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Abstract

Background: In recent years, we have seen the incorporation of magnetic resonance imaging (MRI) simulators into
radiotherapy centres and the emergence of the new technology of MR linacs. However, the significant health care
resources associated with this advanced technology impact immediate widespread use and availability. There are
currently limited studies to demonstrate the clinical effectiveness and inform decision-making on the use of MRI in
radiotherapy. The objective of this scoping review is to identify and map the existing evidence surrounding the
clinical implementation of MRI-guided radiotherapy in patients with breast cancer. It also aims to identify
challenges and knowledge gaps in the literature.

Methods: We will perform a comprehensive search in MEDLINE and EMBASE databases from January 2010
onwards. Grey literature sources will include the WHO International Clinical Trials Registry Platform. We will include
systematic reviews, randomised and non-randomised controlled studies published in English. Literature should
examine the use of magnetic resonance imaging-guided radiotherapy in adults with breast cancer, regardless of
cancer stage or severity. Two reviewers will independently screen all titles, abstracts and full-text reports. Data will
be extracted and summarised using qualitative (e.g. content and thematic analysis) methods and presented in
tables.

Discussion: The results from this review will consolidate the evidence surrounding MRI-guided radiotherapy for
breast cancer, contributing to the development and optimisation of patient selection, simulation, planning,
treatment delivery, quality assurance and research, to help improve patient outcomes, cancer care and treatment
for women with breast cancer.

Systematic review registration: The protocol is available on Open Science Framework at DOI https://doi.org/10.
17605/0SF10/8TEVE
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Background

Breast cancer is the leading cause of cancer death among
women. In 2018, it is estimated that there were 647,000
deaths from breast cancer globally, accounting for 15%
of all cancer deaths [1]. A majority (approximately 77%)
of breast cancer cases are diagnosed as early stage [2].

The standard treatment for early stage breast cancer is
breast conservation surgery followed by radiotherapy to
the whole breast. Radiotherapy doses of 50 Gy/25 are de-
livered over 5 weeks and often combined with a boost to
the tumour bed to improve local control [3]. The long
fractionation time of whole breast irradiation can be a
burden to patients, and this has led to hypo-fractionated
schemes such as 42.5 Gy/16[4] and 26 Gy/5 [5], which
have comparable patient outcomes. An alternative to this
is accelerated partial breast irradiation (APBI), which de-
livers a higher dose of radiotherapy to a limited volume of
tissue, with an even shorter course duration. A common
regime for external beam and Brachytherapy-based APBI
techniques is 38.5 Gy delivered in twice daily fractions
over 5 days [6—10]. APBI may be considered for selected
cases of lower-risk disease [11, 12] where the tumour bed
can be accurately localised.

Contouring breast volumes for radiotherapy is per-
formed on a computed tomography (CT) scan. With
limited soft-tissue contrast in CT images, the task is dif-
ficult, and high variability in tumour volumes is reported
amongst radiation oncologist’s [13-16]. As a result, tar-
get volumes may be relatively large, which may lead to
higher organ at risk doses and increased risk of acute
and late toxicity. For breast radiotherapy treatments,
magnetic resonance imaging (MRI) is enabling more so-
phisticated approaches with the improved accuracy of
target definition and the opportunity to evaluate APBI
techniques [17-21].

The role of MRI in radiotherapy planning and delivery
is increasing [22, 23]. MRI scanners are being introduced
as MR simulators. Combination MR Scanners and Linear
Accelerators (MR linacs) are a new technology, such as
the MRIdian (Viewray, Oakwood, Ohio) and Unity
(Elekta, Stockholm, Sweden). They have the ability to pro-
vide marker-less, real-time image guidance in radiotherapy
treatments, and incorporate functional information
through the use of different imaging sequences. Higher
precision target localisation combined with dynamic target
information can minimise the impact of motion during
radiotherapy delivery and lead to decreased planning tar-
get volume (PTV) margins and new radiotherapy ap-
proaches [24, 25]. Currently, the novel machine has been
used on areas including the abdomen, pelvis, head and
neck, thorax and oligometastatic disease [26].

