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Abstract
Purpose: Magnetic resonance image (MRI)-guided radiation therapy with the 1.5 Tesla magnetic resonance linear accelerator (MRLinac) is a rapidly evolving and emerging treatment. The MR-Linac literature mainly focused on clinical and technological factors in
technology implementation, but it is relatively silent on health care system-related factors. Consequently, there is a lack of
understanding of opportunities and barriers in implementing the MR-Linac from a health care system perspective. This study
addresses this gap with a case study of the US health care system.
Methods and Materials: An exploratory, qualitative research design was used. Data collection consisted of 23 semistructured
interviews ranging from clinical experts at the radiation therapy and radiology department to insurance commissioners in 7 US
hospitals. Analysis of opportunities and barriers was guided by the Nonadoption, Abandonment, Scale-up, Spread and Sustainability
framework for new medical technologies in health care organizations.
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Results: Opportunities included high-precision MR-guidance during radiation therapy with potential continued technical advances
and better patient outcomes. MR-Linac also offers opportunities for research, professional, and economic development. Barriers
included the lack of empirical evidence of clinical effectiveness, technological complexity, and large stafﬁng and structural investments.
Furthermore, the presence of patients with disadvantaged socioeconomic background, and the lack of appropriate reimbursement as
well as regulatory conditions can hinder technology implementation.
Conclusions: Our study conﬁrms the current literature on implementing the MR-Linac, but also reveals additional challenges for the
US health care system. Alongside the well-known clinical and technical factors, also professional, socioeconomic, market, and
governing inﬂuences affect technology implementation. These ﬁndings highlight new connections to facilitate technology uptake and
provide a richer start to understanding its long-term effect.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Deﬁning the outcomes of new medical technology
upfront implementation is important to identifying its
potential beneﬁts and obstacles.1-3 Insight into comparative effectiveness of new medical technology to current
standard of care is critical to ensure patient access to
high-quality health care at the lowest possible cost levels.4-8 Many new medical technologies, however, lack a
comprehensive effectiveness evaluation before being
implemented in the clinical setting, hence, without proven
effectiveness.5,6,9 This is problematic because the implementation of unproven medical technologies may
threaten the quality of health care and increase costs.10
Consequently, payers and policymakers are reluctant to
approve or reimburse costly medical innovations.
Despite these concerns, especially with regard to medical technology still in development, it can be difﬁcult to
estimate the relative effectiveness, nor its long-term effect
on the patient, provider and payer.11 This is particularly
relevant for convergent technologies, which tent to cross
disciplinary boundaries and are becoming dominant in
health-related domains.12 For instance, the convergence
between biology and informatics knowledge has led to
bioinformatics and personalized medicine innovations.13
The involvement of different disciplines means that convergent medical innovation and its potential value, cannot
be understood and implemented without intertwined
institutional practices.14,15 Early assessment of crucial factors of technology implementation is therefore needed for
an initial understanding of its long-term impact.16
A modern example of a new developing and convergent technology in the ﬁeld of radiation oncology is the
1.5 Tesla MRI-guided linear accelerator (MR-Linac) system, which combines high-precision, real-time MRI
external beam radiation therapy (MRgRT).17-19 As a
result, the irradiation plan can be adjusted at any time
based on these changes. This allows more targeted delivery of radiation to the tumor and avoids the healthy tissue
surrounding the tumor compared with most conventional
radiation therapy techniques.11-13 Therefore, the MRLinac may reduce radiation therapy induced toxicity and

