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The Physics of Protons 

Depth dose curves for protons and photons 
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Additional Dose outside the target 
delivered with Photons 
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Tumor Protons 

10 MeV photons 

X-rays deliver a greater dose outside the target for the same dose within 
the target volume as protons 
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Who are the patients being treated? 

Siegel et al., CA CANCER J CLIN 2013 



IMRT is well tolerated 

•1571 pts, 10 yr median f/u 
•Incidence of grade 3 GI and GU toxicity: 1% and 3% 



Is treatment required? 

731 men with localized prostate cancer, randomized to radical 
prostatectomy or observation 





• Prostate cancer is a common diagnosis 

• Treatment with IMRT is well tolerated 

• Disease outcomes are excellent, with or 
without treatment 

 

• Is this the disease site on which we seek to 
build the foundation for proton therapy? 



What is the evidence comparing PBT 
to IMRT for localized prostate cancer? 





• Population-based study using SEER-Medicare 
data 

•  IMRT had lower risk of GI toxicity compared 
to PBT 





• Retrospective observational comparison of 
men > 65 receiving PBT (553) vs IMRT (27,094) 
using 2008-2009 Medicare claims data 

• Reduced 6 mo GU complications (5.9 vs 9.5%) 
in favor of PBT, but no difference at 12 mo 

• Median reimbursement 

– $32,428 (PBT) vs $18,575 (IMRT)  



• Potential weaknesses from retrospective 
studies 

– Toxicity evaluated by billing codes 

– No dosimetric information or quality assurance of 
radiation delivery 

• Not the most rigorous comparison of IMRT vs 
PBT 



“Prostate-Cancer Therapy Comes Under 
Attack” Wall Street Journal Aug 28, 2013 

• 3 major insurers have decided to stop covering PBT for 
early stage prostate cancer 
– Blue Shield of CA 
– Aetna 
– Cigna (review) 

• Stopping coverage procedure without evidence of 
harm 
– Not in step with Medicare policy, which covers prostate 

PBT  
– Resisting proton beam coverage largely because of its price 
– Insurers face pressure from clinicians, health care 

organizations, and pts when they try to limit coverage  



• Bias in U.S. in favor of covering new 
technology  

– Technology is one of the leading drivers of health 
care spending growth 

Frakt, JAMA 
Forum, 2013 
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• Not recommended 
– Lung 
– Head and Neck 
– Gastrointestinal  
– Pediatric non-CNS 

• Not superior 
– Hepatocellular carcinoma 
– Prostate 

• Superior, but more data needed 
– Pediatric CNS 

• Protons > Photons 
– Large, ocular melanoma 
– Chordoma (control with protons ~80%) 

 



• Awarding PBT higher reimbursements based 
on dosimetric advantages over photons is not 
enough  

• Prospective, comparative clinical trials are 
needed 



Proposed coverage options for PBT 

• Ezekiel Emanuel 
– Professor and Chair of Medical Ethics and Health Policy, 

Perelman School of Medicine, University of Pennsylvania 
– Vice Provost, University of Pennsylvania 

 

• New York Times Editorial: 
– Coverage with Evidence Generation 
– Dynamic Pricing:  

• Medicare would pay more for PBT, but only for diseases that are 
proven to be treated more effectively with PBT 

• If studies performed showing that PBT was superior, payment would 
go up  

• If no studies done, or evidence demonstrated no advantages,  
coverage would continue, but at lower reimbursement 



• “Is a randomized trial of proton therapy vs IMRT worth 
the costs? A rough calculation of the incremental 
health-care expenditures associated with replacing 
IMRT with proton therapy for even just one-third of the 
nearly 28,000 Medicare beneficiaries who received 
treatment in 2008 and 2009 would be at least $100 
million of excess spending. The costs of a randomized 
trial that would compare the two radiation modalities 
range from $5 to $15 million. For such a scientifically 
important question in radiotherapy CER, a randomized 
trial of proton therapy vs IMRT would appear to be a 
good investment for patients and clinicians.” 
– Bekelman and Hahn, JNCI 2012 



Ideal target sites for proton therapy 
and clinical trials 

• Suboptimal locoregional control with current 
treatment options (PBT to improve disease 
outcomes and survival) 
– Dose escalation 

• Lung 
• Pancreas 
• Esophagus 

• Current treatment options yield high cure rates, 
but with significant toxicity (PBT to improve side 
effects and patient QOL) 
– Head and Neck 



