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ABSTRACT

Cine-MR based intra-fraction motion assessment for MR-Linac treatment of prostate cancer
Purpose: The goal of our study is to progress towards real-time MR-guided radiotherapy with extreme
hypofractionation of the prostate with sub-mm precision. We have collected an extensive 3D cine-MR dataset
to investigate the intrafraction motion of the prostate during the period of a RT fraction. The results presented
here reflect natural intrafraction motion of the prostate, obtained by fast and robust automatic tracking of
fiducial markers (FM) on 3D cine-MR images with sufficient temporal resolution.
Materials & Methods: Twenty-nine patients undergoing hypofractionated prostate RT, with four implanted
cylindrical gold FMs (5mm length, 1mm diameter), had repeated cine-MR imaging sessions at the University
Medical Center Utrecht after each of five weekly fractions. During these imaging sessions, patient position and
immobilization was similar to that during prostate RT.
Each cine-MR examination consisted of 55 sequentially obtained 3D datasets (‘dynamics’) and were acquired
with a balanced 3D gradient echo sequence (TR=4 ms, TE=1.98 ms, flipangle=30°) that provides good
anatomical as well as FM contrast. Each dynamic was acquired over a 11 second period, with a voxel size of
0.96×0.96×2 mm3. Each cine-MR exam covers a 10 minute period, which is similar to the duration of a RT
fraction.
The locations of the FMs in the first dynamic were manually determined by a clinician, who provided the top
and bottom location of each FM. The FM centers in subsequent dynamics were automatically determined using
in-house developed Python code. A local template around the fiducial center was obtained and these templates
from the first dynamic were registered to subsequent dynamics using cross-correlation.
Center of mass (COM) translations and rotations were obtained by calculating the rigid transformations
between the FM template of the first and subsequent dynamics.The results from the algorithm were verified by
comparing the COM locations with the locations found by the clinician at the halfway-dynamic (after 5 minutes)
and end dynamic (after 10 minutes).
Results: The mean 3D error in the COM position found by the clinician compared with the algorithm is 0.4 mm.
The algorithm analyzed 7315 dynamics over 133 scans of 29 patients and a graphical representation of these
results are provided in figure 1 and 2. Full automatic analysis of a single dynamic took 1.3 seconds, which is
sufficient to analyze an incoming cine-MR data stream. The population results in the figures show that the
magnitude of intrafraction displacements continuously increased over the 10 min interval. Next to the small
overall trends, the spread of the displacements increased monotonously.
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Conclusion: We have demonstrated that we have developed a robust, fast and accurate FM tracking
algorithm in cineMR data, which allows for continuous monitoring and correction of intrafraction motion in a
MR-Linac. We found a continuous increase with time in intrafraction motion magnitude (translations and
rotations) over a 10 min period, which hardly flattened. The amplitude and temporal behavior of the found
intrafraction motion stresses the importance of real-time MR-guidance by fast imaging and dose re-optimization
for hypofractionated prostate RT.
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