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 This technology assessment report is based on research conducted by a contracted technology 
assessment center, with updates as contracted by the Washington State Health Care Authority. This 
report is an independent assessment of the technology question(s) described based on accepted 
methodological principles. The findings and conclusions contained herein are those of the investigators 
and authors who are responsible for the content. These findings and conclusions may not necessarily 
represent the views of the HCA/Agency and thus, no statement in this report shall be construed as an 
official position or policy of the HCA/Agency.  
 
The information in this assessment is intended to assist health care decision makers, clinicians, patients 
and policy makers in making sound evidence-based decisions that may improve the quality and cost-
effectiveness of health care services. Information in this report is not a substitute for sound clinical 
judgment. Those making decisions regarding the provision of health care services should consider this 
report in a manner similar to any other medical reference, integrating the information with all other 
pertinent information to make decisions within the context of individual patient circumstances and 
resource availability. 
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Executive Summary 
 

Introduction  
 
Overall, it is estimated that 1.7 million new cases of cancer are diagnosed yearly and cancerous 
conditions are responsible for over half a million deaths per year.4 Using incidence and survival data 
from the Surveillance, Epidemiology, and End Result (SEER) Program and population projections from 
the U.S Census Bureau, the National Cancer Institute (NCI) projects the total cost of cancer care in the 
United States in 2020 to be $174 billion.1 Treatment options for cancerous and noncancerous conditions 
vary depending on the type, location and stage of the condition and can include radiation therapy, 
chemotherapy, targeted therapy (e.g. inhibitor drugs), immunotherapy (including monoclonal 
antibodies) and surgery, or combinations of these treatments. Radiation may be delivered systemically 
via radioactive drugs, however, the two most common forms of radiation therapy are external beam 
radiation therapy (EBRT) and brachytherapy (internal radiation therapy). Today, approximately 50% of 
all cancer patients benefit from radiation therapy in the management of their disease and it may be the 
sole therapy used.24 The focus of this review will be to evaluate the safety and effectiveness of Proton 
Beam Therapy (PBT), a form of external beam radiation therapy compared with other forms of cancer 
treatment. The use of protons for radiotherapy has a history of over 60 years of clinical use. PBT use was 
initially directed towards conditions where sparing sensitive adjacent normal tissues was considered to 
be of utmost importance (such as cancerous or noncancerous malformations of the brain stem, eye, or 
spinal cord) or for many pediatric tumors because of the particular risk of pronounced acute and long-
term toxicity in pediatric patients.77 PBT may be most promising for tumors in moderate proximity to (>2 
cm) organs at risk (OAR). In recent years the use of proton beam therapy (PBT) has expanded to include 
a variety of conditions including a number of cancer types,  noncancerous brain tumors and cancerous 
conditions afflicting the central nervous system as well as eyes, lungs, liver, prostate, spine, and pelvis.   
 
Radiation therapy (RT) involves high-energy radiation from gamma rays, electron beams, photon beams 
or proton beams that breaks the DNA of cancer cells, inhibiting their ability to proliferate. The radiation 
may also affect surrounding healthy tissues. Tumor types (and healthy tissues) vary with regard to their 
sensitivity to radiation. A goal of treatment planning is to damage cancer cells while minimizing damage 
to surrounding healthy cells including sensitive structures and organs at risk (OARs). Most often 
radiation is delivered using external beam radiation therapy (EBRT), a method of externally delivering 
radiation using a machine to aim high-energy beams directly at the tumor from outside the body. 
Classification of RT may be by the type of beam or particle used (i.e. electron, photon or proton) with 
photon RT being the most widely available and commonly used.18 RT may be used for a variety of 
reasons including to cure a radiosensitive tumor, to shrink a tumor pre-operatively, to prevent 
recurrence or spread post-operatively (adjuvant treatment), to treat a recurrent tumor or as a palliative 
treatment. It may be combined with other treatments such as chemotherapy. Radiosensitive tumors for 
which RT may be curative include, but are not limited to, prostate cancers, head and neck cancers, and 
non-small cell lung cancer. RT in combination with other treatment regimens is commonly used to treat 
breast cancer, colon cancer, lung cancers, seminomas, and some cancers of the central nervous system, 
among others. 
 
Side effects of radiation therapy occur when healthy tissues in the path of the radiation beam are 
damaged; the effects vary from person to person. A variety of factors impact the location, type, timing 
and severity of side effects including the type/method of delivery and dose of radiation, the area of the 
ōƻŘȅ ǘƘŀǘ ƛǎ ŜȄǇƻǎŜŘ ǘƻ ǊŀŘƛŀǘƛƻƴ ŀƴŘ ŀ ǇŜǊǎƻƴΩǎ ƻǾŜǊŀƭƭ ƘŜalth. General short-term side effects of 
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radiation therapy may include fatigue and skin irritation (radiation dermatitis) at the radiation site. 
These usually subside after treatment completion. Other side effects (short and longer term) depend on 
the site that was irradiated and the sensitivity of tissues surrounding the tumor and may range from 
mild to life-threatening. Long-term consequences to radiation therapy are generally rare. Radiation is a 
carcinogen and rarely, secondary cancers may occur in long-term cancer survivors who have had 
radiation therapy; this is of particular concern in patients receiving radiation at younger ages. The 
effects of radiation damage may be more nuanced in children, such as effects on neurocognitive 
development, especially when administered to children under 3 years of age.83 Even lower-dose 
irradiation of normal tissue in pediatric patients can result in pronounced acute and long-term toxicity.77 
Thus, the opportunity to limit radiation exposure to normal and developing tissues is important and is 
part of radiation planning. 
 
In its earliest applications, RT planning employed X-ray technology to take two-dimensional images 
(referred to as two-dimensional RT (2DRT) or Conventional RT (CRT) of the tumor location which were 
then used to determine how best to position the radiation beams in order to effectively treat the tumor. 
Major technological developments in computer and imaging technologies further improved upon the 
ability to deliver a consistent radiation dose to irregularly shaped tumors in difficult anatomic locations, 
while simultaneously sparing normal tissues from unnecessary radiation. Thus, 2DRT/CRT has largely 
been replaced by Three-dimensional Conformal Radiation Therapy (3DCRT), which uses three-
dimensional imaging, such as Computed Tomography (CT) scans and Magnetic Resonance Imaging 
(MRI), to very accurately map the location and size of the tumor in three dimensions, as well as identify 
any critical OARs. Using these 3D images, beams are then matched very precisely to the shape of the 
tumor and delivered from all directions.3,9 The development of linear accelerators (LINACs) (for 
delivering photons and electrons) and cyclotrons (for delivering protons and other heavy charged 
particles) has also contributed to the advancement of EBRT by allowing for the precise delivery of 
conventional photon or high-frequency accelerated particles directly to the tumor volume. Two of the 
most common applications are Intensity Modulated Radiation Therapy (IMRT) and Stereotactic 
Radiosurgery or Stereotactic Body Radiation Therapy (SBRT). IMRT is a further development of 3DCRT; it 
employs the same image planning and distribution techniques above but goes a step further by altering 
the intensity (strength) of the beams being delivered, usually lessening the intensity of the beam near 
OARs. This allows for more control of the level of radiation exposure to surrounding healthy tissues 
while delivering a high dose to the tumor volume.24 Initially, this technique had only been applied to 
photon RT but more recently similar methods have been applied to PBT as well, which is often referred 
to as Intensity Modulated Proton Therapy (IMPT). In this review, IMPT was a common intervention for 
the treatment of head and neck cancers in adults and IMRT (with photons) was the most common 
comparator to PBT for the treatment of brain tumors, esophageal cancers, head and neck tumors, lung 
cancer, and prostate cancer. Stereotactic Radiosurgery and SBRT are similar to IMRT; however, the 
beams are delivered in fewer fractions (treatments) and at much higher doses than with IMRT. In 
addition to dose per fraction, the planning target volume margins are smaller with SBRT, requiring more 
rigid immobilization. Stereotactic radiosurgery, typically reserved for tumors in the brain and spine, is 
usually completed in a single session. SBRT is completed in 3 to 5 sessions and is normally used to treat 
larger tumors in areas of the body other than the brain.5,24,69 These techniques are advantageous for 
patients who cannot tolerate surgery or have tumors in locations that are difficult to remove. 
Stereotactic Radiosurgery and SBRT can be delivered using photons, gamma rays or protons. In the 
United States, these techniques are most commonly used with photons and gamma rays. More recently, 
the use of these techniques with protons has emerged but is only offered at a few research centers in 
the United States. In this review, one study compared stereotactic radiosurgery to PBT for the treatment 
of ocular (uveal) melanoma. 
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With treatment planning and delivery techniques evolving similarly between varying types of EBRT, an 
important difference between modalities lies within the physical properties of each particle and how 
each reacts with tissue inside the body. Particles have different physical properties and thus their 
damaging effect on tissue varies. 
 
Photons are uncharged and massless particles that reside within atoms and are characterized by a high 
deposit of energy near to the body surface with an exponential decrease of energy release as a function 
of depth.24 As Figure 1 demonstrates, this has been a challenge for conventional photon therapy due to 
the amount of radiation deposited both before and after the target is reached. While the amount of 
ǇƘƻǘƻƴ ǊŀŘƛŀǘƛƻƴ ŀǘ ŜƴǘǊȅ ƛƴǘƻ ǘƘŜ ōƻŘȅ ƛǎ ƳǳŎƘ ƘƛƎƘŜǊ ǘƘŀƴ ŀǘ ŜȄƛǘΣ ǇƘƻǘƻƴ ōŜŀƳǎ ǘȅǇƛŎŀƭƭȅ άƘƛǘέ ƴƻǊƳŀƭ 
tissues after leaving the target. In other words, ǇƘƻǘƻƴ ōŜŀƳǎ Ŏƻƴǘŀƛƴ ŀƴ άŜȄƛǘ ŘƻǎŜέ ƳŜŀƴƛƴƎ ǘƘŀǘ 
healthy tissue downstream from the tumor could be at an increased risk of exposure to unnecessary 
radiation. 
 
Figure 1. Adapted figure from: Levin WP, Kooy H, Loeffler, DeLaney TF. Proton beam therapy. Br J 
Cancer. 2005;93(8):849-854.  

 
 
This so-ŎŀƭƭŜŘ άŜȄƛǘ ŘƻǎŜέ ƛǎ ŀōǎŜƴǘ ŦƻǊ ǇǊƻǘƻƴǎΣ ŀǎ ǘƛǎǎǳŜ ōŜȅƻƴŘ ǘƘŜ Ǉƻƛƴǘ ƻŦ ǇŜŀƪ ŜƴŜǊƎȅ ŘŜǇƻǎƛǘƛƻƴ 
receives little to no radiation.42 Protons, heavy positively charged particles, can effectively treat 
cancerous cells at the end of their path while simultaneously lessening the damage to surrounding 
healthy tissues, possibly allowing for a greater dose of radiation to be delivered to the target 
neoplasm(s).45 This phenomenon is referred to as the Bragg peak, and the total radiation dose, referred 
ǘƻ ŀǎ ǘƘŜ άǎǇǊŜŀŘ ƻǳǘ .ǊŀƎƎ ǇŜŀƪέ ό{h.tύ ǊŜƎƛƻƴ ƛǎ ŎǊŜŀǘŜŘ ōȅ ǾŀǊȅƛƴƎ ǘƘŜ ŜƴŜǊƎȅ ƻŦ ŀ ǇǊƻǘƻƴ ōŜŀƳΣ 
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creating a range of energies. For example, a shallower beam will have lower energy compared to a 
deeper beam (Figure 1). The large mass and acceleration applied to the protons provide each proton 
with a specific momentum that is mostly dispelled after traveling a defined distance. Protons are slowed 
down by interactions with their target which results in a sharp burst of energy deposited at the end of 
its path, followed by ƴƻ ŦǳǊǘƘŜǊ ŘƻǎŜ ŘŜƭƛǾŜǊȅ όάŜȄƛǘ ŘƻǎŜέύΦ78 This physical characteristic distinguishes 
PBT from other EBRT modalities such as photon RT. In theory, PBT offers physical advantages, though 
the technology is still new and more prospective clinical comparative evaluations still need to be 
completed. 
 
It is generally assumed that the biological effects of protons are equivalent to that of photons, but 
recent studies have shown that the Relative Biological Effectiveness (RBE) of protons in relation to 
photons are not known with absolute certainty for all types of tissues and fractionation schemes, 
particularly in adult tumors.58 However, RBE is dependent on several factors such as dose per fraction, 
Linear Energy Transfer (LET), tissue radio-sensitivity, particle speed, tissue type, and local 
microenvironments such as oxygen level.25 One study identified situations in which RBE was found to be 
both larger and smaller than 1.1 and another found that ignoring possible variations in RBE could lead to 
suboptimal PBT treatment plans. The concern with assuming a 1.1 RBE for all tumor types treated with 
PBT is that it may result in treatment plans that deliver a lower biological dose to the target and a higher 
biological dose to the normal tissue.26 
 
While the dose range is relatively certain for tumors that are close to the skin, there is more uncertainty 
around the end of the dose range when deep-seated tumors such as prostate cancer are considered.27 
Protons are also very sensitive to tissue heterogeneity, and the precision of the beam may be disturbed 
as it passes through different types of tissue.80 Another concern is the effects of neutrons, which are 
produced by passively-scattered proton beams and result in additional radiation dose to the patient. The 
location of neutron production in a PBT patient and its biologic significance is currently a topic of 
significant debate.33,37 

 
Policy context/Reason for selection 
 
This topic was originally reviewed in 2014. It is being re-reviewed in 2018 due to newly available 
published evidence.  
 

Objectives: 
 
The aim of this report is to update the 2014 HTA on proton beam therapy (PBT) by systematically 
reviewing, critically appraising and analyzing new research evidence on the safety and efficacy of PBT, as 
a primary or as a salvage therapy (i.e., for recurrent disease or failure of initial therapy), for the 
treatment of multiple cancer types as well as selected noncancerous conditions in adults and children.  
 
Key questions (Based on previous report):   
Inclusion and exclusion criteria are summarized as follows and are detailed in the full report. Briefly, 
included studies met the following requirements with respect to participants, intervention, 
comparators, outcomes, and study design: 

1. What is the comparative impact of proton beam therapy (PBT) treatment with curative intent on 
survival, disease progression, health-related quality of life, and other patient outcomes versus 
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radiation therapy alternatives and other cancer-specific treatment options (e.g., surgery, 
chemotherapy) for the following conditions: 

a. Cancers 
i. Bone tumors 
ii. Brain, spinal, and paraspinal tumors 
iii. Breast cancer 
iv. Esophageal cancer 
v. Gastrointestinal cancers 
vi. Gynecologic cancers 
vii. Head and neck cancers (including skull base tumors) 
viii. Liver cancer 
ix. Lung cancer 
x. Lymphomas 
xi. Ocular tumors 
xii. Pediatric cancers (eΦƎΦΣ ƳŜŘǳƭƭƻōƭŀǎǘƻƳŀΣ ǊŜǘƛƴƻōƭŀǎǘƻƳŀΣ 9ǿƛƴƎΩǎ ǎŀǊŎƻƳŀύ 
xiii. Prostate cancer 
xiv. Soft tissue sarcomas 
xv. Seminoma 
xvi. Thymoma 
xvii. Other cancers 

b. Noncancerous Conditions 
i. Arteriovenous malformations 
ii. Hemangiomas 
iii. Other benign tumors (e.g., acoustic neuromas, pituitary adenomas) 

2. What is the comparative impact of salvage treatment (including treatment for recurrent disease) 
with proton beam therapy versus major alternatives on survival, disease progression, health-
related quality of life, and other patient outcomes versus radiation therapy alternatives and 
other cancer-specific treatment options (e.g., surgery, chemotherapy) for the condition types 
listed in key question 1?  

3. What are the comparative harms associated with the use of proton beam therapy relative to its 
major alternatives, including acute (i.e., within the first 90 days after treatment) and late (>90 
days) toxicities, systemic effects such as fatigue and erythema, toxicities specific to each cancer 
type (e.g., bladder/bowel incontinence in prostate cancer, pneumonitis in lung or breast 
cancer), risks of secondary malignancy, and radiation dose?  

4. What is the differential effectiveness and safety of proton beam therapy according to factors 
such as age, sex, race/ethnicity, disability, presence of comorbidities, tumor characteristics (e.g., 
tumor volume and location, proliferative status, genetic variation) and treatment protocol (e.g., 
dose, duration, timing of intervention, use of concomitant therapy)?  

5. What is the comparative cost-effectiveness of proton beam therapy in the short- and long-term 
relative to other types of radiation therapy, radiation therapy alternatives or other cancer-
specific treatment options (e.g., surgery, chemotherapy)?  

 
Scope:   

Population: Adults and children undergoing treatment of primary or recurrent disease, to include 
cancer types (bone cancer, brain, spinal, and paraspinal tumors, breast cancer, esophageal cancer, 
gastrointestinal cancer, gynecologic cancer, head and neck cancer, liver cancer, lung cancer, 
lymphomas, ocular tumors, pediatric cancers, prostate cancer, sarcomas, seminoma, thymoma, 
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other cancers) and noncancerous conditions (arteriovenous malformations, hemangiomas, other 
benign tumors). 
 
Interventions:  Proton beam therapy; all approaches were considered including monotherapy, use 
ŀǎ ŀ άōƻƻǎǘέ ƳŜŎƘŀƴƛǎƳ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ǊŀŘƛŀǘƛƻƴΣ ŀƴŘ ŎƻƳōƛƴŀǘƛƻƴ ǘƘŜǊŀǇȅ ǿƛǘƘ ƻǘƘŜǊ ǘǊŜŀǘƳŜƴǘ 
modalities (e.g., chemotherapy, surgery).  
Comparators: Primary comparators include other radiation alternatives (e.g., intensity-modulated 
radiation therapy (IMRT), stereotactic radiation techniques and other external beam therapies, and 
brachytherapy). Other treatment alternatives specific to each condition type treated, and may 
include chemotherapy, immunotherapy, surgical procedures, and other devices (e.g., laser therapy 
for ocular tumors). 
Outcomes: 
Primary Clinical outcomes: 

¶ Overall survival/disease-free survival  

¶ All-cause and/or disease-related mortality 

¶ Direct measures of tumor regression, control or recurrence 

¶ Incidence of metastases 
Secondary or indirect (intermediate) outcomes 

¶ Patient reported outcomes including health-related quality of life (HrQoL) using validated 
instruments 

¶ Requirements for subsequent therapy 

¶ Other outcomes specific to particular conditions (e.g., visual acuity for ocular tumors, shunt 
requirements for arteriovenous malformations) 

¶ Intermediate measures of tumor recurrence such as biochemical measures 
Safety outcomes: 

¶ Treatment-related harms, to include generalized effects (e.g., fatigue, erythema) and 
localized toxicities specific to each condition (e.g., urinary incontinence in prostate cancer, 
pulmonary toxicity in lung or breast cancer); the primary focus is on adverse effects 
requiring medical attention 

¶ Secondary malignancy risk due to radiation exposure 
Economic outcomes: 

¶ Long term and short term comparative cost-effectiveness measures (e.g. incremental cost-
effectiveness ratio) 

Studies:  
The focus will be on high quality (low risk of bias) comparative studies (e.g., randomized controlled 
trials, comparative cohort studies with concurrent controls) will be considered for Key Questions 1-
4. Comparative observational studies with long term clinical outcomes or safety will be considered 
for Key Questions 1-4. Case series will be considered but will not be the primary focus of evaluation 
for each key question. Dosimetry and planning studies will be included for context; they will be 
included as evidence if they directly answer the key questions. Full, comparative, formal economic 
studies (i.e., cost-effectiveness, cost-utility, cost-minimization, and cost-benefit studies) will be 
sought for Key Question 5; studies using modeling may be used to determine cost-effectiveness.  

 

Methods  
The draft key questions and scope are based on the 2014 report. They were available for public 
comment. All comments were considered in the finalization of the key questions. Responses to the 
ǇǳōƭƛŎ ŎƻƳƳŜƴǘǎ ŀǊŜ ǇƻǎǘŜŘ ƻƴ ǘƘŜ IŜŀƭǘƘ ¢ŜŎƘƴƻƭƻƎȅ !ǎǎŜǎǎƳŜƴǘ tǊƻƎǊŀƳΩǎ ǿŜōǎƛǘŜΦ {ŜǾŜǊŀƭ 
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commenters provided suggested coverage policies.  These are not included in this review as the 
evaluation or formulation of policy is not the purview of the evidence vendor.  
 
A formal, structured systematic search of the peer-reviewed literature was performed across multiple 
databases was conducted to identify publications (including clinical guidelines) published subsequent to 
the original 2014 report, i.e., from November 2013 to December 2018. The search process is detailed in 
the main report and Appendix B. Reference lists of relevant studies and the bibliographies of systematic 
reviews were searched. Additionally, a total of 1,426 citations were received from comment received 
during the Topic Nomination and Draft Key Question public comment phase for this project, of which 
390 remained after removal of duplicate citations and elimination of citations published prior to our 
specified search date range. These 390 studies were reviewed and compared alongside results from the 
search and included or excluded based on a priori criteria outlined in the report.  All records were 
screened by two independent reviewers. Conference abstracts, non-English-language articles, duplicate 
publications that did not report different data or follow-up times, white papers, narrative reviews, 
preliminary reports, and incomplete economic evaluations were excluded. A list of excluded articles 
excluded at full text along with the reason for exclusion is available in Appendix C. Figure 3 in the full 
report outlines the results for the inclusion/exclusion process. 
 
Consistent with the 2014 report, we focused on comparative studies performing a direct comparison of 
treatments in the same underlying patient population. Also consistent with the 2014 report, given 
uncertainties regarding proton physics and the relative biological effectiveness of PBT in all tissues, 
particularly in adults, only limited appraisal and abstraction of studies included dosimetry, planning and 
simulation studies included for context was done and focused on any clinical outcomes reported. 
Studies that did not report on clinical outcomes were not included. 
 
Included studies reporting on primary outcomes of interest were critically appraised independently by 
two reviewers evaluating the methodological quality, study limitations and potential for bias based on 
study design as well as factors which may bias studies. Methods of assessing study quality are detailed in 
the full report. An overall Strength of Evidence (SOE) combined the appraisal of study limitations with 
consideration of the number of studies and the consistency across them, directness and precision of the 
findings to describe an overall confidence regarding the stability of estimates as further research is 
available. The SoE for all primary health outcomes was assessed by two researchers following the 
principles for adapting GRADE (Grades of Recommendation Assessment, Development and Evaluation) 
as outlined by the Agency for Healthcare Research and Quality (AHRQ).2,8,31,32 The strength of evidence 
was based on the highest quality evidence available from comparative studies for a given outcome. In 
determining the strength of body of evidence regarding a given outcome, the following domains were 
considered: 

¶ Risk of bias: the extent to which the included studies have protection against bias 

¶ Consistency: the degree to which the included studies report results that are similar in terms of 
effect sizes, range and variability.  

¶ Directness: describes whether the evidence is directly related to patient health outcomes or 
comparisons of interventions are direct (head to head). 

¶ Precision: describes the level of certainty surrounding the effect estimates.  

