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IMRT demands a level of higher  
complexity and infrastructure 

IMRT	  

Implementa)on	  of	  
IMRT	  programme	  

Prac)ce	  
se5ng	  

Quality	  
assurance	  and	  

safety	  	  

Tools,	  devices,	  
equipments	  

Professional	  
training	  



While the overall proportion of patients receiving RT remained relatively constant (80%), 
 the use of IMRT increased from 0.0% to 12.6% from 1998 to 2007 



RIPARTIZIONE % TECNICA RT
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1D 2D 3D IMRT stereo VMAT

Regione	  Lombardia:	  1D	  5%;	  	  3D	  59%;	  	  
IMRT	  	  8%;	  	  VMAT	  	  28%	  

More	  likely	  to	  
receive	  IMRT	  
pa)ents	  with	  
Head	  &	  Neck	  
or	  Prostate	  
Cancer	  



-‐	  Bilateral	  breast	  irradia)on	  
-‐	  Unilateral	  irradia)on	  of	  a	  pa)ents	  with	  bilateral	  	  
	  	  	  breast	  implants	  

-‐	  Pectus	  excavatum	  
	  

Clinical	  situa)ons	  where	  benefit	  is	  clear:	  

Clinical consensus for breast cancer IMRT 
has not been achieved yet 



Critical aspects for breast IMRT 

•  Poten)al	  for	  increased	  geographical	  miss	  	  
•  More	  )me	  is	  demanded	  	  due	  to	  contouring,	  
planning,	  checking	  and	  delivery	  )mes	  

•  Daily	  IGRT	  	  
•  Bath	  dose	  (larger	  volume	  of	  normal	  )ssues	  
receiving	  low	  doses	  of	  radia)on)	  	  

•  Complex	  treatment	  which	  requires	  addi)onal	  
resources	  for	  educa)on,	  outlining,	  planning	  
and	  process	  quality	  assurance	  



Concave	  	  
distribu)on	  

Steep	  dose	  	  
gradient	  

Sparing	  normal	  )ssues	  

Improved	  dose	  
distribu)on	  	  

IMRT advantages  



Reduced Toxicity Skin 	  
(compara)ve	  studies	  with	  historical	  3D	  groups)	  

Reduced	  the	  rate	  of	  G	  2/3	  derma))s	  
•  IMRT	  pts	  spent	  18%	  of	  treatment	  period	  with	  
Grade	  2/3	  derma))s	  compared	  to	  71	  %	  of	  CR	  pts	  

Reduced	  rate	  of	  acute	  G2	  toxicity	  	  
•  reduced	  rate	  of	  late	  grade	  oedema,	  equivalent	  
cosmesis	  

•  larger	  benefit	  for	  larger	  breasts	  

Reduced	  rate	  of	  RTOG	  G	  2/3	  derma))s	  
(39%	  vs.	  52%	  p=0.047)	  
• equivalent	  LC	  and	  survival	  
• at	  more	  than	  6	  years	  median	  FU	  





Breast	  IMRT	  using	  a	  sta)c	  field	  in	  field	  method	  resulted	  in	  fewer	  changes	  in	  
breast	  appearance	  at	  5	  years	  compared	  to	  2D	  technique	  

Late 
toxicity 
 





Randomized controlled trial of Intensity-Modulated 
Radiotherapy for early breast cancer: 5-year results confirm 

superior overall cosmesis 

 Mukesh BM et al, MRC & RCR, UK. JCO, September 2013 
 
 
•  1,145 patientswith standard tangential plans 
•  815 had inhomogeneius plans (<2cm3 receiveing 

107% of the dose: 40 Gy in 15 frs over 3 weeks) 
•  Randomly assigned to standard or IMRT 
 
•  No skin telangiectasie: 76% versus 85% (p .02) 
•  Overall good cosmesis: 78% versus 88% (p .03) 
                                                                                                                                                                    
	  



Hypofractionation 

RT “FAST” 



