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pre-CT era 

post-CT era 

High precision radiotherapy… 

3D-CRT 

IMRT 

60 Gy 

90 Gy 

 

70 Gy 

80 Gy 

IGRT 

> 90 Gy? 

Steps of radiotherapy treatment planning and techniques 
 

To deliver high dose in the small target or in a dominant lesion  
 



High precision mini-invasive and  

robotic radiotherapy 

	
  

Ø  The	
  increased	
  conformality	
  of	
  SBRT	
  and	
  the	
  poten6al	
  
improvement	
  	
  in	
  therapeu6c	
  ra6o	
  mean	
  that	
  gaining	
  the	
  
benefits	
  of	
  further	
  dose	
  escala6on,	
  without	
  the	
  associated	
  
increase	
  in	
  toxicity	
  may	
  be	
  possible.	
  

Ø  This	
  represents	
  an	
  opportunity	
  to	
  extend	
  the	
  progress	
  
made	
  with	
  moderate	
  hypofrac6ona6on.	
  



. 
Radical external beam radiotherapy for localised carcinoma of 

the prostate using a hypofractionation technique. 
 

Collins CD, Lloyd-Davies RW, Swan AV. 
 

Department of Radiotherapy and Oncology, St Thomas' Hospital, London, UK. 
 

 
Clin Oncol (R Coll Radiol). 1991 May;3(3):127-32 

 
 

…the first report of extreme hypofractionation (4-8 fr) was in 
England 1960-1980. 

 
36 Gy in 6 fractions (prior to CT era) 

Ø The pts had good clinical response (prior to Psa era): 
 with overall survival curves similar to the unaffected 
population 

Ø Very low toxicity 
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“dose escalation” 
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Dose	
  escala%on…why	
  ???	
  
	
  
	
  
	
  
	
  	
  

	
  
	
  
	
  

	
  
Increase	
  of	
  1.8%	
  in	
  PSA	
  

control	
  	
  
	
  

For	
  1	
  Gy	
  dose	
  delivered	
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1°	
  Meta-­‐analysis	
  
	
  
	
  

	
  



	
  

Dose	
  escala%on…How	
  ???	
  
	
  
	
  
	
  
	
  	
  

	
  
	
  
	
   ? 
? ? 

? 
It	
  is	
  believed	
  that	
  PCa	
  has	
  a	
  low	
  a/b	
  of	
  

approximately	
  1.5	
  Gy.	
  
	
  

Retrospec6ve	
  data	
  from	
  11	
  330	
  pa6ents	
  with	
  
PCa	
  treated	
  with	
  EBRT	
  of	
  varying	
  frac6on	
  size	
  

supports	
  this	
  theory	
  



For	
  slowly	
  prolifera6ng	
  cells,	
  
high	
  doses	
  per	
  frac6on	
  may	
  be	
  more	
  

effec6ve	
  because	
  immediate	
  cell	
  death	
  is	
  
ins6gated	
  due	
  to	
  the	
  high	
  number	
  of	
  DNA	
  
double-­‐strand	
  breaks	
  caused	
  by	
  each	
  

frac6on.	
  	
  

A	
  slow	
  prolifera6on	
  rate	
  results	
  in	
  a	
  high	
  
repara6on	
  ability	
  of	
  radia6on	
  damage	
  
over	
  6me,	
  such	
  standard	
  frac6ona6on	
  

given	
  in	
  small	
  increments	
  over	
  a	
  long	
  6me	
  
period	
  may	
  be	
  subop6mal	
  for	
  PCa	
  for	
  
which	
  a	
  high	
  total	
  dose	
  is	
  required	
  for	
  

effec6ve	
  control.	
  	
