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2014,370,932 

•!695 men 1989-99 
•!Follow up 23 years 
•!11% reduction in CaP deaths 
•!RR 0.56 
•!NNT 8 
•!Benefit in men < 65 years 
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2012,367,203 

•!731 men 2002-10 
•!Follow up 10 years 
•!2.6% reduction in CaP deaths (NS) 
•!RR 0.88 (NS) 
 
•!Sub group analysis: Int /High risk  
10% reduction in CaP deaths 
HR 0.45 



5 

Lancet 2009 373 301-8 Lancet 2011 378 2104-11 

•!875 men 1996-2002 
•! Initial PSA19.8 
•!Follow up 7.6years 
•!H.R 0.44 
•!12% reduction in CaP deaths 
•!NNT 8.3 to prevent CaP death 

•!1057 men 1995-2005 
•! Initial PSA 27.5  
•!Follow up 6.0 years 
•!H.R 0.77 
•!11% reduction in CaP deaths 
•!NNT 9.0 to prevent CaP death 



Surgery 30% Radiotherapy 70% 
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Screen detected prostate cancer 
•!228,955 men invited for screening 
•!82,428 PSA test  
•!2896 diagnosed with CaP 
•!2417 localised CaP 
•!1643 men randomised between Active monitoring (545)  
                   vs high dose conformal RT(545) vs RP(553) 
 
Primary endpoint prostate cancer specific mortality at 10years 
 
10 year median follow-up to be reported in 2016 10 year median follow-up to be reported in 2016 
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Years of Life Lost (YLL) 

Years of Life lived with Disability(YLD) 
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No.225  Dose 64Gy 32f   T3 – 55%  PSA median 19 



Dose-Escalation Studies: Where have we got to? 

Trial Std Esc Hormones N Pts Accrual 

MDACC 
(Kuban) 

70Gy--35f 78Gy--39f None 305 1993-1998 

ICR/RMH 
(Dearnaley) 

64Gy--32f  74Gy--37f All 125 1995-1997 

PROG 95-09 
(Zeitman) 

70.2CGE 79.2CGE None 390  1996-2000 

NKI(Lebesque) 68Gy--34f 78Gy--39f Some 668 1997-2003 

MRC RT01 
(Dearnaley) 

64Gy--32f 74Gy--37f All 843 1998-2001 

GETUG 06 
(Beckendorf) 

70Gy--35f 80Gy--40f None 306  2000-2002 

CCF(Kupelian) 70Gy--35f 78Gy--39f None 130 ??? 

RTOG-0126 
(Michalski) 

70.2Gy--39
f 

79.2Gy—44f None 1520 2002-2008 



RT01: 10yr results Dearnaley et al Lancet Oncol 2014,15,464-73 

•! Median age 67 yrs 
•! Median PSA = 12.8 ng/ml 
•! T stage: 75% palpable disease (cT2/3) 
•! NCCN Risk Group - Low 23%, Int 32%, High 44% 
•! Recruitment 1998 – 2001   
•! CFRT all patients 
 
 
 

Median age 67 



RT01 Trial:  bPFS –10yr results Lancet Oncol 2014 

397 bPFS: 224 Std and 173 Esc 
HR=0.69,  95%CI=(0.57-0.84), p<0.001 
Median FU 10 years 

10yrs bPFS 

54% in 74Gy group 

42% in 64Gy group 

 *adjusted for risk 
group and hospital 
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Reduced need for salvage 
hormone treatment by 6% 



RT01 Trial: Overall survival –10yr results  Lancet Oncol 2014  
  

•  239 deaths: 120 Std and 119 Esc 
•  Median FU  10 yrs 
•  HR=0.99*, 95%CI=(0.77-1.28), 

p=0.94 

*adjusted for 
risk group and 
hospital 

10yrs OS  

70% in both groups 
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RT01 Trial: Prostate Ca.Survival: 10yr results Lancet Oncol 2014 

PCa death (91): sub-HR*=1.02  95%CI=(.07-1.53) p=.93 
non-PCa death (148): sub-HR*=0.96  95%CI=(.70-1.33) p=.83 

*Grey’s test applied 
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ICR/RMH Dose Escalation Trial: (Creak BJC 2013.109.651-7)  
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Years since randomisation

Standard dose Escalated dose

HR =0.59 
95%CI=0.23-1.49 
P value =0.29 
 

Esc: 94.8% 

Std:88.0% 

No. 127 Median follow up 14 yrs 



CaP Deaths in RCT’s of Dose Escalation 

Trial No. FU High 
Risk 

CAP 
deaths 

PROG       393        9yr        5%        4(1%) 

MDA 305 9yr 33%   10 (3%)   

NKI 669 5.8yr 55% 87(13%) 

RT01 843 10yr 44%   91 (11%)   

ICR/
RMH 126 14yr 59%    19 (15%)   

Zietman   JCO  2010, 28, 1106                    Kuban  IJROBP  2011, 79, 1310  
Dearnaley  Lancet Oncol   2007, 8, 475        Al-Mamgani IJROBP 2008,72,980 
Creak   ESTRO May 2011,                            Dearnaley ECCO Sept 2011 

!"#$%&'(%)*+%,-./.&0%+#12%213)4)5#*%.-6789:%
-);%+2)<=1%%#33>""2+%?*%$2*%@?<=%=?A=%"?1B%+?12)12%%
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High dose versus conventional dose in EBRT of prostate cancer: 
a meta-analysis of long-term follow-up     Zan Hou, Guangjun Li, Sen Bai 