¶ Publication or reporting bias: is considered when there is concern of selective publishing or 
selective reporting. This is difficult to assess particularly for nonrandomized studies. 
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Bodies of evidence consisting of RCTs are initially considered as High strength of evidence. In general, 
the GRADE and AHRQ methodologies initially consider nonrandomized studies as Low strength of 
evidence as such studies typically are at higher risk of bias due to lack of randomization and inability of 
investigators to control for  critical confounding factors. In some instances (e.g. rare conditions, pediatric 
populations), RCTs may be unavailable, not feasible,  not ethical  or not  substantially applicable to the 
target populations to be treated and use of high quality nonrandomized observational studies may 
ǇǊƻǾƛŘŜ ǘƘŜ άōŜǎǘ ŜǾƛŘŜƴŎŜέ ŀƴŘ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ǎǳōǎǘƛǘǳǘŜ ŦƻǊ w/¢ ŜǾƛŘŜƴŎŜΦ65 This does not, 
however, imply that the quality of nonrandomized studies is elevated only that such studies represent 
the best available evidence and that decision makers need to accept and consider the greater 
uncertainty of such evidence; one should not have greater confidence in the effect estimates from such 
studies. Observational studies with few methodologic limitations which control for risk of bias via study 
conduct or analysis may be initially considered as moderate versus low, particularly for harms and 
outcomes when such studies may be at lower risk of bias due to confounding.10 There are also situations 
where studies (particularly observational studies) could be upgraded if the study had large magnitude of 
effect or if a dose-response relationship is identified and there are no downgrades for the primary 
domains listed above and confounding is not a concern. 
 
We compared overall conclusions and findings from the 2014 report with findings in this review to the 
extent possible based on general qualitative concepts of AHRQ guidance on signal updates for 
systematic reviews, primarily based on the Ottawa Method.56,67,71 Considerations included general 
comparison of study quality for primary outcomes, of whether new evidence constitutes a major change 
in the evidence based on existence of opposing findings or major changes in effectiveness short of 
opposing findings based on the highest quality of evidence available,  Substantial changes in effect size 
or changes in statistical sigƴƛŦƛŎŀƴŎŜ ōŜȅƻƴŘ άōƻǊŘŜǊƭƛƴŜέ ŎƘŀƴƎŜǎΣ  ǿƘŜǘƘŜǊ ƴŜǿ ŜǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘǎ 
substantial harm wherein risk of harm outweighs benefits and whether new evidence provides high 
quality data on clinically important expansion of treatment (e.g. to new subgroups of patients) or 
clinically important caveat. 
 
Due to heterogeneity across studies with regard to designs, patient populations, treatments and clinical 
ƳŜǘƘƻŘǎ ƳŜǘŀπŀƴŀƭȅǎƛǎ ǿŀǎ ƴƻǘ ǇŜǊŦƻǊƳŜŘΦ 
 

Results 
 
Out of a total of 2328 citations retrieved by our search strategy, 215 met inclusion criteria.  A total of 56 
publications were in pediatric tumors, including 13 retrospective comparative 
cohorts7,11,12,20,21,28,30,39,40,43,60,64,75, 41 case series, and 2 studies on cost-effectiveness.35,50 The bulk of the 
evidence for this section was for the use of PBT in various pediatric brain tumors. A total of 155 
publications were in adult tumors, including two RCTs (Liver and Lung cancer),16,46 one quasi-RCT 
(Prostate cancer)41, 33 retrospective comparative cohorts6,13-15,17,19,22,23,29,34,36,38,47-49,52,53,55,57,59,61-63,66,70,72-

74,76,79,81,82,84 and 115 case series; additionally four cost-effectiveness studies were identified.44,51,54,68 The 
majority of the evidence in adults was for the following cancers: Esophageal, Head and Neck, Brain, 
Lung, Ocular, and Prostate. For a list of included case-series please see the full report; the Executive 
Summary is focused on comparative data only. 
 
The overall quality of the available evidence base was considered poor. Comparative evidence for this 
report is primarily from retrospective, non-randomized (observational) studies which were considered 
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to be at moderately high risk of bias except where noted in the detailed description of results. Most 
studies were retrospective and a number of potential sources of bias must be considered when 
interpreting study findings. For purposes of this report, prospective comparative cohort studies which 
ŎƻƴǘǊƻƭƭŜŘ ŦƻǊ ŎƻƴŦƻǳƴŘƛƴƎ ŀƴŘ ŦƻǊ ǿƘƛŎƘ ǘƘŜǊŜ ǿŀǎ җ ул҈ Ŧƻƭƭƻǿ-ǳǇ ŀƴŘ Җмл҈ ŘƛŦŦŜǊŜƴŎŜ ƛƴ Ŧƻƭƭƻǿ-up 
ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ άōŜǎǘ ŜǾƛŘŜƴŎŜέ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǉǳŀƭƛǘȅ w/¢ǎΦ CŜǿ ǎǘǳŘƛŜǎ ƳŜǘ 
all of these criteria. In most instances, treatment groups were formed based on historical changes in 
methods of radiation therapy delivery, i.e. more conventional photon radiation therapy, including 
3DCRT, was delivered to patients at a time prior to a switch to PBT as it became more the available. One 
consequence of the use of historically consecutive controls in these studies is differential length of 
follow-up by treatment group; historical groups receiving photon therapy had longer follow-up than 
those receiving PBT. Differences between treatment groups in patient characteristics, presentation, 
tumor stage, comorbidities, prior or concurrent treatments and surgical factors were noted in most 
studies.  Although many studies evaluated possible confounding by such factors, there is the possibility 
of residual confounding or other biases that could influence results. 
 
Comparison with 2014 report  
The evidence base in the prior report primarily consisted of case series and focused on comparative 
studies for evaluation of benefits and harms as does this update. Comparative studies were primarily 
retrospective cohort studies.  In general, the quality of comparative studies in the update report appears 
to be marginally better but varies somewhat by tumor category. Many studies published subsequent to 
the prior review had larger sample sizes, made direct comparisons of treatment groups and seemed to 
employ better methods for controlling for confounding and potential selection bias. 
 
Many of the studies in the 2014 review used 3DCRT and some IMRT as a radiotherapy comparison with 
PBT; most of the studies in this update used IMRT and/or 3DCRT. The studies in the 2014 report 
included a variety of comparators, many of which were not represented in the studies included in this 
review. The prior report included carbon ion therapy as a comparator; it is not included in this review as 
it is not FDA approved. For some tumor categories, the comparators for studies included in the prior 
report were very different than comparators, which may reflect changes in clinical practice with time 
and may partially explain differences in findings between the 2014 report and this review. As an 
example, for ocular tumors, in the prior report, three studies compared PBT with surgical enucleation 
and one with transpupillary thermotherapy plus PBT. In this review, some less invasive treatments 
(brachytherapy and stereotactic radiosurgery) were the comparators employed by included studies. 
Similarly for hepatocellular carcinoma, the interim RCT analysis included in this review compared PBT 
with transarterial chemoembolization (TACE) whereas the in the prior review, PBT combined with 
chemotherapy and carbon ion therapy were the comparators employed in separate studies. Thus, in 
drawing conclusions across both reviews in such instances, these differences need to be considered. For 
few tumor classifications RCT data were available in the previous report, but no new RCTs were 
identified for this review. In addition to heterogeneity in study design and implementation/comparators 
between included studies for the 2014 and 2019 reviews, specific tumor types and or stages studied in a 
given classification of tumor may differ between the 2014 and 2019 reports; use of prior or concurrent 
chemotherapy and other treatments across included studies may also differ within and between 
reports. Differences in evidence base, comparators and other factors are described with bulleted 
summary findings for the various tumor classifications. 
 
Table A below provides a broad overview of the strength of evidence and direction of benefits for the 
2014 review (based in their table ES2) compared with this 2019 review. (This overview does not connote 
any recommendations for policy). While for many tumor categories, general conclusions regarding 
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benefits and harms are similar between the two reports, for some tumor types, general conclusions 
differ. These instances are described with the bulleted summary points for each tumor type. 
 
Table A. Summary of strength of evidence, direction of benefit and general comparison of the 2014 
and 2019 report 

Condition 

Incidence 
(per 

100000) 
Number of 

Publications 

Net Health Benefit vs. 
Comparators 

Type of Net Benefit (B, H) 
SOE 

Impact of new studies 
(focus on comparative 

studies)* 

  2014 
wŜǇƻǊǘϞ 

2019 
wŜǇƻǊǘϟ 

2014  
Report  

2019  
Report 

2014 versus 2019 
Report 

Adults       

Cancer       

Bladder 20.3 CS=1 CS=1  NR Insufficient Similar conclusions  

Bone 0.9 CC=1; 
CS=4 

CS=8 Insufficient 
Low 

Insufficient Similar conclusions 

Brain/Spinal 6.5 CC=2; 
CS=6 

CC=5; 
CS=6 

Incremental 
.Υ Ґ IΥ Ҩ 

Low 

PBT vs. photon  
Unclear  
.Υ ҧ IΥ bw 

Low (curative);  
 

PBT boost + 
photon  vs. 

photon alone 
Comparable 

B: = H: = 
Low (curative)  

 
Insufficient 
(salvage) 

 

3 new retrospective 
comparative cohorts [2 

curative (1 case-
matched, 1 large 
propensity score-

matched database) and 
1 salvage] of different 

interventions and tumor 
types vs. 2014 report. 
The net health benefit 
for PBT vs. photon is 
unclear from 1 large 

data base study which 
did not report harms. 

For PBT boost + photon 
vs. photon alone, 1 

cohort lead to different 
conclusions regarding 
harms. Evidence was 

insufficient for salvage 
therapy from 1 small 

cohort. 

Breast 124.7 CS=4; 
Econ=3 

CC=2 
CS=4; 

Econ=1 

Insufficient 
none 

Unclear  
B: = H: NR 

Low 

The net health benefit is 
unclear (addition of 1 
large retrospective 

database study which 
did not report harms.) 

Esophageal 4.6 CC=2; 
CS=7 

CC=5; 
CS=2 

Insufficient 
none 

Incremental 
.Υ ҧ IΥ Ґ 

Low 

New retrospective 
comparative evidence [5 

cohorts (2 propensity 
score-matched)], leads 
to different conclusions 
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Condition 

Incidence 
(per 

100000) 
Number of 

Publications 

Net Health Benefit vs. 
Comparators 

Type of Net Benefit (B, H) 
SOE 

Impact of new studies 
(focus on comparative 

studies)* 

  2014 
wŜǇƻǊǘϞ 

2019 
wŜǇƻǊǘϟ 

2014  
Report  

2019  
Report 

2014 versus 2019 
Report 

GI 100.6§ CS=7 CC=1; 
CS=2 

Insufficient 
none 

Insufficient Similar conclusions (1 
small retrospective 
comparative cohort, 
inadequate evidence) 

Gynecological 49.8 CS=2 0 Insufficient 
none 

Insufficient  
(no studies) 

Similar conclusions 

Head/Neck 
(oropharyngeal, 
nasopharyngeal, 
paranasl sinus, 
and oral cancers)  

17.2§** CC=1; 
CS=15; 
Econ=2 

CC=7; 
CS=14; 
Econ=1 

Insufficient 
low 

Comparable 
B: = H: = 
Low 

6 additional, larger, 
retrospective 

comparative cohorts 
lead to different 

conclusions 

Head/Neck 
(Chondro-sarcoma 
of the skull base) 

 CC=1 
CS=15 

CC=1 
CS=9 

Insufficient 
low 

Insufficient Similar conclusions (1 
small retrospective 
comparative cohort, 
inadequate evidence) 

Liver 8.1 CC=3; 
CS=26 

RCT=1;  
CC=1 

CS=12; 
Econ=1 

Comparable  
B: = H: =  

Low 

PBT vs. TACE 
Incremental 
.Υ Ґ  IΥ Ҩ 
Moderate 

 
PBT vs. IMRT 
Incremental 
.Υ Ґ  IΥ Ҩ 

Low 

RCT interim results with 
different comparator 

(TACE). Hospitalization 
was used as a surrogate 

for toxicity (see full 
report).  

PBT vs. IMRT, larger 
retrospective 

comparative cohort. Net 
health benefit vs. 

comparators across 
both reports is unclear. 

Lung 60.5 CC=4; 
CS=19; 
Econ=2 

RCT=1; 
CC=6ϞϞ; 
CS=12 

Comparable  
B: = H: = 
Lowϟϟ 

Comparable 
B: = H: = 

Low 

Similar conclusions; 
addition of a RCT and 5 

retrospective 
comparative cohorts (1 
large propensity score-

matched database 
study). 

Lymphomas 22.4 CS=1 CS=3 Insufficient 
none 

Insufficient 
 

Similar conclusions 

Mixed/Various N/A§ CC=3; 
CS=12 

CS=3 NR Insufficient 
 

Similar conclusions 
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Condition 

Incidence 
(per 

100000) 
Number of 

Publications 

Net Health Benefit vs. 
Comparators 

Type of Net Benefit (B, H) 
SOE 

Impact of new studies 
(focus on comparative 

studies)* 

  2014 
wŜǇƻǊǘϞ 

2019 
wŜǇƻǊǘϟ 

2014  
Report  

2019  
Report 

2014 versus 2019 
Report 

Ocular 0.9 RCT=1; 
CC=8; 
CS=45 

CC=3; 
CS=22; 
Econ=1 

Superior 
(Incremental)

§§ 
.Υ ҧ IΥ Ҩ 
Moderate 

PBT vs. BT 
alone 

Inferior 
.Υ Ҩ IΥ Ґ 

Low 
 

PBT + TSR vs. 
BT + TSR 

Incremental 
.Υ ҧ IΥ Ґ 

Low 
 

PBT vs. SRS 
Insufficient 

3 additional 
retrospective 

comparative cohorts (1 
case-matched, and 1 

large propensity score-
matched database) with 

very different 
comparators. Prior 

report included 
primarily enucleation 

(4/7 studies) as 
comparator, also TTT (1 

study); remaining 2 
studies were indirect 
comparisons of case 
series. The net health 

benefit across all 
comparators (across 

both reports) is unclear. 

Prostate 109.2 RCT=1;  
CC=9; 
CS=19; 
Econ=3 

Quasi-
RCT=1; 
CC=3; 
CS=11  

Comparable  
B: = H: = 
Lowϟϟ 

Comparable 
B: = H: = 
Low 

Similar conclusions; 
addition of a quasi-RCT 

and 3 retrospective  
comparative cohorts (1 
case-matched, 1 large 

propensity score-
matched database) 

Sarcomas 4.8§ CS=2 0 Insufficient 
none 

Insufficient  
(no studies) 

Similar conclusions 

Seminoma 4.0§ 0 0 Insufficient 
none 

Insufficient  
(no studies) 

Similar conclusions 

Thymoma 0.2§ 0 0 Insufficient 
none 

Insufficient  
(no studies) 

Similar conclusions 

Non-cancerous       

AVMs 1.0§ CS=6 0 Insufficient 
none 

Insufficient  
(no studies) 

Similar conclusions 

Hemangiomas 2.0§ CC=1; 
CS=3 

CS=2 Comparable  
B: = H: = 

Low 

Insufficient Similar conclusions 

Pituitary 
Adenoma 

NR§ CS=2 CS=1 N/A Insufficient Similar conclusions 

Meningioma 2.0§ CC=2; 
CS=8 

CS=3 Insufficient 
none 

Insufficient Similar conclusions 
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Condition 

Incidence 
(per 

100000) 
Number of 

Publications 

Net Health Benefit vs. 
Comparators 

Type of Net Benefit (B, H) 
SOE 

Impact of new studies 
(focus on comparative 

studies)* 

  2014 
wŜǇƻǊǘϞ 

2019 
wŜǇƻǊǘϟ 

2014  
Report  

2019  
Report 

2014 versus 2019 
Report 

Pediatric       

Cancer       

All Cancer Types***  18.3 CC=1; 
CS=41; 
Econ=3 

CC=13; 
CS=41; 
Econ=2 

Incremental  
.Υ Ґ IΥ Ҩ 

Lowϟϟ 

See below  See below 

Brain 3.1 --- CC=11; 
CS=25 
Econ=2 

N/A***  Incremental 
.Υ Ґ IΥ Ҩ 
Low 

No comparative studies 
in the 2014 report; 6 
new retrospective 
cohorts and 2 new 

prospective cohorts (1 
propensity score-
matched) suggest 

incremental net benefit 
of PBT for pediatric 

brain tumors 

Bone 0.9 --- CS=1 N/A***  Insufficient N/A 

Head/Neck NR§ --- CC= 1; 
CS=3 

N/A***  Insufficient N/A 

Ocular  0.4 --- CC=1; 
CS=2 

N/A***  Insufficient N/A 

Lymphoma 2.4 ---  CS=2 N/A***  Insufficient N/A 

Rhabdomyo-
sarcoma 

NR§ --- CS=6 N/A***  Insufficient N/A 

Mixed/Various NR§ --- CS=2 N/A***  Insufficient N/A 

 
AVM = Arteriovenous Malformation; B = Benefits; CC = Comparative Cohort; CS = Case Series; H = Harms; N/A = not applicable; 
IMRT = intensity-modulated radiation therapy (photons). NR = not reported; RCT = Randomized Control Trial; TTT = 
transpupillary thermotherapy. 
*Due to lack of clarity in reported totals of studies, the study totals for the 2014 report here are derived from study lists in the 
appendix, and may differ from reported totals in body of report. 
Ϟ!ƭƭ ƛƴŎƭǳŘŜŘ ǎǘǳŘƛŜǎ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ǎǳōǎŜǉǳŜƴǘ ǘƻ ǘƘŜ ǇǊƛƻǊ ǊŜǇƻǊǘΦ hƴƭȅ ǎǘǳŘƛŜǎ ǘƘŀǘ ǇǊƻǾƛŘed data on efficacy, effectiveness, 
safety or cost-effectiveness are included in this table (i.e., contextual studies are not included here). 
ϟ²ƘŜƴ ǇƻǎǎƛōƭŜΣ ƛƴŎƛŘŜƴŎŜ ǎǘŀǘƛǎǘƛŎǎ ǿŜǊŜ ǳǇŘŀǘŜŘ ǿƛǘƘ ƳƻǊŜ ǊŜŎŜƴǘ Řŀǘŀ ŦǊƻƳ ǘƘŜ bŀǘƛƻƴŀƭ /ŀƴŎŜǊ LƴǎǘƛǘǳǘŜΩǎ {ǳǊǾŜillance, 
Epidemiology, and End Results Program (SEER) database and the American Cancer Society Cancer Statistics Center. Footnoted 
conditions were either obtained from the incidence values reported in the prior report, not acquirable through the reviewed 
databases (NR) or not applicable (N/A) because they represented a mixed population. 
§Incidence is for head and neck cancers to include skull-base tumors (e.g., chondrosarcoma). 
**The comparative cohort count includes the nonrandomized group from the RCT (Liao 2018). 
ϞϞ¢ƘŜ ǇǊƛƻǊ нлмп t.¢ ǊŜǇƻǊǘ ƘŀŘ ŘƛǎŎǊŜǇŀƴŎƛŜǎ ōŜǘǿŜŜƴ ¢ŀōƭŜ 9{н ŀƴŘ ¢ŀōƭŜ о ǊŜƎŀǊŘƛƴƎ ǘƘŜ {ǘǊŜƴƎǘƘ ƻŦ 9ǾƛŘŜƴŎŜ ŦƻǊ [ǳƴƎ 
Cancer, Prostate Cancer, and Pediatric Cancers. AAI has made the decision to use the Strength of Evidence reported in Table 
ES2. 
ϟϟ!ǳǘƘƻǊǎ ƻŦ ǘƘŜ нлмп ǊŜǇƻǊǘ ƭƛǎǘ ǘƘŜ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ ŀǎ άǎǳǇŜǊƛƻǊέ ƛƴ ǘƘŜƛǊ ŜȄŜŎǳǘƛǾŜ ǎǳƳƳŀǊȅ ǘŀōƭŜΦ In the report body 
ŀǳǘƘƻǊǎ ǎǘŀǘŜ ά[ƛƳƛǘŜŘΣ ƭƻǿ-quality evidence suggests comparable rates of harm for PBT relative to treatment alternatives in 
patiŜƴǘǎ ǿƛǘƘ ƻŎǳƭŀǊ ǘǳƳƻǊǎέ ǿƘƛŎƘ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ Ƴŀȅ ōŜ ƳƻǊŜ ƛƴŎǊŜƳŜƴǘŀƭΦ 
§§In the 2014 report, assessment of pediatric cancer was not separated by cancer types. 
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Summary of Results 
 
Pediatric Tumors 
 
Key points across pediatric tumor categories 
 

¶ Pediatric brain tumors:  
o The bulk of the comparative evidence from studies published subsequent to the 2014 

report was for the use of PBT in various pediatric brain tumors. Eight comparative 
cohort studies at moderately high risk of bias compared PBT with treatment 
alternatives. 
Á Three studies compared PBT with IMRT  
Á Two studies compared patients who received PBT with those who received 

IMRT and/or 3DCRT 
Á One study indicated PBT was compared to photon RT with no further 

specification and one study indicated that those in the comparison group 
received either 2DCRT or 3DCRT 

Á One study compared craniospinal PBT and focal PBT with surgery. 
o Benefits in terms of OS, PFS and tumor recurrence were generally similar between PBT 

and other forms of radiation therapy across four comparative studies (Low SOE). Some 
differences may be clinically important.  

o Regarding toxicities and harms, hypothyroidism was less common with PBT versus other 
RT. Low SOE) Many other toxicities (including other endocrine-related toxicities) tended 
to be less frequent in those receiving PBT vs other RT, however statistical significance 
was generally not reached, likely due to study sample sizes and possibly residual 
confounding. (Low SOE) Some differences may be clinically important. One prospective 
cohort study reported declines for full scale intelligence quotient (FSIQ) and processing 
speed index scores when craniospinal PBT was compared with surgery but no 
differences between focal PBT and surgery for any score. The clinical relevance of the 
declines was not described. One retrospective cohort reported no difference between 
PBT and photon therapy for FSIQ scores (Low SOE for all outcomes.)  

o While two poor-quality full economics studies suggest that PBT may be cost-effective for 
treatment of pediatric brain or CNS tumors vs other types of radiation, the limitations of 
these studies need to be considered. 

o None of the included studies evaluated differential effectiveness or safety. 

¶ Other pediatric tumors: 
o Evidence for effectiveness and safety was considered to be insufficient for all other 

pediatric tumors. Studies published subsequent to the 2014 report were identified for 
the following pediatric tumor categories: head and neck, soft tissue 
(rhabdomyosarcoma), ocular, lymphoma, bone and one study of mixed tumor types.  
Evidence was primarily from case series, with only two small comparative (one for 
salivary gland tumors, the other salvage treatment in ocular tumors) identified.  

o No full-economic studies or studies designed to evaluate differential effectiveness or 
safety were identified. 
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Adult Tumors/Conditions 
 
Key points across adult tumor categories/conditions  
 
Bladder cancer 

¶ There is insufficient evidence from one case series to evaluate the effectiveness or safety of PBT 
for bladder cancer in adults. 

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential 
effectiveness and safety or cost-effectiveness. 

 
Bone tumors  

¶ There is insufficient evidence from seven case series to evaluate the effectiveness or safety of 
PBT for bone tumors in adults. 

