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Protocol Amendments 

Section Amendment Page 

Clinical 

Review 

For the inclusion criteria, it was clarified that systematic reviews (SRs) that included both eligible and 

ineligible primary studies (e.g., SRs with both comparative and non-comparative data on proton team 

therapy [PBT]) were included to extract relevant findings only (i.e., only comparative data on PBT). 

18 

For the data-extraction strategy, instead of extracting descriptions of random- or fixed-effects models, 

information on whether adjustments for confounding were made was extracted. 
20 

For the quality-assessment strategy, instead of focusing the conclusions and discussion of this report on 

the findings of SRs and primary studies of higher quality, all findings were presented with an explicit 

description of the quality of the included primary studies and, if applicable, the quality of the body of 

evidence associated with the findings. 

21 
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Executive Summary 

Issue 

Cancer is the leading cause of death in Canada and more than half of all patients with 

cancer receive radiotherapy as part of their initial treatment, either alone or in combination 

with surgery, chemotherapy, or both. Proton beam therapy (PBT) is an advanced radiation 

treatment that represents an alternative to photon therapy for the treatment of cancer. PBT 

is an expensive technology that is not yet available in Canada, with the exception of one 

specialized research facility in Vancouver that specifically treats intraocular melanoma. The 

volume of out-of-country referrals is expected to continue to increase in Canada, and it is 

anticipated that decision-makers may have to consider the cost implications of referring 

patients out of country for PBT versus installing a Canadian-based facility. The policy 

question of this health technology assessment (HTA) is as follows: 

Should patients continue to be sent out of country for PBT treatment, or should 

PBT be installed and implemented in Canada? 

Objectives and Research Questions 

The objective of this HTA is to inform the policy question through an assessment of the 

clinical effectiveness and safety, budget impact, patient perspectives and experiences, 

ethical issues, and implementation issues of PBT for the treatment of cancer in children and 

adults. 

The report addresses the following research questions: 

Clinical Review 

1. What are the clinical benefits of PBT compared with other types of radiotherapy for the 
treatment of cancer in children and adults? 

2. What are the clinical harms of PBT compared with other types of radiotherapy for the 
treatment of cancer in children and adults? 

Economic Analysis 

3. What is the budget impact of installing a Canadian-based PBT facility as an alternative 
to out-of-country referrals for PBT for the treatment of cancer in children and adults? 

Patient Experiences and Perspectives 

4. What are the experiences and perspectives of adults and children diagnosed with 
cancer and their family members and caregivers related to travelling to receive cancer 
treatment? 

Ethical Issues 

5. What ethical issues are known in cancer treatment, and how might the availability of 
PBT influence these issues? 

6. What new ethical issues are raised by the use of PBT in cancer treatment? In 
particular, what issues are raised by the need to travel out of country for treatment? 
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7. If PBT therapy is installed and implemented more widely in Canada, how should it be 
provided to best address the identified issues? 

Implementation Issues 

8. What are the main challenges and enablers to implementing PBT in Canada? 

Clinical Evidence 

Methods 

An overview was conducted of systematic reviews (SRs) that have been published in the 

literature on the clinical effectiveness and safety of PBT compared with other types of 

radiotherapy for the treatment of cancer in children and adults. Published literature was 

identified by searching MEDLINE through Ovid; Embase through Ovid; the Cochrane 

Database of Systematic Reviews through Ovid; the Database of Abstracts of Reviews of 

Effects through Ovid; the Health Technology Assessment database through Ovid; and 

PubMed. Retrieval was limited to documents published since January 1, 2007. 

Methodological filters were applied to limit retrieval to SRs, with or without meta-analyses or 

network meta-analyses, or in HTAs. Eligible SRs were those that included primary studies 

on children, including infants, and adults who were diagnosed with any non-skin 

malignancy, on one or more of the comparisons of interest (i.e., PBT, in any form, alone or 

in combination with one or more concurrent or neoadjuvant non-PBT radiotherapy and/or 

radiation-free therapy versus any external or internal radiotherapy), and on one or more of 

the outcomes of interest (i.e., tumour or cancer control, overall survival or mortality, 

recurrence- or progression-free survival, quality of life, toxicity, or secondary malignancy [for 

children, including infants, only]). Two reviewers, independently and in duplicate, screened 

the titles and abstracts of identified citations and reviewed the full texts of potentially eligible 

SRs. One reviewer extracted relevant information from the included SRs, which a second 

reviewer checked for accuracy. The methodological quality of the included SRs was 

assessed with the risk of bias in systematic reviews (ROBIS) tool. For SRs that did not 

conduct a quality assessment of the included primary studies, none of which were 

randomized controlled trials, the Risk of Bias in Non-Randomized Studies of interventions 

(ROBINS-I) tool was used to appraise the included primary studies. 

Results 

Eleven publications representing nine SRs met the inclusion criteria. These SRs included a 

total of 34 unique primary studies and 65,754 participants relevant to this overview. The 

evidence revealed that the clinical effectiveness of PBT, alone or in combination with photon 

radiotherapy, was comparable to other types of radiotherapy in most types of cancer 

included in this overview (i.e., craniopharyngioma in children; giant-cell bone tumours, 

breast cancer, medulloblastoma, esophageal cancer, liver cancer, lung cancer, and most 

prostate cancer in adults; and some intramedullary spinal cord glioma in children and adults, 

analyzed together), with the exception of: greater benefits in meningioma and subgroups of 

malignant meningioma and poorly poorly-differentiated tumours of prostate cancer in adults; 

lower benefits in some intramedullary spinal cord glioma in both children and adults, 

analyzed together; and both greater benefits and lower benefits in eye cancer in adults. The 

safety of PBT, alone or in combination with photon radiotherapy, compared with other types 

of radiotherapy, varied by the type of cancer and was associated with: greater harms in 

breast cancer and prostate cancer in adults; lower harms in retinoblastoma in children and 
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medulloblastoma in adults; and both greater harms and lower harms in adults depending on 

the specific type of the following cancers: esophageal cancer, optic nerve sheath 

meningioma, and lung. Nevertheless, the authors of the SRs included in this overview 

cautioned that the quality of the included primary studies was mostly low or insufficient to 

make definitive conclusions about the benefits or harms of PBT. 

Economic Evidence 

Methods 

A budget impact analysis (BIA) was conducted to assess, from a Canadian health ministry 

perspective, the budgetary impact of investing in the construction and maintenance of a 

PBT facility in Canada compared with the current approach of out-of-country treatment 

referrals over time horizons of one to 15 years. Three different strategies were considered in 

the analysis: 

 Fund out-of-country referrals on a case-by-case basis (current strategy). 

 Construct a single-vault PBT facility within an existing Canadian radiotherapy facility. 

 Construct a multi-vault PBT facility within an existing Canadian radiotherapy facility. 

In the reference-case analysis, it was assumed that first-year demands for PBT would 

initially be in line with current reported volumes of referrals (i.e., 45 patients) and would 

increase annually at a rate of 3%. It was also assumed that all patients would receive 

identical medical care, regardless whether they received PBT in Canada or out of country. 

Modelled costs included construction, utility, training, service, staffing, and travel. In the out-

of-country referral strategy, treatment and travel costs were assumed to be $150,000 and 

$50,000, respectively while, in the construction strategy, the capital cost for construction and 

equipment could span between $41 million to $321 million, depending on the number of 

vaults. Deterministic sensitivity and threshold analyses were conducted to explore the 

impact of uncertainty on the analysis. 

Results 

The analyses indicated that, if the current number of patients to be treated by PBT were to 

remain at current volumes in the first year and grow at a rate of 3% annually, the 

construction of a single-vault PBT facility in Canada would save costs compared with out-of-

country referrals after eight to nine years. Over the time horizons considered, the strategy of 

constructing a multi-vault PBT facility was found to be more costly than sending patients out of 

country for treatment due to the high costs of construction, equipment, utilities, 

service/maintenance and staffing. Overall, for the comparison between the current approach 

of using out-of-country referrals and constructing a single-vault PBT facility, the findings 

remained robust, and were most sensitive to the volume of patients and the costs of 

maintenance. Threshold analyses suggest that constructing a single-vault PBT system would 

be less expensive than the current strategy over five years if (all else equal) the annual growth 

rate in the volume of patients is at least 21%, or if at least 44% more patients receive 

treatment from the first year onward. 
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Patient Perspectives and Experiences Evidence 

Methods 

A rapid review and thematic synthesis
1
 of the published qualitative literature on patient 

experience and perspectives was conducted. Published literature was identified by 

searching MEDLINE through Ovid; PsycINFO through Ovid; the Cumulative Index to 

Nursing and Allied Health Literature (CINAHL) through EBSCO; PubMed; and Scopus. 

Retrieval was not limited by publication date. A hybrid qualitative filter was applied to limit 

retrieval to qualitative studies. To be eligible, studies must have been published in English 

or French, and must have used a descriptive or interpretive qualitative methodology that 

explored the experiences or perspectives of those travelling away from their home 

community to receive cancer treatment for either themselves or a family member. A single 

reviewer screened the titles and abstracts of identified citations and reviewed the full texts of 

potentially eligible studies. The same reviewer then captured result statements from the 

included studies, and coded the analysis using NVivo qualitative data analysis software. 

The quality of each included study was assessed using the Critical Appraisal Skills 

Programme quality-appraisal checklist for qualitative research. A descriptive analysis of 

study characteristics was conducted, with the goal to characterize the included studies in 

terms of study importance and patient characteristics. A thematic synthesis of the results of 

the included studies was also conducted, comprising three stages: coding, developing 

descriptive themes, and developing analytic themes. 

Results 

Eighteen articles representing 15 discrete studies were included in the thematic synthesis. 

Two analytic themes emerged from the data. First, participants’ experiences of travel raise a 

variety of perceived benefits and disadvantages. Second, although participants’ experiences 

of travel share many characteristics, the reason for travel and the location of the 

participants’ home communities are key mediating factors in how they perceive the 

experience. The experience of travelling for treatment is not isolated to the time away from 

home, but includes preparation and time spent on the road, the experience of being at the 

treatment centre, and the reintegration and follow-up care once they have returned home. 

Participants’ reflections underscored that travelling while sick is a very different 

circumstance than travelling on a typical trip. Travelling for treatment requires extra caution 

to ensure the patient is kept comfortable. Travelling to the treatment centre adds an extra 

burden to the cancer experience for both the patients and their loved ones. However, some 

participants acknowledged that the time spent travelling allowed them to engage in 

meaningful conversations, and many tried to appreciate the time spent together. 

Ethical Issues 

Methods 

An ethics analysis of the published literature regarding the implementation of PBT for cancer 

treatment was conducted. Published literature was identified by searching MEDLINE 

through Ovid, PsycINFO through Ovid, CINAHL through EBSCO, and PubMed. Two 

searches were conducted: an initial search on PBT and key terms for ethics concepts, and a 

broader search on related forms of cancer treatment (radiotherapy) and key terms for ethics 

concepts. For the initial search on PBT, the search was not limited by date. Retrieval for the 

broader search on related forms of cancer treatment was limited to documents published 
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since January 1, 2007. The selection of relevant literature occurred in two stages by two 

reviewers. In the first stage, the title and abstracts of citations were independently screened 

for relevance. In the second stage, to be eligible, studies must pertain to radiation treatment 

for cancer and suggested ethical issues relating to: informed decision-making (Autonomy); 

patient experience and quality of life (Benefit); access to radiation therapies 

(Fairness/Equity); allocation of resources (Fairness/Equity); and responsive systems 

(Stewardship). 

Results 

The literature search yielded 881 unique citations, of which 149 articles were included. The 

analysis of ethical issues indicated that given the added costs of PBT and the potentially 

limited clinical benefit, it is difficult to conclude that installing PBT in Canada is ethically well 

justified. The ethical analysis also indicated that if the decision is made to offer PBT within 

Canada, necessary infrastructure and procedures will be required to ensure that patients 

are supported to make informed decisions about care, that the burdens of travel are 

recognized and mitigated where possible, and that interventions to attend to patient 

psychosocial well-being are put in place. Clear and equitable procedures and criteria to 

ensure that access to PBT can be granted fairly will also be necessary. Reimbursement 

mechanisms for physicians will need to be established to minimize the chances that 

physicians could be influenced or provided with incentives for referring patients to PBT 

where it may not truly be in patients’ interests. 

Implementation Issues 

Methods 

To understand the implementation issues associated with PBT, a three-stage research 

approach was used. The protocol was sequentially designed such that the findings at each 

stage informed the need and scope of the next stage of research. The three stages were a 

survey, a review of the published literature, and telephone or email consultations with 

targeted experts and stakeholders. The survey questionnaire was sent to jurisdictional 

representatives in Canada involved in the management of patients with cancer or the 

funding of their therapy. Published literature was identified by searching the following 

databases: MEDLINE through Ovid, Embase through Ovid, CINAHL through EBSCO, and 

PubMed. Retrieval was limited to documents published since January 1, 2007. 

Consultations were conducted with targeted experts and stakeholders identified through the 

clinician networks managed by CADTH’s knowledge mobilization team to augment the data 

collected in the first two stages. When analyzing data, the items coded and summaries were 

those most relevant at the health services delivery level. Where possible, the findings were 

categorized based on the INTEGRATE-HTA framework’s eight domains of context 

(i.e., setting, geographical, epidemiological, socio-economic, sociocultural, political, legal, 

and ethical) and four domains of implementation (i.e., provider, organization and structure, 

funding, and policy) as well as the additional domain of “patient.” 

Results 

The literature search yielded 780 citations, of which 16 studies were eligible to address 

implementation issues. The review of the implementation challenges and enablers for 

implementing PBT in Canada identified several issues to consider when deciding whether to 

construct a Canadian PBT facility. Those involved in implementation planning might want to 
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think about offering supports to patients and their families to assist with the types of burdens 

that can be experienced when travelling out of country for treatment (geographical/patient). 

The land required to build a PBT facility and the amount of energy and water needed for its 

operation (setting), as well as the expense associated with building and operating a PBT 

facility (funding) are often cited as challenges; however, it is unclear to what extent these 

issues would be barriers to the implementation of PBT in Canada; and the availability of 

newer compact PBT technologies may address some of these issues. Training staff to 

operate a new PBT facility by the time construction is completed (provider) is another 

consideration; however, it is also unclear to what extent this would be a challenge. 

Conclusions 

The overall evidence from the assessment of the clinical effectiveness suggests that PBT, 

alone or in combination with photon radiotherapy, is comparable to other types of 

radiotherapy in most types of cancer, and safety varies by type of cancer. The BIA suggests 

that installing a PBT facility in Canada, if the facility is in operation for greater than nine 

years and assuming current patient loads and an annual growth of 3%, may demonstrate 

cost savings compared with sending patients out of country for treatment. The evidence 

from the reviews of patient perspectives and experiences, ethical issues, and 

implementation issues highlights several important considerations to help decide whether 

patients should continue to be sent out of country for PBT treatment, or if PBT should be 

installed and implemented in Canada. 
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Introduction 

Cancer is the leading cause of death in Canada and is responsible for 30% of all deaths, 

with approximately 196,900 new cases diagnosed each year.
2
 More than 50% of all patients 

with cancer receive radiotherapy (RT) as part of their initial treatment, either alone or in 

combination with surgery, chemotherapy, or both.
3
 

Conventional radiation treatment uses photons to irradiate and kill tumour cells. Photons, 

however, deliver a continuous energy beam that can damage surrounding healthy tissue. 

Proton beam therapy (PBT) is an advanced radiation treatment that represents an alternative 

to photon therapy — using protons instead of photons — for the treatment of cancer. Protons, 

relative to photons, spare healthy tissue by depositing minimal energy before and after the 

tumour.
4
 To this end, the theoretical advantage of PBT lies in its ability to minimize the 

radiation dose to critical structures close to tumours.
5
 Choosing the least toxic radiation 

modality is important, especially in children, who are more sensitive than adults to radiation 

and are at an elevated risk of long-term side effects, including incurable secondary cancer.
6
 

The development of PBT began in the 1950s at accelerator laboratories and has expanded in 

the last 20 years to hospital-based facilities built specifically to perform the therapy. Since the 

first PBT system approval by the US Food and Drug Administration in 1988, the global adoption 

of PBT has been rapid. There are now 74 facilities worldwide providing PBT,
7
 an additional 

41 facilities under construction,
8
 and 19 more in the planning stages of development.

9
 

PBT is an expensive technology. Construction costs range from US$25 million to 

US$200 million, depending on the size and capacity of the facility.
10

 As well, the average 

cost of treatment, including daily anesthesia, concurrent chemotherapy, hospitalization, and 

travel costs, is up to C$200,000.
11

 There may be additional costs related to travel, 

accommodations, and meals.
11

 Costs also may differ based on whether the facility is single-

room or multi-vault (multiple rooms). Single-room systems offer capabilities similar to multi-

vault systems; however, they are comparatively more compact, with multi-vault systems 

potentially taking up a greater amount of space (e.g., approximately the size of a football 

field).
12

 With its smaller size, single-room systems also have the advantage in that they can 

be integrated into existing hospitals, which may increase patient access to radiation 

oncology services and expertise.
13

 In addition, single-room systems present a scalable 

option, allowing a medical centre to “start small” and then add more treatment rooms if the 

number of patients requiring PBT increases and extra capacity is needed.
14,15

Health 

Canada approved the first (and only) single-room PBT system in February 2015, although a 

system has not yet been built in this country. No multi-vault facilities have been approved. 

While PBT is not yet available in Canada, with the exception of one specialized research 

facility in Vancouver that specifically treats intraocular melanoma, six provinces fund the 

treatment out of country for particular patients (e.g., those with certain types of cancer).
16

 

Individuals who are denied government funding for the therapy may pay out of pocket. 

Given that 15 countries have already adopted PBT
7
 and that the volume of out-of-country 

referrals continues to increase in Canada,
17

 it is anticipated that decision-makers may have 

to consider the cost implications of referring patients abroad for PBT versus installing 

Canadian-based facilities. Therefore, it is important to determine the optimal use of PBT 

across different cancer populations, primary disease sites, and cancer stages. 

PBT may improve survival or morbidity in patients who have tumours that are surrounded by 

critical tissues
18

 or in cases where secondary incurable cancers could be prevented.
19

 More 
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than 100 clinical trials are now being conducted and preliminary results have been 

published.
20

 Existing published literature suggests there are limited or no data confirming 

the superiority of PBT over photon therapy. Therefore, a systematic review of the clinical 

evidence for PBT use across different cancer types and populations is warranted.
21

 

Policy Question 

Should patients continue to be sent out of country for PBT treatment, or should PBT be 

installed and implemented in Canada? 

Analytic Framework 

The analytic framework for this review is presented in Appendix 1. 

Objectives 

The objective of this health technology assessment (HTA) is to inform the policy question 

through an assessment of the clinical effectiveness and safety, budget impact, patient 

perspectives and experiences, ethical issues, and implementation issues of PBT for the 

treatment of cancer in children and adults. 

Research Questions 

The HTA will address the following research questions: 

Clinical Review 
1. What are the clinical benefits of PBT compared with other types of RT for the 

treatment of cancer in children and adults? 

2. What are the clinical harms of PBT compared with other types of RT for the treatment 
of cancer in children and adults? 

Economic Analysis 
3. What is the budget impact of installing a Canadian-based PBT facility as an alternative 

to out-of-country referrals for PBT for the treatment of cancer in children and adults? 

Patient Experiences and Perspectives 
4. What are the experiences and perspectives of adults and children diagnosed with 

cancer and their family members and caregivers related to travelling to receive cancer 
treatment? 

Ethical Issues 
5. What ethical issues are known in cancer treatment, and how might the availability of 

PBT influence these issues? 

6. What new ethical issues are raised by the use of PBT in cancer treatment? In 
particular, what issues are raised by the need to travel out of country for treatment? 

7. If PBT therapy is installed and implemented more widely in Canada, how should it be 
provided to best address the identified issues? 

Implementation Issues 
8. What are the main challenges and enablers to implementing PBT in Canada? 
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Clinical Review 

This section addressed the following research questions: 

1. What are the clinical benefits of PBT compared with other types of RT for the 
treatment of cancer in children and adults? 

2. What are the clinical harms of PBT compared with other types of RT for the treatment 
of cancer in children and adults? 

Methods 

Study Design 

An overview was conducted of systematic reviews (SRs), with or without meta-analyses or 

network meta-analyses (NMAs) or in HTAs, available in the literature on the comparative 

clinical effectiveness and safety of PBT for the treatment of cancer in children and adults. 

A protocol was written a priori and registered on PROSPERO (CRD42017061033).
22

 Any 

changes to the protocol were identified, and reasons for the changes are provided 

throughout this report and in the Protocol Amendments table. 

Literature Search Strategy 

The literature search was performed by an information specialist, using a search strategy 

peer-reviewed according to the Peer Review of Electronic Search Strategies (PRESS) 

checklist.
23

 

Published literature was identified by searching the following databases: MEDLINE, with in-

process records and daily updates, through Ovid; Embase through Ovid; the Cochrane 

Database of Systematic Reviews; the Database of Abstracts of Reviews of Effects; the 

Health Technology Assessment database through Ovid; and PubMed. The search strategy 

comprised both controlled vocabulary, such as the National Library of Medicine’s Medical 

Subject Heading (MeSH) terms, and keywords. The main search concept was PBT. The 

complete search strategy is presented in Appendix 2. 

Methodological filters were applied to limit retrieval to HTAs, SRs, meta-analyses, and 

NMAs. Retrieval was limited to documents published since January 1, 2007. The search 

was limited to English- or French-language publications. Conference abstracts were 

excluded from the search results. 

The search was run on March 28, 2017. Regular alerts were established to update the 

searches until the publication of the final report. Regular search updates were performed on 

databases that do not provide alert services. Citations identified in the alerts and meeting 

the selection criteria of the review were incorporated into the analysis if they were identified 

before the completion of the stakeholder feedback period of the final report. Any citations 

that were identified after the stakeholder feedback period were described in the discussion, 

with a focus on comparing the results of these new citations to the results of the analyses 

conducted for this report. 

Grey literature (i.e., literature that is not commercially published) was identified by searching 

the Grey Matters checklist (/www.cadth.ca/grey-matters), which includes the websites of 

HTA agencies, clinical guideline repositories, SR repositories, participant-related groups, 

and professional associations. Google and other Internet search engines were used to 

https://www.cadth.ca/grey-matters
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search for additional Web-based materials. These searches were supplemented by 

reviewing the bibliographies of key papers and through contacts with appropriate experts 

and industry. More information on the grey literature search strategy is presented in 

Appendix 2. 

Selection Criteria 

Inclusion Criteria 

The inclusion criteria are presented in Table 1. 

Table 1: Clinical Review Study Selection Criteria 

Population 

Adults and children, including infants, diagnosed with any non-skin malignancies. Subgroups were based on the 

following: 

 participant age (e.g., infants from birth to 1 year old, children from 1 to 18 years old, and adults aged 18 years 
or older) 

 cancer characteristics (e.g., primary or secondary, newly diagnosed or recurrent, resectable or unresectable, 
localized or metastatic) 

Intervention 

PBT, in any form (e.g., passive scattering beam or spot-scanning beam), alone or in combination with one or 

more concurrent or neoadjuvant non-PBT radiotherapy (see Comparator below) and/or radiation-free therapy 

(e.g., chemotherapy, immunotherapy, or surgery)
a
 

Comparator 

 External radiotherapy, of any type other than PBT, including the following, alone or in combination with one or 
more concurrent or neoadjuvant non-PBT radiotherapy and/or radiation-free therapy (e.g., chemotherapy, 
immunotherapy, or surgery):

a
 

o two-dimensional photon therapy 
o three-dimensional conformal radiotherapy 
o intensity-modulated radiotherapy: 
o volumetric-modulated arc therapy (e.g., RapidArc) 
o tomotherapy 

o image-guided radiotherapy 
o fiducial-based image guidance 
o volumetric image-guidance (e.g., Cone-beam CT or MR) 
o real-time tracking (e.g., Calypso system) 
o four-dimensional radiotherapy 
o molecular/functional image-guided radiotherapy 

o stereotactic radiotherapy 
o stereotactic body radiotherapy (e.g., Linac-based or CyberKnife) 
o stereotactic radiosurgery (e.g., Linac-based or Gamma Knife) 
o molecular/functional image-guided radiotherapy 

 Internal radiotherapy in all dosimetric methods (e.g., low-, medium-, high-, or pulsed-dose rate), including the 
following, alone or in combination with one or more concurrent or neoadjuvant non-PBT radiotherapy and/or 
radiation-free therapy (e.g., chemotherapy, immunotherapy, or surgery):

a
 

o interstitial brachytherapy 
o intracavitary brachytherapy 
o episcleral brachytherapy 

Outcome 

Q1: Outcomes restricted to the following: 

 primary outcome: 
o tumour or cancer control or response (e.g., change in tumour mass, size, or volume; or cancer recurrence, 

metastasis, or stage change [e.g., in situ, localized, regional, or distant]) 

 secondary outcomes: 
o overall survival or mortality 
o recurrence- or progression-free survival 
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o QoL 

Q2: Outcomes restricted to the following: 

 toxicity, both acute and long-term (e.g., skin, esophageal, gastrointestinal, neurological, or pulmonary), 
including symptoms (e.g., pain, vomiting, or death) 

 secondary malignancies (for children, including infants, only) 

Study Design 
SRs, with or without MAs or NMAs or in HTAs, of randomized controlled studies and/or non-randomized 

controlled studies 

Time Frame Published within the past 10 years (i.e., between January 2007 and June 2017) 

CT = computed tomography; HTA = health technology assessment; MA = meta-analysis; MR = magnetic resonance; NMA = network meta-analysis; PBT = proton beam 

therapy; QoL = quality of life; SR = systematic review. 
a 
This includes changing the course of radiotherapy after its initiation because of tumour shrinkage or change in tumour shape. 

SRs were those that: 

 included a detailed description of comprehensive selection criteria and search methods 
(i.e., with at least two electronic sources having been searched, with adequate reporting 
of years searched, databases used, and MeSH terms or keywords used and, where 
feasible, the search strategy provided) 

 assessed the quality of the included primary studies 

 synthesized the findings quantitatively or qualitatively.
24

 

Reviews that met all criteria for SRs but did not conduct quality assessment of the included 

primary studies were included if they had relevant outcomes, subgroups, or included 

primary studies that were not present in any of the other SRs included in this overview. In 

those cases, a quality assessment of the included primary studies was conducted by 

CADTH reviewers. SRs were included if they met all of the inclusion criteria outlined in 

Table 1 and were published in English or French. An amendment was made to the 

protocol
22

 to clarify that SRs that included both eligible and ineligible primary studies (e.g., 

SRs with both comparative and non-comparative data on PBT) were included to extract 

relevant findings only (i.e., only comparative data on PBT) (see Protocol Amendments). 

Exclusion Criteria 

SRs were excluded if they did not meet all of the inclusion criteria outlined in Table 1 (i.e., if 

they had irrelevant populations, interventions, comparators, or outcomes, or were duplicate 

publications (i.e., the same publication identified more than once from different sources 

[e.g., MEDLINE and grey literature] as opposed to a single SR published multiple times in 

different formats). Reviews that were not SRs (i.e., narrative reviews or not fully systematic, 

based on the three criteria for SRs in Inclusion Criteria) or reviews that met all criteria for 

SRs but did not conduct a quality assessment of the included primary studies were excluded 

if they had relevant outcomes or subgroups, or included primary studies that were present in 

any of the other SRs included in this overview. SRs that completely or partially overlapped 

in their included primary studies on specific cancer types and benefits or harms outcomes 

were not excluded based on the overlap. However, the degree of overlap was judged and 

reported by building a matrix of included primary studies
25

 and explicitly described in the 

reporting of findings. 
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Screening and Selection of Studies 

Two reviewers independently screened titles and abstracts of all citations retrieved from the 

literature search using the pre-determined selection criteria (see Selection Criteria). The full 

text of citations deemed to be potentially eligible by either reviewer was retrieved. The 

reviewers then independently reviewed the full text, applied the pre-determined selection 

criteria, and compared their lists of included and excluded citations. Any disagreements 

were resolved through discussion until consensus was reached. SRs deemed to be eligible 

by both reviewers were included. 

Data-Extraction Strategy 

Standardized data-extraction forms were designed a priori (Appendix 3) to document and 

tabulate the following relevant information from the included SRs: 

 first author name, publication year, country, and funding sources 

 review design, databases and timeframes searched, and quality-assessment tool used 

 study types, number, and publication years of included primary studies 

 number, age, sex/gender, cancer type, and comorbidities of included participants 

 description of intervention, comparator, and therapy duration 

 description of primary and secondary outcomes reported, length of follow-up, and loss to 
follow-up 

 description of subgroup analyses of interest 

 results and conclusions regarding the outcomes and subgroups of interest 

 results regarding quality assessments, if conducted by the SRs. 

From SRs that presented quantitative data in results, measures of treatment effects 

(e.g., risk ratios or odds ratios) were extracted. Because no meta-analyses were conducted 

by any of the included SRs, no descriptions of random- or fixed-effects models were 

obtained from the included SRs, which had been proposed as information to extract in the 

protocol.
22

 An amendment was made to the protocol
22

 to extract instead whether 

adjustments for confounding were made (see Protocol Amendments). From SRs that 

presented findings narratively, summary results were extracted. 

SRs that did not separately report results for relevant findings (e.g., SRs that analyzed all 

heavy-particle therapy instead of PBT alone) did not provide study-level data. Therefore, 

relevant study-level data from the SRs could not be extracted and analyzed in this overview. 

Data from each included SR were extracted by one reviewer and checked for accuracy by a 

second reviewer. Disagreements were resolved through consensus. Data were not 

extracted from figures if they did not explicitly provide numerical data. Primary studies 

included in the SRs were not checked for any missing information or to verify extracted data. 

However, some primary studies included in the SRs were checked for their study design 

when the descriptions provided in the SRs were not clear. Authors of the included SRs were 

not contacted to provide any missing information or clarify any issues. 
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Quality Assessment Strategy 

A list of questions from the quality assessment tools and additional criteria used in this 

report to assess the quality of the included SRs, as well as any primary studies included but 

not assessed by the SRs, can be found in Appendix 4. Two reviewers piloted the questions 

on a sample of the SRs and primary studies until consistency between the reviewers was 

reached with no major qualitative differences in their ratings. All quality assessments were 

conducted by one reviewer and checked for accuracy by a second reviewer. Any 

disagreements were resolved through discussion until consensus was reached. The results 

of the quality assessments were not used to further include or exclude the included SRs. 

Because most of the primary studies included in the SRs were deemed poor quality, the 

conclusions and discussion of this report could not focus on the findings of SRs and primary 

studies of higher quality, which had been proposed as the strategy to use in the protocol.
22

 

Instead, an amendment was made to the protocol
22

 to present all findings but explicitly 

describe the quality of the included primary studies, as well as the quality of the body of 

evidence, if applicable, associated with the findings (see Protocol Amendments). 

Systematic Reviews 

The risk of bias in systematic reviews (ROBIS) tool,
26

 designed to assess the risk of bias in 

SRs of randomized controlled trials (RCTs) and non-randomized studies, with its 

21 questions across four domains, was used as the primary instrument for the assessment 

of the included SRs. Each question was answered as “yes,” “probably yes,” “probably no,” 

“no,” and “no information,” with “yes” indicating very low concerns and “no” indicating very 

high concerns about potential bias, according to the ROBIS guidance document.
27

 For each 

domain, an overall assessment was made to summarize the level of concern for risk of bias 

as “high,” “moderate,” or “low,” using a mathematical algorithm the reviewers of this report 

developed to allow for quantifiable interpretation. Specifically, for each question in each 

domain, an answer of “yes,” “probably yes,” “probably no,” or “no” was assigned a score of 

+2,  +1, −1, and −2, respectively. The individual scores for each question were then 

summed for each domain to calculate a total score per domain. A domain was rated as 

having “high concern” if the total score was −2 or lower, “moderate concern” if between 

−2 and +2, and “low concern” if +2 or higher. For example, if the answers to questions 1.1 to 

1.5 (Appendix 4) were “probably no,” “probably no,” “no,” “probably yes,” and “probably yes,” 

then the corresponding individual scores would be −1, −1, −2, +1, and +1, which would sum 

to a total score of −2, translating to a “high concern” rating. If a domain had three or more 

questions with an “unclear” rating, the overall rating was deemed to have “unclear concern” 

owing to a lack of information. 

Additional criteria not included in the ROBIS tool (i.e., inclusion of grey literature, provision 

of a list of included studies and a list of excluded studies, and declaration of conflicts of 

interest) supplemented the methodological assessment of the included SRs. Each question 

was answered as “yes,” “no,” “unclear,” or “not applicable,” with “yes” indicating high quality 

and “no” indicating low quality. 
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Primary Studies 

For the included SRs that conducted a quality assessment of the included primary studies 

and/or the body of evidence, results regarding the quality of the included primary studies, as 

well as the quality of the body of evidence, as available, were extracted verbatim (see Data-

Extraction Strategy). For the included SRs that did not conduct a quality assessment of the 

included primary studies, none of which were RCTs, the Risk of Bias in Non-Randomized 

Studies of Interventions tool (ROBINS-I)
28

 was used to evaluate the included primary 

studies. Each question was answered as “yes,” “probably yes,” “probably no,” “no,” and “no 

information,” with “yes” indicating very low concerns and “no” indicating very high concerns 

about potential bias. For each domain, an overall assessment was made, using the 

guidance provided by the ROBINS-I tool
28

 and its guidance document
29

 to summarize the 

level of concern for risk of bias as “critical,” “high,” “moderate,” “low,” or “no information.” For 

each primary study, an overall assessment was made by observing the ratings across the 

domains and applying the guidance described within the ROBINS-I guidance document.
29

 

Two reviewers of this report discussed any discrepancies and arrived at a consensus 

assessment of quality for each domain and for each primary study. 

Data Analysis and Synthesis Strategy 

Description of Study Characteristics and Findings 

A summary of SR characteristics, including the total number of SRs, as well as the number 

of primary studies and participants included in each SR (by population, intervention, 

comparator, outcome, and study design ([i.e., PICOS elements]; years of publication; 

countries of the corresponding authors; and findings), were provided in the form of tables 

and narrative summaries. From SRs that presented quantitative data in results, measures of 

treatment effects (e.g., risk ratios or odds ratios for dichotomous outcomes) and whether 

adjustments for confounding were made were reported. From SRs that presented findings 

narratively, summary results were reported. SRs that included both eligible and ineligible 

studies (e.g., SRs with both comparative and non-comparative data on PBT) were included 

to report relevant findings only (i.e., only comparative data on PBT). In cases where more 

than one SR was included for a given intervention, comparator, and outcome of interest, 

any overlap of included primary studies among SRs was presented and described using a 

matrix of included primary studies and explicitly described in the reporting of findings. 

A narrative synthesis of the results of included SRs was conducted. No meta-analysis or 

NMA was conducted. The findings were grouped based on cancer types and benefits or 

harms outcomes, and an overview of findings was presented narratively, highlighting any 

trends across SRs, subgroup-specific findings, and short-term versus long-term effects. 

Active and direct comparisons between interventions were reported as such, and no formal 

testing was conducted to indirectly compare interventions that were not directly assessed 

against each other. Results were presented as reported in SR reports, including a summary 

estimate and confidence interval, and number of included primary studies and participants 

contributing to each estimate, as available. Tables were developed to present results by 

cancer types and benefits or harms outcomes and to accompany the narrative summaries, 

to ensure consistency of presented information across all included SRs and to facilitate 

comparisons. 
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Description of Quality Assessments 

A narrative summary of the quality assessment of primary studies included in the SRs was 

provided. Specifically, a table was created to narratively summarize the descriptions and 

overall ratings presented in each included SR. Any quality assessment conducted on 

primary studies in this overview was included and indicated as such in the table. 

A narrative summary of the quality assessment of each included SR was also provided. 

Specifically, tables were developed to present the answers to the questions of the ROBIS 

tool using colour codes, where green and light green indicate “yes” and “probably yes,” 

respectively, red and light red indicate “no” and “probably no,” respectively, and yellow 

indicates “no information” for each question. The tables also presented the answers to the 

questions from additional criteria, where Y and N indicated “yes” and “no,” respectively, for 

each question. A narrative description of the strengths and limitations of the included SRs 

was also presented in the main text of the report to provide the reader with a holistic, 

narrative overview of the literature. 

Results 

Quantity of Research Available 

The literature search for the overview of reviews yielded 309 citations. Upon screening titles 

and abstracts, 150 potentially relevant articles were retrieved for full-text review. Twenty-

three reports were retrieved from other sources (i.e., grey literature, manual search, and 

search alerts). Of the 173 potentially relevant articles, 11 publications
21,30-39

 were included in 

this overview. Three of the 11 publications
31-33

 described a single SR but in different formats 

(i.e., one
31

 was a journal publication, and the other two
32,33

 were two different white papers) 

and with different levels of detail; all three documents were consulted to extract as much 

information as possible. Therefore, the 11 publications constituted nine SRs. 

The study selection process is presented in a Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) flowchart in Appendix 5. The lists of included and 

excluded citations are provided in Appendix 6 and Appendix 7, respectively. 

Study Characteristics 

The characteristics of the included SRs, with respect to the review methods used, numbers, 

types, and publication years of the primary studies included, populations, interventions, 

comparators, and outcomes studied, and subgroup analyses conducted are summarized in 

Appendix 8. 

Study Dates, Locations, Funding, and Design 

Of the nine included SRs,
21,30-39

 one SR
30

 conducted searches up to 2016 and was 

published in 2017, two SRs
31-34

 conducted searches up to 2015 and were published in 

2016, one SR
35

 conducted searches up to 2014 and was published in 2015, two SRs
21,36

 

conducted searches up to 2014 and were published in 2014, one SR
37

 conducted searches 

up to 2007 and was published in 2009, and two SRs
38,39

 conducted searches up to 2006
39

 

or 2007
38

 and were both published in 2007. 

The corresponding authors of five SRs
21,30,34-36

 were from the US, three
31-33,37,38

 were from 

Belgium, and one
39

 was from Norway. 
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Five SRs
21,30-33,35,36

 reported funding from government, and one SR
37

 from a university 

hospital. Three SRs
34,38,39

 did not report their sources of funding. 

Four SRs
21,34,37,39

 conducted a review of comparative and non-comparative primary studies. 

Three SRs
31-33,35,38

 intended to conduct a review of both SRs and comparative and non-

comparative primary studies, but only one of the SRs
35

 reported finding and including SRs 

in their review, all of which had already been either included or excluded in this overview or 

were ineligible for inclusion because they included only non-comparative data. Two SRs
30,36

 

conducted a review of comparative primary studies only. In this overview, only the findings 

from comparative primary studies from the SRs were considered. None of the SRs 

conducted meta-analyses or NMAs. 

The number of databases searched to identify literature varied across the SRs but generally 

included MEDLINE,
21,30-33,35-39

 Embase,
21,30-34,36-39

 and the Cochrane Library.
21,31-33,36,37

 

The number of relevant primary studies included in the nine SRs ranged from one
30,37

 to 

23.
21

 Except for the same RCT included by two SRs,
21,39

 all included primary studies were 

non-randomized comparative studies, using cohorts or propensity-matched or historically 

matched controls. After accounting for overlapping primary studies contained within multiple 

SRs, there were a total of 34 unique primary studies and 65,754 participants included in this 

overview of nine SRs. A list of the included SRs, primary studies, and participants per cancer 

type, as well as their total numbers, is presented in Appendix 9. 

Populations, Comparisons, Outcomes, and Subgroups 

The total number of participants in the SRs varied from 44 from one study
37

 to 66,514 from 

23 studies.
35

 Two SRs
21,31-33

 included the same primary study on children, including infants. 

Two SRs
21,35

 included the same primary study on children and adults, analyzed together. 

Other than those studies, one SR
31-33

 exclusively included primary studies of children, and 

seven SRs
21,30,34-37,39

 exclusively included primary studies of adults. For most cases, neither 

summary estimates, nor their distribution for age, sex/gender, or comorbidities, were 

reported. 

Cancer types included bone cancer,
21

 breast cancer,
35

 central nervous system cancer,
21,31-

33,35
 esophageal cancer,

21,34,35
 eye cancer,

21,31-33,35,37-39
 head and neck cancer,

21
 liver 

cancer,
21,34,35

 lung cancer,
21,35

 and prostate cancer.
21,30,35,36,39

 

Comparisons included: 

 PBT versus external RT: 

o PBT versus three-dimensional conformal RT (3DCRT)
21,34-36

 

o PBT versus intensity-modulated RT (IMRT)
21,30-36

 

o PBT versus photon RT
21,34,35,37

 

o PBT versus stereotactic RT (SRT)
35

 

o PBT versus carbon ion RT
21,34

 

o PBT versus helium ion RT
38

 

o PBT plus photon RT versus photon RT
21,35

 

 PBT versus internal RT: 

o PBT versus brachytherapy
35,36,38,39
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o PBT plus photon RT versus brachytherapy.
21

 

Outcomes included various forms of benefits and harms, including tumour or local control or 

recurrence,
21,34,35,38,39

 overall survival or mortality,
21,31-35,38,39

 disease-free or -specific 

survival,
31-34,39

 progression-free survival,
21,34,35

 quality of life (QoL),
21,35,36

 toxicity,
21,30-39

 and 

secondary malignancy (for children, including infants, only).
21,31-33,35

 

Table 2 and Table 3 summarize the benefits and harms outcomes, respectively, and 

summarize the subgroup analyses of the included SRs broken down by the different cancer 

types and comparisons. 

Table 2: Summary of Benefits Outcomes and Subgroup Analyses in Included Systematic 

Reviews by Cancer Type and Comparison 

Cancer Type Population 
Comparisons (Number of 
Systematic Reviews) 

Benefits Outcomes Subgroup Analyses 

Bone cancer Adults 
PBT + photon RT vs. photon 
RT (n = 2

21,35
) 

 Tumour or cancer control 
(i.e., distant metastases) 

 Progression-free survival 

None 

Breast cancer Adults PBT vs. 3DCRT (n = 1
35

) 
 Tumour or cancer control 

(i.e., local recurrences) 
None 

CNS cancer 

Children PBT vs. IMRT (n = 1
31-33

) 
 Overall survival 

 Disease-free survival 
None 

Adults 

PBT vs. photon RT (n = 2
21,35

) 

 Tumour or cancer control 
(i.e., locoregional failure or 
local recurrences) 

 Overall survival 

 Mortality 

 Progression-free survival 

None 

PBT vs. SRT (n = 1
35

) 
 Tumour or cancer control 

(i.e., local recurrences) 

 Mortality 

None 

PBT + photon RT vs. photon 
RT (n = 1

35
) 

 Tumour or cancer control 
(i.e., local control) 

Malignant meningioma 

Children and adults 
(analyzed together) 

PBT vs. IMRT (n = 2
21,35

) 

 Tumour or cancer control 
(i.e., local recurrences or 
metastases) 

 Overall survival 

 Mortality 

None 

Esophageal 
cancer 

Adults 
PBT vs. IMRT (n = 1

34
) 

 Overall survival or mortality 

 Disease-specific survival 
None 

PBT vs. 3DCRT/IMRT (n = 1
34

)  Overall survival or mortality None 

Eye cancer Adults 

PBT vs. brachytherapy 
(n = 2

38,39
) 

 Tumour or cancer control 
(i.e., local or late recurrences) 

 Mortality 

None 

PBT vs. helium ion RT (n = 1
38

) 
 Tumour or cancer control 

(i.e., late recurrences) 
None 
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Cancer Type Population 
Comparisons (Number of 
Systematic Reviews) 

Benefits Outcomes Subgroup Analyses 

Liver cancer Adults 

PBT vs. carbon ion RT 
(n = 2

21,34
) 

 Tumour or cancer control 
(i.e., local control) 

 Overall survival 

 Progression-free survival 

None 

PBT vs. photon RT (n = 2
21,35

) 
 Tumour or cancer control 

(i.e., tumour recurrences) 

 Mortality 

None 

Lung cancer Adults 

PBT vs. 3DCRT (n = 2
21,35

)  Survival time None 

PBT vs. IMRT (n = 2
21,35

)  Survival time None 

PBT vs. carbon ion RT (n = 1
35

) 

 Tumour or cancer control 
(i.e., local control or 
recurrences or metastases) 

 Overall survival 

 Progression-free survival 

None 

Prostate 
cancer 

Adults 

PBT vs. 3DCRT (n = 1
21

)  QoL None 

PBT vs. IMRT (n = 2
36,39

)  QoL None 

PBT vs. photon RT (n = 1
21

)  QoL None 

PBT + photon RT vs. 
brachytherapy (n = 2

21,35
) 

 Tumour or cancer control 
(i.e., distant metastases) 

 Overall survival 

 Disease-free survival 

Different risk groups, 
T stages, or Gleason 
scores 

PBT + photon RT vs. photon 
RT (n = 3

21,35,39
) 

 Tumour or cancer control 
(i.e., local control) 

 Overall survival 

 Disease-free survival 

 Tumour-free survival 

 QoL 

 Different risk groups, 
T Stages, or Gleason 
scores 

 Poorly-differentiated 
tumours 

 Well- or moderately-
differentiated tumours 

3DCRT = three-dimensional conformal radiotherapy; CNS = central nervous system; IMRT = intensity-modulated radiotherapy; PBT = proton beam therapy; QoL = quality 

of life; RT = radiotherapy; SRT = stereotactic radiotherapy; vs. = versus. 

 

Table 3: Summary of Harms Outcomes and Subgroup Analyses in Included 

Systematic Reviews by Cancer Type and Comparison 

Cancer Type Population 
Comparisons (Number of 
Systematic Reviews) 

Harms Outcomes 
Subgroup 
Analyses 

Breast cancer Adults PBT vs. 3DCRT (n = 1
35

) Toxicity None 

CNS cancer 

Children PBT vs. IMRT (n = 1
31-33

) Toxicity None 

Adults PBT vs. photon RT (n = 2
21,35

) Toxicity None 

Children and adults 
(analyzed together) 

PBT vs. IMRT (n = 2
21,35

) Toxicity None 

Esophageal 
cancer 

Adults 

PBT vs. 3DCRT (n = 3
21,34,35

) Toxicity None 

PBT vs. IMRT (n = 3
21,34,35

) Toxicity None 

PBT vs. 3DCRT/IMRT (n = 3
21,34,35

) Toxicity None 

Eye cancer 

Children PBT vs. photon RT (n = 2
21,31-33

) Secondary malignancy None 

Adults 
PBT vs. photon RT (n = 3

21,35,37
) Toxicity None 

PBT + photon RT vs. photon RT (n = 1
21

) Toxicity None 
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Cancer Type Population 
Comparisons (Number of 
Systematic Reviews) 

Harms Outcomes 
Subgroup 
Analyses 

Head and neck 
cancer 

Adults PBT vs. carbon ion RT (n = 1
21

) Toxicity None 

Liver cancer Adults 
PBT vs. carbon ion RT (n = 1

21
) Toxicity None 

PBT vs. photon RT (n = 1
21

) Toxicity None 

Lung cancer Adults 

PBT vs. 3DCRT (n = 2
21,35

) Toxicity None 

PBT vs. IMRT (n = 2
21,35

) Toxicity None 

PBT vs. carbon ion RT (n = 1
21

) Toxicity None 

Prostate cancer Adults 

PBT vs. 3DCRT (n = 3
21,35,39

) Toxicity None 

PBT vs. brachytherapy (n = 1
21

) Toxicity None 

PBT vs. IMRT (n = 4
21,30,35,36

) Toxicity None 

PBT + photon RT vs. photon RT 
(n = 3

21,35,36
) 

Toxicity None 

3DCRT = three-dimensional conformal radiotherapy; CNS = central nervous system; IMRT = intensity-modulated radiotherapy; PBT = proton beam therapy; 

RT = radiotherapy; vs. = versus. 

Quality Assessment 

Systematic Reviews 

The quality assessment of the nine included SRs,
21,30-39

 conducted with ROBIS
26

 and four 

additional criteria (Appendix 4), is summarized in Appendix 10. The first domain assessed 

the extent to which the study eligibility criteria had been adequately described and justified, 

with four SRs
31-35,37

 generating an overall rating of moderate or high concern, whereas five 

SRs
21,30,36,38,39

 were deemed to have an overall rating of low concern for the risk of bias. 

One SR
30

 provided an accessible protocol a priori; another SR
36

 made reference to a 

protocol that could not be accessed. Restrictions on language, publication date, and/or 

sample size were either not clearly reported in four SRs
21,34,35,39

 or not explicitly justified in 

five SRs.
30-33,36-38

 Together, these assessments led to some concerns regarding the 

methods used for establishing study eligibility criteria among the included SRs. 

The second domain addressed the risk of bias in the identification and selection of primary 

studies, with one SR
39

 warranting a moderate level of concern and the remaining eight 

SRs
21,30-38

 generating a low level of concern overall. The moderate level of concern 

assigned to one SR
39

 resulted from the absence of both a full description of the electronic 

search strategy and a mention of an unpublished literature search. Three other SRs
30,34,37

 

were also identified as missing one of these components, but not both. Related to the 

selection of primary studies, five of the nine SRs
21,30,31,34,40

 either did not report their 

methods for minimizing study selection error in sufficient detail,
21,34,38

 or described 

inadequate methods for doing so.
30,31

 However, because these SRs provided detail that 

otherwise demonstrated sufficiently robust methods for the identification and selection of 

studies, they generated low cause for concern regarding the identification and selection of 

primary studies. 

The third domain focused on the assessment of the risk of bias in data collection and study 

appraisal, with three SRs
30,34,39

 generating overall scores of moderate or high concern, 

whereas six SRs
21,31-33,35-38

 were deemed to have an overall rating of low concern One 

consistently identified concern across the included SRs in this domain was a lack of 

information describing efforts to minimize error in the collection of data and/or in the 
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assessments of risk of bias. Four SRs
21,34,38,39

 did not describe their approach to mitigating 

bias in the collection of data, and one SR
30

 described the use of a single researcher. 

Further, six SRs
21,30,34,37-39

 did not detail the approach to minimizing error in the assessment 

of risk of bias. Nonetheless, the concern with the resulting data for use in the synthesis was 

generally low in this domain, as most of the SRs included sufficiently relevant detail in the 

reporting of results. 

In the fourth domain, the risk of bias concerning the synthesis of data and findings was 

assessed, with one SR
34

 warranting a high level of concern, one SR
39

 a moderate level of 

concern, and the remaining seven SRs
21,30-33,35-38

 a low level of concern. However, for 

seven SRs,
30-35,37-39

 there was an apparent discordance between the numbers of included 

primary studies reported and the numbers described in the narrative syntheses, raising 

issues of selection and/or reporting bias. Nonetheless, heterogeneity and bias across and 

within included primary studies were generally acknowledged by the authors of the SRs and 

incorporated into their reports, resulting in an overall low level of concern in this domain. 

Three SRs
21,36,38

 warranted a low level of concern across all four domains of ROBIS, and no 

SRs produced a high level of concern across all four domains. The remaining six SRs
30-

35,37,39
 earned mixed levels of concern across the four domains and, of these, only two 

SRs
34,39

 received a high or moderate level of concern in more than one domain. 

Additional criteria indicated that: three SRs
30,37,39

 did not specify grey or unpublished 

literature as an inclusion criterion; seven SRs
21,30,35-39

 did not provide an explicit list of 

included studies that was independent of study characteristics or results; eight SRs
21,30-35,37-39

 

did not provide a list of excluded studies; and three SRs
21,37,39

 did not report any information 

regarding conflict of interest. 

Primary Studies 

All but two of the SRs
34,38

 included in this report assessed the quality or risk of bias of their 

included primary studies.
21,30-33,35-37,39

 Five SRs
21,30-33,35,36

 also assessed the quality of the 

relevant body of evidence. To assess the included primary studies, one SR
35

 used the 

Cochrane Risk of Bias tool for RCTs and the Drug Effectiveness Review Project (DERP) 

methods for non-randomized studies, and the other six SRs used: three criteria of an 

unspecified source;
30

 select items from the Cochrane Risk of Bias tool;
31-33

 the US 

Preventive Services Task Force (USPSTF) criteria;
21

 the Agency for Healthcare Research 

and Quality (AHRQ) methods guide;
36

 criteria adapted from the Centre for Reviews and 

Dissemination guidelines;
37

 or the Scottish Intercollegiate Guidelines Network (SIGN) critical 

appraisal checklists.
39

 For the two SRs
34,40

 with no quality assessment of their included 

primary studies by the SR authors, a quality assessment of the included primary studies 

was conducted by the reviewers of this report, using ROBINS-I (Appendix 4). The quality 

assessment of the included primary studies conducted by the authors of seven SRs
21,30-33,35-

37,39
 and the reviewers of this report is summarized in Appendix 11. The overall quality of the 

relevant primary studies included in each of the SRs was rated as very low in one SR,
31-33

 

low in five SRs,
34,36-39

 moderate in one SR,
30

 and fair to poor in two SRs.
21,35

 

Five SRs assessed the body of evidence, of which three SRs
21,35,36

 used the AHRQ 

guidance, and two SRs
30-33

 used the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) (Appendix 11). The body of evidence was rated as 

very low in two SRs,
30-33

 low to insufficient in two SRs,
21,35

 and insufficient in one SR.
36
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Overlap Across Included Systematic Reviews 

Any overlap of primary studies across the included SRs is presented in Appendix 12 by 

cancer types and benefits or harms outcomes. For bone cancer (Table 37), central nervous 

system cancer (Table 38 and Table 39) and prostate cancer (Table 46), one SR
35

 included 

most, if not all, of the primary studies that other SRs
21,30-33,36,37,39

 included. For esophageal 

cancer (Table 40) and liver cancer (Table 43), one SR
34

 was the most comprehensive and 

recent, although two other SRs
21,35

 included an additional primary study. For eye cancer, 

one SR
38

 was the most comprehensive and recent for benefits outcomes Table 41, and 

another SR
35

 was the most comprehensive and recent for harms outcomes (Table 42). For 

lung cancer (Table 44 and Table 45), one SR
21

 included all of the primary studies that 

another SR
35

 included. The overlaps in the included primary studies across the SRs are also 

described in the presentation of the findings to avoid redundant reporting of the same findings. 

Data Analysis and Synthesis 

The findings are presented here for each cancer type, stratified by benefits and harms 

outcomes. 

Bone Cancer 

Two SRs,
21,35

 containing a total of one unique primary study and 20 participants, contributed 

to the benefits outcome data. No relevant SRs reporting on harms were identified. 

Benefits 

Two SRs
21,35

 reported on distant metastases
21

 and/or progression-free survival
21,35

 between 

PBT, in combination with photon RT, and photon RT alone, with or without partial tumour 

resection, in adults with giant-cell bone tumours from the same poor-quality, non-

randomized study. The SR authors reported no significant differences between the two 

interventions in distant metastases
21

 or progression-free survival
21,35

 after 10-year follow-

up
35

 or nine-year median follow-up.
21

 However, statistical testing results were not always 

provided. The findings are summarized in Table 4. 

Table 4: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Bone Cancer 

Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 

and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Peterson 
2015

35
 

20 adults with 
giant-cell bone 
tumours from a 
retrospective 
cohort study

41
 

(n = 1) 

Progression-free survival 

1 study (n = 20): 10-year 
lack-of-progression rate 
between PBT + photon RT 
(n = 6) and photon RT 
(n = 14), with or without 
partial tumour resection: 
17% vs. 14%, P = 0.88 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with giant-cell 
bone tumours, a poor-
quality study reported no 
statistically significant 
differences in 10-year lack-
of-progression rate 
between PBT + photon RT 
and photon RT alone, with 
or without partial tumour 
resection. 
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Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 

and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

ICER 2014
21

 20 adults with 
giant-cell bone 
tumours from a 
retrospective 
cohort study

41
 

(n = 1) 

Tumour or cancer 
control 

1 study (n = 20):  
Distant metastases after 
9-year median follow-up 
between PBT + photon RT 
(n = 6) and photon RT 
(n = 14), with or without 
partial tumour resection: 
17% vs. 14%, P = NR 
 
Progression-free survival 

1 study (n = 20): 
Progression-free survival 
after 9-year median follow-
up between PBT + photon 
RT (n = 6) and photon RT 
(n = 14), with or without 
partial tumour resection: 
17% vs. 14%, P = NR 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with giant-cell 
bone tumours, a poor-
quality study reported no 
significant differences in 
distant metastases or 
progression-free survival 
after 9 years of median 
follow-up between PBT + 
photon RT and photon RT 
alone, with or without 
partial tumour resection. 
However, no statistical 
testing results were 
provided. 

ICER = Institute for Clinical and Economic Review; NR = not reported; PBT = proton beam therapy; RT = radiotherapy; vs. = versus. 

Breast Cancer 

One SR,
35

 containing a total of one unique primary study and 98 participants, contributed to 

both the benefits and harms outcome data. 

Benefits 

One SR
35

 reported on local recurrences between PBT and 3DCRT in adults with stage I 

breast cancer from a single fair-quality, non-randomized study. The SR authors reported 

that low-strength evidence indicated no statistically significant differences between the two 

modalities in seven-year cumulative local recurrences. The findings are summarized in 

Table 5. 

Harms 

One SR
35

 reported on various types of toxicity between PBT and 3DCRT in adults with 

stage I breast cancer from a single fair-quality, non-randomized study. The SR authors 

reported that low-strength evidence indicated a statistically significant higher risk of seven-

year skin toxicity associated with PBT compared with 3DCRT, but that there were no 

statistically significant differences between the two modalities in the occurrences of fat 

necrosis over an unknown duration, moderate/severe fibrosis over an unknown duration, 

seven-year moderate or severe breast pain, or five-year rib fracture. The findings are 

summarized in Table 6. 
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Table 5: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Breast Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative 
Summary 

Quality of Included 
Primary Studies 
and/or Body of 

Evidence 

Systematic Review 
Authors’ 

Conclusions Overall 
Subgroup 
Analyses 

Adults 

Peterson 
2015

35
 

98 adults with stage I 
breast cancer from a 
prospective non-
randomized study

42
 

(n = 1) 

Tumour or cancer 
control 

1 study (n = 98): 
7-year cumulative 
local recurrences 
between PBT 
(n = 19) and 3DCRT 
(n = 79): 11% vs. 4%, 
P = 0.22 

None Fair-quality study but 
low-strength evidence 

In adults with stage I 
breast cancer, a fair-
quality study but low-
strength evidence 
indicated no statistically 
significant differences in 
7-year cumulative local 
recurrences between 
PBT and 3DCRT. 

3DCRT = three-dimensional conformal radiotherapy; NR = not reported; PBT = proton beam therapy; vs. = versus. 