improve tumor control outcomes.17,19 The MR-Linac also
allows therapy in fewer sessions with a higher dose of
radiation therapy, also called hypofractionation, hence,
permitting a shorter treatment.20,21 This can be beneﬁcial
in a case like localized prostate cancer22-24 because traditional external beam radiation therapy often varies from
5, 20, to 39 treatment sessions.25
Alongside technical and clinical opportunities, the
MR-Linac may also offer positive professional and economic prospects as identiﬁed by a Dutch implementation
study.19 For instance, technology adopters may gain a
more efﬁcient treatment, a higher hospital quality proﬁle
with potential ﬁnancial beneﬁts, and improve their competence and technical expertise as well as multidisciplinary collaboration. However, technology implementation
may also deal with technical complexities, substantial
stafﬁng and structural investments, and the presence of
patient referral patterns and professional silos. In addition, we still know very little about the actual patient beneﬁt of MRgRT due to the current lack of empirical
evidence of clinical effectiveness.
The lack of effectiveness evidence has different implications across health care systems because the dynamics
of stakeholders, organizational procedures, dominant
existing routines, professional identities, and legal and
regulatory standards in technology implementation vary
between countries.1,26-28 For instance, developing and acting upon evidence-based practices is perceived to be more
challenging in health care systems with large private
payers such as those in the United States, than in publicly
funded health care systems as in Europe or Canada.5 A
fragmented and disjointed public and private health care
hybrid in the United States can result in substantial variations in health care delivery.5 This is particularly relevant
for MR-Linac systems as several have been installed
worldwide, with a considerable number currently operational in the United States (US). Hence, it is interesting to
study how to facilitate the implementation of the MRLinac technology in speciﬁc health care systems such as
the US. In the present study, we aim to identify the opportunities and barriers to the implementation of the MRLinac technology in US hospitals.
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Methods and Materials

Results

We conducted a qualitative study with semistructured
interviews, a method most appropriated to make sensitive
issues, attitudes, opinions, and experiences of individuals
explicit.29

We identiﬁed 4 opportunity and 5 barrier categories
for implementation of the MR-Linac technology in US
hospitals.

Opportunities

Data collection
We used the Nonadoption, Abandonment, Scale-up,
Spread and Sustainability (NASSS) framework of new
technologies to explore the factors of success and failure
of technology adoption in health care organizations.1 The
NASSS framework considers 7 domains: (1) the targeted
clinical indication; (2) the technology to be implemented;
(3) the value proposition; (4) the adopter system (patient,
technology user and other staff); (5) the providing organization; (6) the wider institutional social context; and (7)
organizational resilience and technology development
over time.1
We conducted 23 semistructured interviews in 2020
to identify the opportunities and barriers to MR-Linac
implementation in 7 US hospitals (Table 1). A questionnaire was designed based on the NASSS framework (Appendix E1). Interviewees included radiation
oncologists, urologists, radiologists, medical physicists,
radiation therapy technologists, and dosimetrists, as
well as nonclinical hospital administrators, including
strategic and ﬁnancial department managers as well as
insurance councils. We included interviewees from
academic and community-based hospitals, to avoid
professional biases. The study was approved by the
local medical university research ethics board and all
study participants provided verbal consent.
The research objective was explained in the written
invitation and at the start of each interview. All interviews
were audio-recorded and transcribed using Sonix transcription software. Interviews lasted between 45 and 60
minutes and were carried out face-to-face and via telephone and Skype. Audio recordings and transcript of
interviews are anonymized as well as conﬁdential and
therefore not publicly available.

Data analysis
Interview transcripts were analyzed using NVivo software. We applied open coding based on the research
objective and ended with axial coding, identifying areas of
theoretical interest and common themes. Developed
codes were validated by a second reviewer. To include
variation in ﬁndings and increase construct validity, we
triangulated the ﬁndings across different respondents and
with literature.

We ﬁrst describe the clinical opportunities before moving on to the technological, adopter, and economic opportunities. Figure 1 shows the percentages of the interview
cohort who discussed the opportunities, by main theme
and subtheme.

Clinical opportunities
Interviewees expected a large added-value from MRLinac implementation in clinical practice as a result of
technical advancements. Main clinical opportunities
included: (1) potential reduced toxicity and improved
tumor control due to more precise and targeted radiation
therapy; (2) possibly improved understanding of individual treatment response; and (3) potentially improved
patient comfort and quality of life. Furthermore, interviewees also discussed that superior tumor delineation
with real-time imaging and hypofractionation could
improve treatment compliance and hospital visits given
the potential of less therapy fractions.

