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Objectives: The objective of this study was to assess the repeatability of MRI for
the purpose of radiotherapy treatment planning by considering the difference in
registering MRI to MRI compared to registering CT and MRI.

Methods: Fifty patients undergoing radiotherapy planning for gynaecological,
prostate, rectal, head and neck and CNS malignancies had a planning CT
followed by two T2-weighted MRIs. Anatomical landmarks were contoured
on each dataset and the images were rigidly registered. Centre of Mass (COM),
Dice Similarity Coefficient (DSC), and Mean Distance to Agreement (MDA) were
calculated to assess structure volume and position comparing CT-MRI and
MRI-MRI.

Results: DSC and MDA demonstrated more consistency in delineated volumes
for MRI-MRI than for the CT-MRI comparison. The median DSC values
were >0.8 for 15 of 46 contoured structures for the CT-MRI comparison
and 21 of 23 structures for the MRI-MRI comparison. MDA values
were <1 mm for 11 of 46 structures for the CT-MRI comparison and 18 of
23 structures for the MRI-MRI comparisons. COM were also more consistent
between MRI-MRI than between CT-MRI.

Conclusion: There was less variability of anatomical structures between
repeated MRIs than registered CT and MRI datasets, demonstrating
consistency of MRI for volume delineation in radiotherapy planning.

KEYWORDS

MR-guided radiotherapy, radiotherapy planning, repeatability, MRI-linac, MRL, image
registration
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Introduction

Computed tomography (CT) scans are the primary imaging
modality used in the simulation process for radiotherapy
treatment planning. However, target volumes and organs at
risk (OARs) are not always well discriminated on CT images
due to similar attenuation coefficients of soft tissues [1].
Magnetic resonance imaging (MRI) is increasingly being used
in the radiotherapy planning process for many tumour sites,
including those in the pelvis, head and neck (H&N), and
brain [2-5].

The main advantage of MRI over CT is the superior contrast
of soft tissue structures [6, 7]. MRI also has the advantage of
incorporating functional information using diffusion weighted
image sequences or dynamic contrast enhancement further
contributing to target volume delineation. Unlike CT, it is
possible to image in any plane. However, MRI is more prone
to artefacts and distortion than CT [8] leading to some
uncertainty as to the reliability and consistency of volume
delineation. This is particularly important where MRI-only
radiotherapy treatment planning (RTP) is being considered.

To date, the most common method of incorporating MRI in
RTP and delivery is by registering MRI to the simulation CT
scan. Structures delineated on MRI are transferred to the CT scan
for RTP. However, systemic registration errors can arise from the
inherent differences in the imaging modalities, changes in patient
set-up and positioning between the MRI and CT scans with
differences of 2-5 mm reported in the literature [9-13]. These
errors are systematic and thus continue throughout the course of
radiotherapy treatment and may result in a geographical miss
and ultimately poorer tumour control. There also may be
differences in anatomical structure positioning due to bladder
and rectal filling, which will result in alterations in tumour
volume localisation affecting the position of the prostate [14]
or cervix [15]. Previous studies evaluating uncertainties in MRI-
only RTP have assumed that MR-MR registration uncertainties
are reduced compared to those for CT-MRI [15], based on better
soft tissue delineation. To the best of our knowledge this has not
explicitly been tested.

MRI-only RTP is possible, by creating a synthetic CT (sCT)
using atlas-based [16, 17] or deep learning-based [18, 19]
methods with assigned electron densities and is increasing in
use, particularly with the recent clinical introduction of MRI-
linac systems [20]. MRI-only RTP only requires a single MRI
dataset, eliminating the need for image registration, while the
MRI-linac systems allow for MR-guided radiotherapy (MRgRT),
which utilises on-table MR imaging allowing for daily plan
adaptation.

Consistency and reproducibility of the MRI scans as well as
associated anatomical delineations is crucial for the accuracy of
this workflow. The aim of this study is to assess the repeatability
of MRI scans and the associated anatomical structure volumes
used for RTP for pelvic, H&N and central nervous system (CNS)
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cancers compared to registration of CT to MRI. This work also
explicitly tests the hypothesis that MR-MR registration
uncertainties are reduced compared to those for CT-MRI for
rigid registration.

