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A B S T R A C T

Background and purpose: Synthetic computed tomography (sCT) images enable magnetic resonance (MR)-based
dose calculations. This work investigated whether a commercially available sCT generation solution was suitable
for accurate dose calculations and position verification on patients with rectal cancer.
Material and methods: For twenty rectal cancer patients computed tomography (CT) images were rigidly regis-
tered to sCT images. Clinical volumetric modulated arc therapy plans were recalculated on registered CT and sCT
images. Dose deviations were determined through gamma and voxelwise analysis. The impact on position
verification was investigated by identifying differences in translations and rotation between cone-beam CT
(CBCT) to CT and CBCT to sCT registrations.
Results: Across twenty patients, within a threshold of 90% of the prescription dose, a gamma analysis (2%,
2mm) mean pass rate of 95.2 ± 4.0% (± 1 ) and mean dose deviation of −0.3 ± 0.2% of prescription dose
were obtained. The mean difference of translations and rotations over ten patients (76 CBCTs) was< 1mm
and<0.5° in all directions. In the sole posterior-anterior direction a mean systematic shift of 0.7 ± 0.6mm was
found.
Conclusions: Accurate MR-based dose calculations using a commercial sCT generation method were clinically
feasible for treatment of rectal cancer patients. The accuracy of position verification was clinically acceptable.
However, before clinical implementation future investigations will be performed to determine the origin of the
systematic shift.

1. Introduction

Radiotherapy is an effective treatment modality for rectal cancer
patients [1]. In combination with chemotherapy, neoadjuvant radio-
therapy prescribing approximately 50 Gy in 1.8–2.0 Gy fractions (long-
course radiotherapy) is considered the standard of care for locally ad-
vanced rectal cancers when followed by total mesorectal excision
(TME) surgery [2]. For non-locally advanced stage III rectal cancer,
short-course radiotherapy consisting of neoadjuvant therapy
(5× 5.0 Gy) followed by immediate TME surgery is the standard of
care. This short-course radiotherapy scheme showed a reduction in the
risk of local recurrence compared to TME surgery alone [3].
For the planning of radiotherapy, magnetic resonance imaging

(MRI) demonstrated its superior soft tissue contrast compared to

computed tomography (CT) [4]. In the case of rectal cancer, MRI
showed prognostic power for staging capabilities [5,6] and reducing the
radiotherapy volumes by approximately 20% and inter-observer
variability with respect to CT-based delineations [7,8].
Despite these benefits, radiotherapy cannot be planned on MR images

alone, as they do not provide the tissue electron density information
required for dose calculations [9]. This lead to the adoption of hybrid
MRI/CT pathways, which required multimodality image registration
[10]. However, such a workflow is susceptible to systematic and random
spatial uncertainties originating from registration errors [11,12]. MR-
only workflows have been proposed [11] to overcome these un-
certainties, as well as, to offer practical and logistical advantages, by
reducing: the overall treatment cost [13], workload [14], and patient
exposure to ionising radiation [10]. To clinically introduce MR-only
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radiotherapy, MR-based dose calculations and position verification either
based on MRI or MRI-derived images should be enabled and evaluated.
Recently, MR-only simulation has been proposed including the

generation of synthetic-CT (sCT) images [15] to enable dose calcula-
tions and position verification. Investigations into sCT generation
mostly focused on brain and prostate cancer patients [16,17], with
vendors recently providing certified solutions for prostate cancer
radiotherapy [18–20]. Only two publications investigated the feasi-
bility of MR-only radiotherapy calculations for rectal cancer patients
[21,22]. These two contributions focused solely on the dosimetric ac-
curacy of MR-based dose calculation without investigating the use of
sCT as a reference for position verification.
This study investigated whether one of the commercial solutions

certified for prostate cancer patients can also be employed for rectal
cancer patients. Notably, this study evaluated the use of sCT images for
cone-beam CT (CBCT)-based position verification.