Technological opportunities
The MR-Linac was perceived by interviewees to be a
sophisticated technology with potential technical advances which could allow for both diagnostic and therapeutic
opportunities. For instance, one interviewee referred to
the potential of adaptive treatment planning for adaptive
contour propagation and rapid dosimetric reconstruction
which would allow for smaller treatment uncertainty margins and avoidance of dose to healthy tissues. This
explains the possibility of hypofractionation. There was
general agreement among interviewees that these opportunities may evolve as software development continues
(eg, application of deep learning, enabling potential technology developments).
The opportunity of real-time adaptive MRI-imaging
during the course of radiation therapy could allow for
increased data collection including anatomic and functional imaging data of both the tumor and surrounding
organs. This data is perceived to allow greater understanding to safely deliver the most effective dose to individual tumor biology rather than its stage and location.
As a result, interviewees expected new treatment options
in radiation oncology and in related medical disciplines.
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Overview of roles and afﬁliations of respondents

Respondent

Position

Seniority

Afﬁliation

Additional roles

Method

Duration
(min)

R1

Head of Imaging and
Oncology department

Full professor

AMC1

Research on functional
imaging

In person

44

R2

Radiation therapy
technologist

Senior

AMC1

Research on MR-Linac

In person

43

R3

Insurance commissioner

Senior

AMC1

In person

46

R4

Head of IT for Oncology

Senior

AMC1

In person

44

R5

Medical physicist

Senior

AMC1

In person

41

R6

Nuclear medicine
physician

Senior

AMC1

In person

39

R7

Member Board of
Directors

Senior

AMC1

In person

44

R8

Member Board of
Directors

Senior

AMC2

In person

44

R9

Radiation oncologist

Senior

AMC3

In person

39

R10

Radiation oncologist

Senior

AMC4

In person

39

R11

Radiation oncologist

Senior

AMC2

Head of Radiation Oncology department,
Research on MR-Linac

In person

45

R12

Radiation oncologist

Senior

AMC2

Research on MR-Linac

In person

53

R13

Radiation oncologist

Senior

AMC2

Research on MR-Linac

In person

39

R14

Radiation oncologist

Senior

AMC5

Research on MR-Linac

Virtual

41

R15

Urologist

Senior

AMC4

Head of Urology
department

In person

40

R16

Urologist

Senior

MC1

In person

29

R17

Radiation therapy
technologist

Senior

AMC1

In person

41

R18

Radiologist

Professor

AMC1

In person

35

R19

Radiation oncologist

Senior

AMC4

Head of Radiation Oncology department

Virtual

39

R20

Radiation oncologist

Senior

AMC2

Research on MR-Linac

In person

45

R21

Radiation oncologist

Full professor

AMC2

In person

48

R22

Radiation oncologist

Senior

MC2

In person

41

R23

Market access associate

Senior

Manufacturing
company

Virtual

46

Research on functional
imaging

Abbreviations: AMC = academic medical center; MC = (nonacademic) medical center.

Professional opportunities
Implementation of the MR-Linac allows different possibilities for professional development. First, using MRLinac encourages the development of new competencies
and welcomed novel responsibilities for staff members
because of the technological knowledge required to run
both an MRI machine and linear accelerator. For instance,
radiation oncologists need to gain understanding of the

potential information obtained from different MRI
sequences and response assessment. Furthermore, interdisciplinary relationships could be improved because of
the increased cooperation between radiology and radiation
oncology experts. These opportunities are expected to
allow retention of staff and additional recruitment. As an
example, one interviewee stated: “I think rolling out new
technology is always important for your recruitment and
retention of the highest-level physicians in the hospital.”
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Fig. 1 Frequency of interviewees in percentages who discussed opportunities to MR-Linac implementation in US hospi-

tals, by main theme and subtheme.