Journal of Cancer Research and Clinical Oncology   2015, 141, 6, 1063-1071 

•  6 RCT   2822 patiens 
•  10 yr OS 73.4% vs 74.3% OR 1.05 
•  10y PCSS 90.7% vs 91.6% OR 1.11 
•  10 yr BF 34.5% vs 24.7% OR  0.61  (p< 0.00001) 

 
•  Late ≥2 GI toxicity 28.0% vs 18.6% OR 1.72 (p<0.00001) 
•  Late ≥ 2 GU toxicity 22.6% vs 19.5% OR 1.24 p=0.04 

64Gy-70.2Gy vs 74Gy-78Gy 
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Traditional Model of Fractionation 
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adapted from Prof. Yarnold / Dr Somaiah 
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New Model of Tumour Fractionation 
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adapted from Prof. Yarnold / Dr Somaiah 



What’s the fraction sensitivity of Ca 
prostate? 

1.8 Gy 

3.7 Gy 

1.55 Gy 

1.4Gy 
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Randomized Trial of Hypofractionated External-Beam 
Radiotherapy for Prostate Cancer Pollack et al JCO 2013.381.3860 

• No. 303; Favourable to high risk; 5.5 yrs FU 
• 76 Gy  38F 2Gy/F vs 70.2Gy 27F 2.7Gy/F 

• Calculated to be equivalent to 84Gy for alpha/

beta 1.5Gy and 76Gy for alpha/beta 5Gy 



PSA Control and death GU side effects 

Randomized Trial of Hypofractionated External-Beam 
Radiotherapy for Prostate Cancer  Pollack et al JCO 2013.381.3860 

HYPO 

CONV CONV 
HYPO 



PSA Control and death GU side effects 

Randomized Trial of Hypofractionated External-Beam 
Radiotherapy for Prostate Cancer  Pollack et al JCO 2013.381.3860 

HYPO 

CONV CONV 
HYPO 

Definitive RCT’s awaited ! 



26 Clinical Hypothesis 

•! Prostate cancer is as (or more) sensitive 
to fraction size as the dose-limiting 

normal tissues 
 

•! 2Gy fractions spare prostate cancer as 
much as they spare normal tissues (no 

advantage) 
 

•! Larger fractions are worth testing 
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NCRI Urological CSG’s Trials Meeting Jan 27th 2016  



Trial schema 28 

Hormone	
  treatment†	
  	
  
(3-­‐6	
  months)	
  

Clinical	
  T1b-­‐T3a,	
  N0,	
  M0	
  
Risk	
  of	
  seminal	
  vesicle	
  involvement*	
  ≤	
  30%	
  

PSA	
  ≤	
  30ng/ml	
  

Randomise	
  
1:1:1	
  

74Gy	
  /	
  37f	
  
(standard)	
  
7.4wks	
  

60Gy	
  /	
  20f	
  
(hypofrac;onated)	
  

4wks	
  

57Gy	
  /	
  19f	
  
(hypofrac;onated)	
  

3.8wks	
  

*	
  PSA	
  +([Gleason	
  score-­‐6]	
  x10)	
  

†	
  op2onal	
  for	
  pa2ents	
  with	
  low	
  risk	
  disease	
  (T1c/T2a	
  &	
  Gleason	
  score	
  ≤6	
  &	
  PSA	
  ≤10ng/ml)	
  



Endpoints 29 

Primary	
  Endpoint	
  
	
  

•  Biochemical	
  (PSA)	
  failure	
  or	
  prostate	
  cancer	
  recurrence	
  
	
  
Secondary	
  Endpoints	
  
	
  

•  Acute	
  and	
  late	
  radia2on	
  induced	
  side	
  effects	
  (RTOG,	
  LENTSOM,	
  RMH)	
  
•  Aspects	
  of	
  quality	
  of	
  life	
  (UCLA-­‐PCI,	
  EPIC,	
  FACT-­‐P)	
  
•  Overall	
  survival	
  

•  Cause	
  specific	
  survival	
  
•  Development	
  of	
  metastases	
  
•  Recommencement	
  of	
  hormonal	
  treatment	
  for	
  disease	
  recurrence	
  
•  Aspects	
  of	
  health	
  economics	
  
•  Models	
  of	
  normal	
  2ssue	
  and	
  tumour	
  control	
  



Radiotherapy treatment technique 
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•! b(4Z,4-$(4$:)1.4=.$73,)).-$BOAL$
•! S:>?3/,).(?=$:)/.;4,/.-$M((=/$
/.90):a?.$$/($:)93?-.$*4(=/,/.$,)-$Se$

•! O,)-,/(46$)(4>,3$2==?.$-(=.$
9()=/4,:)/=$$

•! ',2(),3$fT$74(;4,>$$



d.7,4/>.)/$
(8$5.,3/0$

*,4/$B$D"$9.)/4.=I$ *,4/$BB$D&&$9.)/4.=I$ *,4/$BBB$D(4:;:),3I$ *,4/$BBB$D4.1:=.-I$

Accrual 

S/,4/$(8$
*,4/$BBB$

+3(=?4.$(8$)()<
BWAL$9.)/4.=$

+3(=?4.$(8$f(_$
=?M<=/?-6$

+,)9.4$A.=.,490$EF$+A$EF$74(;4,>>.$;4,)/$b?)-:);@$
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K&%K$
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Radiotherapy   33 
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What is an acceptable non-inferiority 
margin? 

