• Study Pre operative Clinical findings  and diagrams well  

• Location of tumour Size of tumour  

• Tumour involving Nipple areola complex  

• Axillary/ SC LNs 

• Check for arm’s movement  

• If any lymphedema-document it  

• Type of Breast -careful palpation  

• Pendulous breast -identify and try to reduce folds  

• Location of tumour-Tumour in Lower quadrant or inner quadrant need 
to modify conventional borders 

 



Why do we need Conformal planning? 

• RT to breast -reduces local recurrences and improved survival 

• Concern-T/t related morbidity in breast and shoulder -Long term risk 
of heart disease and secondary cancer  

• Need to optimize RT to obtain max effect and minimize morbidity  

• Transition from 2D to 3D RT–shift from bony land mark based RT to 
individualised target  

• Target volume delineation is the weakest link in quality chain of RT 
and there are large inter observer variations 



Modern RT Techniques 

Conventional tangents with simple or customized shielding  

Photon based –3DCRT: wedges, MLCs for shielding heart, overdose 
volume  

IMRT  

TomoTherapy  

Arc therapy (VMAT) 

Proton IMRT 





Pignol JP et al JCO 2008 











What is the Optimal Beam Arrangement for IMRT?  

• TANGENTS!!! 

• Less low dose: Lung, Heart, Contralateral Breast 

• Adequate coverage of Target volume 

• Early Breast Cancer women: Do survive long… to see the  

• long tem effects of scatter dose 





VMAT 

• Novel extension of IMRT 

• Optimized three-dimensional (3D) dose distribution may be delivered  

   in a single gantry rotation 

• Reduction in treatment MUs (30%) and delivery time (55%) due to  

   high dose rates (as compared to cIMRT) 

• Arc treatment: Larger low dose scatter-lungs, heart 

• Dosimetric advantages of VMAT not confirmed for patients requiring  

• adjuvant RT to breast only (Badakhshi et al, BJR 2013) 



CT Simulation 

• Position-Comfortable and reproducible  

• Supine  

• Breast wedge  

• Both arms above head  

• IV Contrast Optional (we use IV Contrast only in patients with Positive 
SCF nodes) 



• Wires-Important Step-Do not hurry!!  

• Palpate Breast well, look for skin folds 

• Wire around-I/L Breast Scar Opposite Breast 
Provisional field borders 

• Use copper wires to reduce artefacts  

• Free Breathing  

• 3-5 mm scans from neck to L1-2 

 



• Large differences are reported b/w CTV localization using standard 
anatomic borders, palpation and USG  

• Hurkmanset al -study in 2001 with palpable breast glandular tissue 
was marked by lead wire before Planning CT  in 6 pts Vs. 4 patients 
without lead wire  

• CTV was delineated by 4 RO  

• Deviations in PTV extent were greater in Posterior, Cranial and medial 
directions  

• Interobserver variation in volume was decreased by a factor of 4 on 
scans with lead wire 

IJROBP Vol 50 No5, 2001 
 

Why wires around Breast? 



OARS 

• Heart- Contoured below pulmonary trunk bifurcation 

• Coronaries-LAD 

• All mediastinal tissue below this level should be contoured including 
great vessels 

• I/L and C/L Lungs 

• Opposite Breast 

• Head of Humerus 

 



DVH 

Evaluate both CTV and PTV –  

PTV Ideal  Acceptable 

D95% 95% 

D90% 90% 

Dmax < 115% <120% 



OAR Doses 

C/L Breast D max <3Gy 

I/L Lung V 20Gy <15 -20% 

I/L Lung V 10Gy <35 -40% 

I/L Lung V 5Gy <50 -55% 

C/L Lung V5 Gy <10% -15% 

Heart (Left Breast Cancer) V20Gy <10% 

Heart (Left Breast Cancer) V10Gy <30% 

Heart (Right Breast Cancer) V20Gy 0% 

Heart (Right Breast Cancer) V10Gy <10 -15% 

Mean <4 -5Gy 



OAR Doses -HF 

CF HF 

I/L Lung V 20Gy V 16Gy 

V 10 Gy V 8 Gy 

V 5Gy V 4Gy 

Heart V 25Gy V 20 Gy 

V 20Gy V 16Gy 





RIHD –Radiation Induced Heart Disease 

• Defn:  Clinical and pathological conditions of injuries to the heart and 
large vessels resulting from therapeutic irradiation of malignancies 

 

• Fajardo & Stewart showed that heart and vasculature are 
radiosensitive organs - Fajardo, L.F., J.R. Stewart, Morphology of radiationinduced heart disease. 
Arch Pathol, 1968. 86(5): p. 512-9. 



