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prone to inter- and intra-observer variations. The 
movement towards a plan-of-the-day approach further 
intensifies this issue and increases a need for fast and 
automatic tumor delineation methods. The objective of 
our study was to use functional magnetic resonance 
imaging (MRI) to develop and evaluate a voxelwise tumor 
classification method in rectal cancer utilizing a machine 
learning approach. 
Material and Methods 
Eighty-nine patients with rectal cancer were subjected to 
MRI scans at baseline. Routine T2-weighted (T2w) MRI was 
performed before an extended diffusion-weighted (DW) 
sequence with b-values of 0, 25, 50, 100, 500, 1000 and 
1300 s/mm^2. In addition, static R2* (1/T2*) MR data was 
acquired using a sequence with five different echo times. 
Intensity and spatial information extracted from the 
different image series served as input to an image voxel 
classification based on Fisher’s linear discriminant analysis 
(LDA) model. The model was trained and assessed using 
tumor delineations from two radiologists as reference. 
Their tumor delineations were defined on T2w-images but 
guided by T2w and DW images.  
The ability to distinguish tumor from healthy tissue was 
assessed by using the Dice similarity coefficient (DICE), 
kappa statistics (K) as well as sensitivity (Sens) and 
specificity (Spec) as performance measures. In addition, 
the receiver operating characteristic (ROC) curve was 
inspected for each model adjustment by use of the area 
under the curve (AUC). The effect of combining the 
different image series was investigated as well as the 
effect of different pre- and postprocessing options. 
Results 
LDA models based on T2w images alone resulted in an AUC 
of 0.72 (DICE: 0.24; K: 0.19; Sens: 0.82; Spec: 0.67). R2* 
images alone resulted in similar performance measures 
(AUC: 0.76; DICE: 0.23; K: 0.18; Sens: 0.78; Spec: 0.66). 
Models based on DW images or a combination of DW and 
T2w and/or R2* images improved the performance 
measures (AUC: 0.86-0.88; DICE: 0.42-0.43; K: 0.39-0.40; 
Sens 0.75-0.78; Spec: 0.88-0.89). Inclusion of spatial 
information in the form of intensity information of 
neighboring voxels improved the performance as well as 
preprocessing by calculating the standardized z-scores. A 
further improvement was achieved by postprocessing the 
binary tumor mask utilizing morphological closing and 
opening. 
Conclusion 
We demonstrate an automatic method for MR-based 
classification of tumor voxels in rectal cancer using a 
machine-learning approach. The classification results 
improved significantly when functional MRI sequences 
were added to the anatomical sequences. 
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Purpose or Objective 
During a step and shoot or VMAT radiotherapy treatment 
the linac gantry is repositioned many times. On the Elekta 
Unity MR-Linac if the patient is continuously MR imaged 
then the active shimming of the magnet will no longer be 
correct as soon as the gantry moves away from its original 
position.  Incorrect shimming can result in inhomogeneity 
of the principal (B0) magnetic field, leading to geometric 
distortion that could affect real-time treatment plan 
adaptation.  
For a static linac gantry it has been shown that the 
inhomogeneity difference is negligible between a 
shimmed and unshimmed magnet, using a clinical pulse 

sequence at several gantry angles. Our objective was to 
measure B0 inhomogeneity changes during linac gantry 
rotation and to measure geometric distortion in MR images 
during linac gantry rotation using a clinical balanced 
steady state (bFFE) sequence and a single shot spin echo 
EPI (SS-SE-EPI) sequence. 
The clinical bFFE sequence has high receive bandwidth to 
minimise geometric distortion caused by B0 
inhomogeneity. The EPI sequence was chosen to 
demonstrate the sensitivity of the method due to its 
susceptibility to geometric distortion and because it is 
often used in diffusion weighted imaging (DWI). 
Material and Methods 
Continuous rotation: Sequential single slice acquisitions 
were obtained while the gantry completed one rotation 
around the magnet. The centre point of a 10cm diameter 
spherical phantom was estimated for both the bFFE and 
SS-SE-EPI pulse sequences, with a temporal resolution of 
<1s/frame. These were compared to the static gantry 
cases.  
Inhomogeneity: Analysis of the root-mean-squared 
deviation from perfect magnetic homogeneity was 
obtained for sequential, single slice B0 maps obtained 
coronally using a dual echo FFE sequence with a temporal 
resolution of 1.5s/frame during continuous gantry rotation 
for a 35cm diameter ROI in a flood phantom. This was 
compared to the static gantry case. 
Step-and-shoot: the average of fifty coronal, dynamic, 
single-sliced SS-SE-EPI MR images was calculated with the 
gantry static at 12 gantry angles spaced 30⁰ apart, with 
the magnet shimmed for the first gantry position only. The 
centre point of a 10cm diameter spherical phantom on the 
resulting images was estimated and plotted against gantry 
angle. 
Results 
 

