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Myths 

 Proton therapy is new. 

 There is no evidence demonstrating a benefit to proton therapy for 

prostate cancer. 

 Proton therapy is better than photon therapy and has no side 

effects. 
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Proton Therapy for Prostate Cancer 

Outline: 

 

• Historical Perspective 

 

• Mechanism/Rationale 

 

• Clinical Evidence 

 

• Technical Considerations and Advances  

 

• Future Directions 
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Historical Perspective 

 Proton therapy has been used in cancer management for over 

50 years. 

 Post WWII study of nuclear technology and potential 

applications 

 1946 – Dr. Robert Wilson at Harvard published on “The 

Radiological Use of Protons” 

• Recognizing the unique pattern of dose deposition  

 1954 – first experiments at physics research centers:  

• Lawrence Berkley National Laboratory 

• Gustav Werner Institute in Uppsala, Sweden (1957) 

• these facilities typically offered relatively low-energy protons delivered 

through a fixed beam, so clinical applications were limited. 

 1961 – Harvard Cyclotron Laboratory began a 40 year 

collaboration with MGH treating over 9000 patients through 

2002 treatment transferred to MGH campus 
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Historical Perspective 

 1990 – Loma Linda University Medical Center opened the first 

hospital based facility 

• Higher energy protons, allowing the treatment of deep-seated tumors, 

such as the prostate 

• Marked the transition of proton therapy from physics labs to mainstream 

practice 

 2002 – MGH followed suit and established hospital based 

facility 

 2010 – Roberts Proton Therapy Center at Penn began treatment 

 2015 – Currently ~16 operational proton centers in US and 40 

abroad.  

• US centers expected to double in the next 3 years 

• Need for high-level evidence:  

– Physicians, policy makers, and the public are seeking clear and 

definitive data to support its use 
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US Proton Centers 

Operating centers: 

1) Hampton University Proton Therapy Institute, Hampton, Virginia 

2) Mayo Clinic Proton Beam Therapy Program, Rochester, Minnesota 

3) Ackerman Cancer Center; Jacksonville, Florida 

4) Willis-Knighton Health System, Shreveport, Louisiana 

5) Scripps Proton Therapy Center, San Diego, California 

6) SCCA Proton Therapy, A ProCure Center in Seattle, Washington 

7) MD Anderson Cancer Center's Proton Center, Houston 

8) James M. Slater, M.D. Proton Treatment and Research Center at Loma Linda University Medical Center 

9) S. Lee Kling Proton Therapy Center at the Siteman Cancer Center, St. Louis, Missouri 

10) The University of Florida Health Proton Therapy Institute 

11) ProCure Proton Therapy Center, Oklahoma City 

12) The Roberts Proton Therapy Center at University of PA Health System 

13) ProCure Proton Therapy Center in partnership with Princeton Radiation Oncology Group and 

CentraState Healthcare System, Somerset, N.J 

14) Northwestern Medicine Chicago Proton Center, Chicago Area, Illinois 

15) The Provision Center for Proton Therapy, Knoxville, Tennessee 

16) Francis H. Burr Proton Center at Mass. General Hospital 

http://www.proton-therapy.org/map.htm 

Centers under construction: 

1) Cincinnati Children's Proton Therapy Center, Liberty Township, 

Ohio 

2) Dallas Proton Treatment Center, Dallas, Texas 

3) Emory Proton Therapy Center, Atlanta, Georgia 

4) Maryland Proton Treatment Center, Baltimore, Maryland 

5) Mayo Clinic Proton Beam Therapy Program, Phoenix, Arizona 

6) The McLaren Proton Therapy Center, Flint, Michigan 

7) Miami Cancer Institute at Baptist Health South Florida 

8) University Hospitals Seidman Cancer Center, Case Medical Center 

9) Texas Center for Proton Therapy, Irving, Texas 

10) UF Health Cancer Center at Orlando Health 
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Mechanism and Rationale 
 Unlike X-rays, protons: 

• are subatomic particles that have mass  

 

• do not travel an infinite distance 

 

• Stop in tissue at a distance proportional to 

their acceleration.  

 

• are 1,800 times as heavy as electrons, the 

primary subatomic particles with which 

they collide. 