Although treatment of the breast may benefit from
MRI-guided radiotherapy, implementation for this
tumour site is technically challenging and not typically

Page 2 of 7

the first choice for clinics new to MRI. Unlike the diag-
nostic setting, MR simulators are most suitable for target
definition. They have physical differences in the mag-
netic field strength and patient positioning systems,
which affect the breast anatomy from how we normally
see it. The MR linac is also considerably different to the
conventional linac, with mechanical limitations on the
collimator, couch, treatment field size and delivery tech-
niques, which change the treatment planning and deliv-
ery process for breast radiotherapy. The radiofrequency
coils required for MR imaging, associated geometric ac-
curacy and isotropic resolution, and the very presence of
a magnetic field during treatment delivery with the ef-
fects upon secondary electrons [27-30], are important
factors for dose calculations and affect the dosimetry in
the breast. Given longer fraction durations on the MR
linac, especially with high dose per fraction prescriptions
and the adaptive nature of treatments, intrafraction mo-
tion must also be considered. Hence, there is a need for
some guidance on the implementation of MRI-guided
radiotherapy for breast cancer.

Rationale of the review

MRI-guided radiotherapy is rapidly evolving and
expanding to breast treatments [26, 31]. There is the po-
tential to improve the quality of treatments by decreas-
ing toxicity to the breast and adjacent organs, while
simplifying the logistics of treatment, which may impact
thousands of breast cancer patients annually. The exist-
ing literature on this is sparse and scattered. A prelimin-
ary search revealed there were no existing scoping
review protocols or finalised systematic/scoping reviews
on MRI-guided radiotherapy for breast cancer. There-
fore, seeking evidence on this topic warrants further ex-
ploration. The primary aim of this review is to describe
the state of the peer-reviewed literature on key aspects of
the radiotherapy chain including simulation, tumour de-
lineation, planning, treatment delivery and quality assur-
ance for MRI-guided breast radiotherapy. A scoping
review of available international evidence will help to
understand which factors determine the optimal treat-
ment technique, target volume margins, prescription and
fractionation schedules, and if APBI is feasible. It will ad-
dress the main issues related to delivering radiotherapy to
the breast site in the presence of a magnetic field. This will
draw attention of the radiotherapy community, build mo-
mentum and support the development of MRI-guided
breast radiotherapy for radiation oncology health services.

Objectives

In this protocol, we present our methods for conducting
a scoping review. The objective of the review is to exam-
ine and map the existing literature on the use of the MR
simulator and MR linac for radiotherapy of breast cancer



Elliott et al. Systematic Reviews (2021) 10:44

among adults, with the aim to identify, summarize and
synthesize the existing current knowledge, literature and
evidence from published studies. We also aim to identify
and analyse potential gaps in the current research base.

Methods

This protocol has been registered within the Open Sci-
ence Framework database (registration number: DOI
10.17605/OSF.IO/8TEV6). The proposed scoping review
will be reported in accordance with the reporting guid-
ance provided in the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses Protocols (PRIS
MA-P) statement [32, 33] (see checklist in Additional
file 1) and the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) extension for
Scoping Reviews (PRISMA-ScR) [34]. The scoping re-
view methodology will be conducted in accordance with
the framework proposed by Arksey and O’Malley [35],
which has been further developed by Levac et al. [36].
This framework recommends organising the review
process following a series of steps which includes but is
not limited to the following: (1) identifying the research
question; (2) identifying relevant studies; (3) study selec-
tion; (4) charting the data; (5) collating, summarising
and reporting the results; and (6) consulting with rele-
vant stakeholders and key informants.