Given the ongoing technology development, interviewees felt they could also beneﬁt from research
opportunities with funding potentials, which positively
affect their own careers. To elaborate, implementing the
MR-Linac is perceived by technology adopters to

access prestigious technology which could allow delivery of higher-quality care. Being perceived as a “pioneer” in this area by providing this new technology
could also be greatly beneﬁcial for clinical expert and
hospital reputation.
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Fig. 1 Continued.

Economic opportunities
Most interviewees expected long-term efﬁciency and
operational beneﬁts from implementing the MR-Linac.
Automation of elements in the clinical workﬂow, such as
planning and contouring, were perceived to increase efﬁciency. Furthermore, the possible absence of pretreatment
planning within an MR-only online workﬂow could
decrease the duration of the total care pathway. Another
example, the increased potential for hypofractionation
could allow operational efﬁciencies for both the provider
and the patient, such as decreased treatment sessions as
well as interruptions and hospital admissions.
Operational efﬁciencies were also expected to evolve
over time as technological development continued. Interviewees reported communication efﬁciencies, for example
by the automation of tasks together with more consistent
multidisciplinary communication and reporting. Furthermore, interviewees emphasized that the clinical beneﬁt of
decreased radiation related side effects and less treatment
fractions could result in improved overall efﬁciency of
hospital systems (eg, lower burden on anesthesia provision).
To elaborate, a possible reduction in the workforce per
treatment of technology use is expected. On the one hand,
the ongoing software development is expected to enable
an automated process with faster quantiﬁcation of the
dose, which may lead to faster treatment delivery with
reduced staff time and requirement (eg, less presence of
the radiation oncologist and physicist during actual treatment delivery). On the other hand, professional experience and learning curves can reduce the education time
needed to use the technology effectively.
Implementation of the MR-Linac was also thought to
potentially improve economic outcomes of radiation
oncology departments by providing state-of-the-art

treatment, particularly in the US health care system where
health services are privatized and hospitals often compete
against one another for patient referrals. Hence, interviewees mentioned that implementing the MR-Linac
technology could possibly attract more patients with cancer to the providing center. One interviewee stated: “Especially well insured patients have this belief that that as
Americans, we should have the latest and greatest technologies, almost regardless of cost.”

Barriers
We identiﬁed 5 barriers for implementation of the
MR-Linac technology in US hospitals. These barriers
were technology, professional, organizational, market,
and regulatory related. Figure 2 shows the percentages of
the interview cohort who discussed the barriers, by main
theme and subtheme.

Technological barriers
Current radiation therapy centers often lack MR-imaging facilities. Technology users therefore face substantial
investments for implementing the MR-Linac in the construction of technical facilities, maintenance, information
technology, safety assurance, human resource policy, and
personnel training. To elaborate, the combined functionality of both the MRI device and the radiation delivery
device raises technical complexity and necessitates the
acquirement of new skills and additional understanding
of MRI sequences.
Furthermore, the current lack of comparative effectiveness data and the ongoing technical development complicates a clear identiﬁcation of potential beneﬁts and return
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Frequency of interviewees in percentages who discussed barriers to MR-Linac implementation in US hospitals, by
main theme and subtheme.

Fig. 2

of investment. Although the MR-Linac was expected to
increase the efﬁciency and precision of existing radiation
therapy treatment, interviewees were at the same time
critical of the actual clinical effect given the current lack
of comparative effectiveness data. The previously mentioned advantages, such as online high-resolution imaging
during treatment and functional imaging have yet to be
proven in clinical studies.
The interviewees also indicated a potential lack of
understanding by technology users of the costs associated
with MR-Linac treatment, especially as software development continues and the true treatment outcomes will
evolve. One interviewee stated: “What would the cost be?
What numbers are needed to actually make it a beneﬁcial
investment from a capital standpoint while the technological development still continues? I think that's the main
discussion.”