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential 
effectiveness and safety or cost-effectiveness. 

 
Brain, Spinal, Paraspinal tumors 

¶ Results were inconsistent across two retrospective case-matched cohorts evaluating adult 
patients with different types of brain tumors undergoing treatment for curative intent. In one 
retrospective cohort, there was no statistical difference in the probability of 1-3 year OS and 1-2 
year PFS following photon RT plus a PBT boost versus photon RT alone in patients with high-
grade glioblastoma; those receiving PBT boost tended to have higher PFS but lower OS versus 
those receiving photon alone and differences may be clinically meaningful. One large database 
study of primarily high-grade glioma reported statistically higher 5-year overall survival following 
PBT alone versus photon RT alone. (Low SOE for both comparisons). 

¶ One small retrospective cohort study in patients with metastatic CNS disease found no statistical 
difference between salvage PBT compared with photons in the probability of 6-month OS or of 
CNS relapse; at 1 year, OS was better in the PBT group but statistical testing was not done and 
sample size was small (Insufficient SOE). 

¶ For safety, no statistical differences were seen between groups in the frequency of acute grade 
3 toxicity across both studies or of radiation necrosis (1 study of curative intent) or severe CNS 
toxicity (1 study of salvage therapy) over the late term (Low SOE for curative intent; Insufficient 
SOE for salvage therapy). 

¶ No studies meeting inclusion criteria were identified that evaluated differential effectiveness 
and safety or cost-effectiveness. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 

 
Breast cancer  

¶ There is low strength of evidence from one retrospective comparative database study that there 
is no statistical difference in the probability of OS at 5 years between PBT versus photon with or 
without electron boost therapy for treatment of breast cancer. 

¶ One moderate quality cost-utility study (QHES 73/100) concluded that, compared with photon 
therapy, PBT was not cost effective in women without cardiac risk factors (CRF) or PBT mean 
heart radiation doses <5 Gy (RBE). PBT is more likely to be cost-effective for patients with higher 
risk of coronary heart disease (CHD) and for younger patients (40 or 50 years old versus 60 years 
old); authors indicate a societal perspective, however indirect societal costs were not described. 
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¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy or 
differential effectiveness and safety in this population. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 

 
Esophageal tumors 

¶ Five retrospective comparative cohort studies that evaluated the effectiveness and safety of PBT 
compared with photon RT for curative intent in adult patients with esophageal cancer that met 
inclusion criteria were identified. 

¶ With the exception of OS at 1 year which was similar between groups, probabilities of OS and 
PFS/DFS were greater following PBT versus IMRT or 3D-CRT over 1 to 5 years follow-up in two 
studies; however, statistical significance was achieved in only the largest study (Low SOE). 

¶ Mortality (as opposed to OS) was reported by two studies with no statistically significant 
differences seen between the PBT and the photon groups (IMRT, 3D-CRT, XRT) (Low SOE for the 
large, higher quality study; Insufficient SOE for the small, poorer-quality study). 

¶ For the comparison of PBT versus IMRT, with the exception of grade 4 radiation-induced 
lymphopenia (2 studies) and any would event (1 study) which were less common with PBT, all 
other RT-related and treatment-related toxicities did not differ statistically between groups. For 
PBT versus 3DCRT or XRT, with the exception of GI events, PBT was associated with a statistically 
less treatment-relatŜŘ ǘƻȄƛŎƛǘȅ όƛΦŜΦΣ ǇǳƭƳƻƴŀǊȅΣ ŎŀǊŘƛŀŎΣ ŀƴŘ ǿƻǳƴŘ ŜǾŜƴǘǎΤ ƎǊŀŘŜǎ җн ƻǊ ƴƻǘ 
specified) across three studies (Low SOE for all).   

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential 
effectiveness and safety or cost-effectiveness. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT.   

 
Gastrointestinal (pancreatic) tumors 

¶ One small retrospective cohort study that compared PBT with hyper-fractionated accelerated 
radiotherapy (HART) for curative intent in adult patients with locally advanced and unresectable 
pancreatic adenocarcinoma reported no statistically significant differences between groups in 
the probability of 1- to 3-year OS, disease control/local progression or metastases or in the 
ŦǊŜǉǳŜƴŎȅ ƻŦ ƎǊŀŘŜ җо ǊŀŘƛŀǘƛƻƴ-related hematological or non-hematological toxicities which 
were rare; clinical importance of differences is unclear (Insufficient SOE). 

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential 
effectiveness and safety or cost-effectiveness. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT.   

 
Head and Neck tumors (including skull-base)  

¶ Across three retrospective cohort studies, the probabilities of 1- to 3-year OS and PFS (one case-
matched study, primary oropharyngeal cancer), the incidence of all-cause mortality over a 
median 24 months (one small study, primary nasopharyngeal cancer), and 1-year OS (one small 
study, primary or metastatic salivary gland cancer) were not statistically different between PBT 
and IMRT groups. Clinical significance of differences is unknown. (Low SOE for primary 
oropharyngeal and nasopharyngeal cancer; Insufficient SOE for primary or metastatic salivary 
gland cancer). 
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¶ Across three retrospective comparative studies evaluating different tumor types (primary 
oropharyngeal; primary nasopharyngeal; and primary or metastatic salivary gland cancer), there 
ǿŜǊŜ ƴƻ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ƎǊŀŘŜ җо ŀŎǳǘŜ ƻǊ ƭŀǘŜ ǘƻȄƛŎƛǘƛŜǎ 
or the incidence of ED visits/unplanned hospitalizations (1 study) following PBT versus IMRT 
(Low SOE based on largest, best quality study).  A third retrospective comparative study in 
oropharyngeal cancer reported no statistical difference in the incidence of osteoradionecrosis 
after 6 months between PBT and IMRT (Insufficient SOE).  

¶ Across five retrospective comparative cohorts evaluating different tumor types (2 primary 
oropharyngeal; 1 each of primary nasopharyngeal; primary nasopharyngeal or paranasal sinus; 
and primary or metastatic salivary gland cancer), gastrostomy tube dependence tended to be 
lower with PBT, however adjusted estimates from the largest study were not statistically 
significant, while smaller studies reported statistically significant differences. For the smallest 
study, the large confidence interval suggests instability of the effect estimate. Clinical 
significance of differences is unclear.  It is unclear what role differences in study populations 
(including tumor characteristics, etc.) and possible residual confounding may play in these 
findings. 

¶ One good quality cost-effectiveness analysis (QHES 90/100) took both societal and payer 
perspectives and concluded that, compared with IMRT, PBT was not cost-effective for patients 
with stage III-IV oropharyngeal squamous cell carcinoma using either perspective. However, at 
extremes of PBT superiority, it becomes cost-effective for younger human papilloma virus 
(HPV)-positive patients.  

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy (i.e., no 
comparative studies) or differential effectiveness and safety in this population. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 

 
Liver tumors 

¶ No statistical differences were seen between PBT and transarterial chemoembolization (TACE) 
for the probabilities of 2-year OS, PFS, and local control in one small RCT of adult patients with 
unresectable hepatocellular carcinoma (HCC) treated with curative intent, though PFS and local 
control tended to be greater following PBT (Moderate SOE).   

¶ OS was statistically higher following PBT versus intensity-modulated radiation therapy (IMRT) in 
one retrospective cohort study of adult patients with unresectable HCC but there was no 
difference in local and regional control between groups (Low SOE). 

¶ Acute toxicity and serious complications were not well described in the RCT. Fewer patients who 
received PBT compared with TACE were hospitalized for a complications within 30 days of 
treatment, translating into fewer total days hospitalized for complications (Moderate SOE).  In 
the retrospective cohort study, compared with IMRT, PBT was associated with a lower risk of 
nonclassic radiation-induced liver disease (RILD) (Low SOE) and death due to liver failure 
(Insufficient SOE). 

¶ One poor quality cost-utility analysis (QHES 51/100) from Taiwan compared PBT with 
stereotactic body radiation therapy (SBRT) for a hypothetical cohort of patients with advanced, 
inoperable hepatocellular carcinoma using Markov modeling from a payer perspective and 
concluded that PBT is cost-effective for high risk patients at a willingness-to-pay threshold (WTP) 
of New Taiwan Dollars $2,157,024 per quality-life years (QALY) gained.  

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy (i.e., no 
comparative studies) or differential effectiveness and safety in this population. 
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¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 

 
Lung 

¶ In one fair-quality RCT, no statistically significant differences were seen between PBT versus 
IMRT in the probability of OS at any timepoint up to 5 years or in the cumulative incidence of 
local failure in patients with non-small cell lung cancer being treated with curative intent 
(Moderate SOE).  Findings from four retrospective comparative cohort studies were consistent 
with those of the RCT. 

¶ For safety, no statistical differences were seen between PBT and IMRT in the frequency of grade 
җо ǊŀŘƛŀǘƛƻƴ ǇƴŜǳƳƻƴƛǘƛǎ ŀǘ ŀƴȅ ǘƛƳŜǇƻƛƴǘ ǳǇ ǘƻ р ȅŜŀǊǎ ƛƴ ǘƘŜ ŦŀƛǊ-quality RCT (Moderate SOE).  
¢ƘŜǊŜ ǿŀǎ ƛƴǎǳŦŦƛŎƛŜƴǘ ŜǾƛŘŜƴŎŜ ŦǊƻƳ ǘǿƻ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ŎƻƘƻǊǘ ǎǘǳŘƛŜǎ ǊŜƎŀǊŘƛƴƎ ƎǊŀŘŜ җо 
toxicities (radiation pneumonitis, radiation esophagitis, and radiation dermatitis) which did not 
differ statistically between PBT and IMRT; clinical importance of differences in unknown. 

¶ The one comparative study of salvage PBT did not report survival or safety data; no studies that 
met inclusion criteria were identified that provided data on differential effectiveness and safety 
or cost-effectiveness. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 

 
Lymphoma  

¶ There is insufficient evidence from three case series to evaluate the effectiveness and safety of 
PBT for curative intent in adults (primarily) with Hodgkin or non-Hodgkin lymphoma. 

¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy, differential 
effectiveness and safety or cost-effectiveness. 

 
Ocular tumors 

¶ Across two retrospective cohort studies in patient with ocular tumors comparing PBT with 
brachytherapy or stereotactic radiosurgery (SRS) for curative intent, there were no statistically 
significant differences in OS at 2 years and mortality at 3 years; at 5-years PBT was associated 
with a statistically higher risk of mortality with PBT vs. brachytherapy in the larger, higher 
quality study (Low SOE).   

¶ PBT was associated with a statistically lower frequency of local recurrence over 10 years 
compared with brachytherapy in one retrospective comparative cohort study (Low SOE).  A 
second, poorer quality study comparing PBT versus stereotactic radiosurgery found no 
difference between groups in local recurrence at 3 years, however the strength of evidence was 
insufficient. 

¶ With the exception of optic neuropathy which was statistically lower following PBT versus SRS in 
one study, no other statistical differences were seen in the frequency of adverse events 
(radiation retinopathy, enucleation, rubeosis of the iris, neovascular glaucoma, rubeotic 
glaucoma) over 3 years between PBT versus brachytherapy or SRS across two retrospective 
comparative cohort studies. 

¶ One good quality (QHES 93/100) concluded that, compared to enucleation, PBT was not cost-
effective for patients with intraocular melanoma using a WTP of $50,000/QALY based on a payer 
perspective. However, results ranged from cost-effective ($9,522/QALY) to very expensive 
($441,750/QALY) in sensitivity analyses. PBT cost was a significant driver of the ICER. 
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¶ No studies meeting inclusion criteria were identified that evaluated salvage therapy (i.e., no 
comparative studies) or differential effectiveness and safety in this population. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 
 

Prostate tumors  

¶ In one quasi-RCT, there were no statistically significant differences in the probabilities of 5- and 
10-year overall survival and biochemical relapse-free survival between the combined photon 
and PBT boost group and the photon only group (Low SOE). 

¶ The probabilities of acute and late grade 2 gastrointestinal (GI), but not genitourinary (GU), 
toxicity were significantly lower in patients who received the photons plus PBT boost versus 
photons only in one quasi-RCT; however, there were no statistically significant differences for 
grade 3 or 4 toxicities. Across three retrospective cohort studies comparing PBT with IMRT 
results regarding acute and late GU and GU toxicity differed, with two finding no statistical 
difference between groups and the third, a large database study, reporting lower cumulative 
incidences with PBT (to include erectile dysfunction) compared with IMRT; differences between 
groups were small and clinical significance is unknown (SOE Low for all). 

¶ No studies that met inclusion criteria were identified that provided data on PBT for salvage 
therapy, differential effectiveness and safety or cost-effectiveness. 

¶ Limited information from case series does not provide sufficient information to evaluate 
radiation safety or effectiveness of PBT. 

 
BENIGN TUMORS 
 
Hemangiomas (Adults) 

¶ There is insufficient evidence from two case series to evaluate the effectiveness and safety of 
PBT for curative intent in adults with hemangiomas. 

¶ No studies meeting inclusion criteria were identified that evaluated salvage PBT, differential 
effectiveness and safety or cost-effectiveness. 

 
Other Benign Tumors  

¶ There is insufficient evidence from three case series to evaluate the effectiveness and safety of 
PBT for other non-cancerous tumors (i.e., meningioma, pituitary adenoma). 

¶ No studies meeting inclusion criteria were identified that evaluated salvage PBT (i.e., no 
comparative studies), differential effectiveness and safety or cost-effectiveness. 

 
Mixed/Various Tumors  

¶ There is insufficient evidence from three case series to evaluate the effectiveness and safety of 
PBT for mixed tumor populations. 

¶ No studies meeting inclusion criteria were identified that evaluated salvage PBT, differential 
effectiveness and safety, or cost-effectiveness in mixed tumor populations.  
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Strength of Evidence Summary for Pediatric Brain, Spinal, and Paraspinal Tumors for Effectiveness and 
Safety 

Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrade 

PBT vs. IMRT* or CRT 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

KQ 1 Curative intent  

Survival outcomes 

Probability, 
overall survival  

3 year {ŀǘƻ нлмт Ϟ όbҐ79) 
Ependymoma 
 

Consistency 
Unknown 
(different 
tumor types) 
Serious 
Imprecision 
Yes3 (-1) 
 

97% (83%-99%) vs.  
81% (63%-90%); 
NR; p=0.08 

PBT resulted in 
similar (3 studies, 
Bishop, Kopecky, 
Eaton) or slightly 
greater (2 studies, 
Sato, Gunther) OS 
compared with IMT 
or CRT however 
statistical significance 
was not reached in 
any study at any 
time; sample sizes 
may play a role.   
 

ἅἅ  
LOW 

  Bishop 2014 (N=52)  
Craniopharyngioma 
 

94.1% (NR) vs. 96.8% 
(NR); 
NR; p=0.742 

 4 year DǳƴǘƘŜǊ нлмрϞ 
(N=72) 
Ependymoma 

87.5% (51.6% - 97.3%) 
vs. 78.8% (60.6% -
89.3%); 
NR; p=0.21 

 5 year Kopecky 2017§ 
(N=783) 
 Medulloblastoma 

%NR 
HR 0.99 (0.41 to 2.4); 
p=0.98 
(PBT vs. CRT) 

 6 year {ŀǘƻ нлмтϞ  όbҐ79)  
Ependymoma 

88% (NR) vs. 70% 
όbwύϟ 
NR 

  Eaton 2016a,b 
(N = 88);  
Medulloblastoma  

82.0% (65.4% - 91.1%) 
vs. 87.6% (72.7% - 
94.7%); 
adj. HR, 2.17 (0.66 to 
7.16)  

Probability,  
Progression free 
or relapse free 
survival  

3 year {ŀǘƻ нлмтϞ όbҐ79) 
 Mod high 
Ependymoma 

Consistency 
Unknown 
(different 
tumor types) 
Serious 
Imprecision 
Yes3 (-1) 
 

PFS:  82% (64%-92%) 
vs. 60% (42%-74%); 
HR (vs IMRT), 0.42 
(0.16-1.10)  

At 3 and 6 years, PFS 
in patients with 
ependymoma who 
received PBT tended 
to have longer PFS vs. 
IMRT, but differences 
were not statistically 
significant at 3 years. 
RFS was similar 
between groups in 
patients with 
medulloblastoma 
 

ἅἅ  
LOW 

6 year  Eaton 2016a,b 
(N=88); 
Medulloblastoma 

RFS:  78.8% (63% -
89%) vs. 76.5% (60.6% 
- 86.6%); 
adj. HR 1.31 (0.5 to 
3.41)  

 {ŀǘƻ нлмтϞ (N=79)  
Ependymoma 
 

PFS: 82% (NR) vs. 38% 
(NR) 
p=NR 

Other Primary  

Any recurrence 
or relapse 

74.4 mos. 
vs. 85 
mos. 

Eaton 2016a (N=88) 
Medulloblastoma 

Consistency 22.2% (10/45) vs. 
23.3% (10/43); NR  

Recurrence was 
similar between 
groups in patients 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrade 

PBT vs. IMRT* or CRT 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

 31.2 vs. 
58.8 mos. 

{ŀǘƻ нлмт Ϟ όb Ґ тфύ 
Ependymoma 

Unknown 
(different 
tumor types) 
Serious 
Imprecision 
Yes3 (-1) 
 

17% (7/41) vs. 55% 
(21/38); 
RR 0.31 (0.15 to 0.64) 

with 
medulloblastoma 
however was 
significantly less 
common in patients 
with ependymoma 
 

ἅἅ  
LOW 

KQ 3: Safety Outcomes 

Hypothyroidism 56.4 mos. 
vs. 121.2 
mos. 

Bielamowicz (N=84) 
Medulloblastoma 

Serious 
Imprecision 
Yes3 (-1) 

Hypothyroidism 
(any): 
19% vs. 46.3%;   
adj. HR 1.85 (0.8 to 
4.2) 
Primary 
hypothyroidism: 
7.3% vs. 20.4%;  
adj HR 2.1 (0.6 to 7.7) 
Central 
hypothyroidism:  
9.8% vs. 24.0% ;  
adj HR 2.2 (0.7 to 6.6) 

Across 2 studies, 
hypothyroidism was  
less common with 
PBT statistical 
differences were only 
seen in one study  
 

ἅἅ  
LOW 

 69.6 mos. 
vs. 84 
mos. 

Eaton 2016b (N=77) 
Medulloblastoma  

Hypothyroidism: 
22.5% (9/40) vs 64.9% 
(24/37); 
adj OR: 0.13 (0.04 to 
0.41) 
 

Other Endocrine 
toxicities  

33.1 mos. 
vs. 106.1 
mos. 

Bishop 2014 (N=52)  
Craniopharyngioma 
 

Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

Panhypopituitarism: 
33% (7/21) vs. 55% 
(17/31);  
RR 0.61 (0.31, 1.2) 
 
Other 
endocrinopathy: 43% 
(9/21) vs. 23% (7/31);  
RR 1.9 (0.84, 4.3)  
 

Other specific 
endocrinopathies 
across the two 
studies tended to be 
less common in PBT 
recipients compared 
with other forms of 
radiation therapy; 
however, statistical 
significance was only 
achieved for sex 
hormone deficiency. 
Endocrine 
replacement therapy 
was less common in 
those receiving PBT 
vs. photon RT. 
 
 

 69.6 mos. 
vs. 84 
mos. 

Eaton 2016b (N=77) 
Medulloblastoma  

Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

Growth hormone 
deficiency: 52.5% 
(21/40) vs. 56.76% 
(21/37);  
adj OR 0.81 (0.26 to 
2.59) 
 
Sex hormone 
deficiency: 2.5% 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrade 

PBT vs. IMRT* or CRT 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

(1/40) vs. 18.92% 
(7/37); 
adj OR 0.06 (0.01 to 
0.55) 
 
Endocrine 
replacement therapy: 
55% (22/40) vs. 
78.38% (29/37) 
adj OR 0.30 (0.09 to 
0.99) 

ἅἅ  
LOW 

 

Changes in IQ 
score changes 
per year 
 

32.4 mos. 
vs. 64.8 
mos. 

Kahalley  (N=150) 
Various brain tumors 

Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

FSIQ (adjusted beta 
coefficient, 95%CI) 
PBT vs. Photon RT** 
All patients  
-0.7 (-1.6 to 0.2)  vs. -
1.1 (-1.8 to -0.4; p= 
0.51 
CSI: - 0.8 vs. -0.9 (CIs 
NR); p = 0.89 
Focal RT: 0.6 ( -2.0 to 
0.8) vs. -1.6 ( -3.0 to -
0.2); p = 0.34 
 

There were no 
differences between 
PBT and photon 
radiation in with 
regard to changes in 
IQ scores. 
 
 

ἅἅ  
LOW 

 

 33.6 mos.  
to 
37.2mos. 
post-
treatment 

Kahalley 2019 (N=93) 
Various brain tumors 

Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

Focal PBT vs. surgery  
NS differences FSIQ or 
for any subscale (all p-
values >0.05); scores 
remained stable for 
both groups over 
time. 
 
CSI PBT vs. surgery 
(adjusted beta 
coefficient, 95% CI)** 
FSIQ: -2.1 (-3.8 to -
0.3), p = 0.020 
PSI; -2.6 (-4.7 to -0.3), 
p = 0.019.  
 
NS differences for any 
other subscales (all p-
values >0.05) 

There were no 
differences between 
focal PBT and surgery 
in changes in FSIQ or 
subscores after 
adjustments for 
baseline differences. 
CSI PBT was 
associated with a 
decline in FSIQ and 
PSI with time 
compared with 
surgery. The clinical 
significance of the 
changes is not 
described. 
 

ἅἅ  
LOW 

 

Other Late 
toxicities or 
adverse events 

PBT 33.1 
mos. vs. 
106 mos. 

Bishop 2014 (N=52)  
Craniopharyngioma 
 

 
Consistency 
Unknown 

Vascular Injury (on 
imaging), 
10% (2/21) vs. 10% 
(3/31); 

Risk of vascular 
injury, hearing loss 
and radiation 
necrosis were similar 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrade 

PBT vs. IMRT* or CRT 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

(Median f/u by 
treatment) 

Serious 
Imprecision 
Yes3 (-1) 
 

Vision changes: 5% 
(1/21) vs. 13% (4/31);  
RR 0.37 (0.04, 3.07) 
Hypothalamic 
obesity: 19% (4/21) 
vs. 29% (9/31);  
RR 0.66 (0.23, 1.9) 
 

between PBT and 
other types of RT; 
although risk of vision 
changes and 
hypothalamic obesity 
were somewhat 
lower for PBT in one 
study, groups were 
not statistically 
different. 
  

ἅἅ  
LOW 

 

 55.5 mos. 
vs.65.5 
mos. 

Paulino 2018 (N=84) 
Medulloblastoma 
 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

Hearing Loss (worse 
ear) 
Grade 3: 26.3% 
(10/38) vs. 21.7% 
(10/46) 
Grade 4: 2.6% (1/38) 
vs. 6.5% (3/46) 
Grade 3 and 4: 29.9% 
(11/38) vs. 28.3% 
(13/46), p=1.0 

 31.2 mos. 
vs. 58.8 
mos. 