  

	
  hypofrac6ona6on	
  for	
  PCa	
  has	
  the	
  advantages	
  of	
  
increased	
  convenience	
  for	
  the	
  pa6ent	
  and	
  a	
  lower	
  

cost	
  burden	
  for	
  the	
  health	
  care	
  system	
  	
  

EURURO	
  2014,	
  -­‐5781;	
  No.	
  of	
  Pages	
  9	
  	
  



4,3 – 7,5 years 



A	
  Dutch	
  group	
  (HYPRO	
  study;	
  ISRCTN	
  85138529)	
  	
  	
  820	
  pa6ents	
  

64,6	
  Gy	
  in	
  19	
  frac6ons	
  (hypofrac6ona6on)	
  	
  vs	
  	
  78	
  Gy	
  in	
  39	
  frac6ons	
  (standard	
  frac6ona6on)	
  

	
  

UK	
  study	
  (CHHiP	
  study;	
  ISRCTN	
  97182923)	
  has	
  completed	
  recruitment	
  of	
  3200	
  men	
  comparing	
  	
  

60	
  Gy	
  in	
  20,	
  	
  	
  	
  	
  	
  57	
  Gy	
  in	
  19	
  ,	
  	
  	
  	
  	
  	
  74	
  Gy	
  in	
  37	
  frac6ons	
  

A	
  Dutch	
  group	
  (HYPRO	
  study;	
  ISRCTN	
  

85138529)	
  	
  

advantage	
  in	
  long-­‐term	
  disease	
  control	
  

with	
  dose	
  escalated	
  hyopofrac6ona6on	
  

with	
  sa6sfactory	
  acute	
  and	
  late	
  toxicity.	
  

UK	
  study	
  (CHHiP	
  study;	
  ISRCTN	
  

97182923)	
  	
  

hypofrac6onated	
  radiotherapy	
  non-­‐

inferior	
  in	
  terms	
  of	
  disease	
  control	
  with	
  

no	
  excessive	
  toxicity	
  

q  pre-­‐treatment	
  symptoms	
  were	
  a	
  major	
  risk	
  factor	
  for	
  genitourinary	
  side-­‐effects	
  

q  acute	
  gastrointes6nal	
  toxicity	
  was	
  increased	
  with	
  hypofrac6ona6on	
  
	
  

longer	
  follow	
  up	
  is	
  needed	
  to	
  establish	
  whether	
  
the	
  associa%on	
  will	
  hold	
  true	
  for	
  short-­‐term	
  effects	
  

aQer	
  modest	
  hypofrac%ona%on	
  

Lancet,	
  January	
  2012	
  



Conven%onal	
  frac%ona%on	
  
Vs	
  

Moderate	
  Hypofrac%ona%on	
  
	
  
	
  

q  IMRT	
  and	
  IGRT	
  may	
  be	
  useful	
  in	
  limi6ng	
  overall	
  toxicity	
  

q  Higher	
  doses	
  and	
  >	
  BED	
  improve	
  BCR	
  

q  No	
  difference	
  in	
  overall	
  outcome,	
  distant	
  disease	
  survival	
  

q  Late	
  toxicity	
  appears	
  to	
  be	
  similar	
  (the	
  volume	
  of	
  rectum	
  receiving	
  high	
  dose	
  may	
  be	
  a	
  

predictor	
  of	
  late	
  tox:	
  Vr	
  receiving	
  64,6	
  Gy	
  >20%	
  à	
  risk	
  of	
  G2	
  tox	
  )	
  

q  Late	
  urinary	
  symptoms:	
  not	
  different	
  from	
  baseline	
  

q  Erec6le	
  func6on	
  decreases	
  24	
  months	
  afer	
  
	
  

Moderate	
  Hypo:	
  
Take	
  home	
  message	
  



Extreme Hypofractionation 

18 mo-4,6 years 

 
 

•  In general for low and selected intermediate risk pts 
 

•  Early decrease in urinary and bowel QOL before returning to baseline 

by 2y after treatment 

•  Erectile dysfunction remains a permanent late effect 

•  Nonconsecutive days may reduce late tox 

•  < 50% of V rectum à 4,8 Gy/fr 

 





All	
  reported	
  series	
  have	
  used	
  doses	
  of	
  35	
  -­‐	
  36	
  Gy	
  in	
  
five	
  frac6ons,	
  given	
  daily	
  or	
  on	
  alternate	
  days.	
  