 

Table 6: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy for 

Breast Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary Quality of 
Included Primary 

Studies and/or 
Body of Evidence 

Systematic Review 
Authors’ 

Conclusions Overall 
Subgroup 
Analyses 

Adults 

Peterson 
2015

35
 

98 adults with 
stage I breast 
cancer from a 
prospective non-
randomized study

42
 

(n = 1) 

Toxicity 

1 study (n = 98), toxicity between 
PBT (n = 19) and 3DCRT (n = 79): 

 7-year moderate/severe 
dyspigmentation: 90% vs. 27%, 
P < 0.0001 

 7-year telangiectasia: 70% vs. 
28%, P < 0.0001 

 7-year patchy/marked atrophy: 
54% vs. 15%, P < 0.0001 

 fat necrosis: 10% vs. 12%, 
P = 0.7329 (duration = NR) 

 moderate/severe fibrosis: 
51% vs. 32%, P = 0.1490 

(duration = NR) 

 7-year moderate/severe breast 
pain: 21% vs. 17%, P = 0.4597 

 5-year rib fracture: 1 vs. 3 cases, 
P = 0.072 

None Fair-quality study but 
low-strength 
evidence 

In adults with stage I 
breast cancer, a fair-
quality study but low-
strength evidence 
indicated that PBT, 
compared with 3DCRT, 
was associated with 
statistically significantly 
higher risk of 7-year skin 
toxicity. However, there 
were no statistically 
significant differences 
between the two 
modalities in the 
incidences of fat 
necrosis over unknown 
duration, 
moderate/severe fibrosis 
over unknown duration, 
7-year moderate/severe 
breast pain, or 5-year rib 
fracture. 

3DCRT = three-dimensional conformal radiotherapy; NR = not reported; PBT = proton beam therapy; vs. = versus. 
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Central Nervous System Cancer 

Three SRs,
21,31-33,35

 containing a total of six unique primary studies and 206 participants, 

contributed to both the benefits and harms outcome data. 

Benefits 

One SR
31-33

 reported on overall and disease-free survival between PBT and IMRT in 

children with craniopharyngioma from a single very low-quality, non-randomized study. The 

SR authors reported that very low-quality evidence indicated no statistically significant 

differences between the two modalities in three-year overall or disease-free survival. The 

findings are summarized in Table 7. 

Two SRs
21,35

 reported on tumour or cancer control and overall and progression-free survival 

between PBT and photon RT in adults with medulloblastoma from the same poor-quality, 

non-randomized study. The SR authors reported that low-strength evidence indicated no 

significant differences in two- or five-year locoregional failure and two-year overall or 

progression-free survival. Statistical testing results were not always provided. One SR
35

 also 

reported on tumour or cancer control between PBT, alone or in combination with photon RT, 

and photon RT alone in adults with meningioma from two poor-quality, non-randomized 

studies and on tumour or cancer control and mortality among PBT, photon RT, and SRT in 

adults with recurrent malignant brain tumours from a single poor-quality, non-randomized 

study. The SR authors reported that while PBT plus photon RT, compared with photon RT 

alone, was associated with statistically significantly higher five-year local control in cases of 

meningioma or malignant meningioma, there was insufficient evidence to make a definitive 

conclusion about the benefits of PBT, alone or in combination with photon RT, compared 

with photon RT alone or SRT for meningioma or recurrent malignant brain tumours. The 

findings are summarized in Table 7. 

Two SRs
21,35

 reported on tumour or cancer control and overall survival or mortality between 

PBT and IMRT in children and adults, analyzed together, with intramedullary spinal cord 

glioma from a single poor-quality, non-randomized study. The SR authors reported that low-

strength evidence indicated no statistically significant differences in local recurrences or 

metastases after 24 months of median follow-up between the two modalities but that PBT, 

compared with IMRT, was associated with statistically significantly lower chances of five-

year survival or higher mortality rates after 24 months of median follow-up in multivariate 

analyses controlling for age, tumour pathology, and treatment modality. The findings are 

summarized in Table 7. 

Harms 

One SR
31-33

 reported on toxicity between PBT and IMRT in children with craniopharyngioma 

from a single non-randomized study. The SR authors reported that very low-quality 

evidence indicated no statistically significant differences between the two modalities in 

vascular injury, visual dysfunction, hypothalamic obesity, panhypopituitarism, and other 

endocrinopathies after nine months to 185 months of follow-up. The findings are 

summarized in Table 8. 

Two SRs
21,35

 reported on toxicity between PBT and photon RT in adults with 

medulloblastoma from a single poor-quality, non-randomized study. The SR authors 

reported that low-strength evidence indicated that PBT, compared with photon RT, was 

associated with statistically significantly lower risk of one-month acute toxicity, including 

weight loss, esophagitis, and nausea or vomiting. One SR
35

 also reported on toxicity 
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between PBT and photon RT in adults with meningioma from a poor-quality, 

non-randomized study. The SR authors reported that while there were no significant 

differences in side effects after 12 months to 42 months of follow-up between the two 

modalities, no statistical testing results were provided, and the SR authors reported that 

there was insufficient evidence to make a definitive conclusion about the harms of PBT 

compared with photon RT for meningioma. The findings are summarized in Table 8. 

Two SRs
21,35

 reported on toxicity between PBT and IMRT in children and adults, analyzed 

together, with intramedullary spinal cord glioma from a single poor-quality, non-randomized 

study. The SR authors reported that low-strength evidence indicated that neither PBT nor 

IMRT was associated with any long-term toxicity or myelopathy. The findings are 

summarized in Table 8. 
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Table 7: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy in Central Nervous System Cancer 

Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 

Studies and/or 
Body of 

Evidence 

Systematic Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Children 

Leroy 2016
31-

33
 

52 children with 
craniopharyn-
gioma from a 
retrospective non-
randomized 
study

43
 (n = 1) 

Overall survival 

1 study (n = 52): 3-year overall survival between PBT 
(n = 21; follow-up duration = 10.5–65.6 months) and 
IMRT (n = 31; follow-up duration = 8.9–185.3 months): 
94.1% vs. 96.8%, P = 0.742 
 
Disease-free survival 

 1 study (n = 52): 3-year cystic failure-free survival 
between PBT (n = 21; follow-up duration = 10.5–
65.6 months) and IMRT (n = 31; follow-up 
duration = 8.9–185.3 months): 67.0% vs. 76.8%, 
P = 0.994 

1 study (n = 52): 3-year nodular failure-free survival 
between PBT (n = 21; follow-up duration = 10.5–
65.6 months) and IMRT (n = 31; follow-up duration = 8.9–
185.3 months): 91.7% vs. 96.4%, P = 0.546 

None Very low-quality 
primary study 
and very low-
quality evidence 

In children with craniopharyngioma, a very 
low-quality study and very low-quality 
evidence indicated no statistically 
significant differences in 3-year overall or 
disease-free survival between PBT and 
IMRT. 

Adults 
Peterson 
201535 

40 adults with 
medulloblastoma 
from a 
retrospective 
cohort study44 
(n = 1) 

Tumour or cancer control 
1 study (n = 40): Locoregional failure between PBT (n = NR) 
and photon RT (n = NR): 5% vs. 14%, P = 0.41 
(duration = NR) 
 
Overall survival 
1 study (n = 40): 2-year overall survival between PBT 
(n = NR) and photon RT (n = NR): 94% vs. 90%, P = 0.67 
 
Progression-free survival 
1 study (n = 40): 2-year progression-free survival between 
PBT (n = NR) and photon RT (n = NR): 94% vs. 85%, 
P = 0.27 

None Poor-quality study 
and low-strength 
evidence 

In adults with medulloblastoma, a poor-
quality study and low-strength evidence 
indicated no statistically significant 
differences in locoregional failure over 
unknown duration, 2-year overall survival, or 
2-year progression-free survival between 
PBT and photon RT. 
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Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 

Studies and/or 
Body of 

Evidence 

Systematic Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

56 adults with 
meningioma from 
retrospective 
cohort studies45,46 
(n = 2) 

Tumour or cancer control 

 1 study (n = 25): No significant differences in tumour 
control between PBT (n = 9; follow-up duration 
= 12.5 months) and photon RT (n = 13; follow-up 
duration = 42 months) (data = NR) 

 1 study (n = 31): Local control between PBT + photon RT 
(n = NR) and photon RT (n = NR): 
o 5-year local control: 80% vs. 17%, P = 0.008 
o 8-year local control: 40% vs. 17%, P = NR 

Overall 
survival in 
malignant 
meningioma 
1 study 
(n = 13): 5- 
and 8-year 
overall 
survival 
between 
PBT + photo
n RT 
(n = NR) and 
photon RT 
(n = NR):  
100% vs. 
44%, 
P = 0.025 

Poor-quality 
studies and 
insufficient 
evidence 

In adults with meningioma, poor-quality 
studies reported no significant differences in 
tumour control over unknown duration 
between PBT and photon RT. However, no 
statistical testing results were provided. 
PBT + photon RT, compared with photon RT 
alone, was associated with statistically 
significantly higher 5-year local control, but 
there were no significant differences in 8-
year local control between the two 
interventions, though no statistical testing 
results were provided. Among participants 
with malignant meningioma, PBT + photon 
RT, compared with photon RT alone, was 
associated with statistically significantly 
higher 5- or 8-year overall survival. 
However, the SR authors concluded there 
was insufficient evidence to make a 
definitive conclusion about the benefits of 
PBT alone, or combined with photon RT, for 
meningioma. 

26 adults with 
recurrent malignant 
brain tumours from 
a retrospective 
cohort study47 
(n = 1) 

Tumour or cancer control 
1 study (n = 26): Local recurrences among PBT (n = 8), 
photon RT (n = 8), and SRT (n = 10): 25% vs. 25% vs. 30%, 
P > 0.99 (duration = NR) 
 
Mortality 
1 study (n = 26) Mortality after 11.6-month median follow-up 
among PBT (n = 8), photon RT (n = 8), and SRT (n = 10): 
62.5% vs. 62.5% vs. 50%, P > 0.99 

None Poor-quality study 
and insufficient 
evidence 

In adults with recurrent malignant brain 
tumours, a poor-quality study reported no 
statistically significant differences in local 
recurrences over unknown duration or 
mortality after 11.6 months of median follow-
up between PBT and photon RT or SRT. 
However, the SR authors concluded there 
was insufficient evidence to make a 
definitive conclusion about the benefits of 
PBT, compared with photon RT or SRT, for 
recurrent malignant brain tumours. 

ICER 201421 40 adults with 
medulloblastoma 
from a 
retrospective 
comparative 
study44 (n = 1) 

Tumour or cancer control 

 1 study (n = 40): locoregional failure between PBT (n = 19; 
median follow-up duration = 26.3 months) and photon RT 
(n = 21; median follow-up duration = 57.1 months): 5% vs. 
14%, P = NR 
 

Overall survival 

 1 study (n = 40): 2-year overall survival between PBT 

None Poor-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with medulloblastoma, a poor-
quality study reported no statistically 
significant differences in 2-year overall or 
progression-free survival between PBT and 
photon RT. There were numeric differences 
in 2- to 5-year local or regional failure 
between PBT and photon RT, but no 
statistical testing results were provided. 
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Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 

Studies and/or 
Body of 

Evidence 

Systematic Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

(n = 19; median follow-up duration = 26.3 months) and 
photon RT (n = 21; median follow-up duration = 57.1 
months): 94% vs. 90%, P = NS 
 

Progression-free survival 
1 study (n = 40): 2-year progression-free survival between 
PBT (n = 19; median follow-up duration = 26.3 months) and 
photon RT (n = 21; median follow-up duration = 57.1 
months): 94% vs. 85%, P = NS 

Children and Adults 
Peterson 
201535 

32 children and 
adults with 
intramedullary 
spinal cord glioma 
from a 
retrospective 
cohort study48 
(n = 1) 

Tumour or cancer control 

 1 study (n = 32): Local recurrences between PBT (n = 10) 
and IMRT (n = 22): 20% vs. 23%, P = 0.89 (duration = NR) 
 

Overall survival 

 1 study (n = 32): 5-year overall survival between PBT 
(n = 10) and IMRT (n = 22): 
o 20% vs. 32%, P = NR 
o IMRT vs. PBT: aHR = 55.82;  

95% CI = 1.34–2316.8 
 

None Poor-quality study 
and low-strength 
evidence 

In children and adults with intramedullary 
spinal cord glioma, a poor-quality study and 
low-strength evidence indicated no 
statistically significant differences in local 
recurrences over unknown duration between 
PBT and IMRT. However, PBT, compared 
with IMRT, was associated with statistically 
significantly lower chances of 5-year overall 
survival. 

ICER 201421 32 children and 
adults with 
intramedullary 
spinal cord glioma 
from a 
retrospective 
study48 (n = 1) 

Tumour or cancer control 

 1 study (n = 32): Local recurrences between PBT (n = 10) 
and IMRT (n = 22) (median follow-up duration = 24 
months): 20% vs. 23%, P = NR 

 1 study (n = 32): Brain metastasis between PBT (n = 10) 
and IMRT (n = 22) (median follow-up duration = 24 
months): 10% vs. 5%, P = NR 
 

Mortality 

 1 study (n = 32) Mortality rates between PBT (n = 10) and 
IMRT (n = 22) (median follow-up duration = 24 months): 
o Crude rate: 20% vs. 32%, P = NR 
o PBT vs. IMRT: aHR = 40.0, 95% CI = NR, P = 0.02 

 

None Poor-quality study 
(no assessment of 
body of evidence 
conducted) 

In children and adults with intramedullary 
spinal cord glioma, a poor-quality study 
reported no statistically significant 
differences in local recurrences or 
metastases after 24 months of median 
follow-up between PBT and IMRT. However, 
PBT, compared with IMRT, was associated 
with statistically significantly higher mortality 
rates after 24 months of median follow-up. 

aHR = adjusted hazard ratio; CI = confidence interval; CNS = central nervous system; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; NS = not significant; 

PBT = proton beam therapy; RT = radiotherapy; SRT = stereotactic radiotherapy; vs. = versus. 
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Table 8: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy 

for Central Nervous System Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 

Quality of 
Included 
Primary 
Studies 
and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Children 

Leroy  
2016

31-33
 

52 children with 
craniopharyngioma 
from a 
retrospective 
non-randomized 
study

43
 (n = 1) 

Toxicity 

1 study (n = 52): Toxicity between 
PBT (n = 21; follow-up duration 
= 10.5-65.6 months) and IMRT 
(n = 31; follow-up duration =  
8.9–185.3 months): 

 vascular injury: 10% vs. 10%, 
P = 1.00 

 visual dysfunction: 5% vs. 13%, 
P = 0.637 

 hypothalamic obesity: 19% vs. 
29%, P = 0.523 

 panhypopituitarism: 33% vs. 
55%, P = 0.162 

 other endocrinopathies (growth 
hormone deficits, 
hypothyroidism, adrenal 
insufficiency, and sexual 
hormone deficiencies): 43% vs. 
23%, P = 0.139 

None Very low-
quality study 
and very low-
quality 
evidence 

In children with 
craniopharyngioma, 
very low-quality 
evidence indicated no 
statistically significant 
differences in toxicity 
between PBT and 
IMRT after 8.9–185.3 
months of follow-up. 

Adults 

Peterson 
2015

35
 

40 adults with 
medulloblastoma 
from a 
retrospective 
cohort study

44
 

(n = 1) 

Toxicity 

1 study (n = 40): 1-month acute 
toxicity between PBT (n = NR) and 
photon RT (n = NR): 

 participants with >5% weight 
loss: 16% vs. 64%, P = 0.004 

 medical management of 
esophagitis: 5% vs. 57%, 
P < 0.001 

 grade ≥ 2 nausea/vomiting: 
26% vs. 71%, P = 0.004 

None Poor-quality 
study and 
low-strength 
evidence 

In adults with 
medulloblastoma, a 
poor-quality study 
and low-strength 
evidence indicated 
that PBT, compared 
with photon RT, was 
associated with 
statistically 
significantly lower risk 
of 1-month acute 
toxicity, including 
weight loss, 
esophagitis, and 
nausea or vomiting. 

22 adults with 
meningioma from a 
retrospective 
cohort study

45
 

(n = 1) 

Toxicity 

1 study (n = 22): No significant 
differences in treatment side 
effects between PBT (n = 9; follow-
up duration = 12.5 months) and 
photon RT (n = 13; follow-up 
duration = 42 months) (data = NR) 

None Poor-quality 
study and 
insufficient 
evidence 

In adults with 
meningioma, a poor-
quality study reported 
no significant 
differences in toxicity 
after 12–42 months of 
follow-up between 
PBT and photon RT. 
However, no 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 

Quality of 
Included 
Primary 
Studies 
and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

statistical testing 
results were 
provided, and the SR 
authors concluded 
there was insufficient 
evidence to make a 
definitive conclusion 
about the harms of 
PBT for meningioma. 

ICER 2014
21

 40 adults with 
medulloblastoma 
from a 
retrospective 
comparative 
study

44
 (n = 1) 

Toxicity 

1 study (n = 40): 1-month acute 
toxicity between PBT (n = 19; 
median follow-up duration = 
26.3 months) and photon RT 
(n = 21; median follow-up 
duration = 57.1 months): 

 median percentage of baseline 
weight loss: −1.2% vs. −5.8%, 
P = 0.004 

 requirement for medical 
management of esophagitis: 
5% vs. 57%, P < 0.001 

 grade ≥ 2 nausea/vomiting: 
26% vs. 71%, P = 0.004 

None Poor-quality 
study (no 
assessment 
of body of 
evidence 
conducted) 

In adults with 
medulloblastoma, a 
poor-quality study 
reported that PBT, 
compared with 
photon RT, was 
associated with 
statistically 
significantly lower risk 
of 1-month acute 
toxicity, including 
weight loss, 
esophagitis, and 
nausea or vomiting. 

Children and Adults 

Peterson 
2015

35
 

32 children and 
adults with 
intramedullary 
spinal cord glioma 
from a 
retrospective 
cohort study

48
 

(n = 1) 

Toxicity 

1 study (n = 32): No significant 
long-term toxicity in PBT (n = 10) 
or IMRT (n = 22) groups 
(duration = NR) 

None Poor-quality 
study and 
low-strength 
evidence 

In children and adults 
with intramedullary 
spinal cord glioma, a 
poor-quality study 
and low-strength 
evidence indicated 
that neither PBT nor 
IMRT was associated 
with significant long-
term toxicity. 

ICER 2014
21

 32 children and 
adults with 
intramedullary 
spinal cord glioma 
from a 
retrospective 
study

48
 (n = 1) 

Toxicity 

1 study (n = 32): No cases of long-
term toxicity or myelopathy in PBT 
(n = 10) and IMRT (n = 22) groups 
(median follow-up duration = 
24 months) 

None Poor-quality 
study (no 
assessment 
of body of 
evidence 
conducted) 

In children and adults 
with intramedullary 
spinal cord glioma, a 
poor-quality study 
indicated that neither 
PBT nor IMRT was 
associated with any 
cases of long-term 
toxicity or 
myelopathy. 

CNS = central nervous system; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; PBT = proton beam 

therapy; RT = radiotherapy; vs. = versus. 



 

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 39 

Esophageal Cancer 

One SR,
34

 containing a total of two unique primary studies and 653 participants, contributed 

to the benefits outcome data. Three SRs,
21,34,35

 containing a total of four unique primary 

studies and 1,172 participants, contributed to the harms outcome data. 

Benefits 

One SR
34

 reported on overall survival or mortality between PBT and 3DCRT or IMRT in 

adults with esophageal cancer from two meeting presentations of unknown quality. The 

SR
34

 also reported on disease-specific survival between PBT and IMRT from one of the two 

meeting presentations. The SR authors reported there were no significant differences in 

90-day mortality, overall survival after three years or over an unknown duration, or disease-

specific survival over an unknown duration between PBT and 3DCRT or IMRT. However, 

statistical testing results were not always provided. The findings are summarized in Table 9. 

Harms 

Two SRs
21,35

 reported on acute toxicity among PBT, 3DCRT, and IMRT in adults with 

esophageal cancer from the same two fair-quality, non-randomized studies. Another SR
34

 

also reported on toxicity among the three modalities from one of the two studies and from a 

meeting presentation of unknown quality. The SR authors reported that while there were no 

statistically significant differences in 30-day gastrointestinal and pulmonary post-operative 

complications or esophagitis, pneumonitis, and dermatitis rates over an unknown duration 

between PBT and IMRT, PBT compared with 3DCRT was associated with statistically 

significantly lower risk of 30-day pulmonary post-operative complications, and PBT, 

compared with 3DCRT or IMRT, analyzed together, was associated with statistically 

significantly higher risk of acute pneumonitis. The findings are summarized in Table 10. 

One of the SRs
34

 also reported on toxicity between PBT and 3DCRT or IMRT, analyzed 

together, in adults with esophageal cancer from one meeting presentation of unknown 

quality. The SR authors concluded that PBT, compared with the two X-ray RT modalities, 

had statistically significantly lower risk of: grade ≥ 2 nausea, fatigue, and hematologic toxicity; 

and pulmonary, wound, or total, but not cardiac or gastrointestinal, post-operative 

complications, all over an unknown duration. The findings are summarized Table 10. 
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Table 9: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Esophageal Cancer 

Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included Primary 
Studies and/or 
Body of Evidence 

Systematic 
Review 
Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Verma 2016
34

 653 adults with 
esophageal cancer 
from meeting 
presentations

49-51
 

(n = 2) 

Overall survival or 
mortality 

 1 study (n = 71): No 
significant differences in 
overall survival between 
PBT (n = 18) and IMRT 
(n = 53), concurrent with 
chemotherapy 
(data = NR; 
duration = NR) 

 1 study (n = 582): 
Overall survival or 
mortality between PBT 
(n = 110) and 
3DRT/IMRT (n = 472): 
o 90-day 

mortality = 0.9% vs. 
4.2%, P = 0.15 

o 3-year overall 
survival = 
70% vs. 58%, P = NR 
 

Disease-specific survival 

1 study (n = 71): No 
significant differences in 
disease-specific survival 
between PBT (n = 18) and 
IMRT (n = 53), concurrent 
with chemotherapy 
(data = NR; duration = NR) 

None Unknown quality
a
 

studies (no 
assessment of 
body of evidence 
conducted) 

In adults with 
esophageal 
cancer, unknown-
quality evidence 
indicated no 
significant 
differences in 
90-day mortality, 
overall survival 
after 3 years or 
over unknown 
duration, or 
disease-specific 
survival over 
unknown duration 
between PBT and 
3DCRT or IMRT. 
However, statistical 
testing results were 
not always 
provided. 

3DCRT = three-dimensional conformal radiotherapy; IMRT = intensity-modulated radiotherapy; NR = not reported; PBT = proton beam therapy; vs. = versus. 
a
 The findings were from abstracts of meeting presentations and their quality could not be assessed. 

 

 

 

 



 

 

CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 41 

Table 10: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy for Esophageal Cancer 

Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of Included 
Primary Studies 
and/or Body of 
Evidence 

Systematic Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Verma 2016
34

 1,097 adults with 
esophageal cancer 
from a retrospective 
study

52
 (n = 1) and 

meeting 
presentations

49-51
 

(n = 2) 

Toxicity 

 1 study (n = 71): No significant differences in 
esophagitis, pneumonitis, and dermatitis rates 
between PBT (n = 18) and IMRT (n = 53), 
concurrent with chemotherapy (data = NR; 
duration = NR) 

 1 study (n = 444): Complications between PBT 
(n = 72) and 3DCRT (n = 208) or IMRT 
(n = 164), concurrent with 5-FU and taxane or 
platinum-based chemotherapy (duration = NR): 
o GI: 18% vs. 18% (P = 0.04) vs. 28% 

(P = NR) 
o pulmonary: 14% vs. 30% (P = 0.02) vs. 

24% (P = NR) 

 1 study (n = 582): Toxicity between PBT 
(n = 110) and 3DCRT/IMRT (n = 472) 
(duration = NR): 
o grade ≥ 2 nausea: 29% vs. 50%, P < 0.001 
o grade ≥ 2 fatigue: 27% vs. 33%, P < 0.001 

o grade ≥ 2 hematologic toxicity: 2% vs. 26%, 
P < 0.001 

o cardiac post-operative complications: 
12% vs. 19%, P = 0.10 

o GI post-operative complications:  
19% vs. 11%, P = 0.5 

o pulmonary post-operative complications: 
14% vs. 28%, P = 0.003 

o wound post-operative complications: 5% vs. 
15%, P = 0.002 

o total post-operative complications: 41% vs. 
56%, P = 0.005 

None Low-quality study 
(n = 1) and unknown 
quality

a
 studies (n = 2) 

(no assessment of body 
of evidence conducted) 

In adults with esophageal cancer, a low-quality 
study reported that PBT, compared with 
3DCRT, concurrent with 5-FU and taxane or 
platinum-based chemotherapy, was associated 
with statistically significantly lower risk of 
toxicity over unknown duration, whereas no 
statistical testing results between PBT and 
IMRT were provided. Unknown-quality 
evidence from the abstract of a meeting 
presentation indicated no significant 
differences in esophagitis, pneumonitis, and 
dermatitis rates over unknown duration 
between PBT and IMRT, concurrent with 
chemotherapy. Unknown-quality evidence from 
the abstract of a meeting presentation 
indicated that PBT, compared with XRT 
(i.e., 3DCRT or IMRT), was associated with 
statistically significantly lower risk of toxicity 
and some post-operative complications but not 
others, all over unknown duration. 
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Systematic 
Review 

Participant 

Characteristics 

Numeric Data or Narrative Summary 
Quality of Included 
Primary Studies 
and/or Body of 
Evidence 

Systematic Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Peterson 
2015

35
 

519 adults with 
esophageal cancer 
from retrospective 
cohort studies

52,53
 

(n = 2) 

Toxicity 

 1 study (n = 444): 30-day post-operative 
complications between PBT (n = NR) and 
3DCRT (n = NR), with neoadjuvant 
chemoradiation followed by surgical resection: 
o GI: 3DCRT vs. PBT OR = 2.31, 95% 

CI = 0.69–7.74 
o Pulmonary: 3DCRT vs. PBT OR = 9.13, 

95% CI = 1.83–45.42 

 1 study (n = 444): 30-day post-operative 
complications between PBT (n = NR) and 
IMRT (n = NR), with neoadjuvant 
chemoradiation followed by surgical resection: 
o GI: IMRT vs. PBT OR = 1.02, 95% 

CI = 0.47–2.25 
o Pulmonary: IMRT vs. PBT OR = 2.23, 95% 

CI = 0.86–5.75 

 1 study (n = 75): Acute pneumonitis between 
PBT (n = NR) and 3DCRT/IMRT (n = NR) after 
chemoradiation (duration = NR): 33% vs. 15%, 
P = 0.04 

None Fair-quality studies but 
low-strength evidence 

In adults with esophageal cancer, fair-quality 
studies but low-strength evidence indicated 
that, when used with neoadjuvant 
chemoradiation followed by surgical resection: 
there were no statistically significant 
differences in risk of 30-day pulmonary or GI 
post-operative complications between PBT and 
IMRT; and while PBT, compared with 3DRT, 
was associated with statistically significantly 
lower risk of 30-day pulmonary post-operative 
complications, there were no statistically 
significant differences in risk of 30-day GI post-
operative complications between the two 
modalities. When used after chemoradiation, 
PBT, compared with 3DCRT or IMRT, was 
associated with statistically significantly higher 
risk of acute pneumonitis. 

ICER 2014
21

 519 adults with 
esophageal cancer 
from non-
randomized 
studies

52,53
 (n = 2) 

Toxicity 

 1 study (n = 444): 30-day post-operative 
complications among PBT (n = 72), 3DCRT 
(n = 208), and IMRT (n = 164), with 
chemotherapy followed by surgical resection: 
o GI: 3DCRT vs. PBT OR = 2.31, 95% 

CI = 0.69–7.74; IMRT vs. PBT OR = 1.02, 
95% CI = 0.47–2.25 

o Pulmonary: 3DCRT vs. PBT OR = 9.13, 
95% CI = 1.83–45.42; IMRT vs. PBT 
OR = 2.23, 95% CI = 0.86-5.75 

 1 study (n = 75): Grade ≥ 2 pneumonitis 
between PBT (n = NR) and 3DCRT/IMRT 
(n = NR) (follow-up duration = up to 75 days): 
33% vs. 15%, P = 0.04 

None Fair-quality studies (no 
assessment of body of 
evidence conducted) 

In adults with esophageal cancer, fair-quality 
studies reported that, when used with 
neoadjuvant chemoradiation followed by 
surgical resection, there were no statistically 
significant differences in risk of 30-day 
pulmonary or GI post-operative complications 
between PBT and IMRT. And, while PBT 
compared with 3DRT was associated with 
statistically significantly lower risk of 30-day 
pulmonary post-operative complications, there 
were no statistically significant differences in 
risk of 30-day GI post-operative complications. 
When used after chemoradiation, PBT, 
compared with 3DCRT or IMRT, was 
associated with statistically significantly higher 
risk of acute pneumonitis. 

3DCRT = three-dimensional conformal radiotherapy; 5-FU = 5-fluorouracil; CI = confidence interval; GI = gastrointestinal; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not 

reported; OR = odds ratio; PBT = proton beam therapy; vs. = versus; XRT = X-ray (photon) radiotherapy. 
a
 The findings were from abstracts of meeting presentations and their quality could not be assessed. 
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Eye Cancer 

Two SRs,
38,39

 containing a total of two unique primary studies and 1,593 participants, 

contributed to the benefits outcome data. Three SRs,
21,34,35

 containing a total of three 

unique primary studies and 155 participants, contributed to the harms outcome data. 

Benefits 

Two SRs
38,39

 reported on local recurrences and mortality among PBT, iodine-125 

brachytherapy, and ruthenium-106 brachytherapy in adults with choroidal melanoma from a 

single poor-quality, non-randomized study. The SR authors reported a statistically 

significantly lower rate of local recurrence but a higher mortality rate, with no statistical 

testing results, with PBT compared with either brachytherapy, all over unknown duration. 

The findings are summarized in Table 11. 

One SR
38

 reported on late recurrences among PBT, iodine-125 brachytherapy, and helium 

ion RT in adults with uveal melanoma from a single low-quality, non-randomized study. The 

SR authors reported no five- or 15-year late recurrences after PBT or helium ion RT, but 

some late recurrences with iodine-125 brachytherapy. No statistical testing results were 

provided. The findings are summarized in Table 11. 

Harms 

Two SRs
21,31-33

 reported on secondary malignancy between PBT and photon RT in children 

with retinoblastoma from the same poor-quality, non-randomized study. The SR authors 

reported that very low-quality evidence indicated that PBT, compared with photon RT, was 

associated with statistically significantly lower 10-year RT-induced or in-field secondary 

malignancy, but cautioned that longer follow-up was needed. The findings are summarized 

in Table 12. 

Three SRs
21,35,37

 reported on toxicity between PBT and photon RT in adults with choroidal 

or uveal hemangioma from a single non-randomized study, assessed to be of fair quality by 

one SR
35

 and poor quality by the other two SRs.
21,37

 The SR authors reported there were 

differences in grade 1 or 2 side effects in optic or disc nerve atrophy, ocular pressure, effect 

on retina, and retinopathy after 28 months of median follow-up between PBT and photon RT 

but, after adjusting for between-group differences, no statistically significant effects on optic 

or disc nerve atrophy or retinopathy were observed. The SR authors reported no statistically 

significant differences in grade 3, 4, or 5 side effects in lacrimation, lens, or retinopathy after 

28 months of median follow-up between the two modalities, but concluded there was 

insufficient evidence to make a definitive conclusion about the benefits of PBT for uveal 

hemangioma. The findings are summarized in Table 12. 

One SR
21

 reported on toxicity between PBT, alone or in combination with photon RT, and 

photon RT alone in adults with optic nerve sheath meningioma from a single poor-quality, 

non-randomized study. The SR authors reported that PBT, alone or in combination with 

photon RT, compared with photon RT alone, was associated with lower rates of acute 

orbital pain or headache but higher rates of late asymptomatic retinopathy. However, no 

statistical testing results were provided. The findings are summarized in Table 12. 
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Table 11: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Eye Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 

and/or Body 
of Evidence 

Systematic Review 
Authors’ 

Conclusions 
Overall 

Subgroup 
Analyses 

Adults 

Huybrechts 
2007

38
 

597 adults with 
choroidal 
melanoma from a 
retrospective 
study

54
 (n = 1) 

Tumour or cancer control 

1 study (n = 597): Local recurrences 
between ruthenium-106 brachytherapy 
(n = NR) and PBT (n = NR): RR = 2.94, 
95% CI = 1.30–6.66 (duration = NR) 
 
Mortality 

1 study (n = 597): Higher mortality rate 
with PBT (n = NR), compared with 
ruthenium-106 brachytherapy (n = NR) 
(data = NR; duration = NR) 

None Low-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with choroidal 
melanoma, a low-
quality study reported a 
statistically significantly 
lower rate of local 
recurrences but a 
higher mortality rate, 
with no statistical 
testing results with PBT 
compared with 
brachytherapy, all over 
unknown duration. 

996 adults with 
uveal melanoma 
from a retrospective 
study

55
 (n = 1) 

Tumour or cancer control 

1 study (n = 996): No 5- and 15-year late 
recurrences after PBT (n = 199) or 
helium ion RT (n = 348), but some late 
recurrences after iodine-125 
brachytherapy (n = 449) (data = NR) 

None Low-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with uveal 
melanoma, a low-
quality study reported 
no 5- or 15-year late 
recurrences with PBT 
or helium ion RT, but 
some late recurrences 
with brachytherapy. No 
statistical testing results 
were provided. 

Olsen 2007
39

 597 adults with 
choroidal 
melanoma from a 
cohort study

54,56
 

(n = 1) 

Tumour or cancer control 

 1 study (n = 597): Local recurrences 
among PBT (n = 267), iodine-125 
brachytherapy (n = 190), and 
ruthenium-106 brachytherapy 
(n = 140): 5.2% vs. 4.2% vs. 10.7%, 
P = NR (duration = NR) 

 1 study (n = 597): Local recurrences 
between ruthenium-106 brachytherapy 
(n = 140) and PBT (n = 267): RR = 2.9, 
95% CI = 1.3–7.0 (duration = NR) 
 

Mortality 

1 study (n = 597): Mortality among PBT 
(n = 267), iodine-125 brachytherapy 
(n = 190), and ruthenium-106 
brachytherapy (n = 140): 9.4% vs. 3.7% 
vs. 5.0%, P = NR (duration = NR) 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with choroidal 
melanoma, a poor-
quality study reported a 
statistically significantly 
lower rate of local 
recurrences but a 
higher mortality rate, 
with no statistical 
testing results, with 
PBT, compared with 
brachytherapy, all over 
unknown duration. 

CI = confidence interval; NR = not reported; PBT = proton beam therapy; RR = risk ratio; RT = radiotherapy; vs. = versus. 

 



 

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 45 

Table 12: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy 

for Eye Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

Children 

Leroy  
2016

31-33
 

86 children with 
retinoblastoma 
from a 
retrospective non-
randomized 
study

57
 (n = 1) 

Secondary malignancy 

1 study (n = 86): Secondary 
malignancy between PBT (n = 55; 
follow-up duration = 1.0–24.4 
years) and photon RT (n = 31; 
follow-up duration = 1.4–23.9 
years): 

 Overall: 2% vs. 13%, P = NR 

 10-year cumulative incidence of 
all secondary malignancy: 5% vs. 
14%, P = 0.120 

 10-year cumulative incidence of 
RT-induced or in-field secondary 
malignancy: 0% vs. 14%, 
P = 0.015 

None Very low-
quality study 
and very low-
quality 
evidence 

In children with 
retinoblastoma, a very low-
quality study and very low-
quality evidence indicated 
that PBT, compared with 
photon RT, was associated 
with statistically significantly 
lower 10-year RT-induced 
second malignancy 
incidence. There were no 
statistically significant 
differences in 10-year 
cumulative incidence of all 
secondary malignancy 
between the two modalities. 
However, since RT-induced 
solid malignancies need at 
least 5–10 years to develop 
and, for some children in 
the study, the follow-up was 
short, the results should be 
interpreted with caution. 

ICER 2014
21

 86 children with 
retinoblastoma 
from a 
retrospective 
cohort study

57
 

(n = 1) 

Secondary malignancy 

1 study (n = 86): Secondary 
malignancy between PBT (n = 55; 
follow-up duration =  
1.0–24.4 years) and photon RT 
(n = 31; follow-up duration = 
1.4–23.9 years): 

 overall: 2% vs. 13%, P = NR 

 10-year cumulative incidence of 
all secondary malignancy: 5% vs. 
14%, P = 0.120 

 10-year cumulative incidence of 
RT-induced or in-field secondary 
malignancy: 0% vs. 14%, 
P = 0.015 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In children with 
retinoblastoma, a poor-
quality study reported that 
PBT, compared with photon 
RT, was associated with 
statistically significantly 
lower 10-year RT-induced 
second malignancy 
incidence. There were no 
statistically significant 
differences in 10-year 
cumulative incidence of all 
secondary malignancy 
between the two modalities. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Peterson 
2015

35
 

44 adults with 
uveal 
hemangioma from 
a retrospective 
cohort study

58
 

(n = 1) 

Toxicity 

1 study (n = 44): Side effects 
between PBT (n = 25) and photon 
RT (n = 19), followed up for a 
median of 27.7 months: 

 grade 3: no difference, 
P = 0.7718 

 grade 4: no difference, 
P = 0.3789 

None Fair-quality 
study but 
insufficient 
evidence 

In adults with uveal 
hemangioma, a fair-quality 
study reported no 
statistically significant 
differences in side effects 
after 27.7 months of median 
follow-up between PBT and 
photon RT. However, the 
SR authors concluded that 
there was insufficient 
evidence to make a 
definitive conclusion about 
the benefits of PBT for 
uveal hemangioma. 

ICER 2014
21

 44 adults with 
choroidal 
hemangioma from 
a non-randomized 
study

58
 (n = 1) 

Toxicity 

1 study (n = 44): Late side effects 
between PBT (n = 25; median 
follow-up duration = 23.7 months) 
and photon RT

a
 (n = 19; median 

follow-up duration = 29 months): 

 grade 1 optic or disc nerve 
atrophy: 48% vs. 25–43%, 
P = NR 

 ocular pressure: 4% vs.  
0–14%, P = NR 

 grade 2 effect on retina: 8% vs. 
14%–17%, P = NR 

 grade 3 lacrimation: 8% vs. 0–
8%, P = NR 

 retinopathy: 40% vs. 15.7%, 
P = NR 

 Cox regression model adjusting 
for between-group differences: no 
significant impact on optic or disc 
nerve atrophy (P = 0.27) or 
retinopathy (P = 0.098) 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with choroidal 
hemangioma, a poor-quality 
study reported that PBT, 
compared with photon RT, 
was associated with small 
differences in unadjusted 
rates of optic or disc nerve 
atrophy, ocular pressure, 
effect on retina, and 
lacrimation (i.e., formation 
of tears), but most side 
effects were grade 1 or 2, 
whereas the rate of 
retinopathy after 23.7–29 
months of median follow-up 
was substantially higher 
with PBT, compared with 
photon RT. No statistical 
testing results were 
provided. However, after 
adjusting for between-group 
differences, no statistically 
significant effects on optic 
or disc nerve atrophy or 
retinopathy were observed. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

25 adults with 
optic nerve sheath 
meningioma from 
a non-randomized 
study

45
 (n = 1) 

Toxicity 

 1 study (n = 25) Acute effects 
among PBT (n = 8), 
PBT + photon RT (n = 3), and 
photon RT (n = 11) 
(duration = NR): 
o Orbital pain: 0% vs. 0% vs. 

9%, P = NR 
o Headache: 0% vs. 0% vs. 9%, 

P = NR 
1 study (n = 25) Late effects in 
asymptomatic retinopathy among 
PBT (n = 8), PBT + photon RT 
(n = 3), and photon RT (n = 11) 
(duration = NR): 12.5% vs. 33% 
vs. 9%, P = NR 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with optic nerve 
sheath meningioma, a poor-
quality study indicated that 
PBT alone or in 
combination with photon 
RT, compared with photon 
RT alone, was associated 
with lower rates of acute 
orbital pain and headache 
but higher rates of late 
asymptomatic retinopathy. 
However, no statistical 
testing results were 
provided. 

Bekkering 
2009

37
 

44 adults with 
choroidal 
hemangioma from 
a non-randomized 
study

58
 (n = 1) 

Toxicity 

1 study (n = 44): AEs between PBT 
(n = 25; median follow-up 
duration = 23.7 months) and photon 
RT (n = 19; median follow-up 
duration = 29 months): 

 grade 4 retinopathy: 1 vs. 0 

 grade 3 AEs on lens: 0 vs. 1 

 grade 3 lacrimation: 1 vs. 1 

 any grade retinopathy: 40% vs. 
15.7% 

None Poor-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with choroidal 
hemangioma, a poor-quality 
study indicated that PBT, 
compared with photon RT, 
was associated with more 
side effects after 23.7–
29 months of median follow-
up. However, no statistical 
testing results were 
provided. 

AE = adverse event; CCH = circumscribed choroidal hemangioma; DCH = diffuse choroidal hemangioma; ICER = Institute for Clinical and Economic Review; 

NR = not reported; PBT = proton beam therapy; RT = radiotherapy; SR = systematic review; vs. = versus. 
a
 Outcomes reported separately for CCH and DCH and reported as ranges. 

Head and Neck Cancer 

No relevant SRs reporting on benefits were identified. One SR,
21

 containing a total of one 

unique primary study and 75 participants, contributed to the harms outcome data. 

Harms 

One SR
21

 reported on toxicity between PBT and carbon ion RT in adults with head and neck 

cancer or skull-base tumours from a single fair-quality, non-randomized study. The SR 

authors reported that PBT and carbon ion RT were similar in both unadjusted and adjusted 

rates of vision loss over unknown duration. However, statistical testing results were not 

always provided. The findings are summarized in Table 13. 
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Table 13: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy for 

Head and Neck Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 

Included Primary 
Studies and/or 

Body of 
Evidence 

Systematic 
Review Authors’ 

Conclusions Overall 
Subgroup 
Analyses 

Adults 

ICER 2014
21

 75 adults with 
head and neck 
cancer or skull-
base tumours from 
a prospective non-
randomized 
study

59
 (n = 1) 

Toxicity 

1 study (n = 75): Vision loss 
between PBT (n = 62) and 
carbon ion RT (n = 13): 

 unadjusted incidence rate of 
vision loss for all eligible optic 
nerves: 8% vs. 6%, P = NR 
(duration = NR) 

 unadjusted incidence rate of 
vision loss caused by RT-
induced optic neuropathy: 
9.7% vs. 15%, P = NR, 

(duration = NR) 

 multivariate analyses 
adjusting for demographic 
and clinical characteristics: 
no significant impact on rates 
of vision loss (P = 0.4225) 

None Fair-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with head 
and neck cancer or 
skull-base tumours, a 
fair-quality study 
reported that 
unadjusted rates of 
vision loss over 
unknown duration 
were similar between 
PBT and carbon ion 
RT. However, no 
statistical testing 
results were 
provided. After 
adjusting for 
between-group 
differences, no 
statistically significant 
effects on rates of 
vision loss over 
unknown duration 
were observed. 

ICER = Institute for Clinical and Economic Review; NR = not reported; PBT = proton beam therapy; RT = radiotherapy; vs. = versus. 

Liver Cancer 

Three SRs,
21,34,35

 containing a total of three unique primary studies and 471 participants, 

contributed to the benefits outcome data. One SR,
21

 containing a total of two unique primary 

studies and 351 participants, contributed to the harms outcome data. 

Benefits 

Two SRs
21,34

 reported on local control and overall survival between PBT and carbon ion RT 

in adults with liver cancer from a single non-randomized study, assessed to be of fair quality 

by one SR
21

 and low quality by the reviewers of this report. The SR authors reported that 

PBT and carbon ion RT were similar in five-year local control and five-year overall survival. 

The findings are summarized in Table 14. 

One SR
34

 also reported on local control and overall survival between PBT and carbon ion 

RT in adults with liver metastases from a meeting presentation of unknown quality. The SR 

authors reported that PBT and carbon ion RT were similar in two-year local control and two-

year overall survival, but did not provide statistical testing results. The findings are 

summarized in Table 14. 
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Two SRs
21,35

 reported on local control and mortality between PBT and photon RT in adults 

with recurrent liver cancer from a single poor-quality, non-randomized study of eight 

participants. The SR authors reported that PBT and photon RT were similar in tumour 

recurrences of unknown duration and mortality after 1.5 years of follow-up, but did not 

always provide statistical testing results. The findings are summarized in Table 14. 

Harms 

One SR
21

 reported on toxicity between PBT and carbon ion RT in adults with liver cancer 

from a single fair-quality, non-randomized study. The SR authors reported that PBT and 

carbon ion RT were similar in grade 2 dermatitis, increased transaminase, rib fracture, 

nausea, anorexia, pain, or ascites, as well as grade ≥ 3 late toxicity and deaths related to 

treatment-related toxicity after 31 months of median follow-up, but did not provide statistical 

testing results. The findings are summarized in Table 15. 

One SR
21

 reported on toxicity between PBT and photon RT in adults with recurrent liver 

cancer from a single poor-quality, non-randomized study. The SR authors reported no 

occurrences of bone marrow depression or gastrointestinal complications over unknown 

duration with PBT or photon RT, but concluded there was insufficient evidence to make a 

definitive conclusion about the benefits of PBT, compared with X-rays, for recurrent liver 

cancer. The findings are summarized in Table 15. 

Table 14: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Liver Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Verma 2016
34

 343 adults 
(386 tumours) with 
liver cancer from a 
retrospective 
study

60
 (n = 1) 

Local control 

1 study (n = 343): 5-year local 
control between PBT (n = 278 
tumours; median follow-up 
duration = 31 months) and carbon 
ion RT (n = 108 tumours; median 
follow-up duration = 31 months): 
90% vs. 93%, P = NS 

 
Overall survival 

1 study (n = 343): No significant 
differences in 3- or 5-year overall 
survival between PBT (n = 278 
lesions; median follow-up duration = 
31 months) and carbon ion RT 
(n = 108 lesions; median follow-up 
duration = 31 months) 
5-year overall survival: 38% vs. 
36%, P = NS 

None Low-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with liver 
cancer, a low-quality 
study reported no 
statistically 
significant 
differences in 5-year 
local control or 3- or 
5-year overall 
survival between 
PBT and photon RT. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

120 adults with 
liver metastases 
from a 
retrospective 
study

61
 (n = 1) 

Local control 

1 study: No significant differences 
in 2-year local control between PBT 
(n = 71 lesions; median follow-up 
duration = 22 months) and carbon 
ion RT (n = 85 lesions; median 
follow-up duration = 22 months) 
(data = NR) 
 
Overall survival 

1 study: No significant differences 
in 2-year overall survival between 
PBT (n = 71 lesions; median follow-
up duration = 22 months) and 
carbon ion RT (n = 85 lesions; 
median follow-up duration = 
22 months) (data = NR) 
 
Progression-free survival 

1 study: No significant differences in 
2-year progression-free survival 
between PBT (n = 71 lesions; 
median follow-up duration = 
22 months) and carbon ion RT (n = 
85 lesions; median follow-up 
duration = 22 months) (data = NR) 

None Unknown quality
a
 

study (no 
assessment of 
body of evidence 
conducted) 

In adults with liver 
cancer, unknown-
quality evidence 
indicated no 
significant 
differences in 2-year 
local control or 
2-year overall 
survival between 
PBT and photon RT. 
However, no 
statistical testing 
results were 
provided. 

Peterson 
2015

35
 

8 adults with 
recurrent liver 
cancer from a 
retrospective 
cohort study

62
 

(n = 1) 

Mortality 

1 study (n = 8): Mortality between 
PBT (n = 5; follow-up duration = 
18 months) and X-rays (n = 3; 
follow-up duration = 15.5 months): 
80% vs. 100%, P = 0.62 

None Poor-quality study 
and insufficient 
evidence 

In adults with 
recurrent liver 
cancer, a poor-
quality study 
reported no 
statistically 
significant 
differences in 
mortality after 15.5–
18 months of follow-
up between PBT 
and X-rays. 
However, the SR 
authors concluded 
there was 
insufficient evidence 
to make a definitive 
conclusion about the 
benefits of PBT, 
compared with 
X-rays, for recurrent 
liver cancer. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

ICER 2014
21

 343 adults with 
primary or 
recurrent liver 
cancer from a 
prospective cohort 
study

60
 (n = 1) 

Local control 

1 study (n = 343): 5-year local 
control between PBT (n = 278 
tumours) and carbon ion RT 
(n = 108 tumours) (median follow-
up duration = 31.0 months): 90.2% 
vs. 93%, P = NR 
 
Overall survival 

1 study (n = 343): 5-year overall 
survival between PBT (n = 278 
tumours) and carbon ion RT 
(n = 108 tumours) (median follow-up 
duration = 31.0 months): 38% vs. 
36.3%, P = NR 

None Fair-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with 
primary or recurrent 
liver cancer, a fair-
quality study 
reported no 
significant 
differences in 5-year 
local control or 
5-year overall 
survival between 
PBT and carbon ion 
RT. However, no 
statistical testing 
results were 
provided. 

8 adults with 
recurrent liver 
cancer from a non-
randomized study

62
 

(n = 1) 

Tumour or cancer control 

1 study (n = 8): Tumour recurrences 
between PBT (n = 5) and photon 
RT (n = 3): 40% vs. 0%, P = NR 
(duration = NR) 
 
Mortality 

1 study; n = 8: Mortality between 
PBT (n = 5) and photon RT (n = 3): 

 deaths after 1.5 years of median 
follow-up: 5/5 vs. 2/3, P = NR 

 death from liver failure: 40% vs. 
33%, P = NR (duration = NR) 

 death from lung metastasis: 60% 
vs. 33%, P = NR (duration = NR) 

None Poor-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with 
recurrent liver 
cancer, a poor-
quality study 
reported no 
significant 
differences in local 
tumour control over 
unknown duration 
between PBT and 
photon RT. After 
1.5 years of median 
follow-up, all 
5 participants who 
received PBT had 
died, whereas 2 of 
the 3 participants 
who received 
photon RT had died. 
However, no 
statistical testing 
results were 
provided. 

ICER = Institute for Clinical and Economic Review; NR = not reported; NS = not significant; PBT = proton beam therapy; RT = radiotherapy; SRT = stereotactic 

radiotherapy; vs. = versus. 
a 
The findings were from abstracts of meeting presentations and their quality could not be assessed. 
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Table 15: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy 

for Liver Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

ICER 2014
21

 343 adults with 
primary or 
recurrent liver 
cancer from a 
prospective cohort 
study

60
 (n = 1) 

Toxicity 

 1 study (n = 343): Toxicity 
between PBT (n = 278 tumours) 
and carbon ion RT (n = 108 
tumours) (median follow-up 
duration = 31.0 months): 
o grade 2 dermatitis:  

5% vs. 5%, P = NR 

o grade 2 increased transaminase: 
2% vs. 3%, P = NR 

o grade 2 rib fracture:  
3% vs. 3%, P = NR 

o grade 2 pneumonitis:  
2% vs. 2%, P = NR 

o grade 2 nausea/anorexia/ 
pain/ascites: 2% vs. 2%, P = NR 

o grade ≥ 3 late toxicity:  
3% vs. 4%, P = NR 

o deaths due to treatment-related 
toxicity: 0% vs. 0% 

None Fair-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with 
primary or recurrent 
liver cancer, a fair-
quality study 
reported no 
significant 
differences in the 
rates of toxicity after 
31 months of 
median follow-up 
between PBT and 
carbon ion RT. 
However, no 
statistical testing 
results were 
provided. 

8 adults with 
recurrent liver 
cancer from a non-
randomized study

62
 

(n = 1) 

Toxicity 

 1 study (n = 8): Toxicity between 
PBT (n = 5) and photon RT (n = 3) 
(duration = NR): 
o Bone marrow depression: 0% 

vs. 0% 
o GI complications: 0% vs. 0% 

None Poor-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with 
recurrent liver 
cancer, a poor-
quality study 
reported no 
instances of bone 
marrow depression 
or GI complications 
over unknown 
duration with PBT or 
photon RT. 

GI = gastrointestinal; ICER = Institute for Clinical and Economic Review; NR = not reported; PBT = proton beam therapy; RT = radiotherapy; vs. = versus. 

Lung Cancer 

Two SRs,
21,35

 containing a total of two unique primary studies and 313 participants, 

contributed to the benefits outcome data. The same two SRs,
21,35

 containing a total of three 

unique primary studies and 965 participants, contributed to the harms outcome data. 

Benefits 

Two SRs
21,35

 reported on survival time among PBT, 3DCRT, and IMRT in adults with locally 

advanced, unresectable non–small cell lung cancer (NSCLC) from a single non-randomized 

study, assessed to be of fair quality by one SR
21

 and poor quality and insufficient evidence 

by the other SR.
35

 The SR authors reported no statistically significantly differences in 
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median survival times among the three modalities. The findings are summarized in 

Table 16. 

One SR
21

 reported on tumour or cancer control, overall survival, and progression-free 

survival between PBT and carbon ion RT in adults with NSCLC from a single fair-quality, 

non-randomized study. The SR authors reported that no statistically significant differences 

in three-year local control, overall survival, or progression-free survival between the two 

modalities. The findings are summarized in Table 16. 

Harms 

Two SRs
21,35

 reported on toxicity among PBT, 3DCRT, and IMRT in adults with locally 

advanced, unresectable NSCLC from two poor- or fair-quality, non-randomized studies. The 

SR authors reported that: risk of six-month acute severe esophagitis was similar between 

PBT and 3DCRT but statistically significantly lower with PBT compared with IMRT; 

occurrences of 15- to 17-month esophagitis and grade ≥ 3 pneumonitis after 1.8 months to 

76.1 months of follow-up were the lowest with PBT compared with 3DCRT or IMRT; 

grade ≥ 3 dermatitis after 1.8 months to 76.1 months of follow-up was the highest with PBT 

compared with 3DCRT or IMRT; and grade ≥ 3 fatigue after 1.8 months to 76.1 months of 

follow-up was similar among the three modalities. No statistically significant differences in 

hematologic toxicity after 1.8 months to 76.1 months of follow-up among the three 

modalities were reported. The findings are summarized in Table 17. 

One SR
21

 reported on toxicity between PBT and carbon ion RT in adults with NSCLC from a 

single fair-quality, non-randomized study. The SR authors reported no statistically significant 

differences in the rates of dermatitis, pneumonitis, and rib fracture after 3.5 years of median 

follow-up between the two modalities. The findings are summarized in Table 17. 

 

Table 16: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Lung Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Peterson 
2015

35
 

202 adults with 
locally advanced 
NSCLC from a 
historically 
controlled cohort 
study

63
 (n = 1) 

Survival time 

1 study (n = 202):  
Median survival time among patients 
treated with PBT (n = NR; follow-up 
duration = 3.3–27.4 months), 3DCRT 
(n = NR; follow-up duration = 2.3–
76.1 months), and IMRT (n = NR; 
follow-up duration = 1.8–65.5 months) 
with concurrent chemotherapy: 
24.4 months vs. 17.7 months vs. 
17.6 months, P = 0.1061 

None Poor-quality study 
and insufficient 
evidence 

In adults with locally 
advanced NSCLC, a 
poor-quality study 
reported no 
statistically 
significant 
differences in 
median survival time 
among patients 
treated with PBT, 
3DCRT, and IMRT. 
However, the SR 
authors concluded 
there was 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies and/or 
Body of 
Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

insufficient evidence 
to make a definitive 
conclusion about the 
benefits of PBT for 
NSCLC. 

ICER 2014
21

 202 participants 
with locally 
advanced, 
unresectable 
NSCLC from a 
cohort study

63
 

(n = 1) 

Survival time 

1 study (n = 202):  
Actuarial estimates of median overall 
survival time among patients treated 
with PBT (n = 62), 3DCRT (n = 74), 
and IMRT (n = 66) with concurrent 
chemotherapy: 24.4 months vs. 
17.7 months vs. 17.6 months, 
P = 0.1061 

None Fair-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with locally 
advanced NSCLC, a 
fair-quality study 
reported no 
statistically 
significant 
differences in 
median overall 
survival time among 
patients treated with 
PBT, 3DCRT, and 
IMRT. 

111 participants 
with NSCLC from 
a prospective 
cohort study

64
 

(n = 1) 

Tumour or cancer control 

 1 study (n = 111): 3-year local 
control between PBT (n = 70) and 
carbon ion RT (n = 41): 81% vs. 
78%, P = NS 

 1 study (n = 111): Local 
recurrences between PBT (n = 70; 
median follow-up duration = 45 
months) and carbon ion RT (n = 41) 
(median follow-up duration = 39 
months): 17% vs. 24%, P = NR 

 1 study (n = 111): Regional lymph 
node and/or distant metastases 
without local progression between 
PBT (n = 70; median follow-up 
duration = 45 months) and carbon 
ion RT (n = 41) (median follow-up 
duration = 39 months): 34% vs. 
20%, P = NR 

Overall survival 

1 study (n = 111): 3-year overall 
survival between PBT (n = 70) and 
carbon ion RT (n = 41): 72% vs. 76%, 
P = NS 
 
Progression-free survival 

1 study (n = 111): 3-year progression-
free survival between PBT (n = 70) 
and carbon ion RT (n = 41): 44% vs. 
53%, P = NS 

None Fair-quality study 
(no assessment of 
body of evidence 
conducted) 

In adults with 
NSCLC, a fair-
quality study 
reported no 
statistically 
significant 
differences in 3-year 
actuarial estimates 
of local control, 
overall survival, or 
progression-free 
survival between 
PBT and carbon ion 
RT. 

3DCRT = three-dimensional conformal radiotherapy; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; 

NS = not significant; NSCLC = non–small cell lung cancer; PBT = proton beam therapy; RT = radiotherapy; vs. = versus. 
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Table 17: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy 

for Lung Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Peterson 
2015

35
 

854 adults with 
locally advanced 
NSCLC from 
historically 
controlled cohort 
studies

63,65
 (n = 2) 

Toxicity 

 1 study (n = 202): Toxicity among 
patients treated with PBT (n = NR; 
follow-up duration = 3.3–27.4 months), 
3DCRT (n = NR; follow-up 
duration = 2.3–76.1 months), and 
IMRT (n = NR; follow-up 
duration = 1.8–65.5 months), with 
concurrent chemotherapy: 
o 15- to 17-month esophagitis: 5% vs. 

