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….Several irradiation modalities are well defined in many 
different “AIRO documents” from 1997 until now….

AIRO : 1997 AIRO : 2005 AIRO : 2009



C. Aristei, et al. : Tumori 2009

Usually :

• Supine set up

• High energy X Ray photons and/or electrons

• Static techniques using tangential opposite beams and w/f

• Multiportal techniques to deliver RT to nodal stations



Radiotherapy Evolution 

R. Ragona: 2008

...and so on....



Radiation Therapy Units



Radiotherapy : impact of
recent technical advances

• aaa

C.J.A. Haasbeek et al, 2009





Translational Research
…. Breast cancer α/β ratio is estimated to be around four. It suggests that hypofractionated
regimens should be more effective than conventional fractionation. Moreover, to enforce the
radiobiological rationale of hypofractionation in breast cancer is the shorter treatment time from 6
weeks to 3 weeks: the shorter the total treatment time, the lower the potential of repopulation of
cancer cells, thus improving local control.

Qi XS et al., Radiother Oncol 2011

ONTARIO trial
(2010)

START-A trial
(2008)

START-B trial
(2008)

RMH/GOC trial
(2006)

Past 
Experience



• IRMA Trial
• Florence Trial
• IORT (ELIOT/TARGIT)
• NSABP RTOG 0413
• RAPID (Canadian trial)
• .........

The American Society for Radiation Oncology has also published a 
consensus statement to guide the use of PBI until some of the phase 

III trials are more mature

McCormick,J Natl Comp C Netw 2012

....Several large, prospective, randomized trials are nearing 
target accrual or have been completed.... .

PBI



Accelerated  Hypo-RT

The 3d-CRTusing 2 tangent fields with dynamic 

wedge

+

1-3 conformal fields for the boost dose

4- to 7-segment field-in-field forward plan

+

1 to 3 conformal fields with Photons or e- for boost 

dose

Toxicity profile of
accelerated schedule is acceptable

40.5 Gy/15Fx of 2.7Gy each  to WB

45 Gy/15Fx of 3Gy each to surgical 
bed

with concomitant boost

2012



Novel Technologies and IMRT

.....From Static IMRT
( “Step and Shoot” or “Sliding indows”)...



IMRT-1

Review, 2012

MedLine 125 Articles

Embase 173 Articles

NIH 1 Guideline

Astro Conference 2 Conference

ASTRO Congress 13 Abstract

For Fully Review

13 articles

2 Conference

5 Abstract

Only 2 of 8 
articles 

were about
TRO



IMRT-1

Only 2 papers reported on 
breast cancer outcomes, 

perhaps due to the short FUP 
times in some studies.

- No evidence for differences 
in local recurrence rates.

Whether this potential advantage is true of locoregional IMRT 
treatments remains unknown

- Less Acute Toxicity

Dayes I. et al,Clin. Onc., 2012 

MACDONALD MW, IJROBP, 2008
MORGANTI AG, Radiother Oncol, 2009



IMRT-2

From 2007 to 2010 ���� 97 pts

• Median mean dose p< 0,0001

• Median Dmax p<0,0001

• Dose Homogeneity p<0.0001

IMRT
better

2012

Less G2 hyperpigmentation  during subacute FUP



…... From IMRT….

….to IGRT……

...to obtain more accurate treatment planning and delivering 
with a more accurate set up control...



VMAT - Elekta

Imaging 2-D:   Kilovoltaggio 

Megavoltaggio

Imaging 3-D:  CT-on rails

CBCT

MVCBCT

MVCT

RMN

Imaging 4D : ????

Novel Technologies and IGRT

Artiste- Siemens

RapidArc-Varian

Tomotherapy 
Hi-aRT



IGRT/IMRT
Datas about dosimetric comparison and 

variations between different treatments are 
(probably!) well known

Schubert L et al , Radiot Oncol, 2011



IGRT/VMAT - 1

In conclusion, the presented experience of a 3-week course of postop RT 

using VMAT with SIB is feasible and it was associated with acceptable 

acute skin toxicity
With Courtesy of Dr.Scorsetti

50 patients

40.5Gy/15fx to PTV-WB

48.0Gy/15Fx to PTVboost

SIB-IMRT

2012



IGRT/TOMO - 3
Modena Experience



IGRT/TOMO - 3
Modena Experience

Set up 
for IGRT

Pt with “pectum excavatum” submitted to bilateral mastectomy �
indication for RT sulla on Right and Left anterior chest wall  and bilateral 

suvraclavear nodes

T
P
S

3D-cRT TOMO

Better Coverage

Shorter Set Up and Treatment time

Adequate Normal Tissue Sparing

TOMO showed



TOMODIRECT RT

Modena
Radioterapy Unit  

Experience 



IGRT/TOMO - 1

2009

APBI with four different techniques 30Gy in 5 fractions

3DcRT IMRT

TOMO Protons



IGRT/TOMO - 1
Dosimetry Evaluation [HI,CI,CovI,PTV, Breast Dosimetry]

Lung DVH All techniques have acceptable PTV coverage.
- PBT had the greatest capacity to spare normal breast tissue 

without increasing the dose delivered to the lung and 
heart.

- TOMO achieves high conformity to PTV and effective breast 

tissue sparing but showed higher dose exposure to the 

lung and heart.
Moon HS et al, Rad Onc, 2009



2012

25x2 Gy/5 weeks on WB + 
sequential boost 8x2 Gy/2 

weeks using 3DcRT
VS

15x2.8 Gy/3 weeks + SIB 
0.6/die Gy using Tomotherapy

Analisys of 70 pts in a non-blind RCT

IGRT/TOMO - 2

EndPoint : Lung and Heart toxicities

LungContro Breast

Heart

Only a trend of reduced lung 
toxicity in the 

hypofractionated arm



Concerns

....Have We the right Tools??????