Evidence supports the equivalence of hypofractionated WBI 
with conventionally fractionated WBI for patients who satisfy 

all these criteria 

 ASTRO evidence-based guidelines, IJROBP, 81: 59-68, 2011 
 
 
•  50 years or older at diagnosis 
•  T1-2 N0 pathological stage and BCS 
•  No systemic chemotherapy 
•  Within the breast along the central axis, the 

minimum dose is no less than 93% and the 
maximum dose is no greater than 107% of the 
prescription dose (2D calculation) 

                                                                                                                                                                    
	  



The minimisation of unwanted dose inhomogeneity in the 
breast reduces late adverse effects 

Issue	  for	  hypofrac3onac3on	  !!!!!	  



Pushing the limits of 
hypofractionation for adjuvant 

whole breast radiotherapy 
 
 
        Yarnold J & Haviland J, Breast, June 2011 
 
 
•  ….. Based on current evidence, testing the 
          effectiveness of a 5-fraction schedule of  
          hypofractionated whole breast radiotherapy 
          appears to be realisable research objective   
…..                                                                                                                                                        

	  



IMRT	   3DCRT	  
V30	  is	  reduced	  from	  45	  cm3	  to	  5.84	  cm3	  

Mean	  heart	  dose	  increased	  by	  an	  average	  of	  24%	  	  
from	  6.85	  to	  8.52	  Gy	  

IMRT	  reduced	  heart	  volume	  in	  the	  high	  dose	  region	  at	  the	  	  
expense	  of	  a	  greater	  cardiac	  volume	  receiving	  low	  dose	  

IMRT	  reduced	  the	  risk	  of	  therapy-‐associated	  	  
cardiac	  death	  from	  6.03%	  for	  the	  3D	  plans	  to	  0.25%	  



V35	  for	  IMRT	  (0.7%)	  and	  TOMO	  (	  0.5%)	  were	  lower	  than	  for	  3DCRT	  (3.6%)	  	  

Mean	  DVH	  for	  the	  heart	  
Mean	  DVH	  for	  le;	  ventricle	  



	  
Helical	  tomotherapy	  
(HT)	  resulted	  in	  lowest	  
heart	  and	  lung	  max	  
doses	  but	  had	  higher	  
mean	  doses	  
	  
TomoDirect	  reduced	  
ipsilateral	  lung	  mean	  
and	  max	  doses	  
compared	  to	  for-‐IMRT	  
and	  3D-‐CRT	  



Contralateral breast mean dose for TOMO (2.48 Gy) 
was higher than for 3D CRT (0.93 Gy) or IMRT (1.38 Gy)  

Mean	  DVH	  for	  the	  contralateral	  breast	  



Ongoing Breast cancer IMRT studies 

Different	  endpoints	  studied	  



Background	  on	  Hypofrac)ona)on	  

•  Since	  1999	  PBI,	  mainly	  with	  ELIOT	  

•  Since	  2003	  WBI	  hypofrac3onated	  scheme	  	  
	  	  	  (45	  Gy	  to	  the	  whole	  breast	  plus	  and	  5	  Gy,	  
concomitantly,	  to	  the	  tumor	  bed	  in	  20	  
frac3ons,	  using	  3	  D-‐CRT)	  	  

	  	  	  	  	  	  
•  Since	  2004,	  combina3on	  b/n	  ELIOT	  boost	  (12	  
Gy)	  and	  WBI	  (37.05	  Gy/2.85	  frac3on/13	  
sessions)	  

•  Since	  february	  2012,	  star3ng	  with	  TomoDirect	  
modality	  programs	  



Tomotherapy	  ongoing	  studies	  at	  IEO	  

Current trend in hypofractionation 
requires flexibility, homogeneity and 

OARs avoidaince 



New	  irradia)on	  schedules	  

•  Adiuvant hypofractionated radiotherapy+ 
simultaneous integrated boost  after BCS 

•  Locoregional hypofractionated EBRT 

•  Partial breast reirradiation (APBReI) 

•  Whole Breast after PBI (POLO Study) 

