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Abstract

Background and Purpose: The magnetic resonance linear accelerator system (MR Linac) is a
novel piece of radiotherapy (RT) equipment allowing the routine application of daily MR-
guided treatment adaptation. The hardware design required for such technical capabilities
and the increased complexity of the treatment workflow entails a notable departure from cone
beam computed tomography (CBCT)-based RT. Patient tolerability of treatment is paramount
to RT practice where high compliance is required. Presented is a comparative analysis of how
such modality specific characteristics may ultimately impact the patient experience of
treatment.
Materials and Methods: Forty patients undergoing RT for prostate cancer (PCa) on either the
MR Linac (n= 20) or a CBCT-based linac (n= 20) were provided with a validated patient
reported outcomesmeasures (PROM’s) questionnaire at fraction 1 and fraction 20. The 18-item
questionnaire provided patient responses recorded using a 4-point Likert scale, 0 denoting a
response of ‘Not at all’, 1 ‘Slightly’, 2 ‘Moderately’ and 3 signifying ‘Very’. The analysis provided
insight into both comparisons between modalities at singular time points (fractions 1 and 20),
as well as a temporal analysis within a single modality, denoting changing patient experience.
Results: Patients generally found the MR Linac treatment couch more comfortable, however,
found the increase in treatment duration harder to tolerate. Responses for all items remained
stable between first and last fraction across both cohorts, indicatingminimal temporal variation
within a single modality. None of the responses were statistically significant at the 0·01 level.
Conclusion:Whether radiotherapy for PCa is delivered on a CBCT linac or the MR Linac, there
is little difference in patient experience with minimal experiential variation within a single
modality.

Introduction

Within the context of person-centred care, patient experience is an integral component to the
evaluation and enhancement of any contemporary health care service,1 with levels of acceptance
shown to provide an effective barometer of adherence to treatment.2,3 Understanding the service
user experience through patient reported outcome measures (PROMs) is one such engagement
process, questionnaires being a common instrument of assessment.4 The use of PROMs in
healthcare has been shown to improve patient quality of life, satisfaction and wellbeing.5,6

This is especially vital for therapies in which a high level of patient compliance is crucial for
treatment success. However, within radiotherapy where these attributes are paramount, there
is a scarcity of information evaluating patient experience of treatment, set-up or comfort.7,8 A
distinct lack of consensus exists on what constitutes comfort in the literature, the concept being
culturally sensitive, environmentally influenced and encompassing aspects of personal well-
being.9 While there is an appreciation that it is crucial to examining the patient experience
and treatment-related anxiety,10 there are few well-defined, validated comfort outcome mea-
sures available to study.11

With the introduction and increasing uptake of commercial hybrid magnetic resonance lin-
ear accelerator systems (MR Linacs), it seems inevitable that magnetic resonance imaging (MRI)
for both planning and treatment will be heavily incorporated into future radiotherapy path-
ways.12–14 While the MR Linac is first and foremost a radiotherapy treatment machine, the
patient facing elements of the treatment process and physical system layout are much more
closely aligned to that of a conventional MRI scanner.15 The design choices made to achieve
this merging of technologies has the potential to directly impact on the patients experience
of the therapeutic environment, their comfort, anxiety levels and the radiographers ability to
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provide meaningful support.16 Furthermore, the closed bore
dimensions, increased noise during sequence acquisitions and
the potential for clinically discernible tissue heating are all features
not present within mainstream radiotherapy, yet have been shown
to negatively impact.17,18 The use of fast switching gradients within
some MRI acquisitions creates the potential for peripheral nerve
stimulation (PNS) within this patient population.19 This undesir-
able biological effect can compromise patient comfort by inducing
tingling sensations and ultimately producing involuntary move-
ment as a consequence.20 As a result, the experience of patients
undergoing MR Linac-based treatment has the potential to be
vastly dissimilar to those of patients receiving conventional cone
beam computed tomography (CBCT) based radiotherapy, yet
these metrics remain largely unquantified.