Stage 1: identifying the research question
This stage consisted of discussion and deliberation with
the research team, given the department’s recent acquisi-
tion of an MR simulator and MR linac. As mentioned
above, the incentive to conduct the review is to scope
the existing literature aiming to identify the evidence,
map the existing literature and define the optimal use
and clinical implementation of the MR simulator and
MR linac for breast radiotherapy. More specifically, this
research will be guided by the following research
question:

What is the range of existing evidence surrounding the
clinical implementation of MRI-guided radiotherapy in
patients with breast cancer?

Stage 2: identifying relevant studies

Eligibility criteria

The Population-Concept-Context (PPC) framework will
be used to align the study selection with the research
questions. We will restrict our search to English lan-
guage, peer-reviewed studies. Given the recent emer-
gence of MRI-guided radiotherapy studies, we will also
restrict our search to studies published from January
2010 onwards. To be included in the review, sources of
evidence will need to be systematic reviews, randomised
and non-randomised controlled trials. We will exclude
case reports, case series, narrative reviews and animal
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studies. This review will include studies involving adults
(aged > 18 years old) with breast cancer, regardless of
stage or severity. They may include pre-operative or post-
operative radiotherapy; however, studies on metastatic
breast cancer or nodal spread will be specifically excluded.
This review will include studies on MRI-guided radiother-
apy, such as MR Linac, MR simulation and any type of ra-
diation therapy intervention (e.g. Brachytherapy, VMAT,
IMRT, 3DCRT). Studies that report data collected on MR
scanners in the diagnostic setting only will be excluded.
Studies may have been conducted in any country, but
must have taken place in a hospital, clinical or academic
setting. Full details of the inclusion and exclusion criteria
are summarised in Table 1.

Information sources

The primary source of literature will be a structured
search of electronic databases MEDLINE (Ovid) and
EMBASE (Ovid). Outputs will be included if they are
published from 2010 onwards, when MRI-guided radio-
therapy studies started to emerge. The secondary source
of potentially relevant material will be a search of the
ongoing and unidentified clinical trials using the WHO
International Clinical Trials Registry Platform search
portal. The references of included documents, but also
key journals, conference papers, research thesis and dis-
sertations will be hand-searched to identify any add-
itional evidence sources. Efforts will be made to contact
authors of completed, ongoing studies, in-press or un-
published literature for information regarding additional
studies or relevant material. The search strategy will be
designed in conjunction with a research librarian. Key
search terms will include breast cancer, MR simulator
and MR linac. A draft of the MEDLINE search strategy
is outlined in Additional file 2.

Stage 3: study selection

Two reviewers will independently screen title and ab-
stracts of all potentially relevant citations against the de-
tailed inclusion and exclusion criteria listed in Table 1.
The COVIDENCE [37] application will be used for effi-
cient screening. Any disagreement will be resolved by a
group discussion. If consensus cannot be achieved, a
third review author will be consulted for final study arbi-
tration. We will use the PRISMA flow diagram to outline
our search results, depicting the number of studies to be
included or excluded from the data analysis phase.

Stage 4: data charting

Two reviewers will independently extract data from
studies fulfilling the inclusion criteria. If any disagree-
ment occurs, this will be resolved by discussion with a
third review author. If consensus cannot be achieved, a
fourth review author will then be consulted for
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Table 1 Study inclusion and exclusion criteria
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Study characteristics Inclusion criteria

Exclusion criteria

Design Systematic review
Randomised and non-randomised controlled studies
Clinical Trials

Publication Peer reviewed journal

Published in English
Abstract and full text available
2010 to present

Participants Breast cancer only
Adults = 18 years

Any tumour stage

MR Linac
MR Simulator

Intervention

Any type of radiation therapy intervention, e.g.

Brachytherapy, VMAT, IMRT, 3DCRT

Case report/study
Descriptive report

Doctoral thesis
Conference proceeding, abstract or poster

Any cancer excluding breast metastases, nodal spread

Standard diagnostic MRI scans used in a radiation therapy setting

arbitration. A data extraction form will be developed
using Microsoft Excel (Microsoft, Redmond) and
reviewed by the review authors before data extraction
commences. To ensure data extraction consistency
amongst review authors and to ensure the form captures
all relevant themes to the scoping review question and
objectives, the form will be pilot tested using a number
of diverse studies reflecting the nature of the evidence.