2. Materials and methods

2.1. Patient data collection

This study was conducted on fifteen male and five female rectal
cancer patients that were free from hip implants and who underwent
external beam radiotherapy. All patients had previously provided
written informed consent regarding the use of their images, in ac-
cordance with the Medical Ethical Committee requirements. The pa-
tients were diagnosed with intermediate, and high-risk rectal cancer
staged T1c-T4. Their mean age was 60 ± 10 years (± 1 ; range
38–75 years), and their mean body mass index was on average 27 kg/
m2 (range 23–39 kg/m2). The patients were treated for neoadjuvant
therapy; Three fractionation regimes were adopted: short course
treatment delivering 5× 5.0 Gy (3), and long-course treatment
25×2.0 Gy without (14), and with (3) an integrated boost on extra-
mesorectal pathological nodes of 25×2.4 Gy. Nineteen patients were
irradiated with volumetric modulated arc therapy (VMAT) consisting of
two coplanar arcs of 10MV between 50° and 310°. One patient was
irradiated with a single 360° VMAT arc. All plan were clinically opti-
mised according to dose prescription to organs reported in the Dutch
guidelineshttp://www.oncoline.nl/colorectaalcarcinoom.
Patients’ simulations were performed on both CT and MRI between

October 2015 and May 2017 at the University Medical Center Utrecht.
For all patients, 3T MRI (Ingenia MR-RT, v 5.1.7, Philips Healthcare,
The Netherlands) was acquired within 3 h of CT (Brilliance Big Bore,
Philips Healthcare, Ohio, USA), with a mean time of 73min between
the two imaging sessions. All patients were asked to drink 200–300ml
of water one hour before the acquisition after emptying their bladder.
Patients were positioned on the vendor-provided flat table and using a
knee support cushion (lower extremity positioning system, without
adjustable FeetSupport, MacroMedics BV, The Netherlands). To facil-
itate treatment positioning, patients were tattooed at the CT and posi-
tioned at the MRI with the aid of a laser system (Dorado3, LAP GmbH
Laser Applikationen, Germany).
CT scans were performed with the following parameters: 120 kV,

923ms exposure time, 121–183mA tube current, 512× 512 pixels in-
plane matrix, and 3mm slice thickness. In-plane resolution varied de-
pending on the field of view (FOV) used, with an average pixel size of
1× 1 mm2 and maximum size of 1.2× 1.2mm2. The typical size of the
FOV was 50×50×30 cm3, expressed in terms of anterior-posterior,
right-left and superior-inferior directions.
MR images were acquired using anterior and posterior phased array

coils (dS Torso and Posterior coils, 28 channels, Philips Healthcare, The
Netherlands). To avoid skin contour deformation, two in-house-built
bridges supported the anterior coil. For the generation of MR-based sCT
images, a dual echo three-dimensional (3D) Cartesian radio-frequency
spoiled gradient-recalled echo sequence was acquired with the imaging
parameters expressed in Table 1.

A Dixon [23] reconstruction [24] was performed obtaining in-
phase, fat, and water images. Using the acquired MR images, sCTs were
generated with a proprietary solution tailored to prostate patients
called “Magnetic Resonance for Calculating ATtenuation” (MRCAT,
Ingenia MR-RT 5.1.7, rev. 257, Philips Healthcare, Finland). The ima-
ging parameters were locked by the vendor as part of the proprietary
solution. The sCT generation occurred directly at the scanner as an
integrated reconstruction and employed a model of bone resulting in
five bulk-density assigned sCT images. The transverse plane of a CT (a)
and sCT (b) for one example patient are shown in Fig. 1.
Delineations were drawn by a radiation oncologist, with target de-

lineations on the MRI composed of T2-weighted turbo spin echo and
diffusion-weighted imaging as described in [25] and organs at risk
(OARs) delineations on CT. To delineate the structures, MRI was rigidly
registered to CT using an in-house developed software [26].
Patients underwent image-guided radiotherapy (IGRT) with pre-

treatment position verification on a kV CBCT system integrated into the
gantry of linear accelerators (XVI, v 5.0.2b72 Elekta AB, Sweden)
with the following imaging parameters: 120 kV, 1175 mAs,
41× 41×26 cm3 FOV, 1×1×1mm3 voxel size, detector position
was medium, filter F1, counter-clock rotation from −180° to 180° with
0.25 rps gantry speed and 5.5 fps frame rate. Different correction pro-
tocols were followed according to the fractionation regime: for five-
fraction short-course radiotherapy online correction was performed
every fraction, while for 25-fraction long-course radiotherapy the ex-
tended non-action level (eNAL) protocol [27] was performed. Set-up
errors according to the eNAL protocol were estimated in the first three
fractions, followed by imaging every five fractions. All patients ex-
pected to undergo five to seven CBCT; for a few patients, the imaging
frequency was increased, e.g. based on the amount of inter-fraction
motion observed. Set-up corrections were estimated by registering
CBCT to the planning CT based on bony anatomy via chamfer matching
[28] with six degrees of freedom (DoF) (translation and rotation),
which is the local clinical protocol. Registrations with three DoF
(translation only) were also performed for completeness. Registrations
were estimated within a clipbox including bony pelvic anatomy whilst
excluding femoral heads and trochanter minor where possible. The
centre of the rotation was assigned as the centre of the planning
treatment volume (PTV) or the gross tumour volume (GTV).