The	
  CBCT	
  approach	
  is	
  appealing	
  due	
  to	
  its	
  non-­‐invasive	
  nature	
  and	
  ability	
  to	
  
define	
  sof	
  6ssue	
  changes	
  (such	
  as	
  those	
  due	
  to	
  bladder	
  and	
  rectal	
  filling)	
  which	
  
cannot	
  be	
  appreciated	
  with	
  fiducial	
  guidance.	
  Moseley	
  et	
  al.	
  have	
  reported	
  
equivalent	
  accuracy	
  to	
  fiducial	
  markers	
  

The	
  majority	
  of	
  clinical	
  evidence	
  comes	
  from	
  treatments	
  using	
  the	
  Cyberknife	
  
robo6c	
  radiosurgery	
  (RRS)	
  system	
  (Accuray	
  Incorporated)	
  

More	
  recently,	
  planning	
  studies	
  have	
  
demonstrated	
  that	
  Volumetric	
  
Modulated	
  Arc	
  Therapy	
  (VMAT)	
  is	
  
capable	
  of	
  producing	
  excellent	
  SBRT	
  
dose	
  distribu6ons	
  



A reduction in PTV 
allowed delivery of 

higher radiation dose 

without increasing 

toxicity  

Recomandations for therapy planning 
 

 
By	
  reducing	
  rectal	
  gas	
  and	
  faeces,	
  dietary	
  protocols	
  may	
  also	
  help	
  in	
  
reducing	
  prostate	
  mo%on	
  and	
  CBCT	
  artefact	
  
	
  
With	
  regard	
  to	
  margins,	
  the	
  majority	
  of	
  studies	
  have	
  used	
  
	
  

PTV	
  margins	
  of	
  5	
  mm	
  with	
  3	
  mm	
  posteriorly	
  
 

GTV 

CTV 

PTV 



HOW	
  WE	
  TREAT	
  PROSTATE	
  CANCER?	
  

EXTREME	
  HYPOFRATIONATION:	
  Rectal	
  Damage??	
  

	
  

 
 

 

 

	
  

	
  

	
  

	
  

	
  

Courtesy	
  by	
  Dr.	
  Alongi	
  
(radiotherapy,	
  Sacro	
  
Cuore	
  Don	
  Calabria	
  

Negrar)	
  



MODERATE	
  HYPOFRATIONATION	
  

PLAN	
  COMPARISON	
  WITHOUT	
  AND	
  WITH	
  

SPACEOAR	
  

	
  
NO	
  HIGH	
  DOSE	
  	
  

IN	
  ANTERIOR	
  RECTAL	
  WALL	
  

	
  

NO	
  NEED	
  OF	
  REDUCTION	
  OF	
  DOSE	
  IN	
  THE	
  OVERLAP	
  

BETWEEN	
  RECTUM	
  AND	
  PROSTATE	
  PTV	
  

USEFUL	
  OF	
  SPACEOARTM	
  IN	
  MODERATE	
  HYPOFRACTIONATION:	
  

Rectum	
  

with	
  	
  and	
  without	
  SpaceOAR	
  

NO	
  SPACER	
   SPACER	
  

Courtesy	
  by	
  Dr.	
  Alongi	
  (radiotherapy,	
  Sacro	
  Cuore	
  Don	
  Calabria	
  Negrar)	
  



SPACEOAR	
  

Dose	
  distribu6on	
  

Isodose	
  95%	
  

NO	
  SPACEOAR	
  

Dose	
  Distribu6on	
  

Isodose	
  95%	
  

Rectum	
  

with	
  	
  and	
  without	
  SpaceOAR	
  

SPACEOARTM	
  PROTOCOL:	
  37.5	
  Gy	
  in	
  5	
  fracLon,	
  urethral	
  sparing	
  

	
  

USEFUL	
  OF	
  SPACEOARTM	
  IN	
  EXTREME	
  HYPOFRACTIONATION:	
  

Anterior	
  	
  

Rectal	
  wall	
  

Courtesy	
  by	
  Dr.	
  Alongi	
  (radiotherapy,	
  Sacro	
  Cuore	
  Don	
  Calabria	
  Negrar)	
  



HOW	
  DO	
  WE	
  TREAT	
  PROSTATE	
  CANCER?	
  