18% (P = 0.02) vs. 39% (P < 0.0001) 
o grade ≥ 3 pneumonitis: 2% vs. 30% 

(P < 0.0001) vs. 6% (P = 0.23) 
o grade ≥ 3 dermatitis: 24% vs. 5% 

(P = 0.005) vs. 17% (P = 0.30) 
o grade ≥ 3 fatigue: 19% vs. 29% 

(P = 0.09) vs. 15% (P = 0.54) 

 1 study (n = 652): Grade ≥ 3 6-month 
esophagitis among PBT (n = NR), 
3DCRT (n = NR), and IMRT (n = NR): 
6% vs. 8% (P = 0.42) vs. 28% 
(P < 0.0001) 

None Poor- or fair-
quality studies 
and low-strength 
evidence 

In adults with locally 
advanced NSCLC, poor- 
or fair-quality studies and 
low-strength evidence 
indicated that: 

 risk of 6-month acute 
severe esophagitis was 
similar between PBT and 
3DCRT but statistically 
significantly lower with 
PBT, compared with 
IMRT 

 15- to 17-month 
esophagitis and grade 
≥ 3 pneumonitis were the 
lowest after 1.8–76.1 
months of follow-up with 
PBT, compared with 
3DCRT or IMRT 

 grade ≥ 3 dermatitis after 
1.8–76.1 months of 
follow-up was the 
highest with PBT, 
compared with 3DCRT 
or IMRT 

 grade ≥ 3 fatigue after 
1.8–76.1 months of 
follow-up was similar 
among the three 
modalities. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic Review 
Authors’ Conclusions 

Overall 
Subgroup 
Analysis 

ICER 2014
21

 202 adults with 
locally advanced, 
unresectable 
NSCLC from a 
cohort study

63
 

(n = 1) 

Toxicity 

1 study (n = 202): Toxicity among 
patients treated with PBT (n = 62; 
follow-up duration = 3.3–27.4 months), 
3DCRT (n = 74; follow-up 
duration = 2.3–76.1 months), and IMRT 
(n = 66; follow-up duration = 1.8–65.5 
months), with concurrent 
chemotherapy: 

 no significant differences in 
hematologic toxicity (e.g., anemia, 
thrombocytopenia, or neutropenia) 
(data = NR) 

 grade 3 esophagitis: 5% vs. 18% vs. 
39%, P < 0.001 

 grade 3 pneumonitis: 2% vs. 30% vs. 
6%, P < 0.001; grade 4 pneumonitis: 
0% vs. 0% vs. 0%, P = NR 

 grade 3 dermatitis: 24% vs. 7% 
vs. 17%, P < 0.001; grade 4 or 5 
dermatitis: 0% vs. 0% vs. 0%, P = NR 

None Fair-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with locally 
advanced NSCLC, a fair-
quality study reported no 
significant differences in 
hematologic toxicity after 
1.8–76.1 months of follow-
up among patients treated 
with PBT, 3DCRT, and 
IMRT but statistically 
significantly lower rates of 
grade 3 or higher 
esophagitis or 
pneumonitis, and 
significantly higher rates of 
grade 3 or higher 
dermatitis all with PBT 
compared with 3DCRT or 
IMRT, all after 1.8–76.1 
months of follow-up. 
However, statistical testing 
results were not always 
provided. 

652 adults with 
NSCLC from a non-
randomized study

65
 

(n = 1) 

Toxicity 

1 study (n = 652): Grade ≥ 3 esophagitis 
among PBT (n = 108), 3DCRT 
(n = 405), and IMRT (n = 139) (follow-up 
duration = up to 6 months): 6% vs. 8% 
vs. 28% (P < 0.05); no grade 5 toxicity 

None Fair-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with NSCLC, a 
fair-quality study reported 
statistically significantly 
lower rates of severe 
esophagitis after up to 6 
months of follow-up with 
PBT, compared with 
3DCRT or IMRT. No cases 
of grade 5 toxicity were 
reported. 

111 adults with 
NSCLC from a 
prospective cohort 
study

64
 (n = 1) 

Toxicity 

1 study (n = 111): Toxicity between PBT 
(n = NR) and carbon ion RT (n = NR) 
(median follow-up duration = 3.5 years): 

 dermatitis: grade 0–1, 82% vs. 89%; 
grade 2, 14% vs. 7%; grade 3, 4% vs. 
2%; grade 4, 0% vs. 2%; P = 0.424 

 pneumonitis: grade 0–1, 84% 
vs. 90%; grade 2, 16% vs. 5%; 
grade 3, 0% vs. 5%; P = 0.443 

 rib fracture: grade 0–1, 75% vs. 78%; 
grade 2, 24% vs. 22%; grade 3, 
1% vs. 0%; P = 0.532 

 

None Fair-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with NSCLC, a 
fair-quality study reported 
no statistically significant 
differences in rates of 
dermatitis, pneumonitis, 
and rib fracture after 
3.5 years of median follow-
up between PBT and 
carbon ion RT. 

3DCRT = three-dimensional conformal radiotherapy; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; 

NSCLC = non–small cell lung cancer; PBT = proton beam therapy; RT = radiotherapy; vs. = versus. 
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Prostate Cancer 

Four SRs,
21,35,36,39

 containing a total of eight unique primary studies and 4,347 participants, 

contributed to the benefits outcome data. Five SRs,
21,30,35,36,39

 containing a total of seven 

unique primary studies and 58,523 participants, contributed to the harms outcome data. 

Benefits 

Two SRs
21,35

 reported on QoL between PBT and 3DCRT from a poor-quality, non-randomized 

study. The SR authors reported clinically and statistically significant decreases in bowel, but 

not urinary, QoL from baseline to 24 months of follow-up after PBT or 3DCRT. However, no 

between-group comparisons were made, and no statistical testing results were provided. 

The findings are summarized in Table 18. Three SRs
21,35,36

 reported on QoL between PBT 

and IMRT from three different poor-quality, non-randomized studies. The SR authors 

reported no statistically significant differences in two-year bowel, urinary, or sexual QoL or 

four-year QoL associated with urinary incontinence or erectile dysfunction diagnoses 

between the two modalities. The findings are summarized in Table 18. 

One SR
21

 reported on QoL between PBT and photon RT from a single fair-quality, non-

randomized study. The SR authors reported no significant differences in 18-month QoL 

between the two modalities, but no statistical testing results were provided. The findings are 

summarized in Table 18. 

Two SRs
21,35

 reported on tumour or cancer control, overall survival, and/or disease-free 

survival between PBT, in combination with photon RT, and brachytherapy from two 

overlapping poor- or fair-quality studies. The SR authors reported no statistically significant 

differences in any of the examined outcomes after five or eight years of follow-up between 

the two interventions. One SR
35

 reported on a subgroup analysis on tumour stages and 

concluded no significant differences in eight-year distant metastases between PBT, in 

combination with photon RT, and brachytherapy, but no statistical testing results were 

provided. The findings are summarized in Table 18. 

Three SRs
21,35,39

 reported on tumour or cancer control, overall survival, disease-free 

survival, and/or QoL between PBT, in combination with photon RT, and photon RT alone 

from three overlapping poor-, medium-, or fair-quality studies. The SR authors reported no 

significant differences in any of the examined outcomes after 18 months (for QoL) or five or 

eight years (for tumour or cancer control or survival) of follow-up between the two 

interventions, but no statistical testing results were provided. However, two SRs
21,35

 

reported on the same subgroup analysis on tumour stages and concluded statistically 

significantly greater eight-year local control in poorly-differentiated tumours with PBT, in 

combination with photon RT, compared with photon RT alone. The findings are summarized 

in Table 18. 

Harms 

Three SRs
21,35,36

 reported on toxicity between PBT and 3DCRT in adults with prostate 

cancer from the same non-randomized study, assessed to be of fair quality by two SRs
21,35

 

but of low quality by the other SR.
36

 The SR authors reported that low-strength evidence 

indicated that the one-year adjusted gastrointestinal toxicity rate was significantly higher 

with PBT compared with 3DCRT. The findings are summarized in Table 19. 

Four SRs
21,30,35,36

 reported on toxicity between PBT and IMRT in adults with prostate cancer 

from four overlapping non-randomized studies, assessed to be of fair quality by two SRs
21,35

 

but of low
36

 or very low
30

 quality by the other two SRs. Three SRs
21,30,35

 reported that low-
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strength evidence indicated generally no statistically significant differences in gastrointestinal 

or genitourinary toxicity after up to 24 months of follow-up between PBT and IMRT. 

However, three SRs
21,35,36

 reported statistically significantly lower 46- to 50-month 

gastrointestinal procedures and diagnoses rates and a statistically significantly higher five-

year adjusted gastrointestinal toxicity rate with PBT compared with IMRT. Two SRs
21,36

 

reported a statistically significantly higher gastrointestinal toxicity rate with PBT, compared 

with IMRT, but no statistically significant differences in erectile dysfunction, hip fracture, or 

urinary incontinence procedures or diagnoses rates or the use of additional cancer therapy 

between the two modalities, all after four years of median follow-up. The findings are 

summarized in Table 19. 

Three SRs
21,35,39

 reported on toxicity between PBT, in combination with photon RT, and 

photon RT alone in adults with prostate cancer from three overlapping non-randomized 

studies, assessed to be of poor, medium, or fair quality by one SR,
35

 but fair quality by the 

other two SRs.
21,39

 The SR authors reported no significant differences in 18-month 

gastrointestinal, sexual, or urinary toxicity, five-year rectal or urinary toxicity, or eight-year 

gross hematuria between the two interventions, with statistical testing results not always 

provided. However, the eight-year rates of rectal bleeding and urethral stricture were 

statistically significantly higher with PBT, in combination with photon RT, compared with 

photon RT alone. The findings are summarized in Table 19. 

One SR
21

 reported on toxicity between PBT and brachytherapy from a fair-quality, 

non-randomized study. The SR authors reported higher rates of gastrointestinal toxicity, 

including bleeding, over unknown duration with PBT compared with brachytherapy. 

However, no between-group comparisons were made, and no statistical testing results were 

provided. The findings are summarized in Table 19. 

 

Table 18: Summary of Benefits From Proton Beam Therapy Versus Other Radiotherapy 

for Prostate Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 
Peterson 
201535 

2,425 adults with 
prostate cancer 
from an RCT66 
(n = 1), cohort 
studies67,68 (n = 2), 
and historically 
controlled cohort 
studies69-71 (n = 3) 

Tumour or cancer control 

 1 study (n = 282): 8-year freedom 
from distant metastasis between 
PBT + photon RT (n = 141) and 
brachytherapy (n = 141):  
99% vs. 96%, P = 0.21 

 1 RCT (n = 202): 8-year local 
control between PBT + photon RT 
(n = NR) and photon RT (n = NR): 
77% vs. 60%, P = NR 
 

Overall survival 

 1 study (n = 282): 8-year overall 
survival between PBT + photon RT 
(n = 141) and brachytherapy 

Tumour or local 
control in 
different risk 
groups, T stages, 
or Gleason 
scores 

 1 study 
(n = NR): No 
significant 
differences in 
8-year distant 
metastasis 
between 
PBT + photon 
RT (n = NR) and 

Poor-, medium-, 
or fair-quality 
studies and 
generally low-
strength evidence 

In adults with prostate 
cancer, mixed-quality 
studies and low-strength 
evidence indicated: 

 no statistically 
significant differences 
in 8-year freedom from 
distant metastases or 
8-year overall survival 
between PBT + photon 
RT and brachytherapy 

 no significant 
differences in 8-year 
local control, 5- or 8-
year overall survival, 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

(n = 141): 93% vs. 96%, P = 0.45 

 2 studies (n = 382): 5- or 8-year 
overall survival between 
PBT + photon RT (n = NR) and 
photon RT (n = NR): 
o 5-year (1 study) (n = 202):  

75% vs. 80%, P = NR 
o 5-year (1 study) (n = 180):  

62% vs. 62%, P = NR 
o 8-year (1 study) (n = 202):  

55% vs. 51%, P = NR 
 

Disease-free survival 
1 RCT (n = 202): 8-year disease-free 
survival between PBT + photon RT 
(n = NR) and photon RT (n = NR): 
72% vs. 62%, P = NR 
 
QoL 

 1 study (n = 218): 24-month 
QoL between PBT (n = 95; 
duration = NR) and 3DCRT 
(n = 123; duration = NR): 
o urinary irritation/obstruction: 

no difference (P > 0.05) between 
baseline and follow-up for 
either modality 

o urinary incontinence: no 
difference (P > 0.05) between 
baseline and follow-up for either 
modality 

 1 study (n = 1,447): QoL between 
PBT (n = 1,243; duration = NR) and 
IMRT (n = 204; duration = NR): 
o bowel: 37% vs. 38%, P = 0.99 
o urinary incontinence: 32% 

vs. 34%, P = 0.99 
o urinary irritative/obstructive: 

17% vs. 19%, P = 0.99 
o sexual: 40% vs. 41%, P = 0.99 

 1 study (n = 96): No significant 
differences in 18-month QoL 
between PBT + photon RT 
(n = NR) and photon RT (n = NR) 

brachytherapy 
(n = NR) in 
subgroup 
analyses by risk 
groups, 
T stages, or 
Gleason scores 
(data = NR) 

 1 RCT 
(n = 202): 8-year 
local control 
between 
PBT + photon 
RT (n = NR) and 
photon RT 
(n = NR) in 
poorly-
differentiated 
tumours based 
on Gleason 
score of 4 or 5: 
85% vs. 40%, 
P = 0.0014 
 

Overall survival 
in different risk 
groups, T stages, 
or Gleason 
scores 
1 study (n = NR): 
No significant 
differences in 
8-year overall 
survival between 
PBT + photon RT 
(n = NR) and 
brachytherapy 
(n = NR) in 
subgroup analyses 
by risk groups, 
T stages, or 
Gleason scores 
(data = NR) 

8-year disease-free 
survival, or 18-month 
QoL, with no statistical 
testing results, between 
PBT + photon RT and 
photon RT.  
 
There were no 
statistically significant 
differences in bowel, 
urinary, or sexual QoL 
over unknown duration 
between PBT and 
IMRT. There were also 
no statistically 
significant changes in 
urinary QoL, from 
baseline to 24 months 
of follow-up, after PBT 
or 3DCRT. However, 
from subgroup 
analyses, the SR 
authors reported 
statistically significantly 
greater 8-year local 
control in poorly-
differentiated tumours 
with PBT + photon RT, 
compared with photon 
RT alone. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

ICER 201421 202 adults with 
advanced (stages 
T3 to T4) prostate 
cancer from an 
RCT66 (n = 1) 

Tumour or cancer control 

 1 study (n = 202): 5- and 8-year 
local tumour control between PBT 
boost + photon RT (n = 103) and 
photon RT (n = 99): 
o 5-year: 86% vs. 81%, P = NR 
o 8-year: 73% vs. 59%, P = NR 

 
Overall survival 

 1 study (n = 202): 5- and 8-year 
overall survival between PBT 
boost + photon RT (n = 103) and 
photon RT (n = 99): 
o 5-year: 75% vs. 80%, P = NR 
o 8-year: 55% vs. 51%, P = NR 

 
Disease-free survival 

 1 study (n = 202): 5- and 8-year 
disease-free survival between PBT 
boost + photon RT (n = 103) and 
photon RT (n = 99): 
o 5-year: 86% vs. 83%, P = NR 
o 8-year: 67% vs. 62%, P = NR 

 
Total tumour-free survival 

 1 study (n = 202): 5- and 8-year 
total tumour-free survival between 
PBT boost + photon RT (n = 103) 
and photon RT (n = 99): 

Local control in 
poorly-
differentiated 
tumours 
(Gleason score 
of 4 or 5) 

 1 study 
(n = NR): 8-year 
local tumour 
control between 
PBT 
boost + photon 
RT (n = NR) and 
photon RT 
(n = NR): 85% 
vs. 40%, 
P = 0.0014 
 

Local control in 
well- or 
moderately-
differentiated 
tumours 
1 study (n = NR): 
No differences in 
8-year local 
tumour control 
between PBT 
boost + photon RT 
(n = NR) and 
photon RT 
(n = NR) 

Fair-quality study 
(no assessment 
of body of 
evidence 
conducted) 

In adults with advanced 
prostate cancer, a fair-
quality study reported no 
significant differences in 
5- or 8-year local tumour 
control, overall survival, 
disease-free survival, and 
total tumour-free survival 
between PBT + photon 
RT and photon RT alone, 
but no statistical testing 
results were provided. 
However, from subgroup 
analyses, the SR authors 
reported statistically 
significantly greater 
8-year local control in 
poorly-differentiated 
tumours with PBT + 
photon RT, compared 
with photon RT alone. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

1,914 adults with 
localized prostate 
cancer from a 
prospective cohort 
study68 (n = 1) 
and non-
contemporaneous 
case series71,72 
(n = 2) 

QoL 

 1 study (n = 96): No significant 
differences in 18-month QoL 
among patients treated with PBT 
(n = 24), PBT + photon RT (n = 47), 
and photon RT (n = 25) 
(data = NR) 

 1 study (n = 371): Change in QoL 
from baseline to 24 months in 
follow-up among patients treated 
with PBT (n = 95), 3DCRT 
(n = 123), and IMRT (n = 153): 
o bowel/rectal: −3.7a vs. −4.3a vs. 

−7.4,a P = NR 
o urinary irritation/obstruction:  

−2.3 vs. −2.0 vs. 1.7, P = NR 
o urinary incontinence: −4.1 vs. 

−1.9 vs. −5.1,a P = NR 

 1 study (n = 1,447): Change in QoL 
from baseline to 2 years in follow-
up between PBT (n = 1,243) and 
IMRT (n = 204): 
o bowel: −4 vs. 0, P = 0.99 
o urinary incontinence: 0 vs. 0, 

P = 0.99 
o urinary irritative/obstructive:  

0 vs. 0, P = 0.99 
o sexual: 0 vs. 0, P = 0.99 

None Fair- or poor-
quality studies 
(no assessment 
of body of 
evidence 
conducted) 

In adults with localized 
prostate cancer, a fair-
quality study reported no 
significant differences in 
18-month QoL between 
PBT, alone or plus 
photon RT, and photon 
RT alone, but no 
statistical testing results 
were provided. Poor-
quality studies reported 
clinically and statistically 
significant decreases in 
bowel, but not urinary, 
QoL from baseline to 
24 months of follow-up 
after PBT, 3DCRT, or 
IMRT. However, no 
between-group 
comparisons were made, 
and no statistical testing 
results were provided. 

683 adults with 
prostate cancer 
from three 
comparisons of 
non-
contemporaneous 
case series71,72 
(n = 2) 

Tumour or cancer control 
1 study (n = 282) 8-year actuarial 
estimates of freedom from 
metastasis between PBT + photon 
RT (n = 141) and brachytherapy 
(n = 141): 99% vs. 96%, P = 0.21 
 
Overall survival 
1 study (n = 282): 8-year overall 
survival between PBT + photon RT 
(n = 141) and brachytherapy 
(n = 141): 93% vs. 96%, P = 0.45 
 
Disease-free survival 
1 study (n = 401): 5-year estimates of 
disease-free survival between 
PBT + photon RT (n = 195) and 
brachytherapy (n = 206):  
91% vs. 93%, P = NR 

None Poor- or fair-
quality studies 
(no assessment 
of body of 
evidence 
conducted) 

In adults with prostate 
cancer, a fair-quality 
study reported no 
statistically significant 
differences in 8-year 
tumour control or overall 
survival between PBT + 
photon RT and 
brachytherapy. A poor-
quality study also 
reported no significant 
differences in 5-year 
disease-free survival 
between PBT + photon 
RT and brachytherapy, 
but no statistical testing 
results were provided. 
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Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Sun 201436 1,368 adults with 
clinically localized 
prostate cancer 
from a non-
randomized study73 
(n = 1) 

QoL 
1 study (n = 1,368): QoL between 
PBT (n = 684; follow-up 
duration = 4.17 years) and IMRT 
(n = 684; follow-up duration = 
3.83 years): 

 urinary incontinence diagnoses, 
IMRT vs. PBT: adjusted rate 
ratio = 0.96, 95% CI = 0.70–1.32 

 erectile dysfunction diagnoses,  
IMRT vs. PBT: adjusted rate 
ratio = 0.89, 95% CI = 0.70–1.12 

 

None Low-quality study 
(no assessment 
of body of 
evidence 
conducted) 

In adults with clinically 
localized prostate cancer, 
a low-quality study 
reported no statistically 
significant differences in 
QoL associated with 
urinary incontinence or 
erectile dysfunction 
diagnoses, after 4 years 
of follow-up, between 
PBT and IMRT. 

Olsen 200739 202 adults with 
locally advanced 
prostate cancer 
from an RCT66,74 
(n = 1) and 180 
adults with prostate 
cancer from a 
retrospective 
study67 (n = 1) 

Overall survival 

 1 study (n = 202): No differences in 
overall survival between PBT 
boost + photon RT (n = 99) and 
photon RT (n = 103) (data = NR; 
duration = NR) 

 1 study (n = 180): No difference 
between PBT boost + photon RT 
(n = 64) and photon RT (n = 116) 
(data = NR; duration = NR) 
 

Disease-free survival 

 1 study (n = 202): No differences in 
overall survival between PBT 
boost + photon RT (n = 99) and 
photon RT (n = 103) (data = NR; 
duration = NR) 

 1 study (n = 180): No differences 
between PBT boost + photon RT 
(n = 64) and photon RT (n = 116) 
(data = NR; duration = NR) 

Local control in 
poorly-
differentiated 
tumours 
1 study (n = 202): 
8-year local control 
between PBT 
boost + photon RT 
(n = NR) and 
photon RT 
(n = NR): 85% vs. 
19%, P = NR 

Good-quality 
studies (no 
assessment of 
body of evidence 
conducted) 

In adults with prostate 
cancer (including locally 
advanced), good-quality 
studies reported no 
significant differences in 
overall or disease-free 
survival over unknown 
duration between PBT 
boost + photon RT, and 
photon RT alone. One of 
the studies reported 
higher 8-year local 
control with the 
combination therapy 
compared with photon 
RT alone. However, no 
statistical testing results 
were provided. 

CI = confidence interval; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; PBT = proton beam therapy; 

QoL = quality of life; RCT = randomized controlled trial; RT = radiotherapy; SR = systematic review; vs. = versus. 
a
 Statistically significant changes from baseline. 
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Table 19: Summary of Harms From Proton Beam Therapy Versus Other Radiotherapy 

for Prostate Cancer 

Systematic 
Review 

Participant 
Characteristics 

Numeric Data or Narrative Summary 
Quality of 
Included 
Primary 
Studies 
and/or Body 
of Evidence 

Systematic 
Review Authors’ 
Conclusions 

Overall 
Subgroup 
Analysis 

Adults 

Schroeck 
2017

30
 

27,647 adults with 
prostate cancer from 
a retrospective 
cohort study

75
 (n = 1) 

Toxicity 

1 study (n = 27,647): No significant 
differences in 12-month GI and GU 
complications between PBT (n = 553) 
and IMRT (n = 27,094) (data = NR) 

None Moderate-
quality study but 
very low-quality 
evidence 

In adults with 
prostate cancer, a 
moderate-quality 
study but very low-
quality evidence 
indicated no 
significant 
differences in 
12-month GI and GU 
complications 
between PBT and 
IMRT. However, no 
statistic testing 
results were 
provided. 

Peterson 
2015

35
 

62,273 adults with 
prostate cancer from 
an RCT

66
 (n = 1) and 

retrospective cohort 
studies

67,68,73,75-77
 

(n = 6) 

Toxicity 

 1 study (n = 28,088): 1-year acute 
GI toxicity between PBT (n = NR) and 
3DCRT (n = NR): 
o unadjusted: 20.1 vs. 9.2 events per 

1,000 participants treated, P = NR 
o PBT vs. 3DCRT aHR = 2.13, 

95% CI = 1.45–3.13 

 4 studies (n = 34,185): Toxicity 
between PBT (n = NR) and IMRT 
(n = NR): 
o 1 study (n = 1,263): 0- to 6-month GI 

toxicity: rates, 2.9% vs. 3.6%, 
P = NR; PBT vs. IMRT OR = 0.84, 
95% CI = 0.42–1.66 

o 1 study (n = 1,263): 0- to 6-month 
GU toxicity: rates, 5.9% vs. 9.5% 
(data = NR); PBT vs. IMRT 
OR = 0.60, 95% CI = 0.38–0.96 

o 1 study (n = 942): 12-month GI 
toxicity: rates, 9.9% vs. 10.2%, 
P = NR; PBT vs. IMRT OR = 0.97, 
95% CI = 0.61–1.53 

o 1 study (n = 188): 12-month grade 
≥ 2 GI toxicity: rates, 4.3% vs. 
13.8%, P = NR; PBT vs. IMRT 
OR = 0.27, 95% CI = 0.06–1.24 

o 1 study (n = 942): 12-month GU 
toxicity: rates, 18.8% vs. 17.5%, 
P = NR; PBT vs. IMRT OR = 1.08, 
95% CI = 0.76–1.54 

None Poor-, medium-, 
or fair-quality 
studies and 
generally low-
strength 
evidence 

In adults with 
prostate cancer, a 
fair-quality study but 
low-strength 
evidence indicated 
statistically 
significantly higher 
rates of 1-year acute 
GI toxicity with PBT 
compared with 
3DCRT. Other fair-
quality studies but 
low-strength 
evidence indicated 
statistically 
significantly lower 
rates of 46- to 50-
month GI procedures 
or diagnoses, but 
higher rates of 5-
year GI toxicity, with 
PBT compared with 
IMRT, but no 
statistically 
significant 
differences between 
the two modalities in 
0- to 24-month GI 
and GU toxicity. Fair- 
to poor-quality 
studies and low-
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Overall 
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o  1 study (n = 188): 12-month grade 
≥ 2 GU toxicity: rates, 21.3% vs. 
28.7% (data = NR); PBT vs. IMRT 
OR = 0.69, 95% CI = 0.32–1.51 

o 1 study (n = 188) 24-month grade 
≥ 2 GI toxicity: rates, 12.8% vs. 
10.8%, P = NR; PBT vs. IMRT 
OR = 1.24, 95% CI = 0.53–2.94 

o 1 study (n = 188) 24-month grade 
≥ 2 GU toxicity: rates, 12.8% vs. 
18.3%, P = NR; PBT vs. IMRT 
OR = 0.56, 95% CI = 0.22–1.41 

o 2 studies (n = 6,350), GI toxicity: 

 1 study (n = NR) 5-year GI toxicity: 
rates, 20.1 vs. 8.3 per 1,000 
participant-years, P = NR; 
PBT vs. IMRT: HR = 3.32, 
95% CI = 2.12–5.20 

 1 study (n = NR): 46- to 50-month 
GI procedures between PBT and 
IMRT: 21 vs. 18 per 100 person-
years, P = NR; IMRT vs. PBT 
RR = 0.82, 95% CI = 0.70–0.97 

 1 study (n = NR) 46- to 50-month 
GI diagnoses between PBT and 
IMRT: 18 vs. 12 per 100 person-
years, P = NR; IMRT vs. PBT 
RR = 0.66, 95% CI = 0.55–0.79 

 3 studies (n = 567): Toxicity between 
PBT + photon RT (n = NR) and photon 
RT (n = NR): 
o 1 study (n = 185): No significant 

differences in 18-month GI, sexual, 
or urinary toxicity (data = NR) 

o 1 study (n = 180): No significant 
differences in 5-year rectal or urinary 
toxicity (data = NR) 

o 1 study (n = 202): 8-year gross 
hematuria: 14% vs. 8%, P = 0.25 

o 1 study (n = 202): 8-year rectal 
bleeding: 32% vs. 12%, P = 0.002 

 1 study (n = 202): 8-year urethral 
stricture: 19% vs. 8%, P = 0.07 

strength evidence 
indicated statistically 
significantly higher 
rates of 8-year rectal 
bleeding and 8-year 
urethral stricture with 
PBT + photon RT, 
compared with 
photon RT alone, but 
no statistically 
significant 
differences between 
the two modalities in 
18-month GI, sexual, 
or urinary toxicity; 
5-year rectal or 
urinary toxicity; or in 
8-year gross 
hematuria. 
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ICER 2014
21

 202 adults with 
advanced (stages T3 
to T4) prostate 
cancer from an 
RCT

66
 (n = 1) 

Toxicity 

 1 study (n = 202): Toxicity between 
PBT boost + photon RT (n = 103) and 
photon RT (n = 99): 
o hematuria incidences:  

14% vs. 6%, P = NR 
o loss of full potency:  

60% vs. 63%, P = NR 
o rectal bleeding: incidences, 27% vs. 

9%, P = NR; actuarial grade ≤ 2 
estimates, 32% vs. 12%, P = 0.002 

o urethral stricture incidences:  
13% vs. 5%, P = NR 

o urinary incontinence incidences:  
1% vs. 1%, P = NR 
 

No incidences of grade ≥ 3 toxicity 

None Fair-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with 
advanced prostate 
cancer, a fair-quality 
study reported that 
actuarial estimates of 
8-year grade ≤ 2 
rectal bleeding at 
were statistically 
significantly higher 
with PBT + photon 
RT, compared with 
photon RT alone. No 
participants had 
grade ≥ 3 toxicity 
during radiotherapy. 
The SR authors 
reported no 
significant 
differences in rates 
of urethral stricture, 
hematuria, 
incontinence, and 
loss of potency over 
unknown duration 
between the 
interventions, but no 
statistical testing 
results were 
provided. 

942 adults with early 
stage prostate 
cancer from a 
retrospective study

75
 

(n = 1) 

Toxicity 

 1 study (n = 942): Toxicity between 
PBT (n = 314) and IMRT (n = 628): 
o 6-month GI toxicity: incidences, 

2.9% vs. 3.6%, P = NS; PBT vs. 
IMRT OR = 0.84, 95% CI = 0.42–
1.66 

o 6-month GU toxicity: incidences, 
5.9% vs. 9.5%, P = 0.03; PBT vs. 
IMRT OR = 0.60, 95% CI = 0.38–
0.96 

o 6-month other toxicity (e.g., infection 
or nerve damage): incidences, 
< 2.6% vs. 2.5%, P = NS; PBT vs. 
IMRT OR = 0.69, 95% CI = 0.29–
1.66 

o 12-month GI toxicity: incidences, 
9.9% vs. 10.2%, P = NS; PBT vs. 
IMRT OR = 0.97, 95% CI = 0.61–
1.53 

o 12-month GU toxicity: incidences, 
18.8% vs. 17.5%, P = 0.66; PBT vs. 

None Fair-quality 
study (no 
assessment of 
body of 
evidence 
conducted) 

In adults with early 
stage prostate 
cancer, a fair-quality 
study reported that 
PBT, compared with 
IMRT, was 
associated with 
statistically 
significantly lower 
rates of GU toxicity 
after 6-month follow-
up but not after 
12-month follow-up. 
There were no 
statistically 
significant 
differences in 6- or 
12-month GI or other 
types (e.g., infection 
or nerve damage) of 
toxicity. 
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IMRT OR = 1.08, 95% CI = 0.76–
1.54 

12-month other toxicity (e.g., infection or 
nerve damage): incidences, 4.5% vs. 
5.6%, P = NS; PBT vs. IMRT OR = 0.78, 

95% CI = 0.41–1.50 

29,456 adults with 
prostate cancer from 
non-randomized 
studies

73,77
 (n = 2) 

Toxicity 

 1 study (n = 1,368): Toxicity between 
PBT (n = 684) and IMRT (n = 684) 
(median follow-up duration = 4 years): 
o erectile dysfunction diagnoses: 

7.4 vs. 6.6 per 100 person-years, 
P = NS 

o erectile dysfunction procedures: 
1.4 vs. 0.8 per 100 person-years, 
P = NS 

o GI diagnoses: 17.8 vs. 12.2 per 
100 person-years, P < 0.05 

o GI procedures: 16.2 vs. 17.7 per 
100 person-years, P = NS 

o hip fracture: 0.7 vs. 0.8 per 
100 person-years, P = NS 

o urinary incontinence diagnoses: 
3.3 vs. 3.1 per 100 person-years, 
P = NS 

o urinary incontinence procedures: 
7.8 vs. 7.6 per 100 person-years, 
P = NS 

o use of additional cancer therapy: 
1.9 vs. 2.2 per 100 person-years, 
P = NS 

o GI bleeding:  
20.1 vs. 7.8 vs. 8.3 vs. 4.4 events 
per 1,000 person-years, P = NR 

o any GI toxicity:  
20.1 vs. 9.3 vs. 8.9 vs. 5.3 events 
per 1,000 person-years, P = NR 

 
Pairwise comparisons: 

 PBT vs. 3DCRT: HR = 2.13, 
95% CI = 1.45–3.13 

 PBT vs. IMRT: HR = 3.32, 
95% CI = 2.12–5.20 

None Fair-quality 
studies (no 
assessment of 
body of 
evidence 
conducted) 

In adults with 
prostate cancer, fair-
quality studies 
reported statistically 
significantly higher 
GI morbidity over 
unknown duration 
with PBT, compared 
with 3CDRT or 
IMRT, and higher GI 
morbidity over 
unknown duration 
with PBT compared 
with brachytherapy, 
with no statistical 
testing results. 
However, there were 
no statistically 
significant 
differences in erectile 
dysfunction, hip 
fracture, urinary 
incontinence, or the 
use of additional 
cancer therapy 
between PBT and 
IMRT, all after 
4 years of median 
follow-up. 
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Sun 2014
36

 29,456 adults with 
clinically localized 
prostate cancer from 
non-randomized 
studies

73,77
 (n = 2) 

Adverse events 

 1 study (n = 1,368): AEs between PBT 
(n = 684; follow-up duration = 
4.17 years) and IMRT (n = 684; follow-
up duration = 3.83 years): 
o erectile dysfunction procedures: 

IMRT vs. PBT adjusted rate 
ratio=0.61, 95% CI = 0.35–1.06 

o GI diagnoses: IMRT vs. PBT, 
adjusted rate ratio = 0.66, 
95% CI = 0.55–0.79 

o GI procedures, including 
colonoscopy: IMRT vs. PBT, 
adjusted rate ratio = 0.82, 
95% CI = 0.70–0.98 

o urinary non-incontinence diagnoses: 
IMRT vs. PBT, adjusted rate 
ratio = 1.25, 95% CI = 0.99–1.58 

o urinary non-incontinence 
procedures: IMRT vs. PBT, adjusted 
rate ratio = 1.06, 95% CI = 0.69–
1.63 

o urinary incontinence procedures: 
IMRT vs. PBT, adjusted rate 
ratio = 0.97, 95% CI = 0.77–1.20 

 1 study (n = 28,088): AEs among 
patients treated with PBT (n = NR), 
3DCRT (n = NR), and IMRT (n = NR) 
(follow-up duration = 10 years): 
o any GI toxicity: PBT vs. 3DCRT: 

aHR = 2.13, 95% CI = 1.45–3.13; 
PBT vs. IMRT: aHR = 3.32, 95% 
CI = 2.13–5.20 

None Low-quality 
studies (no 
assessment of 
body of 
evidence 
conducted) 

In adults with 
clinically localized 
prostate cancer, two 
low-quality studies 
reported that PBT, 
compared with 
3DCRT or IMRT, 
was associated with 
statistically 
significantly higher 
GI morbidity after 4 
years of follow-up. 
However, there were 
no statistically 
significant 
differences in erectile 
dysfunction, urinary 
incontinence/non-
incontinence, or GI 
or GU procedures 
after 4 years of 
follow-up between 
PBT and IMRT. 
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Olsen 2007
39

 202 adults with 
locally advanced 
prostate cancer from 
an RCT

66
 (n = 1) and 

180 adults with 
prostate cancer from 
a retrospective 
study

67
 (n = 1) 

Toxicity 

 1 study (n = 202): 8-year toxicity 
between PBT boost + photon RT 
(n = 99) and photon RT (n = 103): 
o grade 2 or 3 rectal bleeding:  

32% vs. 12%, P = 0.002 
o urethral stricture:  

19% vs. 8%, P = 0.007 

 1 study (n = 180): Toxicity between 
PBT boost + photon RT (n = 64) and 
photon RT (n = 116): 
o rectal symptoms: 20% vs. 16%, 

P = NR 
o urinary symptoms: 33% vs. 34%, 

P = NR 

None Good-quality 
studies (no 
assessment of 
body of 
evidence 
conducted) 

In adults with locally 
advanced prostate 
cancer, a good-
quality study 
reported that 
actuarial 8-year 
rectal bleeding rates 
were statistically 
significantly higher 
with PBT + photon 
RT, compared with 
photon RT alone. 
Another good-quality 
study reported 
similar rectal and 
urinary symptoms 
between groups but 
provided no 
statistical testing 
results. 

3DCRT = three-dimensional conformal radiotherapy; AE = adverse event; aHR = adjusted hazard ratio; CI = confidence interval; GI = gastrointestinal; GU = genitourinary; 

HR = hazard ratio; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; NS = not significant; OR = odds ratio; 

PBT = proton beam therapy; RCT = randomized controlled trial; RT = radiotherapy; SR = systematic review; vs. = versus. 

Summary of Clinical Results 

An overview of SRs on the comparative clinical effectiveness and safety of PBT for the 

treatment of cancer in children and adults was conducted. Evidence from nine SRs, which 

included a total of 34 unique primary studies and 65,754 participants relevant to this 

overview, contributed to: benefits and/or harms outcome data on central nervous system 

cancer and eye cancer for children; benefits and/or harms outcome data on bone cancer, 

breast cancer, central nervous system cancer, esophageal cancer, eye cancer, head and 

neck cancer, liver cancer, lung cancer, and prostate cancer for adults; and benefits and 

harms outcome data on intramedullary spinal cord glioma in children and adults analyzed 

together. Comparisons included PBT versus external RT (i.e., 3DCRT, IMRT, photon RT, 

SRT, carbon ion RT, or helium ion RT) or internal RT (i.e., brachytherapy) and PBT in 

combination with photon RT versus photon RT or brachytherapy. All outcomes of interest 

were captured, although not for every cancer type and comparison. Findings from the 

clinical review, based mostly on low-quality evidence stemming from poor-quality primary 

studies, are summarized here, first for children, next for adults, and then children and adults, 

analyzed together. 
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Children 

Clinical effectiveness and safety of PBT were similar to IMRT in craniopharyngioma 

(i.e., three-year overall or disease-free survival). PBT, compared with photon RT, was 

associated with lower harms in retinoblastoma (i.e., lower 10-year RT-induced or in-field 

secondary malignancy). 

Adults 

Clinical effectiveness of PBT, alone or in combination with photon RT, was similar to other 

types of RT in giant-cell bone tumours (i.e., 10-year distant metastases or progression-free 

survival), breast cancer (i.e., seven-year local recurrences), medulloblastoma (i.e., two- or 

five-year locoregional failure or two-year overall or progression-free survival), esophageal 

cancer (i.e., 90-day mortality, three-year overall survival, or disease-specific survival over 

unknown duration), liver cancer (i.e., 1.5- to five-year tumour or cancer control, overall 

survival, or mortality), lung cancer (i.e., survival times or three-year local control, overall 

survival, or progression-free survival), and most prostate cancer (i.e., five- or eight-year 

tumour or cancer control, overall survival, or disease-free survival or 1.5- to four-year QoL). 

However, PBT, alone or in combination with photon RT, was associated with greater 

benefits in meningioma (i.e., higher five-year local control) and greater benefits (i.e., lower 

rate of local recurrences over unknown duration or five- or 15-year late recurrences) as well 

as lower benefits (i.e., higher mortality over unknown duration) in eye cancer. Evidence from 

subgroup analyses suggests that the effect of PBT may be greater in malignant meningioma 

(i.e., higher five-year local control) and poorly-differentiated tumours of prostate cancer 

(i.e., eight-year local control), although it is unclear whether these findings from subgroup 

analyses are clinically meaningful. 

Safety of PBT, alone or in combination with photon RT, was similar to other types of RT in 

most breast cancer (i.e., fat necrosis, fibrosis, breast pain, or rib fracture between five or 

seven years or over unknown duration), meningioma (i.e., side effects after 12 to 42 

months), some esophageal cancer (i.e., 30-day gastrointestinal or pulmonary post-operative 

complications or cardiac or gastrointestinal post-operative complications over unknown 

duration), choroidal or uveal hemangioma (i.e., optic or disc nerve atrophy or retinopathy or 

grade 3, 4, or 5 side effects in lacrimation, lens, or retinopathy after 28 months), head and 

neck cancer (i.e., vision loss over unknown duration), liver cancer (i.e., dermatitis, increased 

transaminase, rib fracture, nausea, anorexia, pain, or ascites after 31 months, or bone 

marrow depression or gastrointestinal complications over unknown duration), some lung 

cancer (i.e., acute severe esophagitis, grade 3 or higher fatigue after 1.8 to 76.1 months, 

hematologic toxicity after 1.8 to 76.1 months, or dermatitis, pneumonitis, or rib fracture after 

3.5 years), and some prostate cancer (i.e., gastrointestinal, genitourinary, or sexual toxicity 

after up to five years). However, PBT, alone or in combination with photon RT, was 

associated with greater harms in some breast cancer (i.e., higher seven-year skin toxicity), 

lower harms in medulloblastoma (i.e., lower one-month acute toxicity, including weight loss, 

esophagitis, and nausea or vomiting), greater harms (i.e., higher risk of acute pneumonitis) 

as well as lower harms (i.e., lower risk of 30-day pulmonary complications, grade 2 or higher 

nausea, fatigue, or hematologic toxicity over unknown duration, or pulmonary, wound, or 

total post-operative complications over unknown duration) in some esophageal cancer, 

greater harms (i.e., higher rate of late asymptomatic retinopathy) as well as lower harms 

(i.e., lower rate of acute orbital pain or headache) in optic nerve sheath meningioma, greater 

harms (i.e., higher risk of grade 3 or higher dermatitis after 1.8 to 76.1 months) as well as 

lower harms (i.e., lower risk of acute severe esophagitis, 15- to 17-month esophagitis, or 

grade ≥ 3 pneumonitis after 1.8 to 76.1 months) in some lung cancer, and greater harm in 
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some prostate cancer (i.e., higher risk of gastrointestinal toxicity after up to five years or 

eight-year rates of rectal bleeding and urethral stricture). 

Children and Adults 

Clinical effectiveness of PBT compared with IMRT was similar for some benefits outcomes 

(i.e., local recurrences or metastases after 24 months), but associated with lower benefits 

for other benefits outcomes (i.e., lower five-year survival or higher mortality after 24 months) 

in intramedullary spinal cord glioma. Safety of PBT was similar to IMRT (i.e., long-term 

toxicity or myelopathy) in intramedullary spinal cord glioma. 
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Budget Impact Analysis 

This section addressed the following research question: 

3. What is the budget impact of installing a Canadian-based PBT facility as an alternative 
to out-of-country referrals for PBT for the treatment of cancer in children and adults? 

Background 

PBT is an expensive technology: initial investment in a facility can cost between 

US$25 million and US$200 million in terms of construction and equipment expenses.
16

 

There are only 63 such facilities worldwide and, while additional facilities are under 

construction, only one specialized research facility that specifically treats intraocular 

melanoma exists within Canada, located in the city of Vancouver.
7
 

For other indications in oncology outside of intraocular melanoma, many provinces currently 

fund PBT treatment out of country on a case-by-case basis, with the average costs for a 

public health care payer reported to be up to C$200,000 per patient for an out-of-country 

referral.
10,17

 However, due to the high costs of treating patients out of country, both with 

respect to medical expenses and the financial impact on families (e.g., travel and out-of-

pocket costs), and the potential financial challenges to treat all patients who could benefit 

from PBT under the current approach, there is interest among Canadian decision-makers to 

understand the budgetary impact of installing a Canadian-based PBT facility. 

Decision Problem 

What is the budget impact of installing a Canadian-based PBT facility as an alternative to 

out-of-country referrals for PBT for the treatment of cancer in children and adults? 

Study Design and Methods 

A BIA was conducted using an Excel-based tool developed for this project. This tool has the 

flexibility to conduct various scenario analyses and to report estimates of budget impact, 

disaggregated by province, cost category and year. 

Patient Population 

A recently completed Environmental Scan
16

 identified the following estimates for the number 

of patients in each province/territory who have been referred out of country for PBT therapy 

each year: 

 14 in Alberta (2016 estimate) 

 12 in Ontario (2016 estimate) 

 15 in Quebec (2015 estimate) 

 2 in Saskatchewan (2016 estimate) 

 1 or 2 in Nova Scotia (2015 estimate). 

For the remaining provinces and territories, the Environmental Scan
16

 suggested there was 

no public funding for out-of-country referrals for PBT treatment. The reference-case 

analysis assumed the initial patient load would reflect the numbers reported in the 
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Environmental Scan,
16

 with a sensitivity analysis conducted that assumed a 30% increase in 

the initial population size (i.e., 58 patients). 

The Excel tool allows for the number of patients eligible for treatment to be modified in two 

ways. Firstly, a “growth rate” per year, which permits an exponential change in patient 

numbers over time. Secondly, a “multiplier” that would increase the initial number of patients 

by the multiplier factor (e.g., a multiplier of two would double the initial number of patients 

referred for PBT therapy in each province compared with the numbers identified in the 

Environmental Scan). 

Strategies Assessed 

Three primary strategies were considered in the analysis: 

 Fund out-of-country referrals on a case-by-case basis (current strategy). 

 Construct a single-vault PBT facility within an existing Canadian RT facility. 

 Construct a multi-vault PBT facility within an existing Canadian RT facility. 

Of note, Mevion S250, a single-vault system, is the only proton therapy system that is 

currently approved by Health Canada. The focus of the cost for the single-vault system for 

this analysis is based on this device. Given the growing popularity of multi-vault proton-

beam facilities abroad, multi-vault proton-beam facilities were also included in the analysis 

to facilitate comparison. 

In addition to the primary strategies above, two secondary strategies were considered, 

equivalent to strategies 2 and 3 except with the construction on a greenfield site rather than 

within an existing facility. 

It was assumed that these strategies would be mutually exclusive. In other words, patients 

would remain in Canada for treatment if a Canadian PBT facility existed, and not receive 

any care out of country. 

Time Horizon, Discounting, and Inflation 

The reference case and all sensitivity analyses were conducted using time horizons of one 

to 15 years inclusive, with results presented in a disaggregated manner in one-year 

increments. Five-year and 10-year time horizons were the primary time horizons used for 

interpreting and discussing the results, chosen for their relevance to the budgeting process 

of Canadian stakeholders. For all threshold analyses, time horizons of five years and 

10 years were adopted. In line with the International Society For Pharmacoeconomics and 

Outcomes Research (ISPOR) guidelines for conducting budget impact analyses, no 

discounting was applied.
78

 The inflation rate adopted in the base case was 2% per annum, 

in line with the Bank of Canada’s target rate, and was applied to all costs.
79

 

Perspective 

The BIA was conducted from the perspective of Canada’s provincial/territorial public health 

care systems. As such, only medical costs covered by the health care payer were captured; 

this may include the cost of treatment, the cost of travel for both the patient and their 

approved caregiver, and the capital costs associated with constructing a PBT facility. 

Indirect costs, such as productivity losses, out-of-pocket costs, and time lost, were not 

considered in the analysis. 
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Analytical Framework 

Based on feedback from clinical experts, it was assumed for the purposes of the BIA that all 

patients would receive identical medical care, regardless whether they received PBT in 

Canada or out of country. In other words, the effectiveness of PBT would be identical 

regardless of the location of treatment. Similarly, treatment outcomes were assumed to be 

the same regardless of the type of facility (i.e., single- or multi-vault) in which a patient 

received PBT. An important implication of these assumptions was that all downstream costs 

and health outcomes were assumed to be identical, such that the only differences in costs 

between strategies were those related to the direct provision of PBT. Following this 

assumption, all other costs (including all future treatment costs) were assumed to be 

identical across strategies and, therefore, these were not considered as part of the BIA. 

Note, if this assumption is considered unreasonable — for example, if the standard of care 

is assumed to differ across strategies — then this would have implications for long-term 

health outcomes as well as costs. In this case, a broader economic analysis, such as a cost-

effectiveness analysis with consideration of long-term costs and health outcomes, would be 

required. 

Input Data 

The input cost parameters used in the reference-case analysis are summarized in Table 20. 

Table 20: Costs Inputs to the Reference Case in the Budget Impact Analysis 

Strategy Parameter Parameter Value
a
 Reference 

Strategy 1: 
Fund OOC 

OOC referral cost (excluding travel) $150,000 Assumption, based on 
Patel 2014

16
 

All strategies 

Travel Costs 

Method A (i.e., gross costing), total travel costs $50,000 
16

 

Method B (i.e., micro-costing approach)   

 Cost of return flight $1,000  

 Accommodation (per night) $50  

 Number of nights 60  

 Percentage of patients requiring caregivers 58%  

Reduction in travel costs if PBT facility is located in Canada  Assumption 

 Patient resides in same province as facility location 50%  

 Patient resides in difference province as facility location 25%  
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Strategy Parameter Parameter Value
a
 Reference 

Strategies 2 and 3: 
Construct 
Canadian PBT 
facility 

Construction Costs 

Strategy 2-1: Mevion PBT facility (within existing RT 
facility) 

  

 Mevion device only $34.18 m Personal communication 

 Other construction costs $7.15 m 
80

 

Total construction costs $41.33 m  

Strategy 3-1: Multi-vault PBT facility (within existing 
RT facility) 

 Total construction costs 

$136.72 m 
81

 

Strategy 2-2: Mevion PBT facility (on greenfield site) 

 Total construction costs 
$133.62 m Assumption 

Strategy 3-2: Multi-vault PBT facility (on greenfield site) 

 Total construction costs 
$321.29 m 

81
 

Annual Utility Costs 

Strategy 2: Mevion facility $0.20 m Personal communication 

Strategy 3: Multi-vault facility $1.37 m Personal communication 

Annual Service Costs (After Year 1) 

Strategy 2: Mevion facility $1.64 m Personal communication 

Strategy 3: Multi-vault facility $13.67 m 
81

 

Annual Staffing Costs 

Strategy 2: Mevion facility $2 m Assumption 

Strategy 3: Multi-vault facility $10.82 m 
82

 

m = million; OOC = out-of-country; PBT = proton beam therapy; RT = radiotherapy. 
a
 Values in 2017 Canadian dollars. 

Strategy 1: Refer Patients Out of Country 

Referral Costs (Excluding Travel Costs) 

A paper by Patel et al. (2014)
11

 reported a “mean cost per referral of approximately 

$200,000” in Alberta (2013). This was assumed to be inclusive of up to C$50,000 in travel 

costs.
16

 For the purpose of the BIA, it was assumed that the referral cost for treatment 

abroad (excluding travel costs) was C$150,000. Travel costs were considered separately 

and described below for all strategies. 

Strategies 2 and 3: Provide Proton Beam Therapy in Canada 

Construction and Acquisition Costs 

Strategy 2: Single-Vault (Mevion S250) Proton Beam Therapy Facility 

A single-vault Mevion system in Florida, constructed inside an existing RT facility, had 

construction costs of approximately US$5 million (2013 US dollars).
80

 These costs included: 

 US$1 million for the structural foundation 

 US$2 million for vault construction 

 US$2 million for remaining construction expenses, including magnetic resonance 
imaging, mammography and lobby areas, and the billing office. 
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Inflating this to 2017 dollars using the most recent Consumer Price Index for All Urban 

Consumers (CPI-U) data published by the US Department of Labor Bureau of Labor 

Statistics (average for 2013 = 232.957, March 2017 = 243.801)
83,84

 results in a current total 

construction cost of US$5.23 million (2017 US dollars). Converting this to Canadian dollars 

at the average daily exchange rate on May 10, 2017 reported by the Bank of Canada (1 US 

dollar = 1.3672 Canadian dollars)
79

 results in a construction cost of C$7.15 million (2017 

Canadian dollars). This exchange rate was used for all further conversions between US and 

Canadian dollars in the BIA. 

In addition, the current list price of the Mevion device itself is US$25 million (2017 US 

dollars) (Michael Tajima, Mevion Medical Systems, Littleton, MA: personal communication, 

2017 May). Converting this to Canadian dollars results in a cost of C$34.18 million (2017 

Canadian dollars). The total cost of construction and acquisition was therefore assumed to 

be C$41.33 million under this strategy (2017 Canadian dollars). 

For the secondary strategy (construction of a Mevion single-vault PBT facility on a 

greenfield site), the construction costs were increased but the device cost and all other 

costs were assumed to be the same as in the primary strategy. In the absence of data on 

the additional cost of constructing a Mevion PBT facility on a greenfield site, compared with 

construction in an existing RT facility, this additional cost was based upon the difference in 

cost between constructing a multi-vault facility on a greenfield site compared with 

construction within an existing facility. Since a single-vault facility is smaller than a multi-

vault facility, it was assumed that the additional costs of constructing a Mevion single-vault 

PBT facility on a greenfield site would be 50% of the additional costs of constructing a multi-

vault facility on a greenfield site (as noted subsequently). This results in a total construction 

cost — including the device cost — of C$133.62 million for the secondary strategy. 

Strategy 3: Multi-Vault PBT Facility 

A recent report by ECRI Institute reported that a multi-vault facility would cost between 

US$100 million and US$235 million to construct and equip.
81

 It was assumed that 

construction within an existing RT facility would fall at the lower end of this range 

(US$100 million), which converts to C$136.72 million. For the secondary strategy 

(i.e., construction of a multi-vault facility on a greenfield site), the upper end of this range 

was used (US$235 million), which converts to C$321.29 million. 

Utility Costs 

According to data provided by Mevion, the first-year utility (i.e., electricity) bills for a US 

Mevion facility were approximately US$60,000 to US$100,000 (Michael Tajima, Mevion 

Medical Systems, Littleton, MA: personal communication, 2017 May). Converting the US 

prices to Canadian dollars would imply a utility bill of approximately C$82,000 to C$137,000 

(2017 Canadian dollars). However, Alberta Health Services has advised that such an 

estimate may be conservative, and that an annual cost of C$200,000 may be more accurate 

in the Canadian setting.
85

 We therefore used this higher estimate of C$200,000 per year in 

the reference-case analysis and considered a lower estimate of C$110,000 (the 

approximate mid-point of the range based on the data from Mevion) in a sensitivity analysis. 

The report by ECRI Institute found that annual electricity costs for a multi-vault facility “can 

total up to about US$1 million per year.”
81

 Converting this to Canadian dollars implies an 

annual cost of C$1.37 million. It was assumed that this estimate represented annual utility 

costs of a multi-vault PBT facility in the BIA. 
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Training Costs 

Initial training costs (for a physicist/engineer, radiation therapists, physicians, and a 

dosimetrist) were assumed to be subsumed in the contract for a PBT facility. It was further 

assumed that there were no ongoing training costs thereafter for either a single- or multi-

vault system. This is a potential limitation of the analysis, as training costs were not 

considered explicitly as their own separate cost item in the BIA. 

Service Costs 

The Mevion PBT device has a one-year warranty (Michael Tajima, Mevion Medical 

Systems, Littleton, MA: personal communication, 2017 May). Thereafter, it was assumed 

that the annual service costs for a single-vault system would be US$1.20 million, equivalent 

to C$1.64 million. 

The ECRI Institute report estimated that annual service costs for a multi-vault facility would 

be approximately 10% of the capital equipment costs.
81

 Since a construction cost of 

US$100 million was assumed in the primary strategy for this analysis, an annual service 

cost of US$10 million was assumed, which is equivalent to C$13.7 million. 

It was assumed that service costs would be incurred from year 2 onward, (i.e., the first-year 

service costs are covered under warranty). 

Staffing Costs 

It was assumed that each single-vault facility would require two to three therapists, one 

physicist/engineer, and one dosimetrist. An annual cost of C$2 million (2017 Canadian 

dollars) was assumed for staffing costs. 

A multi-vault facility would have greater staffing requirements. A report by the UK 

Department of Health estimated the staffing costs for such a facility to be £5.70 million per 

year in 2012,
82

 equivalent to C$10.82 million (2017 Canadian dollars) at the average daily 

exchange rate on May 10, 2017 reported by the Bank of Canada (1 British 

pound = C$1.7692).
79

 

For the strategies of constructing a PBT facility in an existing RT facility, it was assumed 

that nursing and administrative support staffing needs would not differ considerably. Staffing 

costs may be higher in the secondary strategies of constructing a PBT facility on a 

greenfield site, although this was not incorporated in the analyses, given a lack of data on 

how staffing requirements may differ between constructing a PBT facility in an existing RT 

facility versus on a greenfield site. 

Travel Costs (Applies to All Strategies) 

Two alternative methods were used to consider travel costs out of country and within 

Canada. Regardless of the method used, it was assumed that constructing a facility in 

Canada would reduce, but not eliminate, travel costs, with a greater reduction in travel costs 

for patients residing in the province in which the facility would be constructed. 

Regardless of the method used, it was assumed that average travel costs for patients in the 

province in which the facility would be constructed would be reduced by 50%, while average 

costs for patients in all other provinces would be reduced by 25%. 



 

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 77 

Method A 

According to the survey responses reported in the Environmental Scan, “inclusion of travel 

and accommodation for patients and caregivers can increase overall costs by an additional 

$50,000.”
16

 In line with this survey response, our first method for estimating travel costs 

assumed that all patients would incur a total travel cost (including transport, 

accommodation, and caregiver transport and accommodation) of $50,000 per treatment. 

This may be regarded as an overestimate of the actual per-patient travel costs incurred by 

Canadian health care systems, since the survey responses indicated that travel “can” 

increase overall costs by $50,000, implying that some patients may incur lower travel costs, 

and the Environmental Scan noted elsewhere (p. 12) that not all jurisdictions cover travel 

costs, so this estimate may not be applicable to all provinces and territories.
16

 It may instead 

reflect the higher estimate for travel (e.g., travel from remote regions). 

Method B 

According to the Environmental Scan,
16

 the following costs are covered by each province for 

patients travelling out-of-province for treatment (Table 21). 

Table 21: Funding Status of Cost Categories by Jurisdictions Identified in the Environmental 

Scan as Currently Sending Patients Out of Country for Proton Beam Therapy 

Costs Covered Alberta Quebec Ontario Saskatchewan Nova Scotia 

Treatment Yes Yes Yes Yes Yes 

Patient travel Yes Yes No No Yes 

Caregiver travel Yes Yes No No Yes 

Patient accommodation (in hospital) Yes Yes No No Yes 

Patient accommodation (out of hospital) No Yes No No Yes 

Caregiver accommodation No Yes No No Yes 

Source: Environmental Scan.
16

 

 

The Environmental Scan
16

 also noted that Alberta does not cover the following costs: 

 take-home drugs, medical equipment, or other supplies 

 private medical insurance to cover emergency illness or injury unrelated to the services 
for which funding is authorized 

 meals or accommodation (excluding hospital accommodation) 

 seat selection, baggage, car rental, parking, or other personal expenses 

 meals or accommodation for any person accompanying the patient. 

At least one province (Nova Scotia) has published a policy on reimbursing out-of-province 

travel and accommodation.
86

 This policy sets a maximum of $1,000 for round-trip travel and 

a limit of $125 per night or $1,500 per month for accommodation costs. 