Gaining an understanding of patient issues related to this inno-
vative technique is paramount, since the much-lauded technical
potential of the MR Linac could be undermined if a significant
reduction in the quality of the patient experience is found.21

Furthermore, for a novel therapy in which such gains in accuracy
are yet to be translated into meaningful clinical outcomes15,22 it
could be unjustified, at this present time, to subject a patient to
MR-guided radiotherapy (MRgRT) if the conventional alternative
is found to be better tolerated.While the individual sequences used
for treatment purposes are significantly shorter than a diagnostic
equivalent, the overall treatment duration can be substantially
longer than a conventional cone beam-based session.23 This is sig-
nificant when considering that treatment session duration is
regarded to be a key contributor to patient discomfort.24,25

Despite the use of immobilisation devices, many cancer patients
have comorbidities, making their ability to maintain a stable treat-
ment position over this extended period difficult.26 MRI sequences
can be highly susceptible to image distortion, such as those intro-
duced through voluntary patient motion,27,28 the chances of which
are likely to increase the longer the patient is on the treatment
bed.29 In a diagnostic environment, these scans would simply be
repeated, however, in radiotherapy they could potentially compro-
mise the geometric integrity of the treatment itself. Additionally,
intrafraction internal target and organ at risk (OAR) motion have
both been shown to correlate with time,30 further increasing both
treatment complexity and duration.

Throughout the majority of the MR Linac treatment duration,
patients spend extended periods with no MR acquisition taking
place. Still enclosed within the machine bore, these periods of
apparent inactivity may lead patients to be more cognisant of their
relative comfort within the clinical environment, such as position,
immobilisation and ambiance. The repeated change in stimuli
from the more partitioned and protracted approach to sequence
acquisition on patient anxiety and acceptability is a factor unex-
plored and unique to the MR Linac workflow. MRI scan termina-
tions relating to patient anxiety and claustrophobia, necessitating
repeat acquisitions, have been reported as high as 9%.31 In a diag-
nostic setting, such aberrant events are detrimental both financially
and to productivity.32 However, for a therapeutic context in which
significant resources have been invested at the pre-treatment and
planning stages, this is likely to have a pronounced adverse impact.
Anxiety or discomfort over the treatment duration has the poten-
tial to seriously undermine the precision afforded by the increased
image quality, potentially lowering the therapeutic value. It is
therefore imperative to understand the unique factors relating to
MRgRT from the perspective of the service users. This work
reports the results of the first patient experience comparison for
prostate radiotherapy on CBCT and MR Linac-guided systems.

Materials and Methods

At our institution, MRgRT was first implemented in May 2019 on
the Elekta Unity system (Elekta AB, Stockholm, Sweden). The unit
combines a Philips 1·5 Tesla magnet (Best, The Netherlands) with
a 7 MV linear accelerator (Elekta AB, Stockholm, Sweden),
allowing for online adaptive planning and real-time tumour
tracking throughout treatment delivery.

This audit was undertaken with approval from the local quality
assurance and clinical improvement committee (QICA ref: 2610).
All patients treated with prostate cancer (PCa) on the MR Linac
between May 2019 and October 2020 enrolled in the
MOMENTUM study (Clinicaltrials.gov NCT04075305) were
included in this audit. During the same timeframe, a matched
cohort of patients undergoing prostate radiotherapy on a conven-
tional CBCT-based IGRT system were also included for compari-
son. Patients received a PROMs questionnaire to compare their
treatment experience between the two modalities. Patients from
both cohorts were positioned on similar immobilisation consisting
of support under the head and knee’s, with arms rested across the
chest. Patients undergoing CBCT-based IGRT underwent imaging
for the first 3 fractions and then weekly as standard local practice,
while the MR Linac cohort underwent multiple image acquisitions
on a daily basis. Any premature scan terminations between the
cohorts were recorded.

The included questionnaire was developed by McNair and col-
leagues and adapted from questionnaires created by Ahlander
et al.33 and Olausson et al.8 The resulting 18 items generated have
subsequently been validated as a tool for accurately reporting
patient experience on the MR Linac34 (Table 1). The questionnaire
contains qualitative and quantitative information on coping and
discomfort, primarily relating to a range of physical and environ-
mental factors inherent to MR and RT, respectively. Patient
responses were recorded on a 4-point Likert scale, 0 denoting a
response of ‘Not at all’, 1 ‘Slightly’, 2 ‘Moderately’ and 3 signifying
‘Very’. Questionnaires were distributed on the patient’s first and
last fraction, allowing analysis of changes in attitudes and opinions
between the two time points. Patients unable to read and write in
English were ineligible to take part in the study due to a lack of
translational material. No patient demographic data was collected
as part of the study.