Methods
Patient recruitment

Patients who were to undergo planning for radiotherapy at
the Liverpool Cancer Therapy Centre, NSW, Australia, were
prospectively recruited. A total of fifty patients were recruited
and scanned for this study, 10 in each of the following groups:
CNS; H&N; gynaecological cancers; rectal cancer; and prostate
cancer. Ethics approval was obtained through the South Western
Sydney Local Health District Research and Ethics Office.

Image acquisition

For the CT and each MRI scan, patients were set up in the
radiotherapy treatment position as per the Liverpool Cancer
Therapy Centre tumour-site specific protocol, using the same
immobilisation devices (including knee cushions, ankle stocks
and vacbags) for patient stability and setup reproducibility. The
only exception was for the CNS patients who did not have a mask
for their MRI scans, as the mask did not fit within the brain coil.
For these patients, the chin tilt was matched to the CT simulation
scan to aid with fusion purposes, as per the departmental
protocol for CNS MRI planning scans.

CT simulations were performed on a Phillips Brilliance Big
Bore 16 slice CT scanner (Phillips, USA). The image matrix was
512 x 512 mm and a slice thickness of 2 mm with 2 mm slice
increments for all patients apart from four of CNS patients who
were undergoing stereotactic radiotherapy and 1 mm slice
thickness was used as per departmental protocol.

MR images were obtained using a dedicated MAGNETOM
Skyra 3T wide bore MRI scanner (Siemens Healthcare, Erlangen,
Germany). A 32-channel integrated spine coil and an 18-channel
body coil were utilised for area of interest i.e. H&N and pelvis. A
20-channel Head and Neck coil was used to acquire high
resolution CNS scans. The slice thickness was 3 mm for the
MRI scans for the pelvis and H&N scans. For the CNS patients
the slice thickness was matched to the CT slice thickness based on
whether the patient was undergoing stereotactic radiotherapy
(I mm or 2 mm slice thickness) or conventionally fractionated
treatment (2 mm slice thickness). The slice thickness used was
based on departmental protocols. Spacing of 0 mm was used for
all scans. 2D T2-weighted turbo Spin Echo (TSE) MRI sequences
were obtained in the transverse plane with a small field of view
(FOV) covering the area of interest for all the pelvic and H&N
scans. The entire brain was included for the CNS scans. An
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additional large FOV 2D T1-weighted TSE was acquired for both
gynaecological and rectal cancer to assist with bone registration
to CT. The minimum in-plane resolution was 1 mm? for all scans.

All patients had their CT and MRI planning scans on the
same day. Depending on the scheduling of the scans, based on
availability, the CT was usually done first followed by the two
MRI scans. Following the first MRI scan (MRI1), patients got up
off the MRI couch and subsequently were repositioned for a
second MRI scan (MRI2). On average there was 40 min between
the acquisition of the CT and MRI1 scans and 15 min between
the MRI1 and MRI2 scans.

Anatomical landmarks

A series of anatomical landmarks were contoured by a
single observer on the CT and the two MRI datasets of each
patient using MIM software (MIM software Inc., Ohio, USA).
The contouring guidelines used of reach structure are
described in Supplementary Table S1. To assess volume
and registration consistency across the MRI FOV, both
bony and soft tissue landmarks located throughout the MRI
datasets were selected. The structures examined were expected
to remain stable between scans. Bony structures were the
maxillary sinus for the CNS and H&N scans and the
acetabulum for the pelvic studies. Soft tissue structures
included the spinal cord, cerebellum, parotid glands,
The
guidelines used to contour individual landmarks are
described in the Appendix. For the MR and CT datasets,
MIM software preset window-level settings for T2 MRI
(check settings), CT bone (Window 400; Level 40) and CT
soft tissue (Window 2500; Level 500) were used for
contouring. For each structure a volume was created by

larynx, external iliac vessels, and the prostate.

contouring over a set number of image slices. The number
of slices contoured for the structure was determined by the
slice thickness of the CT (2 mm) or the MRI scans (3 mm). For
each structure the same portion of the structure was
contoured on each dataset and an equivalent volume length
was contoured on each modality.

Where a portion of a structure was outside the MRI FOV or
there were significant artefacts, for example from a total hip
replacement; the affected structure was not included in the
analysis for the three image datasets for that patient. These
patients were not excluded from the study and they reflect the
patient population receiving pelvic radiotherapy and the
remaining structures were not affected by the artefact. In
addition, when a structure was not wholly within the FOV for
one or both of the MRI scans, for example the lateral portion of
the acetabulum, this structure was not included in the analysis for
that patient.