35	
  Gy	
  in	
  5	
  frac%ons	
  	
  

Courtesy	
  by	
  Dr.	
  Alongi	
  (radiotherapy,	
  Sacro	
  Cuore	
  Don	
  Calabria	
  Negrar)	
  



Ruggieri	
  R	
  et	
  al.	
  Submi3ed	
  	
  2015	
  	
  

IMPACT	
  OF	
  SPACER	
  IN	
  SBRT:	
  PLANNING	
  COMPARISON	
  

Study	
  analysis	
  of	
  the	
  first	
  11	
  paLent	
  	
  

Planning	
  Results	
  

	
  

Firstly,	
  by	
  comparing	
  plans	
  Spacer	
  vs.	
  NoSpacer,	
  spacer	
  inser6on	
  significantly	
  improved	
  

rectal	
  dose	
  sparing	
  for	
  [V18Gy%(p	
  =.0003);	
  V28Gy%:	
  (p	
  =.00005);	
  V32Gy%:	
  (p	
  =.0006)].	
  	
  Target	
  

dose	
  coverage	
  also	
  was	
  improved,	
  in	
  terms	
  of	
  D98%	
  (p	
  =.003);	
  and	
  PTV33.2Gy	
  (p	
  =.005)	
  

	
  	
  

TABLE:	
  p-­‐values,	
  from	
  t-­‐test	
  in	
  normal	
  characters,	
  or	
  from	
  Wilcoxon	
  test	
  in	
  italic	
  characters,	
  from	
  five	
  comparisons	
  of	
  ten	
  

parameters	
  (D
98%

,	
  D
50%

,	
  PTV
33.2Gy

,	
  PTV
35Gy

,	
  Vr
18Gy

,	
  Vr
28Gy

,	
  Vr
32Gy

,	
  Vrw
18Gy

,	
  Vrw
28Gy

,	
  Vrw
32Gy

)	
  computed	
  from	
  11	
  plans	
  per	
  group	
  (Spacer,	
  

NoSpacer).	
  

 	
    	
    	
    	
    	
    	
    	
    	
    	
    	
    	
  

	
  	
   D98%	
   D50%	
   PTV33.2	
   PTV35	
   Vr
32Gy	
   Vr

28Gy	
   Vr
18Gy	
   Vrw

32Gy	
   Vrw
28Gy	
   Vrw

18Gy	
  

Spacer	
  	
  

vs.	
  	
  

NoSpacer	
   .003	
   .110	
   .005	
   .060	
   .0006	
   5x10-­‐5	
   .0003	
   2x10-­‐5	
   3x10-­‐5	
   .0005	
  

Courtesy	
  by	
  Dr.	
  Alongi	
  (radiotherapy,	
  Sacro	
  Cuore	
  Don	
  Calabria	
  Negrar)	
  





low	
  and	
  intermediate	
  risk	
  pa6ents	
  who	
  are	
  
suitable	
  for	
  prostatectomy	
  	
  

Between	
  laparoscopic	
  surgery	
  and	
  SBRT	
  
those	
  unsuitable	
  or	
  who	
  do	
  not	
  want	
  a	
  prostatectomy	
  are	
  randomised	
  between	
  
	
  

image-­‐guided	
  IMRT	
  (78	
  Gy	
  in	
  39	
  frac6ons)	
  and	
  SBRT.	
  	
  
	
  

SBRT	
  is	
  given	
  to	
  a	
  dose	
  of	
  36.25	
  Gy	
  in	
  5	
  frac6ons,	
  daily	
  or	
  on	
  alternate	
  days	
  
	
  

Image	
  guidance	
  is	
  fiducial-­‐based	
  and	
  ADT	
  is	
  not	
  given	
  	
  



Good luck ! 



    “Give me five”  
 

   
 
 
 

EIO protocol with Vero Brainlab  
 



Boike TP et al. Phase I Dose-Escalation Study of Stereotactic Body Radiation Therapy for Low- and Intermediate-RiskProstate 

Cancer. J Clin Oncol 2011;29:2020-2026. 