 

• lose relatively little energy along the beam 

path until the end of their range 

– at which point they lose the majority of 

their energy 

– producing a characteristic sharp peak 

in radiation energy deposition known 

as the Bragg peak. 



9 

Mechanism and Rationale 

 Because the width of the Bragg peak is 
only 4 to 7 mm, clinically, a spread-out 
Bragg peak (SOBP) is used, to cover the 
full thickness of a particular target with a 
uniform dose. 

 

 Thus, a typical proton beam disperses: 
1) a low constant dose of radiation along the 

entrance path of the beam 

2) a high uniform dose throughout the range of the 
SOBP 

3) no exit dose, eliminating much of the integral 
dose inherent in X-ray therapy.  

 

 In contrast to photons, the majority of 
radiation energy from a proton beam is 
actually deposited in the target. 

 

 Theoretical advantage for proton therapy 
is its dose distribution.  
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Mechanism and Rationale 

 Protons are generally not considered to be high linear energy transfer (LET) particles (despite 

having a slightly higher LET than x-rays). 

 High-LET radiation deposits more dose along its path than low LET radiation 

• more damaging to hypoxic cells, less cell cycle dependent, and less DNA damage repair.  

• heavier charged particles, such as carbon and helium have this radiobiologic advantage 



11 

Clinical evidence – dosimetric advantages 
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Clinical evidence – dosimetric advantages 

Dose-volume histogram comparing prostate cancer IMRT (triangle) and PT (squares) treated to 79.2 Gy (RBE). 

  

Note the comparable target coverage (magenta lines) and reduction in low-intermediate dose regions to the 

adjacent rectum (brown) and bladder (yellow) – with the proton plan, which is lost in the high dose region. 
 

Deville C. Chapter 46. Proton Beam Therapy. In: Mydlo JH, Godec CJ (eds.) 

Prostate Cancer: Science and Clinical Practice, 2nd ed. Elsevier Press, 2015. 
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Clinical evidence – dosimetric advantages 

 An in-silico study from MD 
Anderson evaluated the risk 
of secondary malignancies 
(SMN) with IMRT compared to 
proton therapy in 3 patients 
with early-stage prostate 
cancer 

 

 Proton therapy reduced the 
excessive relative risk (ERR) 
by 26%-39% for all models.  

 

 This reduction in SMN risk 
may be particularly relevant 
in younger patients with 
prostate cancer. 

Fontenot J, et al. Red Journal 2009 
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History of Proton Therapy in Prostate Cancer 

 Initial studies in prostate cancer: 

• used a 160-MeV proton beam from the Harvard cyclotron 

• applied as a conformal perineal boost after initial MV photon therapy. 

Hoppe B, et al. Oncology 2011 
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History of Proton Therapy in Prostate Cancer 

 Harvard conducted the first phase III 
proton therapy study randomly assigning 
patients with stage T3-4 prostate cancer 
to: 

• 67.2 Gy photon therapy (n = 99) 

vs. 

• 75.6 CGE (50.4 Gy photon therapy + 25.2 
CGE proton boost; n = 103)  

 

• 5 yr median f/u 

–  local control (LC) in high-dose arm for 
poorly differentiated prostate cancer 
(Gleason score ≥ 7) (5-year LC, 94% vs. 
64%; P=.0014). 

– trend toward improved LC in high-dose 
arm for entire cohort a (5-year LC, 92% 
vs. 80%; P=.089).  

– no significant differences in OS or DSS. 

Shipley WU, et al. Red Journal 1995 

 



16 

 Dose escalation: Proton Radiation 

Oncology Group trial 95-09 

 1996-1999, randomized 393 men with T1b-2b 

prostate cancer and PSA<15 to either  

• low-dose (70.2 Gy/CGE)  

• high-dose (79.2 Gy/CGE)  

 Proton “boost” with either 19.8 CGE or 28.8 

CGE  

 via opposed lateral 250-mV beams at Loma 

Linda or single perineal 160-mV proton beam 

at MGH, followed by 50.4 Gy with 3DCRT. 

 Importantly, dose-escalation reduced 

biochemical failure with still overall low 

rates of grade>3 GU (2%) and GI (1%) 

toxicity. 