The concept of interest of this proposed scoping re-
view is the type, timing, technical and clinical details of
MR simulation or MR linac treatments for breast cancer
radiotherapy patients. Specifically, we will extract data
on the MRI sequences, coils, patient set-up/immobilisa-
tion techniques, target margins, tumour localisation,
planning and dosimetric issues, adaptive treatments,
workflow, safety and quality assurance. Patient outcomes
collected will also be of interest. Since a scoping review
aims to provide a comprehensive examination of the lit-
erature, the data extracted will include, but not be lim-
ited to the following information listed in Table 2.

Stage 5: data summary and synthesis of results

Data extracted from the included studies by the review
team will be used to develop an analytical framework to

Table 2 Planned data extraction headings in the scoping review

collate, summarise and synthesise the data. In particular,
we will make use of tables that outline each study ac-
cording to author, year, setting and implementation
stage of the radiotherapy process (i.e. imaging, plan-
ning, treatment delivery), as shown in Table 3. These
tables will provide an overview of the extent, nature
and distribution of the studies included in this review.
For example, they will allow comparison of MRI-
guided APBI and conventional treatment regimes, as
well as MRI magnet strength and doses to organs at
risk (OAR). Furthermore, themes identified from all
the studies will be organised, coded and thematically
analysed to showcase areas of clinical practice using a
narrative summary format.

Stage 6: consultation

We will use this opportunity to share our findings and
refer to relevant health care professionals including radi-
ation therapists, physicists and radiation oncologists to
gain more insight into our data from different perspec-
tives. Information gleaned from our clinical stakeholders
will be used to allow for any adjustments or expansion
to the initial analytical framework.

Study details Heading

General study details Title, lead author, journal, year of publication, type of publication, location, objectives of the article

Study characteristics

Participants

Design, duration, number of study arms, measurement methods
Total number, setting, inclusion/exclusion criteria, age, ethnicity, breast cancer stage

Total number of interventions and comparison groups, number of participants in each group, range (variety), stage of radiation

List of outcomes, time-points, data collection method (qualitative/quantitative), scanning parameters, OAR/target delineation,

Intervention

therapy process, MR simulator/MR linac
Outcomes

adaptive planning strategies, dose prescription, toxicities, etc.
Results

Challenges Effect, source, potential solution

Results presented by authors, effectiveness, future research directions identified by authors
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Table 3 Proposed categories for presentation
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Table heading

Key results

Implementation 1:
imaging

Implementation 2:
planning

Implementation 3:
treatment

Challenges/knowledge gaps

Patient selection

MR acquisition sequences
Image quality

Quiality assurance developments
Image registration

Patient setup

Immobilisation equipment

Structure delineation
Technique

Beam properties

Dose calculation
Dosimetry

Corrections
Inter-fractional and intra-fractional adaptions
Target volume margins
Dose coverage of target
Organ at risk doses

Skin dose

Motion management

Tumour localisation

Delivered vs planned dose

Workflow quality assurance and delivery issues
Safety

Patient outcomes

Early assessment of treatment response

Commissioning

Planning

Delivery

Future research

Clinical trials enabled by MRI-guided radiotherapy for breast cancer
Limitations of technological development

Discussion

The study will contain information gathered from
already published papers; therefore, it does not require
ethical approval.

We aim to conduct a well-structured and reproducible
study through rigorous planning and thorough documentation
of the study methodology, creating an optimal framework for
data charting, appraisal and synthesis. In performing this
study, we anticipate one operational challenge. As part of the
inclusion criteria we will include studies with a seemingly wide
range of methodology and research objectives. While this will
not affect the title and abstract review or full-text screening
process, data synthesis and collation of a wide range of evi-
dence in a harmonised way will be difficult.