Professional barriers
Technology adopters may face hurdles from the burden
of technology implementation in the radiation oncology

department to staff training of staff as well as treatment
delivery to patients. As mentioned previously, several
interviewees indicated a high investment burden and strategic decisions at a hospital level in early stages of technology implementation. To elaborate, technology users would
need to obtain formal training to safely use the technology
and to acquire MRI knowledge and skills given the routine
use of MRI. Software developments inherent to the MRLinac’s development require technology users to anticipate
continuous learning. Hence, the implementation of technical advancements would need to be adopted into professional expertise before the actual use of the technology
could ﬂourish. One interviewee asked: “Do we have appropriate algorithms that are rooted in the science, that are
also rooted in the clinical expertise of our medical staff?”
Another challenge is the formal approval for the introduction of new treatment workﬂows into clinical practice
due to the lack of empirical evidence of effectiveness.
Interviewees illustrated the importance of incorporating
ﬁndings, as research data become available, into local clinical guidelines for appropriate technology usage in a
timely manner. Therefore, interviewees also emphasized
the importance of comparative effectiveness evaluation
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Fig. 2 Continued.

for technology implementation. Yet, there could be conﬂicts in prioritizing clinical treatment versus effectiveness
research, given limited resources allocation at hospitals,
due to the ability to have only one MR-Linac machine
and the care burden because of the COVID-19 pandemic.
Clinical evaluation was therefore not widely accepted as a
main research objective among all interviewees.

Organizational barriers
As stated previously, the technology supply model
requires substantial structural and stafﬁng investments

for factors such as workﬂow, quality assurance, and the
development of protocols. Alongside these implementation investments, the ongoing technology development
requires radiation oncology departments to maintain
training and educational programs. Furthermore, interviewees expected an increased necessary interaction
between radiation oncology departments as well as supporting medical specialties such as radiology who would
aid in target delineation.
Interviewees also emphasized that the COVID-19 pandemic was also an important factor leading to changes in
resource allocation at the hospital; hence, for more commitment of human resources to direct care provision
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rather than secondary tasks, such as expertise training and
clinical evaluation of new technology. One interviewee
noted: “Discussions of decreased reimbursements for
radiation delivery are important. A lot of resources are
being reallocated to ﬁght the COVID-19 pandemic. So, it
is actually a pretty uncertain time economically.”
Interviewees perceived the fact that value assessment
and clinical trials (eg, demonstrating empirical evidence
of [cost] effectiveness) not being integrated into
departmental strategy and culture including vision, goals
and key performance indicators, as a signiﬁcant barrier to
identifying the potential value offered by technology
implementation.

Market barriers
Interviewees felt that they may not be appropriately
motivated or ﬁnancially compensated when it came to
proving the effectivenesst of the MR-Linac technology.
For example, some felt that the external authorities
focused more on safety aspects than on demonstrating
clinical effectiveness or added-value for the patient. Furthermore, interviewees discussed that decreased ﬁnancial
reimbursement for new radiation therapy delivery techniques may not allow possible ﬁnancial gains from implementing MRgRT (eg, a relative reduction in number of
treatment fractions and hospital visits as a result of hypofractionation compared with traditional external beam
radiation therapy).
The interviewees also addressed the implementation
challenge of the presence of patient groups with disadvantaged socioeconomic background for new, costly therapy.
As an example, the main hospital in which this study was
conducted was identiﬁed as being socioeconomically
diverse. This location included both wealthy, insured
patients which will be beneﬁcial for costly treatment
implementation such as the MR-Linac, compared with
relatively poor or uninsured patients, which may face hinder to afford costly therapy. Furthermore, while wellinsured patients may hold the belief that Americans
should have the “latest and greatest” medical therapy
options available to them regardless of cost, other more
historically marginalized communities (eg, African Americans) may be more reluctant to try innovative treatment
such as the MRgRT.
One interviewee stated: “There are a lot of undertreated, underdiagnosed cancer patients here in this inner
city. So, if you're using your resource dollars, you'll get the
most beneﬁt from a place like [city]. There is a negative to
that. And part of that is patient’s reluctance to come in
and try new technology given historical health disparities
with race and other socioeconomic status. It's both a huge
opportunity, but also a challenge, especially here in
[city].”
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Regulatory barriers
Interviewees identiﬁed the lack of appropriate reimbursement arrangements as a barrier to implementing
the MR-Linac. As stated previously, interviewees felt
more motivated by federal regulators to demonstrate
safety than clinical effectiveness for reimbursement of
care. Interviewees also indicated a potential lack of
consensus among clinical care providers and nonclinical reimbursement entities in regards to health care
cost reimbursement. The deﬁnition of insured care
costs would be more focused on how much the government or insurers were willing to pay to providers,
rather than the costs incurred by providers to deliver
treatment. The existence of such gaps between clinical
care providers and reimbursement entities was experienced by interviewees to discourage the demonstration
of value of new technology.
Furthermore, as health care and reimbursement are
structured differently across states and individual hospitals in the US, some interviewees recognized that this fragmentation could hinder collaboration between MR-Linac
providers when implementing the technology as well as
having reproducible results across institutions.