....Are still present many concerns about :

Daily Set Up

Organ Motion



Set Up Control and Organ Motion System

ABC
(Active Breathing Control) 

System

Vision RT
(optical tracking) 

system

4D-CT Planning

RPA



ABC SYSTEM
Breast cancer treatment and OARs dosimetry may depend on Organ motion 

and suffer from inter- and intrafraction variations  due to respiratory 
movements

Lung Heart Skin Soft tissue

ABC system let us to :
- watch over/control patient breathing 
- reduce PTV margins due to respiratory 

movements
- allow and facilitate period of pt breath- hold



VISION RT 

Vision RT is composed by:

� Three laser systems with cameras
� Advanced software
� Workstation

Fast correction of the daily set-up    

On-line movements monitoring during RT 

New volumetric optical tracking system
Enable to acquire 3D-superficial images in real time calculating variations and 

movements comparing it with basal optical acquisitions or  CT images

Advantages



TOMO/VISION RT
Example of on-line monitoring  and set up control

IORT

EBRT  

42 Yrs old 
Sex Female

Stage pT1c pN0 M0
ER + PGR +

cERb 1+

2 weeks after RTELIOT full dose 
trial



4D-CT/4D-RT
MEDLine, 2012



“……improved dose distributions may 
convince fellow radiation oncologists -
but a real effect on patient-related 
outcome must be shown to convince 

the rest of the world…..”.

S.M. Bentzen et al., IJROBF 2004

Results, Perspectives  
Conclusions

...after many years.....



High Tech RT Vs 3DcRT

Is more sexy...
Is more handsome...
Probably is more envied....
Seems to be better to have a drink with....

Is  as comforting as...
Is as reassuring as...
Seems to be more competent....
Inspire more confidence...

…By Doctor’s point of view…..

I
M
R
T

3
D
c
R
T

Old



High Tech RT Vs 3DcRT
…By technical aspects’ point of view…..

…is faster..
…is more glamour...
…is more Hi-Tech..

…is more attractive...
…may be use only on a course...

I
M
R
T

… Is more capacious..
…is a bit larger..

…is less expensive...
….may allow a daily use....

3
D
c
R
T



2008

Only four comparative studies on 
IMRT in breast cancer were included 
in this review (two RCTs and two case 

series)

The ability of IMRT to reduce treatment-induced toxic effects compared 
with non-IMRT treatment has been shown

The potential of IMRT to improve locoregional control and survival 
by total-dose or fraction-dose escalation, as shown in case series 

needs to be confirmed

EVIDENCE BASED MEDICINE-1



Dossier RER Emilia Romagna Region, December 2010

EVIDENCE BASED MEDICINE-2

Sistematic Review of the Literature : 
Results

Literature Analysis about clinical outcomes and role 
of IGRT/IMRT

….no clear answer available about toxicities, clinical 
outcome and efficacy



Evidence Based Medicine-3

Only 2 papers reported on 
breast cancer outcomes, 

perhaps due to the short FUP 
times in some studies.

- No evidence for differences 
in local recurrence rates.

Whether this potential advantage is true of locoregional IMRT 
treatments remains unknown

- Less Acute Toxicity

Dayes I. et al,Clin. Onc., 2012 



......and.......

“The overall benefit of IMRT in delivering adjuvant 
breast RT must be balanced against this increased 

demand on resources”

Dayes I., Clin Onc, 2012

THOUGHTS
No Data are present about clinical Outcome in terms of 
Locoregional control and/or Survival advantages with Hi-
Tech IMRT, IGRT, 4DRT,....

No data are present  about long term Toxicities (skin 
reaction, soft tissues oedema, arm Lynphoedema, etc..)

.... What about higher percentage of volume exposed to low 
doses for stocastic damage????

.... ipsilateral/controlateral lung and breast secondary 
cancer????



From http://www.cancer.gov/clinicaltrials

- 2009-APBI (NCT01185132) � Leonard CE, USA Multicenter
- IMRT-MC2 (NCT01322854) � Debus J, Heidelberg (Germany)
- RTOG-1005 (NCT01349322) � Vicini F, USA Multicenter 
- ICR-IMPORT-HIGH (NCT00818051) � Prof. Yarnold (RMH UK) 
- ICR-IMPORTLOW (NCT00814567) � Prof. Yarnold (RMH UK) 
- MA-KOSIMA-01 (NCT01403779) � Wenz F, Mannheim (Germany)
- S12-01299 (NCT01591811) � Formenti S, NYU (USA)

- CYBERNEO (NCT00872625) � Bondiau PY, Nice (France)

- 7326-09-SMC (NCT01016574) � Ben-David M, (NCI) 
- NKI-AVL-Descartes-2009-1 (NCT01024582) �

Elkhuizen P,(Netherlands)*

- NCT00459628 (Phase III) � Vinh-Hung V. (Belgium)

- NCT00508352 (Phase I-II) � Ottawa Hospital (Canada)

FUTURE ANSWERS



Operative Suggestions
Two different 
Routes for 
Hi-Tech

in BC
Few Patients

(Particular clinical features)
Most Patients

(Standard clinical features)

High individual risk 
ofAcute/late toxicity 
Or comorbidity  to 

perform standard RT

Looking for clinical 
advantages to guarantee 
Cost Effectiveness for 
Health System and pts

Sporadic “Hi-Tech”
clinical use 
(out trial)

Tailored 
Therapy

Large scale 
multicenter 

RCT

General Clinical Governance 



Last Suggestions

2007-2008



Multicentric clinical trial RER
http://www.igimtrial.unimore.it

.......Coming Soon......October 2012.........



THANK YOU


