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A B S T R A C T

In magnetic resonance (MR) only radiotherapy, the target delineation needs to be performed without computed tomography (CT). We investigated in thirteen
patients with prostate cancer, how the clinical target volume (CTV) was affected, when the target delineation procedure was changed from using both CT and MR
images to using MR images only. The mean volume of the CTVCT/MR was 61.0 cm3 as compared to 49.9 cm3 from MR-only based target delineation, corresponding to
an average decrease of 18%. Our results show that CTVMR-only was consistently smaller than CTVCT/MR, which has to be taken into consideration before clinical
commissioning of MR-only radiotherapy.

1. Introduction

In modern radiotherapy, the weakest link for successful treatment
has been the definition and delineation of the target volume [1]. One
way to address this problem has been to introduce Magnetic Resonance
(MR) imaging in the treatment planning process. For a long time
computed tomography (CT) has been the standard imaging modality,
but the excellent soft tissue contrast of the MR images enables a more
accurate depiction of the anatomy. This is not only important for target
delineation but also for outlining the organs at risk (OAR). For prostate
cancer, MR imaging has been used in the radiotherapy treatment
planning for more than a decade [2,3]. The anterior, posterior and
lateral borders of the prostate can often be clearly seen on CT, but MR is
in particular valuable for depicting the prostate apex and its intersec-
tion with the bladder. The increasing use of MR imaging for prostate
cancer in radiation oncology was recently the subject for a review [4].

Even if MR offers excellent imaging data, CT is still used in the
treatment planning workflow. One obvious reason is to provide the
density of the tissue needed by the treatment planning system (TPS) for
dose calculation. In a combined MR and CT workflow, the delineation
of target and risk organs is performed on the MR-images, and this in-
formation has to be transferred to the CT images. The combined
workflow demands a registration between the MR data and the CT
images. For prostate, this registration is most often based on intrapro-
static fiducials. The registration techniques are marred by significant
inaccuracies [5]. The treatment plan and the delivery of the treatment

in a combined workflow is defined by the geometry given by the CT.
Therefore, the target delineation after registration may have to be ad-
justed on the CT images due to registration limitations and changes in
anatomy between the MR and CT scanning [6]. A workflow without CT,
i.e. an MR-only workflow, will avoid these uncertainties, simplify the
procedures, reduce the workload and therefore have the potential to
become more cost effective [7]. To accomplish MR-only radiotherapy,
i.e. with no attenuation data available from the CT, a density map re-
ferred to as synthetic CT (sCT), needs to be generated from MR-data.
There are several methods presented to solve this issue [8] and a few
are also available commercially [9,10], and have recently been vali-
dated for prostate cancer radiotherapy planning [11,12].

For clinics, which are about to implement an MR-only workflow, the
target delineation will be carried out with no concerns to CT data. In our
clinic, the radiation oncologists have many years of experience of target
delineation from a combined MR/CT workflow. Many studies concerning
the delineation of the prostate have revealed significant differences when
using MR data instead of CT data [2,3,13–15]. The design of these studies
has been organized so that the data from MR and CT have been used
independently from each other, i.e. the knowledge from outlining on one
modality was not used for the other. They were also mainly performed
when MR was a relatively new modality for treatment planning, and the
results may not reflect the present experience of radiation oncologists to
MR images. A systematic smaller volume was reported when the prostate
was defined on MR compared to CT. These studies do not compare a
combined CT/MR workflow to MR-only workflow. In a combined CT/MR
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workflow, one also has to take into account that treatment is given using
the CT frame of reference, and that the delineated target volume from the
MR images may need adjustments. To the best of our knowledge, no
study is available on how the delineated target volume is affected when a
clinic with a well-established MR/CT workflow is converting to an MR-
only workflow.

The aim of this study was to investigate how a transition from a MR/
CT based workflow to an MR-only workflow affected the delineated
prostate target volume.

2. Materials and methods

This study was approved by the regional ethics review board. For
delineation T2 weighted (T2w) axial, sagittal and coronal MR images of
the prostate region, were acquired on a 3.0 T Discovery 750W scanner
(GE Healthcare). Images were also acquired on CT-scanner (Siemens
SOMATOM definition AS+ ). The slice thickness was 3.0mm for both
MRI and CT images. All details of the imaging protocols are available in
Supplementary information. Two radiation oncologists, with long-term
experience (> 10 years) of prostate delineation on both CT and com-
bined CT/MR workflow, delineated the clinical target volume (CTVCT/
MR) on two separate occasions, seven to eleven months apart. CTV was
defined as the prostate gland and any extraprostatic tumor extension. In
total 13 patients were included. One physician delineated six patients
and the other physician seven patients. On the first occasion, the phy-
sicians delineated the CTVCT/MR according to normal clinical practice,
i.e. using the T2w images, which was rigidly registered (translation and
rotation) to the CT frame of reference using intraprostatic fiducial
markers. The fiducials consisted of three in-house produced cylinder-
shaped gold objects (length 5.0 mm and diameter 1.0mm). The choice
of fiducial marker type was according to the standard of the clinic and
was manual identified using a MR gradient echo sequence [16]. The
CTVCT/MR was adjusted, if needed, on the CT images to compensate for
registration limitations and changes in anatomy between the MR and
CT scanning. At this stage, the physicians were unaware of the up-
coming second drawing exercise. At the second occasion, an MR-only
workflow was simulated and the CTV (CTVMR-only) was delineated so-
lely using the T2w images for the same patients and by the same
physician. The potential difference in the delineated volumes between
the two physicians were investigated using the non-parametric Mann-
Whitney U test, since a normal distribution could not be assumed.