Method B was based upon these data and policies. First, it was assumed that the 

reimbursement limits prescribed by Nova Scotia were also applicable to the other provinces 
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that cover travel costs. Next, it was assumed that all patients would incur the full $1,000 cost 

for round-trip travel. Based on an estimated treatment duration of four to eight weeks,
87

 it 

was assumed that each patient would require 60 days of accommodation (two months at 

$1,500 per month), all of which is spent out of hospital. Finally, it was assumed that 58% of 

patients would require a caregiver to accompany them, given the reported proportion of 

pediatric out-of-country cases funded in Alberta (Alexa Parry, Policy Advisor, Alberta Health, 

Edmonton, AB: personal communication, 2017 May), and that caregivers would incur the 

same costs for transport and accommodation as the patient. 

Under this second method, costs for transport and accommodation for the patient and 

caregiver were considered separately for patients from each province, and each cost 

category was included for only those provinces that cover the cost in question (Table 21). 

Analyses 

Reference Case 

In the reference-case analysis (analysis 1), it was assumed that the demand for PBT would 

initially be in line with current reported volumes of referrals and grow at a rate of 3% per 

annum, commensurate with an estimate from a similar analysis conducted in the 

Netherlands.
88

 The “growth rate” was therefore set to 3% and the “multiplier” was set to 

1 (Table 22). 

Table 22: Patient Demand for PBT in the Reference-Case Analysis 

Parameter Reference-Case Value 

Initial number of patients in Alberta 14 

Initial number of patients in Ontario 12 

Initial number of patients in Quebec 15 

Initial number of patients in Saskatchewan 2 

Initial number of patients in Nova Scotia 2 

Initial number of patients in rest of Canada 0 

Annual growth rate in number of patients 3% 

Multiplier applied to initial number of patients 1 

Patient travel costs were assumed to reflect method A. In the out-of-country referral 

strategy, it was assumed that the $150,000 per-patient referral cost and $50,000 per-patient 

travel cost (method A) would be applicable to patients in all provinces. In the scenarios 

involving constructing a PBT facility in Canada, it was assumed that such a facility would be 

located in Quebec, the province with the highest number of patients currently being sent out 

of country. 

Uncertainty and Sensitivity Analyses 

All parameters were modelled deterministically. Uncertainty was considered through 

deterministic sensitivity analysis only. The following sensitivity analyses were conducted in 

which a particular set of parameters or a specific assumption described below was modified 

from the reference-case analysis. 

Location of Facility in Canada 

Two sensitivity analyses were conducted in which the location of the facility was modified 

from Quebec (reference-case analysis) to Alberta (analysis 2A) or Ontario (analysis 2B). 
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Thirty Per Cent Increase in Initial Patient Demand 

The Excel model was constructed to allow for future modifications, including the inclusion of 

patients from provinces other than those identified in the Environmental Scan as funding 

out-of-country treatment.
16

 An additional analysis was conducted assuming a 30% increase 

in patient demand from provinces not funding out-of-country PBT. In this sensitivity analysis, 

the initial number of patients in “other provinces” ranged from zero (reference-case analysis) 

to 14. 

Inflation Rate 

Historically, inflation rates have been close to the target rate set by the Bank of Canada. 

However, to consider the impact of a lower or higher inflation rate (reference case [Bank of 

Canada target rate]: 2% per annum), sensitivity analyses were conducted using an inflation 

rate of 0% per annum (1% below the Bank of Canada target range of 1% to 3%) 

(analysis 4A) or 4% per annum (1% above the Bank of Canada target range), respectively 

(analysis 4B). 

Method for Estimating Travel Costs 

A sensitivity analysis was conducted (analysis 5) in which an alternative method (method B) 

was used for estimating travel costs. 

Reduction in Travel Costs Due to Construction of Canadian Facility 

Sensitivity analyses were conducted in which the reduction in travel costs due to 

construction of a Canadian PBT facility were increased from the reference-case 

assumptions (i.e., lowering travel costs even further) (analysis 6A) or reduced from the 

reference-case assumptions (analysis 6B). 

In analysis 6A, the reduction in travel costs for patients from the province in which the facility 

is constructed was increased from 50% (reference-case analysis) to 100% (i.e., no travel 

costs are incurred by the Ministry of Health of the province in which the facility is built), while 

the reduction in travel costs for patients from other provinces was increased from 25% 

(reference-case analysis) to 50%. 

In analysis 6B, the reduction in travel costs was lowered from 50% to 25% for patients from 

the province in which the facility is constructed, and from 25% to 0% for patients from other 

provinces (i.e., travel costs reimbursed by the Ministry of Health are identical, regardless 

whether patients travel out of province or out of country for treatment). 

Service Costs 

A sensitivity analysis was conducted in which the annual maintenance cost for a single-vault 

PBT facility was doubled from $1.64 million (reference-case analysis) to $3.28 million 

(analysis 7). 

Construction Costs 

A sensitivity analysis was conducted in which the construction costs of a single-vault PBT 

facility in an existing RT facility (not including the device itself) were increased by 25%, from 

$7.33 million (reference-case analysis) to $8.94 million (analysis 8) to provide a contingency 

in the case of cost overruns. Note that a 25% contingency was also assumed in a similar UK 

analysis.
82
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Utility Costs 

According to data provided by Mevion, the first-year utility bills for a US Mevion facility were 

approximately US$60,000 to US$100,000 (Michael Tajima, Mevion Medical Systems, 

Littleton, MA: personal communication, 2017 May). A sensitivity analysis was conducted in 

which the annual utility costs for a single-vault PBT system were reduced from US$200,000 

(reference-case analysis) to US$100,000 (analysis 9). 

Proportion of Patients Requiring a Caregiver 

In some jurisdictions, travel expenses of caregivers are covered by the Ministry of Health. A 

sensitivity analysis was conducted in which the proportion of patients requiring a caregiver 

was reduced from 58% (reference-case analysis) to 13% (analysis 10). This lower value is 

based on a study that evaluated patterns of care in the US and noted that 13% of all 

patients treated in the US were pediatric cases.
89

 

Threshold Analyses 

Threshold analyses were also conducted to determine the threshold value for a number of 

parameters at which the five-year and 10-year budget impact of continuing out-of-country 

referrals; and the least expensive strategy for constructing a PBT facility in Canada, would 

be equalized. The parameters considered in the threshold analyses were: 

 The “growth rate” of the number of patients receiving PBT in subsequent years 
(assuming a “multiplier” for the initial number of patients of 1.0). This was varied 
between −100% and 100%, in 0.1% increments, to find the threshold value. 

 The “multiplier” for the initial number of patients receiving PBT in year 1 of the analysis 
(assuming a growth rate in the number of patients of 3% across subsequent years). This 
was varied between 0 and 100, in 0.01 increments, to find the threshold value. 

 The cost of an out-of-country referral (exclusive of travel costs). This was varied 
between zero and $1 million, in $1,000 increments, to find the threshold value. 

 The total construction cost of a Mevion facility (including the device). This was varied 
between zero and $100 million, in $10,000 increments, to find the threshold value. 

All threshold analyses were conducted alongside each of the analyses described above, 

including the reference-case analysis and all sensitivity analyses. 

Assumptions 

Table 23 provides an overview of the assumptions to the reference-case analysis and 

highlights the corresponding sensitivity analyses performed. 
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Table 23: Assumptions to the Budget Impact Analysis 

Assumption Sensitivity Analysis 

 The demand for PBT in Canada, in terms of number of patients initially 

requiring PBT, was based on the current annual number of patients, as 

estimated in a published environmental scan, who have been funded for 

OOC treatment.
16

 It was assumed that patient demand would grow 

annually by 3%. 

 Threshold analyses were conducted, varying the initial 

patient numbers and the growth rate. These additional 

analyses assume a 30% increase in patient demand in 

the provinces identified in the environmental scan as not 

funding OOC PBT treatment (analysis 3). 

 If a Canadian PBT facility existed, it was assumed all patients in Canada 

requiring PBT would be treated in Canada. Under the strategies in which 

a PBT facility would be constructed (i.e., strategies 2 and 3), it would be 

located in Quebec. 

 Sensitivity analyses were conducted to evaluate the 

implications of constructing in Alberta (analysis 2A) and 

Ontario (analysis 2B). 

 The time horizon analyzed was five years, with a 2% annual inflation rate 

applied on costs. 

 Findings are also presented at 10 and 15 years. The 

inflation rate was varied at 0% (analysis 4A) and 4% 

(analysis 4B). 

 All patients would receive an identical standard of care, regardless of 

setting (i.e., Canada or the US) or the type of facility (i.e., single- vs. 

multi-vault facility). As such, only the direct cost related to treatment 

provision was calculated in the analysis. 

 Not tested.  

 Construction and device costs were assumed to be similar to reported 

costs in other countries, adjusted for inflation and converted using the 

relevant exchange rate. 

 Sensitivity analyses were conducted only on single-vault 

PBT facilities and included: 

 the application of a 25% contingency costs on 
construction costs (analysis 9) 

 a threshold analysis on the total construction costs, 
including the PBT facility. 

 Training costs were subsumed in the contract for PBT equipment 

purchase. 

 Not tested. 

 All PBT systems had a one-year warranty that would cover service cost 

in the first year. Thereafter, the service cost was assumed to be the 

same yearly. 

 A sensitivity analysis was conducted only on a single-

vault PBT facility. Service costs were doubled to 

3.28 million annually (analysis 8). 

Travel costs per OOC treatment were assumed to be $50,000 per patient 

and caregiver and assumed that 58% of patients would be accompanied 

by a caregiver. Travel costs, if a PBT facility were available in Canada, 

were assumed to be reduced by 50% for patients living in the province 

with the facility and reduced by 25% for patients living in the remaining 

provinces. 

 Alternative travel costs were considered (analysis 5). 

The extent to which within-Canada travel costs reduced 

when compared with OOC travel costs was also varied 

(analyses 6A and 6B). The proportion of patients 

requiring a caregiver was tested with a lower proportion 

reported in the US (analysis 11). 

OCC = out-of-country; PBT = proton beam therapy. 
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Results 

Reference Case 

The total estimated Canada-wide cost, under a Canadian health care payer perspective, of 

each strategy in the reference-case analysis is provided in Table 24. A breakdown of the 

total cost, by year, can be found in Table 25. 

In the reference-case analysis, with a five-year time horizon, constructing any facility in 

Canada would have a greater budget impact than continuing out-of-country referrals. 

Constructing a single-vault PBT facility within an existing RT facility is the next least 

expensive strategy, costing $67.98 million over five years compared with $49.79 million for 

continuing the existing strategy of sending patients out of country for treatment (an 

additional cost of $18.19 million). 

However, if a 10- or 15-year time horizon is adopted, then constructing a single-vault PBT 

facility within an existing RT facility is less expensive than continuing out-of-country 

referrals. 

Table 24: Reference Case — Estimated Canada-Wide Total Costs Associated With Each 

Strategy at 5, 10, and 15 Years 

 Total Costs Across Years 
(2017 Canadian Dollars, in Millions) 

5 Years 10 Years 15 Years 

Primary Strategies 

1. Continue out-of-country referrals $49.79 $113.52 $195.09 

2-1. Mevion proton beam therapy facility (existing facility) $67.98 $100.67 $138.63 

Incremental cost versus out-of-country referrals $18.19 −$12.85 −$56.46 

3-1. Multi-vault proton beam therapy facility (existing facility) $265.92 $425.12 $602.76 

Incremental cost versus out-of-country referrals $216.13 $311.60 $407.67 

Secondary Strategies 

2-2. Mevion proton beam therapy facility (greenfield) $160.26 $192.95 $230.91 

Incremental cost versus out-of-country referrals $110.47 $79.43 $35.83 

3-2. Multi-vault proton beam therapy facility (greenfield) $450.49 $609.69 $787.33 

Incremental cost versus out-of-country referrals $400.70 $496.17 $592.24 

 

A breakdown of the costs of the three primary strategies, by category, is provided in 

Table 25, Table 26, and Table 27. Constructing a single-vault PBT facility incurs a 

substantial construction cost in the first year and ongoing costs in subsequent years 

associated with utilities, service, staffing, and travel to and from the facility (Table 25, 

Table 26). A multi-vault facility has higher initial constructions costs and ongoing costs than 

a single-vault facility (Table 27). By contrast, continuing out-of-country referrals avoids any 

up-front construction cost and the costs associated with utilities, service and staffing, but at 

the expense of incurring ongoing referral costs and higher travel costs (Table 25, Table 26, 

Table 27). 
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In the reference-case analysis, constructing a Mevion single-vault PBT system costs an 

additional $18.19 million over a five-year time horizon, but over a 10-year time horizon, this 

strategy is expected to save health care payers $12.85 million. These savings increase as 

the time horizon of the analysis is extended beyond 10 years (Table 24). This is because 

the single-vault system has a high up-front fixed cost but is less costly each year thereafter. 

Therefore, construction of a single-vault PBT facility becomes relatively more desirable 

when longer time horizons are assessed, eventually becoming a cost-saving approach over 

a sufficiently long time horizon. Construction of a multi-vault system costs an additional 

$216.13 million over a five-year time horizon and increases to $311.60 million over a 10-year 

time horizon (Table 24). The multi-vault facility remained more costly, even over a longer time 

horizon, due to ongoing costs associated with utilities, service, and staffing that are greater 

than a single-vault facility. 

Secondary Analysis 

The two “secondary” strategies (involving construction on a greenfield site) were assumed 

to mainly differ from the primary strategies (involving construction within an existing RT 

facility) in terms of construction costs. The analyses found that each secondary strategy was 

substantially more expensive than their respective “primary” strategies (Table 24). 
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Table 25: Reference Case — Estimated Canada-Wide Total Costs Associated With Each Strategy, by Year 

Strategy 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 
Total Costs 

Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year 
10 

Year 
11 

Year 
12 

Year 
13 

Year 
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

Primary Strategies 

1. Continue out-of-country 
referrals 

$9.00 $9.46 $9.93 $10.44 $10.96 $11.52 $12.10 $12.71 $13.36 $14.03 $14.74 $15.49 $16.27 $17.10 $17.96 $49.79 $113.52 $195.09 

2-1. Mevion PBT facility 
(existing facility) 

$45.03 $5.49 $5.65 $5.82 $5.98 $6.16 $6.34 $6.53 $6.73 $6.93 $7.14 $7.36 $7.58 $7.82 $8.06 $67.98 $100.67 $138.63 

Incremental cost vs. out-of-
country referrals 

$36.03 −$3.96 −$4.28 −$4.62 −$4.98 −$5.36 −$5.76 −$6.18 −$6.63 −$7.11 −$7.60 −$8.13 −$8.69 −$9.28 −$9.90 $18.19 −$12.85 −$56.46 

3-1. Multi-vault PBT facility 
(existing facility) 

$150.41 $27.95 $28.56 $29.18 $29.82 $30.47 $31.14 $31.82 $32.52 $33.24 $33.98 $34.73 $35.51 $36.30 $37.11 $265.92 $425.12 $602.76 

Incremental cost vs. out-of-
country referrals 

$141.41 $18.50 $18.63 $18.74 $18.85 $18.95 $19.04 $19.11 $19.17 $19.21 $19.24 $19.24 $19.23 $19.20 $19.15 $216.13 $311.60 $407.67 

Secondary Strategies 

2-2. Mevion PBT facility 
(greenfield) 

$137.32 $5.49 $5.65 $5.82 $5.98 $6.16 $6.34 $6.53 $6.73 $6.93 $7.14 $7.36 $7.58 $7.82 $8.06 $160.26 $192.95 $230.91 

Incremental cost vs. out-of-
country referrals 

$128.32 −$3.96 −$4.28 −$4.62 −$4.98 −$5.36 −$5.76 −$6.18 −$6.63 −$7.11 −$7.60 −$8.13 −$8.69 −$9.28 −$9.90 $110.47 $79.43 $35.83 

3-2. Multi-vault PBT facility 
(greenfield) 

$334.98 $27.95 $28.56 $29.18 $29.82 $30.47 $31.14 $31.82 $32.52 $33.24 $33.98 $34.73 $35.51 $36.30 $37.11 $450.49 $609.69 $787.33 

Incremental cost vs. out-of-
country referrals 

$325.98 $18.50 $18.63 $18.74 $18.85 $18.95 $19.04 $19.11 $19.17 $19.21 $19.24 $19.24 $19.23 $19.20 $19.15 $400.70 $496.17 $592.24 

PBT = proton beam therapy; vs. = versus. 

Table 26: Disaggregated Costs — Reference Case Estimated Canada-Wide Costs for Mevion Single-Vault PBT Facility (in 
an Existing Radiotherapy Facility) Versus Continuing Out-of-Country Referrals, by Year 

Strategy 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 
Total Costs 

Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year 
10 

Year 
11 

Year 
12 

Year 
13 

Year 
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

Referral Costs (Excluding Travel Costs) 

1. Continue out-of-country 
referrals 

$6.75 $7.09 $7.45 $7.83 $8.22 $8.64 $9.08 $9.54 $10.02 $10.53 $11.06 $11.62 $12.21 $12.82 $13.47 $37.34 $85.14 $146.31 

2-1. Mevion PBT facility 
(existing facility) 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 



 

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 85 

Strategy 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 
Total Costs 

Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year 
10 

Year 
11 

Year 
12 

Year 
13 

Year 
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

Construction and Acquisition Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

2-1. Mevion PBT facility 
(existing facility) 

$41.33 $0.00 $0.00 $0.00 $0.00 $0.0 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $41.33 $41.33 $41.33 

Utility Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

2-1. Mevion PBT facility 
(existing facility) 

$0.20 $0.20 $0.21 $0.21 $0.22 $0.22 $0.23 $0.23 $0.23 $0.24 $0.24 $0.25 $0.25 $0.26 $0.26 $1.04 $2.19 $3.46 

Service Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

2-1. Mevion PBT facility 
(existing facility) 

$0.00 $1.67 $1.71 $1.74 $1.78 $1.81 $1.85 $1.88 $1.92 $1.96 $2.00 $2.04 $2.08 $2.12 $2.16 $6.90 $16.32 $26.73 

Staffing Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

2-1. Mevion PBT facility 
(existing facility) 

$2.00 $2.04 $2.08 $2.12 $2.16 $2.21 $2.25 $2.30 $2.34 $2.39 $2.44 $2.49 $2.54 $2.59 $2.64 $10.41 $21.90 $34.59 

Travel Costs 

1. Continue out-of-country 
referrals 

$2.25 $2.36 $2.48 $2.61 $2.74 $2.88 $3.03 $3.18 $3.34 $3.51 $3.69 $3.87 $4.07 $4.27 $4.49 $12.45 $28.38 $48.77 

2-1. Mevion PBT facility 
(existing facility) 

$1.50 $1.58 $1.66 $1.74 $1.83 $1.92 $2.02 $2.12 $2.23 $2.34 $2.46 $2.58 $2.71 $2.85 $2.99 $8.30 $18.92 $32.51 

Incremental cost vs. out-of-
country referrals 

−$0.75 −$0.79 −$0.83 −$0.87 −$0.91 −$0.96 −$1.01 −$1.06 −$1.11 −$1.17 −$1.23 −$1.29 −$1.36 −$1.42 −$1.50 −$4.15 −$9.46 −$16.26 

Total Costs 

1. Continue out-of-country 
referrals 

$9.00 $9.46 $9.93 $10.44 $10.96 $11.52 $12.10 $12.71 $13.36 $14.03 $14.74 $15.49 $16.27 $17.10 $17.96 $49.79 $113.52 $195.09 

2-1. Mevion PBT facility 
(existing facility) 

$45.03 $5.49 $5.65 $5.82 $5.98 $6.16 $6.34 $6.53 $6.73 $6.93 $7.14 $7.36 $7.58 $7.82 $8.06 $67.98 $100.67 $138.63 

Incremental cost vs. out-of-
country referrals 

$36.03 −$3.96 −$4.28 −$4.62 −$4.98 −$5.36 −$5.76 −$6.18 −$6.63 −$7.11 −$7.60 −$8.13 −$8.69 −$9.28 −$9.90 $18.19 −$12.85 −$56.46 

PBT = proton beam therapy; vs. = versus. 
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Table 27: Disaggregated Costs — Reference Case Estimated Canada-Wide Costs for Multi-Vault PBT Facility (in an Existing 
Radiotherapy Facility) Versus Continuing Out-of-Country Referrals, by Year 

Strategy 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 
Total Costs 

Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year 
10 

Year 
11 

Year 
12 

Year 
13 

Year 
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

Referral Costs (Excluding Travel Costs) 

1. Continue out-of-country 
referrals 

$6.75 $7.09 $7.45 $7.83 $8.22 $8.64 $9.08 $9.54 $10.02 $10.53 $11.06 $11.62 $12.21 $12.82 $13.47 $37.34 $85.14 $146.31 

3-1. Multi-vault PBT facility 
(existing facility) 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

Construction and Acquisition Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

3-1. Multi-vault PBT facility 
(existing facility) 

$136.72 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $136.72 $136.72 $136.72 

Utility Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

3-1. Multi-vault PBT facility 
(existing facility) 

$1.37 $1.39 $1.42 $1.45 $1.48 $1.51 $1.54 $1.57 $1.60 $1.63 $1.67 $1.70 $1.73 $1.77 $1.80 $7.11 $14.97 $23.64 

Service Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

3-1. Multi-vault PBT facility 
(existing facility) 

$0.00 $13.95 $14.22 $14.51 $14.80 $15.09 $15.40 $15.70 $16.02 $16.34 $16.67 $17.00 $17.34 $17.69 $18.04 $57.48 $136.03 $222.76 

Staffing Costs 

1. Continue out-of-country 
referrals 

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 

3-1. Multi-vault PBT facility 
(existing facility) 

$10.82 $11.04 $11.26 $11.48 $11.71 $11.95 $12.19 $12.43 $12.68 $12.93 $13.19 $13.45 $13.72 $14.00 $14.28 $56.31 $118.48 $187.11 

Travel Costs 

1. Continue out-of-country 
referrals 

$2.25 $2.36 $2.48 $2.61 $2.74 $2.88 $3.03 $3.18 $3.34 $3.51 $3.69 $3.87 $4.07 $4.27 $4.49 $12.45 $28.38 $48.77 

3-1. Multi-vault PBT facility 
(existing facility) 

$1.50 $1.58 $1.66 $1.74 $1.83 $1.92 $2.02 $2.12 $2.23 $2.34 $2.46 $2.58 $2.71 $2.85 $2.99 $8.30 $18.92 $32.51 

Incremental cost vs. out-of-
country referrals 

−$0.75 −$0.79 −$0.83 −$0.87 −$0.91 −$0.96 −$1.01 −$1.06 −$1.11 −$1.17 −$1.23 −$1.29 −$1.36 −$1.42 −$1.50 −$4.15 −$9.46 −$16.26 
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Strategy 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 
Total Costs 

Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year 
10 

Year 
11 

Year 
12 

Year 
13 

Year 
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

Total Costs 

1. Continue out-of-country 
referrals 

$9.00 $9.46 $9.93 $10.44 $10.96 $11.52 $12.10 $12.71 $13.36 $14.03 $14.74 $15.49 $16.27 $17.10 $17.96 $49.79 $113.52 $195.09 

3-1. Multi-vault PBT facility 
(existing facility) 

$150.41 $27.95 $28.56 $29.18 $29.82 $30.47 $31.14 $31.82 $32.52 $33.24 $33.98 $34.73 $35.51 $36.30 $37.11 $265.92 $425.12 $602.76 

Incremental cost vs. out-of-
country referrals 

$141.41 $18.50 $18.63 $18.74 $18.85 $18.95 $19.04 $19.11 $19.17 $19.21 $19.24 $19.24 $19.23 $19.20 $19.15 $216.13 $311.60 $407.67 

PBT = proton beam therapy; vs. = versus. 
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Sensitivity Analyses 

The sensitivity analysis results are reported in Table 28 to Table 31. Table 28 reports the 

difference in cumulative cost between constructing a Mevion single-vault PBT system in an 

existing RT facility and continuing out-of-country referrals, in each year, including the 

reference-case analyses. Table 30 provides comparable results for constructing a multi-

vault PBT facility compared with continuing out-of-country referrals. This permits 

identification of the break-even point beyond which constructing a PBT facility becomes a 

cost-saving approach compared with continuing out-of-country referrals. For the reference-

case, this break-even point is between eight and nine years after construction for a single-

vault PBT facility (Table 28). Constructing a multi-vault facility was found not to break even 

over any time horizon evaluated in the reference-case analysis (Table 30). Table 29 and 

Table 31 report results identical to Table 28 and Table 30, respectively, but represent the 

yearly costs. A positive cost in any cell in either table implies that the strategy of 

constructing a PBT facility in Canada is more expensive in that year than referring patients 

out of country for treatment for that particular analysis, while a negative cost implies that 

constructing a PBT facility in Canada is less expensive. Table 29 highlights the substantial 

up-front construction and device acquisition costs in the first year as, in the subsequent 

years, the cost of treating patients in Canada — factoring staffing, utilities, and 

service/maintenance costs — is lower than the cost of sending patients out of country. 

The location of the facility in Canada, and the choice of inflation rate, each has a relatively 

small impact upon the results. Increasing the initial patient population by 30% makes 

constructing a single-vault facility relatively more desirable, with the break-even point 

moving forward to five to six years (i.e., from eight to nine years in the reference-case 

analysis) (Table 28). Lower travel costs between provinces and lower staffing costs also 

favour constructing a single-vault PBT system, while higher travel costs, higher staffing 

costs, or higher service costs had an opposite effect. If service costs were doubled 

(i.e., $3.2 million per year), this would relatively disadvantage constructing a single-vault 

PBT system with the break-even point moving out to 10 to 11 years (Table 28). 

Constructing a multi-vault facility was not found to break even within a 15-year time horizon 

in any of the sensitivity analyses considered (Table 30). 
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Table 28: Cumulative Estimated Canada-Wide Budget Impact of Mevion PBT Facility (Existing Facility) Versus 
Continuing Out-Of-Country Referrals, by Year 

Analysis 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) Total Costs Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year  
10 

Year  
11 

Year  
12 

Year  
13 

Year  
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

1. Reference 
case 

$36.03 $32.07 $27.79 $23.17 $18.19 $12.83 $7.07 $0.89 −$5.75 −$12.85 −$20.46 −$28.59 −$37.28 −$46.56 −$56.46 $18.19 −$12.85 −$56.46 

2A. Facility in 
Alberta 

$36.05 $32.10 $27.83 $23.22 $18.26 $12.91 $7.17 $1.01 −$5.61 −$12.69 −$20.28 −$28.39 −$37.06 −$46.31 −$56.19 $18.26 −$12.69 −$56.19 

2B. Facility in 
Ontario 

$36.07 $32.15 $27.91 $23.33 $18.40 $13.08 $7.38 $1.24 −$5.33 −$12.38 −$19.92 −$27.99 −$36.61 −$45.82 −$55.65 $18.40 −$12.38 −$55.65 

3. 30% 
increase in 
initial 
patient 
demand 

$33.76 $27.41 $20.61 $13.35 $5.60 −$2.67 −$11.49 −$20.89 −$30.89 −$41.55 −$52.88 −$64.93 −$77.73 −$91.33 −$105.77 $5.60 −$41.55 $105.77 

4A. 0% inflation 
rate 

$36.03 $32.15 $28.03 $23.68 $19.08 $14.22 $9.11 $3.73 −$1.93 −$7.88 −$14.12 −$20.66 −$27.51 −$34.68 −$42.19 $19.08 −$7.88 −$42.19 

4B. 4% inflation 
rate 

$36.03 $31.99 $27.54 $22.64 $17.26 $11.36 $4.88 −$2.20 −$9.95 −$18.41 −$27.64 −$37.71 −$48.68 −$60.63 −$73.62 $17.26 −$18.41 −$73.62 

5. Alternative 
travel costs 

$36.73 $33.50 $29.98 $26.16 $22.03 $17.56 $12.73 $7.53 $1.92 −$4.10 −$10.57 −$17.51 −$24.94 −$32.90 −$41.42 $22.03 −$4.10 −$41.42 

6A. Greater 
travel cost 
reduction 

$35.28 $30.53 $25.42 $19.93 $14.04 $7.72 $0.95 −$6.29 −$14.04 −$22.31 −$31.14 −$40.57 −$50.62 −$61.32 −$72.72 $14.04 −$22.31 −$72.72 

6B. Lower travel 
cost 
reduction 

$36.60 $33.23 $29.56 $25.60 $21.30 $16.66 $11.66 $6.27 $0.47 −$5.76 −$12.44 −$19.60 −$27.28 −$35.49 −$44.27 $21.30 −$5.76 −$44.27 

7. Higher 
service 
costs 

$36.03 $33.75 $31.17 $28.29 $25.09 $21.54 $17.63 $13.33 $8.62 $3.47 −$2.13 −$8.23 −$14.84 −$21.99 −$29.73 $25.09 $3.47 −$29.73 

8. Higher 
construction 
costs 

$37.82 $33.86 $29.58 $24.96 $19.98 $14.62 $8.86 $2.67 −$3.96 −$11.06 −$18.67 −$26.80 −$35.49 −$44.77 −$54.67 $19.98 −$11.06 −$54.67 

9. Lower utility 
costs 

$35.94 $31.89 $27.51 $22.80 $17.72 $12.26 $6.40 $0.11 −$6.62 −$13.84 −$21.55 −$29.80 −$38.60 −$48.00 −$58.02 $17.72 −$13.84 −$58.02 

10. Lower 
proportion 
of 
caregivers 

$36.03 $32.07 $27.79 $23.17 $18.19 $12.83 $7.07 $0.89 −$5.75 −$12.85 −$20.46 −$28.59 −$37.28 −$46.56 −$56.46 $18.19 −$12.85 −$56.46 
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Table 29: Sensitivity Analyses — Estimated Canada-Wide Incremental Budget Impact of Mevion PBT Facility (Existing 
Facility) Versus Continuing Out-of-Country Referrals, by Year 

Analysis 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year  
10 

Year  
11 

Year  
12 

Year  
13 

Year  
14 

Year  
15 

1. Reference case $36.03 −$3.96 −$4.28 −$4.62 −$4.98 −$5.36 −$5.76 −$6.18 −$6.63 −$7.11 −$7.60 −$8.13 −$8.69 −$9.28 −$9.90 

2A. Facility in Alberta $36.05 −$3.95 −$4.27 −$4.61 −$4.96 −$5.34 −$5.74 −$6.17 −$6.61 −$7.09 −$7.58 −$8.11 −$8.67 −$9.26 −$9.88 

2B. Facility in Ontario $36.07 −$3.92 −$4.24 −$4.58 −$4.93 −$5.31 −$5.71 −$6.13 −$6.58 −$7.05 −$7.54 −$8.07 −$8.62 −$9.21 −$9.83 

3. 30% increase in 
initial patient 
demand 

$33.76 −$6.35 −$6.79 −$7.26 −$7.75 −$8.27 −$8.82 −$9.40 −$10.01 −$10.65 −$11.33 −$12.05 −$12.80 −$13.60 −$14.44 

4A. 0% inflation rate $36.03 −$3.88 −$4.12 −$4.35 −$4.60 −$4.85 −$5.11 −$5.38 −$5.66 −$5.95 −$6.24 −$6.54 −$6.85 −$7.17 −$7.50 

4B. 4% inflation rate $36.03 −$4.04 −$4.45 −$4.90 −$5.38 −$5.91 −$6.47 −$7.08 −$7.75 −$8.46 −$9.23 −$10.07 −$10.97 −$11.94 −$12.99 

5. Alternative travel 
costs 

$36.73 −$3.23 −$3.52 −$3.82 −$4.13 −$4.47 −$4.83 −$5.20 −$5.60 −$6.02 −$6.47 −$6.94 −$7.44 −$7.96 −$8.52 

6A. Greater travel cost 
reduction 

$35.28 −$4.75 −$5.11 −$5.49 −$5.89 −$6.32 −$6.77 −$7.24 −$7.74 −$8.27 −$8.83 −$9.42 −$10.05 −$10.70 −$11.40 

6B. Lower travel cost 
reduction 

$36.60 −$3.37 −$3.66 −$3.97 −$4.29 −$4.64 −$5.00 −$5.39 −$5.80 −$6.23 −$6.68 −$7.16 −$7.67 −$8.21 −$8.78 

7. Higher service 
costs 

$36.03 −$2.29 −$2.58 −$2.88 −$3.20 −$3.55 −$3.91 −$4.30 −$4.71 −$5.14 −$5.61 −$6.09 −$6.61 −$7.16 −$7.74 

8. Higher construction 
costs 

$37.82 −$3.96 −$4.28 −$4.62 −$4.98 −$5.36 −$5.76 −$6.18 −$6.63 −$7.11 −$7.60 −$8.13 −$8.69 −$9.28 −$9.90 

9. Lower utility costs $35.94 −$4.05 −$4.38 −$4.72 −$5.08 −$5.46 −$5.86 −$6.29 −$6.74 −$7.21 −$7.71 −$8.24 −$8.80 −$9.40 −$10.02 

10. Lower proportion of 
caregivers 

$36.03 −$3.96 −$4.28 −$4.62 −$4.98 −$5.36 −$5.76 −$6.18 −$6.63 −$7.11 −$7.60 −$8.13 −$8.69 −$9.28 −$9.90 

 

Table 30: Cumulative Estimated Canada-Wide Budget Impact of Multi-Vault Proton Beam Therapy Facility (Existing Facility) 
Versus Continuing Out-of-Country Referrals, by Year 

Analysis 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) Total Costs Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year  
10 

Year  
11 

Year  
12 

Year  
13 

Year  
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

1. Reference case $141.41 $159.90 $178.53 $197.27 $216.13 $235.08 $254.12 $273.22 $292.39 $311.60 $330.84 $350.08 $369.31 $388.52 $407.67 $216.13 $311.60 $407.67 

2A. Facility in 
Alberta 

$141.42 $159.93 $178.57 $197.33 $216.20 $235.16 $254.22 $273.34 $292.53 $311.76 $331.01 $350.28 $369.54 $388.76 $407.94 $216.20 $311.76 $407.94 

2B. Facility in 
Ontario 

$141.44 $159.98 $178.65 $197.44 $216.34 $235.33 $254.42 $273.58 $292.81 $312.07 $331.37 $350.68 $369.98 $389.26 $408.48 $216.34 $312.07 $408.48 



 

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 91 

Analysis 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) Total Costs Across Years 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year  
10 

Year  
11 

Year  
12 

Year  
13 

Year  
14 

Year  
15 

5  
Years 

10 
Years 

15 
Years 

3. 30% increase in 
initial patient 
demand 

$139.13 $155.24 $171.35 $187.46 $203.54 $219.58 $235.56 $251.45 $267.24 $282.91 $298.41 $313.74 $328.86 $343.75 $358.3 $203.54 $282.91 $358.36 

4A. 0% inflation rate $141.41 $159.54 $177.44 $195.11 $212.53 $229.69 $246.59 $263.23 $279.59 $295.66 $311.44 $326.92 $342.08 $356.93 $371.44 $212.53 $295.66 $371.44 

4B. 4% inflation rate $141.41 $160.27 $179.63 $199.50 $219.88 $240.76 $262.15 $284.04 $306.43 $329.30 $352.66 $376.49 $400.77 $425.49 $450.62 $219.88 $329.30 $450.62 

5. Alternative travel 
costs 

$142.10 $161.33 $180.72 $200.27 $219.97 $239.81 $259.78 $279.86 $300.06 $320.35 $340.72 $361.16 $381.65 $402.17 $422.71 $219.97 $320.35 $422.71 

6A. Greater travel 
cost reduction 

$140.66 $158.37 $176.16 $194.04 $211.98 $229.97 $248.00 $266.05 $284.10 $302.14 $320.15 $338.10 $355.98 $373.76 $391.41 $211.98 $302.14 $391.41 

6B. Lower travel cost 
reduction 

$141.97 $161.06 $180.30 $199.70 $219.24 $238.91 $258.70 $278.61 $298.61 $318.70 $338.85 $359.06 $379.32 $399.59 $419.86 $219.24 $318.70 $419.86 

10. Lower proportion 
of caregivers 

$141.41 $159.90 $178.53 $197.27 $216.13 $235.08 $254.12 $273.22 $292.39 $311.60 $330.84 $350.08 $369.31 $388.52 $407.67 $216.13 $311.60 $407.67 

 

Table 31:Sensitivity Analyses — Estimated Canada-Wide Incremental Budget Impact of Multi-Vault Proton Beam Therapy 
Facility (Existing Facility) Versus Continuing Out-of-Country Referrals, by Year 

Analysis 

Estimated Costs Within Each Year (2017 Canadian Dollars, in Millions) 

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year  
10 

Year  
11 

Year  
12 

Year  
13 

Year  
14 

Year  
15 

1. Reference case $141.41 $18.50 $18.63 $18.74 $18.85 $18.95 $19.04 $19.11 $19.17 $19.21 $19.24 $19.24 $19.23 $19.20 $19.15 

2A. Facility in Alberta $141.42 $18.51 $18.64 $18.76 $18.87 $18.97 $19.05 $19.13 $19.19 $19.23 $19.26 $19.27 $19.26 $19.23 $19.18 

2B. Facility in Ontario $141.44 $18.54 $18.67 $18.79 $18.90 $19.00 $19.09 $19.16 $19.22 $19.27 $19.30 $19.31 $19.30 $19.28 $19.23 

3. 30% increase in 
initial patient 
demand 

$139.13 $16.11 $16.11 $16.11 $16.08 $16.04 $15.98 $15.89 $15.79 $15.66 $15.51 $15.33 $15.12 $14.88 $14.61 

4A. 0% inflation rate $141.41 $18.13 $17.90 $17.66 $17.42 $17.16 $16.90 $16.64 $16.36 $16.07 $15.78 $15.48 $15.17 $14.85 $14.51 

4B. 4% inflation rate $141.41 $18.86 $19.36 $19.87 $20.38 $20.88 $21.39 $21.89 $22.39 $22.88 $23.36 $23.83 $24.28 $24.72 $25.13 

5. Alternative travel 
costs 

$142.10 $19.23 $19.39 $19.55 $19.70 $19.84 $19.97 $20.09 $20.20 $20.29 $20.37 $20.44 $20.49 $20.52 $20.54 

6A. Greater travel cost 
reduction 

$140.66 $17.71 $17.80 $17.88 $17.94 $17.99 $18.03 $18.05 $18.05 $18.04 $18.01 $17.95 $17.88 $17.78 $17.66 

6B. Lower travel cost 
reduction 

$141.97 $19.09 $19.25 $19.40 $19.54 $19.67 $19.79 $19.90 $20.00 $20.09 $20.16 $20.21 $20.25 $20.27 $20.27 

10. Lower proportion of 
caregivers 

$141.41 $18.50 $18.63 $18.74 $18.85 $18.95 $19.04 $19.11 $19.17 $19.21 $19.24 $19.24 $19.23 $19.20 $19.15 
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Threshold Analyses Results 

Threshold analyses were conducted to determine, for each of four specific parameters, the 

value whereby the total Canada-wide budgetary impact of a Mevion single-vault PBT facility, 

constructed within an existing RT facility, would be equivalent to that of continuing out-of-

country referrals. Table 32 reports the results of the threshold analyses, each conducted for 

both a five-year and 10-year time horizon. 

The “Growth Rate” of the Number of Patients Receiving Proton Beam Therapy in 
Subsequent Years 

Setting the multiplier to 1.0 (i.e., 45 patients treated in the first year), the five-year threshold 

value for the “growth rate” in the number of patients treated per year was found to be 21% in 

the reference-case analysis. This means that if the number of patients using PBT increased 

by 21% annually over the next five years, the expenditure required to treat patients in 

Canada with a single-vault PBT facility would be the same as sending these patients out of 

country for treatment. If the annual growth rate exceeded 21% over five years (with all else 

equal), the construction of a single-vault PBT facility in Canada would be less costly than 

referring patients out of country. In sensitivity analyses, this threshold value was found to 

vary between a low of 7.9% (if initial patient demand increased by 30%) and a high of 

26.6% (if higher service costs are included) (Table 32). 

Over a 10-year time horizon, the threshold values ranged from a low of −6% if patient 

demand was increased by 30% (implying that investing in a Canadian single-vault PBT 

facility is a cost-saving approach, unless there is a greater than 6% reduction in patient 

numbers each year over the first 10 years of operation), to a high of 3.8% if higher service 

costs are considered (implying that patient numbers must increase by more than 3.8% per 

year for a single-vault PBT facility to save costs over 10 years) (Table 32). With the 

exception of the higher service costs scenario, the threshold values at 10 years for the 

remaining sensitivity analyses are lower than the reference-case assumption of 3% growth. 

The “Multiplier” for the Initial Number of Patients Receiving Proton Beam Therapy 
in the First Year of the Analysis 

Under the reference-case analysis, the threshold value for the multiplier was found to be 

1.44 over a five-year time horizon (Table 32). This would mean that, in order for the cost of 

constructing a single-vault PBT system in an existing Canadian RT facility to be cost-neutral 

to the current approach of out-of-country referrals, an increase of 44% in initial patient 

numbers is required when compared with the reference-case analysis, assuming a 3% 

annual growth in patient numbers over the time horizon analyzed. Over a 10-year time 

horizon, the threshold value of the multiplier was 0.86 (Table 32), implying that a single-vault 

PBT facility would be a cost-saving approach, unless initial patient numbers were more than 

14% lower than modelled in the reference-case analysis, assuming 3% growth in patient 

numbers over time. This further implies that, if patient numbers are not expected to fall then, 

all else equal, constructing a single-vault PBT facility would save costs over 10 years. 

In sensitivity analyses, the five-year threshold values for the multiplier ranged from a low of 

1.3 when greater travel-cost reductions were assumed for patients treated in Canada 

(i.e., implying that only a 11% increase in initial patient numbers is required for a single-vault 

PBT facility to appear cost-neutral over five years), to a high of 1.61 when higher service 

costs were assumed when operating a single-vault PBT facility in Canada. The 10-year 

threshold values for the multiplier ranged from 0.78 with greater travel-cost reductions, to 
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1.04 with higher service costs, implying that constructing a single-vault PBT facility was 

found to be a cost-saving approach at 10 years in all sensitivity analyses, except in the 

higher service costs scenario, unless initial patient numbers were sufficiently lower than 

those assumed in the reference-case analysis and demand was not expected to grow at a 

rate of 3% annually (Table 32). There is an interaction between the multiplier and the growth 

rate that has not been explored in the analysis. Increases in the multiplier and growth rate 

both increase the number of patients treated over the time horizon, with a higher multiplier 

increasing the number treated initially and a higher growth rate increasing the number 

treated in future years. With a higher multiplier, the threshold value of the growth rate would 

be expected to be lower, and vice versa. 

The Cost of an Out-of-Country Referral 

Under the reference-case analysis, the threshold value for the cost of an out-of-country 

referral (exclusive of travel costs) was found to be between $224,000 at five years and 

$127,000 at 10 years (Table 32). 

This implies that if the referrals cost exceeded $127,000 per patient (exclusive of travel 

costs), then the strategy of constructing a Mevion single-vault PBT system would save costs 

after 10 years and, if referrals cost more than $224,000 (exclusive of travel costs), then 

constructing a single-vault PBT system would save costs after five years. 

In sensitivity analyses, the threshold values ranged from $168,000 to $251,000 at five 

years, and from $94,000 to $157,000 at 10 years (Table 32). In both cases, the lowest 

threshold value arose if initial patient demand was increased by 30%, while the highest 

threshold value arose if higher service costs were associated with operating the PBT system. 

Construction Cost 

The reference-case threshold value for the total construction cost of a single-vault PBT 

facility, including the cost of the PBT equipment, was found to be $23.14 million at five years 

and $54.19 million at 10 years (Table 32). This implies that, all else equal, a single-vault 

PBT facility would save costs at 10 years if it costs less than $54.19 million to construct, and 

would save costs at five years if it costs less than $23.14 million to construct. In sensitivity 

analyses, the respective threshold values varied between $16.24 million (with higher service 

costs) and $35.72 million (with a 30% increase in initial patient demand) at five years, and 

between $37.85 million (with higher service costs) and $82.88 million (with a 30% increase 

in initial patient demand) at 10 years (Table 32). 
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Table 32: Threshold Values at Which Cumulative Estimated Canada-Wide Cost of Mevion Single-Vault Proton Beam Therapy 
Facility is Equal to Continuing Out-of-Country Referrals 

Analysis 

Threshold Value (Five-Year Time Horizon) Threshold Value (10-Year Time Horizon) 

Annual Growth 
Rate in Number 

of Patients 

Multiplier in 
Initial 

Number of 
Patients 

Referral 
Cost 

(Excluding 
Travel) 

Construction 
Cost for 
Mevion 
Facility 

Annual 
Growth 
Rate in 

Number of 
Patients 

Multiplier 
in Initial 

Number of 
Patients 

Referral 
Cost 

(Excluding 
Travel) 

Construction 
Cost for 

Mevion Facility 

1. Reference case 21.0% 1.44 $224,000 $23.14 million −0.1% 0.86 $127,000 $54.19 million 

2A. Facility in Alberta 21.1% 1.45 $224,000 $23.07 million −0.1% 0.86 $127,000 $54.03 million 

2B. Facility in Ontario 21.3% 1.45 $224,000 $22.93 million 0.0% 0.86 $128,000 $53.71 million 

3. 30% increase in initial 
patient demand 

7.9% Not performed $168,000 $35.72 million −6.0% 
Not 

performed 
$94,000 $82.88 million 

4A. 0% inflation rate 22.8% 1.48 $230,000 $22.25 million 0.8% 0.90 $134,000 $49.21 million 

4B. 4% inflation rate 19.4% 1.40 $217,000 $24.06 million −1.1% 0.82 $120,000 $59.74 million 

5. Alternative travel 
costs 

25.9% 1.59 $239,000 $19.30 million 1.9% 0.95 $142,000 $45.43 million 

6A. Greater travel cost 
reduction 

16.3% 1.31 $207,000 $27.29 million −2.2% 0.78 $110,000 $63.65 million 

6B. Lower travel cost 
reduction 

25.0% 1.56 $236,000 $20.02 million 1.5% 0.93 $139,000 $47.09 million 

7. Higher service costs 22.5% 1.49 $231,000 $23.14 million 3.8% 1.04 $157,000 $37.85 million 

8. Higher construction 
costs 

20.7% 1.43 $222,000 $23.60 million 0.3% 0.88 $130,000 $54.19 million 

9. Lower utility costs 21.0% 1.44 $224,000 $23.14 million −0.4% 0.85 $125,000 $55.17 million 

10. Lower proportion of 
caregivers 

21.0% 1.44 $224,000 $23.14 million −0.1% 0.86 $127,000 $54.19 million 
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Summary of Findings 

Constructing a PBT facility in Canada is an expensive undertaking, with substantial 

up-front construction costs and ongoing costs associated with staffing, utilities, and 

service/maintenance. Over a five-year time horizon, the reference-case analysis suggests 

that it would be less expensive to continue the current policy of sending patients out of 

country for treatment. 

However, sending patients out of country for treatment incurs ongoing costs associated with 

referrals, and greater travel costs, than if treatment were available in Canada. These 

ongoing costs are greater than those associated with operating a single-vault PBT system 

within an existing RT facility in Canada, but are less than the ongoing costs associated with 

operating a multi-vault PBT facility in Canada. It follows that, over a sufficiently long time 

horizon, constructing a single-vault PBT system within Canada would save costs, but 

constructing a multi-vault system would not. 

The time until a single-vault PBT system would “break even” depends upon the assumptions 

adopted in the analysis. In the reference-case analysis, it took eight to nine years, 

regardless whether the system was constructed in Quebec, Alberta, or Ontario. The 

sensitivity analysis indicated that the BIA was most sensitive to patient volume and the cost 

of maintenance. When the initial number of patients treated each year was increased from 

45 to 59, assuming a 30% increase in initial patient demand (analysis 3), the break-even 

point was the earliest of all analyses conducted (i.e., five to six years). Given that PBT 

facilities do not currently exist in Canada outside of the one specialized facility in 

Vancouver, our analysis assumed demand would reflect current referral rates for out-of-

country treatment. This may be an underestimate of the true demand if a Canadian facility 

became available, as current referrals may reflect those patients with greatest priority and 

who are eligible and willing to travel outside of Canada for treatment. It is unknown how 

demand may differ if a Canadian facility became available. The threshold analysis indicated 

that increasing the number of patients receiving treatment favoured the construction of a 

single-vault PBT system relative to continuing the current policy of out-of-country referrals. 

Alternatively, if the service costs associated with operating a single-vault PBT facility were 

higher than those assumed in the reference-case analysis (analysis 8), then the break-even 

point was the latest of all analyses (i.e., 10 to 11 years). 

Threshold analysis further demonstrated that increasing the cost of such referrals also 

relatively favoured the strategy of constructing a single-vault PBT system, but increasing the 

cost of constructing such a facility relatively favoured the current policy of referrals. 

Nevertheless, our key findings were robust to changes in key parameters. In all sensitivity 

analyses conducted, the construction of a single-vault PBT system within an existing RT 

facility was found to increase costs compared with out-of-country referrals after five years, 

but had “paid for itself” within 11 years. By contrast, constructing a multi-vault PBT facility 

was found to increase costs in all scenarios considered. 
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Patient Perspectives and Experiences Review 

This section addressed the following research question: 

4. What are the experiences and perspectives of adults and children diagnosed with 
cancer, and their family members and caregivers, who travel to receive cancer 
treatment? 

Background 

PBT is an advanced radiation treatment technology that is intended to reduce the radiation 

dose to surrounding health tissue compared with photon RT. Currently, there are no PBT 

treatment centres in Canada, except for one specialized research facility in British Columbia 

that specifically treats intraocular melanoma, and patients requiring treatment are referred to 

out-of-country facilities.
16

 Out-of-country referrals are determined, in part, based on the 

patient’s ability and willingness to travel and to live outside the country for an extended 

period of time.
16

 

The current rapid review of qualitative literature aims to provide contextual insights into the 

experience of those who travel to receive cancer treatment. 

Methods 

A rapid review and thematic synthesis
1
 of the published qualitative literature was conducted. 

Literature Search Strategy 

The literature search was performed by an information specialist, using a search strategy 

peer-reviewed according to the PRESS checklist.
23

 

Information related to patient experiences was identified by searching the following 

databases: MEDLINE through Ovid; PsycINFO through Ovid; CINAHL through EBSCO; 

PubMed; and Scopus. The search strategy was comprised of both controlled vocabulary, 

such as the National Library of Medicine’s MeSH and keywords. The main search concepts 

were cancer treatment (including PBT, RT, and chemotherapy) and terms related to patient 

travel. 

A hybrid qualitative filter was applied to limit retrieval to qualitative studies. The validation of 

this filter has been published.
90

 Retrieval was not limited by publication date. The complete 

search strategy is presented in Appendix 2. 

The search was completed on March 27, 2017. Regular alerts were established to update 

the search until the completion of the stakeholder feedback period. 

Eligibility Criteria 

English- and French-language reports using any descriptive or interpretive qualitative 

methodology that explored the experiences or perspectives of those travelling away from 

their home community to receive cancer treatment for either themselves or a family member 

were included. Eligibility criteria are presented in Table 33. 

Papers that were unpublished (e.g., reports, theses), not in English or French, reported non-

empirical studies, used non-qualitative methods, or were off-topic (that is, not addressing 
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the topic of travelling for cancer treatment as a main focus of the paper) were excluded. Due 

to the limited information available in abstracts, studies or results presented in abstract form 

only were excluded. 

Table 33: Eligibility Criteria Patient Preferences Review 

Topical Parameters 
Travelling for cancer treatment of any kind, where travel involves at least one 
overnight stay 

Population Parameters 
Children and adults with a diagnosis of any type of cancer, their family members or 
their non-clinical caregivers; no restriction on age 

Temporal Parameters No limits on time frame 

Methodological Parameters 

Qualitative studies of any design, including the qualitative component of a mixed-
methods study, that is, empirical studies that include the following: 

 in-depth or open-ended interviews or focus groups, lengthy participant or field 
observations, or document or artefact review or 

 techniques for analysis and interpretation of data that move beyond the data 
generated 

Screening and Selection Method 

One reviewer screened all citations retrieved from the literature search based on the 

eligibility criteria. Titles and abstracts were reviewed to identify papers addressing the 

experiences and perspectives of patients travelling for cancer treatment, as well as the 

perspectives of their family members or non-clinical caregivers. The full text of all potentially 

relevant reports was retrieved for detailed review and screened according to the eligibility 

criteria. The screening and sorting of eligible papers was managed using Endnote X7 for 

Mac, which is a reference management software package.
91

 

Data Collection and Extraction 

One reviewer extracted data into an a priori–developed standardized electronic form. 

Descriptive data included such items as first author, year of publication, article title, study 

objectives, participant characteristics, and study design. 

Result statements from the eligible articles relevant to the research question were captured 

for analysis using NVivo qualitative data analysis software.
92

 Result statements are typically 

presented within the “results” section of a report, and are characterized as data-driven and 

integrated findings based on participant experiences. Before being coded, each result 

statement was assessed to ensure it was differentiated from raw data, methods, external 

data, and researchers’ conclusions and implications.
1
 Only qualitative data were extracted; 

the quantitative component of mixed-methods studies was not included in our analysis. 

Quality Assessment 

A single reviewer with experience in qualitative research design and synthesis assessed the 

quality of included papers. Assessments were done using the Critical Appraisal Skills 

Programme quality appraisal checklist for qualitative research.
93

 Following current 

conventions in qualitative meta-synthesis, papers were not excluded from the review on the 

basis of indicators of quality.
94,95

 This approach recognizes that procedural details are 

typically under-reported and that theoretically sophisticated findings are not necessary to 

contribute valuable information to a synthesis of multiple studies, or to inform applied health 

research questions.
96
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Qualitative Analysis 

Descriptive Analysis 

A descriptive analysis of study characteristics was conducted. The goal was to characterize 

the set of included studies in terms of important study and participant characteristics 

(e.g., type of treatment sought, sample size). 

Thematic Synthesis 

The thematic synthesis comprised three stages: coding, developing descriptive themes, and 

developing analytic themes. A single reviewer conducted the analysis using NVivo 

qualitative data analysis software.
92

 

Coding (Stage 1) 

In the first coding stage, the results section of each full-text report was coded line by line for 

meaning and content. Codes emerged inductively from the data. As new codes emerged, all 

data were recoded to search for further instances of the meaning captured by that code. 

Codes were assigned to data from all reports in a consistent manner of inductive and 

iterative coding. Through a staged coding process, one reviewer assigned codes to 

concepts, ideas, and categories within the results reported within each study report. 

When all codes were applied to the full sample of results, codes were assessed for 

consistency in interpretation and application, and to determine whether any additional levels 

of coding were needed. 

Descriptive Themes (Stage 2) 

In the second stage of the analysis, the codes developed in the prior stage were organized 

into related areas to construct “descriptive” themes. In this process, the reviewer assessed 

similarities and differences between codes.
1
 When differences were identified, the reviewer 

assessed whether these could be explained by differences in methods or sample 

characteristics. Similarly, the reviewer assessed whether emergent themes were 

transferable across different study contexts. By seeking out differences in this way, the 

range of perspectives held by people became apparent, and subgroups were identified for 

which certain results apply, for example, by patient characteristics or reason for travelling for 

treatment.
1
 The final version represents a synthesis that remains fairly close to the original 

results of the included studies, with minimal interpretation. 

Analytic Themes (Stage 3) 

During the final stage, the “data-driven” descriptive themes from the prior stage were 

analyzed through the theoretical structure provided by the policy question to develop 

“theory-driven” analytic themes in direct response to the practical needs of decision-makers. 

In this stage, the reviewer used the descriptive themes to infer an answer to the policy 

question. The intention of this analysis was to identify issues and concerns relevant to the 

setting of cancer treatment, building on experiences of and perspectives of patient and 

caregivers travelling for treatment. 

Explicit notes were kept using the memo and annotation features in NVivo
92

 to record 

decisions made regarding coding and theme development, as a means to help ensure 

rigour in the analysis. 
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Results 

The bibliographic database search yielded 691 citations (with duplicates removed). One 

researcher reviewed all titles and abstracts, and subsequently the full texts, to confine the 

database to qualitative research articles eligible according to the criteria listed above. 

Appendix 13 presents the PRISMA flow diagram.
97

 

Descriptive Analysis 

Study Characteristics 

Of the 18 papers included, three were conducted as part of a mixed-methods study
98-100

  

and 15 were qualitative, primary studies.
101-115

 Together, the 18 papers included in the 

analysis represented data from a total of 15 discrete studies. Four of the papers
110-113

 report 

findings from a single interview study. 

Seven studies included participants travelling from Australia and New Zealand,
100,101,107-

109,113,114
 five studies recruited participants from Canada,

98,99,104,106,115
 one study included 

mothers from South America (Columbia, Ecuador, Peru, Uruguay, and Chile),
103

 one study 

was from Sweden,
105

 and one included participants travelling from the UK.
102

 

Methodologies varied, with eight studies reporting the use of thematic analysis.
99,102,104,107-

109,113,114
 Three studies identified a generic qualitative design,

100,105,106
 three studies used a 

phenomenological design,
101,103,115

 and one employed content analysis.
98

 

For each included study, the study design (or approach to analysis if these details were not 

reported), participants’ home country, and the type and number of participants was 

identified. This information is summarized in Table 34, Table 35, and Table 36. 

Patient Characteristics 

The 15 included studies incorporated data from 582 participants: 448 patients and 

134 family caregivers. 

Three studies reported on parents’ experiences of travelling for treatment for their 

children.
102,103,115

 Twelve studies included adult patients,
98-101,104-109,113,114

 of which three 

also addressed issues specific to Indigenous populations.
98,109,114

 

Nine studies involved patients seeking treatment for a variety of cancers.
98-

100,102,103,106,107,114,115
 One study explored men’s and women’s experiences travelling for 

treatment for prostate or breast cancer,
104

 one study focused solely on breast cancer,
105

 

one study included women with gynecological cancers,
101

 and two studies focused on 

hematological cancers.
108,113

 

In five studies, the patients travelled for chemotherapy and/or radiation 

therapy.
99,100,106,109,114

 Four studies did not specify the type of treatment the patients 

received.
98,101,103,115

 Four studies reported on experiences travelling for radiation 

treatment,
102,104,105,107

 including one that reported parents’ experiences of travelling for their 

children to receive PBT.
102

 Two studies involved chemotherapy solely.
108,113

 One study 

specified that surgery was a treatment option in addition to chemotherapy and radiation.
109

 

Every paper included in the analysis reported the experiences of patients whose travel for 

treatment included at least one overnight stay. However, six studies did not specify the 

distance travelled by the patients to receive treatment.
101,102,105,109,113,114

 Six studies included 
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a range of distances of 100 km to 700 km (one way),
98,100,107,108,113,115

 while one specified 

that patients had travelled up to 1500 km to receive treatment.
104

 

Thirteen papers reported experiences from patients or their caregivers who had travelled to 

metropolitan cities for treatment because they lived in rural or remote communities.
98-100,103-

109,113-115
 Three papers included the experiences of those who had travelled outside the 

country.
102-104

 

Table 34: Body of Evidence Examined According to Study Design 

Study Design Number of Eligible Studies 

Content analysis 1 

Phenomenology 3 

Qualitative (otherwise unspecified) 3 

Thematic analysis 8 

Total 15 

 

Table 35: Body of Evidence Examined According to Participants’ Home Country 

Study Location Number of Eligible Studies 

Australia/New Zealand 7 

Canada  5 

South America 1 

Sweden 1 

UK 1 

Total 15 

 

Table 36: Body of Evidence Examined According to Type and Number of Participants 

Type of Participant Number of Participants 

Patients 448 

Family caregivers 134 

Total 582 

 

Quality Assessment 

The quality of the included papers was generally good. All 18 included papers had a clear 

statement of the aims of the research. In every case, the qualitative methodology was 

appropriate to address the aims of the research and to explore the experiences of the 

research participants; three mixed-methods studies used questionnaires that were 

complemented by a qualitative component to allow participants to provide more in-depth 

perspectives.
98-100

 



  

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 101 

Although some papers described why a qualitative design was chosen, few described why 

the particular qualitative design employed was ideal or appropriate. Indeed, most studies 

were generically described as “qualitative” or used a thematic analysis without mentioning a 

formal methodological approach. While uncertain, this raises the potential that study authors 

may have limited experience with qualitative research methods, which could limit the depth 

of reported results. 