34 

•  5%	
  non-­‐inferiority	
  margin	
  around	
  70%	
  control	
  rate	
  corresponding	
  to	
  a	
  cri2cal	
  hazard	
  
ra2o	
  (HR)	
  of	
  1.208.	
  

•  Trial	
  Management	
  Group	
  (TMG)	
  agreed	
  that	
  5%	
  non-­‐inferiority	
  margin	
  around	
  a	
  
control	
  rate	
  of	
  85-­‐90%	
  was	
  too	
  wide	
  and	
  the	
  cri2cal	
  hazard	
  ra2o	
  of	
  1.208	
  should	
  be	
  
maintained	
  accep2ng	
  that	
  this	
  was	
  “2ght”	
  if	
  control	
  rates	
  were	
  high	
  (2.8%-­‐1.9%	
  for	
  
control	
  rate	
  of	
  85%	
  -­‐90%	
  in	
  standard	
  2Gy/F	
  group).	
  

	
  
•  Greater	
  confidence	
  in	
  interpreta2on	
  of	
  non-­‐inferiority	
  if	
  inten2on	
  to	
  treat	
  and	
  per	
  

protocol	
  analysis	
  are	
  consistent	
  (CONSORT	
  guidelines).	
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35 Time to biochemical failure and 
prostate cancer recurrence 
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36 Time to biochemical failure and 
prostate cancer recurrence 
Primary analysis 
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Late toxicity – LENT-SOM bladder 
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Number of pts:
1238 2907 2465 2786 2743 2745 2756 2445 1599
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Comment: bladder symptoms less common at 6m - 5 years than pre-treatment 
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Quality of Life – Bowel and bladder bother 45 

Number of pts:
715 1508 1311 1515 1452 1314 1253 1324 1130 1076
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ptrend=0.75/0.77 

Number of pts:
718 1514 1299 1513 1453 1309 1247 1315 1123 1054
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Quality of Life – Bowel and bladder bother 
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Late toxicity – LENT/SOM sexual dysfunction 
 

46 

Number of pts:
1157 2799 2351 2665 2586 2549 2455 2119 1416
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Late toxicity – LENT/SOM sexual dysfunction 

Number of pts:
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Comparison of QoL in National RT studies 
    CHHiP vs MRC Trial RT01 (74Gy groups) 
 

Bowel bother (%) Bowel distress (%) 

Severity Moderate Severe Moderate Severe 

RT01 9.3 3.1 11.8 0.7 

CHHiP 4.6 1.0 4.2 0.0 

Benefit from IMRT technique  and dose constraints used in CHHiP 
 

A.Wilkins et al Lancet Oncol Sept 2015  

 in National RT studies 
 MRC Trial RT01 (74Gy groups) 

Bowel bother (%) Bowel distress (%) 

Severity Moderate Severe Moderate Severe 

RT01 9.3 3.1 11.8 0.7 

CHHiP 4.6 1.0 4.2 

Benefit from IMRT technique  and dose constraints used in 

Lancet Oncol Sept 2015  
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•  With	
  a	
  median	
  follow	
  up	
  of	
  62	
  months,	
  hypofrac2onated	
  treatment	
  of	
  60Gy	
  in	
  20F	
  is	
  
non-­‐inferior	
  to	
  74Gy	
  in	
  37F	
  and	
  superior	
  to	
  hypofrac2onated	
  treatment	
  of	
  57Gy	
  in	
  19F	
  

	
  
•  Treatment	
  of	
  60Gy	
  in	
  20	
  frac2ons	
  is	
  associated	
  with	
  a	
  small	
  increase	
  in	
  late	
  bowel	
  side	
  

effects	
  compared	
  to	
  57Gy.	
  

•  The	
  overall	
  low	
  side	
  effect	
  profile	
  observed	
  reflects	
  the	
  treatment	
  technique	
  chosen	
  for	
  
use	
  in	
  this	
  trial.	
  

	
  
•  Es2mate	
  of	
  the	
  alpha/beta	
  ra2o	
  is	
  1.8Gy	
  (provided	
  no	
  2me	
  factor)	
  
	
  

• 	
  	
  	
  	
  	
  Modest	
  hypofrac2ona2on	
  using	
  60Gy	
  in	
  20	
  frac2ons	
  delivered	
  with	
  high	
  quality	
  RT	
  
techniques	
  can	
  be	
  recommended	
  as	
  a	
  new	
  standard	
  of	
  care.	
  

Impact 
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•! Prostate cancer RT – 27% of workload of RT depts 
•! 14,364 patients treated in 2014/15 
•! 455,638 attendances  
•! Uniform change to 20 fraction schedule would save 

over 200,000 attendances annually 
•! NHS cost saving ~ £20-30M/year 
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Modest 3Gy 

Toronto (1204)                    60Gy 20F (4w) vs 78Gy 39F   

NKI (800)        64.6Gy 19F (7w) vs 78Gy 39F 

UK CHHiP (3160)       57Gy 19F (4w) vs 60Gy 20F (4w)  

                                           vs 74Gy 37F (NAD all int/high risk) 

Extreme !6Gy 

HYPO Scandinavia (1200) 42.7Gy 7F (15-19d) vs 78Gy 39F 

PACE (Cyberknife consortium) 36.25Gy 5F vs 78Gy 39F 



1. HYPO Trial: Scandinavia 
•! 42.7Gy in 7F of 6.1 Gy vs 78Gy in 39F of 2Gy 
•! IGRT in all patients 
•! Hormone therapy permitted 
 
