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• ASTRO/NCCN and RCTs



Dose Escalation, 4 RCT + 5 Retrospective
• Improved bDFSà cancer control
• Toxicity limited with

– better treatment delivery (3DCRTà IMRT) and targeting (IMRTà IGRT)

Diez et al, IJROBP 2010



Conceptualized model

• Historically, increase dose by increasing the number 
of fractions
– With low dose per fractionà widen therapeutic index
– use 1.8-2.0Gy/fx

• Because of α and β

• Cell Survival
– Linear Quadratic 

model 
– Sigmoidal curve



Radiobiologic Rationale



Radiobiologic Rationale
• Dose response of tumors/tissue to radiationà α/β
– High α/β (10) = little sensitivity to dose/fx

• ie: most tumors, early responding normal tissues (mucosa, skin)
– Low α/β (<5Gy) = greater sensitivity to dose/fraction

• ie: late responding tissues

• Fractionation:  use of many fractions of low dose 
radiation
– Since most tumors not sensitive to fraction size whereas 

normal tissues are
• Tumor control while minimizing long term toxicity

• Prostate cancer cells diff from most epithelial tumors 
– Lower α/β (~1.5)= higher degree of sensitivity to 

dose/fraction
– Advantage of prostate cancer’s unique radiobiology

• Deliver fewer fractions with a larger dose
– Increase BED to tumor and not normal tissues
– Enhance Therapeutic ratio



Delivery Prostate Cancer
(α/β = 1.5Gy)

Equiv Dose in 
1.8Gy/fx

Late Responding Tissue 
(α/β = 3Gy)

Equiv Dose in 
1.8Gy/fx

IMRT: 81Gy, 
1.8Gy/fx x 

45
à 5-10mm 
expansion

178.2Gy 81Gy 129.6Gy 81Gy

SBRT:  35Gy, 
7.0Gy/fx x 5
à 3-5mm 
expansion

198.3Gy 90.2Gy 116.7Gy 72.9Gy

% Difference 
Dose Prostate Cancer +11.4% Normal Tissue -10.0%



1.5Gy?



Hypofx and SBRT
• Hypofractionated Radiation
– Early stage breast cancer
– Melanoma

• SBRT
– Early stage NSCLC
– CNS
• Brain metsà SRS/SBRTà Standard option
• Meningioma
• Adenomas

– Pancreatic cancer
– Colorectal oligometastatic hepatic mets



Benefits/Risks of Hypofx
• Benefits
– Better access to care
– Shorter courseà improved compliance
– More cost-effective
– Higher BEDà widen therapeutic index
– Phase 3 Data is Matur(e)ing

• Downside
– Increased reliance on planning and tx technology 

to deliver high doses accurately and safely
• Machine variability

– long-term toxicity continues to evolve
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Prospective trials of hypo-fx

Koontz et al, EAU, 2015 Review 

•moderate hypofxà predominantly low and int risk dz
•similar biochem control and late grade 2 + toxicities



RCT’s for Hypo-fx
ASTRO:  2015à Present





Median FU 5.8yrs



PROFIT Trial, PMH

Median FU 6yrs



HR 0.99; confirms 
non inferiority of 

shorter arm

PROFIT Trial, PMH



• No diff in Late 
GR3+ Toxicity

• trend favors 
shorter arm

PROFIT Trial, PMH

• Overall GI Toxicity
• higher Acute Gr2 
• less Late Gr2



PROFIT Trial, PMH



CHHIP Trial, UK

UK RCT 3diff dose levels
• mostly Int risk dz, but 

allowed high risk dz



CHHIP Trial, UK



Late Gr2+ Rectal Late Gr2+ Bladder

CHHIP Trial, UK



CHHIP Trial, UK
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SBRT As Historical Trend





SBRT
Brachy Fractionated RT Hypo-fx RT SBRT

LDR
HDR

Modern doses IMRT

Diffusion of TechnologyKinship

~Virtual 
HDR?



SBRT as “virtual” HDR?
• Rapid Dose Fall off
• Capable of Delivering Heterogeneous Tx Plans
• Cost Effective relative to IMRT
• Compared to LDR—and like HDR—more forgiving of
– larger prostate size (>60cc)
– Higher baseline IPSS
– History of TURP

• Easier to Teach to Residents?
Sean Collins, MD 2016 ASTRO



HDR and Hypofx

“SBRT” doses are not new!

“The dose is the dose” Jon Haas, M.D.