2.2. sCT evaluation

The clinical suitability of utilising MRCAT as an sCT generation
technique for rectal cancer patients was evaluated. CT images were
rigidly registered and resampled to the voxel size of sCT images with
Elastix v4.7 (Klein et al. 2010) using mutual information and trilinear
interpolation as previously reported [19]. The registered CT images
were visually inspected. In the following, we use the term CTreg to refer
to registered CT images.

Table 1
Image parameters of the sequences used for the sCT generation. The
terms FOV refers to the field of view, while AP to anterior-posterior.

Imaging parameters Value

TE1/(TE2)/TR [ms] 1.2/2.5/3.9
Flip Angle [°] 10
FOV∗ [cm3] 55× 55×30
Acquisition Matrix∗ 324×324×120
Reconstruction Matrix∗ 512×512×120
Reconstructed Voxel∗ [mm3] 1× 1×2
Bandwidth [Hz/px] 1072
Readout direction AP
Geometry correction 3D
Acquisition time 2min 17 s

∗ expressed in terms of anterior-posterior, right-left and superior-in-
ferior directions.
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2.2.1. Image comparison
Image evaluation was performed by calculating the mean absolute

error (MAE) and mean error (ME) (± 1 ) with respect to CTreg within
the body contour intersection of sCT and CTreg. The body contours were
automatically obtained by thresholding CTreg and sCT images at −200
HU. Fig. 1(c) shows CTreg minus sCT for one example patient.

2.2.2. Dose comparison
Before planning, the clinical delineations were propagated to sCT

and CTreg images except for the body contours, which were auto-
matically generated. Clinical plans were recalculated on sCT and CTreg
images in Monaco (v 5.11.02, Elekta AB, Sweden) using the Monte
Carlo photon algorithm on a grid of 3× 3×3mm3 with 1% statistical
uncertainty. Gaseous regions within CTreg had their electron densities
(ED) set to water, following the UMC Utrecht clinical pathway. No
gaseous regions were created during sCT production; therefore no ED
filling was required. To ensure that consistent isocenters were used on
sCT andCTreg images, isocenters were assigned as the centre of the PTV.
Dose distributions were analysed through dose differences

( CT sCT
prescribeddose

and CT sCT
CT

) and 3D gamma analysis at 3%,3mm and
2%,2mm [29] relative to dose onCTreg within dose threshold regions of
90%, 50%, and 10% prescription dose and in the body contour inter-
section after a 15mm cropping to take account of dose build-up. For
gamma analysis a search radius of 5mm, and a dose grid of 2×2×2
mm3 was used with the dose on CT as reference. Analysis of dose-vo-
lume histogram (DVH) points was performed to verify target (CTV,
PTV) dose coverage and adherence to OARs constraints considering the
differences between dose points (D98, D50, D2, V95, V75) on the CT and
sCT plans for CTV, PTV and bladder.

2.2.3. Position verification
The CBCTs of ten patients (three female, seven male) could be re-

trieved and were rigidly registered to sCT, and CTreg in XVI, the clinical
software used for position verification. Registrations were auto-
matically performed based on bone matching utilising chamfer
matching implemented in XVI [28] under the supervision of an op-
erator. The operator manually initialised the registration in case of

visible misregistration. Translations and rotations, if calculated, were
reported from three and six DoF bony match registration within the
clipbox which was set following the local clinical guidelines. The cor-
rection reference point (rotation point) chosen for the six DoF regis-
tration was the centre of the gross tumour volume GTV or PTV both for
CT and sCT, following the previous clinical choice. The difference in
translation ( T) and rotation ( R) between CBCT to CT and CBCT to
sCT was calculated. The mean ± 1 standard deviation ( ), and range of
these differences in right-left (RL), inferior-superior (IS), posterior-
anterior (PA) directions were reported. Two one-sided tests were per-
formed to verify equivalence with a range of (−1mm; 1mm) for the
mean T and R of the patients at a 95% confidence interval [30].