 

King CH et al. Long-term outcomes from a prospective trial of stereotactic body radiotherapy for low-risk prostate  

Int. J. Radiat Oncol Biol. Phys.2012, 82: 877–882, 

 

Katz AJ et al. Stereotactic body radiotherapy for organ confined prostate cancer. BMC Urology 2010, 10:1 

 

Arcangeli S et al. Will SBRT replace conventional radiotherapy in patients with low-intermediate risk prostate cancer? A review. Critical 

Reviews in Oncology/Hematology 2012; 84: 101–108 

 

Freeman DE et al. Stereotactic body radiotherapy for low-risk prostate cancer: five-year outcomes. Radiat Oncol 2011, 6:3. 

Valori raccomandati per  dose/frazione  

6,5 Gy-7 Gy 
Valori dal piano di cura 

 

 Valori raccomandati per  dose/

frazione 

7,5-7,25 Gy 

 

Valori dal piano di    

cura 

Retto 

V= ______cc 

V100% <5 % % V100% <5 % % 

V50%< 50% % V50%< 50% % 

V80%< 20% % V80%< 20% % 

V90%< 10% % V90%< 10% % 

              V100% < 5%          %  V28 Gy< 1 cc cc 

Parete ant. del retto 
Dmax<105% 

Se possible Dmax<100% 

% 

Parete post del retto/canale 

anale 

Dmax<45% % 

Canale anale 

V100%< 5% % V100%< 5% % 

V50%<50% % V50%<50% % 

V80%< 20% % V80%< 20% % 

V90%<10% % V90%<10% % 

V100% <10% % V100% <10% % 

 

Vescica urinaria  

V= ______cc 

V50%< 40% % V50%< 40% % 

% V15.2Gy< 10 cc cc 

V28Gy< 2 cc cc 

Per frazione  

V3Gy< 10 cc 

cc 

Teste femorali 

V40%< 5% % V40%< 5% % 

V25 Gy< 10 cc cc 

Per frazione 

V5 Gy< 10 cc             

 

cc 

Intestino/cavità peritoneale 
     6,5 Gy      7 Gy Dmax<25Gy Gy 

Dmax<23Gy Dmax<25Gy 

V= ______cc 
D10cc<15,5 Gy D10cc<16,5 Gy 

D10cc<16.5 Gy Gy 

Intestino tenue 
Dmax<24 Gy 

(4,8 Gy/fraz.) 

Gy 

Bulbo penieno 

Dmax=100% % Dmax=100% % 

V25 Gy< 3 cc  cc  

Per frazione 

V25 Gy< 3 cc 

cc 

6,5 Gy 7 Gy 

Pene V30Gy< 1cc V34Gy< 1cc cc V34Gy< 1cc cc 

Testicoli D0,01cc< 3Gy D0,01cc< 4Gy Gy D0,01cc< 4Gy Gy 

Cauda equina Dmax< 22Gy Dmax< 23,5Gy Gy 
Dmax<23 Gy 

 (4,5 Gy/fraz.) 

Gy 

D10cc<20Gy D10cc<21,5Gy Gy V20,8Gy< 10 cc cc 

Congratulations! 

Report	
  doses	
  for	
  each	
  pa%ent	
  

Rectum	
  dose/fr:	
  	
  	
  	
  	
  	
  	
  	
  V50%	
  <	
  50%	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  V80%	
  <	
  20%	
  
	
  	
  	
  	
  	
  	
  	
  	
  V90%	
  <10%	
  
	
  	
  	
  	
  	
  	
  	
  	
  V100%	
  <5%	
  

	
  
Posterior	
  part	
  of	
  the	
  rectum	
  	
  Dmax<	
  45%	
  
	
  
Anterior	
  part	
  of	
  the	
  rectum	
  	
  Dmax<	
  85%	
  or	
  Dmax	
  <31	
  Gy	
  



Prostate cancer 

CTV-­‐PTV	
  :	
  5/3	
  mm	
  (post)	
  