Heart and its component affected by RT 

• Early reactions rare, mostly late 
effects  

• Radiation induced cardiac 
injuries 

 –Pericarditis 

 –CCF  

–Restrictive Cardiomyopathy  

–Valvular insufficiency & stenosis  

–CAD: ischemia, infarction 



IHD incidence 

• Radiotherapy as administered from the 1980s onward is associated 
with an increased risk of cardiovascular disease. Irradiated breast 
cancer patients should be advised to refrain from smoking to reduce 
their risk for cardiovascular disease - Hooning et al JNCi 2007 

• Patients who underwent radiotherapy plus adjuvant chemotherapy 
(CMF regimen) after 1979 had a higher risk of congestive heart failure 
than patients who were treated with radiotherapy only (P = 0.002) 

• Risk of death from ischemic heart disease associated with radiation 
for breast cancer has substantially decreased over time - Giordano et al Risk of 

Cardiac Death After Adjuvant Radiotherapy for Breast Cancer : JNCI 2005 



 



 



 



 



 



Technique of Sparing of Heart 

• Breast Board  

• Prone position  

• Heart block  

• 3D conformal radiotherapy (3DCRT)  

• Intensity modulated Radiotherapy (IMRT)  

• Tomotherapy  

• Respiratory maneuvers  

• APBI  

• Proton therapy 



Breast Board 
Improves the angle of treatment along the chestwall to spare the anterior 

heart  

The tissues of the breast move forward with the slant of the board and higher 
arm elevation, allowing for less inclusion of tissues deep to the chestwall 

 Improvements in the position have been shown to reduce the mean cardiac 
dose by as much as 60% and the maximum dose to the heart by 30% in 
comparison to treatment with flat positioning and collimation 

Proper setup and immobilization can decrease cardiac dose. 
 

Canney PA et al: Reducing cardiac dose in post-operative irradiation of breast cancer patients: The relative importance of  
patient positioning and CT scan planning. Br J Radiol 1999  

Canney PA et al: Variation in the probability of cardiac complications with radiation technique in early breast cancer. Br J 
Radiol 2001 



Breast Board 



 

Breast Board 





 



• LIMITATIONS:  

 

• Who cannot tolerate prone decubitus- common complaint is pain from tension on 

neck and spine muscles to maintain position 

 

• CT bore, Patient weight, Knee issues 



 



 



 



Newer RT techniques 

• Technological advancements in the RT technique has improved over 
the time  

• Shift from orthovoltage cobalt to MV  

• 2D to 3D planning  

• Improvement in PTV coverage  

• Decrease in OARdoses  

• Use of 3DCRT, IMRT, Helical Tomotherapy 



 



 



 



 



 





 



Deep Insipiratory Breath Hold 

• Deep insipiratory breath hold is a respiratory motion management technique. 

• PURPOSE – 

• Eliminating motion 

• Increasing lung volume [less lung in RT field] 

• Push heart away from chest wall & RT field 

• Smaller ITV 

• No blurring of images as in 4D imaging 



Gating and Deep Inspiration Breathing Techniques  

• Deep inspiration breathhold (DIBH) involves gating radiation to deliver 
treatment when the least volume of heart is in the field 

• Inferior and posterior displacement of the cardiac silhouette caused 
by near maximal inspiration  

• ~50% cases Heart could been entirely removed from the field and 
that cardiac volumes were reduced by approximately 80% 

• Comparisons of techniques found that median heart volume receiving 
greater than 50% of the dose was decreased from 19 % to ≤3% with 
either inspiratory gating or DIBH 



Gating and Deep Inspiration Breathing Techniques  

• Active breathing may be combined with treatment modalities such as fixed 
gantry IMRT as well. The reduction in V30 using DIBH for deep tangent IMRT 
plans was on average 13%-3% 

• With active breathing techniques, there is an average reduction of 5% to the 
volume near the left anterior descending (LAD) receiving 20Gy or more when 
using fixed gantry angle IMRT over 3D conformal radiation therapy(CRT) 

 

•  Remouchamps VM et al: Significant reductions in heart and lung doses using deep inspiration breath hold with active breathing control 

and intensity-modulated radiation therapy for patients treated with locoregional breast IJROBP 2003  

• Mast ME et al: Left-sided breast cancer radiotherapy with and without breath-hold: Does IMRT reduce the cardiac dose even further ? 
Radiother Oncol 2013  



 



 



INCLUSION CRITERIA 

• Left sided breast cancers [ CW +/- SCF, IMN] 

 

• Ability to comprehend  

 