3. Results

3.1. Image comparison

Across twenty patients, the average MAE and ME in the body con-
tour intersection were ±52 3 HU (± 1 , range= 47–59HU) and ±8 6
HU (range = 8-15 HU), respectively. Fig. 1 (bottom row) shows the
doses on CT (d), sCT (e) and their percentage difference (f) for an ex-
ample patient. It can be noticed in panel (c) that the largest differences
between CT and sCT can be found at the body contours, bone/soft tissue
interface and in the rectum due to the presence of air pockets that were
not represented in the sCT images.

3.2. Dose comparison

A mean dose deviation of ±0.1 0.1% and ±0.5 0.3% (± 1 ) of the
prescription dose and relative to CT were obtained using a threshold of
10% (D>10%) of the prescription dose. Within this volume, a gamma
(2%, 2mm) pass rates of ±94.7 1.7% was obtained.
On average, sCT images resulted in a higher dose to the target (in

the high dose region, D>90%), with a mean increase of 0.3% over the
prescribed dose. In the worst case, the mean dose difference was 0.6%.
The mean gamma pass rates using the 3%,3mm and 2%,2mm criteria
were>96 and 85%, respectively, for all volumes of interest, as re-
ported in Table 2.

Fig. 1. Top row: CTreg (a, left), sCT (b, middle) and CTreg minus CT (c, right) for a female patient staged cT4N1, 66 years old, 74 kg, 167 cm, BMI=26.5 treated with
25×2.0 Gy with integrated boost. Bottom row: Doses calculated on CTreg (d, left) and sCT (e, middle), while on the right (f) the dose difference (CTreg-sCT) is
presented as the percentage of the prescribed dose (50 Gy). The delineation of the external body contour on sCT (orange) and of femurs (yellow and red), CTV of the
primary tumour (light blue), PTV of the primary tumour (green), PTV of the boost (blue) and GTV of the boost (black) on CTreg are visible. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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As part of the Supplementary material, which is online available at
ADD_URL (to be done by the journal), we reported the dose differences
on a patient basis as well as geometrical evaluations in terms of beam
depth and radiological beam path.
All DVH points for target (PTV, CTV) and bladder differed<0.5%

(mean) and at maximum 2.5% on sCT with respect to CT, as also pre-
sented in Fig. 2.

3.3. Position verification

A total of 76 CBCT scans were used for registration, ranging from
five to twelve CBCTs per patient over the ten patients considered. For
all patients automatic registration was used and six CBCT registrations
required operator intervention to facilitate automatic registration.
Boxplots of differences in translation ( T, in mm) and rotation ( R, in
) between set-up corrections obtained registering CBCT to sCT minus
CBCT to CTreg is presented in Fig. 3. The mean differences were<0.5
mm and<0.5 ° in all the direction, except PA, where a systematic
difference<1mm was found, as reported in Table 3. For all patients,
using three and six DoF registrations, no translations or rotations were
>±2mm and °1.2 , respectively. The PA direction resulted in shifts that
were not equivalent and statistically different according to the one-
sided tests at 95% confidence interval within± 1mm both for three and
six DoF registration. This was interpreted as a systematic deviation
impacting this direction.

4. Discussion

We demonstrated the clinical feasibility of employing a commercial
prostate cancer sCT generation method for patients with rectal cancer,
with dose differences of 0.3% achieved compared to CT-based calcu-
lations. This result indicated that the adopted commercial prostate sCT
generation method could facilitate the introduction of MR-only rectal
radiotherapy without alteration.
The dose deviations obtained in this study are in line with pre-

viously published studies on rectal cancer patients [21,22], which re-
ported dose differences within 1.5% and to other studies in the pelvic
area reporting dose differences within 2% [31,15,16]. As highlighted in
the Supplementary material, the observed dose differences may be re-
lated to smaller body contour on sCT with respect to CT images.
However, further studies are necessary to verify the cause of these
differences. Focusing on the studies published on rectal cancer patients,
Kempainnen et al. obtained a median gamma pass rate (2%,2mm) of
99.3% excluding points with dose< 30% of the maximum dose [21]
and Wang et al. a median above 99% excluding points with dose<10%
of the maximum dose [22]. Compared to our investigation, they both
obtained higher gamma pass rates. However, in both the studies, body
contour matching between CT and sCT was performed resulting in a
higher pass rate compared to our result.
Dose deviations should be interpreted in the context of the clinically

