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“Humans are born irrational and that has 
made us better decision makers”

Kahneman & Tversky 
discovered “cognitive biases,” 

showing that that humans 
systematically make choices 

that defy clear logic.





Image guided IMRT

Crisp margins

Modern algorithms

2004/2005



Has been there since a long time

Passive scattering Proton therapy

• Relatively large margins
• No image guidance/Image guidance since 2010
• Primitive algorithms
• Prostate only





4% absolute difference

5% absolute difference

Eric Ojerholm, et al. Seminars in Radiat Oncol 2017



MD Anderson Cancer Centre

Use or abuse?



1. Data for comparison of modern IMRT with modern Proton therapy

2. Data for pelvic nodal irradiation



Monte Carlo 

algorithms

Cone beam CT
IGRT

Spot by spot, line by line, layer by layer

• Rectal ballons
• PBS systems-

smaller spot sizes



Univ of Washington: 16%





High Risk Prostate Cancer

Pelvic nodes and prostate Radiation 

Low and Intermediate Risk prostate cancer

Oligometastatic Prostate Cancer

Prostate and metastatic/nodal sites

Reduction in late GU toxicity
Reduction in late GI toxicity
Reduction in acute small bowel toxicity

Younger patients
Pts with poor baseline IPSS scores
Reduction in sexual dysfunction
Reduction in second cancer risk



Pivotal Study

RCT between Prostate 
only vs. WPRT

Dearnaley, et al. IJROBP Oct 2019

Pelvic RT



Median follow-up: 37 months (35-38 mo)

Prostate Only Prostate + Pelvis

Week 6 grade 2+ 
Lower GI toxicity

7% 26%

Week 18 grade 2+ 
Lower GI toxicity

3.3% 4.6%

2 years grade 2+ GI 
toxicity

17% 24%



Tenesmus- Ineffectual or painful 
straining ?



Anna Wilkins, et al. IJROBP 2020



Dosimetric Impact Likely Clinical Impact

reduction in high doses Less or similar probability 
of rectal bleeding

reduction in intermediate doses Reduction in tenesmus and 
rectal urgency



Dose fall off per mm

95%-80% IDL 80%-20% IDL

Protons IMRT Protons IMRT

Posterior direction 4.1% 2.0% 6.2% 1.5%

Superior direction 4.1% 7.5% 6.2% 5.8%

Dose fall off  is 2 times more rapid in high dose region

Dose fall off  is 4 times more rapid in the intermediate 

to low dose region.



IMRT plans

Rectum V70

MSKCC 14%

MGH 14.5%

MADCC 15.5%

UF 14%

Protons UF 8%

Protons APCC 8%

Zelefsky et al Radiotherapy and oncology 2000; 55:241-249

Trofimov et al IJROBP 2007; 69:pp. 444–453,

Zhang et al IJROBP 2007; 67: 620–629

Vargas et al IJROBP 2008; 70: pp. 744–751

V70 accepted 

surrogate for 

toxicity



Vargas et al IJROBP 2008; 70: pp. 744–751

V30-V60Gy

Tenesmus
Rectal urgency



15% grade 2+ toxicity in 
patients who received 

Pelvic RT

POP-RT Trial

V Murthy, et al, Green Journal 2020



V30-V50 contributing to 

toxicity as >V50 there 

was very little difference





Proton Therapy

Tomotherapy



IMRT

IMPT

Vx IMRT IMPT

V25 70% 35%

V30 57% 30%

V40 30% 22%

V50 20% 15%



1. Prostate volume> 40cc

2. Alfa blockers

3. Pre-treatment TURP

4. V30 Bladder >19.2cc

5. Anti-coagulation

6. Poor IPSS score

7. Diabetes

Grade3+ GU-

2.9%

1257 pts

Bryant C, et al, IJROBP 2015



• Pts with pretreat IPSS of <15 had stable urinary function five years after PT, 
• Pts with 15 – 25 showed substantial improvement (decline) in median IPSS. 

PT leads to a minimal toxicity in low/intermediate risk, including those 
with significant pretreatment GU dysfunction (IPSS 15 – 25).



IMRT

IMPT



Proton Therapy

Tomotherapy



Sexual Dysfunction: Patient Reported QOL
Sanda et al, N Engl J Med. 2008 Mar 20;358(12):1250-61.

Sexual Scores



72% and 67% 

at 2 and 5 yrs resp



Real Clinical Data

Modality SCR at 9.9 yrs

Particle 16.1%

Photons 24%

Surgery 18.7%

CHHiP trial of  3000 odd patients, 300 were dead at 

the end of  follow up period and out of  which 100 died 

of  second cancers

IJROBP 2020, Lancet Oncol 2019, Lancet 2016



Dense concentration of  DNA damage 

vs. Sparsely distributed DNA damage

Greater complexity of damage - requires 
different mechanisms for DNA repair

Protons may result in greater down 
regulation of certain genes that could 

impact metastases

Girdhani, et al. Radiation Research 2013, Amundsen et al IJPT 2018



Modern 
Approaches/optimal 

dose

5 yr FFBP
Low Risk

5yr FFBP
Intermediate risk

Conventional # Photon 
series

92-98% (MSKCC) 85-86%

Conventional # Proton 
series 

99% (UFPTI) 95%

Hypo Photon 96% (Chhip) 84%

Hypo Proton 98% (UFPTI) 93%



Acute GU 

Toxicities

Acute GI 

Toxicities



Deville Jr et al, Acta Oncology 2018



1. Standardized Protocol- Hypofractionated Treatment

Low Risk/Low Intermediate Risk

High Risk/Very high risk

Oligometastatic

Rectal Balloon + fiducials

Margin recipe

Surface guidance

Target Delineation

Image guidance and verification

Treatment duration and intensity

Prospectively collecting- IPSS scores, QOL-PR25, EPIC bowel, 

bladder and sexual scores



2. Extremely hypofractionated IMPT- 5#, 40Gy in 5#

• Thinnest possible fiducials/no fiducials
• low risk prostate cancer 

• Single arm prospective study
• With non inferiority endpoint of bPFS with non-inferiority threshold of +/-5% 

and +/-9% at 2yrs and 5 yrs.
• Sample size: 65 pts, 20/year



COMPPARE Study: RCT of  3000 pts, 

Protons vs. photons, 

EPIC scores as primary endpoint

PARTIQOL study: RCT of   400 pts of  low and 

intermediate risk prostate cancer, EPIC bowel scores as 

primary end point