All papers noted that participants had provided informed consent, while two failed to report 

ethics board approval for the study.
101,103

 Seven papers reported a purposive sampling 

recruitment strategy.
101,103,106,108,110,112,113

 One paper noted that recruitment continued until 

data saturation was achieved.
102

 Another paper acknowledged that one or two more 

interviews might have been needed to reach saturation, but they had exhausted the sample 

of eligible participants in the community.
98

 Most papers omitted any discussion of the 

relationship between the researchers and participants, except in studies that explored the 

experiences of particular vulnerable populations (i.e., Indigenous participants, South 

American mothers who did not speak English).
98,103,109,114

 In these cases, authors described 

efforts to make the participants more comfortable and at ease during the interviews, for 

example, and other considerations to make the research process respectful. In cases where 

authors did not report how rapport was established, it is possible that lack of rapport could 

contribute to limited depth or truthfulness in participant responses. 

Most included papers, including the mixed-methods studies, described a rigorous analysis 

process for the qualitative data. One paper omitted details of the data analysis.
101

 All papers 

included clear statements of findings, linked their findings to existing literature, and 

considered the implications of their findings. 

Thematic Synthesis 

The following sections explore the results of the thematic synthesis. Following the initial 

coding phases, data were organized into descriptive themes. In the next phase, the 

descriptive themes were analyzed through consideration of the research and policy question 

to identify analytic themes. We present the two analytic themes that emerged from the data, 

with results from the descriptive themes presented as supporting evidence. 

Analytic Theme: Participants’ Experiences of Travel 

Participants’ experiences of travel, which include the time preparing for travel, the actual 
travel, the period of treatment, and the return home, raise a variety of perceived benefits 
and disadvantages. 

Being on the Road 

Three papers
106,108,111

 noted that patients who travel for cancer treatment are travelling while 

sick. Accordingly, the experience of travelling is quite different from a typical trip, and special 

considerations must be made to ensure the patient remains as comfortable as possible. 

One family member who accompanied a loved one during treatment observed that the 

inconvenience of travelling while sick is at odds with the care typically associated with 

cancer treatment: “That’s not really conducive to cancer treatment at all . . . you know, he’s 

throwing up on the road or whatever, you still have to go.”
106

 Additionally, it was noted that 

the experience of travelling can become more challenging and exhausting as the disease 

progresses.
106
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One study noted the additional challenges for family members who transport patients to the 

treatment centre, particularly for patients travelling from rural communities. Travellers worry 

about practical issues such as ensuring the car is in excellent running order, monitoring 

weather and highway conditions, and packing the necessary items for the trip.
106

 

Despite the challenges associated with the actual travel, both patients and family members 

acknowledged that the time spent travelling for treatment offered an opportunity for 

meaningful conversations. One patient noted, “It’s time we can spend together. And therein 

lies the challenge of making that time even better with each other when we’re travelling 

back and forth.”
99

 Similarly, one family member reflected on the intimacy afforded by the 

commute, “I think people just find it easier to talk in a small space . . . you have that extra 

time that’s just there, just for you . . . that few hours that you’re taking to drive in or out. I 

think it becomes important.”
106

 

Adapting to a New Environment During Treatment 

Several papers reported that patients and family members sometimes struggled to adapt to 

a new culture when travelling to receive cancer treatment.
102,103,109,111,113,114

 Participants 

revealed factors that added stress to their experience, such as language barriers,
103

 having 

to adjust to a different and unfamiliar climate,
109

 and cultural differences in caring 

behaviours.
103,114

  

One paper on South American mothers’ experiences travelling for their children’s treatment 

noted that language issues made it difficult for mothers to communicate with the staff or to 

bond with other families going through treatment.
103

 Moreover, going through the stress of a 

child’s illness made learning English more difficult and of lower priority. 

Some participants remarked on the difference in the way of life compared with their home 

communities. For example, participants from the UK travelling to the US for treatment found 

that there was more driving in the city.
102

 Mothers from South America had to adjust to a 

different pace of life, without extended breaks midday.
103

 Travellers from rural communities 

reported feeling disoriented and overwhelmed by the speed of the city.
111

 As a result, they 

longed for the rural setting to which they were more accustomed. One patient described the 

difference in the new environment: 

We are out in the country, and it is a real shock to the system when you get stuck in the city, 

and they give you the questionnaires at the hospital when you are admitted, and they say if 

you like to do the things you are doing. And I wrote on it, “No, my fishing line will not reach 

the water from here” [laughs]. I can’t see my cattle.”
111

 

Similarly, Indigenous cancer patients from rural and remote communities, some of whom 

had never left their home communities, saw the environment of the new urban centre as 

akin to landing on the moon.
114

 

A key adjustment noted in the papers was the difference in foods.
102,103,114

 In addition to 

unfamiliar foods (whether provided in the hospital or available to prepare at home), 

participants struggled with the expense of food, the high prices to purchase items with which 

they were familiar, and the inability to shop around for cheaper options due to being in an 

unfamiliar environment.
103,113
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Exploring a New Place 

Multiple papers noted efforts on the part of patients and their family members to make the 

best of being in an unfamiliar environment and to explore the area outside of treatment 

times.
99,102,104-106,114

 One study reported that most participants used the word “holiday” to 

describe their time in a different country for treatment. For example, one mother who 

accompanied her child to a proton centre in the US remarked, “When we weren’t at hospital 

we were there on holiday.”
102

 

Excursions and distractions outside of treatment times included going to the pool at the 

hotel, going to the movies, going to museums, and other activities one would typically 

associate with a holiday.
102

 Three papers noted that both patients and family members took 

the opportunity to run errands or shop for items that would not be found in their home 

communities.
99,102,106

 

Participants saw benefits in being away from home for treatment in that it offered a break 

from the responsibilities they would face at home.
104,105

 In some cases, a benefit of 

travelling for treatment compared with receiving care in their home communities was that it 

freed up time that would normally be spent driving back and forth for treatment every day,
104

 

and offered time to “recharge their batteries” between treatment, particularly if they were 

accommodated in a residence close to the treatment centre.
105

 

The location of the treatment centre played an important role in allowing patients and their 

families to explore the new area. Some participants lamented that if the treatment centre 

was in a neighbourhood that did not seem safe for walking and/or they did not have access 

to a vehicle, their stay could be quite boring.
104

 The physical environment of the facility itself 

can impart a holiday-like atmosphere: in one study, some parents described the proton 

centre as “more like a hotel” and very relaxing.
102

 Conversely, large hospitals were 

described as alienating and difficult to navigate.
114

 

Building Relationships 

Participants appreciated efforts to make the treatment experience more comfortable.
100,102-

104,106
 Staff were noted for providing compassionate care,

106
 being nice, supportive, and 

generally friendly,
100,104

 making family members feel less isolated,
102

 and making efforts to 

keep them informed.
103

 Conversely, a noted downside of travelling for treatment was having 

to meet and build relationships with new health care providers.
115

 

Many papers reported the camaraderie established through shared experiences travelling 

for treatment.
99,102,104,105

 This was particularly true if patients and their family members were 

staying in the same accommodations as others receiving treatment.
99

 Participants gained 

support through relationships with people in similar situations.
102

 In some cases, the other 

people were from participants’ home communities, which added to their familiarity and 

friendship.
104

 One parent, who travelled to the US, described the benefits of the 

relationships with others who had travelled for treatment, “I feel, going to the US, being with 

these people, was a wonderful experience. If you can put it that way. Because you grew, 

you got to know people in a different light. We shared feelings and sadness and everything 

that you couldn’t share with your closest friends at home. And this was wonderful.”
104

 At 

some treatment facilities, these connections were facilitated through organized social events 

and activities.
102
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Maintaining Normalcy 

Participants sometimes strived to maintain normal routines while undergoing treatment. 

Although most enjoyed the camaraderie and opportunities for socializing, having one’s own 

space also helped to create a home-like environment.
102

 Participants in one study noted that 

travelling for treatment closer to home and within their own country allowed family members 

to visit more readily.
108

 For those at a distance, using technology, for example, through blog 

posts to keep friends and family updated or video calls, helped to keep them connected.
102

 

Nevertheless, participants acknowledged that it was difficult to be far from home and 

missing family — particularly for patients who had left children at home when they travelled 

for treatment.
111

 

Returning Home 

Participants reported mixed feelings upon returning home. For those for whom the treatment 

length was uncertain, reaching the end and being able to return home was marked by 

relief.
103

 Participants appreciated being able to sleep in their own beds and enjoy the 

comforts of home again.
102

 

Notably, some papers reported that participants might experience feelings of loss upon 

returning home.
98,102,105

 Patients missed having contact with clinicians and staff members 

with whom they had formed close relationships.
98

 Others lamented the loss of friendships 

and bonds they had formed with other families.
102,105

 One participant described the loss, 

“You’re surrounded by other families who’ve got normally their tumours . . . with not great 

prognoses and that just becomes the norm and when you get back home and you have to 

kind of explain things again to your friends and you know not everybody speaks the same 

language, cancer language.”
102

 For patients who had travelled out of country, returning 

home after several weeks or months can feel unfamiliar at first.
102

 

For some, returning home led to feelings of anxiety. Participants were anxious to be far from 

the treatment centre. One parent summarized the feelings of anxiety that lingered, “I was 

excited and completely terrified at the same time about coming home. Excited to sleep in my 

own bed and enjoy my home once again, and get back to a routine. Terrified it was going to 

happen all over again and we would have to go back to [cancer centre]. I kept bags packed 

for about a year after, always afraid something was going to happen, and I wanted to be 

prepared.”
115

 The anxiety that patients and family members experienced was, in some 

ways, related to their confidence in the care available in their home communities. Some 

worried about the follow-up care available and were uneasy about seeking care from 

unfamiliar clinicians. One participant noted, “I know I have confidence with my surgeon. The 

oncologist I don’t really know. And having not dealt with him, like I’ve only seen him 

once . . . I really don’t know him.”
104

 Concerns about the quality of follow-up care available in 

their home communities were exacerbated by the fact they had not been able to receive 

their initial treatment there.
109

 

Analytic Theme: Perceptions of the Travel Experience 

Although participants’ experiences of travel share many characteristics, the reason for travel 
and the participants’ home communities are key mediating factors in how they perceive the 
experience. 
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Being Accustomed to Travel 

Participants who lived in rural and remote communities were generally accustomed to travel 

and long commutes for services.
99,104,106,108

 As one patient, who travelled by car for two 

days to access treatment, noted, travel is a regular part of rural life. “I mean I just live in a 

really remote area. And that’s one of the things you factor in when you make your decision 

to live there. You know. You counter this incredible place with some major lacks in 

amenities.”
99

 Relatedly, those travelling from rural communities to urban centres are often 

familiar with the bigger cities, having travelled there for other reasons in the past. 

Living in a Small Community 

Travelling for cancer treatment when coming from a small community can pose distinct 

challenges. Notably, participants in one study remarked that the need to travel for treatment 

required that they tell more people about their diagnosis than they might have otherwise, 

because the act of leaving town would not go unnoticed.
101

 Participants felt that privacy 

concerns were amplified in small communities, where “everyone knows everyone else’s 

business,”
101

 and were reluctant to discuss their diagnosis and treatment because the news 

would spread. Additionally, coming from a small community meant there was less likelihood 

of finding people who had been through the same experience. 

On the other hand, participants in two other studies acknowledged the benefits of going 

through the cancer treatment experience with the support of strong social networks formed 

in a small community. For example, neighbours and friends stepping in to look after property 

when a family was travelling.
106,115

 

Accessing Care Before and After Treatment 

A key difference in the experience for those travelling from a rural or remote community was 

the concern about the availability and quality of care before and after treatment.
98,101,110,115

 

Even before diagnosis and treatment, some patients have to travel just to consult with a 

specialist, including having to travel to receive test results.
101

 Additionally, some participants 

noted it was difficult to request a second opinion in small communities with poor access to 

specialists.
101

 

Once home after treatment, three studies reported that participants felt uncertain about 

whether the care available at home would be adequate. Ongoing monitoring and follow-up 

care can be challenging and expensive if it means travelling again.
110

 Participants were 

unsure when to call the treatment centre and when care from a general practitioner would 

be sufficient.
98

 One parent described the concerns she felt about the local doctors’ ability to 

monitor her son after his cancer treatment: 

The doctors here [in local community] are fine but they even admitted that “[son] is 

beyond our realm of what we do.” They don’t want to . . . As soon as I have to take him 

in for something, even now—it’s like you got to go to [tertiary centre]. They are still 

nervous about taking care of [son]. So, that’s nerve racking! If I was concerned about 

something, we would need to go to [tertiary centre].
115

 

For those in rural or remote communities, the travel experience includes travelling for post-

treatment care, which brings additional financial and emotional costs in having to be away 

from home again. Participants from rural or remote communities were also less inclined to 

access emotional and support services that were offered after treatment if it meant 

additional travel. 
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Accessing Better Care 

Participants in several studies noted they were travelling to receive better care than they 

otherwise could have in their home community.
101,103,106,111,115

 Many saw the decision to 

travel as “automatic.”
103

 Parents in one study described a willingness to travel any distance 

to ensure their child received the best care.
115

 Indeed, knowing their child was receiving 

care from “expert” specialists helped them to cope with the diagnosis.
115

 Similarly, some 

participants described relief in knowing they were doing “everything they could” by travelling 

to access care.
103

 

Some participants perceived that they had no alternative in deciding to travel for care, as 

illustrated by one patient: 

“A lot of people don’t realize. Like, it’s hard enough getting the treatment, but having the 

treatment when you’re not at home is a really big thing. If you are sick, you got to go 

and have the treatment done. And I said, “How would you like it if I said to you that 

you’ve got to pack your bag and go and live in Victoria for, say, eight months and not 

see your family.” And I said, “Well that’s what was said to me.” If I don’t go to [the city], 

I’m going to die.
111

 

In those situations where there seemed to be no alternative at home, some participants 

expressed gratitude at the opportunity to travel for treatment.
102,103

 In one study, a parent 

described the photon centre as a “centre of miracles.”
103

 In another, a mother described 

feeling lucky for the chance to travel: “We were probably pretty lucky it was something that 

was suggested us . . . they put it forward, she got approval, and we went.”
102

 

In some cases, the reason for travel was not to receive better care, but to receive faster 

care.
101,115

 One study explored the decisions of patients who were offered the opportunity to 

travel to a larger city where treatment would be faster.
101

 Patients struggled to weigh the 

trade-offs in those situations, and many opted to wait and receive treatment at home, 

highlighting the costs and challenges associated with travel.
101

 

Similarly, another study explored the experiences of patients who had been referred out of 

country for faster treatment.
115

 In that situation, some patients resented having to travel 

when they otherwise could have been treated appropriately at home, as one participant 

noted: 

“I guess I really, in a way, resented having to go to the States for it. The cancer clinic is 

very close to where we live. And I kind of resented the length of time . . . the waiting has 

been hardest. I just want to get it over with and get on with my life.”
104

 

Receiving Support to Travel 

Relatedly, participants in two studies expressed gratitude to the government of their home 

countries for facilitating the travel for treatment.
102,108

 Participants acknowledged the funded 

flights they received, in some cases, enabling them to return home between treatments, 

which made the experience easier.
108

 One parent described her gratitude: 

“We were extremely grateful to be sent for the treatment. I think it’s a wonderful 

thing that the NHS does send families over . . . it’s an awful thing to know that your 

child needs this kind of treatment, but to be told that . . . everything will be taken 

care of is extremely comforting.
102
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Summary of Results 

This review aimed to explore the experiences of patients and their family members who 

have travelled to receive cancer treatment. Eighteen papers representing 15 discrete 

studies were included in the thematic synthesis. Two analytic themes emerged from the 

data: first, participants’ experiences of travel, which includes the time to prepare for travel, 

actual travel, the period of treatment, and the return home, have a variety of perceived 

benefits and disadvantages. Second, although participants’ experiences of travel share 

many characteristics, the reason for travel and the participants’ home communities are key 

mediating factors in how they perceive the experience. 

The experience of travelling for treatment is not isolated to the time away from home; it 

includes preparation and time spent on the road, the experience of being at the treatment 

centre, and the reintegration and follow-up care once they return home. Participants’ 

reflections underscored that travelling while sick is a very different circumstance than 

travelling on a typical trip. Travelling for treatment requires extra caution to ensure the 

patient is kept comfortable. Travelling to the treatment centre adds an extra burden to the 

cancer experience for both the patients and their loved ones. However, some participants 

acknowledged that the time spent travelling allowed them to engage in meaningful 

conversations, and many tried to appreciate the time spent together. 

Travelling for treatment means adapting to a new environment. Participants remarked on 

differences between their home communities and the community where the treatment centre 

was located. For some patients, particularly those travelling from different countries, 

adapting to a new environment can involve language barriers, adjusting to different cultural 

norms, experiencing new foods, and dealing with higher costs of living. Adapting to these 

changes is made more difficult given the circumstances for travel and the stress of 

undergoing cancer treatment. 

Nevertheless, some participants described embracing the time spent in a new place, 

whether by exploring tourist attractions, going on social excursions, or taking the opportunity 

to shop for items that would be unavailable in their home communities. Hence, some 

patients who accompanied their children for radiation treatment described it as a holiday or 

“radiation vacation.”
102

 The ability to enjoy distractions from treatment depends in part on 

the facility itself: situations where patients or their families are staying in separate 

residences or have to travel within the city for treatment diminish the opportunities for 

downtime and shared social activities. 

A key aspect of travelling to a treatment centre was the opportunity to develop relationships 

and friendships with others going through a similar experience. This was particularly 

beneficial for patients travelling from remote or rural communities, where opportunities for 

support and shared understanding were less likely. Participants also remarked on the caring 

atmosphere created by the staff at treatment centres. Once home, they lamented the loss of 

these special relationships. 

Participants noted that travelling closer to home, especially within their own country, made it 

more feasible for extended family members to visit while they were away for treatment. 

Otherwise, they relied on technology such as blogs and video conferencing to stay 

connected to those at home. 
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Participants reported mixed feelings upon returning home. Although most were happy to be 

in their own homes and to sleep in their own beds, particularly children who had undergone 

treatment, some expressed anxiety about being far from the treatment centre. 

Most of the papers in this review reported the experiences of those who had travelled from 

rural or remote communities to tertiary centres to receive treatment. The patients and 

families who had travelled outside the country for care generally described similar 

experiences, and few studies reported challenges that were unique to out-of-country travel. 

The context and reason for travel plays a key role in participants’ experiences of travelling 

for cancer treatment. 

For those who live in rural or remote communities, travelling for services is a way of life, of 

which having to travel for health care is just an added challenge. Indeed, for those coming 

from rural communities, the community in which the cancer centre was located was often 

not unfamiliar because they had travelled there for other reasons in the past. 

Participants noted some disadvantages to having to travel from a small community; for 

example, leaving town made it difficult to keep their diagnosis and treatment private. 

However, some participants appreciated the support of strong social networks to help them 

while they sought treatment. 

A key difference in the experience for those travelling from a rural or remote community was 

the concern about the availability and quality of care before and after treatment. While some 

participants’ experiences involved travelling to receive treatment in a more timely fashion or 

to receive treatment that was not available in their home community, some participants 

coming from rural or remote communities saw travel as the only option for treatment. The 

availability of post-treatment care was a key concern for patients and their loved ones 

coming from rural communities, where access to care and support services was a 

challenge. 
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Ethical Issues 

This section addressed the following research questions: 

5. What ethical issues are known in cancer treatment, and how might the availability of 
PBT influence these issues? 

6. What new ethical issues are raised by the use of PBT in cancer treatment? In 
particular, what issues are raised by the need to travel out of country for treatment? 

7. If PBT therapy is installed and implemented more widely in Canada, how should it be 
provided to best address the identified issues? 

Background 

Ethics is the inquiry into rightness, fairness, and goodness; it examines questions about 

what we owe to each other and what it means to be a good person and live a good life. 

Such questions are also called “normative” questions because they have to do with 

principles or values. Applied ethics use ethical or moral theory (“ethics” and “morals” are 

used interchangeably in this analysis) to find answers to these questions for particular topics 

and contexts. 

Issues where important values are clearly at stake for individuals or populations are ethical 

issues. An ethical issue may also be an ethical dilemma if two competing values are at 

stake. For example, whether or not to require health care providers to be vaccinated is an 

ethical issue because it weighs two important values: the value of supporting the freedom 

and independence of the health care professional, and the value of patient safety and 

maximizing public health. It is also an ethical dilemma because it is not possible to live up to 

both values in their entirety at once. The goal of an applied ethics inquiry is to balance 

values and arrive at a resolution for the question at hand. 

This report is part of an HTA and is an example of an applied ethical analysis. Ethics 

analyses in HTAs evaluate the use or implementation of new technologies from an ethical 

perspective. HTAs are meant to help determine whether a technology should be 

implemented (and sometimes publicly funded) within a health care system. 

An HTA proceeds with the following implicit assumptions: 

 The technology should achieve the health goal it is meant to achieve. 

 The technology should achieve that goal without doing more harm than good. 

 The financial requirement to adopt and implement the technology should not be 
disproportionate to its benefit. 

 Adopting the technology should not pose serious threats to human integrity and dignity. 

In addition, there are two broad normative questions that are relevant to most HTAs: 

 Should the technology be endorsed or made widely available? 

 If yes, how should the technology be made available? 

This HTA pertains to the provision of PBT and whether it should be made available in 

Canada. Currently PBT is available to Canadians through referrals to American centres. 
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Inquiry 

The normative questions regarding the implementation of PBT for cancer treatment may be 

divided into three broad categories: 

 What ethical issues arise in cancer treatment, and how might the availability of PBT 
influence these issues? 

 What new ethical issues are raised by the use of PBT in cancer treatment? 

 If PBT therapy is installed and implemented in Canada, how should it be provided to 
best address the identified issues? 

Answering these questions can contribute to a response to the policy question, which is: 

Should patients continue to be sent out of country for PBT treatment, or should PBT be 

installed and implemented in Canada? 

This question is a matter of systems-level or population-level ethics, which examine 

questions that affect a large number of people and in which outcomes and interests are 

considered in the aggregate (organizational ethics, policy ethics, and public health ethics 

are all examples of systems-level ethics). For systems-level ethics, instead of asking “Does 

this technology benefit the patient?” or even, “Does this technology disadvantage vulnerable 

individuals?” we ask, “Does this technology create an overall benefit for the population?” 

and, “Does this technology disadvantage more vulnerable groups?” 

The determination that a technology should not be implemented may be made for 

several reasons: 

 The technology offers little to no evidence of benefit at the population level. 

 The technology does offer benefit at the population level, but the degree of benefit is 
disproportionate to the cost. 

 The technology presents significant issues regarding respect for populations affected by 
the technology, and these issues cannot be mitigated by careful implementation. Such 
issues include systematic affronts to dignity, autonomy, and personhood, and the 
oppression of particular groups, especially those who are already vulnerable or who may 
become vulnerable as a result of the technology (e.g., hearing technology for members 
of the hearing impaired community). 

If the answer to the first broad normative question (Should the technology be endorsed or 

made widely available?) is “Yes, the technology should be implemented” or at least not 

“No,” the second question (How should the technology be made available?) should be 

considered. 

Developing a response to the second question requires consideration of the nature of the 

technology from the individual perspective, invoking an individualist or bedside ethics 

approach (sometimes referred to as clinical ethics). Closer attention must be paid to 

considerations of respect, benefit, autonomy, dignity, and fairness from the individual 

perspective to uncover how the technology could be implemented and delivered in a way 

that lives up to key values or principles. If the analysis determines the technology cannot be 

implemented in a way that sufficiently lives up to core values, it may cause the first question 

to be reconsidered. 

The ethics analysis of PBT also involves a descriptive question: 

 What are the key ethical concerns identified in the literature on PBT? 
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This question aims to uncover the arguments and values that others have proposed to be 

relevant to ethical deliberation about PBT and its use in cancer treatment. Those arguments 

and values can then be used to inform the answers to the normative questions posed by 

this HTA. 

Methods 

The literature search was performed by an information specialist using a search strategy 

peer-reviewed according to the PRESS checklist.
23

 

Ethics-related information was identified by searching the following databases: MEDLINE 

through Ovid; PsycINFO through Ovid; CINAHL through EBSCO; and PubMed. The search 

strategy comprised both controlled vocabulary, such as the National Library of Medicine’s 

MeSH and keywords. Two searches were conducted: an initial search on PBT and key 

terms for ethics concepts; and a broader search on related forms of cancer treatment (RT) 

and key terms for ethics concepts. For the initial search on PBT, the search was not limited 

by date. Retrieval for the broader search on related forms of cancer treatment was limited to 

documents published since January 1, 2007. 

For both searches, no methodological filters were applied to limit retrieval by study design. 

Results were limited to English- and French-language publications. The complete search 

strategy is presented in Appendix 2. The search was completed on March 30, 2017. 

Regular alerts were established to update the search until the completion of the stakeholder 

feedback period. 

Grey literature (literature that is not commercially published) was identified by searching 

sources identified in the Grey Matters checklist (https://www.cadth.ca/grey-matters), which 

includes the websites of HTA agencies, Internet search engines, and professional 

associations.  

The selection of relevant literature occurred in two stages. In the first stage, the title and 

abstracts of citations were independently screened for relevance by two reviewers (KD, KB). 

Citations were categorized as “potentially relevant” or “not relevant” based on the following 

criterion: 

 provides evidence related to, or analysis of, the use of PBT, or identifies an ethical issue 
arising in the use of PBT for cancer treatment. 

In the second stage, full-text reports of “potentially relevant” citations were reviewed by a 

single reviewer (KD). Citations that met the following two criteria were included in the 

analysis: 

 pertains to radiation treatment for cancer 

 suggests ethical issues relating to 

o informed decision-making (autonomy) 

o patient experience and quality of life (benefit) 

o access to radiation therapies (fairness/equity) 

o allocation of resources (fairness/equity) 

o responsive systems (stewardship). 

https://www.cadth.ca/grey-matters
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Disagreements between reviewers in the first stage were resolved by discussion to reach a 

consensus. The details of each report, including lead author, publication date, journal, 

potential ethical issues raised, and report conclusions were summarized in a separate 

document. 

Results 

The literature search yielded 881 unique citations. From among these, the reviewers 

selected 149 potentially relevant articles that raised implicit ethical issues (Appendix 14). 

The preliminary results of the clinical review, budget impact analysis, and patient 

perspectives and experiences reports were also examined for information relevant to the 

ethics analysis. 

While some of the included articles discussed PBT specifically, no articles that explicitly 

discussed ethical issues regarding PBT were found. Many articles concerned ethical issues 

raised by access to RT for cancer treatment more generally. We believe RT and PBT are 

sufficiently analogous with respect to ethics analysis that the issues raised with RT merit 

consideration when referencing PBT. A detailed list of included articles and their relation to 

the noted ethics themes (discussed in the Analysis section) can be found in Appendix 15. 

In this section, the results of the literature review will be presented in response to the first 

two questions that were set out within the ethics analysis in this HTA. These are: 

 What ethical issues are known to arise in cancer treatment, and how might the 
availability of PBT relate to these issues? 

 What new ethical issues are raised by the use of PBT in cancer treatment? 

The third question (If PBT is installed and implemented in Canada, how should it be 

provided to best address the identified issues?) overlaps with the broad policy question of 

this HTA, and will be addressed in the Analysis section of the report. 

What Ethical Issues are Known to Arise in Cancer Treatment, and How 
Might the Availability of Proton Beam Therapy Relate to These Issues? 

Benefits 

The duty to act to benefit our patients and populations (also known as the Principle of 

Beneficence) is a core principle of health ethics, and guides many of our decisions about 

how to organize and deliver care. This duty requires health systems to cover technologies 

that are known to offer benefits to individual patients (where they are deemed likely to 

respond to said technology) and that such technologies also contribute to an overall benefit 

to the populations. At an individual level, health care providers have an obligation to 

propose treatment options (which may include technology) that are believed to offer benefit 

to that patient. 

When considering the benefits of a particular technology, it is important to consider both the 

clinical and non-clinical benefits — which include satisfaction, overall well-being, and quality 

of life — that arise from the treatments themselves as well as from the impacts these 

treatments can have on other areas of life. 

In cancer care, clinical benefits tend to include outcomes like overall survival, disease-

specific survival, local or regional recurrence, and the management of side effects. The 

clinical effectiveness review of the evidence has shown that, to date, the evidence for PBT 
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is based on the results of low-quality studies. Further, within that evidence, it is not clear that 

PBT offers clinical benefits compared with existing therapies; in some cases, PBT led to 

worse clinical outcomes.
21

 Readers are advised to refer to the Clinical Review section for an 

authoritative summary on the clinical benefits of PBT that have been outlined in the 

literature. Careful consideration about whether to increase access to a technology is 

required if the technology can provide only marginal clinical benefit. 

Patients can also experience non-clinical benefit from a treatment. The Patient Perspectives 

and Experiences Review section provides detailed descriptions about patient experience 

relating to cancer care and outlines factors that can affect quality of life, with a focus on the 

impacts of the travel that is often required for cancer treatment. This section shows how 

travel can offer some benefits to patients and caregivers (e.g., through viewing travel for 

cancer treatment as a vacation, or a break from the everyday), though only a subset of 

those benefits arise from intentional supports provided through treatment centres. 

The literature review conducted for the ethics analysis yielded further insight into the non-

clinical benefits that can arise through cancer treatment (Appendix 15). Studies looking at 

satisfaction with RT treatment found that patients’ satisfaction increased with courtesy, 

privacy, a caring patient-centred approach, good information sharing, professional 

competence, accessibility, cooperation/communication, and follow-up care.
116,117

 Another 

study outlined further benefits to patients when health care providers recognized that a 

patient’s cancer treatment was only one period in a life history, and noted it was helpful for 

providers to recognize prior life experience and provide support for that.
118

 

Harms 

The converse of the duty to benefit, the duty to prevent or minimize harm to individuals and 

populations (also known as the Principle of Nonmaleficence), is also a core principle of 

health ethics. This duty requires that health systems avoid covering technologies that create 

direct harms to patients or that, in their use, prevent access to other technologies that could 

offer a benefit. Again, this principle applies at the individual and population levels. 

Clinical harms that can be presented by cancer treatment can vary according to the specific 

cancer, but are commonly related to mortality, cancer recurrence, side effects, toxicity, and 

late effects (the development of secondary cancers due to treatment of an initial cancer). As 

with benefits, the Clinical Review section outlines the evidence of harms relating to PBT use 

compared with other modes of therapy. This section indicates that PBT can have widely 

varying effects on clinical harms. In some instances, there is no difference between PBT 

and its comparators. In other instances, it can create either more or fewer harms. 

The cancer treatment literature contains several studies that examine non-clinical harms 

relating to cancer treatment, which can include stress and anxiety and negative effects on 

other psychosocial needs, as well as general decreases in quality of life. These are troubling on 

their own, but have also been shown, particularly in the context of psychological distress, to 

contribute to negative immunological and behavioural responses (e.g., fatigue) during RT.
119-121

 

Studies have shown that for a significant subset of patients, cancer treatment can cause a 

decrease in a patient’s quality of life
122,123

 and psychosocial functioning.
124

 This is especially 

concerning, as unmet psychological needs during cancer care have been shown to cause 

lasting effects on patients’ psychological well-being
125,126

 as well as on some patients’ 

finances and sexuality.
127

 Pediatric and youth patients have also been found to experience 

anxiety and distress, and can benefit from psychosocial support provided alongside cancer 

treatment.
128-130
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Structured interventions to address patient quality of life, including interactions with experts 

such as psychologists and social workers, can successfully sustain a patient’s quality of life 

during, before, and after RT treatment.
131-133

 Several studies have examined the potential 

for radiation therapists, who would come into contact with patients as a regular part of care, 

to provide psychosocial support to cancer patients.
134-136

 Another study has shown how the 

climate of a treatment facility also has the potential to have a positive or negative effect on 

patient anxiety,
137

 which points to opportunities for health care facilities to live up to their duties 

to avoid harm for patients by adjusting elements of the space where treatment occurs. 

Duties to prevent harms to individuals also extend to being mindful of the harms that others 

(apart from patients) may be subject to. In particular, individuals (often family/friends) who 

take on the role of caregiver for cancer patients often experience harms, including distress 

and anxiety. Studies on caregiver distress have shown that their stress can increase as the 

patient’s symptom burden increases.
138

 Individual caregivers can also have differing 

responses depending on their own circumstances. One study found that caregiver burden is 

greater if the caregiver reports a greater depressive mood when they face more difficult 

caregiver tasks, if they are married, if they are unemployed, or if they are caring for a patient 

who has not had surgery.
139

 

Balancing Harms and Benefits 

Decisions that simultaneously live up to duties to act in ways that confer benefits to 

patients/populations and minimize exposure to harms must ultimately balance the harms 

and benefits presented by a given scenario. A decision is more likely to be ethically justified 

it if provides a balance of benefits over harms. This calculation must take into consideration 

the clinical and non-clinical harms and benefits such as those discussed earlier. When 

considering harms and benefits at a population level, it may also include consideration of 

financial costs of all options, as it is the access to financial resources that often determines 

whether benefits (and avoidance of harms) can be achieved. The Budget Impact Analysis 

for this HTA provides details about the anticipated financial implications of PBT as it is 

provided now, and as it may be provided if a PBT facility is established within Canada. Truly 

balancing harms and benefits in this way can be very context-dependent (requiring the 

consideration of overall budget, other programs, opportunity costs, and local need), so it will 

not be possible to declare conclusively whether PBT offers a balance of benefits over harms 

in all cases. Still, it will be important to take into consideration all factors in light of the known 

evidence, especially when (as it appears to be with PBT) the clinical benefits of a particular 

technology are marginal. 

Autonomy, Information, Consent 

Good decision-making is a crucial part of any cancer care plan. Health professionals have 

an ethical obligation to ensure that patients (or surrogate decision-makers) have 

comprehensive and understandable information about their disease and treatment options, 

and that care decisions are a reflection of the patients’ wishes, values, and beliefs. Good 

information sharing has been shown to be an important contributor to good patient 

care,
140,141

 and can contribute to patients feeling more prepared for the treatment to 

come.
142

 It has also been shown that inadequate information sharing with patients can 

lead to uneasiness, anxiety, dissatisfaction with care, and distress.
142

 Several studies have 

demonstrated the value of shared decision-making models
141,143,144

 and decision aids
145

 

for enabling good decision-making within the context of care. Studies have also noted the 

importance of comprehensive information sharing over the course of treatment planning 

and provision.
146
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Comprehensive information sharing with patients requires that health professionals convey 

the information relevant to a particular disease’s process and treatment options, including 

the anticipated harms and benefits of each (including no treatment). Studies that looked at 

how oncologists discussed treatment options with patients have found that oncologists can 

place disproportionate emphasis on the benefits of particular options, sometimes completely 

avoiding any discussion of the harms.
147,148

 Providing comprehensive information of harms 

and benefits can be especially challenging because in at least some areas of oncology, 

there is disagreement about which harms or benefits of particular illness/treatments should 

be discussed with patients.
149,150

 

There has been significant attention paid to the promise of shared decision-making in 

health care, where the patient contributes expertise about their life experiences, wishes, 

values, and beliefs, and the health professionals contribute clinical expertise. One oncology 

study found that in typical care discussions, patient’s values and treatment preferences 

were expressed or considered in about half (54%) of all cases; although, when they were, 

patients perceived themselves to be playing a more active role in decision-making.
151

 It is 

crucial to ensure that patients have as clear an understanding of their circumstances as 

possible, and that their expectations of each option available to them be realistic; unrealistic 

expectations may compromise the patient’s ability to make informed decisions. For 

example, in cases where patients overestimate the value of active intervention and 

underestimate the value of no treatment, they may wish to pursue active treatments which, 

in some cases, amounts to overtreatment.
152

 

When it comes to considering treatment options that could involve travel or relocation, clear 

consideration of the associated burdens of travel (discomfort, caregiver burden, costs, etc.) 

should be considered along with the treatment’s potential benefits. It can sometimes be 

assumed that the treatment that is expected to offer the most clinical benefit is the best 

choice for patients overall. In cases where obtaining the treatment presents significant 

burdens, a better understanding of whether the travel investment will pay off (in terms of 

survival, cure, quality of life) will be important for patients to make informed decisions about 

their care.
153

 

Equity, Access, Justice 

There is extensive evidence that access to RT to treat cancer varies according to patient 

demographics for multiple types of malignancies.
133,154-180

 When other factors such as 

disease severity are controlled, patients who are non-white, have a lower socio-economic 

status, and are older have consistently been shown to be less likely to receive RT. Similar 

inequities were noted in studies looking at access to PBT; one US study noted that PBT for 

prostate cancer treatment was more likely to be provided to patients who are white, 

younger, from metropolitan areas, and from geographic areas with higher median 

household incomes.
181

 Another noted that in pediatric contexts, PBT was more likely to be 

provided to children who come from high-income households with private insurance.
182

 

Many of these studies come from a US context, though not all. We cannot claim that the 

non-Canadian studies can be generalized to Canada, though similarities in socio-economic 

contexts as well as anecdotal evidence suggest that concerns regarding socio-economic 

disparity could also be relevant in Canada. 

A similar disparity in access arises when patients’ distance from RT treatment centres is 

such that they must spend significant amounts of time commuting and/or travelling long 

distances to receive care.
174,183-201

 This finding is well documented in patients who live in 

more rural areas and who are therefore at a greater distance from treatments.
184

 Travel time 
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and burden can also be a barrier for patients who live closer to treatment centres but rely on 

public transit to get there.
196,202

 One study found there was a 10% decrease in the likelihood 

of receiving RT for each additional 100 kilometres a patient had to travel.
187

 This study also 

found there was a 6% increase in mortality risk for each 100-kilometre increase in distance. 

Patients who travel for cancer treatment may commute to the centre on a daily basis, or 

may need to travel and then stay for several weeks at a time in the city where the treatment 

centre is located. Each arrangement can pose significant burdens. In both cases, many 

patients would rely on the support of caregivers to accompany (and in some cases, drive) 

patients, and travelling may also entail prolonged periods of discomfort when patients who 

feel tired or unwell are commuting back and forth. Patients who relocate to other centres 

may still feel the travel burdens of a daily commute if their lodgings in that city are some 

distance away from the treatment centre (Patient Perspectives and Experiences Review). 

Travel or relocation can be significantly disruptive for patients, as it often requires taking 

time off work, additional child care and other family management arrangements, as well as 

additional resources on the part of the patient.
203,204

 It can add financial and psychological 

strain to circumstances that are already very stressful.
185

 It can also contribute to decisions 

not to seek therapy if travel is required and decrease compliance with the therapies that 

have been chosen.
205

 

Professional Ethics 

In virtue of being members of professions, health care professionals have obligations to 

create and operate within fiduciary relationships, which are relationships of trust where 

decisions regarding patient care are made with primary consideration of the patient’s 

interests. This relationship is fundamental to the effective provision of care. It is concerning, 

then, when evidence emerges that health professionals have been influenced to make 

decisions that are not always in the interests of their patients, in order to achieve their own 

personal or professional goals. 

Several studies in the cancer literature have found that physicians’ treatment 

recommendations can be influenced by financial dimensions (e.g., lucrative billing 

codes),
124,206,207

 which can sometimes lead to harm and/or over-treatment.
207,208

 Certainly, 

not all studies have shown this effect,
209

 and the great majority of those that do come from 

the US context, where physician reimbursement schemes are very different from Canada. 

Still, it is reasonable to be mindful of the potential to create unintentional incentives or 

influences when making decisions about whether to alter the provision of PBT. 

What New Ethical Issues Are Raised by the Use of Proton Beam Therapy 
in Cancer Treatment? 

PBT does not appear to create new or different ethical issues than the ones discussed 

earlier, although there are particular ethical implications that PBT may raise that will be 

addressed in more detail in this section. 

Equity, Access, Justice 

As noted previously, there are significant disparities in access to RT. Those related to travel 

requirements are of particular significance to PBT, because the current arrangement of PBT 

services requires that patients travel out of country. If PBT were to be made available in 

Canada, it is reasonable to assume that the distance required to travel for at least some 

patients (e.g., those residing in the province where the facility is built) would be lessened. It is 

not clear if travel would be less for all patients, as this would depend on the distance they 
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might otherwise travel for treatment in the US (i.e., it may still be closer for some patients to 

travel to a US site than to travel to a Canadian location). The Budget Impact Analysis of this 

HTA assumes that if a PBT facility were built in Canada, the average travel costs for patients 

in the province in which the facility would be constructed would be reduced by 50%, while 

average costs for patients in all other provinces would be reduced by 25%. 

This reduction in travel distance and costs could remove barriers to treatment for some 

patients (e.g., those too sick to travel long distances, or those who cannot afford significant 

travel), thus providing slightly more equitable access than the current arrangement where 

patients travel to the US. A Canadian PBT facility might also be more accessible to patients 

who cannot secure a passport or who might expect to have difficulty crossing borders 

(particularly in the current era where the US government continues to consider travel bans), 

or who would otherwise see an international border crossing as too onerous. The patient 

perspectives and experiences analysis has not confirmed such concerns, though that 

review focuses on individuals who chose to travel for care (rather than on those who had 

the option to travel and chose not to). Also, US travel bans are relatively recent, so their 

impacts may not yet be noted in the literature. 

Given what the evidence shows about the burdens of travel for cancer treatment, their 

effects on choice, and the comparative expense of PBT, it will be important to pay attention 

to whether or how funding for PBT affects access to funding and to other types of cancer 

treatment that may be available more locally for many patients. If funding for PBT (either 

provided in the US or Canada) leads to decreased access to more locally available forms of 

RT, then decisions to make PBT more accessible could exacerbate existing inequities in 

cancer care in Canada. 

If PBT is made available in Canada and this makes PBT a more attractive option for patients 

and their health care providers, it will be important to ensure there are clear processes and 

criteria for access.
210-212

 In the past, families have exerted pressure through the courts and 

the media to secure access to PBT.
213,214

 A study from the US estimates that patient/family 

demand for PBT will be greater than demand created by clinically reasonable criteria.
215

 

Quality of Life 

The clinical data about PBT’s impact on quality of life (e.g., its comparative side effects and 

toxicities) is variable and does not uniformly show that PBT improves quality of life for 

patients receiving cancer treatment. (See Clinical Review for more detail.) There is nothing 

about PBT that would prevent opportunities (through system design, staff training) to 

improve non-clinical quality-of-life measures. If assumptions about reduced travel costs and 

decreased time requirements bear out, it could be that PBT provided in Canada could lead 

to an increase in quality of life for patients and caregivers who may have otherwise travelled 

to the US. 

Balancing Harms and Benefits 

Generally, health care funding is intended to improve the health and well-being of a 

population; however, the specific intentions and goals of services as well as effectiveness of 

interventions need to be considered when assessing benefit at the population level. 

Overall, it appears that PBT has some potential to create benefit for the population. 

However, it will be important to be mindful that PBT could creep into the treatment of 

cancers where there is little or no evidence for improved outcomes compared with current 

treatments. 
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System Efficiency and Stewardship 

Financial stewardship requires that public resources be used in ways that achieve maximal 

benefit. With PBT’s relative scarcity, there have been a number of articles in the literature 

that have proposed ways to provide PBT that make use of existing resources, including 

professional expertise, non–PBT cancer care centres, and telecommunications 

technology.
216,217

 Should a PBT centre be established in Canada, principles of stewardship 

require that policy-makers consider how to maximize efficient use of PBT by capitalizing on 

existing resources and technology. 

Ethics of Evidence 

Good decisions require good information, and there is an ethical imperative for decision-

makers to ensure that the evidence they have is thorough, relevant, and accurate.
218

 While 

this is fairly uncontroversial, there can be disagreements about what information counts as 

evidence, and about how much evidence is sufficient for a particular decision. 

In discussions about PBT in the literature, there is significant disagreement about whether 

more evidence is needed for decisions about the provision of PBT, and how this evidence 

should be gathered.
219-221

 The evidence that has been gathered to inform this HTA has 

generally been from studies of poor quality (Clinical Review). The nature of this evidence 

alone does not appear to contribute to well-founded decisions. It will be important to 

consider whether other forms of evidence can authoritatively contribute to decisions about 

whether or how to provide PBT, and whether interim measures that can allow more 

evidence to be sought will be considered. 

Analysis 

Assumptions 

This analysis makes the following assumptions: 

 There is sufficient alignment between non-PBT RT and PBT RT that we can expect the 
issues that have arisen in non-PBT RT treatment to be relevant to PBT treatment. 

 Known disparities in access to cancer therapy will continue to be in play for PBT. 

 If PBT is made available in Canada, a greater number of Canadians will have access to 
PBT compared with how many get it now from US centres. 

Key Themes 

While all of the values/principles discussed in the results section are important, the following 

key ethics themes have emerged in this ethics analysis of PBT. 

Equity and Social Justice 

In light of the strong evidence of inequity of access to RT for cancer, and the system’s 

ethical obligations to address, minimize, or resolve this, it is important to consider how 

establishing PBT centres in Canada may affect such inequities. 

There are already differences in access to PBT within Canada, simply by virtue of the 

variations in coverage from province to province. Currently, five Canadian provinces 

(Alberta, Saskatchewan, Ontario, Quebec and Nova Scotia) will refer patients out of country 
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for PBT; however, of those, only three will refer non-pediatric patients. Each province uses 

differing processes and criteria to determine access.
16

 

A common and practical requirement for access to PBT out of country is the patient’s ability 

and willingness to travel and to relocate for up to seven weeks.
16

 Such a requirement, 

though unavoidable, privileges patients who have the financial and social resources, as well 

as an employment circumstance that can enable them to uproot their lives for several 

weeks. This is true for adult patients as well as parents and caregivers of pediatric patients. 

Opening a PBT centre in Canada could address some of these inequities, as any barriers 

presented by crossing a border would be removed and the travel distance required would 

be less for some patients. Still, significant travel and relocation would be required for many 

patients referred for PBT. 

Recent studies have noted that PBT use has increased over recent years
181

 and it is 

possible that its use will increase as new evidence becomes available about the 

effectiveness of PBT for multiple types of cancer.
16

 Though it is noted that a PBT centre in 

Canada would still require travel for most eligible patients, given what the literature shows 

about the impacts of travel on RT uptake, it is reasonable to conclude that use of PBT will 

increase further as these travel barriers are reduced for some (e.g., for those living within 

the geographic area of the PBT facility). Use would further increase if we assume that 

access to PBT services at a Canadian site would be available to more Canadians 

(depending on provinces’ individual decisions about funding) beyond those living within the 

five Canadian provinces that refer out of country for PBT (as is currently the case). 

If we accept that establishing a PBT site in Canada will increase demand for PBT, and that 

PBT will likely be more available to those with the necessary social and financial resources 

to travel, then we face a circumstance where scarce health resources could be diverted to 

treatments that only the more privileged can use, which could result in a reinforcement of 

existing equity issues within cancer treatment. It will therefore be necessary to consider the 

population health benefits created by PBT and consider whether resources devoted to PBT 

could be distributed to achieve similar but more fairly distributed benefits (e.g., programs 

that work to enable access to PBT for all Canadians, regardless of socio-economic status, 

age, race, and geographic location). 

Patient Autonomy and Informed Consent 

The cancer literature has shown the importance of good decision-making that involves clear 

information sharing along with the consideration of the patient’s preferences, values, and 

beliefs for care. There is reason to assume that these factors are relevant to decisions about 

PBT, as well. 

PBT presents some additional considerations that may not be present for other forms of RT. 

First, even with a location in Canada, PBT would continue to be a scarce resource that 

would not be available simply because a patient could benefit and wished to pursue it. 

Secondly, there is variation in perceptions among health care providers about the benefits 

that PBT may offer. Combined, these two factors could lead to ad hoc variations in access 

across different contexts. To avoid this, clear and careful processes would be required to 

fairly determine which patients could most benefit and would therefore be eligible for PBT 

should they wish to pursue it. Such a process could result in circumstances where an 

oncologist may wish to offer PBT as an option, and the patient may wish to choose it, but 

the patient could still be denied it. This is not necessarily problematic (in fact, such a 
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procedure would importantly live up to values of fairness), though it will be important for 

patients who may be considered for PBT to be aware of the process and its limitations. 

Clear and accurate information about the possible benefits of PBT is another crucial 

component of informed decision-making about the treatment. It can be easy to believe that 

new technologies will unquestioningly offer more benefit over older alternatives. This 

perspective may be amplified if it is necessary to travel to specialized centres to receive the 

treatment. Respecting patient autonomy requires that patients have full information, 

including information about the anticipated benefits of all options, as well as the marginal 

benefits offered when options are compared. Such benefits need to be weighed against the 

potential harms of proposed treatments, as well as the non-clinical impacts of the treatment, 

including those caused by any travel that may be necessary. Marginal improvements in 

outcome or side effects may be cancelled out by non-clinical factors, such as very 

burdensome travel. Frank and detailed discussions about all aspects of treatment options 

can go a long way to ensuring that patients are making clear and informed decisions about 

their care. 

Systems Efficiency and Stewardship 

From an ethics perspective, the value of stewarding scarce resources describes the duties 

of decision-makers in our health system to use scarce public resources in a way that 

provides as much benefit (broadly interpreted) as possible. This usually requires selecting 

the treatments that provide the most benefit at the lowest cost. This can be a challenge in 

the case of PBT, as the technology itself is quite costly and can result in ongoing 

operational costs, both to health organizations and to the patients themselves. (In both 

cases, the extent of these costs will be province-dependent). 

A second and perhaps unique challenge posed by PBT to the stewardship problem lies with 

the relative scarcity of high-quality evidence, combined with the views of some that further 

evidence produced by clinical trials is not necessary. Informed stewardship will require as 

much strong evidence as possible, especially giving the variable results produced by the 

studies of PBT so far. 

Response to Policy Question 

Should patients continue to be sent out of country for PBT treatment, or should 

PBT be installed and implemented in Canada? 

Whether PBT should be installed and implemented in Canada depends in large part on 

whether any added costs associated with doing so can be justified by the anticipated 

increase in benefit offered. From a financial perspective, the BIA has shown that 

construction of a PBT facility in Canada would break even within a few years, relative to the 

current practice of sending patients out of country. Of note, BIAs do not take effectiveness 

data into consideration. Nevertheless, if the evidence gathered as part of this HTA is 

representative of the current state of evidence about PBT, then the benefit offered by PBT 

(both in terms of morbidity and mortality) appears to be marginal. Continued consideration is 

needed regarding whether investment in PBT is warranted, especially in light of the equity 

considerations discussed in this report. Within the narrower context of comparing the 

provision of PBT within Canada versus outside the country from an ethical viewpoint, both 

options can be justified. 
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There are limitations to the currently available evidence. This may be related to the fact that 

longer-term effects of PBT have not yet materialized and, further, that disagreement about 

the need for evidence (especially from RCTs) has hampered the creation of this evidence, 

leaving others to depend on more experiential data. 

If there is dependable emerging evidence supporting the use of PBT for specific cancers 

and/or for specific patients, then continued funding for out-of-country referrals can be 

ethically justified given the relatively small numbers of patients per year who receive this 

type of care. 

If the decision is made to offer PBT within Canada, it will be important to put the necessary 

infrastructure and procedures in place to ensure that patients are supported to make informed 

decisions about care, that the burdens of travel are recognized and mitigated where possible, 

and that interventions are put in place to attend to patients’ psychosocial well-being. 

It will also be important to ensure that clear and equitable procedures and criteria are put in 

place to ensure that access to PBT can be granted fairly. Ideally, these processes would be 

consistent across the country, though it may be that regional variations are justifiable. As the 

evidence for PBT continues to emerge, attention will be required to ensure that PBT practice 

aligns with the best evidence, and that provision of PBT does not creep in to areas of 

cancer care where there is little evidence to support its use. Finally, reimbursement 

mechanisms for physicians will need to be established to minimize the chances that 

physicians could be influenced or provided with incentives for referring patients to PBT 

where it may not truly be in patients’ interests. 

Contextualizing Questions 

The ethical implications of a health technology are often determined by the nature of the 

local context. To understand localized impact, decision-makers could consider the following 

questions: 

1. Where do patients from your area who are referred to PBT go to receive treatment? 
What distances do they travel to receive this treatment? How, if at all, are the burdens of 
travel mitigated? 

2. What, if any, procedures and/or criteria are in place to determine which patients may be 
referred to PBT? Who makes these decisions? Are patients aware of this process? 

3. What, if any, collaboration takes place between local oncologists and specialists at PBT 
centres? Are efforts made to streamline information sharing or treatment planning? What 
communication technologies are used to facilitate this exchange? 

4. What kinds of follow-up care do patients get following PBT treatment? How are any 
adverse effects monitored or addressed? 

5. Given the contents of this HTA, if PBT were made available in a Canadian city, how 
many additional patients would you anticipate would receive PBT? How might this affect 
local budgets and access to other types of cancer care? 

6. What potential is there to address any of the factors identified in questions 1 to 5? 
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Implementation Issues 

This section addressed the following research question: 

8. What are the main challenges and enablers to implementing PBT in Canada? 

Methods 

To understand the implementation issues associated with PBT, a three-stage research 

approach was used. The protocol was sequentially designed such that the findings at each 

stage informed the need and scope of the next stage of research. The three stages were a 

survey, a review of the published literature, and telephone or email consultations with 

targeted experts and stakeholders. 

Stage 1: Survey 

As part of the standard CADTH process for guiding topic selection for large HTA 

products,
121

 an Environmental Scan (comprising a survey and a literature review) was 

conducted for this project.
16

 The purpose of the Environmental Scan was to provide a 

general overview of policy, practice, and research issues related to PBT in Canada. To 

specifically address implementation issues related to PBT, however, two questions were 

added to the survey questionnaire, which was sent by email to jurisdictional representatives 

in Canada involved in the management of patients with cancer or the funding of their 

therapy. Respondents were asked to indicate the importance of the barriers and facilitators 

listed in the following two questions by selecting either “not important,” “somewhat 

important,” “important,” “very important,” or “no opinion.” 

 The following barriers have been identified by other countries for implementing PBT. 
Please indicate the importance of these barriers for Canada: 

o lack of evidence (e.g., RCTs) for its clinical effectiveness 

o lack of evidence for cost-effectiveness 

o lack of capital funds to purchase and install PBT equipment 

o lack of ongoing funds to operate and maintain PBT programs and equipment 

o lack of Canadian expertise and training 

o a geographically dispersed population in Canada, making it difficult to choose where 
to install the equipment for maximum efficiency and equity 

o lack of demand 

o practical barriers such weight of the device, making it complicated to integrate the 
technology with existing infrastructure 

o lack of coordination within the medical radiation profession 

o lack of coordination between health jurisdictions 

o other. 

 What do you believe needs to happen in Canada or in your jurisdiction to enable 
implementation of PBT? Please indicate the importance of the following facilitators; 

o more high-quality evidence needs to become available on clinical effectiveness 

o more high-quality evidence needs to become available on cost-effectiveness 
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o technological advances 

o technology needs to become more advanced (e.g., to offer better clinical 
effectiveness and safety) 

o funding 

o cost of technology needs to drop 

o cost of maintenance and operation needs to drop 

o funding needs to increase for technology acquisition 

o funding needs to increase for technology maintenance and operation 

o the volume of out-of-country referrals needs to exceed a certain threshold 

o appropriately trained personnel 

o access to training within Canada needs to be made available 

o access to training abroad needs to be made available (e.g., funding and logistical 
support for out-of-country training) 

o specialists and trained staff from abroad need to come to Canada to work in the 
PBT facilities 

o collaboration 

o cross-jurisdictional programs and cooperation must exist for funding and optimal 
clinical management (e.g., sharing of expertise, patient referrals, research 
collaboration) 

o international programs and cooperation must exist 

o other. 

Stage 2: Literature Search 

The literature search was performed by an information specialist, using a search strategy 

peer-reviewed according to the PRESS checklist.
23

 

Information related to implementation issues was identified by searching the following 

databases: MEDLINE through Ovid; Embase through Ovid; CINAHL through EBSCO; and 

PubMed. The search strategy comprised both controlled vocabulary, such as the National 

Library of Medicine’s MeSH, and keywords. The main search concepts were PBT and terms 

related to implementation issues. 

No methodological filters were applied to limit retrieval by study design. Retrieval was 

limited to documents published since January 1, 2007. The search was limited to English- or 

French-language publications. Conference abstracts were excluded from the search results. 

The complete search strategy is presented in Appendix 2. 

The search was completed on April 5, 2017. Regular alerts were established to update the 

searches until the publication of the final report. Regular search updates were performed on 

databases that do not provide alert services. Studies identified in the alerts that meet the 

selection criteria of the review will be incorporated into the analysis if they are identified prior 

to the completion of the stakeholder feedback period for the final report. Any studies 

identified after the stakeholder feedback period will be described in the discussion, with a 

focus on comparing the results of these new studies with the results of the analysis 

conducted for this report. 
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Grey literature (literature that is not commercially published) was identified by searching 

sources identified in the Grey Matters checklist (www.cadth.ca/grey-matters), which includes 

the websites of HTA agencies, clinical guideline repositories, systematic review repositories, 

patient-related groups, and professional associations. Google and other Internet search 

engines were used to search for additional Web-based materials. 

Screening, Selecting Articles for Inclusion and Data Extraction 

The reviewers included English- and French-language reports that describe implementation 

and context issues, including barriers (or challenges) and facilitators (or enablers), 

associated with installing and maintaining a PBT facility and program for the treatment of 

cancer in children and adults. Articles were screened by one reviewer for information related 

to implementation issues. First, titles and abstracts were reviewed to identify potentially 

relevant papers. Articles addressing any of the INTEGRATE-HTA categories
222

 were 

considered to be potentially relevant and were selected by the reviewer for inclusion. 