acceptable uncertainty in radiation therapy. When considering the
complete radiotherapy pathway, including uncertainties in beam cali-
bration, relative dosimetry, dose calculations, and dose delivery, the
International Commission on Radiation Protection estimated un-
certainty of 5% in a clinical set-up [32,33]. The dosimetric deviation of
an MR-based dose calculation (assuming CT to be the ground truth) of
less than 0.5% only makes up for a small fraction of the total un-
certainty [18].
It is of particular interest to observe whether dose differences were

larger for females with respect to males, considering that the com-
mercial solution evaluated in this study was initially released only for
prostate cancer patients. In our dataset, five of twenty patients were
female and, as reported in the Supplementary material, no evident dose
differences were found on this population. However, the female po-
pulation is small and further investigations are required to ensure the
safe use of sCT on this patient group.
Set-up corrections during an IGRT treatment aim at ensuring that a

patient may assume an identical posture and position between an ir-
radiation and simulation sessions [34]. An institute that introduces an
MR-only pathway needs to assess whether set-up corrections during
IGRT can be accurately performed solely utilising sCT images or MR-
based surrogates as references.
In this study, we found that the use of sCT did not impact set-up

corrections for RL and IS directions. However, in the PA directions, we
observed a systematic difference<1mm. As for the dose evaluation,

Table 2
Statistics of the dose comparison on twenty rectal cancer patients. Mean dose
difference relative to the prescription dose and gamma pass rate of the average
dose difference calculated on a threshold of 10%, 50%, 90% of the prescription
dose and the body contour intersection between CT and sCT images (Body). The
values are reported in percentage in terms of mean (± 1 ) and range [min;
max].

Volume Dose Difference Pass Rate Pass Rate
of interest CT sCT

DPrescr
CT sCT

CT
3%,3mm 2%,2 mm

[%] [%] [%] [%]

D>10% ±0.1 0.1 ±0.5 0.3 ±98.1 0.9 ±94.7 1.7
[ 0.3;0.1] [ 1.5;0.1] [96.1;99.8] [91.2;98.1]

D>50% ±0.2 0.2 ±0.6 0.2 ±99.0 0.9 ±95.9 2.7
[ 0.5;0.3] [ 1.6;0.3] [97.1;100] [89.3;99.0]

D>90% ±0.3 0.2 ±0.5 0.2 ±99.5 0.7 ±95.2 4.0
[ 0.6;0.4] [ 1.3;0.4] [97.2;100] [85.4;99.8]

Body ±0.1 0.1 ±0.4 0.4 ±98.6 0.6 ±96.1 1.3
[ 0.2;0.1] [ 1.3;0.1] [96.6;99.7] [92.5;98.2]

Fig. 2. Boxplots of targets (CTV in blue, PTV in green) and OARs (red) DVH parameter differences between CT and sCT (CT sCT). The values are rescaled to the
prescribed dose (left panel) or the total volume of the specific structure (right panel). The bar of the boxplot indicates the inter-quartile range and with outliers
defined by a whisker of 1.5 the inter-quartile range.
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this difference needs to be reviewed in the light of the total uncertainty
accepted in radiation therapy [35]. It is important to bear in mind that
the reported difference is within the voxel size of the MR images, and
for registrations, the largest deviation was obtained with three DoF
registration. For our clinic, this difference was not considered relevant
as we only use six DoF registrations. However, the results highlight that
sites should perform independent evaluations for systematic offsets
before introducing MR-only into the clinic. To fully understand the
cause of this deviations, further investigations into the origin of the
systematic deviations will be performed prior to clinical introduction.
In particular, we hypothesise that three factors may contribute to the
deviations. The first factor related to the difference that may arise
during simulations on CT and MR may differ, e.g. the position of im-
mobilisation wedges may impact the inclination of the legs, or the flat

table may be inclined in the MRI. Besides, physiological changes may
occur. In this sense, it was reported that the anterior-posterior direction
is the most prone to systematic motion [36]. Also, previous investiga-
tions already hypothesised that bladder and rectal filling may lead to
different positions in the anterior-posterior directions [18,22]. The
second factor relates to the sCT generation method. In this factor, we
also include the geometric distortion that may compromise MRI and
derived sCT images [37]. Finally, the third factor relates to sCT gen-
eration and CT to sCT registration: the analysis assumed that CT to sCT
registration was perfect. In reality, residual error may still be present. In
this study, we registered CT to sCT images over the entire body, while
for position verification purposes, registration based on the bone match
within the clipbox is considered to be clinically relevant. In addition, in
our study, utilising different algorithms and software when aligning CT
with sCT and when registering CBCT images may have contributed to
the systematic differences observed.
To our knowledge, no other study investigated the impact of posi-