Lung 

• Early stage  

– Excellent results with photon SBRT 

– LC 90%, minimal toxicity 

– Little room for improvement 

 

• Advanced stage 

– Possible gains (pneumonitis, esophagitis, heart dose) 

– Challenge of organ motion 

– Lessons learned from RTOG 0617 





RTOG 0617: findings 

• Pts receiving higher dose had a significant decline 
in QOL compared to standard dose 
– Captured only on patient-reported surveys, while MD-

reported surveys showed no difference 

• Correlation between worse QOL and diminished 
survival 

• Those receiving IMRT had less decline in QOL 
compared to 3-D CRT 
– Importance of technology?  

• Can dose deposition to organs at risk impact QOL and 
survival?   





Prostate 

• “Outcome is similar to IMRT, with no clear 
advantage from clinical data for either 
technique in disease control or prevention of 
late toxicity” 



Primary outcome: bowel toxicity at 2 yrs 
 
Secondary outcomes: 
• Disease-specific QOL 
• Cost effectiveness 
• Correlation btwn RT dose and bowel, urinary and erectile function 
• Identification and evaluation of biomarkers for response and cancer behavior 
• Long-term survival 



Head and Neck 

• Outcomes excellent 
– ~90% cure rate for locally-advanced, HPV+ oropharynx 

cancer (young pts) 

 
• Toxicity significant 

– Operative site breakdown 
– Xerostomia 
– Dysgeusia 
– Dysphagia 
– Significant impact on head and neck specific and 

global QOL 
 
 



Head and Neck 

• UPenn Phase II study 
– TORS  SND  RT (+/- 

chemo)  
• Allows for IMRT or PBT 

(with PBS) 

– Stage III/IV OPC 
• HPV+  
• T1/T2 
• Negative margin 
• No PNI 

 

• RT nodal regions only 
• Omission of primary 

tumor bed 
• Rationale 

– Improve toxicity profile, 
while maintaining high LC 
• Operative site 

breakdown 
• Mucositis 
• Dysphagia/Odynophagia 

– Prospective patient-
reported QOL data 
collection 



Proton therapy 



Rapid Arc IMRT 
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Proton Prioritization System 
(PROPS) 

 
 Department of Radiation Oncology 

Roberts Proton Therapy Center 
University of Pennsylvania 

PENN Medicine 
 

 

 



Principles of Proton Prioritization   

• Incremental Benefit  

• Equity  

• Transparency  

• Age  

• Contribution to Medical Knowledge  



PENN Proton Priority System (PROPS) 

• Diagnosis: certain diagnoses given priority 

• Site: skull base, orbit, spine, RP, retreatment  

• Stage: local, regional, metastatic 

• Performance Status/Comorbidities 

• Age 

• Urgency: gross disease with symptoms 

• Clinical trial 

 



Proton Therapy Consideration for 
Exceptional Cases 

Will proton therapy likely lead to incrementally better 
outcomes for the patient? 

Will proton therapy likely lead to materially worse 
outcomes for the patient? 

Will providing proton therapy to the patient under 
consideration take a treatment spot from another 

more suitable patient? 

Is proton therapy planning and delivery technically 
feasible under our current program? 

“Yes” 

“No” or “Not sure” 

“Yes” 
Alternative approach 

“No” or “Not sure” 

“Yes” 

“No” 

Alternative approach 

“Yes” 

“No” 

Proton therapy at 
discretion of treating 
physician and patient 
with PROPS approval 

Alternative approach 



4 primary evidence generation goals 

1) Conduct phase III randomized trials in prevalent 
disease sites where phase II evidence is available 
(prostate, lung, breast) 

2) Conduct phase II trials of combined modality 
regimens with goal of adaptively transitioning to 
phase III randomized studies (head and neck) 

3) Conduct phase II or cohort studies in low 
prevalence malignancies with long natural 
histories. 

4) Conduct phase II trials in special situations 
(reirradiation) 



Conclusions 

• PBT has great promise as a tool to improve 
disease outcomes and/or mitigate RT toxicity 

– Toxicity and QOL can impact patient survival 

• We need to identify ideal disease sites for which 
PBT may be most beneficial 

• Prospective clinical trials needed 

• We must take advantage of technological 
advances and apply them judiciously, or else risk 
loss of control and options for our patients  




