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SCHEMA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient population:  

 Patients who will be treated with radiation therapy at participating centers  

 Patients over the age of 18 who are able to understand and sign an IRB approved consent 

including HIPAA authorization form. 

 Patients under the age of 18 whose legal guardian is able to understand and sign an IRB approved 

consent including HIPAA authorization form. 

 

 

Executive summary: The tracking program allows the collection and analysis of patient information to 

evaluate the disease process and treatment related outcome thus defining strengths and weaknesses of our 

program ultimately leading to better patient care. The Evaluation Tracking Program (ETP) consists of 

prospective enrollment and collection of information from the date of the ETP approval and patient 

consent.   

  

Modality 

  

Proton Therapy, Photon Therapy and other forms of 

radiation and non-proton radiation 

  

Sex 

 Male  

 Female 

 

Age 

 <18 yrs of age 

 18 to <50 yrs 

 50 to <70 yrs 

 ≥70 yrs 

 

 

S

t

r

a

t

i

f

y 



Confidential   Proton Collaborative Group 

REG001-09 Page 5 of 13 v2015.03.05 

1.0 INTRODUCTION 

Optimal patient care requires an understanding of the outcome of treatment. It is not accurate to 

assume that one can extrapolate results from one doctor’s practice, or one healthcare setting, to 

another. Every situation has its own individual factors that may affect the results of medical 

therapies. Ideally, all healthcare providers would systematically analyze the outcome of their 

management in a way that allows them to identify the practices that are working well, as well as 

those that should be modified to improve healthcare delivery. This is true for both large 

organizations and individual doctors.  

  

Proton therapy is offered at a number of centers throughout the United States. While this type of 

radiation therapy is in no way experimental, it is relatively new in the context of its use (versus 

conventional photon radiation therapy). We feel strongly that we should make every effort to 

collect and report data on our outcomes with protons for 2 major reasons: 

  

 With the rare privilege of access to a proton center comes an important social and academic 

responsibility.  This cutting edge technology comes at a significant financial price (over $100 

million), and in many ways, the future of this radiation modality depends on whether or not a 

substantial benefit can be obtained with proton radiation therapy.  

 With all treatment modalities, we believe it is the best practice to provide the patient with 

actual outcome data from our own practice when obtaining an informed consent for treatment 

from a patient. Not only does this data serve us as the best source of information on probable 

outcomes for the patient, but it also provides us with the best tool for continuous quality 

assurance and improvement.  

o More specifically, clarification of prognostic variables will help to identify the 

subgroups of patients who are likely to benefit from different management 

strategies in the future. 

o Also, comparing outcome with different treatments that are used over time, either 

here at our center, or with published results from other centers, will allow us to 

identify the programs that are, and are not, working optimally.  

1.1 Background Information Regarding Proton Radiation Therapy 

“Conventional” radiation therapy (RT) refers to treatment with X-rays (also called phot- 

ons).  William Roentgen is credited with the discovery of photons (for medical use) in 

1895.
1
He created the first known X-ray image when he accidentally exposed his wife's 

hand. A few months later, in January 1896, Emil Grubbe became the first person to use 

photons in a therapeutic fashion when he treated a woman with recurrent breast cancer in 

a palliative setting.
2
 Today nearly 50% of patients with cancer in the United States 

receive radiation therapy. Linear accelerators are the most common source of photons for 

radiation therapy. 

 

Conventional photon RT is very effective, but cannot be targeted for a specific depth 

range. Photons follow simple rules of physics. For a 6 Megavolt (MV) photon radiation 

beam, its greatest energy deposition will be 1.5 cm beyond its impact with tissue and it 

will lose about 4% of its energy for each centimeter of tissue it passes through.
3,43

 For a 

single photon beam, the greatest energy is not necessarily near the target structure and the 

beam always travels past the target structure. For photon RT, the radiation side effects are 

directly related to the tissue through which the beam passes. 
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Proton RT differs from photon RT in that it uses charged particles. For this reason, 

protons can be targeted for a specific depth range. Charged particle RT has better 

physical characteristics than photons, resulting in lower radiation in the healthy tissues 

prior to the target volume. Past the target zone, there is almost an immediate fall-off of 

radiation dose. This sharp peak of radiation dose deposition is referred to as the “Bragg 

peak” and is unique to charged particle radiation, and in terms of this protocol, proton 

radiation. 
5
  

 

   
Diagram 1: Depth-Dose diagram demonstrating the “Bragg peak” of protons. Electrons and photons deposit 

their greatest dose close to the surface of the patient. Protons deposit their greatest dose in the Bragg peak, 

which can be adjusted for individual patients and their specific target area by adjusting the energy imparted to 

the proton particles. 