• Ability to breathe and hold a specific volume 

 

• Cardiac dose reduction in plan made on DIBH scan [Rochet et al observed the 
benefit in 75% patients] 

 

• Age <60 years [Nissen et al, Radiotherapy and Oncology, 2013] 



EXCLUSION CRITERIA 

• Poor comprehension/Inability to carry out as instructed 

 

• Lung diseases or respiratory symptoms 

 

• Physical discomfort 

 

• Severe claustrophobia 

 

• Very small volume of inspiratory breath hold <0.8 ml [Wang etal IJROBP 2012], heart 
V30 < 2% [Swanson et al, Am Journal of Clinical Oncology 2013] 

 



WORK FLOW 

Left sided breast 
cancer patients 

Selection 
criteria 

Consent and 
coaching 

Planning and 
immobilisation 

FB & DIBH CT 
accquisition 

contouring 
Planning, 

evaluation and 
comparison 

Plan selection 

Implementation 
of treatment 



TECHNIQUES 

Active breath coordinator [ABC] 
system 

• Elekta  

• Developed at the William 
Beaumount hospital, Michigan 

Voluntary breath hold – Real time 
position management [RPM] 

• Varian  

• Developed at the University of 
California Davis Cancer Centre 



EQUIPMENT-ABC 

• Mouth piece with filter 

• Spirometer with closing valve 

• Nose clip 

• Breath controlling trigger 

• ABC software and hardware – screen for patient and 
health care provider 

• Link with linear accelerator to start and stop 
treatment 



 



EQUIPMENT – RPM FOR vDIBH 

• 6-marker neon localizer box 

• Goggle 

• Infrared camera 

• Infrared lights 

• Hardware to observe respiratory pattern 

• Link with linear accelerator to start and stop treatment 







COMPARISON - PRO 

• ABC has  

• a screen to guide the patient during the process 

 

• Mouth piece and spirometer helps fix volume as per patient’s capacity 

 

• Breath control trigger ensures treatment disruption in the event of 
unexpected situations 

 

• Higher reproducibility 



RPM - Pro 

• RPM has 

• Infra red pattern that depicts movement of the chest wall surface at the level 
its placed 

 

• Automatically turns on and off the beam when inspiration is in the decided 
threshold-GATING of the beams 



COMPARISON - CONS 

• ABC 

• Complicated with multiple pieces 

 

• Mouth piece and nose clip may be uncomfortable 

 

• Leaking of air from the sides of the mouth piece 

 

• Euipment might obstruct the gantry movement 

 

• Cost factor of the mouth piece. 



RPM - Cons 

• RPM 

• No mechanism to help patient hold the volume for the duration fixed [mouth 
piece, balloon valve, nose clip]. 

 

• Reduced duty cycle time 

 



• The reproducibility of the setup and dosimetric benefit are comparable in both 
vDIBH and ABC 

 

• Barlett et al 

• Frederick et al [Radiotherapy and oncology, 2013] 



PATIENT COACHING 

• The process, equipment to be used and their participation must be explained to 
the patient 

 

• They should be made to practise breath hold for 15-20 minutes with the 
equipment before acquiring scan 

 

• A visual aid for the patient [goggle/screen displaying the volume, threshold and 
time] helps achieve the right threshold of volume and time 



SCAN ACQUISITION 

• With the setup, both scans are acquired free breathing and the deep inspiration breath hold 
positioning and immobilisation 

 

• The volume and duration of breath hold are decided as per individual patient  

 

• Volume – 1-1.8 litres, time – 20-25 seconds 

 

• In ABC, the volume and time threshold are fed into the system to ensure each breath hold is same 

 

• In RPM, the patient is coached to produce and hold the same breathing and DIBH pattern 

      Remouchamps et al IJROBP 2003 

 



 



• DT-IMRT and DT- wedged 3DCRT plans were used 

 

• Heart V 30% was reduced by 81%. 

 

• Heart was completely out of the radiation field in 2 of the 9 patients. 

 

• Lung V20 was reduced from 20.4% to 15.3% 



Darapu et al, Case Report Oncology, 2017 



IMRT for breast cancer - Conclusion 

• Small size breast:Not  to do IMRT 
• Bi-tangential portals: Best beam arrangement 
• 3D planning standard in modern era 
• However may not be necessary in small and medium size breast 
• Large breast > 1000cc IMRT may be considered  
• In case IMRT is needed: Forward planned IMRT 
• Forward planned IMRT: Better in terms of acute and late effects as 

compared to standard tangents 
• Cardiac sparing is extremely important 
• Respiratory gating, Image guidance are important in such situations 
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