MRI-guided radiotherapy is an advanced technology
that requires significant health care resources including
cost, a large physical space and clinical expertise to per-
form the diverse and complex tasks associated with MRL
As such, the emerging technology is not available to every-
one. There are a limited number of studies to inform
decision-making in the use of MRI-guided therapies for
breast cancer and to demonstrate clinical effectiveness to
this treatment site. Evaluating the gathered studies for this
new technology poses a particular challenge in the limited
number of published studies and participants to date. We
may not be able to make definitive conclusions if sample

sizes for any specific topic are too small, as this will de-
crease the power of the study.

Although it is not a limitation, we will not assess qual-
ity of the evidence during the review process.

Any amendments made to this protocol when conduct-
ing the study will be outlined and reported in outputs of
the review results and the final manuscript. Following
completion of data extraction, the dissemination process
will start with sharing the initial findings of this review
with other researchers, radiation oncologists, physicists,
radiation therapists and MR radiographers within and be-
yond our organisation to enhance the review’s quality.
The findings will serve as a tool for implementing MRI-
guided radiotherapy in Australia. We will submit study
findings to a peer-reviewed scientific journal. In addition,
we will seek to present the study at scientific conferences.

Consolidation of the evidence surrounding MRI-
guided radiotherapy for breast cancer from this scoping
review will contribute to the knowledge base of health
professionals. This knowledge can support the develop-
ment and optimisation of patient selection, simulation,
planning, treatment delivery, quality assurance and re-
search. Furthermore, it can accelerate the implementa-
tion of new approaches to breast radiotherapy, which
could help improve patient outcomes, cancer care and
treatment for women with breast cancer.
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strategy to be used in the MEDLINE database.

Abbreviations

MRI: Magnetic resonance imaging; MR: Magnetic resonance;

APBI: Accelerated partial breast irradiation; CT: Computed tomography; PRIS
MA-ScR: Preferred Reporting Items for Systematic reviews and Meta-Analysis
extension for Scoping Reviews; VMAT: Volume modulated arc therapy;
IMRT: Intensity modulated radiation therapy; 3DCRT: Three dimensional
conformal radiation therapy; OAR: Organs at risk

Acknowledgements
Not applicable

Authors’ contributions

SE, AB, JW, MC and FF contributed to the conceptual design of this review.
AB conducted an initial literature review and JW performed the search
strategy design. SE and JW drafted the protocol, AB, MC and FF reviewed
and contributed to the final manuscript. All authors have read and approved
this manuscript.

Funding
This research received no specific grant from any funding agency in the
public, commercial or not-for-profit sectors.

Availability of data and materials
Not applicable

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Received: 16 July 2020 Accepted: 18 January 2021
Published online: 01 February 2021

References

1. World Health Organization statistics. https://www.who.int/cancer/
prevention/diagnosis-screening/breast-cancer/en/ Accessed 10 June 2020

2. National Cancer Control Indicators. Distribution of cancer stage; published
26 Apr, 2018: or https://ncci.canceraustralia.gov.au/diagnosis/distribution-
cancer-stage/distribution-cancer-stage Accessed 10 June 2020

3. Heilat GB, Brennan ME, French J. Update on the management of early-stage
breast cancer. AJGP. 2019,48(9):604-608. doi:10.31128/AJGP-03-19-4891

4. Whelan TJ, Pignol JP, Levine MN, et al. Long-term results of
hypofractionated radiation therapy for breast cancer. N Engl J Med. 2010;
362(6):513-20. https://doi.org/10.1056/NEJM0a0906260.