Using the CTVCT/MR as the reference the difference in absolute vo-
lume, equivalent sphere diameter and center of mass displacement were
measured for CTVMR-only. The delineated CTVCT/MR structure were
transferred to the T2w images prior evaluation to enable evaluation in a
common coordinate system of both structures. In this process, the CT-
data was reformatted to the spatial resolution of the MR-data.

3. Results

The CTVMR-only had a consistently smaller volume compared to
CTVCT/MR (Fig. 1). Mean CTVCT/MR volume was 61.0 ± 20.1 (x ± sd)
cm3 (range 27.9–91.8 cm3) while mean CTVMR-only was 49.9 ± 17.4
(x ± sd) cm3 (range 23.0–84.3 cm3). The ratio CTVCT/MR to CTVMR-only
was 1.22 representing a 18% decrease in mean volume difference for
CTVMR-only. The mean equivalent sphere diameter decreased by
3.0 ± 0.13 (x ± sd) mm, and the mean center of mass was displaced
less than 0.5 ± 2 (x ± sd) mm in all directions. There were no sig-
nificant (p= 0.35) differences between the results of the two physi-
cians.

The CTVMR-only was linearly correlated (r2= 0.91) to the CTVCT/MR
(Fig. 2). The percentage volume difference was independent to the size
of the prostate (all percentage differences within 95% confidence level
in a Bland-Altman plot). Thereby, there was no systematic difference
between the two delineations dependent on the absolute volume of the
prostate

4. Discussion

MR-only radiotherapy is an emerging technique, which has gained
interest especially in the male pelvis, i.e. prostate cancer, for which
synthetic CT generation methods are available. The geometric distor-
tions in the MR images, which previously created concerns, are no
longer considered an issue [17,18]. In addition, techniques have been
developed to identify the fiducial markers in MR-images [16,19].
However, in the implementation of an MR-only workflow, there is also
a need to study the local clinical conditions for target delineation using
MR images only, which was the aim for this study.

We found an 18% smaller CTV when only MR data was used instead
of combined CT/MR workflow. The initial drawing on the combined
CT/MR data was performed without the knowledge that there would be
another later session for an MR-only purpose. Thereby, the set-up had a
relevant design for an implementation of an MR-only workflow. A
limitation of the study is small number of patients. However, the sub-
jects cover a good range of CTV volumes and the results showed only
minor variation between subjects.

In previous studies comparing delineations of prostate CTV on CT
and MR, respectively, there was a systematic smaller volume for MR.
The CT to MR ratio varied between 1.16 and 1.5 [2,13–15,20]. It is
obvious that there is range, which corresponds not only to different
image contrasts in the CT compared to MR-images, but probably also a
variation in local routines for target delineation. Our mean CT to MR
ratio was 1.22, but it is important to underline that the set-up of this
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Fig. 1. The CTV drawn on CT+MR images (black) and MR only images (gray)
for 13 patients. The two physicians delineated patient 1–7 and patient 8–13,
respectively. For all patients the volume was smaller when the volume was
delineated on CT+MR compared to MR only images.
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Fig. 2. CTVs for volumes delineated on CT+MR images are linearly correlated
(r2= 0.91) to CTV delineated on MR only images.
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study was different compared to previous studies. The former studies
compared scenarios using CT and MR data separately. This study
compares the changes in target volume going from a combined CT/MR
workflow to a MR-only workflow. Still there was a consistent decrease
in target volume for all patients. One possible explanation is that the
registration process MR/CT is never perfect. Recently, it was found that
the uncertainties in MR/CT match was in the range 1.1–3.1 mm [6].
There may also be anatomical differences between the CT and MR-ex-
amination, which need to be taken into account. This is important since
the treatment planning in a combined workflow is always performed on
the CT-images. Therefore, the CTV may need, after the registration, to
be slightly adjusted to the CT-geometry manually, which results in a
larger CTV for the combined workflow. It was only very recently a
consensus guideline for target volume delineation including MR was
agreed [21]. Notably, these guidelines are for two different workflows:
a CT-only, or a combined CT/MR workflow.

In conclusion, our results show that converting from a well-estab-
lished MR/CT based workflow to an MR only workflow, the prostate
target volume decreased. This demonstrates the need to evaluate these
changes in target volumes prior to clinical commissioning of MR-only
radiotherapy.
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