•  Ultra-fast WBI after ELIOT boost  

   (Aftereight Study) 



ELIOT  boost 12 Gy  + WB irradiation 

2.85	  Gy	  x	  13	  frac)ons	  
37.05	  Gy	  	  

4	  Gy	  x	  8	  frac)ons	  
32	  Gy	  	  

Alfa/beta	   2.85	  	  Gy	  x	  13	  WBI	   4	  Gy	  x	  8	  WBI	  

2	   90	   96	  	  
3	   72	   75	  
4	   63	   64	  
10	   48	   45	  

FAST	  
3DCRT	  

ULTRA-‐FAST	  
TomoDirect	  



Aftereight study: 21 Gy IORT boost + 
 8 fraction- whole breast irradiation 

Mean	  (%) Median	  (%) Range	  (%) 

V95%	  ≥	  95%	  (V90%	  ≥	  90%) 98.6 98.6 97.7-‐99.5 

V100%	  dose	  boost	  ≤	  30%	  (35%) -‐ -‐ -‐ 

D50%	  ≤	  108%	  (112%) 100 100 100 

Dmax	  ≤	  115%	  (120%) 113 113 112-‐114 

PTV	  



Aiereight	  study	   Ideal	  	   Acceptable	  
Dosimetric	  report	  

Mean	  	  	  	  	  	  	  	  	  	  	  median	  	  	  	  	  range	  

Heart	  

Right	  breast	  

Dmax	  <	  14	  Gy	   Dmax	  <	  18	  Gy	   Gy	   -‐	   -‐	   -‐	  

V7Gy	  <	  10	  %	   V7Gy	  <	  15	  %	   %	   -‐	   -‐	   -‐	  

Heart	  

Lei	  breast	  

D5%	  <	  14	  Gy	   D5%	  <	  18	  Gy	   Gy	   11.5	   11.5	   7.5-‐15.5	  

V7Gy	  <	  30	  %	   V7Gy	  <	  35	  %	   %	   7.2	   7.2	   5-‐9.3	  

heart	   Dmean	  <	  2,8	  Gy	   Dmean<	  3,6	  Gy	   Gy	   1.4	   1.4	   0.4-‐2.4	  

Ipsilateral	  lung	  

V14Gy	  <	  15%	   V14Gy	  <	  20%	   %	   12.9	   12.9	   11-‐14.8	  

V6Gy	  <	  35%	   V6Gy	  <	  40%	   %	   19.1	   19.1	   17-‐21.2	  

V3,6Gy	  <	  50%	   %	   23.2	   23.2	   21-‐25.4	  

Contralateral	  lung	   V3,6Gy	  <	  10%	   V3,6Gy	  <	  15%	   %	   0	   0	   0	  

Contralateral	  

	  breast	  
Dmax	  <	  2,1	  Gy	   Dmax	  <	  2,35	  Gy	   Gy	   2.3	  

2.2	   1.4-‐3.2	  

Spinal	  cord	   Dmax	  <	  3,6	  Gy	   Gy	   0.2	   0.2	   0.14-‐0.3	  

Liver	  
V11Gy	  <	  10%	   %	   0	   0	  

Dmean	  <	  3,6	  Gy	   Gy	   0.2	   0.2	   0.09-‐0.22	  

Stomach	   Dmean	   Gy	   0.6	   0.6	  



Locoregional hypofractionated EBRT 



3 WEEKS 

2.67 Gy in 15 fr 

LOCOREGIONAL HYPOFRACTIONATED EBRT 
Total dose 40.05 Gy  

Target	  volumes	  coverage	  

% dose % volume 
95% 90% 

90% 95% 

107% < 30% 

DMean  ≥ 99% 

D 0,03cc <110%  

PTV	  breast/chest	  wall	   PTV	  supraclavicular	  

% dose % volume 
95% 90% 

90% 95% 

107% < 30% 

DMean  ≥ 99% 

D 0,03cc < 110%  

Delivery	  Mode:	  TomoHelical	  



Ideal Acceptabie UM Dosimetric	  report 
Mean	  (%) Median	  (%) Range	  (%) 