5. Brunt AM, Haviland JS, Wheatley DA el al. Hypofractionated breast
radiotherapy for 1 week versus 3 weeks (FAST-Forward): 5-year efficacy and
late normal tissue effects results from a multicentre, non-inferiority,
randomised, phase 3 trial. Lancet. 2020;395:1613-26. doi:10.1016/50140-
6736(20)30932-6

6.  Strand V, Ott OJ, Hildebrandt G, et al. 5-year results of accelerated partial
breast irradiation using sole interstitial multicatheter brachytherapy versus
whole-breast irradiation with boost after breast-conserving surgery for low-
risk invasive and in-situ carcinoma of the female breast: a randomised,
phase 3, non-inferiority trial. Lancet. 2016;387:229-38. https://doi.org/10.
1016/50140-6736(15)00471-7.

7. Vaidya JS, Joseph DJ, Tobias JS et al, Targeted intraoperative radiotherapy
versus whole breast radiotherapy for breast cancer (TARGIT-A trial): an

20.

22.

23.

24,

25.

Page 6 of 7

international, prospective, randomised, non-inferiority phase 3 trial. Lancet.
2010;376:91-102. doi:10.1016/50140- 6736(10)60837-9

Veronesi U, Orechhia R, Masionneuve P, et al. Intraoperative radiotherapy
versus external radiotherapy for early breast cancer (ELIOT): a randomised
controlled equivalence trial. Lancet Oncol. 2013;14:1269-77. https://doi.org/
10.1016/S1470-2045(13)70497-2.

Vicini FA, Cecchini RS, White JR, et al. Primary results of NSABP B39/RTOG
0413 (NRG Oncology): A randomized phase lll study of conventional whole
breast irradiation (WBI) versus partial breast irradiation (PBI) for women with
stage 0, I, or Il breast cancer. Cancer Research. 2019;79 Suppl 4. doi:10.1158/
1538-7445.SABCS18-GS4-04

Whelan T, Julian J, Levine M et al. RAPID: a randomized trial of accelerated
partial breast irradiation using 3-dimensional conformal radiotherapy (3D-
CRT). Cancer Research. 2019;79 Suppl 4. doi:10.1158/1538-7445.SABCS18-
(G54-03

Polgar C, Limbergen EV, Potter R, et al. Patient selection for accelerated
partial-breast irradiation (APBI) after breast-conserving surgery:
Recommendations of the Groupe European de Curietherapie-European
Society for Therapeutic Radiology and Oncology (GEC_ESTRO) breast cancer
working group based on clinical evidence (2009). Radiother Oncology. 2010;
94(3):264-73. https://doi.org/10.1016/jradonc.2010.01.014.

Smith BD, Arthur DW, Buchholz TA, et al. Accelerated Partial Breast
Irradiation Consensus Statement From the American Society for Radiation
Oncology (ASTRO). Int J Radiat Oncol Biol Phys. 2009;74(4):987-1001. https://
doi.org/10.1016/}ijrobp.2009.02.031.

Van Mourik AM, Elkhuizen PHM, Minkema D, et al. Multiinstitutional study
on target volume delineation variation in breast radiotherapy in the
presence of guidelines. Radiother Oncol. 2010,94(3):286-91. https://doi.org/
10.1016/j.radonc.2010.01.009.

Landis D, Luo W, Song J, et al. Variability among breast radiation
oncologists in delineation of the postsurgical lumpectomy cavity. [JROBP.
2007;67(5):1299-308. https://doi.org/10.1016/}ijrobp.2006.11.026.

Struikmans H, Warlam-Rodenjuis C, Stam T, et al. Interobserver variability of
clinical target volume delineation of glandular breast tissue and of boost
volume in tangential breast irradiation. Radiother Oncol. 2005;76(3):293-9.
https://doi.org/10.1016/j.radonc.2005.03.029.

Boersma LJ, Janssen T, Elkjuizen PHM, et al. Reducing interobserver variation
of boost-CTV delineation in breast conserving radiation therapy using a pre-
operative CT and delineation guidelines. Radiother Oncol. 2012;103(2):178-
82.20.1016/jradonc.2011.12.021.