Sato 2017 (N = 79) 
Ependymoma 

Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

All events: 7.3% 
(3/41) vs. 13.2% 
(5/38); RR 0.56 (0.14, 
2.17) 
Radiation Necrosis: 
7.3% (3/41) vs. 7.9% 
(3/38)  
Stroke: 0% (0/41) vs. 
2.6% (1/38) 
Cavernoma: 0% 
(0/41) vs. 2.6% (1/38) 

Acute Toxicities Acute Song 2014 (n=30 
PBT, n=13 photon) 
Various tumors  
 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

Leukopenia 
Grade 3: 57% (14/30) 
vs. 46% (6/13)  
Grade 4: 7% (2/30) vs. 
31% (4/13) 
Grade 3 or 4 RR: 0.68 
(0.44, 1.08) 
Anemia 
Grade 3: 0% (0/30) vs. 
15% (2/13); p=0.493 
Grade 4: 0% (0/30) vs. 
0% (0/13) 
Thrombocytopenia:  
- Grade 3: 20% (6/30) 
vs. 31% (4/13) 
- Grade 4: 3% (1/30) 
vs. 23% (3/13); Grade 
3 or 4 RR: 0.43 (0.19, 
0.98) 

Frequency of acute 
Grade 3 or 4 
hematological 
toxicities was lower 
with PBT vs. photon 
RT, however the 
overall sample size is 
small, particularly in 
the photon group. 
There is insufficient 
evidence to draw 
conclusions.   
 
 

ἅ  
INSUFFICIENT 
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adj RR= adjusted risk ratio; CI = Confidence Interval; f/u = follow-up; FSIQ = Full Scale Intelligence Quotient; HR = Hazard Ratio; 
IMRT = Intensity Modulated Radiation Therapy; IQ = Inteligence Quotient; NR = Not Reported; NS = Not significant; OR = Odds 
ratio; OS = Overall Survival; PBT = Proton Beam Therapy; PFS = Progression Free Survival; PSI = Processing Speed Index; RFS = 
Recurrence Free Survival; RR = crude Risk Ratio; RT = Radiation Therapy; SOE = Summary of Evidence 
* PBT was compared with IMRT in Bishop, Gunther and Sato; IMRT or 3DCRT was used in Eaton; Kopecky had 3 arms; PBT, IMRT 
and 2D/3D CRT but effect sizes were only reported for PBT vs. 2D/3D CRT not for PBT vs. IMRT; 
Ϟ {ŀǘƻ ŀƴŘ DǳƴǘƘŜǊ ǊŜǇƻǊǘ ƻƴ ǘƘŜ ǎŀƳŜ ǳƴŘŜǊƭȅƛƴƎ ǇŀǘƛŜƴǘ ǇƻǇǳƭŀǘƛƻƴΦ {ŀǘƻ с ȅŜŀǊ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳ ŀǳǘƘƻǊϥǎ ƎǊŀǇƘ 
ϟt.¢ ǿŀǎ ŘƻƴŜ ŀǎ άŘŜŦƛƴƛǘƛǾŜέ ǘǊŜŀǘƳŜƴǘ ƛƴ мо҈ ŀƴŘ Ǉƻǎǘ-operative/adjuvant treatment in 44%, salvage treatment in 42% 
§ 517  pts (of the 1300 identified) diagnosed after 2009 were excluded from survival analysis leaving 783 for survival analysis 
across three treatment groups but authors do not specify to which treatment group they belong or the number of patient with 
PBT and CRT which were compared in survival analysis 
** Authors do not provide mean changes only beta coefficients and p-values; Beta coefficients represent the increase or if 
negative, decrease in points per year on each index by treatment group. Inclusion of 0 in the confidence interval signifies results 
are not statistically significant. 
 
Reasons for downgrade: 
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
downgraded twice. If the estiƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ LŦ ǘƘŜ 
ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ unknown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded.  
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Strength of Evidence Summary for Pediatric Head and Neck Tumors for Effectiveness and Safety 
Outcome Time  Studies, Year, N,    

Tumor 
Reason for 
Downgrade 

PBT vs. other RT * 
Effect estimate 
(95% CI) 

Conclusion 
Quality (SoE) 

Head, Neck  

Toxicity  Acute Grant (N=24) 
1 Retro cohort 
(N=24) 
Salivary Gland 
tumors 
 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-1) 
 

Grade 2/3 acute 
toxicities: 
Dysphagia (0 vs. 
3/11),  
Otit is externa 
(1/13 vs. 2/11), 
Mucositis (6/13 vs. 
10/11, RR 0.51 
(0.27, 0.94). 

Mucositis may be less 
common following adjuvant 
PBT vs. adjuvant photon RT; 
risk of other toxicities was 
similar between groups. 
 

ἅ  
INSUFFICIENT 

 

Ocular (Salvage)   

Effectiveness Last 
f/u  
 3 yrs. 
PBT, 
10 yrs. 
RT 

Agarwal 2016 
(N=39 patients, 
47 eyes) 
Retinoblastoma 
 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Serious 
Imprecision 
Yes3 (-2) 
 

OS: 97.4% across 
groups  
 
Enucleation-free 
survival:  
38.5% vs. 54.5% 
 
Enucleation 
performed:  37.5% 
(6/16 eyes)  vs. 
29.6% (8/27 eyes) 

No comparative data 
reported for OS. 
Enucleation-free survival 
was lower with PBT, 
however small sample size,  
may preclude detection of 
statistical difference   
 

ἅ  
INSUFFICIENT 

 

Toxicity Acute 
Late 

  Acute Toxicity:  
PBT 93.8% vs. ERT 
74.1%;  
p =0.22 (mostly 
skin erythema) 
Late/long-term 
(number of eyes):  
PBT vs. ERT  
!ƴȅ όҗм ŜǾŜƴǘύΥ  
62.5% (10/16 eyes) 
vs.  55.6% (15/27 
eyes); p=0.275 
 
PBT vs. Other Tx  
Cataract: 5 vs. 10 
Vitreous 
hemorrhage: 3 vs. 
4 
Radiation 
retinopathy: 2 vs. 3 
±ƛǎǳŀƭ ŀŎǳƛǘȅ ɲΥ л 
vs. 4 
Strabismus: 1 vs. 2 
 

Although acute toxicities 
were more common with 
PBT vs. ERT, differences 
were not statistically 
significant. Evidence is 
limited 
 

ἅ  
INSUFFICIENT 

 

adj RR= adjusted risk ratio; CI = Confidence Interval; f/u = follow-up; ERT= electron beam radiation therapy; HR = Hazard Ratio; 
IMRT = Intensity Modulated Radiation Therapy; NR = Not Reported; NS = Not significant; OR = Odds ratio; OS = Overall Survival; 
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PBT = Proton Beam Therapy; PFS = Progression Free Survival; RFS = Recurrence Free Survival; RR = crude Risk Ratio; RT = 
Radiation Therapy; SOE = Summary of Evidence 

*  Grant compared PBT (passive scatter n =8, intensity modulated n=5) vs. other RT (electron bean n=8, IMRT n=3); 
Agarwal compared PBT (passive scatter, n= 16 eyes) vs. photon or electron RT (n=27 eyes) and brachytherapy (n= 
eyes). 
 
Reasons for downgrade: 
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
ŘƻǿƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέ. If the 
estimate is not statistically significaƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ ǳƴƪƴƻǿƴύ 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded.  
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Strength of Evidence Summary: Adult Tumors 
 
Strength of Evidence Summary for Adult Brain, Spinal, Paraspinal Tumors for Effectiveness and Safety 

Outcome Time  Studies, Year, 
N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon* 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Survival outcomes 

Probability, 
overall survival 
όh{ύϞ 

1-3 
years 

Adeberg 2017 
(N=132)  
Retro case-
matched 
cohort 
Glioblastoma 
(high-grade) 

Inconsistency 
Unknown 
Imprecision 
Yes3 (-1) 

PBT boost + photon 
vs. photon alone: 
1 year: 75% vs. 85% 
2 years: 40% vs. 43% 
3 years: 12% vs. 28% 
p=NS at all 
timepoints 

Results across studies 
and tumors types are 
inconsistent  
 
For those with high-
grade glioblastoma, PBT 
boost tended to result in 
lower OS but higher PFS 
probability versus 
photon alone; results 
were not statistically 
significant but may be 
clinically meaningful.   
 
In the large database 
study of primarily high-
grade glioma, 
statistically higher 5-
year overall survival was 
reported following PBT 
versus photon RT. Of 
note, the median follow-
up period was 
significantly shorter in 
the PBT group (50.3 vs. 
62.3 months).  There is 
the potential for 
misclassification in 
database studies. 
 

ἅἅ  
LOW 

 5-years Jhaveri 2018 
(N=49,575)  
Retro 
comparative 
database 
study; 
propensity-
score 
matched 
cohort 
(n=322) 
Glioma  
(91% high-
grade) 

Inconsistency 
Unknown 

PBT vs. any photon, 
entire cohort:  
adj. HR 0.66, 95% CI 
(0.53 to 0.83); favors 
PBT  
 
PBT vs. any photon, 
propensity-score 
matched: 
46.1% vs. 35.5%, 
p=0.009 
vs. IMRT: p=0.01 
vs. 3D-CRT: p=0.007 

Probability,  
Progression 
free survival 
όtC{ύϞ  

 Adeberg 2017 
(N=132)  
Retro case-
matched 
cohort 
Glioblastoma 
(high-grade) 

Inconsistency 
Unknown 
Imprecision 
Yes3 (-1) 

PBT boost + photon 
vs. photon alone: 
1 year: 31% vs 21% 
2 years: 8% vs 2% 
p=NS at both 
timepoints 

Salvage therapy (KQ2) 

Survival and recurrence outcomes 

Probability, 
overall survival  

6 mos. 
to 1 
year 

Gunther 2017 
(N=37)  
Retro cohort 
CNS 
involvement 
in lymphoma 
or leukemia 
(pre-SCT) 

Risk of Bias 
Yes1 (-1) 
Inconsistency 
Unknown 
Imprecision 
Yes3 (-1) 

PBT vs. Photon: 
6 mos.: 78.6% vs. 
69.6%, p=0.15 
м ȅŜŀǊΥ тл҈ ǾǎΦ оу҈Σϟ 
p=NR 

No statistical difference 
between groups in OS at 
6 months, statistical 
testing not reported at 1 
year; no statistical 
difference in CNS 
relapse risk.  Sample size 
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Outcome Time  Studies, Year, 
N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon* 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

CNS relapse 5 mos.   PBT vs. Photon: 
7% (1/14)§ vs. 0% 
(0/23); p=1.0 

may have played a role 
in these findings. 
 

ἅ  
INSUFFICIENT 

Safety (KQ3) 

Acute Toxicity 
όҖо ƳƻǎΦύ 

Median 
15 
mos. 

Adeberg 2017 
(N=132)  
Retro case-
matched 
cohort 
Primary 
Glioblastoma 
(high-grade) 

Imprecision 
Yes3 (-1) 
 

PBT boost + photon 
vs. photon alone: 
DǊŀŘŜ җнΥ ф҈ όсκссύ 
vs. 14% (9/66), p=NR; 
Grade 3: 0% (0/66) 
vs. 7.5% (5/66), p<0.1 
 

No statistical differences 
between groups; unclear 
if differences may be 
clinically important. 
Sample size may have 
played a role in these 
findings. 
 

ἅἅ  
LOW 

 During 
CSI 

Gunther 2017 
(N=37) 
Retro cohort 
CNS-
involvement 
in leukemia/ 
lymphoma 
Salvage 
therapy (pre-
SCT RT) 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 
 

PBT vs. Photon 
Mucositis, Grade 3: 
7% (1/14) vs. 9% 
(2/23), p=0.1; 
Mucositis, any 
Grade: 7% (1/14) vs. 
44% (10/23); RR 0.16 
(0.02 to 1.15)**; 
Gastrointestinal 
(Grade NR): 29% 
(4/14) vs. 30% (7/23), 
p=1.0; 
CNS (Grade NR): 21% 
(3/14) vs. 13% (3/23), 
p=0.65 

PBT resulted in a lower 
frequency of mucositis 
(any grade); no other 
differences were seen 
over acute or late term.  
Sample size may have 
played a role in these 
findings. 
 

ἅ  
INSUFFICIENT 

 ά[ŀǘŜέ  

 

PBT vs. Photon 
Severe CNS 
ƴŜǳǊƻǘƻȄƛŎƛǘȅϞϞΥ т҈ 
(1/14) vs. 0% (0/23), 
p=NS 

Radiation 
necrosis 
(outside of 
treatment field) 

Median 
15 
mos. 

Adeberg 2017 
N=132)  
Retro case-
matched 
cohort 
Primary 
Glioblastoma 
(high-grade) 

Inconsistency 
Unknown 
Imprecision 
Yes3 (-1) 
 

PBT boost + photon 
vs. photon alone: 
0% (0/66) vs 0% 
(0/66) 
 

No cases of radiation 
necrosis outside the 
treatment field in either 
group. Sample size may 
have played a role in the 
findings. 
 

ἅἅ  
LOW 

Change in 
symptomology, 
% (n/N) 

Median 
15 
mos. 

Adeberg 2017 
N=132)  

Inconsistency 
Unknown 
Imprecision 
Yes3 (-1) 

PBT boost + photon 
vs. photon alone: 
Neurocognitive 
deficitsϟϟ 

No statistical differences 
between groups in the 
proportion of patients 
experiencing either 
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Outcome Time  Studies, Year, 
N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon* 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

Retro case-
matched 
cohort 
Primary 
Glioblastoma 
(high-grade) 

 Worse (vs. baseline): 
3% (2/66) vs. 6% 
(4/66) 
New: 9% (6/66) vs. 
2% (2/66)  
Sensorimotor 
deficitsϟϟ 
Worse (vs. baseline): 
3% (2/66) vs. 5% 
(3/66) 
New: 11% (7/66) vs. 
14% (9/66) 
Seizuresϟϟ 
Worse (vs. baseline): 
0% (0/66) vs. 0% 
(0/66) 
New: 2% (1/66) vs. 
6% (4/66) 
p=NS for all 

worsening of preexisting 
symptoms or new 
deficits following 
treatment  
 

ἅἅ  
LOW 

CNS = central nervous system; CI = confidence interval; CSI = craniospinal irradiation; KQ = Key Question; NR = not reported; NS 
= not statistically significant; PBT = proton beam therapy; Retro = retrospective; SCT = stem cell transplantation; SOE = strength 
of evidence. 
*  Adeberg 2017: Photon + PBT boost vs. Photon alone. 
Gunther 2017: PBT (passive scatter) vs. Photon. 
Jhaveri 2018: PBT vs. photons (IMRT, 3D-CRT, and other photon not specified). 
Ϟ!ƭƭ Řŀǘŀ ŜǎǘƛƳŀǘŜŘ ŦǊƻƳ ƎǊŀǇƘǎ ǇǊƻǾƛŘŜŘ ōȅ ŀǳǘƘƻǊǎΦ 
ϟ9ǎǘƛƳŀǘŜŘ ŦǊƻƳ ƎǊŀǇƘ ƛƴ ŀǊǘƛŎƭŜΦ 
§Also had concurrent systemic relapse and died from disease. 
**Crude RR calculated by AAI using exact methods in Stata. 
ϞϞ/ƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŘƛŦŦǳǎŜ ŘŜƳȅŜƭƛƴŀǘƛƻƴ ŀƴŘ ƴŜŎǊosis, neurocognitive impairment, lower extremity weakness, incontinence, 
difficulty swallowing 
ϟϟ !ǳǘƘƻǊǎ ŘŜǎŎǊƛōŜ ǘƘŜǎŜ ŀǎκŀƭƻƴƎ ǿƛǘƘ ǘƻȄƛŎƛǘȅΦ  !ǎ ōŀǎŜƭƛƴŜ ƛƴ ǘƘŜ t.¢ ǾǎΦ ǇƘƻǘƻƴ ƎǊƻǳǇǎΣ ƴŜǳǊƻŎƻƎƴƛǘƛǾŜ ŘŜŦƛŎƛǘǎΣ 
sensorimotor deficits, and seizures were presents in 30% (20/66) vs. 42% (28/66), 39% (26/66) vs. 30% (20/66), and 6% (4/66) 
vs. 3% (2/66), respectively. The majority of patients with pre-therapeutic deficits showed a stable deficit level after 
radiotherapy. 

 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
ŘƻǿƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέ. If the 
estimŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ ǳƴƪƴown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded.  
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Strength of Evidence Summary for Adult Breast Cancer for Effectiveness 
Outcome Time  Studies, Year, 

N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon/Electron 
Boost* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Survival outcomes 

Probability, 
overall 
survival (OS) 

5 
years 

Chowdhary 
2019 
(N=724,492)  
Retro 
comparative 
database 
study (NCDB) 

Inconsistency 
Unknown 

91.9% vs. 88.9% 
(unadjusted probabilities) 
 
!ŘƧǳǎǘŜŘ IwϞ лΦур όфр҈ /LΣ 
0.68 to 1.07), p=0.12 
 
A second additional 
multivariate analysis 
conducted after stratifying 
for factors associated with 
increase heart doses also 
showed no difference. 

No statistical difference 
between PBT versus 
photon/electron boost 
therapy for the 
probability of OS at 5 
years.  
 

ἅἅ  
LOW 

CI = confidence interval; KQ = Key Question; NCDB = National Cancer Data Base; PBT = proton beam therapy; Retro = 
retrospective; SOE = strength of evidence. 
*Aside from the breast, additional lymph node irradiation was indicated in 22% of patients.  Other treatments received 
included chemotherapy in 46% and endocrine therapy in 69%. 
ϞLƴ ƳǳƭǘƛǾŀǊƛŀǘŜ ŀƴŀƭȅǎƛǎΣ ŀŘƧǳǎǘŜŘ ŦƻǊΥ ǊŀŎŜΣ /ƘŀǊƭǎƻƴ-Deyo comorbidity score, facility (academic vs. nonacademic), household 
income, regional location, residence (urban vs. rural), laterality, pT-stage, pN-stage, receptor status, receipt of chemotherapy, 
receipt of endocrine therapy, type of surgery, and year of diagnosis. 

 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
downgraded twice. If the estimate is statisticaƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ LŦ ǘƘŜ 
ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ unknown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Esophageal Cancer for Effectiveness 
Outcome Time  Studies, Year, N,    

Tumor 
Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate 
όфр҈ /LύϞ 

Conclusion 
Quality (SoE) 

Probability, 
overall 
survival 
(OS) 

1 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None уу҈ ǾǎΦ ур҈ϟ 
Log-rank, p=0.01 

Probabilities of OS at 
1 year were similar, 
however, over 
subsequent years OS 
was better following 
PBT vs. IMRT or 
3DCRT across both 
studies. However, 
statistical significance 
was achieved in only 
the largest study. 
 
 

ἅἅ  
LOW 

 

  Fang 2018 (N=133, 
stage III/IV subanalysis 
only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

ул҈ ǾǎΦ ту҈ϟ 
Log-rank, p=0.10 

 2 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None тл҈ ǾǎΦ рл҈ϟ 
Log-rank, p=0.01 

  Fang 2018 (N=133, 
stage III/IV subanalysis 
only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

сс҈ ǾǎΦ пф҈ϟ 
Log-rank, p=0.10 

 3 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None 55% ǾǎΦ оф҈ϟ 
Log-rank, p=0.01 

  Fang 2018 (N=133, 
stage III/IV subanalysis 
only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

пу҈ ǾǎΦ оу҈ϟ 
Log-rank, p=0.10 

 4 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None пп҈ ǾǎΦ ор҈ϟ 
Log-rank, p=0.01 

  Fang 2018 (N=133, 
stage III/IV subanalysis 
only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

пн҈ ǾǎΦ ол҈ϟ 
Log-rank, p=0.10 
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Outcome Time  Studies, Year, N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate 
όфр҈ /LύϞ 

Conclusion 
Quality (SoE) 

 5 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None 41.6% vs. 31.6%; 
adj. HR 1.45 
(1.09 to 1.94) 
p=0.010 
 
Stage III only: 
34.6% vs. 25.0%, 
p=0.04 

  Fang 2018 (N=133, 
stage III/IV subanalysis 
only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

42% vs. 19%; adj. 
HR 1.48 (0.93 to 
2.35), p=0.10 
 
All patients: HR 
0.82 (0.56 to 
1.20), p=0.30 

Mortality, % 
(n/N) 

3 
months 

Lin 2017 (N=580) 
Retro cohort  
AC (92%) or SCC (8%) 
Stage III/IV (63%) 
 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

1 mo. post-op: 
0% vs. 1.5% 
(7/469), p=0.425 
 
2 mos. post-op: 
0.9% (1/111) vs. 
2.6% (12/469), 
p=0.59 
 
3 mos. post-op: 
0.9% (1/111) vs. 
4.3% (20/469), 
p=0.26 

No statistically 
differences; per 
authors, the 
difference at 3 
months may be 
clinically meaningful. 
 

ἅἅ  
LOW 

  

 Median 
22 
months 

Makishima 2015  
N=44 
SCC (100%) 
Stage III (52%); Stage 
I/II (48%)  

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

20% (5/25) vs. 
31.6% (6/19), 
p=NR 
 

No statistically 
significant differences; 
sample sizes are small. 
 

ἅ  
INSUFFICIENT 

Probability, 
Progression-
free survival 
(PFS) or 
Disease-free 
survival  
(DFS) 

1 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None PFS: 
62% vs. 50%, 
p=0.001 

At all timepoints, 
PFS/DFS was better 
following PBT vs. IMRT 
or 3DCRT across both 
studies. However, 
statistical significance 
was achieved in only 
the largest study. 
 

ἅἅ  
LOW 

 

  Fang 2018 
(N=133, stage III/IV 
subanalysis only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

DFS: 
55% vs. 45%, 
p=0.11 
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Outcome Time  Studies, Year, N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate 
όфр҈ /LύϞ 

Conclusion 
Quality (SoE) 

 2 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None PFS: 
50% vs. 33%, 
p=0.001 

  Fang 2018 
(N=133, stage III/IV 
subanalysis only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

DFS: 
45% vs. 26%, 
p=0.11 

 3 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None PFS: 
42% vs. 28%, 
p=0.001 

  Fang 2018 
(N=133, stage III/IV 
subanalysis only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

DFS: 
41% vs. 23%, 
p=0.11 

 4 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None PFS: 
39% vs. 24%, 
p=0.001 

  Fang 2018 
(N=133, stage III/IV 
subanalysis only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

DFS: 
41% vs. 23%, 
p=0.11 

 5 year Xi 2017 (N=343) 
Retro cohort 
AC (71%) or SCC (29%) 
Stage III (66%); Stage 
I/II (34%) 

None PFS: 
34.9% vs. 20.4%; 
adj. HR 1.56 
(95% CI 1.19-
2.05), p=0.001 
Stage III: 33.5% 
vs. 13.2%, 
p=0.005 
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Outcome Time  Studies, Year, N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate 
όфр҈ /LύϞ 

Conclusion 
Quality (SoE) 

  Fang 2018 
(N=133, stage III/IV 
subanalysis only) 
Retro propensity-score 
matched cohort 
AC (74%) or SCC (26%) 

Imprecision 
Yes3 (-1) 

DFS: 
41% vs. 18%, adj. 
HR 1.42 (0.92 to 
2.19) p=0.11 

adj. = adjusted; 3D-CRT = 3-dimensional conformal radiation therapy; AC = adenocarcinoma; CI = confidence interval; HR = 
hazard ratio; KQ = Key Question; PBT = proton beam therapy; IMRT = intensity-modulated radiation therapy; NS = not 
statistically significant; Retro = retrospective study design; SCC = squamous cell carcinoma; XRT = X-ray radiation therapy. 
*Fang 2018: PBT vs. IMRT 
Lin 2017: PBT vs. IMRT and vs. 3D-CRT 
Makishima 2015: passive scatter PBT vs. XRT 
Shiraishi 2018: PBT vs. IMRT 
Xi 2017: PBT vs. IMRT 
ϞLŦ ƴƻ фр҈ /L ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ǘŀōƭŜΣ ǘƘŜ ŀǳǘƘƻǊǎ ŘƛŘ ƴƻǘ ǊŜǇƻǊǘ ƻƴŜΤ ƭƻƎ-rank p-values. 
ϟ9ǎǘƛƳŀǘŜŘ ŦǊƻƳ ƎǊŀǇƘǎ ƛƴ ŀǊǘƛŎƭŜǎΦ 
 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 

outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate 
randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of 
bias.  