   

As a result of the Bragg peak, side effects due to proton RT can be limited (versus photon 

RT), since there is less dose to non-target tissues. Below is the dose reconstruction of a 

child receiving radiation therapy to the spine for a brain tumor. The diagram on the left 

depicts dose fall-off using proton RT. The diagram on the right depicts continued “exit 

dose” using photon RT.  
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Diagram 2: The sagittal and axial views on the left are from a CSI (craniospinal irradiation) plan using 

protons. The sagittal and axial views on the right are from a CSI plan using photons.  The proton CSI plan is 

able to avoid distal fall-off to visceral organs, including the heart.6  

 

Therapeutic gain (TG) refers to an increase in the ratio of tumor control probability 

(TCP) to normal tissue complications (NTC).  

 

TG = TCP/NTC 

 

A TG can be achieved by either an increase in TCP relative to NTC or a decrease in NTC 

relative to TCP.  Protons allow for a TG using both.  

 

Protons allow for increased TCP since more of the dose can be delivered safely (versus 

photons). An example of this is using proton RT in the setting of base of skull 

chondrosarcoma or unresectable osteosarcoma. In these cases, the TCP is driven up with 

higher doses.  

 

Protons allow for decreased NTC by better dose distribution. By having decreased dose 

delivered to the build-up (pre-target volume) regions and almost immediate dose fall-off 

past the target volume, the integral dose (total dose under the curve) is decreased. Lower 

integral dose means decreased radiation dose to the patients’ normal tissues, allowing for 

decreased acute and chronic side effects. In the case of the child receiving CSI-

craniospinal irradiation (as shown above), the improved TG is a result of decreased NTC, 

since there is minimal risk of radiation injury to the visceral organs (heart, lungs, etc) 

anterior to the target volume. This can be seen in diagram 2.  

 

Protons have potential for significant improvement over conventional photons in that 

dose escalation is easier to achieve and normal tissue toxicity is easier to avoid.  This is 

the case even when comparing intensity-modulated radiation therapy (IMRT) with 

protons. IMRT is a treatment technique which uses photons in a complicated treatment 

pattern, utilizing multiple field arrangements and varying photon intensities. While 

conformality to a treatment volume is improved (versus a standard photon treatment 

plan), the additional fields require additional radiation to be given and as a result, the 

patient’s overall radiation exposure (defined as integral dose) actually increases. 
7
  

Integral dose, in simple terms, is the total amount of irradiation being delivered to the 

entire body. This accounts for not just the radiation dose being delivered to the target site, 

but also the radiation dose delivered along the direction of the photon beam as it travels 

to and past this site. A high integral dose means excessive radiation in non-targeted 

tissues. IMRT, since it uses many additional beams to improve conformality, also results 

in an increase in integral dose. Thus, when using photons, the cost for improved 

conformality is increased integral dose.  
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Protons will achieve a higher degree of dose conformality than even the best IMRT plans 

while keeping integral doses far lower than even the best standard photon plan. In the 

example of pediatric patients being treated with craniospinal irradiation, protons match 

the conformality of IMRT, while significantly decreasing the dose to normal structures. 

 

In short, while photon RT delivery has improved significantly in the past 50 years, we are 

reaching the end of meaningful improvements. To see significant progress in RT, a 

different modality needs to be used. Protons are an improved radiation modality over 

photons, due to their physical characteristics. Protons, even when delivered with the 

simplest planning, will provide a superior radiation dose distribution compared to the best 

delivered photon RT, such as IMRT, because of reduced integral dose. 

 

To better compare results between different radiation modalities it is necessary to have 

similar data sets of patients treated with either modality. The registry will include patients 

treated with photons, brachytherapy, radiopharmaceuticals, protons or other forms of 

radiation.  The inclusion of patients treated with different radiation modalities will allow 

us to compare treatments and do comparative effectiveness research between modalities 

and better evaluate the role of proton therapy.  