Schmitz AC, van den Bosch MAAJ, Loo CE, et al. Precise correlation between
MRI and histopathology - Exploring treatment margins for MRI-guided
localized breast cancer therapy. Radiother Oncol. 2010,97(2):225-32. https://
doi.org/10.1016/j.radonc.2010.07.025.

Schmitz AC, Pengel KE, Loo CE, et al. Pre-treatment imaging and pathology
characteristics of invasive breast cancers of limited extent: Potential
relevance for MRI-guided localized therapy. Radiother Oncol. 2012;104:11-8.
https://doi.org/10.1016/jradonc.2012.01.014.

Den Hartogh MD, Philippens MEP, Van Dam IE et al. MRl and CT imaging
for preoperative target volume delineation breast-conserving therapy.
Radiation Oncology. 2014;9:63-717X-9-63

Di Leo G, Trimboli RM, Benedek A, et al. MR imaging for selection of
patients for partial breast irradiation: A systematic review and meta-analysis.
Radiology. 2015,277(3):716-26.

Charaghvandi RK, den Hartogh MD, van Ommen AMLN, et al. MRI-guided
single fraction ablative radiotherapy for early-stage breast cancer: a
brachytherapy versus volumetric modulated arc therapy dosimetry study.
Radiother Oncol. 2015;117(3):477-82. https;//doi.org/10.1016/jradonc.2015.
09.023.

Metcalfe P, Liney GP, Holloway L et al. The potential for an enhanced role
for MRI in radiation-therapy treatment planning. Technology in Cancer
Research and Treatment. 2013;12(5):429-446. doi:10.77885/tcrt.2012.500342
Arivarasan H, Anuradha C, Subramanian S, et al. Magnetic resonance iage
guidance in external beam radiation therapy planning and delivery. Jpn J
Radiol. 2017;35:417-26. https://doi.org/10.1007/511604-017-0656-5.
Lagendijk JJW, Raaymakers BW, van Vulpen M. The magnetic resonance
imaging-linac system. Semin Radiat Oncol. 2014;24:207-9. https://doi.org/10.
1016/j.semradonc.2014.02.009.

Corradini S, Alongi F, Andratschke N, et al. MR-guidance in clinical
reality: current treatment challenges and future perspectives. Radiat
Oncol. 2019;14:92.


https://doi.org/10.1186/s13643-021-01594-9
https://doi.org/10.1186/s13643-021-01594-9
https://www.who.int/cancer/prevention/diagnosis-screening/breast-cancer/en/
https://www.who.int/cancer/prevention/diagnosis-screening/breast-cancer/en/
https://ncci.canceraustralia.gov.au/diagnosis/distribution-cancer-stage/distribution-cancer-stage
https://ncci.canceraustralia.gov.au/diagnosis/distribution-cancer-stage/distribution-cancer-stage
https://doi.org/10.1056/NEJMoa0906260
https://doi.org/10.1016/S0140-6736(15)00471-7
https://doi.org/10.1016/S0140-6736(15)00471-7
https://doi.org/10.1016/S1470-2045(13)70497-2
https://doi.org/10.1016/S1470-2045(13)70497-2
https://doi.org/10.1016/j.radonc.2010.01.014
https://doi.org/10.1016/j.ijrobp.2009.02.031
https://doi.org/10.1016/j.ijrobp.2009.02.031
https://doi.org/10.1016/j.radonc.2010.01.009
https://doi.org/10.1016/j.radonc.2010.01.009
https://doi.org/10.1016/j.ijrobp.2006.11.026
https://doi.org/10.1016/j.radonc.2005.03.029
https://doi.org/20.1016/jradonc.2011.12.021
https://doi.org/10.1016/j.radonc.2010.07.025
https://doi.org/10.1016/j.radonc.2010.07.025
https://doi.org/10.1016/jradonc.2012.01.014
https://doi.org/10.1016/jradonc.2015.09.023
https://doi.org/10.1016/jradonc.2015.09.023
https://doi.org/10.1007/s11604-017-0656-5
https://doi.org/10.1016/j.semradonc.2014.02.009
https://doi.org/10.1016/j.semradonc.2014.02.009