 Collaboration: modified protocol with NADT approved 

by CTAAC 2014 for UK component -  no.  1800 
Endpoint:  to exclude ! 6% detriment in PSA control 

What’s the fraction sensitivity of Ca prostate? 
*0,=.$BBB$L4:,3=$(8$.Y/4.>.$067(84,92(),2()$



PACE: International *0,=.$BBB$L4:,3$(8$
.Y/4.>.$067(84,92(),2()$
  

Randomize 

Conventional 
IGRT 

Randomize 

Robotic 
Prostatectomy 

CyberKnife® 

SBRT 

Yes No 

Surgical Consideration 

Early Stage Prostate 
Cancer 

CyberKnife® 

SBRT 

•! Modified for multi-platform 
IGRT 2015 

•! No 1800 
•! Endpoint: to exclude 
!6%detriment in PSA 
control  



CHHiP Trial 
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CHHiP Trial 
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•! Background 
•! Dose 
•! Fractionation 
•! Systemic treatment 
•! Pelvic treatment 
•! Post–operative treatment 
•! Side-effects 
•! Blue skies 
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Technology 



RT to prostate and SV -  66Gy
Randomisation: 
   RT alone vs RT and 3 months NAD
                  vs RT and 6 months NAD
No. 802,  median FU 10.6 yrs
Median PSA 15,  Int. Risk 16% High Risk 84% 











7 trials - 4387 patients - 3 long /4 short course
HR 0.76 for PSA failure 0.81 for CPFS

Metaanalysis of homones and RT    Bria Cancer 2009 115 3446



Metaanalysis of homones and RT    Bria Cancer 2009 115 3446

HR 0.76 for CSS and 0.86 for OS 



Metaanalysis of homones and RT Bria Cancer 2009 115 3446

NO increase of GU / GI toxicity  or Cardiac deaths 



NNT treat is 6.7 to prevent 1 CaP death at 5 yrs 
NNT treat is 2.9 to prevent 1 PSA recurrence at 5yrs

Michel Bolla   Lancet  2002 ;360: 103-08 



EORTC Trial  
RT+ 6m AD vs 36m AD 
No. 970    FU 6.4yrs 
5 yr Overall Deaths19.0% vs 15.2% 
    Absolute difference 3.8% HR 1.42 
5 yr CaP Deaths 4.7% vs 3.2% 
     Absolute difference 1.5% HR 1.42 

N Eng J Med 2009;360:2516-7 



“Number needed to” (NNT) estimates

NNT treat (3yrs AS) is 66.7 to prevent  
   1 CaP death at 5 yrs  
NNT treat (3yrs AS) is 26.3 to prevent  
   1 death from any cause at 5 yrs 

Short (6m) or long (3yrs) adjuvant AS 
with RT in advanced localised disease  



RTOG 92-02:Radiotherapy and duration of androgen 
suppression "

Change in outcome using LTAD compared with STAD 



Diabetes and cardiovascular disease during 
androgen deprivation for prostate cancer 
Keating   JCO   2006   24   4448

Total No. 73,196  Age ≥66  LHRHa 37%  Orchidectomy 7%  Adjusted H.R.
Rate of event/1000 patient years and adjusted Hazard Ratio

Diabetes Incident CHD M1
Sudden 
Cardiac 

Death

No Treatment 21 - 61 - 11 - 9 9

LHRHa 29 1.4 72 1.2 14 1.1 13 1.2

Orchidectomy 25 1.3 63 1.0 13 1.0 13 1.0

HR 1.1   p<.05;   ≥1.2    p<0.001



What should we advise?

Address risk factors
•  Diabetes , Cholesterol, Hypertension
•  Aspirin
•  Exercise
•  Bone health
•  Consider testosterone replacement



Bicalutamide 
150mg plus 
standard care vs 
standard care 
alone for early 
prostate cancer 
(EPC).Mcleod BJU Int 
2006 9 247

Progression free survival  (n=no. patients in subgroup E= no. of events) 

Overall survival 



Questions for use of adjuvant 
androgen suppression

•  How long?
•  Where is “dividing line” between 
   long and short course treatment?
•  Are anti-androgens as effective?
•  Can additional agents improve on 
   LHRHa alone? Abiraterone ?? 
   Enzalutamide ?? Docetaxel???



NRG Oncology/RTOG 96-01 
 

A Phase III trial in patients following Radical 
Prostatectomy (RP) with pT2-3, pN0 

 prostate cancer  and elevated PSA levels:  
 Anti-Androgen Therapy (AAT) with 

Bicalutamide during and after salvage 
Radiation Therapy (RT) compared to 

Placebo + salvage RT. 