V95%	  ≥	  90% V90%	  ≥	  90% % 95.2 96.2 87-‐100 
V90%	  ≥	  95% V90%	  ≥	  90% % 99.2 99.6 97-‐100 
Dmean	  ≥	  99% Dmean	  ≥	  95% % 99.8 99.9 95-‐104 
D0,03cc	  ≤	  110% D0,03cc	  ≤	  

115% 
% 107 107.4 101.3-‐110 

V107%	  ≤	  30% % 0.2 0.1 0-‐1.2 

Ideal Acceptable UM Dosimetric	  reports 
Mean	  (%) Median	  (%) Range	  (%) 

V95%	  ≥	  85% V90%	  ≥	  80% % 73.4 76 44-‐100 
V90%	  ≥	  90% V90%	  ≥	  85% % 92.3 95.6 50-‐100 
Dmean	  ≥	  95% Dmean	  ≥	  90% % 95.5 95.4 85-‐108 
D0,03cc	  ≤	  110% D0,03cc	  ≤	  115% % 105.7 106.3 95-‐113 
V107%	  ≤	  30% % 0.2 0 0-‐1.2 

Chest	  wall	  

Supraclavicular	  region	  

Dosimetric	  reports:	  locoregional	  hypofrac)onated	  RT	  



ADIUVANT HYPOFRACTIONATED RADIOTHERAPY 
+ 

 SIMULTANEOUS INTEGRATED BOOST (SIB ) 

% dose % volume 
95% 95% 

50% < 108% 

100% boost dose < 30% 

115 % 0,03 cc 

PTV	  breast	  

PTV	  boost	  

% dose % volume 
95% 95% 

50% < 100% 

110% 5% 

115 % 0,03 cc 

Target	  volumes	  coverage	  



ADIUVANT HYPOFRACTIONATED RADIOTHERAPY 
+ 

 SIMULTANEOUS INTEGRATED BOOST (SIB ) 

Whole breast 

2.25 Gy x 20 fr 4weeks 
Tumor bed 

2.50 Gy x 20 fr 



Dosimetric report: SIB study 

Media	  (%) Mediana	  (%) Range	  (%) 
V95%	  ≥	  95%	  (V90%	  ≥	  90%) 98.8 99.3 93.2-‐102 
V100%	  dose	  boost	  ≤	  30%	  (35%) 0.5 0.1 0-‐13.6 
D50%	  ≤	  108%	  (112%) 101.1 101 96-‐107.2 
Dmax	  ≤	  115%	  (120%) 113.3 113 102-‐119.5 

Media	  (%) Mediana	  (%) Range	  (%) 
V95%	  ≥	  95%	  (V90%	  ≥	  90%) 99.7 100 95-‐101.5 
V110%	  ≤	  5%	  (10%) 
Dmax	  ≤	  115%	  (120%) 103 103.6 101-‐116 

PTV	  boost 

 

PTV	  	  breast	  

PTV	  boost	  



SIB	  study	  -‐OARs	   Ideal	   Acceptable	   UM	  
Dosimetric	  reports	  

Mean	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Median	  	  	  	  	  	  	  	  	  	  	  	  	  Range	  
Heart	  

Right	  breast	  

Dmax	  <	  16	  Gy	   Dmax	  <	  20	  Gy	   Gy	   2.5	   2.1	   0.5-‐9	  

V8Gy	  <	  10	  %	   V8Gy	  <	  15	  %	   %	   0.04	   0	   0-‐1	  

Heart	  	  

Lei	  breast	  

D5%	  <	  16	  Gy	   D5%	  <	  20	  Gy	   Gy	   6	   4.7	   1-‐19	  

V8Gy	  <	  30	  %	   V8Gy	  <	  35	  %	   %	   4.7	   4.7	   0-‐16	  

Heart	  
Dmean	  <	  3,2	  

Gy	  
Dmean<	  4	  Gy	   Gy	  

1.4	   0.7	   0.2-‐14	  

Ipsilateral	  lung	  

V16Gy	  <	  15%	   V16Gy	  <	  20%	   %	   12.3	   13	   1.8-‐23.6	  

V8Gy	  <	  35%	   V8Gy	  <	  40%	   %	   17.2	   17.4	   2.9-‐29.3	  

V4Gy	  <	  50%	   %	   24.2	   24	   7.3-‐44	  

Contralateral	  lung	   V4Gy	  <	  10%	   V4Gy	  <	  15%	   %	   0.2	   0	   0-‐1.8	  