Following the contouring of the structures on each dataset,
the images were registered using a rigid fusion to bone
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landmarks using MIM software. The algorithm used for
rigid registration by MIM software is mutual information.
The cost function is either correlation or mutual information
with set constraints on the amount of translation and rotation
allowed (communication with MIM engineering). An initial
automatic fusion was then checked and adjusted manually by
a single observer and checked by a second observer. The
registrations used were CT to MRI1, CT to MRI2 and
MRI1 to MRI2 and used identical cost functions. Structure
volumes were transferred to the primary dataset and analysed.
A summary of the workflow for the study and representative
images and registrations are shown in Figure 1.

Contour comparison metrics

Contour comparison metrics were used in this study to
compare each structure volume from the three image datasets
(CT, MRI1 and MRI2) and the relative position of the structures
between the registered images. Calculations were performed in
MIM or using an in-house code in MATLAB (R2017b,
MathWorks, Inc., Natick, MA, USA).

Volume in cubic centimetres (cm?®) was the total volume of
the contoured structure on each dataset and analysed prior to
image registration. Centre of Mass (COM) is Euclidean distance
from the centre position of each structure between image
datasets, measured in millimetres (mm) and compares the
registration of the image datasets. The Dice Similarity
Coefficient (DSC) is a measure of spatial overlap between the
contours on the fused datasets. The DSC range is between zero
(indicating no overlap between structures) and 1 (indicating
overlap). (MDA),
measured in millimetres (mm), is the average of straight-line
distance between two contours. COM, DSC and MDA were
calculated as described by Jameson et al. [21].

exact Mean Distance to Agreement

Statistics

A student’s t-test was used to determine the statistical
differences between the structure volumes between each
dataset. A p-value of <0.05 was considered significant, (IBM
SPSS Statistics, version 23, NY, USA).

Results
Patient numbers and contour volume

The number of patient datasets included in the analysis of
each structure for the different anatomical areas are presented in

Table 1. Where structures were omitted from the analysis, the
reason for omission is summarised in Table 1, for example, two of
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FIGURE 1

Image

acquisition

Contouring

Rigid Fusion

10.3389/fphy.2022.879707

Schematic representation of the workflow. CT, MRI1 and MRI2 images were acquired on the same day with the patient set up in the radiotherapy
treatment position for each scan. Anatomical structures (left and right acetabulum and left and right external iliac vessels) were contoured on the
three image datasets. Rigid registrations between the CT and each MRI dataset (CT-MRI) as well as the two MRI datasets (MRI-MRI) were performed.

TABLE 1 Mean volume of each contoured anatomical structures (cubic centimeters (cm®)) on the CT, MRI1 and MRI2 datasets for the CNS, H + N,
gynaecological, prostate and rectal cancer patient groups (n = 10 for each patient group); and p-values for the comparison of CT to each MRl and

the two MRI scans. Statistically significant differences (<0.05) between the datasets are in bold. The numbers of structures included for each dataset
are indicated. Where a structure was omitted from the analysis the reason is given below, see key.

Structure

Acetabulum

Ext Iliac vessels

Prostate

Maxillary Sinus

Spinal Cord

Parotid Gland

Cerebellum

Larynx

Key: * portion of structure outside field of view; # artefact from total hip replacement; ~ dental artefact; ~ parotidectomy.
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Dataset

Gynae

Prostate

Rectal

Gynae

Prostate

Rectal

Prostate

CNS

CNS
H+N
H+N

CNS
H+N

Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right

Left
Right
Left
Right

Left
Right

Total

number

[CEEN-EE R

10
10
10
10
10
10
10
10

10
10

10

Mean structure

volume (cm?)