tion verification for rectal cancer patients within an MR-only radio-
therapy pathway. To enable a comparison with previous work, we
compared our results with studies on prostate cancer patients, given the
anatomical proximity. For example, Korhonen et al. [38] investigated
the impact of sCT- and MR-based set-up corrections for position ver-
ification based both on CBCT and planar imaging. They obtained ac-
curacy higher than 0.5mm and precision higher than 1mm, which is in
line with our results. Doemer et al. found that CBCT-based position
verification using MR as a reference did not impact the CTV-to-PTV
margin recipe [39]. Also, they reported that the PA direction was af-
fected by the largest differences in shift position due to non-compliance
with bowel preparation at the MRI and CT simulations. The study
conducted by Kemppainen et al. [40], who utilised the same commer-
cial sCT generation solution, investigated the impact of position ver-
ification performed using digitally reconstructed radiography (DRR) for
prostate cancer. Interestingly, they also reported a 0.5mm systematic

Fig. 3. Boxplots of the difference in translation (T, in mm, red and green for three and six DoF registrations, respectively) and rotation (R, in , blue) between the set-
up corrections obtained registering CBCT to sCT minus CBCT to CTreg for ten patients in the left-right (left panels), inferior-superior (middle panel) and posterior-
anterior (right panels) directions. In the case of the rotation, the direction indicates the rotation axis. The bar of the boxplot indicates the inter-quartile range and
with outliers defined by a whisker of 1.5. The black continuous line indicates the average of mean difference over the patients, while the black dashed lines are
positioned at a 95% confidence interval from the average mean over all the patients.

Table 3
Differences in automatic patient set-up corrections between sCT-based and
standard CT-based registration. The statistics are reported for three and six
degrees of freedom (DoF) registrations in the left-right (LR), inferior-superior
(IS) and posterior-anterior (AP) directions. The values are expressed in mm for
the translations and degrees for the rotations in terms of mean (± 1 ), and
range [min; max]. Bold values represent the cases of nonequivalence, as sta-
tistical differences were found in the two one-sided tests.

Registrations Dir Translation [mm] Rotation [°]

±x [min; max] ±x [min; max]

Bone six DoF LR ±0.1 0.2 [ 0.7;0.8] ±0.5 0.4 [ 0.1;1.2]
T+R IS ±0.1 0.4 [ 1.1;0.8] ±0.0 0.4 [ 0.9;0.8]
Clipbox PA ±0 7 0 6. . [ 1.2;2.0] ±0.0 0.3 [ 0.4;0.6]

Bone three DoF LR ±0.1 0.3 [ 0.4;0.8]
T IS ±0.2 0.4 [ 1.3;0.8]

Clipbox PA ±0 9 0 4. . [ 0.1;1.5]
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difference in the anterior-posterior direction. This is in line with our
findings, supporting the hypothesis that the systematic difference may
be intrinsic to the sCT generation method or be caused by registration
errors or inter-scan motion and was not related to patient simulation.
This, however, requires further investigations that are currently un-
dergoing.
Alternatively, MR images could be directly used as a reference for

position verification. This may solve the deviations found in our study
by eliminating the use of sCT for position verification. However, the
software we used to perform set-up correction did not allow importa-
tion of MR images and support multi-modality image registration.
In general, it is essential to note that the assessment of the impact of

sCT generation methods to total geometric accuracy is as critical as
dosimetric accuracy [40]. Currently, assessments of dosimetric accu-
racy outnumber investigations of the impact of other areas of un-
certainty in radiotherapy. This study contributed to evaluating the
overall impact of a commercially available sCT generation method for
an anatomical region that has not been largely investigated. Specifi-
cally, this work presented the first study investigating the impact of
position verification for rectal cancer patients within an MR-only
radiotherapy pathway.
In conclusion, this study shows that sCT images generated with the

adopted commercial solution for prostate cancer radiotherapy are
clinically acceptable for accurate dose calculations and position ver-
ification for rectal cancer radiotherapy. We reported that mean differ-
ences against CT-based dose calculations were within 0.5% and the use
of sCT for position verification would impact CBCT registration less
than 1mm. A deviation of about 0.7 mm within the anterior-posterior
was the largest concern for position verification, and future investiga-
tions will be performed to fully understand the underlying causes.
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