 

Dose distributions to the target volume and critical structures are listed in diagram 3 for a 

standard photon plan, an IMRT plan, and a proton plan. (Figures and data from 

Massachusetts General Hospital). 
6
 

 

  
 

Diagram 3a. The above diagrams depict a pediatric patient receiving craniospinal irradiation (CSI) with a 

posterior fossa boost. The sagittal body images and axial cranial images, in order, graphically show the 

radiation dose distributions of a conventional photon radiation plan, intensity modulated photon radiation 

plan, and a proton plan. The proton plan has a much lower dose distribution outside of the target areas. 
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Diagram 3b. The above dose volume histograms (DVH) represent the amount of radiation dose an organ 

system receives with the different types of radiation used.  Note the significantly lower dose to all of the 

organs with proton radiation. For the pituitary, stomach, and transverse colon, the dose to these organs is so 

negligible that a graph line cannot be demonstrated.6 
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Modalities of Radiation Therapy 

 External-beam RT with photons 

 External-beam RT with protons 

 External-beam RT with electrons 

 Brachytherapy using low-dose irradiation 

 Brachytherapy using high-dose irradiation 

 Radioisotope administration 

 Proton therapy pencil beam or passive scatter 

2.0 OVERALL OBJECTIVES 

 2.1 Define outcomes for patients treated at participating institutions. 

2.2 Determine strategies necessary to improve patients outcome and decrease toxicities 

related to treatments and procedures. 

2.3 Improve patient care by an adequate understanding of the results and patient population 

at participating institutions. 

3.0 PATIENT SELECTION 

3.1  Conditions for Patient Eligibility 

3.1.1 Patients who will be treated with radiation therapy at participating centers.  

3.1.2 Patients over the age of 18 who are able to understand and sign an IRB approved consent 

including HIPAA authorization form. 

3.1.3 Patients under the age of 18 whose legal guardian is able to understand and sign an IRB 

approved consent including HIPAA authorization form.  

3.2 Inclusion of International Subjects 

 Patients from outside of the United States may participate in the study. Enrollment and 

treatment must be completed at an approved PCG member institution in the United 

States. 

4.0 REGISTRATION 

4.1  PCG headquarters must have documentation of each institution’s IRB approval of the 

protocol on file prior to prospectively registering patients.  

4.2  Obtain written informed consent from the participant prior to registration.  

4.3  Verify the patient meets the eligibility criteria prior to enrolling the patient.  

4.4  Patients must be registered through the PCG Electronic Data Capture (EDC) system.   

Patients can be registered only after eligibility criteria are met.  

5.0  STUDY METHODS  

5.1 Study Interventions 

No additional interventions will be done for the purpose of this study. The only 

intervention involved in the ETP is the collection of the information and its analysis. 

 5.2 Data Collection  

The information collected includes the following: socioeconomic, clinical data, treatment 

parameters, physics or dosimetric information, imaging studies required for staging, 

follow up or simulation of the patients; Pathologic evaluation of the tissue sampled for 

diagnosis or as part of the standard treatment process; Blood work pertinent to the disease 

process. Information related to treatment as surgery, chemotherapy, radiation or other 

modalities employed as treatment, or the management of the complications. Information 

will be collected from patient visits, via the medical record. Only information related to 

the patient’s cancer disease that is being treated at the research site will be collected.  
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Different physics or dosimetric parameters will be calculated or derived from previously 

collected information. 

 

Evaluation of this information may include the creation of different databases for 

statistical analysis of the information or the generation of physics/dosimetric parameters 

from the gathered information for analysis. 

 

No additional interventions will be done for the purpose of this protocol. Only the 

information that is part of routine care will be collected for protocol purposes. 

Participating sites will be required to provide follow up information for each subject 

enrolled on at least an annual basis. More frequent follow up and data collection are 

highly recommended. If site staff is unable to obtain follow up information on a subject, 

sponsor level assistance in contacting the patient, or obtaining outside medical records, is 

permitted.  

 
Databases will be used to collect the information necessary for the analysis. The 

information will be collected electronically in compliance with 21 CFR Part 11. Only 

patients consented with an IRB approved consent form will have their data collected for 

this study. 