CT

18.2
19.7
314
26.8
241
24.6
3.9
3.7
7.9
7.7
5.9
5.6
42.2
8.2
8.9
14.4
14.6
2.1
5.1
28.0
26.3
25.5
32.1

MRI1

14.4
15.9
29.0
25.0
22.0
222
3.3
3.5
7.5
7.3
5.9
5.4
41.9
8.4
9.3
13.5
14.4
2.3
4.0
31.2
30.5
28.1
32.8

04

MRI2

14.4
159
29.4
22.3
22.3
22.0
3.4
35
7.3
7.5
5.8
5.0
40.9
8.5
9.2
14.2
15.2
2.3
4.0
30.1
30.7
29.6
30.8

p-value

CT-MRI1

<0.01
<0.01
0.03
0.47
<0.01
<0.01
0.01
0.34
0.09
0.22
0.92
0.09
0.79
0.52
0.20
0.03
0.85
0.38
<0.01
0.02
0.02
0.01
0.67

CT-MRI2

<0.01
<0.01
0.27
<0.01
0.04
<0.01
<0.01
0.08
0.02
0.64
0.70
0.08
0.17
0.56
0.31
0.63
0.20
0.49
<0.01
0.26
0.01
<0.01
0.44

MRI1-MRI2

0.98
0.87
0.77
0.13
0.62
0.59
0.53
0.42
0.32
0.33
0.34
0.28
0.81
0.72
0.81
0.28
0.08
0.89
0.93
0.41
0.89
0.04
0.32
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FIGURE 2

Box plots of median Centre of Mass (COM) differences in
millimeters for each anatomical structure comparing the CT to
MRI datasets (white) and MRI to MRI (grey) for the (A)
gynaecological; (B) prostate; (C) rectal; (D) H&GN: and (E) CNS
patient groups.

the prostate cancer patients had a unilateral total hip replacement
with significant artefact affecting visualisation of the ipsilateral
acetabulum, meaning this structure was excluded from the
analysis.

The average volume in cm® for the anatomical structures
analysed for each tumour group are presented in Table 1. The
average volumes of each structure on the pelvic MRIs were
smaller when compared to the average on the CT scan. There
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FIGURE 3

Box plots of median DICE Similarity Coefficient (DSC) for
each anatomical structure comparing the CT to MRI datasets
(white) and MRI to MRI (grey) for the (A) gynaecological; (B)
prostate; (C) rectal: (D) H&N: and (E) CNS patient groups.

was no significant difference between the average structure
volume when comparing MRI1 to MR2.

For the CNS and H&N scans the average volumes measured
for each structure on the two MRI datasets were not significantly
different, except for the average volume for the cerebellum, which
was larger for MRI2. There was, however, more variability
comparing the average structure volumes on the CT to both
MRI datasets. In contrast to the pelvic scans, where all the
the CT were than the
corresponding structure on the MRI datasets, for the CNS and

structure volumes on larger
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FIGURE 4

Box plots of median Mean Distance to Agreement (MDA) in
millimeters for each anatomical structure comparing the CT to
MRI datasets (white) and MRI to MRI (grey) for the (A)
gynaecological; (B) prostate; (C) rectal: (D) H&N: and (E) CNS
patient groups.

H&N scans some structures were larger on the CT while others
smaller.

Contour comparison metrics

The median COM values for the anatomical structures
analysed in the three pelvic treatment sites were similar for
both CT to MRI comparisons, see Figure 2. This indicates
that despite the smaller structure volumes on the MRI
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datasets compared to CT, there is good registration between
imaging modalities. The median COM values were generally
smaller for the MRI to MRI comparison, except for the left
acetabulum on the Gynae dataset and the right acetabulum on
the Rectal dataset. For MRI to MRI registration the median COM
value was 2 mm or less for all structures, except for the left
external iliac vessels on the Gynae scans which had a difference of
2.3 mm. The median COM for the prostate was 2.9 mm and
3.1 mm for each of the CT to MRI comparisons and 2.0 mm for
the MRI to MRI comparison.

There was a similar pattern for the CNS and H&N scans, with
the median COM for all structures smaller on the MRI to MRI
registration than for the CT to MRI registrations. The median
COM of 19 of the 23 structures analysed over the five tumour
groups were less than 2 mm for the MRI to MRI registration. The
largest median COM distance was 3.2 mm for the right parotid
and larynx structures on the H&N datasets.