 
Zietman A L et al. JCO 2010 

History of Proton Therapy in Prostate Cancer 



17 

History of Proton Therapy in Prostate Cancer 

 Proton therapy as solo treatment 

 

 Loma Linda reported retrospectively on: 

• 1,255 prostate cancer patients treated to total doses of 74-75 CGE 

from 1991-1997  

– protons alone (n = 524)  

– proton boost (n = 731) 

• median follow-up, 62 mo (1-132 mo) 

• 5-year bochemical failure free survival was 75% 

– Long-term survival outcomes were comparable with those 

reported for other modalities  

• late grade 3+ GU or GI toxicities was < 1% 

     

    Slater JD, et al, Red Journal 2004 
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Clinical evidence 

Hoppe B, et al. Oncology 2011 

• Over the last decade, more proton centers have been built in the USA and abroad  

• increased clinical experience in prostate cancer  

• confirming the overall efficacy  

• reporting low toxicity rates 
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Guidelines and Recommendations 

 Data through 2009 was reviewed for proton therapy.  

 Insufficient evidence: 

• Lung cancer, head and neck cancer, GI malignancies, and pediatric 

non-CNS malignancies.  

 Sufficient evidence of benefit, but not superiority: 

• Hepatocellular carcinoma and prostate cancer 
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Clinical Outcomes (CER) 

 Attempts have been made to utilize comparative effectiveness research 

(CER) and population based data to compare outcomes in proton therapy 

vs. IMRT. 

 Medicare-SEER analysis of 684 men treated with proton therapy 2002-

2007 vs. matched IMRT cohort 

• IMRT associated with less GI “morbidity”  

– absolute risk, 12.2 vs 17.8 per 100 person-years; RR, 0.66; 95% CI, 0.55-0.79 

• No significant differences in other toxicities 

• No difference in additional cancer therapy 

    Sheets NC, et al, JAMA 2012 

 Medicare analysis of 421 men treated with proton therapy 2008-2009 vs. 

matched IMRT cohort 

• Less GU “toxicity” at 6 mo for protons, disappeared by 1 yr  

• No other significant differences 

• Proton associated Medicare reimbursement costs were 75% higher: $32,428 

PRT vs. $18,575 IMRT 

    Yu JB, et al, JNCI 2013 
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From: Intensity-Modulated Radiation Therapy, Proton Therapy, or Conformal Radiation Therapy and Morbidity 

and Disease Control in Localized Prostate Cancer 

JAMA. 2012;307(15):1611-1620. doi:10.1001/jama.2012.460 
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Clinical Outcomes (CER) 

 Limitations: 

• Demographically homogenous cohort (93% White, 80% Californian) 

• Loma Linda reported on nearly twice as many patients with lower rates of 

serious GI toxicity (<1% acutely; 1% in 5-year follow-up) than the 17.8 events 

per 100 person-years.  

• GI morbidity based on diagnoses/procedure codes, including screening 

colonoscopy.  

– Proton patients may be more likely to undergo screening procedures 

• Factors known to affect toxicity: 

– Dose 

– field size 

– image guidance 

– target margins 

• 3DCRT-proton boost included 

Deville C, et al, JAMA 2012, In Reply 



23 

Clinical Outcomes (CER) 

Yu JB, et al, JNCI 2013 

 

Chronic Condition Warehouse includes 

comprehensive Medicare claims for all 

enrollees nationwide with prostate cancer. 

In contrast with prior studies they were 

able to include 6 treatment facilities rather 

than a single center. 
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Clinical evidence – Penn IMRT vs. PBT 

 N=394 contemporaneously treated 

(2010-2012), non-randomized 

proton therapy vs. IMRT cohorts 

using a case-matched analysis 
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A case‐matched study of toxicity outcomes after proton therapy and intensity‐modulated 

radiation therapy for prostate cancer 

Cancer 

Volume 121, Issue 7, pages 1118-1127, 25 NOV 2014 DOI: 10.1002/cncr.29148 

http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full#cncr29148-fig-0001 

(A) Late GI toxicity. IMRT versus PBT treatment comparison adjusted HR = 1.24, P = 0.62.  
(B) Late GU toxicity. IMRT versus PBT treatment comparison adjusted HR = 0.56, P = 0.22. 