Prostate cancer 

1. Daily ExacTrac (positioning array or surface markers)   

2. Daily IGRT with CBCT  

Just couple of minutes, imaging dose 1.9 cGy 



PSA PSA 

PSA 

PSA 
PSA 

PSA 

PSA 
PSA 

PSA 

Our experience EIO: OUT TRIAL 

Ø  120	
  pts	
  from	
  April	
  2012	
  to	
  October	
  2014	
  
	
  
Ø  risk	
  categories	
  :	
  low	
  (T1-­‐T2a,	
  PSA	
  <10	
  ng/ml,	
  Gleason	
  score	
  <7)	
  or	
  intermediate	
  (T2b	
  or	
  
	
  
	
  	
  	
  	
  	
  	
  	
  T2c,	
  PSA	
  between	
  10	
  and	
  20	
  ng/ml,	
  Gleason	
  score	
  of	
  7)	
  
	
  
Ø  personalized	
  indica%on	
  for	
  high	
  risk	
  pts	
  (PSA	
  >	
  20	
  ng/ml,	
  Gleason	
  score>	
  7)	
  prostate	
  
	
  
	
  	
  	
  	
  	
  	
  	
  volume	
  	
  <100	
  cc	
  
	
  
Ø  ADT	
  29%	
  

Ø  IG-­‐IMRT	
  with	
  CBCT	
  on	
  alternate	
  days	
  	
  

	
  
Ø  32,5-­‐35	
  Gy/5	
  fr	
  

	
  
BC	
  rate	
  aQer	
  a	
  mean	
  follow	
  up	
  

of	
  8	
  months	
  was	
  99,2%	
  
 



ACUTE	
  	
  TOXICITY	
  
(according	
  to	
  EORTC/RTOG)	
  	
  

10(8.3%) 1(0.8%) 

0% 

Acute tox GU 

G0 

G1 

G2 

G3 

G4 

68(56.7%) 

41(34.2%) 

Acute tox GI 

G0 

G1 

G2 113 (94.2%) 

6 (5%) 1 (0.8%) 

82	
  pa%ents	
  with	
  f.-­‐up	
  >	
  6	
  months	
  
8	
  months	
  	
  

(range	
  3	
  –	
  24)	
  

LATE	
  	
  TOXICITY	
  
(according	
  	
  to	
  EORTC/RTOG)	
  	
  

Late tox GU 

G0 

G1 

G2 
61(74.4%) 

17 (20.7%) 
4 (4.9%) 

Late tox GI 

G0 

G1 

G2 
80 (97.6%) 



Take	
  home	
  message	
  

IMRT	
  and	
  dose	
  escalaNon	
  
(doses	
  >	
  80	
  Gy)	
  is	
  mandatory	
  for	
  
curaNve	
  RT	
  for	
  prostate	
  cancer	
  

SBRT	
  and	
  hypofracNonated	
  regimen	
  for	
  localized	
  prostate	
  cancer	
  
has	
  yet	
  to	
  be	
  fully	
  validated:	
  

	
  
Moderate	
  2,5-­‐4	
  Gy/fr	
  to	
  50-­‐70	
  Gy	
  	
  

	
  
Extreme	
  5-­‐10	
  Gy/fr	
  to	
  35-­‐50	
  Gy	
  	
  

	
  

“dose escalation” 

Hypo	
  for	
  Pca	
  has	
  advantages	
  of	
  increased	
  
convenience	
  for	
  the	
  pts	
  and	
  lower	
  cost	
  



Take	
  home	
  message	
  

Longer	
  follow-­‐up	
  is	
  needed	
  to	
  confirm	
  durable	
  biochemical	
  
control	
  rate	
  and	
  low	
  late	
  toxicity	
  profiles	
  

SBRT	
  has	
  been	
  delivered	
  successfully	
  
using	
  both	
  RRS	
  and	
  IMRT	
  (IGRT	
  with	
  CBCT)	
  

Early	
  efficacy	
  data	
  is	
  also	
  promising,	
  
	
  the	
  majority	
  of	
  treated	
  paNents	
  having	
  low	
  

or	
  intermediate	
  risk	
  disease.	
  



“If you can't see it, you can't hit it, 

and if you can't hit it, you can't cure it”  

(credited to the Canadian medical physicist Harold Johns) 

Thank you for your attention 