For each of the treatment sites, the median DSC results for
the CT to MRI and MRI to MRI comparisons are shown in the
box plots in Figure 3. Overall, the CT to MRI DSC values for each
structure are similar, and for all structures the MRI to MRI
comparison has a higher DSC value. The median DSC value for
the CT to MRI comparison was 0.70 or greater, except for the
spinal cord on one CT to MRI comparison in each of the CNS
and H&N datasets, which measured 0.67 and 0.65 respectively.
For the MRI to MRI comparison, all structures had median DSC
values of over 0.80, indicating there is better overlap of structures
in the MRI to MRI registration. There was good overlap between
the CT to MRI datasets for the prostate (median DSC 0.81 and
0.80), but better correlation between the prostate volumes on the
two MRI scans (mean DSC 0.89).

The median MDA values comparing the CT to the two MRIs
for each structure is similar and is < 1.2 mm for all structures, see
Figure 4. The median MDA value for all structures in the MRI to
MRI comparison is better than for the CT to MRI comparisons
for all structures in all five tumour datasets.

Discussion

This study evaluates the repeatability of MR images for the
purpose of radiotherapy treatment planning using image
registration; anatomical structure volumes and position; and
by analysing several metrics on CT and MRI datasets. The
structure volumes on all pelvic scans were smaller on the MRI
compared to the CT scans (Table 1) due to the superior soft tissue
contrast on MRI compared to CT. Other studies have also
reported smaller prostate, rectum, cervix and uterine body
volumes on MRI scans as compared to the CT images
[22-24]. The difference seen in the bone structure volumes
(acetabulum and maxillary sinus) on CT and MRI is likely
due to the poor visibility of bone on T2-weighted MRI
sequences, which may vary up to 4 mm [25]. Mean parotid
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gland and cerebellar volumes were smaller on the CT datasets
compared to MRI which indicates the improved ability to detect
the structure edge on MR due to better soft tissue delineation,
consistent with previous reports [26].

Overall, the reproducibility of structure volumes was good
between CT and MR, as seen by the DSC and mean MDA values
for each structure. For 22 of 23 structures analysed the median
DSC values comparing MRI to MRI scans were higher, indicating
better volume correlation between the two MRI scans than
between the CT and MRI (Figure 3). Our median DSC values
for the prostate of 0.81 and 0.80 for the CT to MRI comparisons
are comparable with published data. Sabater et al. reports a
median DSC value of 0.70 for the prostate using a rigid
registration of CT and MRI [27]. In our study, the median
prostate DSC value of 0.89 for the MRI to MRI comparison
demonstrates better volume consistency between the two MRI
scans than the CT to MRI registration. A similar improvement in
the prostate DSC value has been shown using deformable MR to
MR registration [24]. MDA measures the average distance from a
point in one dataset to the closest point in the second dataset. An
MDA of 2mm or less for CT to MRI are in keeping with
published data, including MDA values ranging between 2 and
4 mm for the cervix clinical target volume (CTV) [28]. MDA
distances were consistently smaller for all structures when the
two MRIs (1.2 mm or less) were registered than for the CT to
MRI registration, as shown in Figure 4. Both DSC and MDA
results demonstrate there is superior volume correlation between
sequential MRI scans than between CT and MRI.

The accuracy of position consistency between sequential MRI
scans and CT to MRI was analysed by the COM metric using rigidly
registered datasets. For all three pelvic treatment sites, the median
COM values were similar for each CT to MRI comparison and were
generally less than 3.0 mm. Thus, despite the smaller structure
volumes on the MRIs, there is good registration between imaging
modalities. For the prostate, the median COM values were 3.0 mm
and 3.2 mm for each of CT to MRI comparison. This is consistent
with the literature, where registration errors between CT and MRI
datasets of up to 4 mm for the prostate are reported [10]. Other
studies report registration differences of 1.7 and 1.9 mm for the left
and right ovoids in cervix brachytherapy [23] and between 2.7 and
44mm for rectal cancer CTV registration [10] when MRI is
registered to the CT. Our median COM values were smaller for
the MRI to MRI comparison, including for the prostate which had a
median COM of 2.0 mm. A tolerance in the order of 2mm is
accepted in the central portion of MRI scans used for radiotherapy
planning [29] and clinically Nyholm et al. report a 2 mm mean
distortion of the prostate in the centre of the pelvis when using an
MRI-only radiotherapy planning system [12]. MRI to MRI
registration reduces registration errors as compared to CT to MRI
image fusion.