Elliott et al. Systematic Reviews

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

(2021) 10:44

Henke LE, Contreras JA, Green OK et al. Magnetic Resonance Image-Guided
Radiotherapy (MRIgRT): A 4.5-year clinical experience. Clinical Oncology.
2018;30:720-727. doi:10.1016/j.clon.2018.08.010

van Heijst TC, den Hartogh MD, Lagendijk JJ, et al. MR-guided breast
radiotherapy: feasibility and magnetic-field impact on skin dose. Phys Med
Biol. 2013;58(17):5917-30. https://doi.org/10.1088/0031-9155/58/17/5917.
Kim A, Lim-Reinders S, McCann C, et al. Magnetic field dose effects on
different radiation beam geometries for hypofractionated partial breast
irradiation. J Appl Clin Med Phys. 2017;18(6):62-70. https://doi.org/10.1002/
acm2/12182.

Park JM, Shin KH, J-i K, et al. Air-electron stream interactions during
magnetic resonance IGRT. Strahlentherapie und Onkologie. 2018;194(1):50—
9. https://doi.org/10.1007/s00066-017-1212-z.

Han EY, Wen Z, Lee HJ, et al. Measurement of electron return effect and
skin dose reduction by a bolus in an anthropomorphic physical phantom
under a magnetic resonance guided linear accelerator (MR-LINAC) system.
Int J Med Phys Clin Eng Rad Oncol. 2018;7:339-46. https://doi.org/10.4236/
ijmpcero.2018.73028.

Nachbar M, Ménnich D, Boeke S, et al. Partial breast irradiation with the 1.5
T MR-Linac: First patient treatment and analysis of electron return and
stream effects. Radiotherapy and Oncology. 2020;145:30-5. https://doi.org/
10.1016/j.radonc.2019.11.025.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and met-analysis (PRISMA-P) 2015 statement. Syst. Rev.
2014;4(1):1. https://doi.org/10.1186/2046-4053-4-1.

Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration
and explanation. BMJ. 2015;350:g7647. https://doi.org/10.1136/bmj.g7647.
Tricco AC, Lilli E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRIS
MA-ScR): Checklist and Explanation. Ann Intern Med. 2018;169(7):467-73.
https://doi.org/10.7326/M18-0850.

Arksey H, O'Malley L. Scoping studies: towards a methodological framework.

Int J Soc Res Methodol. 2005;8(1):19-32. https://doi.org/10.1080/
1364557032000119616.

Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the
methodology. Implement Sci. 2010;5:69. https://doi.org/10.1186/1748-5908-
5-69.

Covidence systematic review software, Veritas Health Innovation,
Melbourne, Australia; 2013. Available at www.covidence.org Accessed 03
June 2020

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1088/0031-9155/58/17/5917
https://doi.org/10.1002/acm2/12182
https://doi.org/10.1002/acm2/12182
https://doi.org/10.1007/s00066-017-1212-z
https://doi.org/10.4236/ijmpcero.2018.73028
https://doi.org/10.4236/ijmpcero.2018.73028
https://doi.org/10.1016/j.radonc.2019.11.025
https://doi.org/10.1016/j.radonc.2019.11.025
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.7326/M18-0850
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1186/1748-5908-5-69
https://doi.org/10.1186/1748-5908-5-69
http://www.covidence.org

	Abstract
	Background
	Methods
	Discussion
	Systematic review registration

	Background
	Rationale of the review
	Objectives

	Methods
	Stage 1: identifying the research question
	Stage 2: identifying relevant studies
	Eligibility criteria
	Information sources

	Stage 3: study selection
	Stage 4: data charting
	Stage 5: data summary and synthesis of results
	Stage 6: consultation

	Discussion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