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency 
of single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of 
overlap of study populations, use different treatment protocols and/or different treatment types (including use of co-
intervention such as chemotherapy).  

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may 
be dowƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ Lf 
ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ (or 
unknown) confidence interval and/or small sample size may result in downgrade.  

4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Esophageal Cancer for Safety 
Outcome Time  Studies, Year, 

N,    
RoB 
Tumor 
Indication 

Reason for 
Downgrading 

PBT vs. various 
photon 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

RT-related toxicities 

Radiation 
pneumonitis, 
ƎǊŀŘŜ җо 

NR Xi 2017 
(N=343) 
Retro cohort 
AC (71%) or 
SCC (29%) 
Stage III (66%); 
Stage I/II (34%) 

None PBT vs. IMRT: 
1.5% (2/132) vs. 2.8% 
(6/211), p=NS 

For PBT versus IMRT, 
with the exception of 
grade 4 radiation-
induced lymphopenia 
(2 studies) and 
wound events (1 
study) which were 
less common with 
PBT, the frequency of 
all other RT-related 
and treatment-
related toxicities and 
adverse events did 
not differ statistically 
between groups.  
 
For PBT vs. 3DCRT or 
XRT, with the 
exception of GI 
events, PBT was 
associated with a 
statistically lower 
frequency of any 
treatment-related 
toxicity (i.e., 
pulmonary, cardiac, 
and wound events; 
ƎǊŀŘŜǎ җн ƻǊ ƴƻǘ 
specified) across 
three studies.  There 
were no differences 
in the frequency of 
ƎǊŀŘŜ җо ǊŀŘƛŀǘƛƻƴ 
pneumonitis and 
pleural effusion 
between PBT vs. XRT 
in one small study. 
 

ἅἅ  
LOW 

 

 Late Makishima 
2015 (N=44)  
Retro cohort 
SCC (100%) 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

PBT vs. XRT: 
0% (0/25) vs. 5.3% 
(1/19), p=NS 

Radiation 
esophagitis, 
ƎǊŀŘŜ җо 

NR Xi 2017 
(N=343) 
Retro cohort 
AC (71%) or 
SCC (29%) 

None PBT vs. IMRT: 
11.4% (15/132) vs. 
14.2% (30/211), p=NS 

Radiation 
induced 
lymphopenia, 
grade 4 

Acute 
(during 
RT; 
timing 
NOS) 

Fang 2018 
(N=220)   
Retro 
propensity-
score matched 
cohort 
AC (74%) or 
SCC (26%) 

Imprecision 
Yes3 (-1) 

PBT vs. IMRT: 
31% (34/110) vs. 47% 
(52/110); adj. OR 0.47 
(0.26 to 0.84) p=0.01 
 

 Acute 
(during 
RT; 
timing 
NOS) 

Shiraishi 2018 
(N=272)  
Retro 
propensity-
score matched 
cohort 
AC (97%) or 
SCC (3%) 

Imprecision 
Yes3 (-1) 

PBT vs. IMRT:  
17.6% (24/136) vs. 
40.4% (55/136); adj. 
OR 0.29 (0.16 to 0.52) 
p<0.0001 
 

Treatment-related toxicity* 

Esophageal 
fistula, 
Esophageal 
stricture, grade 
җо 

NR Xi 2017 
(N=343) 
Retro cohort 
AC (71%) or 
SCC (29%) 

None PBT vs. IMRT: 
Esophageal fistula: 0% 
(0/132) vs. 1.4% 
(3/211) 

Grade 5: 0% (0/132) 
vs. 0.5% (1/211) 

Esophageal stricture: 
9.8% (13/132) vs. 
8.1% (17/211) 

Grade 5: 0% (0/132) 
vs. 0.5% (1/211) 

p=NS for all 
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Outcome Time  Studies, Year, 
N,    
RoB 
Tumor 
Indication 

Reason for 
Downgrading 

PBT vs. various 
photon 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

Any pulmonary 
event 

Acute 
(post-
ƻǇύϞ 

Lin (2017)  
(N=580) 
Retro cohort 
AC (92%) or 
SCC (8%) 

Imprecision 
Yes3 (-1) 

Grade NR 
PBT: 16.2% (18/111) 
IMRT: 24.2% (62/255) 
3DCRT: 39.5% 
(85/214) 
PBT vs. IMRT: adj. OR 
0.58 (95% CI 0.32 to 
1.05), p=0.08; 
PBT vs. 3D-CRT: adj. 
OR 0.34 (95% CI 0.19 
to 0.61), p<0.001 

 Late Makishima 
2015 (N=44)  
Retro cohort 
SCC (100%) 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

PBT vs. XRT:  
DǊŀŘŜ җнΥ л҈ όлκнрύ 
vs. 42.1% (8/19), 
p<0.001 

Pleural effusion, 
ƎǊŀŘŜ җо 

NR Xi 2017 
(N=343) 
Retro cohort 
AC (71%) or 
SCC (29%) 

None PBT vs. IMRT: 
0.8% (1/132) vs. 1.9% 
(4/211), p=0.19 

 Late Makishima 
2015 (N=44)  
Retro cohort 
SCC (100%) 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

PBT vs. XRT: 
0% (0/25) vs. 5.3% 
(1/19), p=NS 

Any cardiac 
event 

Acute 
(post-
ƻǇύϞ 

Lin (2017)  
(N=580) 
Retro cohort 
AC (92%) or 
SCC (8%) 

Imprecision 
Yes3 (-1) 

Grade NR 
PBT: 11.7% (13/111) 
IMRT: 11.7% (30/255) 
3DCRT: 27.4% 
(59/214) 
PBT vs. IMRT: adj. OR 
0.87 (95% CI 0.42 to 
1.77), p=0.70; 
PBT vs. 3D-CRT: adj. 
OR 0.34 (95% CI 0.17 
to 0.66), p=0.002 

 Late Makishima 
2015 (N=44)  
Retro cohort 
SCC (100%) 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

PBT vs. XRT:  
Grade җнΥ п҈ όмκнрύ 
vs. 52.6% (10/19), 
p<0.001 
RR 0.08 (0.01 to 
лΦрпύϟ 

Pericardial 
effusion, grade 
җо 

NR Xi 2017 
(N=343) 
Retro cohort 
AC (71%) or 
SCC (29%) 

None PBT vs. IMRT: 
0.8% (1/132) vs. 2.4% 
(5/211), p=0.19 
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Outcome Time  Studies, Year, 
N,    
RoB 
Tumor 
Indication 

Reason for 
Downgrading 

PBT vs. various 
photon 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

 Late Makishima 
2015 (N=44)  
Retro cohort 
SCC (100%) 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

PBT vs. XRT:  
0% (0/25) vs. 0% 
(0/19), p=NS 

Any GI event, 
any wound 
event 

Acute 
(post-
ƻǇύϞ 

Lin (2017)  
(N=580) 
Retro cohort 
AC (92%) or 
SCC (8%) 

Imprecision 
Yes3 (-1) 

Grade NR 
GI event 
PBT: 18.9% (21/111) 
IMRT: 23.0% (59/255) 
3DCRT: 20.9% 
(45/214) 
Chi Squared p-value: 
p=0.656 
Wound event 
PBT: 4.5% (5/111) 
IMRT: 14.1% (36/255) 
3DCRT: 15.3% 
(33/214) 
PBT vs. IMRT: adj. OR 
0.28 (95% CI 0.11 to 
0.73), p=0.009 
PBT vs. 3D-CRT: OR 
0.26 (95% CI 0.10 to 
0.68), p=0.006 

Readmission 
within 60 days 
or death during 
same 
hospitalization 

н ƳƻǎΦϞ Lin (2017)  
(N=580) 
Retro cohort 
AC (92%) or 
SCC (8%) 

Imprecision 
Yes3 (-1) 

PBT: 17.1% (19/111) 
IMRT: 15.6% (40/255) 
3DCRT: 23.7% 
(51/214) 
Chi Squared p-value: 
p=0.070 

3D-CRT: 3-dimensional conformal radiation therapy; AC: adenocarcinoma; CI: confidence interval; PBT: proton beam therapy; 
IMRT: intensity-modulated radiation therapy (photons); NOS: not otherwise specified; NS: not statistically significant; OR: odds 
ratio; post-op: post-operative; Retro: retrospective study design; RR: risk ratio; SCC: squamous cell carcinoma; XRT: X-ray 
radiation therapy. 
*Not directly stated by authors as related to RT ς ŎŀƭƭŜŘ άǘǊŜŀǘƳŜƴǘ-ǊŜƭŀǘŜŘέΤ ōŜŎŀǳǎŜ ŀƭƭ ǇŀǘƛŜƴǘǎ ǿŜǊŜ ǊŜŎeiving concurrent or 
adjuvant chemotherapy is it unclear the degree to which PBT directly affected these outcomes. 
Ϟ!ƭƭ ǇŀǘƛŜƴǘǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ǿŜǊŜ ǘǊŜŀǘŜŘ ǿƛǘƘ ƴŜƻŀŘƧǳǾŀƴǘ ŎƻƴŎǳǊǊŜƴǘ ŎƘŜƳƻǘƘŜǊŀǇȅ ŀƴŘ ǊŀŘƛŀǘƛƻƴ ǘƘŜǊŀǇȅ ŦƻƭƭƻǿŜŘ ōȅ ǎǳǊƎƛŎŀƭ 
resection (most commonly esophagectomy 84%); follow-up period post-op is unclear though appears to be up to 3 months. 
Postoperative complications were identified from hospital notes, discharge summary, and/or from a prospectively collected 
surgical database. 
ϟ/ǊǳŘŜ ww ŎŀƭŎulated by AAI. 

 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 

outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate 
randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of 
bias.  

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency 
of single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of 
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overlap of study populations, use different treatment protocols and/or different treatment types (including use of co-
intervention such as chemotherapy).  

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may 
be downgraded twice. If the estimate is statistically significant, it is imprŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ LŦ 
ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ (or 
unknown) confidence interval and/or small sample size may result in downgrade.  

4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Gastrointestinal (Pancreas) Cancer for Effectiveness and 
Safety 

Outcome Time  Studies, Year, N,    
Tumor 

Reason for 
Downgrading 

PBT (spot scanning) 
vs. HART 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) No statistically 
significant differences 
were seen between 
PBT and HART for any 
primary outcome (OS, 
disease control, local 
progression, and 
metastasis) or for any 
acute RT-related 
toxicity (hematological 
and non-
hematological); clinical 
importance of 
differences is unclear.  
The sample size was 
very small.  
 

ἅ  
INSUFFICIENT 

Probability, 
overall 
survival (OS) 

1-3 
years 

Maemura 2017 
(N=25)  
Retro cohort 
 
Adenocarcinoma 
(locally advanced 
and unresectable) 

Risk of Bias 
Yes1 (-1) 

Consistency 
Unknown 

Imprecision 
Yes3 (-1) 

 

1-year: 80% vs. 86.7% 
2-year: 45% vs. 33.3% 
3-year: 22.5% vs. 
26.6% 
p=NS at all timepoints 

Disease 
control, % 
(n/N) 

NR   80% (8/10) vs 93% 
(14/15), p=NR; RR 0.86 
(0.61 to 1.20)* 
 

Local 
progression, 
% (n/N) 

NR   40% (4/10) vs 60% 
(9/15), p=NR; RR 0.60 
(0.26 to 1.39)* 
 

Metastasis, 
% (n/N) 

NR Any: 30% (3/10) vs. 
20% (3/15) 

¶ Lung: 10% (1/10) vs 
0% (0/15) 

¶ Liver: 30% (3/10) vs 
6.7% (1/15) 

¶ Peritoneum: 10% 
(1/10) vs 13.3% 
(2/15) 

p=NR 

Safety (KQ3) (Curative intent only) 

Acute 
¢ƻȄƛŎƛǘȅ όҖо 
mos.) 

NR Maemura 2017 
(N=25)  
Retro cohort 
 
Adenocarcinoma 
(locally advanced 
and unresectable) 

Risk of Bias 
Yes1 (-1) 

Consistency 
Unknown 

Imprecision 
Yes3 (-1) 

 

RT-related Toxicities, 
% (n/N) 
Hematological 
Leukopenia 

¶ Grade 2: 10% 
(1/10) vs. 13% 
(2/15) 

¶ Grade 3: 0% (0/10) 
vs. 20% (3/15) 

Thrombocytopenia: 

¶ Grade 2: 10% 
(1/10) vs. 20% 
(3/15) 

¶ Grade 3: 0% (0/10) 
vs. 6.7% (1/15) 

Neutropenia; Anemia:  

¶ Grade 2 or 3: 0% 
(0/10) vs. 0% (0/15) 
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Outcome Time  Studies, Year, N,    
Tumor 

Reason for 
Downgrading 

PBT (spot scanning) 
vs. HART 
Effect estimate (95% 
CI) 

Conclusion 
Quality (SoE) 

Non-hematological  
Ulcer: 

¶ Grade 2: 10% 
(1/10) vs 0% (0/15) 

¶ Grade 3: 10% 
(1/10) vs 0% (0/15) 

Nausea:  

¶ Grade 2: 0% (0/10) 
vs. 7% (1/15) 

¶ Grade 3: 0% (0/10) 
vs. 0% (0/15) 

Anorexia: 

¶ Grade 2: 0% (0/10) 
vs. 20% (3/15) 

¶ Grade 3: 0% (0/10) 
vs. 0% (0/15) 

Malaise 

¶ Grade 2 or 3: 0% 
(0/10) vs. 0% (0/15) 

 
No grade 4 toxicities 
occurred in either 
group 

CI = confidence interval; HART = Hyper-fractionated accelerated RT; KQ = Key Question; NR = not reported; PBT = proton beam 
therapy; Retro = retrospective study design; RR = risk ratio; SOE = strength of evidence. 
*Crude RR calculated by AAI. 
 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
ŘƻǿƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέ. If the 
ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛde (or unknown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Head and Neck Tumors for Effectiveness and Safety 
Outcome Time  Studies, Year, N,    

Tumor 

Reason for 

Downgrading 

PBT* vs. IMRT 

Effect estimate 

(95% CI) 

Conclusion 

Quality (SoE) 

Curative intent (KQ1) 

Survival outcomes 

Probability, 

overall 

survival (OS) 

1-year Romesser 2016 

(N=41) 

Retro cohort 

Salivary gland 

cancer  

(primary or 

metastasis) 

Risk of Bias 

Yes1 (-1) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

83.3% vs. 93.3%, 

p=0.08 

Regardless of tumor types, 

no statistically significant 

differences were seen 

between PBT and IMRT in 

the probability of 1-3 year 

OS (2 studies) or 3-year 

PFS (1 study) or in the 

incidence of all-cause 

mortality (1 study). Clinical 

significance of differences 

is unclear. 

 

ἅἅ  

LOW 

for primary  

oropharyngeal and 

nasopharyngeal cancer 

 

ἅ  

INSUFFICIENT 

for salivary cancer 

(primary or metastatic) 

 3-years Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

94.3% vs. 89.3%;  

adj. HR 0.55 

(95% CI 0.1 to 

2.5), p=0.44 

Probability, 

progression 

free survival 

(PFS) 

3-years Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

86.4% vs. 85.8%;  

adj. HR 1.0 (95% 

CI 0.4 to 2.6), 

p=0.99 

All-cause 

mortality, % 

(n/N) 

Median 

24 mos. 

Holliday 2015 

(N=30) 

Retro case-

matched cohort 

Nasopharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

10% (1/10) vs. 

5% (1/20), p=NS 

Safety (KQ3) (Curative intent only) 

Toxicities and other adverse events 

Acute 

toxicity 

ƎǊŀŘŜ җо  

Җо ƳƻǎΦ Romesser 2016 

(N=41) 

Retro cohort 

Salivary gland 

cancer  

(primary or 

metastasis) 

Risk of Bias 

Yes1 (-1) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Dermatitis: 

27.8% (5/18) vs. 

34.8% (8/23) 

Mucositis: 0% 

(0/18) vs. 8.7% 

(2/23) 

Nausea, 

Dysphagia, 

Dysgeusia, 

Fatigue: no 

There were no statistically 

significant differences in 

ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ƎǊŀŘŜ җо 

acute or late toxicities 

following PBT versus IMRT 

across three studies. 

Clinical significance of 

differences is unclear.  

Sample size and residual 

confounding and/or tumor 
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Outcome Time  Studies, Year, N,    

Tumor 

Reason for 

Downgrading 

PBT* vs. IMRT 

Effect estimate 

(95% CI) 

Conclusion 

Quality (SoE) 

events in either 

group 

p=NS for all 

no grade 4 

events in either 

group 

type and stage may have 

played a role in some of 

these findings. 

 

ἅἅ  

LOW 

for acute (based on 

highest quality studies) 

and late toxicity 

 

 

  Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Dermatitis: Data 

NR, p=0.15 

Mucositis: Data 

NR, p=0.90 

Weight loss 

(>20% vs. 

baseline): 8.3% 

(4/48) vs. 13.5% 

(13/98); adj OR 

0.64 (95 CI 0.19 

to 2.11) 

Fatigue (grade 2 

or 3): 40.8% 

(20/49) vs. 

36.2% (34/94); 

adj OR 1.1 (95% 

CI 0.53 to 2.27) 

Xerostomia 

(grade 2 or 3): 

42% (21/50) vs. 

61.2% (60/98); 

adj OR 0.38 (95% 

CI 0.18 to 0.79) 

  Holliday 2015 

(N=30) 

Retro case-

matched cohort 

Nasopharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Any Grade 3 

event: 50% 

(5/10) [9 events] 

vs. 90% (18/20) 

[30 events]; RR 

0.56 (95% CI 

лΦнф ǘƻ мΦлрύϞ 

Dermatitis 

(Grade 3): 40% 

(4/10) vs. 25% 

(5/20); RR 1.6 

όлΦрр ǘƻ пΦсуύϞ 

Any Grade 4/5 

events: 0% vs. 

0% 

Swallowing 

dysfunction: 0% 
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Outcome Time  Studies, Year, N,    

Tumor 

Reason for 

Downgrading 

PBT* vs. IMRT 

Effect estimate 

(95% CI) 

Conclusion 

Quality (SoE) 

(0/10) vs. 15% 

(3/20), p=0.175 

Mean 

percentage (IQR) 

body weight lost 

from pre to post 

RT: 5.7% (4.5% 

to 11.2%) vs. 

7.6% (6.1% to 

12.1%), p=0.333 

Late toxicity 

ƎǊŀŘŜ җо 

1 year Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Weight loss 

(>20% vs. 

baseline): 6.7% 

(3/45) vs. 19.3% 

(17/88); adj OR 

0.28 (95 CI 0.08 

to 1.05) 

Fatigue (grade 2 

or 3): 14.6% 

(7/48) vs. 22.1% 

(17/77); adj OR 

0.5 (95% CI 0.18 

to 1.36) 

Xerostomia 

(grade 2 or 3): 

42% (21/50) vs. 

47.2% (42/89); 

adj OR 0.63 (95% 

CI 0.30 to 1.33) 

 NR 

(median 

24 

mos.) 

Holliday (N=30) 

Retro case-

matched cohort 

Nasopharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Any Grade 3 

event: 30% 

(3/10) [5 events] 

vs. 15% (3/20) [3 

events]; RR 2.0 

(95% CI 0.49 to 

уΦмуύϞ 

Gastrostomy 

tube 

dependence 

Acute  Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Җо ƳƻƴǘƘǎΥ мн҈ 

(6/50) vs. 23% 

(23/100); adj OR 

0.43 (95% CI 

0.16 to 1.17) 

GT dependence tended to 

be lower with PBT, 

however adjusted 

estimates from the largest 

study were not statistically 

significant, while smaller 

studies in different cancer 
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Outcome Time  Studies, Year, N,    

Tumor 

Reason for 

Downgrading 

PBT* vs. IMRT 

Effect estimate 

(95% CI) 

Conclusion 

Quality (SoE) 

 Holliday (N=30) 

Retro case-

matched cohort 

Nasopharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

During or after 

RT: 20% (2/10) 

vs. 65% (13/20), 

p=0.02; adj. OR 

9.33 (95% CI 

1.74 to 75.96), 

p=0.008 

types reported statistically 

significant differences. For 

the smallest study, the 

large confidence interval 

suggest instability of the 

effect estimate. Clinical 

significance of differences 

is unclear.   

 

It is unclear what role 

differences in study 

populations (including 

tumor characteristics, etc.) 

and possible residual 

confounding may play in 

these findings.  

 

ἅἅ  

LOW 

 McDonald 2016 

(N=40) 

Retro comparative 

cohort 

Nasopharynx, 

nasal cavity or 

paranasal sinus 

cancers (primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

End of RT: adj. 

OR 0.03 (95 % CI 

<0.01 to 0.15), 

p<0.001 

1 month post-

RT: adj. OR 0.11 

(95% CI <0.01 to 

0.61), p=0.028 

 Romesser 2016 

(N=41) 

Retro cohort 

Salivary gland 

cancer  

(primary or 

metastasis) 

Risk of Bias 

Yes1 (-1) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Җо ƳƻƴǘƘǎΥ л҈ 

vs. 0% (reactive 

gastrostomy 

tube or 

tracheostomy) 

 Late Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

1 year: 2% (1/50) 

vs. 7.8% (7/90); 

adj OR 0.16 (95% 

CI 0.02 to 1.37) 

 Sharma 2018 

(N=64) 

Prospective cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

6 months: 0% vs. 

0% 

ED visit or 

hospital-

ization 

During 

RT 

Blanchard 2016 

(N=150) 

Retro case-

matched cohort 

Oropharyngeal 

cancer  

(primary) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

ED visit: 

32%(16/50)  vs. 

32% (32/100); 

adj. OR 0.95 

(95% CI 0.45 to 

2.0) 

Unscheduled 

hospitalization: 

20% (10/50) vs. 

21% (21/100); 

No statistically significant 

differences in the 

frequency of ED visits or 

unplanned hospitalizations 

following PBT versus IMRT. 