RTOG 96-01 Schema 

R 
A 
N 
D 
O 
M 
I 
Z 
E 

Arm 1 
 
 
Arm 2 

RT (64.8 Gy) plus AAT 
(Bicalutamide 150 mg) QD** 
 
RT (64.8 Gy) plus placebo QD** 

** During and after RT for 24 months 

Pre-randomization Stratifications 

Surgical margins:  positive or not 
Nadir PSA level:  < 0.5:  yes or no 
Entry PSA level:  < 1.6  or 1.6 – 4.0 
Pre RP neoadjuvant STAD:  yes or no 

•! No. 761, age 65 yrs 

•! Median entry PSA was 0.6 ng/ml 

•! follow-up 12.6 yrs 



Overall Survival 

OS at 10 yrs: 
82% vs 78% 
OS at 10 yrs: 
82% vs 78% 



Time to Metastatic Prostate Cancer 

DM from PC  
at 12 yrs 

14% vs 23% 

Time to Metastatic Prostate Cancer 

DM from PC  
at 12 yrs 



Time to Death from Prostate Cancer 

Death from PC 
at 12 yrs 

2.3% vs 7.5% 
 

NNT=17 
 
 

Time to Death from Prostate Cancer 

Death from PC 



Other events during treatment* 

 AAT +RT  Placebo + RT 
 

Cardiac events !Grade 2  4%  3% 

Cardiac events !Grade 3  2%  2% 

Gynecomastia -- all Grades  70%  11% 

 

    * No cardiac deaths during AAT or Placebo Treatment 



78 78 

MRC STAMPEDE TRIAL 2014 



79 79 

MRC STAMPEDE TRIAL 2014 
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Failure free survival 
M+ HR 0.61 p= 0.3 *10-10 Overall survival 
M0 HR 0.60 p= 0.3 *10-3 

10m OS advantage: HR 0.77 p= 0.05 

Published on line Dec 22nd 2015 



•! Background 
•! Dose 
•! Fractionation 
•! Systemic treatment 
•! Pelvic treatment 
•! Post–operative treatment 
•! Side-effects 
•! Blue skies 
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Technology 
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RT to prostate and SV only  
No pelvic RT  
(obt. LN biopsy if psa !11) 

Pelvic RT recommended 

Trials in locally advanced prostate cancer using pelvic and prostate RT 
 
EORTC 22866      EORTC 22961 
RTOG 85-31         RTOG 92-02 
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What were the problems with these trials ? 

•  Recruitment	
  of	
  pa2ents	
  with	
  low	
  risk	
  of	
  LN	
  mets	
  (GETUG)	
  	
  
•  Low	
  doses	
  of	
  RT	
  to	
  prostate	
  and	
  pelvis	
  approx.	
  66-­‐70GY	
  
and	
  46-­‐48Gy	
  

•  Inadequate	
  treatment	
  of	
  some	
  LN	
  groups	
  
•  Interac2on	
  with	
  scheduling	
  of	
  hormone	
  treatment	
  
(RTOG)	
  

•  Some	
  favourable	
  subgroup	
  analyses	
  for	
  LN	
  RT	
  



Lymph node involvement in prostate cancer

Patients 
(N=) 

Extent of 
PLND 

Number of 
lymph nodes 

removed 
Prevalence of 

LNI 

Cagiannos et al  7014 Limited NR 3.7% 

Bhojani et al 3101 Limited NR 2.2% 
Klein et al 4693 Limited 5.8 2.1% 
Toujier et al  144 Limited 9 (6-13) 4% 
Makarov et al 5730 Limited NR 1% 
Heidenreich et al 103 Extended 28 (21-42) 26.2% 
Briganti A et al 1020 Extended 19.1 (7-63) 11.8% 
Bader A et al 365 Extended 21 (6-50) 24% 

Toujier et al  595 Extended 13 (9-18) 14.3% 

Toujier et al 471 Extended 13.1 11.4% 

NR: not reported 

Roach equation LN risk = 2/3 PSA + (Gl score – 6)*10 is reasonably accurate  
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Radiotherapy development pipeline for CaP: 
Phase 1-2 Trials: lymph node radiotherapy 

•! Phase1/2 Dose Escalation Study: No.480 
•!  Prostate dose 70 – 74Gy 
•! LN Dose 50 – 55 -  60 Gy  
   with 5Gy boost if involved LN 
•! Hypofractionation cohort: 
    60 Gy Pr 47Gy LN (cf CHHiP) 
 

Phase 2 Pilot RCT: 2011-2013 
•! Prostate/SV IMRT vs P/SV 

and Pelvis IMRT 
•! 8 centres no.125 
•! End point 18 week toxicity  



Radiotherapy development pipeline for CaP: 
Phase 1-2 Trials: lymph node radiotherapy 

•! Phase1/2 Dose Escalation Study: No.480 
•!  Prostate dose 70 – 74Gy 
•! LN Dose 50 – 55 -  60 Gy  
   with 5Gy boost if involved LN 
•! Hypofractionation cohort: 
    60 Gy Pr 47Gy LN (cf CHHiP) 
 

JC8,:+*!
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>./0(-$
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•!OTOS$=/?-6$
$Phase 2 Pilot RCT: 2011-2013 

•! Prostate/SV IMRT vs P/SV 
and Pelvis IMRT 

•! 8 centres no.125 
•! End point 18 week toxicity  



PIVOTAL Design 89 

Aim : 
To determine the feasibility and toxicity of treating locally 
advanced prostate cancer with escalated doses of radiotherapy to 
the prostate and pelvic nodes using Intensity Modulated 
Radiotherapy (IMRT) 
 
 
Inclusion criteria: 
•! Histologically confirmed, previously untreated,                               

non-metastatic adenocarcinoma of the prostate  
•! T3b/T4 or risk of pelvic node involvement !30% 
•! LHRH analogue therapy for 6-9 months prior to RT 
•! WHO performance status 0 or 1  
•! Written informed consent 
 