on multivariable analysis including direct adjustment for confounders and independent 

predictors, there were no significant differences in the risk of acute or late grade ≥2 GI or GU 

toxicities  

http://onlinelibrary.wiley.com/doi/10.1002/cncr.v121.7/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.29148/full
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Clinical evidence – Patient Reported Outcomes 

Gray PJ, et al. Cancer 2013 

PBT 

N=95 

IMRT 

N=153 

3DCRT 

N=123 

Regarding GI outcomes: 

 

1) At 2-3 mo, patients who received 3DCRT 

and IMRT reported a clinically meaningful 

decrement in bowel QOL, but not the 

proton cohort. 

 

2) At 12-24 mo, all 3 cohorts reported 

clinically meaningful decrements in bowel 

QOL.  

http://onlinelibrary.wiley.com/doi/10.1002/cncr.27956/full
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Clinical evidence – Patient Reported Outcomes 

Gray PJ, et al. Cancer 2013 

PBT 

N=95 

IMRT 

N=153 

3DCRT 

N=123 

GU: 

 

1) At 2-3 mo, IMRT only reported 

clinically meaningful 

decrements in urinary 

irritation/obstruction and 

incontinence 

 

2) At 12 mo, PBT cohort only 

reported clinically meaningful 

decrement in urinary 

irritation/obstruction. 

 

3) At 24 mo, none of the 3 cohorts 

reported clinically meaningful 

changes in urinary QOL. 

http://onlinelibrary.wiley.com/doi/10.1002/cncr.27956/full
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Comparative Effectiveness Summary 
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Clinical evidence – Randomized controlled trial 
Proton Therapy vs. IMRT for Low or Low-Intermediate Risk Prostate Cancer 
(PARTIQoL) 

 Currently recruiting (open 7/2012) 

 Sponsor: Massachusetts General Hospital 

 Collaborators: 
• University of Pennsylvania 

• National Cancer Institute (NCI) 

• MD Anderson 

 ClinicalTrials.gov Identifier: NCT01617161 

 Anticipated enrollment: 461 

 Primary Outcome Measure: 
• Compare the reduction in mean Expanded Prostate Cancer Index Composite (EPIC) bowel 

scores at 24 mo 

 Secondary Outcome Measures at 2yrs: 
• Disease Specific Quality of Life as measured by patient-reported outcomes, perceptions of care 

and adverse events 

• Cost Effectiveness of PBT vs. IMRT under current conditions and model future cost-effectiveness 
for alternative treatment delivery and cost scenarios 

• Radiation Dose and Bowel, Urinary and Erectile Function - Develop predictive models to examine 
DVH associations 

• Identification and Evaluation Biomarkers of PCa Behavior (CTCs) 

• Disease-specific and overall survival  

• Development of late effects such as second cancers 
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Image courtesy of Hanne Kooy, PhD, at Harvard,  

and Stefan Both, PhD, at MSKCC 

Technical Considerations and Advances 

 IMRT is a mature technology  

 Proton therapy is an immature 

technology 

• IMPT is still being developed 
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There are two approaches to form a desired dose distribution. 

 

Historically what has been done: 

1) Passive Scattering and modulation 

Technical Considerations and Advances 
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Technical Considerations and Advances 
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Caveats with scattered beam: 

•More cumbersome project: 

•Apertures and compensators must be 

machined and QA’ed for each field. 

•Neutrons are produced by the scatterers 

and apertures. 

Technical Considerations and Advances 
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Hall EJ. Int J Radiat Oncol Biol Phys 2006;65(1):1-7 

Measurements on old 

Harvard cyclotron: extra 

“preabsorber” in head, 

was poorly tuned. 

Measurements recently 

done at Loma Linda are 

closer to IMRT curve. 

Neutron Contamination 

Technical Considerations and Advances 
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Hall EJ. Int J Radiat Oncol Biol Phys 2006;65(1):1-7 

Technical Considerations and Advances 
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Pencil Beam Scanning 

• Pencil Beam is scanned both laterally and in depth by changing its energy 
(Pedroni et al). 
 