INTEGRATE-HTA defines eight domains of context (i.e., setting, geographical, 

epidemiological, socio-economic, sociocultural, political, legal, and ethical) and four domains 

of implementation (i.e., provider, organization and structure, funding, and policy), each 

contributing differently to how an intervention is implemented, who can access it and, 

ultimately, the effectiveness of an intervention. CADTH considers an additional patient 

domain that combines socio-cultural, socio-economic, and epidemiological components of 

the context domains of the INTEGRATE-HTA framework. Then, the full text of all potentially 

relevant reports was retrieved for definitive determination of eligibility by the same reviewer. 

Data extraction was performed by one reviewer. The data extracted included bibliographic 

details of included papers, reported implementation barriers and facilitators, and other key 

findings related to implementation and relevant context information. 

Stage 3: Consultations 

To augment the data collected in the first two stages, consultations were conducted with 

targeted experts and stakeholders identified through the clinician networks managed by 

CADTH’s knowledge mobilization team. Individuals were approached via email based on 

their potential to address outstanding questions following the literature review (the 

aforementioned stage 2 above). These stakeholders included a radiation oncologist and a 

radiation physicist. Manufacturers of PBT systems were also consulted for details related to 

the Canadian context. 

To guide the consultations, a semi-structured interview guide was developed. Interview 

questions related to implementation were developed based on gaps identified in the 

literature review and to obtain more information on identified issues. Consultations were 

conducted by phone by a CADTH knowledge mobilization officer, and follow-up questions or 

clarifications were conducted by email. Consent to publish comments and names was 

obtained. 

Data Analysis and Synthesis 

When analyzing data, the items coded and summaries written were those most relevant at 

the health services delivery level. The aim was to provide information to policy-makers on 

the operational requirements that should be in place if a decision is made to purchase and 

install PBT technology, or if a decision is made to continue referring Canadian patients out 

of country for treatment. 

https://www.cadth.ca/grey-matters
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A narrative summary of the findings was written by a CADTH knowledge mobilization 

officer. Where possible, the summary categorizes findings based on INTEGRATE-HTA 

categories.
222

 

A list and description of factors that have the potential to challenge successful 

implementation is presented (barriers), as well as a summary of potential strategies that 

could be used to implement or increase the uptake of the technology (facilitators), if the 

decision is made to do so. Additionally, a summary of how each factor influences 

implementation is provided and, where possible, strategies were identified that could be 

used to ensure these factors are considered or mitigated. 

Results 

Ten individuals involved in the management of patients with cancer or the funding of the 

therapy responded to the Environmental Scan survey.
16

 Respondents represented British 

Columbia, Manitoba, New Brunswick, Newfoundland and Labrador, Nova Scotia, Ontario, 

Prince Edward Island, Quebec, and Saskatchewan. 

The literature search yielded 780 citations, of which we determined 16 studies to be eligible 

to address our research question. Twelve articles were from the US,
10,14,15,223-231

 while there 

was one article each from France,
232

 Australia,
233

 the UK,
102

 and Israel.
234

 Three articles 

pertained to travelling away from home to receive PBT treatment,
102,231,233

 three articles 

discussed environmental impact and resources,
14,227,232

 two focused on issues related to 

training,
228,229

 six articles discussed construction and operational costs,
223-226,230,234

 and two 

articles covered more than one of these aspects.
10,15

 

Consultations were conducted via email and telephone with a radiation oncologist, a 

radiation physicist, and representatives from a manufacturer of a PBT system. 

The following results summarize findings from the three stages of research, including 

survey, literature review, and consultations. The findings best fit within the following four 

INTEGRATE-HTA domains: geographical (also combined with CADTH’s patient domain); 

setting; provider; and funding. 

Geographical/Patient: Travelling Away From Home for PBT Treatment 

Because there are currently no PBT treatment facilities in Canada except for one 

specialized research facility in British Columbia that specifically treats intraocular melanoma, 

patients are referred to centres in the US. A recent study found that children with central 

nervous system tumours who travel overseas for treatment did not have poorer health 

outcomes as a result.
235

 However, some studies of children who travel to receive cancer 

treatment indicated that they, and especially the family members who accompany them, 

found receiving treatment away from home to be stressful.
10,102,231,233

 To avoid the upheaval, 

some families choose to decline the referral for PBT treatment.
16

 The new barriers to 

crossing the US border faced by Canadians of certain ethnicities are an additional 

consideration (Dr. David Jaffray, Toronto General Hospital, Toronto, ON: personal 

communication, 2017 May 12). The availability of a PBT centre in Canada might make 

treatment more accessible to Canadian patients and alleviate some of the stress related to 

travelling out of country for treatment. 
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Barriers 

Given Canada’s vast geography, no matter where a PBT facility might be built, it would still 

require many patients to travel and be far away from home for several weeks or more for 

treatment.
10

 Coverage for out-of-province travel to receive medical treatment varies 

considerably across Canada and, therefore, acquiring the necessary funding for travel will 

remain a barrier for some patients, as will the additional financial burdens experienced by 

accompanying family members due to accommodation costs and lost wages.
10,231,233

 

The challenges of adjusting to life away from home present other barriers to travelling for 

treatment.
102,231

 For example, patients and the family members accompanying them might 

anticipate practical challenges, such as adjusting to a different place and a new daily 

routine, and may also worry about being able to cope emotionally while being far from their 

social support network.
102

 

Facilitators 

One study suggests that offering visiting families resources such as travel vouchers and 

parking passes may help alleviate some of the stress of being away from home.
231

 PBT 

facilities might also consider offering assistance within their facilities from counsellors or 

social workers to help families adjust.
231

 For example, some PBT facilities in the US are 

designed to be comfortable environments. They offer fun activities, train staff to be caring 

and helpful, and provide resources to help families prepare for treatments.
102

 The 

Environmental Scan survey respondent from Quebec suggested that French-speaking 

health care staff and documentation translated into French would be an important 

consideration when referring francophone patients.
16

 

Setting: Environmental Impact and Resources 

Much of the literature that discusses environmental and resource considerations when 

planning a PBT facility focuses on issues related to the amount of land required and a 

facility’s water and energy consumption when in operation.
10,14,15,227,232

 

Barriers 

Finding a suitable location for the construction of a multi-vault PBT facility in or near a major 

city centre is a challenge, given that it requires a space about the size of “a city block.”
15,227

 

In addition, the soil in the area must have the capacity to support construction equipment.
227

 

Then, once in operation, typical PBT facilities can consume a high amount of energy — as 

much as that used by an entire hospital — and a significant amount of water.
232

 

Facilitators 

Newer, compact PBT facilities provide a potential solution to many of the environmental and 

resource issues associated with building and operating conventional PBT centres.
227

 These 

one-room facilities require much less space. For example, the Mevion S250 Proton Beam 

Radiation Therapy System, the only PBT system approved by Health Canada for use in 

Canada, can fit within an existing building (Michael Tajima, Mevion Medical Systems, 

Littleton, MA: personal communication, 2017 May 5). And, because it operates within the 

normal range of power consumed by a hospital, the operation of this system is said to have 

no impact on a municipality’s power consumption.
14
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Provider: Training 

A number of implementation issues are identified in the literature that relate to the 

specialized nature of the field of PBT and the requirement for technicians with the 

necessary expertise to operate PBT facilities.
15,228,229

 Of the nine Environmental Scan 

survey respondents, six indicated that the statement “lack of Canadian expertise” was either 

a “somewhat important,” “important,” or “very important” barrier. One of the experts also 

indicated that a lack of PBT expertise in Canada was an issue (Dr. Alejandro Berlin, 

Radiation Oncologist, Princess Margaret Hospital, Toronto, ON: personal communication, 

2017 Apr 17); however, another expert stated that technicians could receive the appropriate 

training within the time it would take to build a PBT facility (Dr. David Jaffray, Toronto 

General Hospital, Toronto, ON: personal communication, 2017 May 12). 

Barriers 

PBT is a fairly specialized field,
15

 which is significantly different from traditional radiation 

therapy with respect to the physics underlying the therapy, the plan for treatment, and 

patient positioning.
228

 Because of this, finding qualified staff to operate PBT facilities in 

Canada could be challenging,
15

 especially since there have been no PBT facilities available 

in Canada to date besides the specialized research facility in Vancouver. There is also, 

reportedly, a lack of continuing education opportunities to keep proton therapists current in 

their field.
226

 Furthermore, there could be a lack of familiarity with PBT technology among 

Canadian clinicians and the conditions that it is appropriate for treating (Dr. Alejandro Berlin, 

Radiation Oncologist, Princess Margaret Hospital, Toronto, ON: personal communication, 

2017 Apr 17). 

Facilitators 

Suggestions in the literature for addressing these challenges include developing proton 

therapy training programs for radiologic technologists
15,228

 and enlisting existing proton 

therapy experts to pass their knowledge to others.
229

 

It is possible that some manufacturers of proton therapy systems may offer initial training on 

the use of their equipment. For example, included in the cost of a Mevion system is an initial 

training package on its use for both technicians and physicians (Michael Tajima, Mevion 

Medical Systems, Littleton, MA: personal communication, 2017 May 5). 

Funding: Construction and Operational Costs 

Issues related to the cost of building and operating a PBT facility are frequently cited in the 

literature.
10,15,223-226,230,234

 Of the Environmental Scan survey respondents, 70% indicated 

that “the cost of maintenance and operation of PBT facilities needs to drop” was a 

“somewhat important,” “important,” or “very important” facilitator. 

Barriers 

Constructing a PBT facility is expensive, especially compared with other radiation treatment 

technologies, such as conventional photon treatment
10,223

 (Dr. Alejandro Berlin, Radiation 

Oncologist, Princess Margaret Hospital, Toronto, ON: personal communication, 2017 

Apr 17). The cost of a PBT facility can range from US$20 million to more than 

US$200 million depending on its size and capacity,
10,223

 and the costs of operating a PBT 

facility are also estimated to be high.
223

 In addition, there is a time “cost”: it can take two to 

three years to build a PBT facility.
232
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Facilitators 

There are some newer technologies that, if integrated into conventional types of PBT units, 

could reduce the cost of both building and operating them.
223,230

 In addition, choosing a 

facility with a smaller size and capacity, and lower resulting costs, could be sufficient for the 

population of patients requiring PBT treatment,
15,224

 particularly in Canada. Compact PBT 

systems, such as the single-vault system manufactured by Mevion, are much less expensive 

compared with conventional systems, and can cost about $30 million (including the vault for 

housing the system), and their lower energy consumption make them less costly to operate 

(Michael Tajima, Mevion Medical Systems, Littleton, MA: personal communication, 2017 

May 5). However, regardless of the cost of constructing and operating a PBT facility, a certain 

volume of patients is required to make it financially feasible (Dr. David Jaffray, Toronto 

General Hospital, Toronto, ON: personal communication, 2017 May 12). 
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Summary of Findings 

This section provides information about potential strategies for addressing the potential 

challenges of implementing PBT in Canada and about possible implementation enablers. 

The review of the implementation challenges and enablers for implementing PBT in Canada 

identified several issues to consider when deciding whether to construct a Canadian PBT 

facility. Individuals involved in implementation planning might want to think about offering 

supports to patients and their families to assist them in coping with burdens similar to what 

they would experience travelling out of country for treatment. The land required to build a 

PBT facility, the amount of energy and water needed for its operation, as well as the 

expenses associated with building and operating a PBT facility are often cited as 

challenges; however, it is unclear to what extent these issues would be barriers to the 

implementation of PBT in Canada, and the availability of newer compact PBT technologies 

may address some of these issues. Training staff to operate a new PBT facility by the time 

construction is completed is another consideration; however, it is also unclear to what extent 

this would be a challenge. 

Discussion 

Overall Summary of Findings 

Findings from the clinical review, based mostly on low-quality evidence stemming from poor-

quality primary studies, suggest that the clinical effectiveness of PBT, alone or in 

combination with photon RT, is comparable to other types of RT in most of the types of 

cancer included in this overview, with the exception of: greater benefits in meningioma and 

subgroups of malignant meningioma and poorly-differentiated tumours of prostate cancer in 

adults; lower benefits in some intramedullary spinal cord glioma in both children and adults, 

analyzed together; and both greater and lower benefits in eye cancer in adults. The safety 

of PBT alone or in combination with photon RT, compared with other types of RT, varies by 

the type of cancer and is associated with: greater harms in breast cancer and prostate 

cancer in adults; lower harms in retinoblastoma in children and medulloblastoma in adults; 

and both greater and lower harms in esophageal cancer, optic nerve sheath meningioma, 

and lung cancer in adults. Nevertheless, the authors of the SRs included in the overview 

caution that the quality of the included primary studies is mostly too low or insufficient to 

make definitive conclusions about the benefits or harms of PBT. 

The BIA characterizes the financial impact from the perspective of the Canadian health care 

system in terms of investing in the construction of a Canadian PBT facility compared with 

the current approach of sending patients out of country for treatment. If the demand for PBT 

increases at 3% per year from current levels, the Canadian health care budget expenditure 

to refer patients out of country for treatment will cost an estimated $49.79 million over five 

years, and $113.52 million over 10 years. The reference-case analysis found that the 

current approach is less expensive over five years than constructing either a single-vault or 

multi-vault PBT facility in Canada, but found that over 10 years, constructing a single-vault 

PBT facility within an existing RT facility would be the least expensive option. This finding 

was found to be robust, with all sensitivity analyses indicating that constructing a single-

vault PBT facility saves costs at 11 years. As the time horizon is increased beyond 11 years, 

this expected cost saving increases further. 
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PBT facilities may comprise a single or multiple vaults, the latter of which would handle an 

even greater volume of patients. One estimate suggests that, on average, the yearly 

capacity of a single-vault PBT facility is 263 patients. Given the current number of patients 

referred for PBT treatment (assumed to be 45 in the reference-case analysis,), and the 

expected increase in the number of patients over time modelled in our reference-case 

analysis (3% per year), one single-vault system would appear to be sufficient to meet the 

expected patient demands under the reference-case assumptions. As such, the BIA did not 

explore installation of more than one PBT facility in Canada. 

Access to a PBT facility in Canada would be particularly attractive to patients who reside 

close to the facility and those for whom travel across the US border may be problematic. It is 

important to note, however, that the existence of a single PBT centre in Canada would still 

involve travel for most patients seeking to receive PBT, given the country’s vast geography. 

Whether patients and their caregivers seek treatment within or outside the country does not 

appear to result in different experiences. This means that, should a PBT facility be installed 

in Canada, many patients and their family members would still face burdens associated with 

travelling for treatment. The experience of travelling for treatment is not isolated to the time 

away from home, but includes preparation and time spent on the road, the experience of 

being at the treatment centre, and the reintegration and follow-up care once they have 

returned home. Consequently, it would be important to recognize and mitigate any 

associated upheaval burdens, where possible, and to ensure that interventions to attend to 

patient psychosocial well-being are put in place. For example, published evidence suggests 

that patients appreciated a treatment facility in which they could experience a home-like 

environment, and a place where they could interact with families who were going through 

similar experiences together. Patients also identified aspects that could make the travel 

experience better, such as having the opportunity to have meaningful conversations with loved 

ones, to build friendships, and to explore a new place. Generally, however, cancer patients 

seemed willing to accept the need to travel for treatment. Indeed, some patients were grateful 

for the opportunity to travel to access (what they considered to be) necessary treatment. 

It may also be necessary to implement clear and equitable procedures and criteria to ensure 

that access to the PBT facility can be granted fairly. Ideally, these processes would be 

consistent across the country, though it may be that regional variations are justifiable. As the 

evidence for PBT continues to emerge, attention will be required to ensure that PBT practice 

aligns with the best evidence, and that provision of PBT does not creep in to areas of 

cancer care where there is little evidence to support its use. Finally, it would be important to 

establish reimbursement mechanisms for physicians to minimize the chances that 

physicians could be influenced or provided with incentives for referring patients to PBT 

where it may not truly be in patients’ interests. 

Installing a PBT facility also poses a number of environmental barriers. It remains unclear 

how difficult it would be to find the necessary space in Canada, or what the impact of the 

extra energy and water consumption would be on the surrounding municipality. Again, 

newer, more compact PBT technologies could address these issues in a viable manner. The 

issue of staffing PBT facilities with suitably trained personnel may also be a barrier to 

implementing the technology in Canada. It might be reasonable, however, to expect that 

Canadian medical physicists would be able to receive the necessary training to be able to 

work at a new facility by the time it is constructed. In addition, because PBT machines are 

designed to operate in a similar way to existing RT machines, therapists would be expected 

to experience a minimal learning curve with the PBT technology (Dr. David Jaffray, Toronto 

General Hospital, Toronto, ON: personal communication, 2017 May 12). 
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Ultimately, whether PBT should be installed and implemented in Canada depends (in large 

part) on the relative added value of PBT versus existing therapies. If the evidence gathered 

as part of this HTA is representative of the current state of evidence about PBT, then the 

clinical benefit offered by PBT compared with the current standard treatments appears to be 

marginal. 

Continued consideration about whether investment in PBT is warranted, especially in light of 

the equity considerations discussed in this report. Within the narrower context of comparing 

the provision of PBT within country, versus out of country, both options can be ethically 

justified. 

Generalizability of Findings 

Within the clinical review, the included primary studies were dated, and comparators may no 

longer be relevant. Furthermore, most findings were from single primary studies and may 

not be generalizable to other settings. None of the included SRs were conducted by 

Canadian corresponding authors and may not be generalizable to the Canadian context. 

Of note, the majority of cost inputs in the BIA were derived from international sources 

(i.e., US and UK). This was necessary given that outside of the single specialized research 

PBT facility in Vancouver, no other PBT facility exists in Canada in which to derive 

Canadian costs. It is therefore important to note that certain costs such as construction and 

utilities can vary considerably by jurisdiction. 

For the review of patient preferences and experiences, as with any secondary research, the 

review was limited by the focus of existing studies, which was not necessarily aligned with 

our own research question. One study specifically addressed the experiences of parents 

travelling to have their children’s brain tumours treated with PBT,
102

 while other papers 

focused on the topic of travelling for cancer treatment of any kind. Nevertheless, the 

experience of having to travel to receive treatment is expected to be less about the specific 

type of treatment, as this theme did not emerge within our analysis, and had more to do with 

the need to leave one’s home community and adapt to a new environment at a difficult time. 

Patients’ and family members’ experiences of travelling for cancer treatment was reviewed 

more broadly. Most of the publications explored the experiences of patients travelling from 

rural or remote communities to urban centres to receive care. The patients and families who 

travelled out of country for care described similar experiences, and few studies reported 

challenges that were unique to out-of-country travel. 

Findings from the ethics analysis were derived from reports of cancer treatment from US, 

UK, Australian, and Canadian contexts. While there are differences between these contexts, 

the similarities are sufficient to justify consideration of the issues raised in each country to 

the Canadian context. Specifically, ethics findings related to patient experience are likely to 

be reasonably generalizable. Those related to system organization and funding are likely 

less generalizable. 
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Limitations 

There are limitations to the currently available evidence. This may be related to the fact that 

longer-term effects of PBT remain largely unavailable in the literature. Disagreements about 

the need for evidence, especially from RCTs, and ethical issues associated with using that 

study design, especially in children, due to the widely believed promise of PBT,
21,31,35

 may 

have hampered the creation of this evidence, leaving patients, professionals, and decision-

makers to depend mostly on experiential evidence or observational data. 

In the clinical review, although our quality assessment of the included SRs found there was 

a low level of concern regarding their identification and the selection of primary studies, the 

overviews methodology might not have captured all relevant primary studies if they were not 

included in those SRs. The overviews methodology, in which the unit of analysis is an SR, 

instead of a primary study, also did not allow for direct comparisons of primary studies 

included in the SRs. Instead, this report relied on the quality assessment, interpretations, 

and conclusions of the authors of the SRs and might not have captured the heterogeneity in 

methods and assumptions across the included SRs. For example, some RT interventions 

were provided with concurrent chemotherapy or surgery, while other interventions were not, 

or such information was not provided, and many of the findings were presented without 

statistical testing results or numerical data. Further, most of the included primary studies 

were of non-randomized controlled studies of poor quality that recruited participants over 

10 years and at different times for different interventions and did not necessarily adjust for 

potential confounding. For example, several SRs
21,31-33,35

 identified potential confounders, 

including different age, tumour size, cancer stage, treatment history, radiation dose, or 

follow-up duration, between interventions (e.g., two SRs
21,35

 reporting on 32 children and 

adults with intramedullary spinal cord glioma cautioned that while the PBT population was 

primarily pediatric, aged 14 years on average, the IMRT population was adult, aged 

44 years on average), and cautioned that the primary study authors did not control for such 

differences in their analysis. Some SRs
21,35,39

 had discrepancies in the data they extracted 

from or quality they assessed of the same studies. Discrepancies in the data were cross-

checked against each other among the relevant SRs and corrected in cases where wrongful 

information was reported (e.g., for liver cancer, the sample size of a study was wrongfully 

reported as 350 by one SR
21

 but changed to 343 as correctly reported by another SR
39

). In 

cases where data were not reported or reported as missing, in one SR which was reported 

by another SR (e.g., for medulloblastoma, one SR
35

 provided statistical testing results for 

locoregional failure, whereas another SR
21

 did not), while information was reported in 

results tables as presented by each SR, in the synthesis, the entire information was 

combined to provide a holistic review of all relevant data. Discrepancies in quality 

assessment were highlighted in the synthesis. Data were extracted from the SRs and the 

included primary studies were not consulted for accuracy or missing information, except in 

cases of discrepancies. Three of the included SRs
21,39,236

 conducted subgroup analyses of 

interest, and none of the included SRs reported on loss to follow-up. Therefore, in addition 

to the current evidence being of poor quality, the findings of this overview had limitations 

from the shortcomings associated with the overviews methodology and therefore need to be 

interpreted with caution. If there is dependable experiential evidence supporting the use of 

PBT in specific cancers and/or for specific patients, then continued funding for out-of-

country referrals can be ethically justified given the relatively small numbers of patients a 

year who receive this type of care. 
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The BIA was able to inform the different financial consequences, from a Canadian Ministry 

of Health perspective, between continuing out-of-country referrals or investing in the 

construction of a Canadian PBT facility, by factoring patient demand and costs. However, 

this analysis was unable to address whether there are differences in cost-effectiveness in 

treating different types of cancers as a formal economic evaluation (e.g., cost-utility 

analysis/cost-effectiveness analysis) that would be required to address this question. In 

addition, in terms of the patient demand, the BIA assumed that among patients who receive 

treatment, they are able and willing to receive treatment regardless of the setting (i.e., out-

of-country referral or stay in Canada). It is however possible that, if a Canadian facility 

became available, some patients who are currently unable or unwilling to travel out of 

country, would have access to PBT treatment, resulting in an increase in patient demand. 

Demand may be higher if a Canadian PBT facility were available. More comparative studies 

of better quality assessing the clinical effectiveness of PBT, alone or in combination with 

photon therapy, are needed. As previously noted, costs to inform the BIA were derived from 

international sources that may not be truly reflective of the actual costs in the Canadian 

context. Costs such as construction and utilities may be specific to a particular setting and 

may be less generalizable to other settings. Training costs were also not considered for any 

of the strategies. 

The rapid review methods for the review of patient preferences and experiences described 

above imposed other limitations. First, a single researcher identified eligible studies and 

extracted, analyzed, and interpreted the data. Without multiple researchers performing the 

review of patient preferences and experiences, it was not feasible to debrief throughout the 

analysis to have the initial analyses challenged and pursue alternative but potentially 

relevant lines of thinking. Particularly in working with qualitative data, a team of researchers 

can help confer rigour and dependability in the analysis and help to ensure the resultant 

analysis represents a comprehensive range of participant experiences. Finally, other 

strategies to enhance the rigour of the analysis, for example, seeking negative or 

disconfirming cases or pursuing member checking, were not conducted. Taken together, 

these constraints limited the ability to produce an in-depth analysis, although the presented 

results raise important issues to consider within the context of the policy question 

The implementation review had similar limitations to the patient preferences and 

experiences review in terms of a single reviewer identifying eligible studies and extracting, 

analyzing, and interpreting the data. In addition, because of the relatively low response rate 

of the Environmental Scan survey, the generalizability of any findings related to the survey 

responses is limited. While the literature review for the implementation section found 16 

eligible studies, none were from Canada, thus leaving uncertain the generalizability of the 

findings to a Canadian context. Further, implementation considerations were sought from 

only one PBT manufacturer and, because only two clinician stakeholders were consulted, 

information that might have been obtained from other clinicians or clinician groups may be 

missing. 

 



  

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 134 

Conclusions 

PBT is an advanced radiation treatment that represents an alternative to photon therapy for 

the treatment of cancer. However, its high cost and lack of evidence to support its clinical 

effectiveness, for many types of cancers, has limited patient access to it and raised 

questions around its value proposition. 

The overview of SRs found that the clinical effectiveness of PBT, alone or in combination 

with photon RT, is comparable to other types of RT in most types of cancer included in this 

overview, with the exception of: greater benefits in meningioma and subgroups of malignant 

meningioma and poorly-differentiated tumours of prostate cancer in adults; lower benefits in 

some intramedullary spinal cord glioma in both children and adults, analyzed together; and 

both greater benefits and lower benefits depending on the specific type of eye cancer in 

adults. The safety of PBT, alone or in combination with photon RT, compared with other 

types of RT, varied by the type of cancer, is associated with: greater harms in breast cancer 

and prostate cancer in adults; lower harms in retinoblastoma in children and 

medulloblastoma in adults; and both greater harms and lower harms in esophageal cancer, 

optic nerve sheath meningioma, and lung cancer in adults. Nevertheless, the authors of the 

SRs included in the overview cautioned that the quality of the included primary studies is 

mostly low or insufficient to make definitive conclusions about the benefits or harms of PBT. 

The BIA characterizes the financial impact from the perspective of the Canadian health care 

system in terms of investing in the construction of a Canadian PBT facility compared with 

the current approach of sending patients out of country for treatment. The analyses indicate 

that it would be less expensive to continue with the current approach of referring patients to 

the US over the alternative of constructing a PBT facility in Canada over the next five years 

but, if the time horizon was extended beyond nine years, investing in the installation of a 

Canadian single-vault PBT facility may save costs. 

The review of patient perspectives and experiences reveals two analytic themes that 

emerged from the published data. The first is in regards to participants’ experiences of 

travel, which includes the time to prepare for travel, actual travel, the period of treatment, 

and the return home, which raise a variety of perceived benefits and disadvantages. The 

second theme is that although participants’ experiences of travel share many 

characteristics, the reason for travel and the participants’ home communities are key 

mediating factors in how they perceive the experience. 

The analysis of ethical issues indicates that within the comparison of the provision of PBT 

within country, versus out of country, both options can be ethically justified, though in light of 

the clinical effectiveness results, continued consideration about the most appropriate use of 

PBT is warranted. The ethical analysis also indicates that if the decision is made to offer 

PBT within Canada, necessary infrastructure and procedures will be required to ensure that 

patients are supported to make informed decisions about care, that the burdens of travel are 

recognized and mitigated where possible, and that interventions to attend to patient 

psychosocial well-being are put in place. Clear and equitable procedures and criteria to 

ensure that access to PBT can be granted fairly will also be necessary. Reimbursement 

mechanisms for physicians will need to be established to minimize the chances that 

physicians could be influenced or provided with incentives for referring patients to PBT 

where it may not truly be in patients’ interests. 
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The review of the implementation considerations indicates that land requirements to build a 

PBT facility, the amount of energy and water needed for its operation, as well as the expense 

associated with building and operating a PBT facility are often cited as challenges; however, it 

is unclear to what extent these issues would be barriers to the implementation of PBT in 

Canada. Training staff to operate a new PBT facility by the time construction is completed is 

another consideration; however, it is also unclear to what extent this would be a challenge. 

The overall evidence from the assessment of the clinical effectiveness suggests that PBT, 

alone or in combination with photon RT, is comparable to other types of RT in most types of 

cancer, and safety varies by type of cancer. The BIA suggests that installing a PBT facility in 

Canada, if the facility is in operation for greater than nine years and assuming current patient 

loads and an annual growth of 3%, may demonstrate a cost saving compared with sending 

patients out of country for treatment. The evidence from the reviews of patient perspectives 

and experiences, ethical issues, and implementation issues highlights several important 

considerations to help decide whether patients should continue to be sent out of country for 

PBT treatment, or if PBT should be installed and implemented in Canada. 
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Appendix 1: Analytical Framework 
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Appendix 2: Literature Search Strategy 

Clinical Database Search for Systematic Reviews,  

Meta-Analyses, and Health Technology Assessments 

OVERVIEW 

Interface: Ovid 

Databases: Embase 1974 to Present 

MEDLINE Daily and MEDLINE 1946 to Present 

MEDLINE Epub Ahead of Print, In-Process and Other Non-Indexed Citations 

Cochrane Database of Systematic Reviews (CDSR) 

Database of Abstracts of Reviews of Effects (DARE) 

Health Technology Assessment (CLHTA) 

Note: Subject headings have been customized for each database. Duplicates between databases were removed 

in Ovid. 

Date of Search: March 28, 2017 

Alerts: Monthly search updates until the completion of the stakeholder feedback period 

Study Types: Health technology assessments; systematic reviews; meta-analyses; and network meta-analyses 

Limits: Date limit: 2007 - present 

Language limit: English- and French-language 

Conference abstracts: excluded  

SYNTAX GUIDE 

/ At the end of a phrase, searches the phrase as a subject heading 

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

adj# Adjacency within # of words (in any order) 

.ti Title 

.ab Abstract 

.hw Heading word; usually includes subject headings and controlled vocabulary  

.pt Publication type 

.kw Author keyword (Embase); Keyword (CDSR and DARE) 

.kf Author keyword heading word (MEDLINE) 

.mp Mapped term 

.yr Year 

.jw Journal title word 

.ae Qualifier (MEDLINE, CDSR, DARE and CLHTA); adverse effects 

.tu Qualifier (MEDLINE, CDSR, DARE and CLHTA); therapeutic use 

ppez Ovid database code; MEDLINE In-Process and Other Non-Indexed Citations, MEDLINE Daily and Ovid 
MEDLINE 1946 to Present 

oemezd Ovid database code; Embase 1974 to present, updated daily 

coch Ovid database code; Cochrane Database of Systematic Reviews 

dare Ovid database code; Database of Abstracts of Reviews of Effects 

clhta Ovid database code; Health Technology Assessment 
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# CLINICAL DATABASE SEARCH STRATEGY 

1 Proton Therapy/ 

2 Protons/and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*).ti,ab,kf,kw,hw. 

3 Protons/ae, tu 

4 (proton* and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ti,kf,kw. 

5 (proton* adj5 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ab. 

6 proton therap*.ti,ab,kf,kw. 

7 protontherap*.ti,ab,kf,kw. 

8 ((particle* or hadron*) and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 

chemoradiotherap* or therap*)).ti,kf,kw. 

9 ((particle* or hadron*) adj3 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 

chemoradiotherap* or therap*)).ab. 

10 (particletherap* or hadrontherap*).ti,ab,kf,kw. 

11 or/1-10 

12 (proton* and therap*).ti,kf,kw. 

13 (proton* adj3 therap*).ab. 

14 (PBT or PBRT).ti,ab,kf,kw. 

15 or/12-14 

16 exp Neoplasms/ 

17 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,ab,kf,kw,hw,jw. 

18 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,kf,kw,hw. 

19 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,kf,kw,hw,jw. 

20 or/16-19 

21 15 and 20 

22 11 or 21 

23 22 use ppez 

24 22 use coch 

25 22 use dare 

26 22 use clhta 

27 proton therapy/ 
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# CLINICAL DATABASE SEARCH STRATEGY 

28 proton therapy system/ 

29 proton radiation/ 

30 fast proton radiation/ 

31 beam therapy/and proton*.ti,ab,kw. 

32 (proton* and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ti,kw. 

33 (proton* adj5 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ab. 

34 proton therap*.ti,ab,kw. 

35 protontherap*.ti,ab,kw. 

36 particle radiation/ 

37 ((particle* or hadron*) and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 

chemoradiotherap* or therap*)).ti,kw. 

38 ((particle* or hadron*) adj3 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 

chemoradiotherap* or therap*)).ab. 

39 (particletherap* or hadrontherap*).ti,ab,kw. 

40 or/27-39 

41 (proton* and therap*).ti,kw. 

42 (proton* adj3 therap*).ab. 

43 (PBT or PBRT).ti,ab,kw. 

44 or/41-43 

45 exp neoplasm/ 

46 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,ab,kw,hw,jw. 

47 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,kw,hw. 

48 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,kw,hw,jw. 

49 or/45-48 

50 44 and 49 

51 40 or 50 

52 51 use oemezd 

53 52 not conference abstract.pt. 

54 23 or 53 

55 meta-analysis.pt. 
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# CLINICAL DATABASE SEARCH STRATEGY 

56 meta-analysis/or systematic review/or meta-analysis as topic/or "meta analysis (topic)"/or "systematic review (topic)"/or exp 

technology assessment, biomedical/ 

57 ((systematic* adj3 (review* or overview*)) or (methodologic* adj3 (review* or overview*))).ti,ab,kf,kw. 

58 "overview of reviews".ti,ab,kf,kw. 

59 ((quantitative adj3 (review* or overview* or synthes*)) or (research adj3 (integrati* or overview*))).ti,ab,kf,kw. 

60 ((integrative adj3 (review* or overview*)) or (collaborative adj3 (review* or overview*)) or (pool* adj3 analy*)).ti,ab,kf,kw. 

61 (data synthes* or data extraction* or data abstraction*).ti,ab,kf,kw. 

62 (handsearch* or hand search*).ti,ab,kf,kw. 

63 (mantel haenszel or peto or der simonian or dersimonian or fixed effect* or latin square*).ti,ab,kf,kw. 

64 (met analy* or metanaly* or technology assessment* or HTA or HTAs or technology overview* or technology 

appraisal*).ti,ab,kf,kw. 

65 (meta regression* or metaregression*).ti,ab,kf,kw. 

66 (meta-analy* or metaanaly* or systematic review* or biomedical technology assessment* or bio-medical technology 

assessment*).mp,hw. 

67 (medline or cochrane or pubmed or medlars or embase or cinahl).ti,ab,hw. 

68 (cochrane or (health adj2 technology assessment) or evidence report).jw. 

69 (meta-analysis or systematic review).md. 

70 (comparative adj3 (efficacy or effectiveness)).ti,ab,kf,kw. 

71 (outcomes research or relative effectiveness).ti,ab,kf,kw. 

72 ((indirect or indirect treatment or mixed treatment or bayesian) adj3 comparison*).ti,ab,kf,kw. 

73 (network* adj3 (meta-analy* or metaanaly*)).ti,ab,kf,kw. 

74 (multi* adj3 treatment adj3 comparison*).ti,ab,kf,kw. 

75 umbrella review*.ti,ab,kf,kw. 

76 nma.ti,ab,kf,kw. 

77 (Multi* adj2 paramet* adj2 evidence adj2 synthesis).ti,ab,kw,kf. 

78 (Multiparamet* adj2 evidence adj2 synthesis).ti,ab,kw,kf. 

79 (multi-paramet* adj2 evidence adj2 synthesis).ti,ab,kw,kf. 

80 MPES.ti,ab,kw,kf. 

81 or/55-80 

82 54 and 81 

83 or/24-26 

84 82 or 83 

85 limit 84 to (english or french) [Limit not valid in CDSR,DARE; records were retained] 

86  limit 85 to yr="2007 -Current" [Limit not valid in DARE; records were retained] 

87 remove duplicates from 86 
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Other Databases 

PubMed Searched to capture records not indexed in MEDLINE. Same MeSH, keywords 

and limits used as per MEDLINE search, with appropriate syntax used. 

 

 

Patient Preferences and Experiences Database Search 

Overview 

Interface: Ovid 

Databases: MEDLINE 1946 to Present 

MEDLINE Epub Ahead of Print, In-Process and Other Non-Indexed Citations 

PsycINFO 1967 to Present 

Note: Subject headings have been customized for each database. Duplicates between 

databases were removed in Ovid. 

Date of Search: March 27, 2017 

Alerts: Monthly search updates until the completion of the stakeholder feedback period 

Study Types: Qualitative literature 

Limits: Language limit: English- and French-language  

Syntax Guide 

/ At the end of a phrase, searches the phrase as a subject heading 

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

adj# Adjacency within # number of words (in any order) 

$ A truncation symbol (wildcard) to retrieve plurals or varying endings 

? Truncation symbol for one or no characters only 

.mp Multi-purpose; searches several fields at once including Title, Original Title, Abstract, Subject Heading, 
Name of Substance, and Registry Word fields 

.af All fields 

.tw Textword; searches all of the fields in a database which contain text words and which are appropriate for a 
subject search 

.ti Title 

.ab Abstract 

.hw Heading word; usually includes subject headings and controlled vocabulary  

.pt Publication type 

.kf Author keyword heading word (MEDLINE) 

.id Key concepts (PsycINFO) 

.jw Journal title word 

.ae Qualifier (MEDLINE); adverse effects 

.tu Qualifier (MEDLINE); therapeutic use  

.fs  Floating sub-heading 

ppez Ovid database code; Ovid database code; Epub Ahead of Print, In-Process and Other Non-Indexed 
Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present 

psyb Ovid database code; PsycINFO 1967 to present 
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# Patient Preferences and Experiences Database Search Strategy 

1 Proton Therapy/ 

2 Protons/and (beam* or minibeam*).ti,ab,kf,hw.  

3 Protons/ae, tu  

4 (proton* and (beam* or minibeam*)).ti,kf.  

5 (proton* adj5 (beam* or minibeam*)).ab.  

6 proton therap*.ti,ab,kf.  

7 protontherap*.ti,ab,kf.  

8 ((particle* or hadron*) and (beam* or minibeam* or therap*)).ti,kf.  

9 ((particle* or hadron*) adj3 (beam* or minibeam* or therap*)).ab.  

10 (particletherap* or hadrontherap*).ti,ab,kf.  

11 (proton* and therap*).ti,kf.  

12 (proton* adj3 therap*).ab.  

13 or/11-12  

14 exp Neoplasms/ 

15 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,ab,kf,hw,jw.  

16 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,kf,hw.  

17 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,kf,hw,jw.  

18 or/14-17  

19 13 and 18  

20 or/1-10,19  

21 exp Radiotherapy/ 

22 radiotherapy.fs.  

23 (radiotherap* or radio therap* or beam therap* or brachytherap* or chemoradiotherap* or irradiation or radioimmunotherap* or 

radiotreatment* or radioisotope* or radiosurger* or X-ray therap* or X-ray treatment*).ti,ab,kf.  

24 (radiation and (therap* or treatment* or oncolog*)).ti,ab,kf.  

25 chemotherap*.ti,ab,kf.  

26 or/21-25  

27 exp *Neoplasms/ 

28 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,kf.  

29 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 
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# Patient Preferences and Experiences Database Search Strategy 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,kf.  

30 or/27-29  

31 (surgery or drug therapy or therapy).fs.  

32 (treatment* or therap* or surg*).ti,kf.  

33 or/31-32  

34 30 and 33  

35 exp Travel/ 

36 Medically Underserved Area/ 

37 Health Services Accessibility/ 

38 Geography/ 

39 exp Transportation/ 

40 (travel* or geography or hotel* or relocation or accommodation* or lodging* or transportation).ti,ab,kf.  

41 (urban or rural or remote or underserved or accessibility or residenc* or geographic*).ti,kf.  

42 (distance adj3 (care or treatment* or centre* or center* or facilit*)).ti,ab,kf.  

43 (away adj3 home*).ti,ab,kf.  

44 (place adj3 residenc*).ti,ab,kf.  

45 ((out or outside) adj3 (country or province)).ti,ab,kf.  

46 (kilometer* or mile? or km or mileage).ti,ab,kf.  

47 or/35-46  

48 (20 or 26 or 34) and 47  

49 48 use ppez  

50 (proton* and (beam* or minibeam*)).ti,id.  

51 (proton* adj5 (beam* or minibeam*)).ab.  

52 proton therap*.ti,ab,id.  

53 protontherap*.ti,ab,id.  

54 ((particle* or hadron*) and (beam* or minibeam* or therap*)).ti,id.  

55 ((particle* or hadron*) adj3 (beam* or minibeam* or therap*)).ab.  

56 (particletherap* or hadrontherap*).ti,ab,id.  

57 (proton* and therap*).ti,id.  

58 (proton* adj3 therap*).ab.  

59 or/57-58  

60 exp Neoplasms/ 

61 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,ab,id,hw,jw.  

62 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,id,hw.  

63 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,id,hw,jw.  

64 or/60-63  
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# Patient Preferences and Experiences Database Search Strategy 

65 59 and 64  

66 or/50-56,65  

67 Radiation Therapy/ 

68 Radiation/ 

69 (radiotherap* or radio therap* or beam therap* or brachytherap* or chemoradiotherap* or irradiation or radioimmunotherap* or 

radiotreatment* or radioisotope* or radiosurger* or X-ray therap* or X-ray treatment*).ti,ab,id.  

70 (radiation and (therap* or treatment* or oncolog*)).ti,ab,id.  

71 Chemotherapy/ 

72 chemotherap*.ti,ab,id.  

73 or/67-72  

74 exp Neoplasms/ 

75 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,id.  

76 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,id.  

77 or/74-76  

78 (treatment* or therap* or surg*).ti,id,hw.  

79 77 and 78  

80 Traveling/ 

81 "Commuting (Travel)"/ 

82 Geography/ 

83 Geographical Mobility/ 

84 exp Transportation/ 

85 (travel* or geography or hotel* or relocation or accommodation* or lodging* or transportation).ti,ab,id.  

86 (urban or rural or remote or underserved or accessibility or residenc* or geographic*).ti,id.  

87 (distance adj3 (care or treatment* or centre* or center* or facilit*)).ti,ab,id.  

88 (away adj3 home*).ti,ab,id.  

89 (place adj3 residenc*).ti,ab,id.  

90 ((out or outside) adj3 (country or province)).ti,ab,id.  

91 (kilometer* or mile? or km or mileage).ti,ab,id.  

92 or/80-90  

93 (66 or 73 or 79) and 92  

94 93 use psyb  

95 Qualitative Research/or Interview/or Interviews as Topic/or Personal Narratives/or Focus Groups/or Narration/or Nursing 

Methodology Research/ 

96 95 use ppez  

97 Qualitative research/or Interviews/or Storytelling/ 

98 97 use psyb  
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# Patient Preferences and Experiences Database Search Strategy 

99 interview$.mp.  

100 (theme$ or thematic).mp.  

101 qualitative.af.  

102 ethnological research.mp.  

103 ethnograph$.mp.  

104 ethnonursing.af.  

105 phenomenol$.af.  

106 (grounded adj (theor$ or study or studies or research or analys?s)).af.  

107 (life stor$ or women* stor$).mp.  

108 (emic or etic or hermeneutic$ or heuristic$ or semiotic$).af. or (data adj1 saturat$).tw. or participant observ$.tw.  

109 (social construct$ or postmodern$ or post-structural$ or post structural$ or poststructural$ or post modern$ or post-modern$ 

or feminis$).mp.  

110 (action research or cooperative inquir$ or co operative inquir$ or co-operative inquir$).mp.  

111 (humanistic or existential or experiential or paradigm$).mp.  

112 (field adj (study or studies or research)).tw.  

113 human science.tw.  

114 biographical method.tw.  

115 theoretical sampl$.af.  

116 ((purpos$ adj4 sampl$) or (focus adj group$)).af.  

117 (open-ended or narrative* or textual or texts or semi-structured).mp.  

118 (life world or life-world or conversation analys?s or personal experience$ or theoretical saturation).mp.  

119 ((lived or life) adj experience$).mp.  

120 cluster sampl$.mp.  

121 observational method$.af.  

122 content analysis.af.  

123 (constant adj (comparative or comparison)).af.  

124 ((discourse$ or discurs$) adj3 analys?s).tw.  

125 narrative analys?s.af.  

126 heidegger$.tw.  

127 colaizzi$.tw.  

128 spiegelberg$.tw.  

129 (van adj manen$).tw.  

130 (van adj kaam$).tw.  

131 (merleau adj ponty$).tw.  

132 husserl$.tw.  

133 foucault$.tw.  

134 (corbin$ adj2 strauss$).tw.  

135 glaser$.tw.  

136 or/96,98-135  

137 (49 or 94) and 136  

138 limit 137 to (english or french)  

139 remove duplicates from 138  
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Other Databases 

PubMed Searched to capture records not indexed in MEDLINE. Same MeSH, keywords 

and limits used as per MEDLINE search, with appropriate syntax used. 
 

CINAHL Same keywords, and limits used as per MEDLINE search. Syntax adjusted for 

EBSCO platform. MEDLINE records excluded. 
 

Scopus Same keywords and limits used as per MEDLINE search, with appropriate syntax 

used. Limited to subject areas: Social Sciences, Multidisciplinary, Psychology, Arts 

and Humanities. 

 

Ethics Database Search 

Overview  

Interface: Ovid 

Databases: MEDLINE 1946 to Present 

MEDLINE Epub Ahead of Print, In-Process and Other Non-Indexed Citations 

PsycINFO 1967 to Present 

Note: Subject headings have been customized for each database. Duplicates between databases 

were removed in Ovid. 

Date of Search: March 30, 2017 

Alerts: Monthly search updates until the completion of the stakeholder feedback period 

Study Types: No study design filters used 

Limits: Date limit: 
Search #1 proton therapy: no date limit 

Search #2 related forms of cancer treatment (radiotherapy): 2007 - present 

Language limit: English- and French-language  

Syntax Guide 

/ At the end of a phrase, searches the phrase as a subject heading 

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

adj# Adjacency within # number of words (in any order) 

.ti Title 

.ab Abstract 

.hw Heading word; usually includes subject headings and controlled vocabulary  

.pt Publication type 

.kf Author keyword heading word (MEDLINE) 

.id Key concepts (PsycINFO) 

.jw Journal title word 

.ae Qualifier (MEDLINE); adverse effects 

.tu Qualifier (MEDLINE); therapeutic use  

.fs  Floating sub-heading 

ppez Ovid database code; Ovid database code; Epub Ahead of Print, In-Process and Other Non-
Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present 

psyb Ovid database code; PsycINFO 1967 to present 
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# Ethics Database Search Strategy 

Search #1: Proton Therapy 

1 Proton Therapy/ 

2 Protons/and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 
chemoradiotherap*).ti,ab,kf,hw.  

3 Protons/ae, tu  

4 (proton* and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 
chemoradiotherap*)).ti,kf.  

5 (proton* adj5 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 
chemoradiotherap*)).ab.  

6 proton therap*.ti,ab,kf.  

7 protontherap*.ti,ab,kf.  

8 ((particle* or hadron*) and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 
chemoradiotherap* or therap*)).ti,kf.  

9 ((particle* or hadron*) adj3 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 
chemoradiotherap* or therap*)).ab.  

10 (particletherap* or hadrontherap*).ti,ab,kf.  

11 (proton* and therap*).ti,kf.  

12 (proton* adj3 therap*).ab.  

13 or/11-12  

14 exp Neoplasms/ 

15 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 
cyst*).ti,ab,kf,hw,jw.  

16 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or 
chondrosarcoma* or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or 
esthesioneuroblastoma* or fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* 
or histiocytoma* or hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or 
liposarcoma* or lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* 
or myeloma* or myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or 
osteosarcoma* or paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic 
xanthoastrocytoma* or rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,kf,hw.  

17 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,kf,hw,jw.  

18 or/14-17  

19 13 and 18  

20 or/1-10,19  

21 20 use ppez  

22 (proton* and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 
chemoradiotherap*)).ti,id.  

23 (proton* adj5 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 
chemoradiotherap*)).ab.  

24 proton therap*.ti,ab,id.  

25 protontherap*.ti,ab,id.  

26 ((particle* or hadron*) and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 
chemoradiotherap* or therap*)).ti,id.  

27 ((particle* or hadron*) adj3 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 
chemoradiotherap* or therap*)).ab.  

28 (particletherap* or hadrontherap*).ti,ab,id.  

29 (proton* and therap*).ti,id.  
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# Ethics Database Search Strategy 

30 (proton* adj3 therap*).ab.  

31 or/29-30  

32 exp Neoplasms/ 

33 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 
cyst*).ti,ab,id,hw,jw.  

34 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or 
chondrosarcoma* or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or 
esthesioneuroblastoma* or fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* 
or histiocytoma* or hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or 
liposarcoma* or lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* 
or myeloma* or myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or 
osteosarcoma* or paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic 
xanthoastrocytoma* or rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,id,hw.  

35 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,id,hw,jw.  

36 or/32-35  

37 31 and 36  

38 or/22-28,37  

39 38 use psyb  

40 exp Ethics/ 

41 exp Privacy/ 

42 exp Jurisprudence/ 

43 exp Morals/ 

44 Paternalism/ 

45 exp Prejudice/ 

46 Social Values/ 

47 Social Norms/ 

48 Stereotyping/ 

49 Social Stigma/ 

50 exp Geography, Medical/ 

51 Medically Underserved Area/ 

52 Health Services Accessibility/ 

53 Health Equity/ 

54 Healthcare Disparities/ 

55 Medical Overuse/ 

56 exp Disclosure/ 

57 exp Human Rights/ 

58 Coercion/ 

59 exp Mandatory Programs/ 

60 exp Social Problems/ 

61 "Legislation & Jurisprudence".fs.  

62 ethics.fs.  

63 or/40-61 use ppez  

64 exp ethics/ 

65 exp "law (government)"/ 

66 privacy/ 
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# Ethics Database Search Strategy 

67 exp social influences/ 

68 morality/ 

69 or/64-68  

70 69 use psyb  

71 ((healthcare or health care or nonclinical or community based or public health or preventive care) adj (deliver* or distribution* 
or system*)).ti,kf,id.  

72 access*.ti,kf,id.  

73 (ethic or ethics or ethical or moral or morals or bioethic*).ti,ab,hw,kf,jw,id.  

74 (legal* or liabilit* or litigation* or constitutional or justice or law or laws or jurisprudence or complicit*).ti,ab,hw,kf,jw,id.  

75 (lawsuit* or lawyer* or lawmaker*).ti,ab,kf,id.  

76 human right*.ti,ab,kf,id.  

77 civil right*.ti,ab,kf,id.  

78 (prejudice* or stigma or stigmas or stigmatization or stigmatize or stigmatise or stigmatisation or stereotyp*).ti,ab,kf,id.  

79 (inequalit* or equalit* or inequit* or equit* or disparit* or fair or fairness or unfair or unfairness or dignity).ti,ab,kf,id.  

80 (distributive justice or precautionary principle or solidarity).ti,ab,kf,id.  

81 ((care or treatment) adj2 (duty or obligat*)).ti,ab,kf,id.  

82 (social* adj (responsib* or obligat* or justice)).ti,ab,kf,id.  

83 (psychological or psychosocial or socioeconomic or socio-economic).ti,kf,id.  

84 ((social or psychological or psychosocial or socioeconomic or socio-economic) adj2 (impact* or burden*)).ti,ab,kf,id.  

85 (communitarian* or beneficence or nonmaleficence or maleficence or accountability).ti,ab,kf,id.  

86 (harm or harms or harming or harmful).ti,kf,id.  

87 (privacy or confidential*).ti,ab,kf,id.  

88 ((informed or presumed or shared) adj2 (consent or choice or decision making)).ti,ab,kf,id.  

89 (coercion or persuasion or information provision).ti,ab,kf,id.  

90 ((conflict or financial or industry) adj3 interest*).ti,ab,kf,id.  

91 (industry adj3 (funding or involvement or sponsor*)).ti,ab,kf,id.  

92 autonomy.ti,ab,hw,kf,id.  

93 transparency.ti,ab,kf,id.  

94 or/63,70-93  

95 (21 or 39) and 94  

96 limit 95 to (english or french)  

97 remove duplicates from 96 [results for search #1: proton therapy] 

Search #2: Radiotherapy 

98 exp *Radiotherapy/use ppez  

99 Radiation Therapy/use psyb  

100 (radiotherap* or radio therap* or beam therap* or brachytherap* or chemoradiotherap* or irradiation or radioimmunotherap* 
or radiotreatment* or radioisotope* or radiosurger* or X-ray therap* or X-ray treatment*).ti,kf,id.  

101 (radiation and (therap* or treatment* or oncolog*)).ti,kf,id.  

102 or/98-101  

103 ((healthcare or health care or nonclinical or community based or public health or preventive care) adj (deliver* or distribution* 
or system*)).ti,kf,id.  

104 access*.ti,kf,id.  

105 (ethic or ethics or ethical or moral or morals or bioethic*).ti,hw,kf,jw,id.  

106 (legal* or liabilit* or litigation* or constitutional or justice or law or laws or jurisprudence or complicit*).ti,hw,kf,jw,id.  
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# Ethics Database Search Strategy 

107 (lawsuit* or lawyer* or lawmaker*).ti,ab,kf,id.  

108 (human right* or civil right*).ti,ab,kf,id.  

109 (prejudice* or stigma or stigmas or stigmatization or stigmatize or stigmatise or stigmatisation or stereotyp*).ti,kf,id.  

110 (inequalit* or equalit* or inequit* or equit* or disparit* or fair or fairness or unfair or unfairness or dignity).ti,kf,id.  

111 (distributive justice or precautionary principle or solidarity).ti,ab,kf,id.  

112 ((care or treatment) adj2 (duty or obligat*)).ti,ab,kf,id.  

113 (social* adj (responsib* or obligat* or justice)).ti,ab,kf,id.  

114 (psychological or psychosocial or socioeconomic or socio-economic).ti,kf,id.  

115 (communitarian* or beneficence or nonmaleficence or maleficence or accountability).ti,ab,kf,id.  

116 (harm or harms or harming or harmful).ti,kf,id.  

117 (privacy or confidential*).ti,ab,kf,id.  

118 ((informed or presumed or shared) adj2 (consent or choice or decision making)).ti,kf,id.  

119 (coercion or persuasion or information provision).ti,ab,kf,id.  

120 ((conflict or financial or industry) adj3 interest*).ti,ab,kf,id.  

121 (industry adj3 (funding or involvement or sponsor*)).ti,ab,kf,id.  

122 (autonomy or transparency).ti,hw,kf,id.  

123 or/63,70,103-122  

124 102 and 123  

125 limit 124 to yr="2007 -Current"  

126 125 not 95 [results from search #1 excluded] 

127 limit 126 to (english or french)  

128 remove duplicates from 127 [results for search #2: radiotherapy] 

 

Other Databases 

PubMed Searched to capture records not indexed in MEDLINE. Same MeSH, keywords and limits used as per 

MEDLINE search, with appropriate syntax used. 

 

CINAHL Same keywords, and limits used as per MEDLINE search. Syntax adjusted for EBSCO platform. 

MEDLINE records excluded. 

 

 

Implementation Database Search 

OVERVIEW 

Interface: Ovid 

Databases: Embase 1974 to Present 

MEDLINE Daily and MEDLINE 1946 to Present 

MEDLINE Epub Ahead of Print, In-Process and Other Non-Indexed Citations 

Note: Subject headings have been customized for each database. Duplicates between databases were 

removed in Ovid. 

Date of Search: April 5, 2017 
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Alerts: Monthly search updates until the completion of the stakeholder feedback period 

Study Types: No study design filters used 

Limits: Date limit: 2007 - present 

Language limit: English- and French-language 

Conference abstracts: excluded  

SYNTAX GUIDE 

/ At the end of a phrase, searches the phrase as a subject heading 

exp Explode a subject heading 

* Before a word, indicates that the marked subject heading is a primary topic; 

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings 

adj# Adjacency within # number of words (in any order) 

.ti Title 

.ab Abstract 

.hw Heading word; usually includes subject headings and controlled vocabulary  

.pt Publication type 

.kf Author keyword heading word (MEDLINE) 

.kw Author keyword (Embase) 

.jw Journal title word 

.jn Journal name 

.ae Qualifier (MEDLINE); adverse effects 

.tu Qualifier (MEDLINE); therapeutic use  

.ut Qualifier (MEDLINE); utilization 

ppez Ovid database code; Ovid database code; Epub Ahead of Print, In-Process and Other Non-Indexed Citations, 

Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present 

oemezd Ovid database code; Embase 1974 to present, updated daily 

 

# Implementation Database Search Strategy 

1 Proton Therapy/ 

2 Protons/and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*).ti,ab,kf,hw. 

3 Protons/ae, tu 

4 (proton* and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ti,kf. 

5 (proton* adj5 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ab. 

6 proton therap*.ti,ab,kf. 

7 protontherap*.ti,ab,kf. 

8 ((particle* or hadron*) and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 
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# Implementation Database Search Strategy 

chemoradiotherap* or therap*)).ti,kf. 

9 (particletherap* or hadrontherap*).ti,ab,kf. 

10 or/1-9 

11 (proton* and therap*).ti,kf. 

12 (proton* adj3 therap*).ab. 

13 or/11-12 

14 exp Neoplasms/ 

15 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,ab,kf,hw,jw. 

16 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,kf,hw. 

17 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,kf,hw,jw. 

18 or/14-17 

19 13 and 18 

20 10 or 19 

21 Policy/or Delivery of Health Care/or Health Policy/or Health Services Accessibility/ 

22 (implementation or implementer* or barrier* or facilitat* or enabler*).ti,kf. 

23 implementation science.jn. 

24 (adopt* or sustainability or accept* or access* or appropriat* or feasibility or uptake or availability or impacts or operational or 

collaboration or program* or realit* or controvers*).ti,kf. 

25 (training or travel* or cultural or culture or cultures or socio* or social* or society or education* or communication or wait 

time*).ti,kf. 

26 (geography or geographic or transportation or reimbursement or staff or staffing or workforce or incentive* or referral* or wait 

list* or co-ordination or coordination or registries).ti,ab,kf. 

27 (physician* adj2 (knowledge or perspective*)).ti,ab,kf. 

28 (pattern* adj3 (care or practice)).ti,ab,kf. 

29 Decision Support Techniques/or (decision rule* or decision support or decision aid* or decision analys?s or decision 

model*).ti,ab,kf. 

30 (policy or policies or health services or health care services or healthcare services).ti,kf. 

31 "Facility Design and Construction"/or Capital Expenditures/or Capital Financing/or Reimbursement Mechanisms/or Software/ 

32 (financing or capital investment* or operational cost* or service cost* or supplies or concrete).ti,ab,kf. 

33 (operational or impacts or equipment or software or radiation protection or radiological protection or by-product*).ti,kf. 
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# Implementation Database Search Strategy 

34 Proton Therapy/ut 

35 *Radiation Protection/ 

36 (radiation adj3 communit*).ti,ab,kf. 

37 (access adj5 (pediatric* or paediatric*) adj5 (faculty or facilit* or hospital* or centre* or center*)).ti,ab,kf. 

38 ((construction or design) adj3 (centre* or center* or facilit*)).ti,ab,kf. 