Discussion
Our ﬁndings will help US hospitals to identify key
points in their strategy when implementing the MR-Linac.
MR-guidance in radiation therapy has been perceived a
technical advancement with potential for therapy
improvement and better patient outcomes, as well as
scope for research and professional development.17,30,31
Yet, the technological complexity, the substantial operational and stafﬁng investments, and the lack of empirical
evidence of clinical effectiveness raise implementation
uncertainties. Our ﬁndings also show that the lack of
appropriate reimbursement and regulatory structures may
complicate the actual deployment of the potential technology value.17,32 The convergence of diagnostic and therapeutic realms in the MR-Linac technology, conﬁrms the
essential task of solving the common gap between technical innovations in the ﬁeld of radiation oncology and current national associated treatment guidelines as well as
present reimbursement structures.33-35
The opportunities and barriers identiﬁed are fairly
similar to those in literature such as the Dutch study on
the implementation of the MR-Linac.19 Both in the US
and Dutch cases, ﬁndings were consistent about the technology aspects, knowledge, and competence needed, and
what it expects from radiation oncology departments to
use new interventional procedures on the MR-Linac.
Hence, the use of new interventional procedures on the
MR-Linac with continued software developments require
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ongoing stafﬁng learning and workﬂow adaptations,
approval from national regulatory authorities before clinical usage and necessary interactions with policy-makers
and payers.
There is also consistency in the professional prospects,
such as the development of stafﬁng roles and required
ongoing learning, and a higher hospital quality proﬁle
with potential economic growth. Interviewees in both
cases were, however, also critical of the actual clinical
added-value of the MR-Linac given the current lack of
comparative effectiveness data. Deﬁning the clinical value
and operational proﬁts of the MR-Linac at this time
would be more of a challenge, given the ongoing technology development and indeﬁnite treatment outcomes at
present.21,36-39 The relative cost-effectiveness of the MRLinac will vary across geographic settings due to speciﬁc
treatment standards and patient populations in a particular health care system.
The inference of the different geographic contexts in
the opportunities and barriers to the implementation of
the MR-Linac shows similarities, but also differences. To
illustrate, in the US case, interviewees mentioned potential challenges regarding certain patient groups with a
reluctant attitude toward new therapy. In this geographic
setting, interviewees also explicitly stated that they perceive few external stimuli to evaluate clinical effectiveness.
The Dutch case, in contrast to the US case, reﬂected more
explicitly on the intra- and interorganizational network
required in technology implementation, such as the cooperation with the referring physician because of competitive specialties and payers to ensure treatment access and
reimbursement. Thus, the implementation of the MRLinac technology may encounter opportunities and challenges that are more relevant to one speciﬁc health care
system.
The identiﬁed opportunities and barriers to implementing the MR-Linac could relate to each other. Market
inﬂuences on technology implementation could be caused
by regulation while also raising technological barriers.1,40
For instance, governmental decision-making informs
reimbursement requirements and may therefore stimulate
technology users to evaluate clinical effectiveness as well
as to deliver new insured treatment regimes.41 Our ﬁndings also showed that technology users may not feel motivated to evaluate the clinical effectiveness by external
bodies as well as face hinder in technology implementation due to the lack of appropriate reimbursement
structures. Ultimately, securing proper reimbursement
structures and regulatory approval for new interventional
procedures, are essential for technology implementation.
Although market barriers could result from regulatory
barriers, cultural barriers may determine these regulatory
barriers.42 Our ﬁndings conﬁrm that the lack of effectiveness evaluation in the radiation oncology department’s
strategy hinders to prove the technology’s value as well as
the steering and development of appropriate treatment
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guidelines and stafﬁng protocols. Regulation and policy