• Dose distribution is determined by weighting the pencil beam at each position 
within the field. 
• A target is divided into many layers 
• Each layer is divided into many spots 
• Spots are scanned one by one; layers by layers. 

 
• Benefits: 

• Fully electronic and no mechanical parts 
• Homogenous dose conformed distally and proximally 

 
• More recent and growing experience in the US 
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 PBS improves normal tissue sparing, particularly when the SVs 

"droop" around the rectum or with a prominent median lobe 

Passive Scattering PBS 

Technical Considerations and Advances 

Kirk M, et al. Practical Radiation Oncology 2015 
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 MD Anderson Cancer Center reported: 

• 226 men receiving passively scattered (PS) and 65 spot scanning (SS) proton therapy  

• minimum 2 yr f/u on a prospective non randomized quality of life (QOL) protocol  

 

• Results: 

– statistically significant changes in sexual, urinary, and bowel EPIC summary scores.  

– Only bowel summary, function, and bother resulted in clinically meaningful 

decrements beyond treatment completion and through 24-month follow-up  

– Cumulative grade ≥ 2 GU and GI toxicity at 24 months were 13.4% and 9.6%, 

respectively, with only 1 grade 3 gastrointestinal toxicity (PS group) and no other 

grade ≥ 3 or greater GI or GU toxicity.  

– Argon plasma coagulation application was infrequent and not significantly different 

between groups: PS 4.4% vs. SS 1.5%.  

 

• No statistically significant differences were appreciated between PS and SS regarding 

toxicity or QOL. 

Clinical evidence – Scattering vs Scanning 

Pugh TJ, et al. Red Journal 2013 
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DVH Comparison Rapid Arc (☐) vs. PBS( Δ)  

PBS 

Rapid Arc 

Future Directions – Post-op PT 
Post-prostatectomy radiation 

Deville C, et al. PTCOG 2014 
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Clinical indication – pelvic nodal irradiation 

 Proton therapy can be used as the prostate/SV boost for high risk prostate 

cancer after an initial course of whole pelvis irradiation with IMRT 

All IMRT 

DVH Comparison All IMRT (☐) vs. IMRT + Proton (Δ) 

Whole pelvis IMRT + proton boost 
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 Pelvic Nodal Irradiation (Whole Pelvis) Proton Therapy for High Risk Prostate Cancer Patients  

 Potential to spare dose to the bladder, rectum, and bowel in the low and intermediate ranges 

compared to IMRT. 

       Kirk M, Deville C, et al. PTCOG 2013 

Future Directions – WP PT 
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Summary 

 The theoretical advantage for proton therapy is its physical properties and 

resultant dose distribution, i.e. Bragg Peak 

• generally results in reduced low and intermediate doses to non-target tissues. 

 

 Proton therapy is an established and effective therapy for prostate cancer 

 

 The fundamental question remains: is there a measurable, clinical 

meaningful benefit that justifies the current increase cost? 

 

 Proton therapy for prostate cancer continues to evolve and has yet to 

achieve its full potential (vs. IMRT) 

• New delivery techniques, such as pencil beam scanning, will allow further 

advancement and refinement across expanding indications, such as post-

prostatectomy and pelvic nodal irradiation in high risk prostate cancer. 

 

 Rationale and deliberate study is needed to establish the relative clinical 

benefits/detriments and appropriate indications 
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Guidelines and Recommendations 

ASTRO 2013 
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Guidelines and Recommendations 

 2015 – “The NCCN panel believes there is no clinical evidence 

supporting a benefit or decrement to proton therapy over IMRT for 

either treatment efficacy or long-term toxicity. Conventionally 

fractionated prostate proton therapy can be considered a reasonable 

alternative to X-ray based regimens at clinics with appropriate 

technology, physics, and clinical expertise.” 

 

 2013 – “Proton therapy is not recommended for routine use at this 

time, since clinical trials have not yet yielded data that demonstrates 

superiority to, or equivalence of, proton beam and conventional 

external beam for treatment of prostate cancer.” 

 

 2009 – no mention 
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Thank You and Questions 

cdeville@jhmi.edu 