 

ἅἅ  

LOW 
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Outcome Time  Studies, Year, N,    

Tumor 

Reason for 

Downgrading 

PBT* vs. IMRT 

Effect estimate 

(95% CI) 

Conclusion 

Quality (SoE) 

adj OR 0.92 (95% 

CI 0.39 to 2.2)  

Osteoradio-

necrosis 

Median 

34 mos. 

Zhang 2017 

(N=584) 

Retro cohort 

Oropharyngeal 

cancer  

(primary) 

Risk of Bias 

Yes1 (-1) 

Consistency 

Unknown 

Imprecision 

Yes3 (-1) 

Any grade: 2% 

(1/50) vs. 7.7% 

(41/534); RR 

0.26 (0.04 to 

мΦурύϞ 

Grade 3: 0% 

(0/50) vs. 0.9% 

(5/534) 

Grade 4: 0% 

(0/50) vs. 2.2% 

(12/534) 

Grade 3 or 4: 0% 

(50) vs. 3.2% 

(17/534) 

p=NS for all 

No statistically significant 

differences in the 

frequency of 

osteoradionecrosis 

following PBT versus IMRT. 

The small number of 

patients for PBT may 

preclude identification of 

rare events and residual 

confounding may have 

played role in some of 

these findings. 

 

ἅ  

INSUFFICIENT 

 

adj. = adjusted; CI = confidence interval; ED = emergency department; HR = hazard ratio; KQ = Key Question; OR = odds ratio; 
PBT = proton beam therapy; IMRT = intensity-modulated radiation therapy; NS = not statistically significant; Retro = 
retrospective study design; RT = radiation therapy. 
*  Blanchard 2016: intensity modulated spot-scanning PBT vs. IMRT 

Holliday 2015: intensity modulated spot-scanning PBT vs. IMRT 
McDonald 2016: 3D conformal PBT vs.IMRT 
Romesser 2016: Uniform scanning-beam PBT vs. IMRT 
Sharma 2018: Adjuvant pencil beam scanning PBT vs. IMRT via volumetric modulated arc therapy (VMAT) following transoral 
robotic surgery and selective neck dissection 
Zhang 2017: intensity modulated spot-scanning PBT vs. IMRT 

Ϟ/ǊǳŘŜ ww ŎŀƭŎǳƭŀǘŜŘ ōȅ !!LΦ  ¢ƘŜ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǇŀǘƛŜƴǘǎ ŦƻǊ t.¢ Ƴŀȅ ǇǊŜŎƭǳŘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǊŀǊe events. 
 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
downgraded twice. If the estimate is statistically significant, it is imprecise if the CI ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ LŦ ǘƘŜ 
ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ unknown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Skull-base Head and Neck Cancer for Effectiveness 

Outcome Time  Studies, 
Year, N,    
Tumor 

Reason for 
Downgrading 

Surgery + adjuvant PBT 
vs. Surgery alone 
RR (95% CI)* 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Survival and tumor control outcomes 

Probability, 
disease-specific 
survival (DSS) 

5-, 10-
years 

Simon 2018 
N=47 
(n=34 
petroclival 
only) 
 
Retro 
comparative 
cohort 
 
Chondro-
sarcoma 
(grade II) 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

5- and 10-year DSS in:  
All patients 
100% vs. 89.8% (76.2% to 
100%), p=0.138 
Petroclival patients only 
100% vs. 76.4% (46.1% to 
100%), p=0.028 

The probability of 
PFS, but not DSS, at 5 
and 10 years was 
statistically better 
following surgery 
with adjuvant PBT 
versus surgery alone. 
PBT resulted in 
improved DSS and 
PFS at both time 
points for the 
subgroup of patients 
with petroclival 
tumors. Local control 
was statistically 
better following 
adjuvant PBT. 
 

ἅ  
INSUFFICIENT 

Probability, 
progression-free 
survival (PFS) 

5-, 10-
years 

 All patients 
5-year: 100% vs. 67.8% 
(47.7% to 88.0%) 
10-year: 87.5% (64.6% to 
100%) vs. 58.2% (33.5% 
to 82.8%) 
p=0.006 
Petroclival patients only  
5-year: 100% vs. 50% 
(15.4% to 84.6%) 
10-year: 85.7% (59.8% to 
100%) vs. 50.0% (15.4% 
to 84.6%) 
p=0.001 

Proportion of 
patients 
experiencing 
local relapse, or 
regional or 
distant 
metastases% 
(n/N) 

Median  
7.5 
years 

 Local relapse: 
4.3% (1/23) vs. 33% 
(8/24); RR 0.13, 95% CI 
0.02 to 0.96, p=0.01 
(5/9 patients went on to 
receive secondary proton 
therapy) 
Regional or distant 
metastases: 0% vs. 0% 

Safety 

Any 
complication, % 
(n/N) 

Median  
7.5 
years 

Simon 2018 
N=28 for 
PBT and 47 
ŦƻǊ ǎǳǊƎŜǊȅϞ 
 
Retro 
comparative 
cohort 
 
Chondro-
sarcoma 
(grade II) 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

68% (19/28) vs. 26% 
(12/47), RR 2.7 (1.5 to 
4.6) 

Unadjusted estimates 
of treatment-related 
death and severe 
complications (grade 
җо ǘƻȄƛŎƛǘȅύ ŘƛŘ ƴƻǘ 
differ statistically 
between groups, 
however, patients 
who received 
adjuvant PBT had a 
higher risk of 
experiencing any 

!ƴȅ ƎǊŀŘŜ җо 
toxicity, % (n/N) 

 25% (7/28) vs. 11% 
(5/47), p=0.10 

Treatment-
related death, % 
(n/N) 

  0% (0/28) vs. 2% (1/47), 
p=0.44 

Hearing loss and 
dizziness, % 
(n/N) 

  Sensorineural hearing 
loss: 39% (11/28) vs. 6% 
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Outcome Time  Studies, 
Year, N,    
Tumor 

Reason for 
Downgrading 

Surgery + adjuvant PBT 
vs. Surgery alone 
RR (95% CI)* 

Conclusion 
Quality (SoE) 

(3/47), RR 6.2 (1.9 to 
20.2) 
Severe hearing loss: 21% 
(6/28) vs. 4% (2/47), RR 
5.0 (1.1 to 23.3) 
Conductive hearing loss: 
11% (3/28) vs. 4% (2/47), 
p=0.28 
Dizziness: 14% (4/28) vs. 
0% (0/47), p=0.008 

complication, 
specifically 
sensorineural and 
severe hearing loss. 
However, confidence 
intervals were wide 
suggesting instability 
of the effect 
estimate. 
 

ἅ  
INSUFFICIENT 

Other 
complications 
from PBT, % 
(n/N) 

  Vision loss: 11% (3/28) 
Hypopituitarism: 18% 
(5/28) 
Temporal lobe necrosis: 
18% (5/28)   

CI = confidence interval; KQ = Key Question; NCDB = National Cancer Data Base; PBT = proton beam therapy; Retro = 
retrospective; SOE = strength of evidence. 
*Crude RRs and 95% CIs were calculated by AAI. 
Ϟ!ƭƭ ǇŀǘƛŜƴǘǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŎƻƳǇƭƛŎŀǘƛƻƴǎ ŘǳŜ ǘƻ ǎǳǊƎŜǊȅ ŀƴŘ ну ǘƻǘŀƭ ǇŀǘƛŜƴǘǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŜǾŀƭǳŀǘƛon 
of complications due to PBT (23 primary treatment and 5 secondary PBT treatment follow-up local relapse). 

 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
dowƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ Lf the 
ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ unknown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Liver Tumors for Efficacy and Safety 
Outcome Time  Studies, 

Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT (passive scatter) vs. 
TACE (RCT) or vs. IMRT 
(Observational study) 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Randomized controlled trial 

Probability, 
overall survival 
(OS) 

2-year Bush 2016 
(N=69)  
RCT 
Moderately 
low RoB 
HCC 
 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

All patients: 59% (NR) 
Patients receiving liver 
transplant post-
treatment (n=22): 82% 
(NR) 
p=NS for both, data not 
provided 

No significant 
difference between 
groups in the 
probability of 2-year 
OS; patients who 
received PBT tended 
to have improved 
probability of 2-year 
PFS and local tumor 
control compared 
with TACE patients, 
although the 
difference did not 
reach statistical 
significance. Results 
are from interim 
analysis of an 
ongoing trial. 
 

ἅἅἅ  
MODERATE 

Probability, 
progression 
free survival 
(PFS) 

2-year  48% (NR) vs. 31% (NR); 
p=0.06 

Probability, 
local control 
(LC) 

2-year  88% (NR) vs. 45% (NR); 
p=0.06 

Observational study 

Probability, 
overall survival 
(OS) 

2-year Sanford 2019 
(N=133) 
Retrospective 
cohort study 
Moderately 
high RoB 
HCC 

Inconsistency 
Unknown 
Imprecision 
Yes3 (-1) 

59.1% vs. 28.6%; adj. HR 
0.47 (95% CI 0.27 to 
0.82) 

OS was significantly 
higher following PBT 
vs. IMRT but there 
was no difference in 
local and regional 
control between 
groups.  
 

ἅἅ  
LOW 

Probability, 
local and 
locoregional 
control  

2-year   Local control 
(cumulative incidence): 
93% (NR) vs. 90% (NR);  
HR for cumulative 
incidence of local failure 
0.74 (95% CI 0.18 to 
3.01) 
 
Locoregional recurrence 
(cumulative incidence): 
53% vs. 42%; adjusted 
HR 0.98 (95% CI 0.54 to 
1.75). 
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Outcome Time  Studies, 
Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT (passive scatter) vs. 
TACE (RCT) or vs. IMRT 
(Observational study) 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Safety (KQ3) (Curative intent only) 

Randomized controlled trial 

Acute Toxicity 
όҖо ƳƻǎΦύ 

NR Bush 2016 
(N=69)  
RCT 
Moderately 
low RoB 
HCC 
 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

Acute toxicity was 
generally limited to the 
following, which were 
experience by most 
patients (no data 
provided): 
PBT: fatigue and 
radiation skin reaction 
TACE: abdominal pain 
and nausea  
 
Authors state that 
serious complications 
from PBT were 
uncommon events (no 
data provided). 

Limited information 
provided on acute 
toxicity. Significantly 
fewer patients who 
received PBT 
required 
hospitalization in the 
month following 
treatment compared 
with TACE patients; 
total days 
hospitalized was also 
significantly less in 
the PBT vs. the TACE 
group. Results are 
from interim analysis 
of an ongoing trial. 
 

ἅἅἅ  
MODERATE 

Proportion of 
patients 
hospitalized 
for an acute 
complication, 
% (n/N) 

Җм ƳƻΦ 

 

6.1% (2/33) vs. 41.7% 
(15/36); p<0.001 
 
 

Total days 
hospitalized 
within 1 month 
of treatment 

Җм ƳƻΦ 

 

Overall: 24 (0.73 days 
per patient) vs. 166 (4.6 
days per patient); 
p<0.001 
for routine observation: 
0 vs. 53  
for complications: 24 vs. 
113 

Observational study  

Incidence of 
nonclassic 
radiation-
induced liver 
disease (RILD)* 

3 mos. Sandford 
2019 
όbҐмллύϞ 
Retrospective 
cohort study 
Moderately 
high RoB 
HCC 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

adj. OR 0.26 (95% CI 0.08 
to 0.86) (PBT, n=4 
patients; IMRT, n=17 
patients) 
 
Authors also report that 
the development of RILD 
at 3 months was 
associated with 
significantly worse OS 
(HR 3.83; 95% CI 2.12 to 
6.92).   

Lower risk of RILD in 
the acute period with 
PBT versus IMRT 
 

ἅἅ  
LOW 
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Outcome Time  Studies, 
Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT (passive scatter) vs. 
TACE (RCT) or vs. IMRT 
(Observational study) 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Death due to 
liver failure 

NR 
(median 
f/u 14 
mos.) 

Sandford 
2019 
όbҐосύϟ 
Retrospective 
cohort study 
Moderately 
high RoB 
HCC 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

53% (8/15) vs. 91% 
(19/21); RR 0.59 (95% CI 
0.36 to 0.97)§ 

Lower risk of death 
due to liver failure 
with PBT versus 
IMRT; however data 
was from a small 
subset of patients. 
 

ἅ  
INSUFFICIENT 

HCC = hepatocellular carcinoma; IMRT = intensity-modulated radiation therapy (photons); NR = not reported; PBT = proton 
beam therapy; RCT = randomized controlled trial; RoB = risk of bias; SOE = strength of evidence; TACE = Transarterial 
chemoembolization 
*RILD was defined as worsening of Child-tǳƎƘ ǎŎƻǊŜ ōȅ җн Ǉƻƛƴǘǎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ōŀǎŜƭƛƴŜΦ  !ǘ ōŀǎŜƭƛƴŜΣ ǇŀǘƛŜƴǘǎ ǘǊŜŀǘŜŘ ǿƛǘƘ 
photons had worse baseline child-Pugh score (median 6 vs. 5, p=0.008), however, this variable was included in and controlled 
for via multivariate analyses.  
ϞwL[5 ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ƛƴ млл όƻŦ мооύ ǇŀǘƛŜƴǘǎ ŦƻǊ ǿƘƻƳ Řŀǘŀ ǿŀǎ ŀǾŀƛƭŀōƭŜΤ ŘŜƴƻƳƛƴŀǘƻǊǎ ŦƻǊ ǘƘƛǎ ǎǳōǎŜǘ ƻŦ ǇŀǘƛŜnts by 
treatment group were not provided.   
ϟ5ŜŀǘƘ ŘǳŜ ǘƻ ƭƛǾŜǊ ŦŀƛƭǳǊŜ ǿŀǎ ǊŜǇƻǊǘŜŘ ƻƴƭȅ ŀƳƻƴƎ ǘƘŜ ос ǇŀǘƛŜƴǘǎ όмр t.¢Σ нм Law¢ύ ǿƛǘƘƻǳǘ ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎƛƻƴΦ  
§RR and 95% CI calculated by AAI. 
 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
dowƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ Lf the 
ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ unknown) 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Lung Cancer for Efficacy/Effectiveness and Safety 
Outcome Time  Studies, 

Year, N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate (95% 
/LύϞ 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Randomized controlled trials 

Probability, 
overall survival 
όh{ύϟ 

1-5 year Liao 2018 
N=173 (ITT) 
RCT 
NSCLC 
 

Consistency 
Unclear 
Imprecision 
Yes3 (-1) 

1-year: 75% vs. 82% 
2-year: 56% vs. 60% 
3-year: 26% vs. 37% 
4-year: 38% vs. 32% 
5-year: 24% vs. 32% 
p=0.30 

No statistically 
significant 
differences between 
groups in the 
probability of OS or 
the cumulative 
incidence of local 
failure at any 
timepoint measured. 
 

ἅἅἅ  
MODERATE 

Cumulative 
incidence of 
local failure 
ό҈ύϟ 

   1-year: 9% vs. 10% 
2-year: 27% vs. 26% 
3-year: 37% vs. 37% 
4-year: 37% vs. 32% 
5-year: 37% vs. 39% 
p=0.99 

Observational studies 

Probability, 
overall survival 
(OS) 

1-year Liao 2018§ 
N=39 
Pro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

69% vs. 57%  
p=0.97 

No statistically 
significant 
differences between 
groups in the 
probability of OS over 
1-5 years (across 4 
studies) or LRFS at 1 
or 2 years (1 study) 
or in the incidence of 
local failure at 2 or 3 
years (2 studies) 
 

 
ἅἅ  

LOW for OS 
 
 

ἅ  
INSUFFICIENT for 

LRFS and local failure 
 
 

  Remick 2017 
N=61 
Retro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

85.2% (72.8%ς99.7%) 
vs. 82.4% (70.5%ς
96.2%) 
p=0.65 

  Higgins 2017 
N=1850 
(propensity-
matched) 
Retro 
database 
NSCLC 

Imprecision 
Yes3 (-1) 

62.0% (56.2%ς67.2%) 
vs. 54.2% (51.6%ς
56.7%) 
p=NR 

 2-year Liao 2018§ 
N=39 
Pro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

43% (NR) vs. 43% (NR) 
p=0.97 

  Remick 2017 
N=61 
Retro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

77.8% (63.6%ς95.2%) 
vs. 73.2% (59.6%ς
89.9%) 
p=0.65 

  Tucker 2016 
N=468 
Retro cohort 
NSCLC 

Imprecision 
Yes3 (-1) 

PBT: 56% (40%ς69%)  
IMRT: 52% (45%ς58%) 
3DCRT: 39% (32%ς46%) 
p=NS, PBT vs. IMRT 
p=0.015, PBT vs. 3DCRT  
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Outcome Time  Studies, 
Year, N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate (95% 
/LύϞ 

Conclusion 
Quality (SoE) 

 3-year Liao 2018§ 
N=39 
Pro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

25% (NR) vs. 32.5% (NR) 
Log-rank p=0.97 

 5-year Higgins 2017 
N=1850 
(propensity-
matched) 
Retro 
database 
NSCLC 

Imprecision 
Yes3 (-1) 

5:1 matching: 
22.3% (16.3%ς28.9%) 
vs. 15.7% (13.5%ς
18.1%) 
adj. HR 1.18 (95% CI 
1.02 to 1.37) 
 
a-priori 1:1 matching: 
adj. HR 1.16 (95% CI 
0.97 to 1.39) 

Probability, 
Local 
Recurrence-Free 
Survival (LRFS) 

1-2 year Remick 2017 
N=61 
Retro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unclear 
Imprecision 
Yes3 (-1) 

1-year: 92.3% (82.5%ς
100%) vs. 93.3% 
(84.8%ς100%) 
2-year: 93.1% vs. 85.7%  
p=0.82 

Local Failure 1-2 years Liao 2018§ 
N=39 
Pro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unclear 
Imprecision 
Yes3 (-1) 

/ǳƳǳƭŀǘƛǾŜ ƛƴŎƛŘŜƴŎŜϟΥ 
1-year: 6% vs. 3% 
2-year: 6% vs. 3% 
3-year: 26% vs. 26% 
p=0.93 

 2-years Remick 2017 
N=61 
Retro cohort 
NSCLC 

11.1% (3/27) vs. 5.9% 
(2/34), p=NS 

Safety (KQ3) (all curative intent) 

Randomized controlled trials 

Rate of 
radiation 
pneumonitis, 
DǊŀŘŜ җоϟ 

1-5 years  Liao 2018 
N=173 (ITT) 
RCT 
NSCLC 
 

Consistency 
Unclear 
Imprecision 
Yes3 (-1) 

8% vs. 7% at 1, 2, 3, 4 
and 5 years; p=0.58 

No statistically 
significant 
differences between 
groups. 
 

ἅἅἅ  
MODERATE 

Observational studies  

Radiation 
esophagitis 

NR 
(median 
26 
months) 

Remick 2017 
N=61 
Retro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

Grade 2: 18.5% (5/27) 
vs. 29.4% (10/34), p=NR 
Grade 3: 3.7% (1/27) vs. 
11.8% (4/34), p=NR 

No statistically 
significant 
differences between 
groups for any grade 
3 outcome; however  NR Niedzielski 

2017 
 Grade 2: 59.2% (29/49) 

vs. 54.1% (46/85), p=NS 
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Outcome Time  Studies, 
Year, N,    
Tumor 

Reason for 
Downgrading 

PBT vs. Photon 
(various)* 
Effect estimate (95% 
/LύϞ 

Conclusion 
Quality (SoE) 

N=134 
Retro cohort 
NSCLC 

Grade 3: 22.4% (11/49) 
vs. 17.6% (15/85); OR 
1.4 (0.7 to 2.9), p=0.37 

differences may be 
clinically important. 
 

ἅ  
INSUFFICIENT 

Radiation 
pneumonitis 

NR 
(median 
26 
months) 

Remick 2017 
N=61 
Retro cohort 
NSCLC 

Risk of Bias 
Yes1 (-1) 
Imprecision 
Yes3 (-1) 

Grade 2: 3.7% (1/27) vs. 
8.8% (3/34), p=NR 
Grade 3: 3.7% (1/27) vs. 
2.9% (1/34), p=NR 

Radiation 
dermatitis 

  

 

Grade 2: 37% (10/27) 
vs. 12% (4/34), p=NR 
Grade 3: 0% (0/27) vs. 
0% (0/34), p=NR 

3D-CRT = Three-dimension conformal radiation therapy; adj. = adjusted; CI = confidence interval; HR = hazard ratio; IMRT = 
intensity-modulated radiation therapy; ITT = intention-to-treat analysis; KQ = Key Question; NR = not reported; NS = not 
statistically significant; NSCLC = non-small cell lung cancer; RCT = randomized controlled trial; Retro = retrospective study 
design; Pro = prospective study design. 
*Liao 2018 (RCT and observational): passive scatter PBT vs. IMRT 
Higgins 2017: PBT vs. various photon (external beam, 3D-ŎƻƴŦƻǊƳŀƭΣ Law¢Σ άǇƘƻǘƻƴǎέύ 
Niedzielski 2017: passively scattered PBT vs. IMRT 
Remick 2017: double scatter or pencil beam PBT vs. IMRT 
Tucker 2016: pencil beam PBT vs. IMRT vs. 3DCRT 
ϞLŦ ƴƻ фр҈ /L ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ ǘŀōƭŜΣ ǘƘŜ ŀǳǘƘƻǊǎ ŘƛŘ ƴƻǘ ǊŜǇƻǊǘ ƻƴŜΤ ƭƻƎ-rank p-values. 
ϟ9ǎǘƛƳŀǘŜŘ ŦǊƻƳ ŦƛƎǳǊŜǎκƎǊŀǇƘǎ ƛƴ article. 
§This cohort is comprised of patients from the RCT who could not be randomized because their PBT or IMRT plans did not allow 
for random assignment (i.e., did not meet prespecified dose-volume constraints developed for photon radiation); they were 
followed as an observational cohort.  
 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 

outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate 
randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of 
bias.  

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency 
of single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of 
overlap of study populations, use different treatment protocols and/or different treatment types (including use of co-
intervention such as chemotherapy).  

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may 
be downgraded twice. If the estimate is statisticaƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ LŦ 
ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ (or 
unknown) confidence interval and/or small sample size may result in downgrade.  

4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Ocular Tumors for Effectiveness and Safety 

Outcome Time  Studies, Year, 
N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT vs. Brachytherapy or 
Stereotactic Radiosurgery* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Survival and tumor recurrence outcomes 

Probability 
of overall 
survival (OS)  

2, 5, 
years 

Lin 2017  
(N=452)  
Retro 
propensity-
score 
matched 
cohort (NCD) 
Choroid 
melanoma 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

2-year OS: 93% vs. 97%, p=NS 
5-year OS: 51% vs. 77% 
adj. HR for risk of mortality: 1.89, 
95% CI 1.24 to 2.95 

Similar OS/mortality at 
2 and 3 years for PBT 
vs. brachytherapy or 
SRS in 2 studies of 
choroid and uveal 
melanoma.  In the 
larger database study 
of choroid melanoma, 
PBT was associated 
with a statistically 
higher risk of mortality 
at 5 years vs. 
brachytherapy.   
 