Exclusion criteria: 
•! Radiologically positive LN 
•! Castrate resistant prostate cancer  
•! Prior pelvic radiotherapy or major pelvic surgery  
•! Bilateral hip prosthesis or fixation  
 

 

toxicity of treating locally 
advanced prostate cancer with escalated doses of radiotherapy to 

using Intensity Modulated 

Histologically confirmed, previously untreated,                               
non-metastatic adenocarcinoma of the prostate  
T3b/T4 or risk of pelvic node involvement !30% 
LHRH analogue therapy for 6-9 months prior to RT 



Target Definition 
  
Pelvic Nodal CTV: 
• Inferior border L5 vertebra to 1cm cranial to 
pubic symphysis 
• Pelvic vasculature identified, margin of 7mm 
applied radially 
• Manually edited to exclude bone, muscle 
and bladder 
• 12mm presacral strip (S1-S3 inc.) 
• Internal & external iliac volumes connected 
by 18mm strip inside bony pelvic side wall 
• Bowel expanded by 3mm isotropic margin, 
LN CTV edited to exclude the expanded 
bowel volume ensuring LN CTV not 
compromised  
• Editing permitted to ensure all areas 
thought to be LN were included in CTV 
 

90 

Clinical Target Volume Organ At Risk 

Prostate Bladder 

Prostate + Seminal Vesicles Bowel 

Rectum 

Pelvic Lymph Nodes Femoral Heads 



Target Definition 
  
Pelvic Nodal CTV: 
• Inferior border L5 vertebra to 1cm cranial to 
pubic symphysis 
• Pelvic vasculature identified, margin of 7mm 
applied radially 
• Manually edited to exclude bone, muscle 
and bladder 
• 12mm presacral strip (S1-S3 inc.) 
• Internal & external iliac volumes connected 
by 18mm strip inside bony pelvic side wall 
• Bowel expanded by 3mm isotropic margin, 
LN CTV edited to exclude the expanded 
bowel volume ensuring LN CTV not 
compromised  
• Editing permitted to ensure all areas 
thought to be LN were included in CTV 
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Clinical Target Volume Organ At Risk 

Prostate Bladder 

Prostate + Seminal Vesicles Bowel 

Rectum 

Pelvic Lymph Nodes Femoral Heads 



Treatment 92 

•  LHRHa + short term AA  for 6-9 months pre RT and total duration 2-3 
years recommended 

 

Prostate only  
N=62 
n (%) 

Prostate & Pelvis  
N=62 
n (%) 

Prostate RT dose given 
55Gy/20fr 
64Gy/32fr 
74Gy/37fr 

  
1 (1) 
1 (1) 

60 (98) 

  
0 

1 (1) 
61 (99) 

Pelvis RT dose given 
0 

50Gy/37fr 
55Gy/37fr 
60Gy/37fr 

  
62 (100)  

0 
0 
0 

  
1 (1) 
1 (1) 

11 (19) 
49 (79) 



Acute toxicity – lower GI 93 
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Prostate only: G3+ Prostate & Pelvis: G3+

Week 18: Grade ≥1 
24% prostate alone 
34% prostate & pelvis 

Week 6: Grade ≥2 
7% prostate alone 
26% prostate & pelvis 



IBDQ Bowel Domain – change from pre-RT to week 18 
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Prostate alone

IBDQ Bowel Domain Pre-RT Week 18 Change pre-RT 
to week 18 

Prostate alone Median 
IQR 

69 
67 to 70 

68 
65 to 70 

-1 
-4 to 0 

Prostate & Pelvis Median 
IQR 

69 
67 to 70 

66 
62 to 69 

-1 
-6 to 0 

10% 

22% 

•! 10 bowel items 
•! Range 10 (worst symptoms) to 70 (no symptoms) 



95 Pelvic LN RT: Questions 

•  Is LN RT needed with prolonged courses of ADT 

and improved systemic treatment? 

•  What dose is needed? 

•  Can hypofractionation be used? 

•  What is the real level of ongoing side-effects? 

Probable survival advantage in Breast Ca about 5% 



•! Background 
•! Dose 
•! Fractionation 
•! Systemic treatment 
•! Pelvic treatment 
•! Post–operative treatment 
•! Side-effects 
•! Blue skies 
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Technology 



No. 425  F.U 12.6yrs
•! 10yr Metastases free survival 

71% vs 61% HR 0.71 p=0.016  
NNT 12.2

•! 10 yr OS 74% vs 66% HR 
0.72   p=0.023  NNT 9.1

•! PSA failure NNT 3.4
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EORTC (no 1005)  10 year data  (Eur Urol suppl 2011 abstract 227) 
•  PSA progression free HR 0.5  p<0.001 
•  Clinical progression free survival HR=0.8 p=0.054 
•  Overall 10 yr survival 81% vs 77% p>0.1 

ARO 96-02 (No 388)  5 year data  (Wiegel JCO 2009 27 294) 
•  5 yr progression free 72% vs 54% HR 0.53  p=0.002 
•  Too few deaths /metastases to analyse 
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Conclusions:  
•  RT reduces PSA and local recurrence – no certain 

impact on metastases and survival  
Questions:  
•  Immediate or early salvage treatment ? 
•  Adjuvant systemic treatment ? 
•  Treatment volume and dose ? 