Int Risk Dz High Risk Dz

79 Int Risk Dz (35 w ADT)
111 High Risk Dz ( 104 w ADT)

6Gy x 8, 6Gy x 6, 6.5Gy x 7



288 Low Risk
160 Int Risk, 9% ADT

7.25Gy x 6,   6.5yr F/u



Haas J, Blacksburg S, et al, RSNA 2015

SBRT PSA nadirs

Kole T , et al, Acta Oncol, 2015

Comparable to HDR, lower than EBRT



Matched pts w low-int risk dz @UCSF, 
CF-EBRT vs. SBRT •Pts w SBRT experienced

•lower PSA nadir
•greater rate of decline in 
PSA 2/3yrs after tx
à c/w higher BED



SBRT PSA nadirs
Comparable to HDR, lower than EBRT



SBRT PSA nadirs
Comparable to HDR, lower than EBRT

Multi-Institutional Cohort

•5yr bDFS, p=NS
•HDR 98.5%
•SBRT 95.4%

SBRT cohort w higher unfav risk
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SBRT



Pooled 
1100 
patients



Pooled 
1100 
patients





Robert Meier, MD 2016 ASTRO



GU ASCO, Jan 2016

515 pts, median f/u of 84mos
9-year freedom from biochemical failure

94.3% for low-risk men
87.1% for intermediate-risk men
61.1% for high-risk men

No difference in biochemical control for the lower (35)vs. 
the higher (36.25) radiation dose

9yr Outcomes, Katz et al



10yr BDFS 
94.4% (35Gy)
93.4% (36.25Gy)



MSKCC SBRT Dose Escalation
Zelefsky M, et al, ASTRO 2017

Dose level Dose Median f/u 3yr median
PSA nadir

Late Grade 2 
Rectal Bleeding

6.5Gy x 5 32.5Gy 60 mos 0.65 0%

7.0Gy x 5 35.0Gy 60 mos 0.39 6%

7.5Gy x 5 37.5Gy 44 mos 0.31 3%

8.0Gy x 5 40.0Gy 33 mos 0.30 3%



• How many would convert to neg bx @3yrs?

• Clinical significance of low PSA and positive bx?

• How do these findings compare w EBRT 81-86.4Gy?

• CK uses non-coplanar beams

– lower IDL

– Deliver higher dose
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Meier et al, Frontiers, 2015



•803 pts tx’d at multiple institutions w LDR brachy, IMRT, or SBRT
•1200 EPIC questionnaires for year 0-2
•Minimal clinically detectable (MCD) thresholds for QOL domains 

•6 urinary irritation/obstruction
•7.5 urinary incontinence 
•5 bowel and vitality/hormonal
•11 sexual domain





SBRT Cost Effectiveness

• 65yo w localized Prostate Cancer declined or 
ineligible for surgery

• Markov Model
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Phase 3 SBRT Trials

• Additional dose-escalation and phase 2 
studies continue to explore MTDs and varying 
schedules of prostate SBRT

PACE trial

HEAT trial



Conclusion
• Prostate Cancer has a unique biology that 

appears to favor higher doses/fx with external 
RT

• There is mature data regarding Hypo-fx RT for 
prostate cancerà Standard of care

• SBRT is a(n) cautious validated alternative
– Should be performed at “high volume” centers 

with expertise
– Promising early results, limited long-term data
– Mixed QOL parameters must continue to be 

explored with greater follow-up



Thank you



Hypofractionated Experience

• 1960s-1980s, St. Thomas Hospital London, 

209pts

– 55Gy/12fx’s, then

– 36Gy/6fx’s (Lloyd Davies)

• No PSA, low rectal, urologic toxicity



Katz et al, Frontiers, 2014

7yr Outcomes, Katz et al

• 7.25Gy/fx on steep part of curve?
– Daily vs. QOD fractionation



SBRT
• BUT
– Contours must be pristine, as if through TRUS
• Thin CT slices

• 3T MRI fusion

• Define base-v-bladder neck, apex accurately
– Not just “rules of thumb”

– Intrafraction prostatic motion must be accounted 
for
• Translation +/- Rotation



• 864 patients treated w 
SBRT, 2005-2012
– Self-reported QOL 

prospectively measured
– Phase 2 clinical trials of 

SBRT for localized dz

• Transient decline in urinary and bowel domains w/in 3 mos
post Tx
– returned to baseline w/in 6 mos and remained so at 5yrs

Int J Radiat Oncol Biol Phys. 2013 Dec 1;87(5):939-45





• Stanford, 1956-1989, 139pts w pos bx
– 40 observed
– 99 received various secondary therapies



Katz et al, Frontiers, 2014

7yr Outcomes, Katz et al