ἅἅ  
LOW 

Mortality, % 
(n/N) 

3 
years 

Sikuade 2015 
(N=191) 
Retro cohort 
Uveal 
Melanoma 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

13% (14/106) vs. 16% (14/85), 
p=NS 

Local 
recurrence 

3, 5, 
10 
years 

Böker (2018), 
N=140  
Retro case-
matched 
cohort 
Large Uveal 
Melanoma 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

Rate (95% CI) 
3-years: 4% (1.2% to 17.8%) vs. 
24.6% (15.8% to 37.1%), p<0.001 
5-years: 9.1% (2.9% to 27.3%) vs. 
27.5% (17.8% to 41.1%), p<0.001 
10-years: 9.1% (2.8% to 27.3%) 
vs. 36.5% (20.7% to 59.1%); adj. 
HR 7.69 (95% CI 2.22 to 26.06) for 
brachytherapy 

PBT was associated 
with a statistically 
lower frequency of 
local recurrence over 
10 years compared 
with brachytherapy 
(+TSR for both). 
 

ἅἅ  
LOW 

Mean 
3 
years 

Sikuade 2015 
(N=191) 
Retro cohort 
Uveal 
Melanoma 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

2.8% (3/106) vs. 0% (0/85), p=NS No statistical difference 
in local recurrence 
between PBT versus 
SRS 
 

ἅ  
INSUFFICIENT 

Safety (KQ3) (Curative intent only) 

  Mean 
3.3 
years 

Böker (2018), 
N=140  
Retro case-
matched 
cohort 
Large Uveal 
Melanoma 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

Enucleation: 8.5% (6 eyes) vs. 
15.7% (11 eyes), p=0.196 
Rubeosis of the iris: 1.4% (1/70) 
vs. 0% (0/70), p=0.316 
Neovascular glaucoma: 1.4% 
(1/70) vs. 1.4% (1/70), p=NS 

With the exception of 
optic neuropathy which 
was statistically lower 
following PBT versus 
SRS in one study of 
uveal melanoma, no 
other statistical 
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Outcome Time  Studies, Year, 
N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT vs. Brachytherapy or 
Stereotactic Radiosurgery* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

 Mean 
3 
years 

Sikuade 2015 
(N=191) 
Retro cohort 
Uveal 
Melanoma 

Risk of Bias 
Yes1 (-1) 
Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

Enucleation: 1.9% (2/106) vs. 
2.4% (2/85), p=NS 
Rubeotic glaucoma: 4.7% 
όрκмлсύϞ ǾǎΦ мм҈ όфκурύϞΣ ǇҐb{ 
Radiation retinopathy: 30% 
(31/106) vs. 24% (20/85), p=NS 
Optic Neuropathy: 13% (14/106) 
vs. 28% (23/85); RR=0.49 (0.27 to 
лΦуфύϟ 

differences were seen 
in the frequency of 
adverse events over 3 
years between PBT 
versus brachytherapy 
or SRS. 
 

ἅἅ  
LOW 

adj. = adjusted; CI = confidence interval; HR = hazard ratio; KQ = Key Question; NCD = National Cancer Database; NS = not 
statistically significant; PBT = proton beam therapy; Retro = retrospective study design; RR = risk ratio; SRS = stereotactic 
radiosurgery; TSR = transscleral resection. 
*Boker 2018: Neoadjuvant PBT + TSR vs. Adjuvant Brachytherapy + TSR 
Lin 2017: PBT vs. Brachytherapy 
Sikuade 2015: PBT vs. SRS 
ϞRequiring enucleation: 1.9% (2/106) [40% (2/5) with rubeotic glaucoma] vs. 2.4% (2/85) [22% (2/9) with rubeotic glaucoma]. 
ϟ/ŀƭŎǳƭŀǘŜŘ ōȅ !!LΦ 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 
outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate randomization 
and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of bias.  
2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency of 
single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of overlap 
of study populations, use different treatment protocols and/or different treatment types (including use of co-intervention such 
as chemotherapy).  
3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may be 
ŘƻǿƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέ. If the 
estimate is not staǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ όƻǊ ǳƴƪƴƻǿƴύ 
confidence interval and/or small sample size may result in downgrade.  
4. Indirect, intermediate or surrogate outcomes may be downgraded. 
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Strength of Evidence Summary for Adult Prostate Cancer for Effectiveness and Safety 

Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT* vs. Photon 
(various)* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Curative intent (KQ1) 

Survival outcomes ς quasi-RCT 

Probability, 
overall 
survival 
(OS) 

5-
year 

Khmelevsky 2018  
quasi-RCT (N=289) 
Moderately high RoB 
Prostate Cancer 
Risk: High (53%), 
Intermediate (42%), 
Low (5%) 

Consistency 
Unclear 
Imprecision 
Yes3 (-1) 

74% ± 5.0% vs. 78.8% ± 
4.1%, p=NS 

No statistically 
significant differences 
between Photon plus 
PBT boost vs. Photon 
alone in the 
probability of 5- and 
10-year OS or BRFS  
 

ἅἅ  
LOW 

10- 
year 

 

55.9% ± 9.0% vs. 60.6% ± 
5.7%, p=NS 

Probability, 
Biochemical 
Relapse 
Free 
Survival 
(BRFS) 

5-
year 

60% ± 5.4% vs. 61.9% ± 
4.4%, p=NS 

10- 
year 

 
45.5% ± 8.5% vs. 42.8% ± 
7.1%, p=NS 

Safety (KQ3) (curative intent only) 

Quasi-RCT 

GI toxicity, 
probability  

Acute Khmelevsky 2018  
quasi-RCT (N=289) 
Moderately high RoB 
Prostate Cancer 
Risk: High (53%), 
Intermediate (42%), 
Low (5%) 

Consistency 
Unknown 
Imprecision 
Yes3 (-1) 

Grade 2: 54.4% ± 5.4% vs. 
69.2% ± 5.7%, p<0.01 
Grade 3 or 4: 0% vs. 0% 

There were no 
statistically significant 
differences in the 
probabilities of grade 
3 or 4 toxicities; 
however, acute and 
late Grade 2 GI, but 
not GU, toxicity, were 
significantly lower in 
patients who received 
the PBT boost versus 
photons only. The 
actuarial frequency of 
ƎǊŀŘŜ җо DL ŀƴŘ D¦ 
toxicities was lower in 
the PBT boost group 
but statistical testing 
was not done. 
 

ἅἅ  
LOW 

 Late 

 

Grade 2: 10.2% ± 5.5% vs. 
34.8% ± 7.4%, p<0.01 
Grade 3 or 4: 0.9% ± 1.7% 
vs. 1.3% ± 1.8%, p=NS 

GU toxicity, 
probability   

Acute 

 

Grade 2: 33.3% ± 4.6% vs. 
36.1% ± 3.5%, p=NS 
Grade 3 or 4: PBT: 0% vs. 
1.9% ± 1.8%, p=NS 

 Late 

 

Grade 2: 8.3% ± 5.0% vs. 
9.1% ± 4.5%, p=NS 
Grade 3 or 4: 2.8% ± 2.6% 
vs. 3.8% ± 3.0%, p=NS 

Actuarial 
frequency 
of GI and 
GU 
toxicities, 
DǊŀŘŜ җо 

10 
years 

 

 

1.7% vs. 8.7%, p=NR 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT* vs. Photon 
(various)* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

Observational studies  

GI toxicity Acute Dutz 2019 
(N=58) 
Retro propensity score-
matched cohort 
Prostate Cancer 
Risk: Low (3%), 
Intermediate (78%), 
High (19%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 1: 48% (14/29) vs. 
38% (11/29); RR 1.27 
όфр҈ /L лΦтл ǘƻ нΦонύϞ 
Grade 2: 14% (4/29) vs. 
17% (5/29); RR 0.80 (95% 
/L лΦнп ǘƻ нΦсуύϞ 
Grade 3: 3% (1/29) vs. 0% 
(0/29), p=0.60 

In the two clinical 
studies, there were no 
statistical difference 
between PBT and 
IMRT in acute or late 
toxicity (GI or GU). 
In the large database 
study, PBT resulted in 
lower cumulative 
incidences of any 
grade GI and GU 
toxicity and erectile 
dysfunction compared 
with IMRT; differences 
between groups were 
small and clinical 
significance is 
unknown. However, 
only the incidence of 
urethral stricture 
remained significant in 
a sensitivity analysis 
using validated 
diagnosis and 
procedure codes for 
severe toxicities post-
pelvic radiation. 
 

ἅἅ  
LOW 

  Fang 2015 
(N=188) 
Retro case-matched 
cohort 
Prostate Cancer 
Risk: Low (55%), 
Intermediate (31%), 
High (7%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 0 to 1: 95.7% 
(90/94) vs. 86.2% (81/94) 
Grade 2 to 3: 4.3% (4/94) 
vs. 13.8% (13/94); adj. OR 
0.27 (0.06 to 1.24); 
p=0.09 

 Late Dutz 2019 
(N=58) 
Retro propensity score-
matched cohort 
Prostate Cancer 
Risk: Low (3%), 
Intermediate (78%), 
High (19%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 1: 9% (2/22) vs. 
27% (6/22); RR 0.33 (95% 
/L лΦлу ǘƻ мΦптύϞ 
Grade 2: 9% (2/22) vs. 9% 
(2/22) 
Grade 3: 5% (1/22) vs. 0% 
(0/22), p=0.32 

  Fang 2015 
(N=188) 
Retro case-matched 
cohort 
Prostate Cancer 
Risk: Low (55%), 
Intermediate (31%), 
High (7%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 0 to 1: 87.2% 
(82/94) vs. 88.3% (83/94) 
Grade 2 to 3: 12.8% 
(12/94) vs. 10.8% (10/94); 
adj. HR 1.24 (0.53 to 2.94) 
p=0.62 

  Pan 2018 
(N=4158) 
Retro propensity-score 
matched database 
ǎǘǳŘȅϟ 
Prostate Cancer 
Risk: NR 

Imprecision 
Yes3 (-1) 

Cumulative incidence, any 
bowel toxicity (any grade) 
6-months: 1.6% (n=693) 
vs. 3.2% (n=3465) 
12-months: 7.4% (n=572) 
vs. 7.7% (n=2862) 
24-months: 19.5% 
(n=341) vs. 15.4% 
(n=1718) 
36-months: 24.9% 
(n=205) vs. 19.2% 
(n=1003) 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT* vs. Photon 
(various)* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

HR 1.27 (1.05 to 1.55); 
p=0.02 
 
Sensitivity analysis based 
on validated diagnosis 
and procedure codes for 
severe toxicities post-
pelvic radiation showed 
no difference in rectal 
complications between 
groups at 24 months 
(1.5% vs. 2.0%; HR 1.19, 
95% CI 0.62 to 2.30) 

GU toxicity  Acute Dutz 2019 
(N=58) 
Retro propensity score-
matched cohort 
Prostate Cancer 
Risk: Low (3%), 
Intermediate (78%), 
High (19%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 1: 66% (19/29) vs. 
45% (13/29); RR 1.46 
όфр҈ /L лΦфл ǘƻ нΦотύϞ 
Grade 2: 24% (7/29) vs. 
41% (12/29); RR 0.58 
όфр҈ /L лΦнт ǘƻ мΦнтύϞ 
Grade 3: 3% (1/29) vs. 3% 
(1/29) 

  Fang 2015 
(N=188) 
Retro case-matched 
cohort 
Prostate Cancer 
Risk: Low (55%), 
Intermediate (31%), 
High (7%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 0 to 1: 78.7% 
(74/94) vs. 71.3% (67/94) 
Grade 2 to 3: 21.3% 
(20/94) vs. 28.7% (27/94); 
adj. OR 0.69 (0.32 to 
1.51); p= 0.36 

 Late Dutz 2019 
(N=58) 
Retro propensity score-
matched cohort 
Prostate Cancer 
Risk: Low (3%), 
Intermediate (78%), 
High (19%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 1: 23% (5/22) vs. 
32% (7/22); RR 0.71 (95% 
/L лΦнт ǘƻ мΦфмύϞ 
Grade 2: 23% (5/22) vs. 
27% (6/22); RR 0.83 (95% 
CI 0.30 to нΦооύϞ 
Grade 3: 0% (0/22) vs. 5% 
(1/22), p=0.32 

  Fang 2015 
(N=188) 
Retro case-matched 
cohort 
Prostate Cancer 
Risk: Low (55%), 
Intermediate (31%), 
High (7%) 

Imprecision 
Yes3 (-1) 

Proportion of patients 
Grade 0 to 1: 87.2% 
(82/94) vs. 80.9% (76/94) 
Grade 2 to 3: 12.8% 
(12/94) vs. 18.3% (17/94); 
adj. HR 0.56 (0.22 to 
1.41); p=0.22 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT* vs. Photon 
(various)* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

  Pan 2018 
(N=4158) 
Retro propensity-score 
matched database 
ǎǘǳŘȅϟ 
Prostate Cancer 
Risk: NR 

Imprecision 
Yes3 (-1) 

Cumulative incidence, any 
urinary toxicity (any 
grade) 
6-months: 12.1% (n=693) 
vs. 21.5% (n=3465) 
12-months: 23.1% 
(n=572) vs. 31.6% 
(n=2862) 
24-months: 33.3% 
(n=341) vs. 42.2% 
(n=1718) 
36-months: 39.1% 
(n=205) vs. 48.3% 
(n=1003) 
HR 0.72 (0.63 to 0.83); 
p<0.001 
 
Sensitivity analysis based 
on validated diagnosis 
and procedure codes for 
severe toxicities post-
pelvic radiation showed 
less urethral stricture 
with PBT at 24 months 
(1.3% vs. 0%; HR 0.12, 
95% CI 0.02 to 0.86); no 
differences in cystitis, 
ureteral stricture, or 
urinary/rectal fistula. 

Erectile 
dysfunction 
(cumulative 
incidence) 

36 
mons. 

Pan 2018 
(N=4158) 
Retro propensity-score 
matched database 
ǎǘǳŘȅϟ 
Prostate Cancer 
Risk: NR 

Imprecision 
Yes3 (-1) 

6-months: 5.0% (n=693) 
vs. 9.7% (n=3465) 
12-months: 10.6% 
(n=572) vs. 18.1% 
(n=2862) 
24-months: 20.7% 
(n=341) vs. 27.8% 
(n=1718) 
36-months: 28.6% 
(n=205) vs. 34.3% 
(n=1003) 
HR 0.71 (0.59 to 0.84); 
p=0.001 
 
Sensitivity analysis using 
procedure codes only (as 
surrogate for toxicity 
severity), 24 month 
incidence: 2.0% vs. 3.1%, 
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Outcome Time  Studies, Year, N,    
RoB 
Tumor 

Reason for 
Downgrading 

PBT* vs. Photon 
(various)* 
Effect estimate (95% CI) 

Conclusion 
Quality (SoE) 

HR 0.63, 95% CI 0.36 to 
1.10 

adj. = adjusted; CI = confidence interval; GI = gastrointestinal; GU = genitourinary; HR = hazard ratio; IMRT = intensity-
modulated radiation therapy; KQ = Key Question; NR = not reported; NS = not statistically significant; OR = odds ratio; PBT = 
proton beam therapy; Retro = retrospective study design; RR = risk ratio 
*  Khmelevsky 2018: Photon (standard conformal) + PBT boost vs. Photon (standard conformal) alone. 
Dutz 2019: PBT (passive scatter) vs. IMRT 
Fang 2015: PBT (passive scatter) vs. IMRT 
Pan 2018: PBT vs. IMRT 
Ϟww ŀƴŘ фр҈ /L ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ !!LΦ 
ϟaŀǊƪŜǘ{Ŏŀƴ /ƻƳƳŜǊŎƛŀƭ /ƭŀƛƳǎ ŀƴŘ 9ƴŎƻǳƴǘŜǊǎ ŘŀǘŀōŀǎŜΦ 
 
Reasons for downgrade:  
1. Serious risk of bias: Majority of studies did not control for confounding and/or did not account for time at risk for survival 

outcomes. Studies which did control for confounding via study design and/or statistical analyses (e.g.  Adequate 
randomization and concealment, matching, multivariate regression, propensity matching) were not downgrade for risk of 
bias.  

2. Inconsistency: differing estimates of effects across studies; If effect size estimates across studies are in the same direction, do 
not vary substantially or heterogeneity can be explained, results may not be downgraded for inconsistency. The consistency 
of single studies is unknown; evidence from single studies was not downgraded. Consistency is also unknown if there is of 
overlap of study populations, use different treatment protocols and/or different treatment types (including use of co-
intervention such as chemotherapy).  

3. Imprecise effect estimate for an outcome: small sample size and/or confidence interval includes both negligible effect and 
appreciable benefit or harm with the intervention; If sample size is likely too small to detect rare outcomes, evidence may 
be dowƴƎǊŀŘŜŘ ǘǿƛŎŜΦ LŦ ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ǊŀƴƎŜǎ ŦǊƻƳ άƳƛƭŘέ ǘƻ άǎǳōǎǘŀƴǘƛŀƭέΦ Lf 
ǘƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ƴƻǘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘΣ ƛǘ ƛǎ ƛƳǇǊŜŎƛǎŜ ƛŦ ǘƘŜ /L ŎǊƻǎǎŜǎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ άƳƛƭŘκǎƳŀƭƭέ ŜŦŦŜŎǘǎΦ ²ƛŘŜ (or 
unknown) confidence interval and/or small sample size may result in downgrade.  

4. Indirect, intermediate or surrogate outcomes may be downgraded 
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1 Appraisal 
 

1.1 Background and Rationale 
 

hǾŜǊŀƭƭΣ ƛǘΩǎ ŜǎǘƛƳŀǘŜŘ ǘƘŀǘ мΦт Ƴƛƭƭƛƻƴ ƴŜǿ ŎŀǎŜǎ ƻŦ ŎŀƴŎŜǊ ŀǊŜ ŘƛŀƎƴƻǎŜŘ ȅŜŀǊƭȅ ŀƴŘ ŎŀƴŎŜǊƻǳǎ 

conditions are responsible for over half a million deaths per year. Treatment options for cancerous and 

noncancerous conditions vary depending on the type and stage of cancer and can include radiation 

therapy, chemotherapy, targeted therapy (e.g. inhibitor drugs), immunotherapy (including monoclonal 

antibodies) and surgery. In recent years the use of proton beam therapy (PBT) has expanded to include a 

variety of conditions including a number of cancer types, noncancerous brain tumors and cancerous 

conditions afflicting the central nervous system as well as eyes, lungs, liver, prostate, spine, and pelvis. 

The use of protons for radiotherapy has a history of over 60 years of clinical use. In conventional 

radiotherapy, photons deliver radiation across tissue depths on the way toward the target tumor and 

beyond. In contrast, PBT, which is a form of external beam radiotherapy, deposits peak radiation energy 

more precisely at or around the target followed by sharp decline in energy output to deeper tissues via a 

phenomenon known as the Bragg peak.155 Because the proton beam is focused on a specific area, a 

greater dose of radiation may be delivered to the target neoplasm(s) while mitigating unwanted 

radiation delivered to surrounding tissue.160 PBT use was initially directed towards conditions where 

sparing sensitive adjacent normal tissues was considered to be of utmost importance (such as cancerous 

or noncancerous malformations of the brain stem, eye, or spinal cord) or for many pediatric tumors 

because of the particular risk of pronounced acute and long-term toxicity in pediatric patients.279 PBT 

may be most promising for tumors in moderate proximity to (>2 cm) to organs at risk (OAR). 

In the past two decades the number of centers offering PBT has increased to over 20, with more 

planned or under construction, even given the high cost of facility construction and operation. Despite 

increasing availability of PBT and its potential for precise delivery of radiation therapy, its effectiveness 

compared with other forms of therapy and with the emerging techniques, such as intensity modulated 

radiation therapy (IMRT), is evolving and currently is unclear for some conditions. 

 

Policy Context 
This topic was originally reviewed in 2014. It is being re-reviewed in 2019 due to newly available 
published evidence. 
 
Objectives 
The aim of this report is to update the 2014 HTA on proton beam therapy (PBT) by systematically 
reviewing, critically appraising and analyzing new research evidence on the safety and efficacy of PBT, 
both as a primary or as a salvage therapy (i.e., for recurrent disease or failure of initial therapy), for the 
treatment of multiple types of cancer as well as selected noncancerous conditions in adults and 
children. 
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1.2 Key Questions 
 

1. What is the comparative impact of proton beam therapy treatment with curative intent on 
survival, disease progression, health-related quality of life, and other patient outcomes versus 
radiation therapy alternatives and other cancer-specific treatment options (e.g., surgery, 
chemotherapy) for the following conditions: 

a. Cancers 
i. Bone tumors 
ii. Brain, spinal, and paraspinal tumors 
iii. Breast cancer 
iv. Esophageal cancer 
v. Gastrointestinal cancers 
vi. Gynecologic cancers 
vii. Head and neck cancers (including skull base tumors) 
viii. Liver cancer 
ix. Lung cancer 
x. Lymphomas 
xi. Ocular tumors 
xii. tŜŘƛŀǘǊƛŎ ŎŀƴŎŜǊǎ όŜΦƎΦΣ ƳŜŘǳƭƭƻōƭŀǎǘƻƳŀΣ ǊŜǘƛƴƻōƭŀǎǘƻƳŀΣ 9ǿƛƴƎΩǎ ǎŀǊŎƻƳŀύ 
xiii. Prostate cancer 
xiv. Soft tissue sarcomas 
xv. Seminoma 
xvi. Thymoma 
xvii. Other cancers 

b. Noncancerous Conditions 
iv. Arteriovenous malformations 
v. Hemangiomas 
vi. Other benign tumors (e.g., acoustic neuromas, pituitary adenomas) 

2. What is the comparative impact of salvage treatment (including treatment for recurrent disease) 
with proton beam therapy versus major alternatives on survival, disease progression, health-
related quality of life, and other patient outcomes versus radiation therapy alternatives and 
other cancer-specific treatment options (e.g., surgery, chemotherapy) for the condition types 
listed in key question 1?  

3. What are the comparative harms associated with the use of proton beam therapy relative to its 
major alternatives, including acute (i.e., within the first 90 days after treatment) and late (>90 
days) toxicities, systemic effects such as fatigue and erythema, toxicities specific to each cancer 
type (e.g., bladder/bowel incontinence in prostate cancer, pneumonitis in lung or breast 
cancer), risks of secondary malignancy, and radiation dose?  

4. What is the differential effectiveness and safety of proton beam therapy according to factors 
such as age, sex, race/ethnicity, disability, presence of comorbidities, tumor characteristics (e.g., 
tumor volume and location, proliferative status, genetic variation) and treatment protocol (e.g., 
dose, duration, timing of intervention, use of concomitant therapy)?  

5. What is the comparative cost-effectiveness of proton beam therapy in the short- and long-term 
relative to other types of radiation therapy, radiation therapy alternatives or other cancer-
specific treatment options (e.g., surgery, chemotherapy) 
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Inclusion and exclusion criteria are summarized as follows and are detailed in the full report. Briefly, incl
uded studies met the following requirements with respect to participants, intervention 
comparators, outcomes, and study design: 

¶ Population: Adults and children undergoing treatment of primary or recurrent disease, to 
include cancer types (bone cancer, brain, spinal, and paraspinal tumors, breast cancer, 
esophageal cancer, gastrointestinal cancer, gynecologic cancer, head and neck cancer, liver 
cancer, lung cancer, lymphomas, ocular tumors, pediatric cancers, prostate cancer, sarcomas, 
seminoma, thymoma, other cancers) and noncancerous conditions (arteriovenous 
malformations, hemangiomas, other benign tumors). 