 
 
 
 
 

RADICALS 
 Radiotherapy and Androgen Deprivation 
In Combination After Local Surgery 
 

 



Prostate bed contouring guidelines  101 

EORTC (2007)  RTOG (2010)  

RADICALS (2007)  

Malone et al. 2012 



  Overview 
A multicentre randomised phase II trial assessing 
Post-Operative use of ProSpare™, a rectal obturator 
in prostate cancer radiotherapy. 

 

•! Self-insertable rectal obturator 

•! Single-use 

•! Radio-opaque markers in wall 

•! Venting holes in the tip 

 

  



  Trial Schema  



CTV – PTV1 Margins  
 

STANDARD ARM  EXPERIMENTAL ARM 



•! Background 
•! Dose 
•! Fractionation 
•! Systemic treatment 
•! Pelvic treatment 
•! Post–operative treatment 
•! Side-effects 
•! Blue skies 
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Technology 
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Years of Life Lost (YLL) 

Years of Life lived with Disability(YLD) 



Predictive factors in 
radiotherapy induced toxicity  

• Physics (of dose distribution) 
 
• Patient related (clinical/co-morbid conditions) 
 
• Genome related – radiogenomics 
 
• Microbiome related 

107 



Comparison of QoL in National RT studies 
    CHHiP vs MRC Trial RT01 (74Gy groups) 
 

Bowel bother (%) Bowel distress (%) 

Severity Moderate Severe Moderate Severe 

RT01 9.3 3.1 11.8 0.7 

CHHiP 4.6 1.0 4.2 0.0 

Benefit from IMRT technique  and dose constraints used in CHHiP 
 

A.Wilkins et al Lancet Oncol Sept 2015  



Summary: Number of constraints failed vs 
maximum toxicity recorded 
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Endpoint Grading scale Endpoint Grading scale 
Rectal bleeding RMH Mgmt. sphincter control LENT/SOM 

Proctitis RTOG Loose stools UCLA PCI 

Subj. sphinchter control LENT/SOM Rectal urgency UCLA PCI 

Subj. stool frequency  LENT/SOM 

Gulliford  IJROBP 2010 



Why do DVH’s not give the full story? 

•  Loss	
  of	
  spa2al	
  informa2on	
  in	
  DVH	
  
•  Analyses	
  usually	
  based	
  on	
  single	
  planning	
  CT	
  scan.	
  
•  Limita2ons	
  to	
  toxicity	
  scoring	
  systems	
  
	
  
•  Pre-­‐treatment	
  pa2ent	
  factors	
  
•  Intrinsic	
  differences	
  in	
  pa2ent	
  radiosensi2vity	
  
•  Microbiome	
  related	
  	
  

	
  



Dose Surface Maps (DSM): Rectum unfolding 111 

VODCA (MSS GmBH, 
Hagendorn, CH) 

Dose surface  
histogram 

3D DSM 

2D DSM 

Dose volume 
histogram 

1D dose 
distribution: 



Results of dose surface map analysis 

Rectal bleeding: 
• High doses most important 

• Lateral extent and circumferential irradiation strongest correlation to 
rectal bleeding 

Loose stools: 
• Low and medium doses most relevant 

• Longitudinal extent at low doses important particularly to superior 
rectum 

Rectal Incontinence  
• Dose to anal region 



 Fig. 7 Repeat magnetic resonance images obtained for the example prostate patient. The bladder (pink), prostate (green), and 
rectum (blue) contoured on the first image (left) are overlaid onto the second magnetic resonance image (right) for reference. 

Kristy K.  Brock 

 Results of a Multi-Institution Deformable Registration Accuracy Study (MIDRAS) 

International Journal of Radiation Oncology*Biology*Physics, Volume 76, Issue 2, 2010, 583 - 596 

http://dx.doi.org/10.1016/j.ijrobp.2009.06.031 

Inter fraction motion 



Difference between planned and delivered dose 

Fig 1. Cumulative dose surface histogram (patient A)  Fig 2. Cumulative dose surface histogram (patient B) 
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Cumulative dose surface histograms for each patient as labeled above. Yellow lines are from each CBCT, 
red line is the mean of the CBCT and the grey line is from the planning CT 
 

Patient 1 Patient 2 Patient 3 
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CHHiP IGRT subTrial  
Dose distribution analysis 
Penile bulb 

116 

290 patients eligible for analysis 

248 patients penile bulb outlined  

169 plans converted into equivalent dose in 2Gy/F ("/# = 3Gy) 

115 patients included in analysis  

42 patients no DICOM files received   

79 DICOM files incompatible with in house code  

20 patients treated with no IGRT 
20 patients had no baseline or 2 year EP data  
14 patients had Grade 2 EP at baseline 

115 patients included in analysis  

169 plans converted into equivalent dose in 2Gy/F 

248 patients penile bulb outlined

116 

Bladder 

Prostate 

Pelvic floor 

Penile bulb 



Toxicity map for impotence 
117 

Absent erectile function at 2 years:   
27/52 (52%) men treated with standard margins 
25/63 (40%) men treated with reduced margins  

Dr Julia Murray Accepted for oral presentation, ESTRO 2016 

Absent erectile function at 2 years: Absent erectile function at 2 years: 
27/52 (52%) men treated with standard margins 
25/63 (40%) men treated with reduced margins  

Dr Julia Murray Accepted for oral presentation, ESTRO 2016 Dr Julia Murray Accepted for oral presentation, ESTRO 2016 Dr



Independent predictors of patient reported bother 
and distress   - physician and patient reported 
instuments 