39 or/21-38 

40 20 and 39 

41 40 use ppez 

42 proton therapy/ 

43 proton therapy system/ 

44 proton radiation/ 

45 fast proton radiation/ 

46 beam therapy/and proton*.ti,ab,kw. 

47 (proton* and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ti,kw. 

48 (proton* adj5 (beam* or minibeam* or radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or 

chemoradiotherap*)).ab. 

49 proton therap*.ti,ab,kw. 

50 protontherap*.ti,ab,kw. 

51 particle radiation/ 

52 ((particle* or hadron*) and (beam* or minibeam* or radiation* or irradiation* or radiotherap* or chemoradiation* or 

chemoradiotherap* or therap*)).ti,kw. 

53 (particletherap* or hadrontherap*).ti,ab,kw. 

54 or/42-53 

55 (proton* and therap*).ti,kw. 

56 (proton* adj3 therap*).ab. 

57 or/55-56 

58 exp neoplasm/ 

59 (cancer* or neoplasm* or tumor* or tumour* or oncolog* or malignanc* or metastatic* or metastasis or metastases or 

cyst*).ti,ab,kw,hw,jw. 

60 (adenocarcinoma* or adenoma* or angiosarcoma* or astrocytoma* or carcinoma* or cholangiocarcinoma* or chondrosarcoma* 

or chordoma* or choriocarcinoma* or craniopharyngioma* or cytoma* or ependymoblastoma* or esthesioneuroblastoma* or 

fibrosarcoma* or germinoma* or glioblastoma* or glioma* or hemangioma* or hemangiosarcoma* or histiocytoma* or 

hypernephroma* or incidentaloma* or leiomyosarcoma* or leukaemia* or leukemia* or lipoma* or liposarcoma* or 

lymphangiosarcoma* or lymphoma* or medulloblastoma* or melanoma* or meningioma* or mesothelioma* or myeloma* or 

myxosarcoma* or neuroblastoma* or neurofibrosarcoma* or oligoastrocytoma* or oligodendroglioma* or osteosarcoma* or 

paraganglioma* or pheochromocytoma* or plasmacytoma* or pineoblastoma* or pleomorphic xanthoastrocytoma* or 
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# Implementation Database Search Strategy 

rhabdomyosarcoma* or sarcoma* or schwannoma* or seminoma*).ti,ab,kw,hw. 

61 (radiation* or irradiation* or radiotherap* or radio-therap* or chemoradiation* or chemoradiotherap*).ti,ab,kw,hw,jw. 

62 or/58-61 

63 57 and 62 

64 54 or 63 

65 health care policy/or policy/or health care delivery/ 

66 (implementation or implementer* or barrier* or facilitat* or enabler*).ti,kw. 

67 implementation science.jw. 

68 (adopt* or sustainability or accept* or access* or appropriat* or feasibility or uptake or availability or impacts or operational or 

collaboration or program* or realit* or controvers*).ti,kw. 

69 (training or travel* or cultural or culture or cultures or socio* or social* or society or education* or communication or wait 

time*).ti,kw. 

70 (geography or geographic or transportation or reimbursement or staff or staffing or workforce or incentive* or referral* or wait 

list* or co-ordination or coordination or registries).ti,ab,kw. 

71 (physician* adj2 (knowledge or perspective*)).ti,ab,kw. 

72 (pattern* adj3 (care or practice)).ti,ab,kw. 

73 Decision Support Techniques/or (decision rule* or decision support or decision aid* or decision analys?s or decision 

model*).ti,ab,kw. 

74 (policy or policies or health services or health care services or healthcare services).ti,kw. 

75 health care financing/or hospital design/or financial management/or reimbursement/or exp *computer program/ 

76 (financing or capital investment* or operational cost* or service cost* or supplies or concrete).ti,ab,kw. 

77 *radiation protection/ 

78 (radiation adj3 communit*).ti,ab,kw. 

79 (access adj5 (pediatric* or paediatric*) adj5 (faculty or facilit* or hospital* or centre* or center*)).ti,ab,kw. 

80 ((construction or design) adj3 (centre* or center* or facilit*)).ti,ab,kw. 

81 or/65-80 

82 64 and 81 

83 82 not conference abstract.pt. 

84 83 use oemezd 

85 41 or 84 

86 limit 85 to yr="2007 -Current" 

87 limit 86 to (english or french) 

88 remove duplicates from 87 
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Other Databases 

PubMed Searched to capture records not indexed in MEDLINE. Same MeSH, keywords 

and limits used as per MEDLINE search, with appropriate syntax used. 

 

CINAHL Same keywords, and limits used as per MEDLINE search. Syntax adjusted for 

EBSCO platform. MEDLINE records excluded. 

 

 

Grey Literature 

Dates for Search: February/March, 2017 

Keywords: Proton beam, proton therapy, hadron therapy, particle therapy, particle beam 

Limits: English and French language 

Publication years: 2007 to present 

 

Relevant websites from the following sections of the CADTH grey literature checklist, 

Grey matters: a practical tool for searching health-related grey literature, 

(https://www.cadth.ca/grey-matters) were searched: 

 Health Technology Assessment Agencies 

 Clinical Practice Guidelines 

 Databases (free) 

 Internet Search 

 Open Access Journals 

https://www.cadth.ca/grey-matters
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Appendix 3: Standardized Data-Extraction 
Form (Research Questions 1 and 2) 

 

Reviewer: __________________________________________________ Date: ____________________________________ 

 

Study Characteristics 

Ref ID:  

First author name:  

Publication year:  

Country (where the SR was conducted or of the corresponding author’s):  

Funding sources:  

SR = systematic review 

 

Methodology 

Study design:  SR, without MA or NMA 

 SR, with MA 

 SR, with NMA 

 HTA 

Databases and time frames searched:  

Quality-assessment tool used:  

Study types, number, and publication years of included primary studies:  

Participant number, age, sex/gender, cancer type and characteristics, and 
comorbidities: 

 

Description of primary and secondary outcomes reported:  

Description of subgroup or meta-regression analyses of interest:  

HTA = health technology assessment; MA = meta-analysis; NMA = network meta-analysis; SR = systematic review. 

 

Comparison 

Intervention:  

Comparator:  

Therapy duration:  
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Reported Outcomes 

Primary (including definition):  

Secondary (including definition):  

Length of follow-up:  

Loss to follow-up:  

 

Results (To Be Completed for Each Comparison and Outcome) 

Comparison  

Intervention:  

Comparator:  

Outcome  

SR (1
st
 author) [REFID]  

Number of included primary studies:  

Range of publication years of included primary studies:  

Study population  

Pairwise MA  

Treatment effect (95% CI)  

P value for effect  

Measure of heterogeneity  

NMA  

Treatment effect (95% CI)  

P value for effect  

Subgroups  

Subgroup 1:  

Number of included primary studies  

Treatment effect (95% CI)  

P value for effect  

Measure of heterogeneity  
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Results (To Be Completed for Each Comparison and Outcome) 

Subgroup 2:  

Number of included primary studies  

Treatment effect (95% CI)  

P value for effect  

Measure of heterogeneity  

(Add subgroups as needed)  

Meta-regression  

Variables  

Variable 1:  

Variable 2:  

(Add variables as needed)  

Quality assessment results:  

Main conclusions:  

CI = confidence interval; MA = meta-analysis; NMA = network meta-analysis; SR = systematic review 
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Appendix 4: Quality or Risk of Assessment 
Tools Used for Clinical Review (Research 
Questions 1 and 2) 

ROBIS 

1. Domain 1: Study eligibility criteria 

1.1 Did the review adhere to pre-defined objectives eligibility criteria? 

1.2 Were the eligibility criteria appropriate for the review questions? 

1.3 Were eligibility criteria unambiguous? 

1.4 Were all restrictions in eligibility criteria based on study characteristics appropriate 

(e.g., date, study design, sample size, study quality, outcomes measured)? 

1.5 Were any restrictions in eligibility criteria based on sources of information 

appropriate (e.g., publication status or format, language, availability of data)? 

 

2. Domain 2: Identification and selection of studies 

2.1 Did the search include an appropriate range of databases/electronic sources for 

published and unpublished reports? 

2.2 Were methods additional to database searching used to identify relevant methods? 

2.3 Were the terms and structure of the search strategy likely to retrieve as many 

eligibility studies as possible? 

2.4 Were restrictions based on date, publication format, or language appropriate? 

2.5 Were efforts made to minimize error in selection of studies? 

 

3. Domain 3: Data collection and study appraisal 

3.1 Were efforts made to minimize error in data collection? 

3.2 Were sufficient study characteristics available for both review authors and readers 

to be able to interpret the results? 

3.3 Were all relevant study results collected for use in the synthesis? 

3.4 Was risk of bias (or methodological quality) formally assessed using appropriate 

criteria? 

3.5 Were efforts made to minimize error in risk of bias assessment? 

 

4. Domain 4: Synthesis and findings 

4.1 Did the synthesis include all studies that it should? 

4.2 Were all pre-defined analyses reported or departures explained? 

4.3 Was the synthesis appropriate given the nature and similarity in the research 

questions, study designs, and outcomes across included studies? 

4.4 Was between-study variation (heterogeneity) minimal or addressed in 

the synthesis? 

4.5 Were the findings robust, e.g., as demonstrated through funnel plot or sensitivity 

analyses? 

4.6 Were biases in primary studies minimal or addressed in the synthesis? 

Four Additional Criteria 

1. Was the status of publication (i.e., grey literature) used as an inclusion criterion? 

2. Was a list of included studies provided? 
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3. Was a list of excluded studies provided? 

4. Was the conflict of interest included? 

ROBINS-I 

1. Domain 1: Bias due to confounding 

1.1 Is there potential for confounding of the effect of intervention in this study? 

1.2 Was the analysis based on splitting participants’ follow-up time according to the 

intervention received? 

1.3 Were intervention discontinuations or switches likely to be related to factors that are 

prognostic for the outcome? 

1.4 Did the authors use an appropriate analysis method that controlled for all the 

important confounding domains? 

1.5 Were confounding domains that were controlled for measured validly and reliably by 

the variables available in this study? 

1.6 Did the authors control for any post-intervention variables that could have been 

affected by the intervention? 

1.7 Did the authors use an appropriate analysis method that controlled for all the 

important confounding domains and for time-varying confounding? 

1.8 Were confounding domains that were controlled for measured validly and reliably by 

the variables available in this study? 

 

2. Domain 2: Bias in selection of participants into the study 

2.1 Was selection of participants into the study (or into the analysis) based on 

participant characteristics observed after the start of intervention? 

2.2 Were the post-intervention variables that influenced selection likely to be associated 

with intervention? 

2.3 Were the post-intervention variables that influenced selection likely to be influenced 

by the outcome or a cause of the outcome? 

2.4 Do start of follow-up and start of intervention coincide for most participants? 

2.5 Were adjustment techniques used that are likely to correct for the presence of 

selection biases? 

 

3. Domain 3: Bias in classification of interventions 

3.1 Were intervention groups clearly defined? 

3.2 Was the information used to define intervention groups recorded at the start of the 

intervention? 

3.3 Could classification of intervention status have been affected by knowledge of the 

outcome or risk of the outcome? 

 

4. Domain 4: Bias due to deviations from intended interventions 

4.1 Were there deviations from the intended intervention beyond what would be 

expected in usual practice? 

4.2 Were these deviations from intended intervention unbalanced between groups and 

likely to have affected the outcome? 

4.3 Were important co-interventions balanced across intervention groups? 

4.4 Was the intervention implemented successfully for most participants? 

4.5 Did study participants adhere to the assigned intervention regimen? 
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4.6 Was an appropriate analysis used to estimate the effect of starting and adhering to 

the intervention? 

 

5. Domain 1: Bias due to missing data 

5.1 Were outcome data available for all, or nearly all, participants? 

5.2 Were participants excluded due to missing data on intervention status? 

5.3 Were participants excluded due to missing data on other variables needed for the 

analysis? 

5.4 Are the proportion of participants and reasons for missing data similar across 

interventions? 

5.5 Is there evidence that results were robust to the presence of missing data? 

 

6. Domain 1: Bias in measurement of outcomes 

6.1 Could the outcome measure have been influenced by knowledge of the intervention 

received? 

6.2 Were outcome assessors aware of the intervention received by study participants? 

6.3 Were the methods of outcome assessment comparable across intervention groups? 

6.4 Were any systematic errors in measurement of the outcome related to intervention 

received? 

 

7. Domain 1: Bias in selection of the reported result 

7.1 Is the reported effect estimate likely to be selected, on the basis of the results, from 

multiple outcome measurements within the outcome domain? 

7.2 Is the reported effect estimate likely to be selected, on the basis of the results, from 

multiple analyses of the intervention-outcome relationship? 

7.3 Is the reported effect estimate likely to be selected, on the basis of the results, from 

different subgroups? 
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Appendix 5: Study Selection Flowchart — 
Clinical Review 

159 citations excluded 

150 potentially relevant articles retrieved for 

scrutiny (full text, if available) 

23 potentially relevant reports 

retrieved from other sources 

(i.e., grey literature, manual 

search, and search alerts) 

173 potentially relevant reports scrutinized 

162 articles excluded (158 full-text articles 

and 4 other articles) 

Reasons for exclusion: 

 irrelevant population (1) 

 irrelevant intervention (12) 

 irrelevant comparator (23) 

 irrelevant outcome (13) 

 irrelevant study design (99) 

 other (i.e., debate, erratum to an excluded 

article, guidelines, letter to the editor, 

medical device document, protocol], written 

in a language other than French or English, 

or full article could not be located or 

purchased) (14) 

11 articles included 

309 citations identified from electronic 

literature search and screened 
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Appendix 6: List of Included Systematic 
Reviews (Research Questions 1 and 2) 

Schroeck FR, Jacobs BL, Bhayani SB, Nguyen PL, Penson D, Hu J. Cost of new 

technologies in prostate cancer treatment: systematic review of costs and cost-effectiveness 

of robotic-assisted laparoscopic prostatectomy, intensity-modulated radiotherapy, and 

proton beam therapy. Eur Urol. 2017 Mar 30. [Epub ahead of print]. 

Leroy R, Benahmed N, Hulstaert F, Van DN, De Ruysscher D. Proton therapy in children: a 

systematic review of clinical effectiveness in 15 pediatric cancers. Int J Radiat Oncol Biol 

Phys. 2016 May 1;95(1):267-78. 

Verma V, Lin SH, Simone CB, Mehta MP. Clinical outcomes and toxicities of proton 

radiotherapy for gastrointestinal neoplasms: a systematic review. 2016 Aug [cited 2017 Apr 

4];7(4):644-64. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963375/pdf/jgo-07-04-644.pdf 

Leroy R, Benahmed N, Hulstaert F, Mambourg F, Fairon N, Van Eycken L, et al. Hadron 

therapy in children - an update of the scientific evidence for 15 pediatric cancers [Internet]. 

Brussels: Belgian Health Care Knowledge Centre (KCE); 2015. [cited 2017 Apr 4]. (KCE 

reports 235). Available from: 

http://kce.fgov.be/sites/default/files/page_documents/KCE_235_Hadron%20Therapy_Repor

t.pdf 

Leroy R, Benahmed N, Hulstaert F, Mambourg F, Fairon N, Van Eycken L, et al. Hadron 

therapy - an update of the scientific evidence for specific paediatric indications - an update 

of the evidence for 15 paediatric cancers - synthesis [Internet]. Brussels: Belgian Health 

Care Knowledge Centre (KCE); 2015. [cited 2017 Apr 5]. (KCE Reports). Available from: 

http://kce.fgov.be/sites/default/files/page_documents/KCE_235CsHadron%20therapy_Synth

esis.pdf 

Peterson K, McCleery E, Waldrip K. Comparative effectiveness of proton irradiation 

treatment [Internet]. Washington (DC): Department of Veterans Affairs, Health Services 

Research and Development Service; 2015 Jan. Evidence-based synthesis program. [cited 

2017 Apr 5]. Available from: 

https://www.hsrd.research.va.gov/publications/esp/ProtonBeam.pdf 

Institute for Clinical and Economic Review (ICER). Proton beam therapy: final evidence 

report [Internet]. Olympia (WA): Washington State Health Care Authority; 2014 Mar 28. 

[cited 2017 Apr 4]. Available from: https://icer-review.org/wp-

content/uploads/2016/02/pbt_final_report_040114.pdf 

Sun F, Oyesanmi O, Fontanarosa J, Reston J, Guzzo T, Schoelles K. Therapies for 

clinically localized prostate cancer: update of a 2008 systematic review [Internet]. Rockville 

(MD): Agency for Healthcare Research and Quality (US); 2014 Dec. [cited 2017 Apr 5]. 

(AHRQ Comparative Effectiveness Reviews). Available from: 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0071907/ 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963375/pdf/jgo-07-04-644.pdf
http://kce.fgov.be/sites/default/files/page_documents/KCE_235_Hadron%20Therapy_Report.pdf
http://kce.fgov.be/sites/default/files/page_documents/KCE_235_Hadron%20Therapy_Report.pdf
http://kce.fgov.be/sites/default/files/page_documents/KCE_235CsHadron%20therapy_Synthesis.pdf
http://kce.fgov.be/sites/default/files/page_documents/KCE_235CsHadron%20therapy_Synthesis.pdf
https://www.hsrd.research.va.gov/publications/esp/ProtonBeam.pdf
https://icer-review.org/wp-content/uploads/2016/02/pbt_final_report_040114.pdf
https://icer-review.org/wp-content/uploads/2016/02/pbt_final_report_040114.pdf
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0071907/
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Bekkering GE, Rutjes AW, Vlassov VV, Aebersold DM, von Bremen K, Juni P, et al. The 

effectiveness and safety of proton radiation therapy for indications of the eye: a systematic 

review. Strahlenther Onkol. 2009 Apr;185(4):211-21. 

Huybrechts M, Obyn C, Gailly J, Mambourg F, Vinck I, Ramaekers D. Hadrontherapy 

[Internet]. Brussels: Belgian Health Care Knowledge Centre (KCE); 2007. [cited 2017 Apr 4]. 

(KCE reports vol. 67A). Available from: 

https://kce.fgov.be/sites/default/files/page_documents/d20071027350.pdf 

Olsen DR, Bruland OS, Frykholm G, Norderhaug IN. Proton therapy - a systematic review of 

clinical effectiveness. Radiother Oncol. 2007 May;83(2):123-32. 

 

https://kce.fgov.be/sites/default/files/page_documents/d20071027350.pdf
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Appendix 7: List of Excluded Systematic 
Reviews (Research Questions 1 and 2) 

 

Reference Reason for Exclusion 

Falkson CB, Vella ET, Yu E, El-Mallah M, Mackenzie R, Ellis PM, et al. Guideline for radiotherapy 

with curative intent in patients with early-stage medically inoperable non-small-cell lung cancer. Curr 

Oncol. 2017 Feb;24(1):e44-e49. 

Other 

(i.e., recommendations only) 

Filippi AR, Levis M, Parikh R, Hoppe B. Optimal therapy for early-stage Hodgkin's lymphoma: risk 

adapting, response adapting, and role of radiotherapy. Curr Oncol Rep. 2017 May;19(5):34 

Irrelevant study design 

(i.e., no SR) 

Health Policy Advisory Committee on Technology. Proton and heavy ion therapy: an overview 

[Internet]. Herston (AU): HealthPACT Secretariat; 2017 Jan. [cited 2017 Apr 5]. Available from: 

https://www.health.qld.gov.au/__data/assets/pdf_file/0033/643749/proton-hvy-ion-therapy.pdf 

Irrelevant study design 

(i.e., no SR) 

Muller HL. Diagnosis, treatment, clinical course, and prognosis of childhood-onset 

craniopharyngioma patients. Minerva Endocrinol. 2017 Feb 9. [Epub ahead of print] 

Irrelevant study design 

(i.e., no SR) 

Muralidhar V, Nguyen PL. Maximizing resources in the local treatment of prostate cancer: a summary 

of cost-effectiveness studies. Urol Oncol. 2017 Feb;35(2):76-85. 

Irrelevant outcome (i.e., CE) 

Noel G, Gondi V. Proton therapy for tumors of the base of the skull. Chin Clin Oncol. 2016 

Aug;5(4):51. 

Irrelevant study design 

(i.e., no SR) 

Odei BC, Boothe D, Keole SR, Vargas CE, Foote RL, Schild SE, et al. A 20-year analysis of clinical 

trials involving proton beam therapy. International Journal of Particle Therapy [Internet]. 2017 Mar 14 

[cited 2017 Apr 5];398-406. Available from: http://www.theijpt.org/doi/pdf/10.14338/IJPT-D-16-

00030.1?code=ptcg-site  

Irrelevant comparator 

(i.e., uncontrolled studies) 

Popovic M, Ahmed II, DiGiovanni J, Shields CL. Radiotherapeutic and surgical management of iris 

melanoma: a review. Surv Ophthalmol. 2017 Jan 3. [Epub ahead of print] 

Irrelevant study design 

(i.e., no SR) 

Baker S, Dahele M, Lagerwaard FJ, Senan S. A critical review of recent developments in 

radiotherapy for non-small cell lung cancer. Radiat Oncol [Internet]. 2016 Sep 6 [cited 2016 Nov 

11];11(1):115. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5012092  

Irrelevant study design 

(i.e., no SR) 

Becerra V, Avila M, Jimenez J, Cortes-Sanabria L, Pardo Y, Garin O, et al. Economic evaluation of 

treatments for patients with localized prostate cancer in Europe: a systematic review. BMC Health 

Serv Res [Internet]. 2016 Oct 3 [cited 2016 Nov 11];16(1):541. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5048403/pdf/12913_2016_Article_1781.pdf  

Irrelevant outcome 

(i.e., QALY) 

Bhattasali O, Holliday E, Kies MS, Hanna EY, Garden AS, Rosenthal DI, et al. Definitive proton 

radiation therapy and concurrent cisplatin for unresectable head and neck adenoid cystic carcinoma: 

a series of 9 cases and a critical review of the literature. Head Neck. 2016 Apr;38(Suppl 1):E1472-80. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Bryant C, Henderson RH, Hoppe BS, Mendenhall WM, Charles NR, Su Z, et al. Controversies in 

proton therapy for prostate cancer. Chin Clin Oncol [Internet]. 2016 [cited 2017 Apr 4];5(4). Available 

from: http://cco.amegroups.com/article/view/11345/11895  

Irrelevant study design 

(i.e., no SR) 

Chargari C, Goodman KA, Diallo I, Guy JB, Rancoule C, Cosset JM, et al. Risk of second cancers in 

the era of modern radiation therapy: does the risk/benefit analysis overcome theoretical models? 

Cancer Metastasis Rev. 2016 Jun;35(2):277-88. 

Irrelevant study design 

(i.e., no SR) 

https://www.health.qld.gov.au/__data/assets/pdf_file/0033/643749/proton-hvy-ion-therapy.pdf
http://www.theijpt.org/doi/pdf/10.14338/IJPT-D-16-00030.1?code=ptcg-site
http://www.theijpt.org/doi/pdf/10.14338/IJPT-D-16-00030.1?code=ptcg-site
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5012092
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5048403/pdf/12913_2016_Article_1781.pdf
http://cco.amegroups.com/article/view/11345/11895
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Reference Reason for Exclusion 

Chuong MD, Hallemeier CL, Jabbour SK, Yu J, Badiyan S, Merrell KW, et al. Improving outcomes for 

esophageal cancer using proton beam therapy. Int J Radiat Oncol Biol Phys. 2016;95(1):488-97. 

Irrelevant study design 

(i.e., no SR) 

Curtis T. Proton beam therapy, Scottish Pathway for consideration of funding [Internet]. Version 1.9. 

Edinburgh (Scotland): NHS National Services Scotland; 2016 Jul. [cited 2017 Apr 5]. Available from: 

http://www.nsd.scot.nhs.uk/Documents/guidelines/2016%20Scottish%20Proton%20Referral%20v1.9.pdf  

Irrelevant study design 

(i.e., no SR) 

De Amorim Bernstein K, DeLaney T. Chordomas and chondrosarcomas-the role of radiation therapy. 

J Surg Oncol. 2016 Oct;114(5):564-9. 

Irrelevant study design 

(i.e., no SR) 

Delaney TF, Haas RLM. Innovative radiotherapy of sarcoma: proton beam radiation. Eur J Cancer. 

2016;62:112-23. 

Irrelevant study design 

(i.e., no SR) 

Dengina N, Tsimafeyeu I, Mitin T. Current role of radiotherapy for renal-cell carcinoma: review. Clin 

Genitourin Cancer. 2016 Sep 19. [Epub ahead of print] 

Irrelevant study design 

(i.e., no SR) 

Dhir M, Melin AA, Douaiher J, Lin C, Zhen WK, Hussain SM, et al. A review and update of treatment 

options and controversies in the management of hepatocellular carcinoma. Ann Surg. 

2016;263(6):1112-25. 

Irrelevant study design 

(i.e., no SR) 

Doyen J, Bondiau PY, Benezery K, Thariat J, Vidal M, Gerard A, et al. Indications and results for 

protontherapy in cancer treatments. Cancer Radiotherapie. 2016 Oct;20(6-7):513-8. French. 

Irrelevant study design 

(i.e., no SR) 

Drezner N, Hardy KK, Wells E, Vezina G, Ho CY, Packer RJ, et al. Treatment of pediatric cerebral 

radiation necrosis: a systematic review. J Neurooncol. 2016 Oct;130(1):141-8. 

Irrelevant population 

(i.e., cerebral radiation 

necrosis) 

Dwyer M. Defining the role of proton therapy in the optimal management of paediatric patients in 

Australia and New Zealand. J Med Imaging Radiat Oncol. 2016 Feb;60(1):105-11. 

Irrelevant study design 

(i.e., no SR) 

Falkson CB, Vella ET, Yu E, El-Mallah M, Mackenzie R, Ellis PM, et al. Radiotherapy with curative 

intent in patients with early-stage, medically inoperable, non-small-cell lung cancer: a systematic 

review. Clin Lung Cancer. 2016 Oct 27;18(2):105-21. 

Irrelevant intervention 

(i.e., no PBT) 

Falkson CB, Vella ET, Yu E, El-Mallah M, Ung YC, Ellis PM, et al. Radiotherapy with curative intent in 

patients with early-stage, medically inoperable, non-small-cell lung cancer: a systematic review 

[Internet]. Toronto: Cancer Care Ontario; 2016 May 4. [cited 2017 Apr 5]. (Program in Evidence-

based Care Evidence-based Series; no.: 7-21). Available from: 

https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=359522  

Irrelevant intervention 

(i.e., no PBT) 

Hayes Inc. Proton beam therapy for prostate cancer. Lansdale, PA: Hayes, Inc; 2016. Other (i.e., unable to 

purchase the full text) 

Husak AI, Bridge P. Proton therapy in craniospinal irradiation: a systematic review. J Radiother Pract. 

2016;15(2):196-202. 

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant studies assessed 

by Peterson 2015
35

]) 

Laine AM, Pompos A, Timmerman R, Jiang S, Story MD, Pistenmaa D, et al. The role of 

hypofractionated radiation therapy with photons, protons, and heavy ions for treating extracranial 

lesions. Front Oncol [Internet]. 2016 Jan [cited 2017 Apr 4];5:302. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4707221/pdf/fonc-05-00302.pdf  

Irrelevant study design 

(i.e., no SR) 

http://www.nsd.scot.nhs.uk/Documents/guidelines/2016%20Scottish%20Proton%20Referral%20v1.9.pdf
https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=359522
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4707221/pdf/fonc-05-00302.pdf
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Reference Reason for Exclusion 

Lin SH, Hallemeier CL, Chuong M. Proton beam therapy for the treatment of esophageal cancer. 

Chin Clin Oncol [Internet]. 2016 [cited 2017 Apr 4];5(4). Available from: 

http://cco.amegroups.com/article/view/11344/11894  

Irrelevant study design 

(i.e., no SR) 

Mailhot Vega RB, Ishaq O, Raldow A, Perez CA, Jimenez R, Scherrer-Crosbie M, et al. Establishing 

cost-effective allocation of proton therapy for breast irradiation. Int J Radiat Oncol Biol Phys. 2016 

May 1;95(1):11-8. 

Irrelevant outcome (i.e., CE) 

Matloob SA, Nasir HA, Choi D. Proton beam therapy in the management of skull base chordomas: 

systematic review of indications, outcomes, and implications for neurosurgeons. Br J Neurosurg. 

2016 Aug;30(4):382-7. 

Irrelevant study design 

(i.e., no SR) 

Mendez LC, Moraes FY, Poon I, Marta GN. The management of head and neck tumors with high 

technology radiation therapy. Expert Rev Anticancer Ther. 2016;16(1):99-110. 

Irrelevant study design 

(i.e., no SR) 

Mishra KK, Chiu-Tsao ST. Particle therapy is ideal for the treatment of ocular melanomas. Med Phys. 

2016;43(2):631-4. 

Other (i.e., debate) 

Pennicooke B, Laufer I, Sahgal A, Varga PP, Gokaslan ZL, Bilsky MH, et al. Safety and local control 

of radiation therapy for chordoma of the spine and sacrum: a systematic review. Spine. 2016 Oct 

15;41(Suppl 20):S186-S192. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Proton beam therapy for prostate cancer [Internet]. Boston (MA): Institute for Clinical and Economic 

Review, California Technology Assessment Forum (CTAF); 2016. [cited 2017 Apr 5]. Available from: 

http://icer-review.org/wp-content/uploads/2016/01/121017_draft_protons.pdf  

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant studies assessed 

by Peterson 2015
35

]) 

Sands SA. Proton beam radiation therapy: The future may prove brighter for pediatric patients with 

brain tumors. J Clin Oncol. 2016;34(10):1024-6. 

Irrelevant study design 

(i.e., no SR) 

Shahpar S, Mhatre PV, Huang ME. Update on brain tumors: new developments in neuro-oncologic 

diagnosis and treatment, and impact on rehabilitation strategies. Pm r. 2016;8(7):678-89. 

Irrelevant study design 

(i.e., no SR) 

Sheehan J, Lee CC, Bodach ME, Tumialan LM, Oyesiku NM, Patil CG, et al. Congress of 

Neurological Surgeons systematic review and evidence-based guideline for the management of 

patients with residual or recurrent nonfunctioning pituitary adenomas. Neurosurgery. 

2016;79(4):E539-E540. 

Other 

(i.e., recommendations) 

Simo KA, Halpin LE, McBrier NM, Hessey JA, Baker E, Ross S, et al. Multimodality treatment of 

intrahepatic cholangiocarcinoma: a review. J Surg Oncol. 2016;113(1):62-83. 

Irrelevant study design 

(i.e., no SR) 

Verma V, Simone CB, Wahl AO, Beriwal S, Mehta MP. Proton radiotherapy for gynecologic 

neoplasms. Acta Oncol. 2016 Nov;55(11):1257-65. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Verma V, Mehta MP. Clinical outcomes of proton radiotherapy for uveal melanoma. Clin Oncol (R 

Coll Radiol ). 2016 Aug;28(8):e17-e27. 

Irrelevant intervention 

(i.e., particle therapy 

analyzed together) 

Verma V, Shah C, Mehta MP. Clinical outcomes and toxicity of proton radiotherapy for breast cancer. 

Clin Breast Cancer. 2016 Jun;16(3):145-54. 

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant study assessed by 

Peterson 2015
35

]) 

Verma V, Mishra MV, Mehta MP. A systematic review of the cost and cost-effectiveness studies of 

proton radiotherapy. Cancer. 2016 May 15;122(10):1483-501. 

Irrelevant outcome (i.e., CE) 

http://cco.amegroups.com/article/view/11344/11894
http://icer-review.org/wp-content/uploads/2016/01/121017_draft_protons.pdf
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Reference Reason for Exclusion 

Walsh S. A validated tumor control probability model based on a meta-analysis of low, intermediate, 

and high-risk prostate cancer patients treated by photon, proton, or carbon-ion radiotherapy. Med 

Phys. 2016;43(9):5263. Erratum for: Med. Phys. 2016; 43:734-47. 

Other (i.e., erratum to an 

excluded SR) 

Walsh S, Roelofs E, Kuess P, Lambin P, Jones B, Georg D, et al. A validated tumor control 

probability model based on a meta-analysis of low, intermediate, and high-risk prostate cancer 

patients treated by photon, proton, or carbon-ion radiotherapy. Med Phys. 2016 Feb;43(2):734-47. 

Irrelevant study design 

(i.e., no SR) 

Yamazaki H, Nakamura S, Suzuki G, Aibe N, Yoshida K. Superiority of charged particle therapy in 

treatment of hepatocellular carcinoma (Regarding Qi W.X. et al. charged particle therapy versus 

photon therapy for patients with hepatocellular carcinoma: a systematic review and meta-analysis). 

Radiother Oncol. 2016 Feb;118(2):420. 

Other (i.e., letter to the 

editor) 

Zaorsky NG, Shaikh T, Murphy CT, Hallman MA, Hayes SB, Sobczak ML, et al. Comparison of 

outcomes and toxicities among radiation therapy treatment options for prostate cancer. Cancer Treat 

Rev. 2016 Jul;48:50-60. 

Irrelevant intervention 

(i.e., non-PBT external RT) 

Azad TD, Veeravagu A, Kumar S, Katznelson L. Nelson syndrome: update on therapeutic 

approaches. World Neurosurg. 2015;83(6):1135-40. 

Irrelevant study design 

(i.e., no SR) 

Bendifallah S, Canlorbe G. Common benign breast tumors including fibroadenoma, phyllodes tumors, 

and papillary lesions: guidelines. J Gynecol Obstet Biol Reprod (Paris). 2015 Dec;44(10):1017-29. 

French. 

Irrelevant intervention 

(i.e., surgery) 

Bhattacharyya T, Mahajan R, Ghoshal S, Yadav BS, Rai B. Hypofractionated radiotherapy in 

carcinoma breast: what we have achieved? J Cancer Res Ther. 2015 Apr;11(2):259-63. 

Irrelevant study design 

(i.e., no SR) 

Crowne E, Gleeson H, Benghiat H, Sanghera P, Toogood A. Effect of cancer treatment on 

hypothalamic-pituitary function. Lancet Diabetes Endocrinol. 2015;3(7):568-76. 

Irrelevant study design 

(i.e., no SR) 

Dabaja BS, Advani R, Hodgson DC, Dhakal S, Flowers CR, Ha CS, et al. ACR appropriateness 

Criteria® diffuse large b-cell lymphoma. American J Clin Oncol. 2015;38(6):610-20. 

Irrelevant study design 

(i.e., no SR) 

Gomes CM, Nunes RV, Tse V. Pelvic irradiation and its effects on the lower urinary tract: a literature 

review. Curr Bladder Dysfunct Rep. 2015;10(3):295-302. 

Irrelevant study design 

(i.e., no SR) 

Kabarriti R, Mark D, Fox J, Kalnicki S, Garg M. Proton therapy for the treatment of pediatric head and 

neck cancers: a review. Int J Pediatr Otorhinolaryngol. 2015;79(12):1995-2002. 

Irrelevant study design 

(i.e., no SR) 

Kalogeridi MA, Zygogianni A, Kyrgias G, Kouvaris J, Chatziioannou S, Kelekis N, et al. Role of 

radiotherapy in the management of hepatocellular carcinoma: a systematic review. World J Hepatol 

[Internet]. 2015 Jan 27 [cited 2017 Apr 4];7(1):101-12. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4295187/pdf/WJH-7-101.pdf  

Irrelevant study design 

(i.e., no SR) 

Kodaira T, Nishimura Y, Kagami Y, Ito Y, Shikama N, Ishikura S, et al. Definitive radiotherapy for 

head and neck squamous cell carcinoma: update and perspectives on the basis of EBM. Jpn J Clin 

Oncol. 2015 Mar;45(3):235-43. 

Irrelevant study design 

(i.e., no SR) 

Laprie A, Hu Y, Alapetite C, Carrie C, Habrand JL, Bolle S, et al. Paediatric brain tumours: a review 

of radiotherapy, state of the art and challenges for the future regarding protontherapy and 

carbontherapy. Cancer Radiothérapie. 2015 Dec;19(8):775-89. 

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant study assessed by 

Peterson 2015
35

]) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4295187/pdf/WJH-7-101.pdf
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Reference Reason for Exclusion 

Lukovic J, Bourque JM, Abdel-Wahab M. A systematic review on the role for reirradiation in locally 

recurrent rectal cancer. J Radiat Oncol. 2015;4(2):141-8. 

Irrelevant intervention 

(i.e., no PBT in literature 

search results) 

Méry B, Guy JB, Swalduz A, Vallard A, Guibert C, Almokhles H, et al. The evolving locally-advanced 

non-small cell lung cancer landscape: building on past evidence and experience. Crit Rev Oncol 

Hematol. 2015;96(2):319-27. 

Irrelevant study design 

(i.e., no SR) 

Mevion S250 proton beam radiation therapy system: summary basis of decision [Internet]. Ottawa: 

Health Canada; 2015 Feb 24. [cited 2017 Apr 5]. Available from: https://hpr-rps.hres.ca/reg-

content/summary-basis-decision-medical-device-detailThree.php?lang=en&linkID=SBD00401  

Other (i.e., doc on medical 

device licensing approval) 

Nathan P, Cohen V, Coupland S, Curtis K, Samato B, Evans J, et al. Uveal melanoma national 

guidelines [Internet]. Cambridge (England): Melanoma Focus; 2015 Jan. [cited 2017 Apr 5]. (Uveal 

Melanoma Guidelines). Available from: http://melanomafocus.com/wp-

content/uploads/2015/01/Uveal-Melanoma-National-Guidelines-Full-v5.3.pdf  

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant study assessed by 

Olsen 2007
39

]) 

Qi WX, Fu S, Zhang Q, Guo XM. Charged particle therapy versus photon therapy for patients with 

hepatocellular carcinoma: a systematic review and meta-analysis. Radiother Oncol. 2015 

Mar;114(3):289-95. 

Irrelevant study design 

(i.e., no SR) 

Reiazi R, Norozi A, Etedadialiabadi M. A literature survey on cost-effectiveness of proton beam 

therapy in the management of breast cancer patients. Iran J Cancer Prev [Internet]. 2015 Dec [cited 

2016 Nov 11];8(6):e4373. Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4736076  

Irrelevant outcome (i.e., CE) 

Schlachterman A, Craft WW Jr, Hilgenfeldt E, Mitra A, Cabrera R. Current and future treatments for 

hepatocellular carcinoma. World J Gastroenterol [Internet]. 2015 Jul 28 [cited 2017 Apr 

4];21(28):8478-91. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515831/pdf/WJG-

21-8478.pdf  

Irrelevant study design 

(i.e., no SR) 

Taylor CW, Wang Z, Macaulay E, Jagsi R, Duane F, Darby SC. Exposure of the heart in breast 

cancer radiation therapy: a systematic review of heart doses published during 2003 to 2013. Int J 

Radiat Oncol Biol Phys. 2015 Nov 15;93(4):845-53. 

Irrelevant outcome 

(i.e., radiation dose) 

Amin NP, Sher DJ, Konski AA. Systematic review of the cost effectiveness of radiation therapy for 

prostate cancer from 2003 to 2013. Appl Health Econ Health Policy. 2014 Aug;12(4):391-408. 

Irrelevant outcome 

(i.e., QALY) 

De Ruysscher D, Faivre-Finn C, Le Pechoux C, Peeters S, Belderbos J. High-dose re-irradiation 

following radical radiotherapy for non-small-cell lung cancer. Lancet Oncol. 2014;15(13):e620-e624. 

Irrelevant study design 

(i.e., no SR) 

Demizu Y, Fujii O, Iwata H, Fuwa N. Carbon ion therapy for early-stage non-small-cell lung cancer. 

BioMed Research International. 2014;2014:727962. 

Irrelevant study design 

(i.e., no SR) 

Dionisi F, Widesott L, Lorentini S, Amichetti M. Is there a role for proton therapy in the treatment of 

hepatocellular carcinoma? A systematic review. Radiother Oncol. 2014 Apr;111(1):1-10. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Gudrunardottir T, Lannering B, Remke M, Taylor MD, Wells EM, Keating RF, et al. Treatment 

developments and the unfolding of the quality of life discussion in childhood medulloblastoma: a 

review. Childs Nerv Syst. 2014 Jun;30(6):979-90. 

Irrelevant study design 

(i.e., no SR) 

Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, Joniau S, Van Der KT, et al. EAU guidelines on 

prostate cancer. Part 1: Screening, diagnosis, and local treatment with curative intent - update 2013. 

Eur Urol. 2014;65(1):124-37. 

Irrelevant study design 

(i.e., no SR) 

https://hpr-rps.hres.ca/reg-content/summary-basis-decision-medical-device-detailThree.php?lang=en&linkID=SBD00401
https://hpr-rps.hres.ca/reg-content/summary-basis-decision-medical-device-detailThree.php?lang=en&linkID=SBD00401
http://melanomafocus.com/wp-content/uploads/2015/01/Uveal-Melanoma-National-Guidelines-Full-v5.3.pdf
http://melanomafocus.com/wp-content/uploads/2015/01/Uveal-Melanoma-National-Guidelines-Full-v5.3.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4736076
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515831/pdf/WJG-21-8478.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4515831/pdf/WJG-21-8478.pdf
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Reference Reason for Exclusion 

Jardel P, Sauerwein W, Olivier T, Bensoussan E, Maschi C, Lanza F, et al. Management of choroidal 

metastases. Cancer Treat Rev. 2014 Dec;40(10):1119-28. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Lazarev S, Gupta V, Hu K, Harrison LB, Bakst R. Mucosal melanoma of the head and neck: a 

systematic review of the literature. Int J Radiat Oncol Biol Phys. 2014 Dec 1;90(5):1108-18. 

Irrelevant study design 

(i.e., no SR) 

Maris D, Nica D, Mohan D, Moisa H, Ciurea AV. Multidisciplinary management of adult low grade 

gliomas. Chirurgia (Bucur) [Internet]. 2014 Sep [cited 2017 Apr 4];109(5):590-9. Available from: 

http://revistachirurgia.ro/pdfs/2014-5-590.pdf  

Irrelevant study design 

(i.e., no SR) 

Mitin T, Zietman AL. Promise and pitfalls of heavy-particle therapy. J Clin Oncol [Internet]. 2014 [cited 

2017 Apr 4];32(26):2855-63. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152713/pdf/zlj2855.pdf  

Irrelevant study design 

(i.e., no SR) 

Patel S, Kostaras X, Parliament M, Olivotto IA, Nordal R, Aronyk K, et al. Recommendations for the 

referral of patients for proton-beam therapy, an Alberta Health Services report: a model for Canada? 

Curr Oncol [Internet]. 2014 Oct [cited 2017 Apr 4];21(5):251-62. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4189565/pdf/conc-21-251.pdf  

Irrelevant comparator 

(i.e., uncontrolled studies) 

Patel SH, Wang Z, Wong WW, Murad MH, Buckey CR, Mohammed K, et al. Charged particle therapy 

versus photon therapy for paranasal sinus and nasal cavity malignant diseases: a systematic review 

and meta-analysis. Lancet Oncol. 2014 Aug;15(9):1027-38. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Ratko TA, Douglas GW, de Souza JA, Belinson SE, Aronson N. Radiotherapy treatments for head 

and neck cancer update [Internet]. Rockville (MD): Agency for Healthcare Research and Quality 

(US); 2014 Dec. [cited 2016 Nov 11]. (AHRQ Comparative Effectiveness Reviews). Available from: 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0071865/pdf/PubMedHealth_PMH0071865.pdf  

Irrelevant intervention 

(i.e., no comparative 

evidence on PBT) 

Straus D, Tan LA, Takagi I, O'Toole JE. Disseminated spinal myxopapillary ependymoma in an adult 

at initial presentation: a case report and review of the literature. Br J Neurosurg. 2014;28(5):691-3. 

Irrelevant study design 

(i.e., no SR) 

Uhl M, Debus J. Chordoma: an assessment of future treatment and management strategies. Expert 

Opinion on Orphan Drugs. 2014;2(6):557-65. 

Irrelevant study design 

(i.e., no SR) 

Wink KC, Roelofs E, Solberg T, Lin L, Simone CB, Jakobi A, et al. Particle therapy for non-small cell 

lung tumors: where do we stand? A systematic review of the literature. Front Oncol [Internet]. 2014 

[cited 2017 Apr 4];4:292. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4212620/pdf/fonc-04-00292.pdf  

Irrelevant study design 

(i.e., no SR) 

Aggarwal A, Fersht N, Brada M. Radiotherapy for craniopharyngioma. Pituitary. 2013;16(1):26-33. Irrelevant study design 

(i.e., no SR) 

Allen BJ, Bezak E, Marcu LG. Quo vadis radiotherapy? Technological advances and the rising 

problems in cancer management. BioMed Research International [Internet]. 2013 [cited 2017 Apr 

4];Article Number: 749203. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3684032/pdf/BMRI2013-749203.pdf  

Irrelevant study design 

(i.e., no SR) 

Belinson S, Yang Y, Chopra R, Shankaran V, Samson D, Aronson N. Local therapies for 

unresectable primary hepatocellular carcinoma [Internet]. Rockville (MD): Agency for Healthcare 

Research and Quality (US); 2013 May. [cited 2017 Apr 5]. (AHRQ Comparative Effectiveness 

Reviews). Available from: https://www.ncbi.nlm.nih.gov/books/NBK148535/  

Irrelevant intervention 

(i.e., non-PBT external RT) 

http://revistachirurgia.ro/pdfs/2014-5-590.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152713/pdf/zlj2855.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4189565/pdf/conc-21-251.pdf
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0071865/pdf/PubMedHealth_PMH0071865.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4212620/pdf/fonc-04-00292.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3684032/pdf/BMRI2013-749203.pdf
https://www.ncbi.nlm.nih.gov/books/NBK148535/
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Reference Reason for Exclusion 

Chang MY, McCannel TA. Local treatment failure after globe-conserving therapy for choroidal 

melanoma. Br J Ophthalmol [Internet]. 2013 Jul [cited 2016 Nov 11];97(7):804-11. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3686322  

Irrelevant comparator 

(i.e., uncontrolled studies) 

Chen FZ, Zhao XK. Prostate cancer: Current treatment and prevention strategies. Iranian Red 

Crescent Medical Journal [Internet]. 2013 [cited 2017 Apr 4];15(4):279-84. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3785898/pdf/ircmj-15-279.pdf  

Irrelevant study design 

(i.e., no SR) 

Combs SE, Debus J. Treatment with heavy charged particles: systematic review of clinical data and 

current clinical (comparative) trials. Acta Oncol. 2013;52(7):1272-86. 

Irrelevant study design 

(i.e., no SR) 

Five things physicians and patients should question [Internet]. Arlington (VA): American Society for 

Radiation Oncology (ASTRO); 2013. [cited 2017 Apr 5]. (Choosing Wisely). Available from: 

https://www.astro.org/uploadedFiles/Main_Site/News_and_Media/News_Releases/2013/ASTRO%20

ChoosingWisely%20List_FINAL_092313.pdf  

Irrelevant study design 

(i.e., no SR) 

Gray PJ, Efstathiou JA. Proton beam radiation therapy for prostate cancer - is the hype (and the cost) 

justified? Curr Urol Rep. 2013;14(3):199-208. 

Irrelevant study design 

(i.e., no SR) 

Iyer A, Kano H, Kondziolka D, Liu X, Flickinger JC, Dade LL. Postsurgical management strategies in 

patients with skull base chondrosarcomas. CNS Oncology. 2013;2(2):203-8. 

Irrelevant study design 

(i.e., no SR) 

Mailhot Vega RB, Kim J, Bussiere M, Hattangadi J, Hollander A, Michalski J, et al. Cost effectiveness 

of proton therapy compared with photon therapy in the management of pediatric medulloblastoma. 

Cancer [Internet]. 2013 Dec 15 [cited 2017 Apr 4];119(24):4299-307. Available from: 

http://onlinelibrary.wiley.com/doi/10.1002/cncr.28322/pdf  

Irrelevant outcome 

(i.e., QALY) 

Pereira PR, Odashiro AN, Lim LA, Miyamoto C, Blanco PL, Odashiro M, et al. Current and emerging 

treatment options for uveal melanoma. Clin Ophthalmol [Internet]. 2013 [cited 2017 Apr 4];7:1669-82. 

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755706/pdf/opth-7-1669.pdf  

Irrelevant study design 

(i.e., no SR) 

Proton beam radiation therapy: clinical practice guidelines [Internet]. Edmonton: Alberta Health 

Services; 2013 Mar. [cited 2017 Mar 29]. Available from: 

http://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-rt002-proton-beam-

RT.pdf  

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant studies assessed 

by Sun 2014
36

]) 

Ratko TA, Vats V, Brock J, Ruffner BW Jr, Aronson N. Local nonsurgical therapies for stage I and 

symptomatic obstructive non-small-cell lung cancer [Internet]. Rockville (MD): Agency for Healthcare 

Research and Quality (US); 2013 Jun. [cited 2017 Apr 5]. (AHRQ Comparative Effectiveness 

Reviews). Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK148716/pdf/Bookshelf_NBK148716.pdf  

Irrelevant comparator 

(i.e., uncontrolled studies) 

Russell HV, Panchal J, VonVille H, Franzini L, Swint JM. Economic evaluation of pediatric cancer 

treatment: a systematic literature review. Pediatrics [Internet]. 2013 [cited 2017 Apr 4];131(1):e273-

e287. Available from: http://pediatrics.aappublications.org/content/pediatrics/131/1/e273.full.pdf  

Irrelevant outcome (i.e., LY 

and QALY) 

Schwab JH, Springfield DS, Raskin KA, Mankin HJ, Hornicek FJ. What's new in primary malignant 

musculoskeletal tumors. J Bone Joint Surg Am. 2013;95(24):2240-6. 

Irrelevant study design 

(i.e., no SR) 

Shapey J, Sabin HI, Danesh-Meyer HV, Kaye AH. Diagnosis and management of optic nerve sheath 

meningiomas. J Clin Neurosci. 2013 Aug;20(8):1045-56. 

Irrelevant study design 

(i.e., no SR) 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3686322
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3785898/pdf/ircmj-15-279.pdf
https://www.astro.org/uploadedFiles/Main_Site/News_and_Media/News_Releases/2013/ASTRO%20ChoosingWisely%20List_FINAL_092313.pdf
https://www.astro.org/uploadedFiles/Main_Site/News_and_Media/News_Releases/2013/ASTRO%20ChoosingWisely%20List_FINAL_092313.pdf
http://onlinelibrary.wiley.com/doi/10.1002/cncr.28322/pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3755706/pdf/opth-7-1669.pdf
http://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-rt002-proton-beam-RT.pdf
http://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-rt002-proton-beam-RT.pdf
https://www.ncbi.nlm.nih.gov/books/NBK148716/pdf/Bookshelf_NBK148716.pdf
http://pediatrics.aappublications.org/content/pediatrics/131/1/e273.full.pdf
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Reference Reason for Exclusion 

Wang Z, Nabhan M, Schild SE, Stafford SL, Petersen IA, Foote RL, et al. Charged particle radiation 

therapy for uveal melanoma: a systematic review and meta-analysis. Int J Radiat Oncol Biol Phys. 

2013 May 1;86(1):18-26. 

Irrelevant intervention 

(i.e., particle therapy 

analyzed together) 

Wild C, Hintringer K, Narath M. Hadronentherapie: Protonen und Kohlenstoff-Ionen [Internet]. Wien 

(AT): Ludwig Boltzmann Institut für Health Technology Assessment; 2013. (LBI-HTA-Projektbericht; 

no. 74). [cited 2017 Apr 5]. Available from: http://eprints.hta.lbg.ac.at/1021/1/HTA-

Projektbericht_Nr.74.pdf German. 

Other (i.e., German 

language) 

Allen AM, Pawlicki T, Dong L, Fourkal E, Buyyounouski M, Cengel K, et al. An evidence based 

review of proton beam therapy: the report of ASTRO's emerging technology committee. Radiother 

Oncol [Internet]. 2012 Apr [cited 2017 Apr 5];103(1):8-11. Available from: 

http://www.sciencedirect.com/science/article/pii/S0167814012000588  

Irrelevant study design 

(i.e., no SR) 

Bahadur YA, Constantinescu CT. Tumor bed boost radiotherapy in breast cancer. A review of current 

techniques. Saudi Med J. 2012 Apr;33(4):353-66. 

Irrelevant study design 

(i.e., no SR) 

Bastian PJ, Boorjian SA, Bossi A, Briganti A, Heidenreich A, Freedland SJ, et al. High-risk prostate 

cancer: from definition to contemporary management. Eur Urol. 2012;61(6):1096-106. 

Irrelevant study design 

(i.e., no SR) 

Cianchetti M, Amichetti M. Sinonasal malignancies and charged particle radiation treatment: a 

systematic literature review. Int J Otolaryngol [Internet]. 2012 [cited 2017 Apr 4];2012:325891. 

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3368195/pdf/IJOL2012-325891.pdf  

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant studies assessed 

by ICER 2014
21

]) 

De Ruysscher D, Mark Lodge M, Jones B, Brada M, Munro A, Jefferson T, et al. Charged particles in 

radiotherapy: a 5-year update of a systematic review. Radiother Oncol [Internet]. 2012 Apr [cited 

2016 Nov 11];103(1):5-7. Available from: 

http://www.sciencedirect.com/science/article/pii/S0167814012000060  

Irrelevant study design 

(i.e., no SR) 

Delaunoit T. Management of esophageal superficial tumors: non take away approaches. Acta 

Gastroenterol Belg. 2012;75(1):5-8. 

Irrelevant study design 

(i.e., no SR) 

Grimm P, Billiet I, Bostwick D, Dicker AP, Frank S, Immerzeel J, et al. Comparative analysis of 

prostate-specific antigen free survival outcomes for patients with low, intermediate and high risk 

prostate cancer treatment by radical therapy. Results from the Prostate Cancer Results Study Group. 

BJU Int [Internet]. 2012 Feb [cited 2017 Apr 4];109(Suppl 1):22-9. Available from: 

http://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2011.10827.x/epdf  

Irrelevant outcome 

(i.e., PSA) 

Hadrontherapy for cancer treatment: overview of the evidence on safety and effectiveness [Internet]. 

Rome (IT): Agenzia nazionale per i servizi sanitari regionali; 2012. [cited 2017 Apr 5]. Available from: 

http://assr.regione.emilia-romagna.it/it/servizi/pubblicazioni/rapporti-documenti/hadrontherapy-

2012/at_download/file  

Irrelevant study design 

(i.e., overview of reviews) 

Ohri N, Dicker AP, Showalter TN. Late toxicity rates following definitive radiotherapy for prostate 

cancer. Can J Urol [Internet]. 2012 Aug [cited 2016 Nov 11];19(4):6373-80. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3808959  

Irrelevant study design 

(i.e., no SR) 

Parthan A, Pruttivarasin N, Davies D, Taylor DC, Pawar V, Bijlani A, et al. Comparative cost-

effectiveness of stereotactic body radiation therapy versus intensity-modulated and proton radiation 

therapy for localized prostate cancer. Front Oncol [Internet]. 2012 [cited 2016 Nov 11];2:81. Available 

from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3422724  

Irrelevant comparator 

(i.e., uncontrolled studies) 

http://eprints.hta.lbg.ac.at/1021/1/HTA-Projektbericht_Nr.74.pdf
http://eprints.hta.lbg.ac.at/1021/1/HTA-Projektbericht_Nr.74.pdf
http://www.sciencedirect.com/science/article/pii/S0167814012000588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3368195/pdf/IJOL2012-325891.pdf
http://www.sciencedirect.com/science/article/pii/S0167814012000060
http://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2011.10827.x/epdf
http://assr.regione.emilia-romagna.it/it/servizi/pubblicazioni/rapporti-documenti/hadrontherapy-2012/at_download/file
http://assr.regione.emilia-romagna.it/it/servizi/pubblicazioni/rapporti-documenti/hadrontherapy-2012/at_download/file
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3808959
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3422724
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Reference Reason for Exclusion 

Patel TR, Yu JB, Piepmeier JM. Role of neurosurgery and radiation therapy in the management of 

brain tumors. Hematol Oncol Clin North Am. 2012;26(4):757-77. 

Irrelevant study design 

(i.e., no SR) 

Royal College of Radiologists, Society and College of Radiographers, Children's Cancer and 

Leukaemia Group. Good practice guide for paediatric radiotherapy [Internet]. London (England): The 

Royal College of Radiologists; 2012. [cited 2017 Apr 5]. Available from: 

https://www.rcr.ac.uk/system/files/publication/field_publication_files/BFCO(12)5_Good_practice_1.pdf  

Irrelevant study design 

(i.e., no SR) 

Sheets NC, Goldin G, Meyer AM, Wu Y, Chang Y, Sturmer T, et al. Comparative effectiveness of 

intensity modulated radiation therapy (IMRT), proton therapy (PT), and conformal radiation therapy 

(CRT) in the treatment of localized prostate cancer. J Clin Oncol [Internet]. 2012 Feb 10 [cited 2017 

Apr 4];30(5_suppl):3, 2012. Available from: http://meetinglibrary.asco.org/print/569138  

Other (i.e., unable to locate 

full text) 

Spratt DE, Lee N. Current and emerging treatment options for nasopharyngeal carcinoma. 

OncoTargets Ther [Internet]. 2012 [cited 2016 Nov 11];5:297-308. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3484899/pdf/ott-5-297.pdf  

Irrelevant study design 

(i.e., no SR) 

Stinchcombe TE, Bogart JA. Novel approaches of chemoradiotherapy in unresectable stage IIIA and 

stage IIIB non-small cell lung cancer. Oncologist [Internet]. 2012 [cited 2017 Apr 4];17(5):682-93. 

Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3360908/pdf/onc682.pdf  

Irrelevant study design 

(i.e., no SR) 

de Fendi LI, Arruda GV, Costa VP, Paula JS. Meta-analysis of beta radiation augmentation for 

trabeculectomy - results in distinct ethnic groups. Arquivos Brasileiros de Oftalmologia [Internet]. 

2011 [cited 2017 Apr 4];74(4):300-5. Available from: http://www.scielo.br/pdf/abo/v74n4/v74n4a16.pdf  

Irrelevant intervention 

(i.e., beta radiation) 

Decker RH, Langer CJ, Rosenzweig KE, Chang JY, Gewanter RM, Ginsburg ME, et al. ACR 

appropriateness criteria postoperative adjuvant therapy in non-small cell lung cancer. Am J Clin 

Oncol. 2011 Oct;34(5):537-44. 

Irrelevant study design 

(i.e., no SR) 

Di Maio S, Temkin N, Ramanathan D, Sekhar LN. Current comprehensive management of cranial 

base chordomas: 10-year meta-analysis of observational studies. J Neurosurg. 2011 

Dec;115(6):1094-105. 

Irrelevant study design 

(i.e., no SR) 

Guidance for the referral of patients abroad for NHS proton treatment. Version 2.3. London 

(England): NHS, National Specialised Commissioning Team; 2011 Jul. 