¶ Interventions:  Proton beam therapy; all approaches were considered including monotherapy, 
ǳǎŜ ŀǎ ŀ άōƻƻǎǘέ ƳŜŎƘŀƴƛǎƳ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ ǊŀŘƛŀǘƛƻƴΣ ŀƴŘ ŎƻƳōƛƴŀǘƛƻƴ ǘƘŜǊŀǇȅ ǿƛǘƘ ƻǘƘŜǊ 
treatment modalities (e.g., chemotherapy, surgery). 

¶ Comparators: Primary comparators include other radiation alternatives (e.g., intensity-
modulated radiation therapy (IMRT), stereotactic radiation techniques and other external beam 
therapies, and brachytherapy). Other treatment alternatives specific to each condition type 
treated, and may include chemotherapy, immunotherapy, surgical procedures, and other 
devices (e.g., laser therapy for ocular tumors). 
 

¶ Outcomes:  
Primary Clinical outcomes: 

¶ Overall survival/disease-free survival  

¶ All-cause and/or disease-related mortality 

¶ Direct measures of tumor regression, control or recurrence 

¶ Incidence of metastases 
Secondary or indirect (intermediate) outcomes 

¶ Patient reported outcomes including health-related quality of life (HrQoL) using validated 
instruments 

¶ Requirements for subsequent therapy 

¶ Other outcomes specific to particular conditions (e.g., visual acuity for ocular tumors, shunt 
requirements for arteriovenous malformations) 

¶ Intermediate measures of tumor recurrence such as biochemical measures 
Safety outcomes: 

¶ Treatment-related harms, to include generalized effects (e.g., fatigue, erythema) and 
localized toxicities specific to each condition (e.g., urinary incontinence in prostate cancer, 
pulmonary toxicity in lung or breast cancer); the primary focus is on adverse effects 
requiring medical attention 

¶ Secondary malignancy risk due to radiation exposure 
Economic outcomes: 

¶ Long term and short term comparative cost-effectiveness measures 
 

¶ Studies: The focus will be on high quality (low risk of bias) comparative studies (e.g., randomized 
controlled trials, comparative cohort studies with concurrent controls) will be considered for 
Key Questions 1-4. Comparative observational studies with long term clinical outcomes or safety 
will be considered for Key Questions 1-4. Case series will be considered but will not be the 
primary focus of evaluation for each key question. Dosimetry and planning studies will be 
included for context; the will be included as evidence if they directly answer the key questions. 
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Full, comparative, formal economic studies (i.e., cost-effectiveness, cost-utility, cost-
minimization, and cost-benefit studies) will be sought for Key Question 5; studies using 
modeling may be used to determine cost-effectiveness. 

 
 

 
  

Figure 1. Analytic Framework 
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1.3 Outcomes Assessed 
 
The primary outcomes of interest for this report are listed below.  

¶ Overall survival (OS) 

¶ Progression-free survival (PFS) or Local control (LC) 
o Disease-free survival (DFS) 
o Relapse-free survival (RFS) 

¶ Treatment-related toxicity (as reported specific to PBT when possible) and secondary 
malignancy risk due to radiation exposure 

 
OS and PFS were stated a priori as primary outcomes of interest. Some of the included studies also 
reported DFS and RFS.  Excluding OS, definitions of these outcomes varied slightly between the studies. 
Other outcomes reported included health-related quality of life (based on validated instruments), 
incidence of metastases, and other outcomes specific to particular conditions.  
 
Outcomes are detailed in the evidence tables in the appendices and/or the body of the report. Summary 
tables for case series are also found in the appendices. 
 
Strength of evidence was assessed for the primary clinical outcomes only. 
 
Table 1. Outcome measures reported on in included studies 

Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

MD Anderson 
Symptom 
Inventory-
Head and 
Neck Cancer 
(MDASI-
HN)51,240,262 

Patient 22 items (0 to 10 points 
each) that are grouped into 
three separate domains: 
 
Interference items 

¶ Walking 

¶ Activity 

¶ Working (including 
housework) 

¶ Relations with other 
people 

¶ Enjoyment of life 

¶ Mood 
 
Core symptoms (13 items) 

¶ Pain 

¶ Fatigue 

¶ Nausea 

¶ Disturbed sleep 

¶ Distress/feeling upset 

¶ Shortness of breath 

¶ Difficulty remembering 

¶ Lack of appetite 

¶ Drowsiness 

¶ Dry mouth 

¶ Sadness 

¶ Vomiting 

0 to 10 points 0: not present 
10: as bad as you can imagine 

1.16 points 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

¶ Numbness/tingling 
 
Head and neck cancer 
module items (9 items) 

¶ Mucus in the mouth 
and throat 

¶ Difficulty swallowing or 
chewing 

¶ Choking or coughing 

¶ Difficulty with voice or 
speech 

¶ Skin pain/burning/rash 

¶ Constipation 

¶ Problems with tasting 
food 

¶ Mouth/throat sores 

¶ Problems with teeth or 
gums 

 

MD Anderson 
Symptom 
Inventory 
(MDASI)51,52,262 

Physician 13 symptom items and 6 
interference items (0 to 10 
points each) 
 
Interference items 

¶ Walking 

¶ Activity 

¶ Working (including 
housework) 

¶ Relations with other 
people 

¶ Enjoyment of life 

¶ Mood  
 
Symptom Items 

¶ Pain 

¶ Fatigue 

¶ Nausea 

¶ Disturbed sleep 

¶ Distress/feeling upset 

¶ Shortness of breath 

¶ Difficulty remembering 

¶ Lack of appetite 

¶ Drowsiness 

¶ Dry mouth 

¶ Sadness 

¶ Vomiting 

¶ Numbness/tingling 
 

0 to 10 points 0: not present 
10: as bad as you can imagine 

0.98 points 

Leiter 
International 

Computer 10 subsets organized into 
four domains designed to 
assess non-verbal IQ 

NR NR NR 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

Performance 
Scale237 
 
 

¶ Fluid Intelligence 

¶ Visualization 

¶ Memory 

¶ Attention 
 

Wechsler 
Adult 
Intelligence 
Scale 
(WAIS)162 

Physician There are four index scores 
representing major 
components of intelligence 
 

¶ Verbal Comprehension 
Index (VCI) 

¶ Perceptual Reasoning 
Index (PRI) 

¶ Working Memory Index 
(WMI) 

¶ Processing Speed Index 
(PSI) 

 
Two broad scores, which can 
be used to summarize 
general intellectual abilities, 
can also be derived: 

¶ Full Scale IQ (FSIQ), 
based on the total 
combined performance 
of the VCI, PRI, WMI, 
and PSI 

¶ General Ability Index 
(GAI), based only on the 
six subtests that the VCI 
and PRI comprise. 

 

0 to 130 (100 
as an average 
score with a 
standard 
deviation of 
15) 

¶ Below Average: standard 
score below 79 

¶ Low Average: standard 
score 80 to 89 

¶ Average: 90 to 109 

¶ High Average: 110 to 119 

¶ Superior: 120 to 129 

¶ Very Superior: above 130 
 

NR 

Wechsler 
Intelligence 
Scale for 
Children 
(WISC)314 

Physician There are five primary index 
scores 
 

¶ Verbal Comprehension 
Index (VCI) 

¶ Visual Spatial Index 
(VSI) 

¶ Fluid Reasoning Index 
(FRI) 

¶ Working Memory Index 
(WMI) 

¶ Processing Speed Index 
(PSI) 

 
One broad score, which can 
be used to summarize 
general intellectual abilities, 
can also be derived: 

¶ Full Scale IQ (FSIQ), 
based on the total 
combined performance 

0 to 130 (100 
as an average 
score with a 
standard 
deviation of 
15) 

¶ Below Average: standard 
score below 79 

¶ Low Average: standard 
score 80 to 89 

¶ Average: 90 to 109 

¶ High Average: 110 to 119 

¶ Superior: 120 to 129 

¶ Very Superior: above 130 
 

NR 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

of the VCI, VSI, FRI, 
WMI, and PSI 

 

Woodcock-
Johnson Tests 
of Cognitive 
Ability315 

Physician 20 tests consisting of two 
batteries: Cognitive Ability 
and Tests of Achievement 
 

¶ Comprehension-
Knowledge 

            -    Verbal 
Comprehension 
            -    General 
Information 

¶  Long-Term Retrieval 
            -    Visual-Auditory 
Learning 
            -    Retrieval Fluency 

¶  Visual Processing 
            -    Spatial Relations 
            -    Picture 
Recognition 

¶  Auditory Processes 
            -    Sound Blending 
            -    Auditory Attention 

¶  Fluid Reasoning 
            -    Concept Formation 
            -    Analysis-Synthesis 

¶  Processing Speed 
            -    Visual Matching 
            -    Decision Speed 

¶ Short-Term Memory 
            -    Numbers Reversed 
            -    Memory for Words 

¶ Incomplete Words 

¶ Auditory Working 
Memory 

¶ Visual-Auditory 
Learning ς Delayed 

¶ Rapid Picture Naming 

¶ Planning 

¶ Pair Cancellation 
  
 

Range: <69 to 
>131 points 
1 point 
awarded for 
correct 
answers, 0 
points 
awarded for 
incorrect 
answers  
 
Age or Grade 
Equivalents: 
Reflects age 
or grade level 
at which 
average score 
is same as 
subject's raw 
score 
 
Raw score: 
Number 
correct 
 
Relative 
Proficiency 
Index (RPI): 
Ranges from 
0/90 to 
100/90. RPI 
predicts a 
student's 
level of 
proficiency 
on tasks that 
typical age- 
or grade-
peers would 
perform with 
90% 
proficiency. 

¶ ±ŜǊȅ ƭƻǿΥ Җсф 

¶ Low: 70 to 79 

¶ Low Average: 80 to 89 

¶ Average: 90 to 110 

¶ High Average: 110 to 119 

¶ Superior: 120 to 129 

¶ Very Superior: җмом 

NR 

Pediatric 
Quality of Life 
(PedsQL)287,288,

290 

Patient 23 items grouped into 4 
domains 
 

¶ Physical Functioning (8 
items) 

¶ Emotional Functioning 
(5 items) 

¶ Social Functioning (5 
items) 

0 to 100 
points 

Higher scores indicate better 
health related quality of life 

¶ Total Score: 
4.36 

¶ Physical 
Health: 6.66 

¶ Psychosocial 
Health: 5.3 

¶ Emotional 
Functioning: 
8.94 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

¶ School Functioning (5 
items) 

 
[Emotional Functioning, 
Social Functioning, and 
School Functioning Scores 
can be used to acquire an 
overall Psychosocial Health 
score] 

¶ Social 
Functioning: 
8.36 

¶ School 
Functioning: 
9.12 

Pediatric 
Quality of Life 
ς Parent Proxy 
(PedsQL ς 
Parent 
Proxy)287-290 

Parent of 
patient 

23 items grouped into 4 
domains 
 

¶ Physical Functioning (8 
items) 

¶ Emotional Functioning 
(5 items) 

¶ Social Functioning (5 
items) 

¶ School Functioning (5 
items) 

 
[Emotional Functioning, 
Social Functioning, and 
School Functioning Scores 
can be used to acquire an 
overall Psychosocial Health 
score] 

0 to 100 
points 

Higher scores indicate better 
health related quality of life 

¶ Total Score: 
4.5 

¶ Physical 
Health: 6.92 

¶ Psychosocial 
Health: 5.49 

¶ Emotional 
Functioning: 
7.79 

¶ Social 
Functioning: 
8.98 

¶ School 
Functioning: 
9.67 

Modified 
Epworth 
Sleepiness 
Scale126 

Parent of 
patient or 
patient 
themselves 
(depending 
on age) 

8 items (0 to 3 points each) 
Chance of dozing during 
following activities 
 

¶ Sitting and reading 

¶ Sitting and watching TV 
or video 

¶ Sitting in a classroom at 
school during the 
morning 

¶ Sitting and riding in a 
car or bus for about 30 
minutes 

¶ Sitting and talking to 
someone 

¶ Sitting quietly by 
yourself after lunch 

¶ Sitting and eating a 
meal 

0 to 3 points ¶ 0=no chance of dozing 

¶ 3=high chance of dozing 
 

¶ Impaired: total score >10 

¶ ¦ƴƛƳǇŀƛǊŜŘΥ ǘƻǘŀƭ ǎŎƻǊŜ Җф 
(Per Jacola 2016) 

NR in patient 
population 

Mental 
Development 
Index (MDI) 
derived from 
the Bayley 
Scales of 
Infant 

Physician 178 items (0 or 1 points 
each) addressing 5 different 
developmental areas 
 

¶ Cognitive 

¶ Language 

¶ Motor 

0 points for 
incorrect 
answers 1 
point for 
correct 
answers 

Raw scores (the total number 
of correct answers) are used 
to calculated the Mental 
Development Index 
 

NR 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

Development1
7,27 

¶ Social-Emotional 

¶ Adaptive Behavior 

Higher scores indicate an 
increased level of mental 
development. 
 
A standardized mean score is 
100 

Scales of 
Independent 
Behavior-
Revised (SIB-
R)38 

Parents 14 subscales, organized into 
4 adaptive behavior clusters 
 

¶ Motor Skills 

¶ Personal Living Skills 

¶ Social Interaction and 
Communication Skills 

¶ Community Living Skills 
 

Unclear Lower scores indicate lower 
functioning or greater 
problems 

NR 

World Health 
Organization 
(WHO) 
Performance 
Status/Eastern 
Cooperative 
Oncology 
Group (ECOG) 
Score210 

Physician A single score rating from 0 
to 5 that measures a 
patients performance status 

0 to 5 ¶ 0: Asymptomatic (Fully 
active, able to carry on all 
pre-disease activities 
without restriction) 

¶ 1: Symptomatic but 
completely ambulatory 
(Restricted in physically 
strenuous activity but 
ambulatory and able to 
carry out work of a light or 
sedentary nature. For 
example, light housework, 
office work) 

¶ 2: Symptomatic, <50% in 
bed during the day 
(Ambulatory and capable 
of all self-care but unable 
to carry out any work 
activities. Up and about 
more than 50% of waking 
hours) 

¶ 3: Symptomatic, >50% in 
bed, but not bedbound 
(Capable of only limited 
self-care, confined to bed 
or chair 50% or more of 
waking hours) 

¶ 4: Bedbound (Completely 
disabled. Cannot carry on 
any self-care. Totally 
confined to bed or chair) 

¶ 5: Death 
 

NR 

Continuous 
Performance 
Test, 2nd 
Edition (CPT-
II)55 

Computer The test is taken at a 
computer.  The participant 
presses the space bar or 
clicks the mouse button 
when a letter other than X 
shows up onscreen.  Letters 

Not 
Applicable 

 Provides an estimate of the 
ǇǊƻōŀōƛƭƛǘȅ ǘƘŀǘ ŀ ƎƛǾŜƴ ŎƘƛƭŘΩǎ 
performance resembles that 
of a child with clinically 
significant attention 
problems. 

NR 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

appear on the screen with 
different time intervals 
between each one. Exactly 
14 minutes is required for 
completion. 

Behavior 
Rating 
Inventory of 
Executive 
Function 
(BRIEF)86 

Parent 86 question questionnaire 
 
Each question uses a three 
point scale representing 
Never (1), Sometimes (2), 
and Often (3) 

0 to 3 This measure provides a T-
score with a mean of 50 and a 
SD of 10; higher scores 
indicate more problems with 
Executive Functions. 

NR 

Behavior 
Assessment 
System for 
Children, 2nd 
Edition (BASC-
2, Attention 
Subscale)234 

Parent 134 to 160 items in which 
parents or caregivers rate 
ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƻŦ ǘƘŜ ŎƘƛƭŘΩǎ 
behavior. 

0 to 4 Likert 
scale ranging 
ŦǊƻƳ άƴŜǾŜǊ 
ƻŎŎǳǊǎέ ǘƻ 
άŀƭƳƻǎǘ 
always 
ƻŎŎǳǊǎέ 

This measure provides a T-
score; higher scores indicate 
more attention problems. 

NR 

American 
Urological 
Association 
(AUA) 
Symptom 
Index25 

Patient 7 questions addressing 
frequency, nocturia, weak 
urinary stream, hesitancy, 
intermittence, incomplete 
emptying, and urgency 
 
 

0 to 5 points Lower scores represent less 
presence of symptoms while 
higher scores represent  

5 points or more 

Expanded 
Prostate 
Cancer Index 
Composite 
(EPIC) Quality 
of Life 
Survey128,261,31

1 
 

 EPIC assesses the disease-
specific aspects of prostate 
cancer and its therapies and 
comprises four summary 
domains (Urinary, Bowel, 
Sexual and Hormonal) and is 
made up of 50 prostate-
targeted items 

0 to 100 
points 

Higher scores represent 
better Health Related Quality 
of Life. 
Lower numbers corresponded 
to worsening function and 
increased bother. 

All scores are 
representative of 
the mean 
difference from 
baseline 
 
Per Norman 2003 
Half a standard 
deviation 
 
Per Jeldres 2015 
Sexual Function: 
11 
Sexual Bother: 14 
Urinary Function: 
5 
Urinary Bother: 8 
Bowel Function: 4 
Bowel Bother: 5 
Hormone 
Function: 5 
Hormone Bother: 
4 
 
Per Skolarus 2015 
Urinary 
Incontinence: 6 to 
9 points 
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Outcome 
measure 

Assessed 
By 

Components Score range Interpretation MCID* 

Urinary 
Irritative/Obstruct
ive: 5 to 7 points 
Bowel Summary: 
4 to 6 
Sexual Summary: 
10 to 12 
Hormonal: 4 to 6 

 
NR = Not reported 
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1.4 Washington State Utilization Data 
 
Populations 
The Proton Beam Therapy analysis includes member utilization and cost data from the following 
agencies: Public Employees Benefit Board Uniform Medical Plan (PEBB/UMP); PEBB Medicare; Medicaid 
Managed Care; and Medicaid Fee-for-Service. The Department of Labor and Industries (LNI) had no 
proton beam therapy claims. 
 
The analysis period was five (5) calendar years, 2013 - 2017. Primary population inclusion criteria 
included incurring a paid claim(s) comprised of at least one of the targeted CPT/HCPCS codes from Table 
I. Initial analysis focused on diagnosis from Table IIA. Additional analysis lead to an expanded range of 
diagnoses codes (see Table IIB). Final data evaluation included all diagnoses for individuals undergoing 
proton beam therapy. Denied claims were excluded from the analysis. 
 
Methods 
First, all paid patient claims (children and adults) with a targeted CPT procedure (Table I) were 
identified. Second, those same claims underwent examination to identify those that also included 
targeted primary diagnoses codes from Table IIA (later expanded to Table IIB). Final data evaluation 
included examining utilization by member; by age range; analysis of individual and aggregate ICD-9 and 
ICD-мл ŎƻŘŜǎ ŀƴŘ ōȅ ǇŀƛŘ ŎƭŀƛƳǎΩ ŎƻǎǘǎΦ 
 

Table I 
Targeted CPT Descriptions 

CPT Procedure Code Description 

77520 Proton treatment delivery; simple, without compensation 

77522 Proton treatment delivery; simple, with compensation 

77523 Proton treatment delivery; intermediate 

77525 Proton treatment delivery; complex 

 
Table IIA 

Target Diagnosis Codes: Initial 

Specific Cancer Diagnosis Codes and Descriptions 

 ICD-9 ICD-10 

Lung 162.0-162.9 C34.90 - C34.92 

Prostate 185.0 C61 

Eye 190.0-190.9 C69-C69.92 

Brain 191 - 191.9 C71 - C71.9 

Spinal  192.2-192.3 C72 - C72.9 
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Table IIB 
2013 ς 2017 

Neoplasm ICD-9 and ICD-10 Diagnosis Codes 
PEBB/UMP, Medicare/UMP, Medicaid Managed Care, Medicare Fee-for-Service 

Utilization: Proton Beam Therapy 

Range of codes utilized for analyzing claims* 

ICD-10 ICD-10 Description/ICD-9 Description ICD-9 

C00-C14 Malignant Neoplasm of Lip, Oral cavity, and Pharynx 140-149 

C15-C26 Malignant Neoplasm of Digestive Organs 150-159 

C30-C39 Malignant Neoplasm of Respiratory and Intrathoracic 160-165 

C40-C41 Malignant Neoplasm of Bone and Articular Cartilage 170-176 

C43-C44 Malignant Neoplasm of Skin 170-176 

C45-C49 Malignant Neoplasm of Mesothelial and Soft Tissue 170-176 

C50 Malignant Neoplasm of Breast 170-176 

C51-C63 Malignant Neoplasm of Genital organs 179-189 

C64-C68 Malignant Neoplasm of Urinary Tract 190 

C69-C72 Malignant Neoplasm of Eye, Brain, CNS 191-192 

C73-C75 Malignant Neoplasm of Endocrine 194 

C76-C80 Malignant Neoplasm Ill Defined, Secondary (and Other) 195 

C81-C96 Malignant Neoplasm of Lymphoid 196, 200-208 

D37-D48, D49 Neoplasm uncertain or unspecific behavior 235-239 

D10-D36, D3A Benign tumors 210-229 

*1) Not all diagnoses codes were represented in the data.  

2) Utilization and cost analyses contain V and/or Z codes (Supplementary Classification of Factors 
Influencing Health Status and Contact with Health Services) when substituted for a primary diagnosis. 



WA ς Health Technology Assessment April 15, 2019 

 

Final 

Proton beam therapy re-review: final evidence report  Page 15 

 

Chart I 

2013 ς 2017  

Aggregate Utilization 

PEBB/UMP and Medicare/UMP & Medicaid Managed Care and Fee-for-Service  

Distribution of Patients Receiving Proton Beam Therapy by Primary Cancer Diagnosis 

N=246 

Chart II 

2013 ς 2017 

Aggregate Utilization 

PEBB/UMP and Medicare/PEBB 

2013 ς 2017 

Medicaid Manage Care and Fee-for-Service 

Distribution of Patients Receiving Proton Beam Therapy by Primary Cancer Diagnosis 
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Table III 

2013 ς 2017  

PEBB/UMP and Medicare/UMP  

Utilization: Proton Beam Therapy - Outpatient 

Therapy* = Proton Treatment Delivery 77520, 77522, 77523, 77525 and Stereoscopic x-ray guidance 77424/G6002 

NOTE: PEBB pays secondary to Medicare 

PEBB/UMP and  Medicare/UMP   N = 63 2013-14 2015 2016 2017 

Unique Individuals* 11 18 13 21 

Patients 11 18 15 23 

Average Paid Dollars/ Therapy  
Medicare/UMP $235 $227 $225 $220 

PEBB/UMP $4,648 $4,683 $2,365 $2,474 

Total Paid Dollars for All Therapy 
Medicare/UMP $39,193 $79,709 $65,528 $90,884 

PEBB/UMP $144,095 $538,587 $208,164 $378,455 

 

 






















































































































































































































































































































































































































































































































