Contralateral	  
breast	  

Dmax	  <	  2,4	  Gy	  
Dmax	  <	  2,64	  

Gy	  
Gy	  

1.7	   1.4	   0-‐7	  

Stomach	  
Dmax	   Gy	   2.2	   0.7	   0.06-‐22.6	  

Dmedia	   Gy	   0.4	   0.4	   0.05-‐1.2	  

Esofagus Dmax	   Gy	   0.5	   0.5	   0.18-‐2	  



Heart	  constraints	  	  
OAR	   ideal	   acceptable	   UM	   mean	   media

n	  
range	  

Heart	  
right	  
breast	  

Dmax	  <	  16	  Gy	   Dmax	  <	  20	  Gy	   Gy	   2.5	  	   2.1	   0.8	  -‐	  9	  

V8Gy	  <	  10	  %	   V8Gy	  <	  15	  %	   %	   0	   0	   0	  -‐	  1	  

Heart	  

Le;	  
breast	  

D5%	  <	  16	  Gy	   D5%	  <	  20	  Gy	   Gy	   8	   7	   1	  -‐	  18	  

V8Gy	  <	  30	  %	   V8Gy	  <	  35	  %	   %	   4.6	   5	   0	  -‐	  16	  

Heart	   Dmean	  <	  3,2	  Gy	   Dmean<	  4	  Gy	   Gy	   1.4	   0.7	   0.2	  -‐	  14	  

OAR	   Ideal	  	   UM	   mean	   median	   range	  

	  

Heart	  

	  

Dmean	  <	  5	  Gy	  

	  

Gy	  

	  

4.57	  

	  

4.70	  

	  

2-‐11.3	  

3D	  conformal	  

TomoDirect	  



Lung	  constraints	  	  	  
OAR	   ideal	   aceeptable	   UM	   mean	   median	   range	  

ipsilateral	  	  
lung	  

V16Gy	  <	  15%	   V16Gy	  <	  20%	   %	   12.3	   12.2	   1.8	  –	  19.7	  

V8Gy	  <	  35%	   V8Gy	  <	  40%	   %	   17	   17	   2.9	  -‐	  29	  

V4Gy	  <	  50%	   %	   24	   24	   7.3	  -‐	  44	  

Contra.lung	   V4Gy	  <	  10%	   V4Gy	  <	  15%	   %	  
	  	  

0.2	  

	  

0	  

	  

0	  –	  1.8	  

OAR	   Ideal	  	   UM	   mean	   median	   range	  

Ipsialteral	  
lung	  

V20Gy<	  20%	   %	  

	  

11.1	  

	  

11.3	  

	  

2.7-‐21.7	  

TomoDirect	  

3D	  conformal	  



Contralateral	  breast	  	  	  

OAR	   ideal	   acceptable	   UM	   mean	   median	   range	  

Contralat	  
breast	  

Dmax	  <	  2,4	  Gy	   Dmax	  <	  2,64	  Gy	   Gy	  
1.7	   1.7	   0.47	  –	  5.1	  

OAR	   Ideal	  	   UM	   mean	   median	   range	  

Contralat	  
breast	  

<	  10%	  
prescrip)on	  

dose	  
Gy	  

	  

4.83	  

	  

4.70	  

	  

0	  –	  10	  

3D	  conformal	  	  

TomoDirect	  



IMRT  
for breast  

 
 
 

When? 

Hypofractionation 

Left side breast 

Inadeguate standard 

treatment 