Other (i.e., guidance doc) 

Hadziahmetovic M, Shirai K, Chakravarti A. Recent advancements in multimodality treatment of 

gliomas. Future Oncology [Internet]. 2011 [cited 2017 Apr 4];7(10):1169-83. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284295/pdf/nihms-336631.pdf  

Irrelevant study design 

(i.e., no SR) 

Heidenreich A, Bellmunt J, Bolla M, Joniau S, Mason M, Matveev V, et al. EAU guidelines on 

prostate cancer. Part 1: screening, diagnosis, and treatment of clinically localised disease. Eur Urol. 

2011;59(1):61-71. 

Irrelevant study design 

(i.e., no SR) 

Rahbari NN, Mehrabi A, Mollberg NM, Muller SA, Koch M, Buchler MW, et al. Hepatocellular 

carcinoma: current management and perspectives for the future. Ann Surg. 2011;253(3):453-69. 

Irrelevant study design 

(i.e., no SR) 

Ramaekers BL, Pijls-Johannesma M, Joore MA, van den Ende P, Langendijk JA, Lambin P, et al. 

Systematic review and meta-analysis of radiotherapy in various head and neck cancers: comparing 

photons, carbon-ions and protons. Cancer Treat Rev. 2011 May;37(3):185-201. 

Irrelevant study design 

(i.e., no SR) 

Thariat J, Bolle S, Demizu Y, Marcy PY, Hu Y, Santini J, et al. New techniques in radiation therapy 

for head and neck cancer: IMRT, CyberKnife, protons, and carbon ions. Improved effectiveness and 

safety? Impact on survival? Anticancer Drugs. 2011 Aug;22(7):596-606. 

Irrelevant study design 

(i.e., no SR) 

https://www.rcr.ac.uk/system/files/publication/field_publication_files/BFCO(12)5_Good_practice_1.pdf
http://meetinglibrary.asco.org/print/569138
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3484899/pdf/ott-5-297.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3360908/pdf/onc682.pdf
http://www.scielo.br/pdf/abo/v74n4/v74n4a16.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284295/pdf/nihms-336631.pdf
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Reference Reason for Exclusion 

van de Water TA, Bijl HP, Schilstra C, Pijls-Johannesma M, Langendijk JA. The potential benefit of 

radiotherapy with protons in head and neck cancer with respect to normal tissue sparing: a 

systematic review of literature. Oncologist [Internet]. 2011 [cited 2017 Apr 4];16(3):366-77. Available 

from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228110/pdf/onc366.pdf  

Irrelevant outcome 

(i.e., dose release and 

tissue sparing) 

BlueCross BlueShield Association. Proton beam therapy for prostate cancer. Technol Eval Cent 

Asses Program [Internet]. 2011 [cited 2016 Nov 11];25(10). Available from: 

http://www.bcbs.com/cce/vols/25/25_10.pdf  

Irrelevant study design 

(i.e., no SR) 

Amichetti M, Amelio D, Cianchetti M, Enrici RM, Minniti G. A systematic review of proton therapy in 

the treatment of chondrosarcoma of the skull base. Neurosurg Rev. 2010 Apr;33(2):155-65. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Bassim MK, Berliner KI, Fisher LM, Brackmann DE, Friedman RA. Radiation therapy for the 

treatment of vestibular schwannoma: a critical evaluation of the state of the literature. Otol Neurotol. 

2010 Jun;31(4):567-73. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Biller BMK, Colao A, Petersenn S, Bonert VS, Boscaro M. Prolactinomas, Cushing's disease and 

acromegaly: debating the role of medical therapy for secretory pituitary adenomas. BMC Endocrine 

Disorders [Internet]. 2010 [cited 2017 Apr 4];10:10. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2887860/pdf/1472-6823-10-10.pdf  

Irrelevant study design 

(i.e., no SR) 

BlueCross BlueShield Association. Proton beam therapy for non-small-cell lung cancer. Technol Eval 

Cent Asses Program [Internet]. 2010 [cited 2016 Nov 11];25(7). Available from: 

http://www.bcbs.com/cce/vols/25/25_07.pdf  

Irrelevant study design 

(i.e., no SR) 

Conley GS, Hirsch BE. Stereotactic radiation treatment of vestibular schwannoma: Indications, 

limitations, and outcomes. Curr Opin Otolaryngology Head Neck Surg. 2010;18(5):351-6. 

Irrelevant study design 

(i.e., no SR) 

Flynn, K. Proton beam therapy for cancer [Internet]. Boston: VA Technology Assessment Program 

(VATAP); 2010. [cited 2016 Nov 11]. Available from: www.etsad.fr/etsad/afficher_lien.php?id=3709  

Irrelevant study design 

(i.e., overview of reviews) 

Grutters JP, Kessels AG, Pijls-Johannesma M, De Ruysscher D, Joore MA, Lambin P. Comparison 

of the effectiveness of radiotherapy with photons, protons and carbon-ions for non-small cell lung 

cancer: a meta-analysis. Radiother Oncol. 2010 Apr;95(1):32-40. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Hadrontherapie par ions carbone: annexes au rapport préliminaire [Internet]. Sainte-Denis (FR): 

Haute Autorité de Santé; 2010 Feb. [cited 2017 Apr 5]. Available from: http://www.has-

sante.fr/portail/upload/docs/application/pdf/2010-03/hadrontherapie_annexe__vf_pdf.pdf French.  

Irrelevant intervention 

(i.e., carbon ion therapy) 

Lance JM. [Proton therapy] [Internet]. Montreal: Agence d'Evaluation des Technologies et des Modes 

d'Intervention en Sante (AETMIS); 2010. (Note informative). [cited 2017 Apr 5]. Available from: 

https://www.inesss.qc.ca/fileadmin/doc/AETMIS/Rapports/Cancer/NI-2010_03_protontherapie.pdf 

French. 

Irrelevant study design 

(i.e., no SR) 

Maucort-Boulch D, Baron MH, Pommier P, Weber DC, Mizoe JE, Rochat J, et al. Rationale for 

carbon ion therapy in high-grade glioma based on a review and a meta-analysis of neutron beam 

trials. Cancer Radiothérapie. 2010 Jan;14(1):34-41. 

Irrelevant intervention 

(i.e., neutron beam therapy) 

Mayo C, Yorke E, Merchant TE. Radiation associated brainstem injury. Int J Radiat Oncol Biol Phys 

[Internet]. 2010 Mar 1 [cited 2017 Apr 4];76(3 Suppl):S36-S41. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2899702/pdf/nihms210723.pdf  

Irrelevant study design 

(i.e., no SR) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228110/pdf/onc366.pdf
http://www.bcbs.com/cce/vols/25/25_10.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2887860/pdf/1472-6823-10-10.pdf
http://www.bcbs.com/cce/vols/25/25_07.pdf
http://www.etsad.fr/etsad/afficher_lien.php?id=3709
http://www.has-sante.fr/portail/upload/docs/application/pdf/2010-03/hadrontherapie_annexe__vf_pdf.pdf
http://www.has-sante.fr/portail/upload/docs/application/pdf/2010-03/hadrontherapie_annexe__vf_pdf.pdf
https://www.inesss.qc.ca/fileadmin/doc/AETMIS/Rapports/Cancer/NI-2010_03_protontherapie.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2899702/pdf/nihms210723.pdf
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Reference Reason for Exclusion 

Michalski JM, Gay H, Jackson A, Tucker SL, Deasy JO. Radiation dose-volume effects in radiation-

induced rectal injury. Int J Radiat Oncol Biol Phys [Internet]. 2010 Mar 1 [cited 2017 Apr 4];76(3 

Suppl):S123-S129. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3319467/pdf/nihms186733.pdf  

Irrelevant study design 

(i.e., no SR) 

Pijls-Johannesma M, Grutters JP, Verhaegen F, Lambin P, De Ruysscher D. Do we have enough 

evidence to implement particle therapy as standard treatment in lung cancer? A systematic literature 

review. Oncologist [Internet]. 2010 [cited 2016 Nov 11];15(1):93-103. Available from: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3227882  

Irrelevant comparator 

(i.e., uncontrolled studies) 

Samson DJ, Ratko TA, Rothenberg BM, Brown HM, Bonnell CJ, Ziegler KM, et al. Comparative 

effectiveness and safety of radiotherapy treatments for head and neck cancer [Internet]. Rockville 

(MD): Agency for Healthcare Research and Quality (US); 2010 May. [cited 2016 Nov 11]. (AHRQ 

Comparative Effectiveness Reviews). Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK45242/pdf/Bookshelf_NBK45242.pdf  

Irrelevant comparator 

(i.e., no comparative 

evidence on PBT) 

Starke RM, Williams BJ, Vance ML, Sheehan JP. Radiation therapy and stereotactic radiosurgery for 

the treatment of Cushings disease: an evidence-based review. Curr Opin Endocrinol Diabetes Obes. 

2010;17(4):356-64. 

Irrelevant study design 

(i.e., no SR) 

Amichetti M, Cianchetti M, Amelio D, Enrici RM, Minniti G. Proton therapy in chordoma of the base of 

the skull: a systematic review. Neurosurg Rev. 2009 Oct;32(4):403-16. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Brada M, Pijls-Johannesma M, De Ruysscher D. Current clinical evidence for proton therapy. Cancer 

J. 2009 Jul;15(4):319-24. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Fossati P, Ricardi U, Orecchia R. Pediatric medulloblastoma: toxicity of current treatment and 

potential role of protontherapy. Cancer Treat Rev. 2009 Feb;35(1):79-96. 

Irrelevant study design 

(i.e., no SR) 

Health Council of the Netherlands Gezondheidsraad. Proton radiotherapy [Internet]. Hague: Health 

Council of the Netherlands Gezondheidsraad (GR); 2009. [cited 2017 Apr 4]. Available from: 

https://www.gezondheidsraad.nl/sites/default/files/proton_radiotherapy200917E_0.pdf  

Irrelevant study design 

(i.e., no SR) 

Karlsson B, Tsai YT. Radiosurgery for cavernomas - a meta-analysis. Pan Arab Journal of 

Neurosurgery. 2009;13(2):36-42, 146. 

Other (i.e., unable to locate 

the full text) 

Manchon P, Espinas JA, Borras JM. [Hadrontherapy in the treatment of cancer] [Internet]. Madrid: 

Ministerio de Ciencia e Innovación. Agència d'Ava - luació de Tecnologia i Recerca Mèdiques de 

Cataluña; 2009. Report No.: 2007/20. [cited 2017 Apr 5]. Available from: 

www.etsad.fr/etsad/afficher_lien.php?id=3119 Spanish. 

Other (i.e., unable to locate 

full text); irrelevant study 

design (i.e., overview of 

reviews) based on abstract 

review 

Pijls-Johannesma M, Grutters J, Lambin P, De Ruysscher DKM. Particle therapy versus conventional 

radiotherapy for lung cancer. Cochrane Database Syst Rev. 2009;(4). 

Other (i.e., protocol) 

Terasawa T, Dvorak T, Ip S, Raman G, Lau J, Trikalinos TA. Systematic review: charged-particle 

radiation therapy for cancer. Ann Intern Med [Internet]. 2009 Oct 20 [cited 2017 Apr 4];151(8):556-65. 

Available from: http://web.b.ebscohost.com/ehost/pdfviewer/pdfviewer?sid=a1d5955b-a50a-4da0-

bce7-f744e006d462%40sessionmgr120&vid=1&hid=116  

Irrelevant study design 

(i.e., no SR) 

Yang I, Aranda D, Han SJ, Chennupati S, Sughrue ME, Cheung SW, et al. Hearing preservation after 

stereotactic radiosurgery for vestibular schwannoma: a systematic review. J Clin Neurosci. 

2009;16(6):742-7. 

Irrelevant study design 

(i.e., no SR) 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3319467/pdf/nihms186733.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3227882
https://www.ncbi.nlm.nih.gov/books/NBK45242/pdf/Bookshelf_NBK45242.pdf
https://www.gezondheidsraad.nl/sites/default/files/proton_radiotherapy200917E_0.pdf
http://www.etsad.fr/etsad/afficher_lien.php?id=3119
http://web.b.ebscohost.com/ehost/pdfviewer/pdfviewer?sid=a1d5955b-a50a-4da0-bce7-f744e006d462%40sessionmgr120&vid=1&hid=116
http://web.b.ebscohost.com/ehost/pdfviewer/pdfviewer?sid=a1d5955b-a50a-4da0-bce7-f744e006d462%40sessionmgr120&vid=1&hid=116
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Reference Reason for Exclusion 

Lau WY, Lai ECH. Hepatocellular carcinoma: current management and recent advances. 

Hepatobiliary Pancreat Dis Int. [Internet]. 2008 [cited 2017 Apr 4];7(3):237-57. Available from: 

http://www.hbpdint.com/EN/Y2008/V7/I3/237#  

Irrelevant study design 

(i.e., no SR) 

Pijls-Johannesma M, Pommier P, Lievens Y. Cost-effectiveness of particle therapy: current evidence 

and future needs. Radiother Oncol. 2008 Nov;89(2):127-34. 

Irrelevant outcome 

(i.e., LYG or QALY) 

Pijls-Johannesma M, Grutters JP, Lambin P, Ruysscher DD. Particle therapy in lung cancer: where 

do we stand? Cancer Treat Rev. 2008 May;34(3):259-67. 

Irrelevant comparator 

(i.e., proton  +  photon RT) 

Widesott L, Amichetti M, Schwarz M. Proton therapy in lung cancer: clinical outcomes and technical 

issues. A systematic review. Radiother Oncol. 2008 Feb;86(2):154-64. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Wilt TJ, MacDonald R, Rutks I, Shamliyan TA, Taylor BC, Kane RL. Systematic review: comparative 

effectiveness and harms of treatments for clinically localized prostate cancer. Ann Intern Med. 

2008;148(6):435-48. 

Irrelevant comparator 

i.e., uncontrolled studies) 

ASERNIP-S. Proton beam therapy for the treatment of neoplasms involving (or adjacent to) cranial 

structures [Internet]. North Adelaide (AU): Australian Safety and Efficacy Register of New 

Interventional Procedures - Surgical (ASERNIP-S); 2007. 65 p. [cited 2016 Nov 11]. (Horizon 

scanning report). Available from: 

http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA257

5AD0080F3DC/$File/HSR%20-%20proton%20beam%20therapy%20(neoplasms%20intracranial).pdf  

Irrelevant study design 

(i.e., no SR) 

ASERNIP-S. Proton beam therapy for the treatment of uveal melanoma [Internet]. North Adelaide 

(AU): Australian Safety and Efficacy Register of New Interventional Procedures - Surgical (ASERNIP-

S); 2007. [cited 2016 Nov 11]. (Horizon scanning report). Available from: 

http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA2

575AD0080F3DC/$File/HSR%20-

%20proton%20beam%20therapy%20(uveal%20 millionelanomal).pdf  

Irrelevant study design 

(i.e., no SR) 

Brada M, Pijls-Johannesma M, De Ruysscher D. Proton therapy in clinical practice: current clinical 

evidence. J Clin Oncol. 2007;25(8):965-70. 

Irrelevant comparator 

(i.e., uncontrolled studies)  

Erven K, Van LE. Regional lymph node irradiation in breast cancer. Future Oncol. 2007;3(3):343-52. Irrelevant study design 

(i.e., no SR) 

John M. Eisenberg Center for Clinical Decisions and Communications Science. Comparative 

effectiveness review summary guides for clinicians [Internet]. Rockville (MD): Agency for Healthcare 

Research and Quality (US); 2007. Comparative Effectiveness and Safety of Radiotherapy 

Treatments for Head and Neck Cancer. [cited 2017 Apr 4]. (AHRQ Comparative Effectiveness 

Reviews). Available from: https://www.ncbi.nlm.nih.gov/books/NBK50593/  

Other (i.e., clinical guide) 

Kanthan GL, Jayamohan J, Yip D, Conway RM. Management of metastatic carcinoma of the uveal 

tract: An evidence-based analysis. Clin Exp Ophthalmol.. 2007;35(6):553-65. 

Irrelevant comparator 

(i.e., uncontrolled studies) 

Konski A, Speier W, Hanlon A, Beck JR, Pollack A. Is proton beam therapy cost effective in the 

treatment of adenocarcinoma of the prostate? J Clin Oncol. 2007 Aug 20;25(24):3603-8. 

Irrelevant outcome 

(i.e., QALY) 

Lodge M, Pijls-Johannesma M, Stirk L, Munro AJ, De Ruysscher D, Jefferson T. A systematic 

literature review of the clinical and cost-effectiveness of hadron therapy in cancer. Radiother Oncol. 

2007 May;83(2):110-22. 

Irrelevant study design 

(i.e., no SR [with no QA and 

relevant studies assessed 

by Olsen 2007
39

]) 

http://www.hbpdint.com/EN/Y2008/V7/I3/237
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA2575AD0080F3DC/$File/HSR%20-%20proton%20beam%20therapy%20(neoplasms%20intracranial).pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA2575AD0080F3DC/$File/HSR%20-%20proton%20beam%20therapy%20(neoplasms%20intracranial).pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA2575AD0080F3DC/$File/HSR%20-%20proton%20beam%20therapy%20(uveal%20melanomal).pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA2575AD0080F3DC/$File/HSR%20-%20proton%20beam%20therapy%20(uveal%20melanomal).pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/211ABF81A69CA39DCA2575AD0080F3DC/$File/HSR%20-%20proton%20beam%20therapy%20(uveal%20melanomal).pdf
https://www.ncbi.nlm.nih.gov/books/NBK50593/


  

 
CADTH HEALTH TECHNOLOGY ASSESSMENT Proton Beam Therapy for the Treatment of Cancer in Children and Adults 191 

Reference Reason for Exclusion 

Mueller-Lisse UG, Scherr MK. Proton MR spectroscopy of the prostate. Eur J Radiol. 2007;63(3):351-

60. 

Irrelevant study design 

(i.e., no SR) 

CE = cost-effectiveness; ICER = Institute for Clinical and Economic Review; LY = life-year; LYG = life-years gained; PBT = proton beam therapy; PSA = prostate-specific 

antigen; QA = quality assessment; QALY = quality-adjusted life-year; RT = radiotherapy; SR = systematic review. 
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Appendix 8: Characteristics of Included Systematic Reviews 
(Research Questions 1 and 2) 

 

First Author, 
Publication 
Year, 
Country, 
Funding 
Source 

Review Methods, 
Including Databases 
and Years Searched 
and QA Tools Used 

Study Types, 
Numbers, and 
Publication Years 
of Relevant 
Primary Studies 
Included 

Number, Age, 
Sex/Gender, and 
Comorbidities of 
Relevant Participants 
Included 

Intervention and 
Comparator 

Therapy, Follow-
Up, or Study 
Duration and 
Loss to 
Follow-Up 

Outcomes 
Reported by 
Systematic 
Reviews 

Subgroup 
Analyses of 
Interest 
Conducted 

Schroeck 
2017

30
 

 
US 
 
Funding from 
government 

SR of comparative 
primary studies 
 
MEDLINE, Embase, and 
Web of Science (2001 to 
2016) 
 
QA using three criteria 
from an unspecified 
source and GRADE for 
the body of evidence 

1 retrospective cohort 
study 
 
2013 

27,647 adults with prostate 
cancer 
 
Age: NR 
 
Sex/Gender: NR 
 
Comorbidities: NR 

PBT vs. IMRT
a
 Duration of follow-

up: 12 months 
 
Loss to follow-up: 
NR 

Harms: toxicity None 

Leroy 2016
31-33

 
 
Belgium 
 
Funding from 
government 

SR of reviews and all 
primary studies

b
 

 
MEDLINE, Embase, and 
Cochrane Library 
(2007 to 2015) 
 
QA using Cochrane RoB 
tool for primary studies 
and GRADE for the body 
of evidence 

2 retrospective non-
randomized studies 
 
2014 

52 children with 
craniopharyngioma and 
86 children, including infants, 
with retinoblastoma

c
 

 
Median age for 
craniopharyngioma: 
8.9 years; age range for 
retinoblastoma: birth to 
11.7 years 
 
Sex/Gender: 44.2% male for 
craniopharyngioma and 
47.7% male for 
retinoblastoma 
 
Comorbidities: NR 

PBT vs. other types 
of treatment or other 
forms of RT, 
including IMRT and 
photon RT, with or 
without 
chemotherapy or 
surgery 

Duration of follow-up 
(range): 8.9–
185.3 months for 
craniopharyngioma 
and 1.0–24.4 years 
for retinoblastoma 
 
Loss to follow-up: 
NR 

Benefits: 

 overall 
survival 

 disease-free 
survival 
 

Harms: 

 toxicity 

 secondary 
malignancy 

None 
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First Author, 
Publication 
Year, 
Country, 
Funding 
Source 

Review Methods, 
Including Databases 
and Years Searched 
and QA Tools Used 

Study Types, 
Numbers, and 
Publication Years 
of Relevant 
Primary Studies 
Included 

Number, Age, 
Sex/Gender, and 
Comorbidities of 
Relevant Participants 
Included 

Intervention and 
Comparator 

Therapy, Follow-
Up, or Study 
Duration and 
Loss to 
Follow-Up 

Outcomes 
Reported by 
Systematic 
Reviews 

Subgroup 
Analyses of 
Interest 
Conducted 

Verma 2016
34

 
 
US 
 
Funding: NR 

SR of all primary 
studies

b
 

 
PubMed and Embase 
(2000 to 2015) 
 
QA NR 

5 retrospective non-
randomized studies 
 
2009 to 2015 

1,097 adults with esophageal 
cancer, 343 adults with liver 
cancer, and 120 adults with 
liver metastases

d
 

 
Age: NR 
 
Sex/Gender: NR 
 
Comorbidities: NR 

PBT vs. 3DCRT; 
carbon ion RT; 
IMRT; or photon RT, 
with or without 
chemotherapy 

Median follow-up: 
28 months for 
esophageal cancer 
(where reported), 
31 months for liver 
cancer, and 
22 months for liver 
metastases 
 
Loss to follow-up: 
NR 

Benefits: 

 local control 

 overall 
survival 

 disease-
specific 
survival 

 progression-
free survival 

 
Harms: toxicity 

None 

Peterson 
2015

35
 

 
US 
 
Funding from 
government 

SR of reviews and all 
primary studies

b
 

 
MEDLINE, CENTRAL, 
and ClinicalTrials.gov 
(inception to 2014) 
 
QA using Cochrane RoB 
tool (RCTs) and DERP 
methods (for non-
randomized studies) for 
primary studies and 
AHRQ guidance for the 
body of evidence 

1 RCT and 23 non-
randomized studies 
 
1983 to 2014 

 20 adults with giant-cell 
bone tumours 98 adults with 
stage I breast cancer 

 40 adults with 
medulloblastoma, 56 adults 
with meningioma, 26 adults 
with recurrent malignant 
brain tumours, and 
32 children and adults with 
intramedullary spinal cord 
glioma 

 519 adults with esophageal 
cancer 

 44 adults with uveal 
hemangioma 

 8 adults with recurrent liver 
cancer and 854 adults with 
locally advanced NSCLC 

 64,787 adults with prostate 
cancer 

 
Median age 61 years for 
breast cancer and mean age 
66 years for NSCLC; Age for 
other cancer types: NR 
 

PBT vs. other forms 
of RT, including 
3DCRT, 
brachytherapy, 
IMRT, photon RT, 
and SRT, with or 
without 
chemotherapy or 
surgery 
 
PBT + photon RT 
vs. photon RT, with 
or without partial 
tumour resection 

Median duration or 
range of follow-up: 

 9.3 years for giant-
cell bone tumours 

 1.6–103.8 months 
for breast cancer 

 19.4 months for 
recurrent 
malignant brain 
tumours 

 27.7 months for 
uveal hemangioma 

 1.8–76.1 months 
for NSCLC 

 5–65 months for 
prostate cancer  
 

Duration for other 
cancer types: NR

e
 

 
Loss to follow-up: 
NR 

Benefits: 

 tumour or 
local control 

 overall 
survival 

 progression-
free survival 

 QoL 
 
Harms: 

 toxicity 

 secondary 
malignancy 

Subgroups: 

 malignant 
meningioma 

 different risk 
groups, 
T stages, and 
Gleason 
scores for 
prostate 
cancer 
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First Author, 
Publication 
Year, 
Country, 
Funding 
Source 

Review Methods, 
Including Databases 
and Years Searched 
and QA Tools Used 

Study Types, 
Numbers, and 
Publication Years 
of Relevant 
Primary Studies 
Included 

Number, Age, 
Sex/Gender, and 
Comorbidities of 
Relevant Participants 
Included 

Intervention and 
Comparator 

Therapy, Follow-
Up, or Study 
Duration and 
Loss to 
Follow-Up 

Outcomes 
Reported by 
Systematic 
Reviews 

Subgroup 
Analyses of 
Interest 
Conducted 

100% male for prostate 
cancer; Sex/Gender for other 
types of cancer: NR 
 
Comorbidities: NR 

ICER 2014
21

 
 
US 
 
Funding from 
government 

SR of all primary studies 
 
MEDLINE, Embase, and 
Cochrane Library 
(1990 to 2014) 
 
QA using USPSTF 
criteria for primary 
studies and AHRQ 
guidance for the body of 
evidence 

1 RCT and 22 non-
randomized 
comparative studies 
 
1995 to 2013 

 20 participants with giant-
cell bone tumours 

 40 adults with 
medulloblastoma and 
32 children and adults with 
intramedullary spinal cord 
glioma 

 519 adults with esophageal 
cancer 

 86 children with 
retinoblastoma, 44 adults 
with choroidal hemangioma, 
and 25 adults with optic 
nerve sheath meningioma 

 75 adults with head and 
neck cancer or skull-base 
tumours 

 351 adults with primary or 
recurrent liver cancer 

 965 adults with lung cancer 

 33,197 adults with prostate 
cancer 

 
Age: 

 23–45 years of mean age 
for giant-cell bone tumours 

 32 years of mean age for 
medulloblastoma 

 14–44 years of mean age 
for intramedullary spinal 
cord glioma 

 61–64 years of median age 

PBT vs. other types 
of therapy or other 
forms of RT, 
including 3DCRT, 
carbon ion RT, 
IMRT, and photon 
RT, with or without 
chemotherapy or 
surgery 
 
PBT + photon RT 
vs. photon RT 
 
PBT boost + photon 
RT vs. photon RT 
 
PBT + photon RT 
vs. brachytherapy 

 9 years of median 
follow-up for giant-
cell bone tumours 

 2.2–5 years of 
median follow-up 
for 
medulloblastoma 

 24 months of 
median follow-up 
for intramedullary 
spinal cord glioma 

 60–75 days of 
follow-up for 
esophageal cancer 

 6.9–13.1 years of 
median follow-up 
for retinoblastoma 

 23.7–29 months of 
median follow-up 
for choroidal 
hemangioma 

 3–168 months of 
follow-up range for 
optic nerve sheath 
meningioma 

 25–28 months of 
median follow-up 
for head and neck 
cancer or skull-
base tumours 

  31.0 months of 
median follow-up 

Benefits: 

 tumour 
control 

 overall 
survival 

 progression-
free survival 

 QoL 
 
Harms: 

 toxicity 

 secondary 
malignancy 

Subgroups: 

 Poorly-
differentiated 
tumours for 
prostate 
cancer 

 Well- or 
moderately-
differentiated 
tumours for 
prostate 
cancer 
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First Author, 
Publication 
Year, 
Country, 
Funding 
Source 

Review Methods, 
Including Databases 
and Years Searched 
and QA Tools Used 

Study Types, 
Numbers, and 
Publication Years 
of Relevant 
Primary Studies 
Included 

Number, Age, 
Sex/Gender, and 
Comorbidities of 
Relevant Participants 
Included 

Intervention and 
Comparator 

Therapy, Follow-
Up, or Study 
Duration and 
Loss to 
Follow-Up 

Outcomes 
Reported by 
Systematic 
Reviews 

Subgroup 
Analyses of 
Interest 
Conducted 

for esophageal cancer 

 7.5–10.0 months of median 
age for retinoblastoma, 
43.7–46.8 years of mean 
age for choroidal 
hemangioma, and 38.8–
47.7 years of mean age for 
optic nerve sheath 
meningioma 

 57–63 years of median age 
for head and neck cancer or 
skull-base tumours 

 50% aged ≥70 years for 
liver cancer 

 61–76 years of median age 
for lung cancer 

 69 years of mean/median 
age for prostate cancer 
 

Sex/Gender: 

 35% male for giant-cell 
bone tumours 

 65% male for 
medulloblastoma 

 44–55% male for 
retinoblastoma 

 23–100% male for optic 
nerve sheath meningioma 

 76–91% male for 
esophageal cancer 

 38–45% male for head and 
neck cancer or skull-base 
tumours 

 74–100% male for liver 
cancer 

 55%–67% male for lung 
cancer 

for liver cancer 

 1.5–3.5 years of 
median follow-up 
for lung cancer 

 4–8 years of 
median follow-up 
for prostate cancer 

 
Loss to follow-up: 
NR 
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First Author, 
Publication 
Year, 
Country, 
Funding 
Source 

Review Methods, 
Including Databases 
and Years Searched 
and QA Tools Used 

Study Types, 
Numbers, and 
Publication Years 
of Relevant 
Primary Studies 
Included 

Number, Age, 
Sex/Gender, and 
Comorbidities of 
Relevant Participants 
Included 

Intervention and 
Comparator 

Therapy, Follow-
Up, or Study 
Duration and 
Loss to 
Follow-Up 

Outcomes 
Reported by 
Systematic 
Reviews 

Subgroup 
Analyses of 
Interest 
Conducted 

 100% male for prostate 
cancer 

 
Comorbidities: NR 

Sun 2014
36

 
 
US 
 
Funding from 
government 

SR of comparative 
primary studies 
 
MEDLINE, PubMed, 
DARE, Embase, 
Cochrane Library, and 
HTA Database (2007 to 
2014) 
 
QA using AHRQ 
methods guide and 
AHRQ guidance for the 
body of evidence 

2 non-randomized 
studies 
 
2011 and 2012 

41,759 adults with clinically 
localized prostate cancer

 
(i.e., 

T1 to T3a, N0 to N𝑥, M0 to 

M𝑥) 

 
Age range: ≥ 66 years 
 
100% male 
 
Diabetes: 12%–26.6%; heart 
disease: 2%–25.3% 
 
Individual and other 
comorbidities reported for 
each study within the SR 

PBT vs. other types 
of therapy or other 
forms of RT, 
including 3DCRT, 
brachytherapy, and 
IMRT, with or 
without ADT 

3.83–4.17 years of 
median follow-up 
duration for 1 study 
and 10 years of 
follow-up duration 
for the other study 
 
Loss to follow-up: 
NR 

Benefits: QoL 
 
Harms: toxicity 

None 

Bekkering 
2009

37
 

 
Belgium 
 
Funding from a 
university 
hospital 

SR of all primary studies
i
 

 
MEDLINE, CINAHL, 
Embase, Cochrane 
Library, and Web of 
Science (inception to 
2007) 
 
QA using criteria 
adapted from the Centre 
for Reviews and 
Dissemination guidelines 

1 non-randomized 
cohort study 
 
2006 

44 adults with choroidal 
hemangioma 
 
Age: NR 
 
Sex/Gender: NR 
 
Comorbidities: NR 

PBT vs. photon RT
a
 Median follow-up 

duration: 23.7–
29 months 
 
Loss to follow-up: 
NR 

Harms: toxicity None 

Huybrechts 
2007

38
 

 
Belgium 
 
Funding: NR 

SR of reviews and all 
primary studies

b
 

 
MEDLINE, CRD, and 
Embase (2000 to 2007) 
 
QA: NR 

2 retrospective non-
randomized studies 
 
1999 and 2002 

597 adults with choroidal 
melanoma and 996 adults 
with uveal melanoma 
 
Age: NR 
 
Sex/Gender: NR 

PBT vs. iodine-
125 or ruthenium-
106 brachytherapy 
or helium therapy

a
 

Follow-up duration 
for uveal melanoma:  
5–15 years; Duration 
for choroidal 
melanoma: NR 
 
Loss to follow-up: 

Benefits: 

 local 
recurrence 

 late 
recurrence 

 mortality 

None 
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First Author, 
Publication 
Year, 
Country, 
Funding 
Source 

Review Methods, 
Including Databases 
and Years Searched 
and QA Tools Used 

Study Types, 
Numbers, and 
Publication Years 
of Relevant 
Primary Studies 
Included 

Number, Age, 
Sex/Gender, and 
Comorbidities of 
Relevant Participants 
Included 

Intervention and 
Comparator 

Therapy, Follow-
Up, or Study 
Duration and 
Loss to 
Follow-Up 

Outcomes 
Reported by 
Systematic 
Reviews 

Subgroup 
Analyses of 
Interest 
Conducted 

 
Comorbidities: NR 

NR  
Harms: toxicity 

Olsen 2007
39

 
 
Norway 
 
Funding: NR 

SR of all primary 
studies

b
 

 
MEDLINE and Embase 
(up to 2006) 
 
QA using SIGN critical 
appraisal checklists 

1 RCT and 
2 retrospective 
studies 
 
1983 to 1999 

597 adults with choroidal 
melanoma and 382 adults 
with prostate cancer 
 
Age: NR 
 
Sex/Gender: NR for choroidal 
melanoma and 100% male 
for prostate cancer 
 
Comorbidities: NR 

PBT vs. iodine-
125 or ruthenium-
106 brachytherapy

a
 

 
PBT boost + photon 
RT vs. photon RT

a
 

Duration: NR
e
 

 
Loss to follow-up: 
NR 

Benefits: 

 local control 

 overall 
survival 

 disease-free 
survival 

 
Harms: 

 toxicity 

Subgroups: 
poorly-
differentiated 
tumours for 
prostate cancer 

3DCRT = three-dimensional conformal radiotherapy; ADT = androgen deprivation therapy; AHRQ = Agency for Healthcare Research and Quality; CENTRAL = Cochrane Central Register of Controlled Trials; CRD = Centre for 

Reviews and Dissemination; DARE = Database of Abstracts of Reviews of Effects; DERP = Drug Effectiveness Review Project; GI = gastrointestinal; GRADE = Grading of Recommendations Assessment, Development and 

Evaluation; HTA = health technology assessment; ICER = Institute for Clinical and Economic Review; IMRT = intensity-modulated radiotherapy; NR = not reported; NSCLC = non–small cell lung cancer; PBT = proton beam 

therapy; QA = quality assessment; QoL = quality of life; RCT = randomized controlled trial; RoB = risk of bias; RT = radiotherapy; SIGN = Scottish Intercollegiate Guidelines Network; SR = systematic review; SRT = stereotactic 

body radiotherapy; USPSTF = United States Preventive Services Task Force; vs. = versus. 
a
 No information on concurrent or neoadjuvant treatment was provided. 

b
 Only findings from comparative primary studies were within scope. 

c
 While this SR included 15 different types of pediatric cancer, comparative data were available only on these two types of cancer. 

d
 While this SR included all types of GI cancer, comparative data were available only on these types of cancer. 

e 
Some of the outcomes had defined durations. 
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Appendix 9: Total Number of Included 
Systematic Reviews, Primary Studies, and 
Participants (Research Questions 1 and 2) 

 

Cancer Type 
Number of 
Systematic Reviews 

Included Relevant Primary Studies 
Number of 
Participants 

Bone cancer 1 Chakravarti 1999
41

 20 

Breast cancer 1 Galland-Girodet 2014
42

 98 

Central nervous system 
cancer 

6 

Arvold 2009
45a

 25 

Bishop 2014
43

 52 

Brown 2013
44

 40 

Hug 2000
46

 31 

Kahn 2011
48

 32 

Mizumoto 2013
47

 26 

Esophageal cancer 4 

Chuong 2015
50

 and Hallemeier 2015
51

 582 

McCurdy 2013
53

 75 

Wang 2013
52

 444 

Xiaomao 2009
49

 71 

Eye cancer 5 

Arvold 2009
45a

 25 

Char 2002
55

 996 

Foss 1997
56

 and Wilson 1999
54

 597 

Hocht 2006
58

 44 

Sethi 2014
57

 86 

Head and neck cancer 1 Demizu 2009
59

 75 

Liver cancer 3 

Katsui 2015
61

 120 

Komatsu 2011
60

 343 

Otsuka 2003
62

 8 

Lung cancer 3 

Fujii 2013
64

 111 

Gomez 2012
65

 652 

Sejpal 2011
63

 202 
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Cancer Type 
Number of 
Systematic Reviews 

Included Relevant Primary Studies 
Number of 
Participants 

Prostate cancer 11 

Coen 2012
71

 282 

Duttenhaver 1983
67

 180 

Fang 2014
76

 942 

Galbraith 2001
68

 96 

Gray 2013
69

 371 

Hoppe 2014
70

 1,447 

Jabbari 2010
72

 401 

Kim 2011
77

 28,088 

Sheets 2012
73

 1,368 

Benk 1993
74

 and Shipley 1995
66

 202 

Yu 2013
75

 27,647 

Total number of included primary studies and 
participants 

34 65,754 

a
 This study was included for two different types of cancer (i.e., central nervous system cancer and eye cancer) and counted once in the calculation of the total number of 

included primary studies and participants. 
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Appendix 10: Quality Assessment of 
Included Systematic Reviews 
(Research Question 1 and 2) 

 

Quality Assessment of Included Systematic Reviews 

 Shroeck 
2017

30
 

Leroy 
2016

31-33
 

Verma 
2016

34
 

Peterson 
2015

35
 

ICER 
2014

21
 

Sun 
2014

36
 

Bekkering 
2009

37
 

Huybrechts 
2007

38
 

Olsen 
2007

39
 

ROBIS Domain 1: Study Eligibility Criteria 

1.1 ● ● ● ● ● ● ● ● ● 

1.2 ● ● ● ● ● ● ● ● ● 

1.3 ● ● ● ● ● ● ● ● ● 

1.4 ● ● ● ● ● ● ● ● ● 

1.5 ● ● ● ● ● ● ● ● ● 

Concerns Low High High High Low Low Moderate Low Low 

ROBIS Domain 2: Identification and Selection of Studies 

2.1 ● ● ● ● ● ● ● ● ● 

2.2 ● ● ● ● ● ● ● ● ● 

2.3 ● ● ● ● ● ● ● ● ● 

2.4 ● ● ● ● ● ● ● ● ● 

2.5 ● ● ● ● ● ● ● ● ● 

Concerns Low Low Low Low Low Low Low Low Moderate 

ROBIS Domain 3: Data Collection and Study Appraisal 

3.1 ● ● ● ● ● ● ● ● ● 

3.2 ● ● ● ● ● ● ● ● ● 

3.3 ● ● ● ● ● ● ● ● ● 

3.4 ● ● ● ● ● ● ● ● ● 

3.5 ● ● ● ● ● ● ● ● ● 

Concerns Moderate Low High Low Low Low Low Low High 

ROBIS Domain 4: Synthesis and Findings 

4.1 ● ● ● ● ● ● ● ● ● 

4.2 ● ● ● ● ● ● ● ● ● 

4.3 ● ● ● ● ● ● ● ● ● 

4.4 ● ● ● ● ● ● ● ● ● 

4.5 ● ● ● ● ● ● ● ● ● 

4.6 ● ● ● ● ● ● ● ● ● 

Concerns Low Low High Low Low Low Low Low Moderate 

Four Additional Criteria 

5.1 N Y Y Y Y Y N Y N 

5.2 N Y Y N N N N N N 

5.3 N N N N N Y N N N 

5.4 Y Y Y Y N Y N Y N 

● = yes; ● = probably yes; ● = probably no; ● = no; ● = no information; Y = yes (high quality); N = no (low quality) 

ICER = Institute for Clinical and Economic Review; ROBIS = risk of bias in systematic reviews. 
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Appendix 11: Summary of Quality or Risk of 
Bias Assessments Conducted on Included 
Primary Studies (Research Questions 1 and 2) 

 

Systematic 
Review 

Quality or Risk of Bias Assessment 
Tools Used, Included Study Types 
and Numbers 

Quality or Risk of Bias Assessment Summary 

Schroeck 
2017

30
 

Three criteria from an unspecified source 
used on a retrospective cohort study (n = 1) 

The risk of bias for the observational study was moderate, as 
residual confounding may be present. The study included 
participant-specific data, but only 553 PBT participants were 
included, increasing the risk for imprecise estimates. 

GRADE used on the body of evidence Very low-quality body of evidence 

Leroy 2016
31-33

 Cochrane Risk of Bias tool used on 
retrospective non-randomized studies 
(n = 2) 

The Cochrane Risk of Bias rating was mixed for both studies, on 
a scale from very serious to no serious risk of bias. Both studies 
were assessed to have very serious risk of bias (due to no 
randomization, no allocation concealment, no blinding, long 
enrolment period, and significant differences between groups) 
and serious inconsistency (because only a single study on each 
type of cancer was retrieved). No serious indirectness, no serious 
imprecision, and no undetected publication bias were reported. 
 
Overall quality: Very low-quality primary studies 

GRADE used on the body of evidence Very low-quality body of evidence (due to high risk of bias and 
inconsistency) 

Verma 2016
34

 ROBINS-I used on retrospective 
non-randomized studies (n = 2)

a
 

 
No QA conducted on abstracts of meeting 
presentations (n = 3) 

The overall risk of bias for both included primary studies
52,60

 was 
assessed as moderate, with no prospective data collection and 
asynchronous comparison of participant groups by intervention 
across time. Using the ROBINS-I tool, a moderate risk of bias was 
identified in both studies, as it concerned the potential for 
confounding, misclassification of interventions and selective 
reporting — all of which were owing to the non-randomized 
designs employed. A low risk of bias was deemed to be present 
with regard to participant selection, reporting of missing data, and 
outcomes measurement for both studies. No information was 
reported in either study concerning any deviations from intended 
interventions. 
 
The quality was unknown for the findings from abstracts of 
meeting presentations.

50,51,237
 

 
Overall quality: Low (for the published studies) or unknown (for 
the meeting presentations) 

Peterson 2015
35

 Cochrane Risk of Bias tool used on an RCT 
(n = 1) and DERP methods used on non-
randomized studies (n = 22) 

The Cochrane Risk of Bias rating was of medium quality for the 
RCT. The DERP rating ranged from poor to fair quality for the 
non-randomized studies. The AHRQ guidance rating on the body 
of evidence ranged from low-strength evidence to insufficient 
evidence. 
 
Overall quality: Fair- to poor-quality studies 

AHRQ guidance used on the body of 
evidence 

Low to insufficient–quality body of evidence 
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Systematic 
Review 

Quality or Risk of Bias Assessment 
Tools Used, Included Study Types 
and Numbers 

Quality or Risk of Bias Assessment Summary 

ICER 2014
21

 USPSTF criteria on an RCT (n = 1) and non-
randomized studies (n = 23) 

Most of the comparative studies identified had major quality 
concerns. For example, nearly all non-randomized comparative 
studies were retrospective in nature, and many involved 
comparisons of a PBT cohort to a non-contemporaneous group 
receiving alternative therapy. Major differences in participant 
demographics and baseline clinical characteristics, as well as 
duration of follow-up, were often noted between groups. 
 
Overall quality: Fair- to poor-quality studies 

AHRQ guidance used on the body of 
evidence 

Low to insufficient–quality body of evidence 

Sun 2014
36

 AHRQ methods guide used on non-
randomized studies (n = 2) 

The AHRQ methods guide rating was medium risk of bias for the 
QoL data and high risk of bias for the harms data. 
 
Overall quality: Low-quality studies 

AHRQ guidance used on the body of 
evidence 

Insufficient-strength body of evidence 

Bekkering 
2009

37
 

Criteria adapted from the Centre for 
Reviews and Dissemination guidelines used 
on a non-randomized study (n = 1) 

The methodological quality of the included study was poor, with 
no prospective data collection and participants who were not 
comparable. 
 
Overall quality: Low-quality study 

Huybrechts 
2007

38
 

ROBINS-I used on retrospective non-
randomized studies (n = 2)

a
 

The overall risk of bias for both included primary studies
54,55

 was 
assessed as moderate, with no prospective data collection and no 
asynchronous comparison of participant groups by intervention 
across time. Using the ROBINS-I tool, a moderate risk of bias was 
identified in one study,

54
 as it concerned the potential for 

confounding, and no information addressing confounding was 
reported in the other study.

55
 Likewise, a moderate risk of bias 

due to misclassification of interventions and selective reporting 
was observed in both studies, primarily owing to the non-
randomized designs employed. A low risk of bias was deemed to 
be present with regard to participant selection, reporting of 
missing data, and outcomes measurement for both studies. No 
information was reported in either study concerning any 
deviations from intended interventions. 
 
Overall quality: Low-quality studies 

Olsen 2007
39

 SIGN critical appraisal checklists used on an 
RCT (n = 1) and retrospective studies 
(n = 2) 

The SIGN rating ranged from good to poor for the included 
primary studies. In general, the relevant evidence was low level. 
 
Overall quality: Low-quality studies 

AHRQ = Agency for Healthcare Research and Quality; DERP = Drug Effectiveness Review Project; GRADE = Grading of Recommendations Assessment, Development 

and Evaluation; ICER = Institute for Clinical and Economic Review; PBT = proton beam therapy; QA = quality assessment; QoL = quality of life; RCT = randomized 

controlled trial; ROBINS-I = Risk of Bias in Non-Randomized Studies of Interventions; SIGN = Scottish Intercollegiate Guidelines Network; USPSTF = United States 

Preventive Services Task Force. 
a
 QA conducted by reviewers of this report. 
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Appendix 12: Overlap of Primary Studies 
Across Included Systematic Reviews 
(Research Questions 1 and 2) 

 

Table 37: Bone Cancer Benefits 

Primary Studies 

Systematic Reviews 
Times 

Included 
Peterson 2015

35
 (n = 1) ICER 2014

21
 (n = 1) 

Chakravarti 1999
41

 Included Included 2 

ICER = Institute for Clinical and Economic Review. 

 

Table 38: Central Nervous System Cancer Benefits 

Primary Studies 

Systematic Reviews 
Times 

Included 
Leroy 2016

31-33
 (n = 1) Peterson 2015

35
 (n = 5) ICER 2014

21
 (n = 2) 

Arvold 2009
45

   Included  1 

Bishop 2014
43

 Included   1 

Brown 2013
44

  Included  Included 2 

Hug 2000
46

  Included  1 

Kahn 2011
48

   Included Included 2 

Mizumoto 2013
47

   Included  1 

ICER = Institute for Clinical and Economic Review. 

 

Table 39: Central Nervous System Cancer Harms 

Primary Studies 

Systematic Reviews 
Times 

Included 
Leroy 2016

31-33
 (n = 1) Peterson 2015

35
 (n = 5) ICER 2014

21
 (n = 2) 

Arvold 2009
45

   Included
 
  1 

Bishop 2014
43

 Included   1 

Brown 2013
44

   Included   Included 2 

Hug 2000
46

  Included  1 

Kahn 2011
48

   Included Included 2 

Mizumoto 2013
47

   Included   1 

ICER = Institute for Clinical and Economic Review. 
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Table 40: Esophageal Cancer Harms 

Primary Studies 

Systematic Reviews 
Times 

Included 
Verma 2016

34
 (n = 3) Peterson 2015

35
 (n = 2) ICER 2014

21
 (n = 2) 

Chuong 2015
50

 and 
Hallemeier 2015

51
 

 Included
 
   1 

McCurdy 2013
53

   Included   Included  2 

Wang 2013
52

  Included   Included  Included 3 

Xiaomao 2009
49

  Included    1 

ICER = Institute for Clinical and Economic Review. 

 

Table 41: Eye Cancer Benefits 

Primary Studies 

Systematic Reviews 
Times 

Included 
Huybrechts 2007

38
 (n = 2) Olsen 2007

39
 (n = 1) 

Char 2002
55

  Included
 
  1 

Foss 1997
56

 and Wilson 1999
54

  Included   Included  2 

ICER = Institute for Clinical and Economic Review. 

 

Table 42: Eye Cancer Harms 

Primary Studies 

Systematic Reviews 

Times 
Included Leroy 2016

31-33
 

(n = 1) 

Peterson 2015
35

 

(n = 3) 

ICER 2014
21

 

(n = 2) 

Bekkering 2009
37

 

(n = 1) 

Arvold 2009
45

   Included
 
   1 

Hocht 2006
58

   Included   Included   Included  3 

Sethi 2014
57

  Included   Included   Included   3 

ICER = Institute for Clinical and Economic Review. 

 

Table 43: Liver Cancer Benefits 

Primary Studies 

Systematic Reviews 
Times 

Included 
Verma 2016

34
 (n = 2) Peterson 2015

35
 (n = 1) ICER 2014

21
 (n = 2) 

Katsui 2015
61

  Included
 
   1 

Komatsu 2011
60

  Included    Included  2 

Otsuka 2003
62

   Included   Included  2 

ICER = Institute for Clinical and Economic Review. 
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Table 44: Lung Cancer Benefits 

Primary Studies 
Systematic Reviews 

Times 
Included 

Peterson 2015
35

 (n = 2) ICER 2014
21

 (n = 3) 

Fujii 2013
64

  Included
 
 1 

Gomez 2012
65

 Included Included 2 

Sejpal 2011
63

 Included Included 2 

ICER = Institute for Clinical and Economic Review. 

 

Table 45: Lung Cancer Harms 

Primary Studies 

Systematic Reviews 

Times 
Included Peterson 2015

35
 

(n = 6) 

ICER 2014
21

 

(n = 4) 

Sun 2014
36

 

(n = 1) 

Olsen 2007
39

 

(n = 2) 

Coen 2012
71

 Included
 
 Included   2 

Duttenhaver 1983
67

 Included   Included 2 

Galbraith 2001
68

 Included Included   2 

Gray 2013
69

 Included    1 

Hoppe 2014
70

 Included    1 

Jabbari 2010
72

  Included   1 

Sheets 2012
73

   Included  1 

Benk 1993
74

 and Shipley 1995
66

 Included Included  Included 3 

ICER = Institute for Clinical and Economic Review. 

 

Table 46: Prostate Cancer Benefits 

Primary Studies 

Systematic Reviews 
Times 

Included Peterson 2015
35

 
(n = 6) 

ICER 2014
21

 
(n = 4) 

Sun 2014
36

 
(n = 1) 

Olsen 2007
39

 
(n = 2) 

Coen 2012
71

  Included
 
  Included    2 

Duttenhaver 1983
67

  Included     Included  2 

Galbraith 2001
68

  Included   Included    2 

Gray 2013
69

  Included     1 

Hoppe 2014
70

  Included     1 

Jabbari 2010
72

   Included    1 

Sheets 2012
73

    Included   1 

Benk 1993
74

 and Shipley 1995
66

  Included   Included    Included  3 

ICER = Institute for Clinical and Economic Review. 
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Table 47: Prostate Cancer Harms 

Primary Studies 
Systematic Reviews Times 

Inclu
ded 

Schroeck 
2017

30
 (n = 1) 

Peterson 
2015

35
 (n = 7) 

ICER 2014
21

 
(n = 4) 

Sun 2014
36

 
(n = 2) 

Olsen 2007
39

 
(n = 2) 

Duttenhaver 1983
67

  Included
 
   Included 2 

Fang 2014
76

  Included    1 

Galbraith 2001
68

  Included    1 

Kim 2011
77

  Included Included Included  3 

Sheets 2012
73

  Included Included Included  3 

Benk 1993
74

 and Shipley 1995
66

  Included Included  Included 3 

Yu 2013
75

 Included Included Included   3 

ICER = Institute for Clinical and Economic Review. 
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Appendix 13: Study Selection Flow Diagram — 
Patient Preference and Experiences Review 

 

691 citations identified from 

electronic search, and screened 

669 citations 

excluded 

22 potentially relevant reports 

retrieved for scrutiny (full text) 

4 reports excluded 

 not qualitative: 2 

 no overnight stays: 1 

 not retrievable: 1 

18 reports eligible for inclusion in 

the review 
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Appendix 14: Study Selection Flow Diagram — 
Ethics Analysis 

 

 

 
Records identified through database 

searching 

(n = 880) 

Additional records identified through 

other sources 

(n = 1) 

Records screened 

(n = 881) 

Records excluded 

(n = 673) 

Full-text articles assessed for 

eligibility 

(n = 208) 

Contains issues identified as 

ethical and relevant to PBT 

(n = 149) 

Records excluded 

(n = 59) 
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Appendix 15: Included Full-Text Articles 
and Their Associated Ethics Themes 

 

Table 48: Ethics Themes With Their Associated Clinical Level Issues Derived From 

Full-Text Search 

Equity and Social Justice 

The values of justice and equity describe broad social duties to consider matters of justice and to avoid disproportionately benefiting 
or burdening particular individuals or populations without clear justification. 

Decreased access to RT due to race, sex, age, and/or socio-
economic status

133,154-180
 

Demas 2015; Baughman 2016; Bista 2016; Cheung 2014; Deb 
2016; Deb 2017; Dragun 2011; Gosain 2016; Gray 2015; Hess 
2015; Horton 2011; Jorgensen 2014; Lee 2012; Manzerova 2016; 
Naghavi 2016; Olsson 2011; Ozen 2015; Powers 2015; Rhoe 
2016; Robin 2016; Senerviratne 2017; Shah 2105; Sutton 2010; 
Yeboa 2016; Reinard 2017; Schreiber 2013; Wang 2017 

Decreased use of RT (or RT mode) due to travel time/distance 
from patient home to RT facility

174,183-201,238-240
 

Acharya 2016; Butler 2017; Cosway 2017; Craighead 2011; 
Gabriel 2015; Ghali 2016; Goyal 2015; Henry 2014; Hillas 2010; 
Hsieh 2015; Lin 2016; Liu 2015; Martinez 2012; Peipins 2013; 
Printz 2013; Schwam 2015; Senerviratne 2017; Sharma 2016; 
Wheeler 2012; Wheeler 2012; Gillan 2012; Sundaresan 2016; 
Sundaresan 2016 

Racial and socio-economic disparities regarding use of 
PBT

181,182
 

Mahal 2016; Odei 2017 

Relationship between density of radiation oncologists and use 
of RT

241,242
 

Churilla 2015; Gillespie 2016 

Refusal of recommended RT and association with demographic 
factors

243
 

Aizer 2014 

Relationship between patient costs and use of RT
244,245

 Lam 2015; Lauzier 2011 

PBT = proton beam therapy; RT = radiotherapy. 

 

Patient Autonomy and Good Decision-Making 

This is a key value in Western society that recognizes individuals’ roles in determining their life course. In health care contexts, 
informed consent is a means of respecting patient autonomy by enabling patients to make an informed decision about their care. 

Good decision-making through comprehensive information 
sharing

142,146-150,152,161,246
 

Zeugers 2012; Douma 2012; Forshaw 2017; Gosain 2016; 
Kunneman 2015; Kunneman 2015; Kunneman 2015; Olson 2012; 
Xu 201 

Understanding patient values to balance harms and 
benefits

151,153
 

Baldwin 2008; Kunneman 2015 

Use of shared decision-making approaches
141,143,144

 Berman 2016; van Tol-Geerdink 2008; Shabason 2014 

Use of decision aides to facilitate decision-making
145

 Demas Woodhouse 2017 

Information sharing as key to good care
140,141

 Foley 2016; Shabason 2014 
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Benefits and Harms for Patients and Loved Ones  

This value sits at the core of bioethics and describes duties at every level to fund, organize, and deliver health care services in a way 
that gives maximal chance of benefit and creates minimal harm for the patient, as well as others who may also be affected 
(e.g., family, friends, caregivers). Benefits and harms can be physiological (relating to illness, comfort) and psychosocial (relating to 
emotional, relational, and psychological well-being). This systematic review yielded results focusing on benefits in terms of patient 
experience and quality of life, rather than clinical benefit. See Clinical Review section of this report for information on clinical 
outcomes.  

Patients 

Satisfaction with RT treatment
116,117

  Becker-Schiebe 2015; Nijman 2012 

Cancer treatments can cause a decrease in patient quality of life
122,123

 Ferenc 2015; Piro 2017 

Interventions to address patient quality of life
131-133

 Clark 2013; Fang 2015; Guo 2013 

Decrease in psychosocial function for some RT patients
124

 Grant-Kels 2014 

Unmet psychological needs during care can have negative long-term 
effects

125-127
 

Lehto 2015; Suchocka-Capuano 2011; 
Sharma 2017  

Effects of psychological distress prior to RT
119-121

 
Courtier 2012; Kishan 2016; Halkett 
2012 

Psychosocial support for pediatric and youth patients during RT 
treatment

128-130
 

David 2012; Kahalley 2013; Kreitler 2012 

Role of radiation therapists in providing social support during RT 
treatment

134-136
 

Elsner 2017; Larsen 2015; Mitchell 2012 

RT treatment within context of patients’ life stories
118

 Donovan 2012 

Culture at care facility can affect patient anxiety
137

 Mullaney 2016 

Caregivers 
Symptom burden increases stress within caregiver/pt dyad

138
 Badr 2014 

Caregiver burden can vary according to demographic factors
139

 Govina 2015 

RT = radiotherapy. 

 

Table 49: Systems-Level Issues Derived From Full-Text Search 

Systems Efficiency and Stewardship 

This value describes the duties to make wise use of scarce resources, especially if these resources are shared by many. Closely 
related to values of efficiency, this value places economic decisions within the realm of ethics, with the view that resources should be 
used to achieve agreed upon aims, and further, that these aims are achieved within reasonable expenditures. In health care, the aim 
is typically to minimize suffering and improve health outcomes. To assess whether resources are being used appropriately, 
economists can support decision-makers by examining how much it costs for the technology to produce a QALY. Although this is not 
without controversy, it is generally thought that a cost per QALY that is beyond a certain threshold is not an appropriate use of 
resources. 

Effects on financial arrangement (e.g., billing) on treatment patterns
124,206-209

 
Anscher 2012; Grant-Kels 2014; Hill 
2017; Furlow 2011; Liu 2012 

Use of satellite units and travelling specialists has improved access/efficiency of RT
247,248

 Arenas 2015; Beardmore 2011 

The necessity of processes to determine access to PBT
210-212

 Hill-Kayser 2011; Jagsi 2004; Luhr 2014 

Provision of PBT can be made more efficient through use of collaboration and 
communication technologies

216,217
 

Timmerman 2010; Karlsson 2006 

Demand/request for PBT by patient/family
213,214

 will be greater than demand created by 
clinically reasonable criteria

215
 

Dyer 2014; Dyer 2014; Evidence base.. 
2014 

Disagreements about whether there is enough evidence to conclude that PBT is 
sufficient,

219,220
 and whether more data are necessary to be able to draw conclusions

221
 

Johnstone 2013; Woldern 2013; Jones 
2014 

The importance of having good evidence for PBT
218

 Lewis 2008 

Those who decide to have PBT do not necessarily have to bear the costs of it
249

 Steinberg 2009 

PBT = proton beam therapy; QALY = quality-adjusted life-year; RT = radiotherapy. 


