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HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

-‐ LESS	  TOXICITY	  

-‐ BETTER	  OUTCOME	  

-‐ SAME	  EFFICACY	  IN	  A	  
SHORT	  TIME	  

WHAT DO WE NEED TO 
JUSTIFY 
HYPOFRACTIONATION? 

	  



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  
ACUTE	  TOXICITY	  
	  
HIGH	  DOSE	  /HYPO	  
NO	  SIGNICANT	  DIFFERENCES	  
WITH	  CONVETIONAL	  
FRACTIONATION	  

PELVIC 
NODES 



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

	  
ACUTE	  TOXICITY	  
HIGH	  DOSE	  /HYPO	  
NO	  SIGNICANT	  DIFFERENCES	  WITH	  CONVETIONAL	  FRACTIONATION	  



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

LIVSEY	  

AKIMOTO	  

VALDAGNI	  

LUKKA	  

KUPELIAN	  

YEOH	  

EFFICIENCY :       COMPARISON BETWEEN CONVENTIONAL AND HYPO  

                COMPARABLE /  BETTER  



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

                                                 EFFICIENCY :    

                  COMPARISON BETWEEN   CONVENTIONAL AND HYPO 

                                                COMPARABLE / BETTER  



RANDOMIZED TRIAL OF DOSE ESCALATON WITHOUT  ADT: 
- MD ANDERSON            BENEFIT OF 78GY vs 70GY 

PSA>10  

- ZIETMAN              BENEFIT OF 79.2GY vs 70.2GY  

- Gleason 8-10 

- - ROACH                  BENEFIT OF DOSE> 71GY  
Gleason 8-10 
 
 
 
TWO RANDOMIZED TRIALS  WITH DOSE –ESCALATION + ADT   
 
DUTCH RANDOMIZED STUDY            BENEFIT OF 78GY vs 68GY 
+ADT      (INTERMEDIATE RISK)  
 
MEDICAL RESEARCH COUNCIL STUDY               BENEFIT  OF 
74GY vs 64GY ( GLEASON 8-10)    
 

 

IN MVAs RT DOSE (>80GY) WAS A SIGNIFICANT  
DETERMINANT  OF BF,DM,AND OM 

+ ADT 

ASTRO 



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

FFBF	  RATE	  WITH	  A	  MEDIAN	  FOLLOW	  UP	  OF	  35	  M	  WAS	  79%	  	  FOR	  THE	  
CONVENTIONAL	  ARM	  VS.	  87%	  FOR	  THE	  HYPOFRACTIONATION	  ARM	  
(	  STATISTICALLY	  SIGNIFICANT	  IMPROVEMENT	  :	  p	  =	  0.035)	  	  
α/β = 1.8 

NO	  SIGNIFICANT	  CORRELATION	  FOR	  EITHER	  	  GI	  OR	  
GU	  BETWEEN	  ACUTE	  AND	  LATE	  GI	  AND	  GU	  TOXICITY	  
IN	  	  PTS	  	  TREATED	  	  WITH	  THE	  HYPOFRACTIONATE	  
SCHEDULE	  	  



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

α/β	  derived	  from	  
clinical	  data	  5.000	  pts	  

PREDOMINANT	  	  LOW	  α/β	  RATIO	  	  	  



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

	  	  	  	  	  	  	  	  	  	  	  	  	  α/β	  DERIVED	  FROM	  CELL	  LINES	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PREDOMINANT	  HIGH	  α/β RATIO 



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

SF < 10-10 FOR AEROBIC CELLS ( CURVE D) 

SF 10-5  FOR HYPOXIC CELLS ( CURVE B) 

AEROBIC CELLS 

HYPOXIC 
CELLS 

LARGE PROPORTION OF PTS WITH EARLY DISEASE  EXHIBITED  EXTREMELY 
LOW VALUES OF PO2 (PARKER: IJROBP,2001; DASU: RO,2002) 

 

? CAN THE IMAGING PROBE SIGNIFICANTLY INFLUENCE THE OXIGEN LEVEL 
MEASURED IN PROSTATE TUMOR? 

 

LOW PO2 VALUES  CORRELATE  SIGNIFICANTLY WITH INCRESING TUMOR 
STAGE ( MOSVAS : CANCER,2000) 

 

RADIORESISTANT  HYPOXIC TUMORS GOVERN THE OVERALL RESPONSE 
RATE OF PROSTATE CANCER TO OUR CURRENT THERAPIES  

 



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

DECREASE IN CELLS KILLING  WITH 
INCREASING DOSE PER FRACTION: 

- CHANGES IN THE EFFECTIVE 
RADIOSENSITIVITY WITH HETEROGENEOUS  
OXYGENATION 

- REDUCTION IN INTERFRACTION 
REOXYGENATION 

- INCREASED IMPORTANCE OF MAXIMALLY 
RESISTENT CELLS ( HYPOXIC FRACTION) IN 
DETERMINING  OVERALL DOSE –RESPONSE 
AS THE TOTAL DOSE IS DELIVERED IN  
FEWER FRACTIONS 

POTENTIAL LARGE ERROR WHEN 
CALCULATING ALTERNATE FRACTIONATIONS 
USING BED FORMALISMS THAT NOT 
ACCOUNT FOR TUMOR HYPOXIA   