such as ﬁnancial incentives or cost sharing have an important albeit indirect effect on clinical decision making and
stafﬁng allocation.5 Thus, the implementation of the MRLinac includes factors at clinical and technical level, but
also at cultural, organizational, market, as well as governance level which can inﬂuence each other.
Our study provides the ﬁrst early multifaceted assessment of opportunities and challenges to MR-Linac implementation in US hospitals, which inform local technology
adopters to improve and facilitate treatment access.34,43,44
Technology users may face inﬂuences during implementation that are outside their ordinary scope of work.
Because these inﬂuences are interrelated, the engagement
with other health care decision-makers such as insurers,
regulators, and policymakers could be relevant. Future
efforts should generate empirical evidence of MR-Linac’s
effectiveness to prove expectations and justify return on
investment concerns. The Multi-OutcoMe EvaluatioN of
radiation Therapy Using the MR-linac Study aims to generate empirical evidence of clinical effectiveness and
safety, and to identify subgroups of patients who are most
likely to beneﬁt from the MR-Linac.45
Approaches to assess the potential value of new
medical technology, particularly those in early stages of
development and implementation are gaining more attention.46-49 Early health economic analyses are useful for
identifying areas in which new developing technologies
could be cost-effective and conditions that must be met to
achieve cost-effectiveness results.43,50 This analysis is particularly relevant for developing medical technologies
such as the MR-Linac when both the costs and the effects
of the innovation are still largely unknown, thereby guiding research and development and identifying potential
meaningful treatment strategies.
The presented ﬁndings may be relevant for other convergent medical technology as the MR-Linac represents
other technical trends in medicine, such as the application
of artiﬁcial intelligence applications.39 The converging
characteristic and rapidly increasing role of digitization in
medical technologies affects the user practices as well as
the current organizational and regulatory settings, creating an additional dynamic context.51-53 Our ﬁndings conﬁrm this potential impact of MR-Linac implementation.
In-depth knowledge about the functionality and conﬁguration of convergent medical technology, and the redistribution of knowledge, responsibilities and care pathways
as well as related regulation and market dynamics are
important to further consider in future research for this
type of technologies. Moreover, ﬁndings can be better
interpreted across different health care systems when considering speciﬁc national dynamics, such as health care
trends, socioeconomic, reimbursement, and regulatory
structures.
Strengths of the present study include a thorough qualitative study design, which allows for maximal stakeholder
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insight into questions asked. The study was conducted with
insights from several US health care institutions and different types of stakeholders. Limitations of this study include
difﬁculty contacting private and public insurance regulators, whose insights could have been useful regarding
regulatory and policy factors affecting technology implementation. Furthermore, the COVID-19 pandemic during
the study timeline limits the number of stakeholders interviewed and may inﬂuence the experiences and perspectives
on MR-Linac implementation. Future research could
include more implementation perspectives at another time
point. Broader stakeholder perspectives across national
borders can help to identify health care system-speciﬁc
opportunities and barriers.

Conclusions
Our ﬁndings will help US radiation therapy oncology
departments to identify main elements in their strategy
when implementing the MR-Linac. Our study conﬁrmed
the current literature on MR-Linac implementation with
technical and clinical prospects, but also reveals additional
insights into professional, sociocultural, market, and regulatory challenges. We therefore address implementation
factors that are overlooked in the current MR-Linac literature and which in particular are crucial in the US health
care system. This leads to new connections to facilitate
appropriate introduction of the MR-Linac in US hospitals
and is a start to understanding its long-term effects in
health care systems.

Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.
adro.2022.100953.
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