Parametric methods were used in the analysis of results as the
distance between Likert responses was approximately equal across
the range of answers. Two sample t-tests were used to compare
mean Likert responses for the 2 modalities, and paired t-tests were
used to assess change in Likert responses between fraction 1 and
fraction 20. A significance level of p< 0·01 was used in order to
offset the increased chance of false positives due to multiple stat-
istical tests used. Analysis was performed using Stata version 16.

Results

Forty patients in total participated in this study from both the MR
Linac (n= 20) and conventional CBCT linacs (n= 20). All patients
received 20 fractions of radiotherapy with a total dose of 6000 cGY.
Average treatment length on a conventional linac was 14 minutes
(range 8–22 minutes). For the MR Linac cohort, the average treat-
ment length was 39 minutes (range 33–43 minutes).

Comparison of modalities

The differences between the MR Linac and CBCT mean Likert
responses were small, ranging from 0·56 to −0·30 across the 18
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questions. None of the 2 sample t-tests comparing these mean
responses were statistically significant at the 0·01 level. However,
there are some trends worth noting.

At each measured time point, the mean Likert response for
question 2 ‘I found the treatment bed comfortable’ was higher
for the MR Linac patients compared to CBCT treatment, indicat-
ing a more favourable opinion of the MR Linac treatment couch.
The differences between mean response for question 2 were 0·40
(95% CI: 0·01, 0·79, p= 0·047) for fraction 1 and 0·43 (95% CI:
0·01, 0·86, p= 0·045) for fraction 20. For question 9, ‘I found the
time taken for the treatment easy to tolerate’ the mean responses
were consistently reported in favour of CBCT-based treatment
for both fractions 1 and 20, −0·25 (95% CI: −0·60, 0·10, p= 0·153)
and −0·16 (95% CI: −0·33, 0·01, p= 0·067), respectively. Patients
in the MR Linac cohort deemed listening to music during treat-
ment (Q. 17) more helpful than the CBCT cohort and this opinion
remained static for the two time points measured, with a difference
in mean response for fraction 1 of 0·56 (95% CI: −0·12, 1·24, p
= 0·103) and 0·41 (95% CI: −0·22, 1·04, p= 0·192) for fraction
20. Patients on the MR Linac also reported tingling sensations
at higher rates than their CBCT counterparts (Q. 13) with a differ-
ence in mean response of 0·25 (95% CI: 0·01, 0·49, p= 0·038), but
also expressed feeling calm during their treatment (Q. 5) session at
comparatively higher levels. The differences between mean
response for question 5 were 0·20 (95% CI: −0·05, 0·45, p= 0·120)
at fraction 1, and 0·15 (95% CI: −0·08, 0·38, p= 0·190) for fraction
20. At fraction 1, theMR Linac cohort expressed the need for fewer
communication requirements (Q15) than the patients undergoing
CBCT, with a mean difference in scores of −0·20 (95% CI: −0·44,

0·04, p= 0·095); however, by fraction 20, this disparity had all
but disappeared (mean: 0·01, 095% CI: −0·39, 0·41, p= 0·958).
Figures 1 and 2 compare Likert responses for the 2 cohorts, for
fractions 1 and fraction 20, respectively.

Comparison of first to last treatment

Mean change from fraction 1 to fraction 20 ranged from 0·32 to
−0·16 for the MR Linac cohort and from 0·20 to −0·13 for
CBCT, across the 18 questions. None of the paired t-tests compar-
ing these mean changes to 0 were statistically significant at the
0·01 level.

On the whole, responses for all items remained stable between
first and last fraction, for both modalities. The largest trend iden-
tified related to question 7 ‘I found the noise in the room easy to
tolerate’, the mean difference between Likert responses for frac-
tions 1 and 20 in the MR Linac cohort being 0·32 (95% CI:
−0·02, 0·65, p= 0·083). This indicates that some patients found
the noise in the room easier to tolerate at fraction 20 compared
to fraction 1. Of note, within this cohort, the requirement for com-
munication during treatment (Q15) increased between the start
and end of treatment with the mean difference in the Likert score
being 0·21 (95% CI: −0·03, 0·45, p= 0·104).