A limitation of the current study is that geometric distortions
were assumed to be minimal and were not specifically assessed. The
MRI scans were performed with a large bandwidth and radiotherapy
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set-up protocols to minimise geometric and intrinsic differences of
the images which included use of the vendor supplied gradient non-
linearity corrections. Previous work has demonstrated distortions of
MR images are smaller closer to the MRI isocenter and increase at
larger distances [8] with variations measuring 5-10 mm at the
periphery of the image [30-32]. A further limitation of this study
is that the anatomical structures analysed are not generally
contoured in radiotherapy simulation scans as they are neither
the tumour volume or OARs. The structures that were analysed in
this study were chosen to minimise variations in size, shape and
position during and between scans. The bladder, rectum and cervix
are prone to large variations [14, 15], so were not included. Prostate
volumes were included but have been reported to move
approximately 2 mm over the duration of an MRI scan [33].
Contouring guidelines were created by the authors to ensure the
same portion of each selected structure was contoured on the three
datasets. Minor variations in patient positioning and angulation
affected the metrics, in particular the MDA values for the larger
structures such as the acetabulum or maxillary sinus. These slight
differences in patient setup are similar to those experienced in a
clinical setting and are accounted for within the planning tumour
volume (PTV) expansion. Image registration was carried out using
the MIM software, which is used clinically within our department.
Further investigations could be conducted to assess variability
between other registration packages, however, this not within the
scope of the current study.

The current study did not assess interobserver variability as
only a single observer performed the contouring. The use of a
single observer reflects clinical practice in RTP. Previous studies
have looked at the issue of interobserver variability in contouring
structures for H&N [34] and prostate [35] RTP. There was good
interobserver correlation in the delineation of gross tumour
volumes on both CT and MRI in the H&N region [34] and
for the prostate on planning MRIs [35].

It should be noted that the slice thickness of the CT (2 mm)
and MRI (3 mm) in this study differ. This means that there could
be a 1 mm cranio-caudal difference in structure metrics, which
would have an impact on structures which extend cranio-
caudally. This difference in slice thickness is common in
image acquisition for radiotherapy planning [24].

A practical consideration for the use of MRI in radiotherapy
planning and treatment is consistency in patient setup and
positioning which has an impact on the quality of image
registration. Immobilising patients in the radiotherapy treatment
position for all scans reduces potential set-up errors and improves
target volume overlap and registration of structures on planning CT
and MRI scans [22]. In addition, the correct positioning of the
patient minimises variations in bony landmarks between scans, for
example rotation of the pelvis in the sagittal plane increases the
movement of the sacral promontory and pubic symphysis by up to
3 and 8 mm respectively [15].

MRI-only RTP requires the generation of sCT images
from the MRI dataset to determine Hounsfield Unit (HU)
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values and hence calculate radiotherapy doses. Most studies
describing methods for the generation of sCT images use 3D
T2-weighted MRI sequences [16, 17, 36]. Koivula et al.
describe a generalised method for the conversion of
standard T2-weighted MR images to synthetic HU values
required for the generation of a sCT [37]. Their method was
tested on four different MRI scanners, two of which used 2D
T2-weighted sequences. This generalised method produced
clinically acceptable dose calculations for all MRI scanners
and MRI sequences used in their study. No significant
differences were noted between the dose calculations
derived from sCT images generated from 2D or 3D MRI
sequences, hence supporting the use of the 2D MRI sequence
used in this study.

The use of MRI in radiotherapy has been expanding over
the past decade. MRI used in treatment planning has led to
improved target volume and normal tissue delineation,
resulting in better tumour control rates [38, 39] and lower
normal tissue complications [40]. MRI-only radiotherapy is
being developed for clinical use, examples include MRI-only
radiotherapy for prostate treatment [16, 17] and MR-guided
radiotherapy using MRI combined with a cobalt-60 source
[41] or a linear accelerator [1, 20, 42]. This study supports the
use of MRI-only radiotherapy planning and treatment by
demonstrating that there is consistency in MRI scans and
associated structure volumes.

Conclusion

To our knowledge this is the first study examining
anatomical reproducibility of sequential MRI compared
with CT and MRI radiotherapy planning images for pelvic,
H&N and CNS treatment. The results from this study
demonstrate there is less variability of anatomical
structures and improved registration between sequential
MRI scans compared to CT and MRI scans. Clinically,
these findings support the use of MR images alone for
of and OARs in the

radiotherapy treatment planning process as we move

delineation target volumes

toward a complete MRI only workflow.
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