 
 
Figure 1 Measured phantom centre point position during 
static and continuous gantry motion for the clinical bFFE 
and EPI sequences   
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Figure 1 Measured phantom centre point position during 
static and continuous gantry motion for the clinical bFFE 
and EPI sequences   
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Figure 2 Rms ppm deviation from perfect homogeneity 
during static and continuous gantry motion using the B0 
map. 
The 10cm diameter spherical phantom deviated by less 
than 1mm in the phase encode direction between 
different gantry angle positions during the step and shoot 
SS-SE-EPI test. 
Conclusion 
We conclude that VMAT with real-time MR monitoring is 
feasible, SS EPI-based DWI is permitted as the geometric 
shifts measured are sub-pixel sized for this sequence and 
re-shimming the magnet is not required during continuous 
monitoring of step and shoot treatments. 
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Purpose or Objective 
With the Unity MR-linac (Elekta AB, Stockholm, Sweden) a 
new paradigm in radiation oncology has emerged allowing 
daily adaptive radiotherapy. Currently, a 3D TSE sequence 
with an acquisition time of over 6 minutes is used clinically 
as pre-beam MR. The aim of this study was to investigate 
the impact of the acquisition time and scan quality on the 
accuracy in registration of the pre-beam MR for plan 
adaptation.  
Material and Methods 
After informed consent, 8 patients with prostate cancer 
were scanned on the Unity MR-linac. Four T2w 3D TSE 
sequences were acquired with different acquisition times 
and resolutions (Table 1). Seven experienced observers 
independently registered the MR sequences on the 
planning CT using Monaco 5.4 (Elekta AB). Automatic 
prostate matching was performed and manually adjusted 
when necessary. Sequences were compared on 3 
measures. 1) Registration accuracy for each sequence was  
quantified by the standard deviation of the registrations 
per patient. 2) Differences between the sequences was 
quantified by the mean deviation from the mean 
registration. 3) A dedicated radiation oncologist and 
radiologist assessed the overall image quality using a 5 
point scale (1: poor; 2: moderate; 3: satisfactory; 4: good; 
5: excellent). 
Results 
Acquisition times ranged between 6.25 and 1.27 minutes 
(Table 1) and an example of corresponding image quality 
is presented in Figure 1. 
Mean deviation from the mean registration per sequence 
was maximally 0.3mm (sequence A) and the root mean 
square of the standard deviations of each registration per 
sequence was <0.7mm. Comparing the different 
sequences, only small differences were seen, where 

deviations in registration of sequence A seem to be slightly 
larger compared to the other sequences (Table 1).  
The qualitative assessment by radiologist and radiation 
oncologist is listed in Table 1. Median scores per patients 
ranged from 1.5 - 4.0.  
 

 
 

 
 
Conclusion 
We studied scan quality and registration accuracy 
comparing a 6.25 minute T2w 3D TSE scan with shorter 
sequences of up to 1.27 minutes. We found registration 
accuracy was on average high (sub-millimetre) and 
changed only mildly for the different sequences. A 
qualitative assessment shows only a lower judgement for 
the shortest (1.27 minute) sequence and variation of 
image quality between patients is larger than between the 
different acquisition times. These results can be used to 
effectively improve overall fraction time for adaptive 
treatment on the MR-linac, by optimising the imaging 
sequence used for registration. 
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Purpose or Objective 
Use of dose-volume parameters is the standard way of 
quantifying plan quality. Secondary plan characteristics 
can be quantified using metrics such as dose gradient or 
dose homogeneity but are in practice often evaluated 
qualitatively. Subjective qualitative evaluation and 
comparison of RT treatment plans can be arbitrary and 
hence suffer from inter-observer variations. The aim of 
this study was to compare subjective vs. quantitative 
evaluations and determine how much consistency there is 
between the two. 
 
 