Question 4 ‘I wanted to come out of the machine during my
treatment’ showed no significant mean change in Likert response
for either the MRL − 0·11 (95% Cl: −0·44, 0·23, p= 0·54) or CBCT
0·10 (95% Cl: −0·21, 0·41, p= 0·54) cohort between the first and
last fractions. Congruent with this, there was no premature scan
terminations reported from either cohort throughout the

Table 1. Eighteen-item patient experience questionnaire

0 Not at all 1 Slightly 2 Moderately 3 Very

I found the treatment position comfortable Not at all Slightly Moderately Very

I found the treatment bed comfortable Not at all Slightly Moderately Very

I found it easy it to stay still and maintain the treatment position Not at all Slightly Moderately Very

I wanted to come out of the machine during my treatment Not at all Slightly Moderately Very

I felt calm during my treatment Not at all Slightly Moderately Very

I needed more detailed information before my treatment Not at all Slightly Moderately Very

I found the noise in the room easy to tolerate Not at all Slightly Moderately Very

I found the lighting in the room easy to tolerate Not at all Slightly Moderately Very

I found the time taken for the treatment easy to tolerate Not at all Slightly Moderately Very

I felt dizzy during my treatment Not at all Slightly Moderately Very

I felt dizzy immediately after my treatment Not at all Slightly Moderately Very

I felt hot during my treatment Not at all Slightly Moderately Very

I felt tingling sensations during my treatment Not at all Slightly Moderately Very

I experienced a metallic taste during my treatment Not at all Slightly Moderately Very

I needed more communication from staff during my treatment Not at all Slightly Moderately Very

I forced myself to manage the situation Not at all Slightly Moderately Very

I found listening to the music helpful while having my treatment Not at all Slightly Moderately Very

I understand the procedure Not at all Slightly Moderately Very

Comments:
Questionnaire developed by Helen A McNair, adapted from Olausson et al., Technical Innovations & Patient Support in Radiation Oncology, 2017 and Ahlander et al. Journal of Advanced
Nursing.
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treatment duration. Three MR Linac patients had incomplete data,
including one patient who failed to complete the final fraction
questionnaire. Five CBCT patients failed to answer individual
questions, the vast majority related to the question ‘I found listen-
ing to music helpful whilst having my treatment’, likely because no
music was playing during their treatment. Patients were omitted
from analysis for which their responses were missing.

Overall, results suggest that whether PCa treatment is delivered
on a conventional CBCT linac or the MR Linac, there is very little
difference in patient experience with minimal temporal variation
within a single modality (Figures 3 and 4). No useful qualitative
information relating to patient experience was ascertained from
the questionnaires and therefore this has not been included within
the study results.

Discussion

Since patients disproportionately focus upon the potential adverse
impact of treatment and procedural discomforts when making
care-focused decisions,35,36 it is valuable to know that there is little
variation between treatment as experienced on a CBCT-based con-
ventional linac, when compared to theMR Linac. There is a paucity
of research describing the experience of patients treated on hybrid
MR linear accelerators. Those few that do exist suggest the tech-
nique is well tolerated,21,34,37,38 however, all fail to compare findings
across modalities.

Aligned with the high level of acceptance as evidenced by
patients willing to remain in the machine bore for a sustained

period (Q.4), our study reported no premature scan terminations
from the MR Linac cohort. Such claustrophobic events have been
shown to correlate with the area of the body being imaged, with
lower extremity and pelvic scans showing the least non-comple-
tions.39 Likewise, it is well documented that when the head and
neck are immobilised in a thermoplastic shell, the level of anxiety
and therefore propensity for such events increases dramatically.40–
43 Since our cohort had their pelvic region treated with their upper
body relatively free of restraint, generalisations from these results
should therefore not be readily applied to other cohorts of patients
treated on the MR Linac for disparate disease sites. Furthermore,
since our sample of patients had already undergone MRI scans as
part of their diagnostic and treatment pathway, it is likely the
patients in this study were already familiar and relatively comfort-
able with the MR environment. Consequently, since the sample
was not randomised between the two interventions, more nervous
patients may have opted for CBCT radiotherapy and in turn this
could have influenced responses to the questionnaire.