MODERATE HYPOFRACTIONATION 



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  OVERALL	  TREATMENT	  TIME	  (	  OTT	  )	  
	  
RECENT	  STUDIES	  	  HAVE	  SUGGESTED	  	  A	  	  CLINICALLY	  SIGNIFICANT	  	  REPOPULATION	  EFFECT	  EXLUSIVELY	  FOR	  LOW	  

RISK	  PTS	  WITH	  AN	  ONSET	  TIME	  OF	  ACCELERATED	  	  REPOPULATION	  	  OF	  30-‐35	  DAYS	  AND	  AN	  EFFECTIVE	  
CLONOGEN	  DOUBLING	  TIME	  	  OF	  12	  DAYS	  (	  D’AMBROSIO	  DJ:	  IJROBP	  2008,	  GAO	  M:	  IJROBP	  2009)	  

	  
	  
4839	  PTS	  OF	  NINE	  INSTITUTIONS	  

DOSE AND OVERALL TIME ABOVE 52 DAYS ( 7 W)           
SIGNIFICANT IN LOW AND INTERMEDIATE-RISK PTS  
ONLY FOR >70GY ( THAMES HD:RAD. ONCOL. 2010 ) 

 

MOST OF HYPO TREATMENT ARE 
DELIVERED IN <6 WEEKS 

HIGH RISK PTS MAY BE MORE LIKELY  
TO PRESENT  WITH SUBCLINICAL 
METASTASES WICH MIGHT 
OVERSHADOW THE OTT MODULATION 
EFFECT (D’AMBROSIO DJ: IJROBP 2008) 

LOCALLY ADVANCED TUMORS MAY REQUIRE A 
LONGER TIME ( 69 DAYS ) TO IMPROVE BLOOD/
NUTRIENT SUPPLY AND TRIGGER  
ACCELERATED REPOPULATION WHILE ON 
TREATMENT: NEGLEGIBLE EFFECT ON 
OUTCOME TO PROTRACT THE TREATMENT  UP 
TO 10 WEEKS (GAO M: IJROBP 2009 ) 
 
 
 



α/β VALUE FOR THE POOLED DATA  IS 1.4 

-0.6 FOR LOW-RISK 

-1.7 FOR INTERMEDIATE RISK  

-1.6 FOR HIGH RISK 

SIGNIFICANT IMPROVEMENT OF bRFS  
WITH DOSE IN ALL RISK GROUP 
INDEPENDENTLY  OF THEIR  AD 
STATUS 

ANDROGEN  DEPRIVATION 

AD + RT IMPROVED SIGNIFICANTLY bRFS 
IN ALL RISK GROUPS BY 5% 

CAN AD MEDIATED T REOXYGENATION IN 
NEOADJUVANT SETTING BEFORE RT 
INFLUENCE CELL REPOPULATION IN 
ADVANCED STAGE?????? 

MIRABELL,IJROBP,2011 



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

5969 PTS : 

 23% LOW RISK;   

44% INTERMEDIATE RISK;   

33% HIGH RISK  

TREATMENT OF PELVIC LYMPH  NODES ?? 

YES                          MODERATE HYPOFRACTIONATION 



HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

NCCN_2_3
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bRFS vs NCCN risk (low vs high+intermediate)
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MODERATE  HYPOFRACTIONATION : 74.2 GY ( 51.8GY 
ON PELVIC NODES) 28 FR        AD 50% PTS 

HSR EXPERIENCE 



 PTVDIL 
ü   71,4 Gy; 2,55 Gy/fr (EQD2=75 Gy) 
ü   80 Gy; 2,86 Gy/fr (EQD2=86 Gy) 
ü   90 Gy; 3,21 Gy/fr (EQD2=99 Gy) 
ü   100 Gy; 3,57 Gy/fr (EQD2=113 Gy) 
ü   120 Gy; 4.29 Gy/fr (EQD2=143 Gy)* 
 

EQD2 calculated with α/β=10 

PTV(p+sv) 
ü  71,4 Gy; 2,55 Gy/fr 



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CONCLUSIONS	  
	  HIGH	  RISK	  PATIENTS	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MODERATE	  HYPOFRACTIONATION	  	  	  

	  

HYPO	  FRACTIONATION	  IN	  PROSTATE	  CANCER	  

GOOD TOXICITY 
PROFILE 

BETTER  OUTCOME 
DOSE RELATED 

LOW IMPACT 
OF HYPOXIA 

TREATMENT OF 
PELVIC LYMPH 
NODES + AD 
IINCREASE  BDFS 

ALLOWS  THE  DELIVERY  OF 
HIGHER DOSE  WITH  HYPO  TO 
THE DIL  :  
 BETTER  LOCAL CONTROL 



PROSTATE	  CANCER	  HAS	  BEEN	  CONSIDERED	  	  BY	  MANY	  TO	  BE	  A	  VERY	  SLOW-‐GROWING	  
CANCER	  WITH	  NEGLIGIBLE	  	  TUMOR	  CLONOGENIG	  REPOPULATIN	  DURING	  THE	  FIRST	  

8-‐9	  WEEKS	  OF	  TREATMENT	  (LAI	  PP:	  IJROBP	  1991,	  PEREZ	  CA:	  CANCER	  2004)	  
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