What	
  maters	
  to	
  pa2ents:	
  	
  
“Bother”	
  and	
  “Distress”	
  

RTOG	
  	
  
•  Diarrhoea	
  
•  Proc22s	
  
LENTSOM	
  
•  sphyncter	
  control	
  	
  	
  	
  	
  
•  	
  tenesmus	
  
•  	
  bleeding	
  
	
  

PRO	
  scales:	
  UCLA-­‐PCI,	
  EPIC,	
  
EORTC,	
  IBDQ,	
  Vaizey	
  incont.	
  
score	
  	
  
•  loose	
  stools	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  rectal	
  urgency	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  crampy	
  pain	
  
•  incon2nence	
  
	
  



Predictive factors in 
radiotherapy induced toxicity  

• Physics (of dose distribution) 
 
• Patient related (clinical/co-morbid conditions) 
 
• Genome related – radiogenomics 
 
• Microbiome related 
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Hazard ratio  P value 
Age 1.06 0.04 
Dose V30 1.13 0.02 
Acute bowel 
toxicity 

1.65 0.05 

Multivariate analysis of factors related to radiation induced proctitis 

Age and Comorbid Illness Are Associated With Late Rectal Toxicity 
Following Dose-Escalated Radiation Therapy for Prostate Cancer 
Hamstra et al IJROBP 85 (2013) 1246-1253, 

Hazard ratio  P value 
Age 1.04 < 0.03 
MI 1.8 <0.02 
CCF 2.2   0.09 

Development and validation of age and comorbidity model 



d(.=$067.4/.)=:()$(4$:/=$/4.,/>.)/$74(/.9/$
,;,:)=/$3,/.$AL$=:-.$.].9/=$v$

IJROBP 2004 58 59-67 

Hypertension RR 0.5 for development of late GI toxicity p=0.004 (no.1192) 

IJROBP 2007 67 1401-10 

Hypertension RR 0.4 for development of late GI toxicity p=0.03  (no.1132) 

IJROBP 2010 

Hypertension no relationship to late GI toxicity (no.1100) 



2009 93 153-67 

•  Previous abdomen/ pelvic surgery 
•  Pre RT bowel symptoms 
•  Cardiovascular disease 
•  Hypertension 
•  Age 
 

Patient factors related to bowel disorder after RT 



Predictive factors in 
radiotherapy induced toxicity  

• Physics (of dose distribution) 
 
• Patient related (clinical/co-morbid conditions) 
 
• Genome related – radiogenomics 
 
• Microbiome related 

123 



124 



Predictive factors in 
radiotherapy induced toxicity  

• Physics (of dose distribution) 
 
• Patient related (clinical/co-morbid conditions) 
 
• Genome related – radiogenomics 
 
• Microbiome related 
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The microbiota 126 

300 ! 500 species of bacteria, 10 
to 100 trillion microbes 

The 2nd human genome, known as the  
GUT MICROBIOME 

Homeostasis  
of the intestine 

Immune system  
educator 



•! Background 
•! Dose 
•! Fractionation 
•! Systemic treatment 
•! Pelvic treatment 
•! Post–operative treatment 
•! Side-effects 
•! Blue skies 
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Technology 



Towards precision and personalised 
radiotherapy 
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Do Prostate Cancers Vary in 
Sensitivity to Fraction Size? 

? 
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1 2 0 3 4 



Tissue microarray (TMA) and biomarker 
characterisation in localised prostate cancer 

Proliferation: Ki67,PKA type1 
Hypoxia: HIF1alpha,VEGF,osteopontin 
DNA repair pathways: p53,p16,MRE 11, 
Apoptosis: BCL2,BAX 
Other prognostic candidates: ERG gene rearrangements, 
nuclear AR, PTEN loss, EZH2, E-cadherin, hepsin, p27, 
PDZK-3, Hsp27, PKC-zeta, PRL-19, beta-catenin, pRb, 
MDM2, SOX9, p21, AMACR and p63. E2F3, TEAD1,C-
Cbl,SPINK1. 

Potential Markers 
CHHiP Trans study 

Stats: Aprox 600 events for HR 0.5 for biomarker positive vs negative with 80% power 



IHC for p53 (4 prostate tumours) 
 

Control 



Multifunctional Image guidance for image guided 
radiotherapy 

 
•  Hypothesis 1: 
    multiparametric MR and choline 
PET accurately define DIL 
 
•  Hypothesis 2: 
    DIL boost can be safely given 
with conventional, modest and 
extreme hypofraction.  
 
•  Hypothesis 3: 
    Phase 3 trials will show improved 
outcomes and reduced or similar 
toxicity  
 



Development and Optimization of MR-Guided 
RT 

 
 

Courtesy of  B. Raaymakers 
(UMC) 

Beam 

Collimator 

Accelerator 
MR LINAC 

MRI Scanner 

Courtesy of  B. Raaymakers Courtesy of  B. Raaymakers 
(UMC) 

Beam 

Collimator 

Accelerator 
MR LINAC 

MRI Scanner 
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•  Dose escalation to BED 
of 200Gy for alpha/beta 
of 1.5Gy associated with 
improved biochemical 
disease control – but with 
increased toxicity 

•  Equivalent to a dose of 
86Gy in 2Gy/f or 66Gy in 
3Gy/f  or 40.1Gy in 
5.85Gy/f or 35.25Gy in 
7.05Gy/f 

 
 
 
 