More patients from the MR Linac cohort found both the treat-
ment bed and treatment position comfortable on both their first
and last fractions when compared with the CBCT cohort. This
is likely a result of the slight variation in immobilisation and thin
foam mattress used for MR Linac-based treatment. There is the
potential that any further gains in comfort may have been negated
by the longer time spent maintaining the position for theMR Linac
cohort. This corroborates that, when asked whether the time taken
for treatment was easy to tolerate, the MR Linac patients answered
less favourably than their CBCT counterparts. The merit of a

Figure 1. Percentage Likert scale of CBCT and MR Linac cohort responses fraction 1.
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longer, but potentially more comfortable treatment session on the
MR Linac is yet to be investigated in relation to treatment accuracy
and patient compliance. One centre-specific variable which may
have lessened a potential source of discomfort experienced is that
the author’s institution employs an empty bladder protocol for this
patient group. It has been shown that a substantial source of patient
anxiety may arise from the requirement to hold a full bladder for
the treatment duration.44 The effect of this untested scenario with
regard to longer treatment fractions on the MR Linac may there-
fore be more explicit in other centres employing this preparation.
Of note, the MR Linac cohort reported modestly more experience
of tingling sensations throughout the treatment duration; however,
this does not appear to have significantly impacted on their relative
comfort levels. For this particular cohort, in which short sequences
devoid of rapidly switching gradients are employed means this
could be expected. For future patient groups with more intensive
functional acquisitions, this question will need to be re-addressed.
Of note, one limitation of the study is that researchers were more
likely to find higher levels of tingling in the MR cohort since it is
not a reported complication of CBCT treatment. This is true for a
number of questions, for example, the experience of a metallic
taste, however, to omit such incidences from the questionnaire tool
would exclude information pertinent to patient tolerability.

Although not investigated in this study, the holistic view of
patient experience suggests that there may be a relationship
between anxiety and the psychological and physical determinants
of comfort, with patients who are more anxious at treatment less

likely to tolerate maintaining a treatment position.45 PCa patients
generally report relatively low levels of anxiety at baseline com-
pared to patients from other disease sites,46 and this may be a fac-
tor in the perceived indifference to the change of treatment
environment between the two modalities. Similar PCa patient
apathy to positional variations and novel immobilisation devices
has been reported in the literature.46,47 The concept of passivity
has been used to describe how patients may cope with unpleasant
treatment situations, sacrificing comfort for medical necessity.
This heightened level of acceptability has been reported to be
more prominent in males,48,49 with levels of anxiety often found
to be higher in their spouses,50 a possible consequence of heg-
emonic masculinity.51 Across the cancer spectrum this may be
applied to explain the relatively low uptake of males to seeking
cancer information provision,52 support services53,54 and notably
the propensity for our patient sample to disproportionately
choose the most extreme favourable response to any given ques-
tion. The literature reports that regular communication with
patients is an effective way to reduce their anxiety regarding
radiotherapy immobilisation and treatment, especially at the first
fraction.16,42 In our study, there was no significant shift in the
desire for information provision between modalities or treatment
time points. This was perhaps because on the MR Linac, patients
were routinely spoken to at multiple time points throughout the
treatment duration. On the CBCT units, this was not employed
for this patient group since the treatment duration was signifi-
cantly shorter by comparison.

Figure 2. Percentage Likert scale of CBCT and MR Linac cohort responses fraction 20.
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Figure 3. Percentage scale of response change for MR Linac patients between fractions 1 and 20.

Figure 4. Percentage scale of response change for CBCT patients between fractions 1 and 20.
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Due to the relative age and nature of disease, our patient sample
was unlikely to be in pain or suffering from significant
comorbidities which may have made the treatment less tolerable.38

This is positive, since it means that the difference in environment
and experiential factors between the two modalities will have been
judged more objectively, without the influence of patient-specific
confounding factors. The provision of music between the two
patient cohorts was not tightly controlled in this study and did dif-
fer across modalities. This variation, while reflective of the real
clinical practice, could potentially have impacted the macrocosmic
perception of treatment. However, multiple studies have been
unable to find a significant link between music interventions
and a subjective experience of radiation treatment.55–57 The lack
of qualitative data points within this research imposes limits on
important, useable data that could have been generated. Future
studies should aim to make more explicit use of such data sources
in order to add depth to feedback.

This study has reported on the experience of a specific cohort of
patients undergoing radiotherapy on two different treatment
modalities. Future research in this field should expand on this work
to include other disease sites, where variations in imaging duration,
levels of comorbidity and immobilisation may elicit more signifi-
cant differences in response.
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