6.0 DATA ANALYSIS 

The data generated will be analyzed employing different statistical packages or graphical 

representations. A wide range of analyses will be used depending on the nature of the data being 

evaluated. In some cases, the outcome analysis will be limited to a qualitative description of 

tumor status, survival, toxicity, treatment parameters, or dosimetric/physics related information. 

In other cases, statistical comparisons will be made between different groups of patients or 

treatment modalities. 

6.1 Study Duration 

This study will begin upon receipt of IRB approval. There is no expected termination 

date as this is an ongoing effort to record long-term information for patients.  

6.2 Number of Subjects 

At any point in time, the ETP database will contain information on tumor status and long-

term toxicity on several thousand patients who have signed consent for the collection and 

analysis of their information.  

7.0 ETHICAL, REGULATORY AND ADMINISTRATIVE ISSUES 

This study will be conducted in full compliance with the Institutional Review Board regulations 

in 21 CFR 56. This study will be conducted in full compliance with the informed consent 

regulations in 21 CFR 50. Only staff members who have completed human subject protection 

training will obtain informed consent from the study participants. 

 

Written informed consent and authorization of use and disclosure of PHI (as applicable in the 

US) must be obtained from each patient before performing any Screening/Baseline evaluations 

that are specifically study related (outside the scope of routine care). A copy of the signed 

informed consent document and HIPPA authorization will be given to the patient, and the 

investigative site will retain either the original or an exact copy electronically. The consent 

document must contain the 20 elements of informed consent described in ICH E6 4.8. The 

authorization for use and disclosure of PHI must contain the elements required by 45 CFR 

164.508(b) for valid authorizations. 

7.1 Potential Risks to Subjects 

The risk of participation in the ETP is minimal. Consideration is given to loss of 

confidentiality, but this risk will be minimized to the fullest extent possible. 
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7.2 Potential Benefits to Subjects 

The primary objective of the ETP is to improve the care of future patients. Therefore, the 

patients may receive no direct benefit from enrollment. 

 

However, continued analysis will benefit future patients as they themselves benefit today 

from knowledge generated from years of previous patient care. 

 

A secondary objective of the initiative is to provide the best possible medical care to the 

patients that have received radiotherapy. Radiation Oncology is a specialized field with 

expertise about the management of long-term effects from radiotherapy. In many cases 

the patient is followed outside our department in the years following radiotherapy. In the 

past, when conducting retrospective research projects, we have been able to identify 

medical issues during the process. In these situations, we encourage the patient to seek 

follow up for this condition, either with us or a health care provider that they are more 

comfortable seeing. For this reason a potential benefit of the study is that it will enable us 

to identify patients who are likely to benefit from therapy that they are not currently 

receiving. 

7.3 Withdrawal from Participation in the ETP 

Patients have the right to prohibit the use of their health information for research 

purposes. Patients who withdraw or refuse participation in the ETP will not have their 

medical records reviewed or analyzed for the purpose of this study. However, if a patient 

withdraws consent during the study, any information collected previous to withdraw of 

consent cannot be withdrawn. 

7.4 Study Data Storage and Confidentiality 

Raw and collected research data will be stored in locked cabinets at all times. If 

electronic forms are used they will be kept in a password protected form. Electronic data 

will be in compliance with FDA CFR Title 21 Part 11. 

 

No study documents will be destroyed or moved to a new location without prior written 

approval from the sponsor. If the site investigator relocates, retires, or withdraws from the 

clinical study for any reason, all records required to be maintained for the study should be 

transferred to an agreed-upon designee, such as another investigator or the institution 

where the study was conducted. 

 

All information regarding the nature of the proposed investigation provided to the study 

chair by the site investigator (with the exception of information required by law or 

regulations to be disclosed to the IRB, the patient, or the appropriate regulatory authority) 

must be kept in confidence by the investigator. 

 

The anonymity of participating patients must be maintained. Patients will be identified by 

their initials and assigned patient numbers in CRFs and other documents submitted off 

site. Documents that will not be submitted off site and that identify the patient (e.g., the 

signed informed consent document) must be maintained in strict confidence by the 

investigator, except to the extent necessary to allow auditing by the appropriate 

regulatory authority, the CRA, or sponsor representatives. 
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