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In the early days of radiation therapy, patients were 

treated mostly in and upright orientation (seated 

position).1 However, due to many late diagnoses of 

cancers
and subsequent bad prognoses, many patients 

could not tolerate the upright orientation and which 

favoured procedures in the recumbent position. As a 

result of vastly improved diagnostic imaging 

technologies which enables early detection of cancers, 

cancer
patients are now generally more ambulatory 

allowing
for a resurgence of upright imaging and 

treatment
procedures. Several benefits of upright 

imaging and radiotherapy treatments have been 

researched and
documented in recent years.2–4 

Researchers at Keio
University school of Medicine in 

Japan recently developed
an upright CT scanner 

allowing for diagnostic CT
scans with the patient in a 

standing position.5 They list
many clinical benefits of 

imaging patients in the upright
orientation. Leo Cancer 

Care brings some of these benefits
to a clinical 

realization by developing technologies
that  will  enable  

positioning,

immobilization and imaging
patients in an upright 

orientation. These systems can
be integrated with 

multiple radiation therapy modalities
such as x-rays, 

electrons, neutrons and accelerated particle
beams to 

allow upright radiation therapy treatments hence 

standardizing patient positioning and imaging
across 

these modalities. A sophisticated upright patient 

positioner has been developed and is now undergoing 

clinical testing at a customer site. Bosbouvier et al. 

concluded that the patient positioner can comfortably, 

precisely and reproducibly position the patient in a semi-

standing
position for targets in the pelvic region.6 In 

addition to the patient positioner, a diagnostic quality, 

upright dual energy CT (DECT) scanner has also been 

developed to image the patient in the upright position. 

The upright DECT scanner comprises of a 32 slice
axial CT 

scanner ring mounted on a gantry structure
with support 

arms that can tilt about a horizontal axis
while allowing 

the CT ring to be translated along the
arms using 

precision 

1.	Introduction

Figure 1.Schematic drawings of the Leo Cancer Care patient positioner and the upright CT scanner
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registration methods for either intra- or inter-modality 

registrations are normally categorized into rigid and 

deformable (non-rigid/elastic) methods. Rigid 

registrations
only allow for rotations and translations 

between
the imaging modalities under consideration. 

Deformable
image registrations relies on elastic mapping 

processes
that are based on matching observed 

anatomical structures
across imaging modalities under 

consideration.12
Image registration techniques and 

algorithms received
a lot of attention from many scholars 

with the primary
focus on adaptive radiation therapy.13,14 

Adaptive radiation
therapy is required for three 

fundamental reasons,
that is, (1) to accommodate 

changes in the patient
geometry due to setup errors or 

setup difficulties including
motion, (2) anatomical 

changes in the treatment
region due to physiology, for 

example, heart beating
or respiratory motion and or 

tumor growth or shrinkage,
and (3) anatomical changes 

in the treatment region
due to patient weight loss or gain. 

All these changes
take place with the patient in the same 

orientation and
relative position. Inter- and intra-

modality image registrations
between images with the 

patient in totally different
orientations such as recumbent 

to upright bring a new
set of challenges.
Significant 

anatomical changes have been observed
for certain 

anatomical regions such as the kidneys,15
the liver,16 pelvic 

floor,17 and other thoracic organs.18,19
A recent study 

comparing male   pelvic  organs   between
  the  supine  

and  upright 

orientations revealed that there
were large changes in  

the shape and position of the
bladder while the shape of 

the prostate did not change
significantly.20 This is 

illustrated in Figure 2 for two of the
volunteers scanned in 

the study. When we investigated
the use of normal 

deformable registration techniques,  it
 was  evident  that 

the large deformation required to match
the bladder 

adversely impact the shape of the prostate.
One way to 

mitigate this is to crop the region of interest
and only 

deform a smaller volume into the upright
geometry.
Intra-

modality registrations are more tractable than
inter-

modality registrations and due to the similarity of
the 

observed signals it typically provide more accurate
and 

trustworthy registrations. A simple explanation for
this is 

that image registration algorithms involve three


components: the deformation model, the similarity metric


and the optimization strategy. The similarity metric,
or the 

way the algorithms compare the signals from the images 

under consideration, changes completely for
inter-

modality registrations. For intra-modality registrations,


the algorithms can use robust comparisons on
a voxel-

by-voxel basis that aggregate the local information.
For 

inter-modality registrations, the algorithms
must rely on 

global statistical consistency across distributions,
and the 

aim is to find a transformation that
establishes 

distribution relevancies, which are much
harder to 

quantify locally10,11 due to the limited number
of samples.

Recent progress in the field of artificial intelligence
(AI) 

and specifically in the domain of image synthesis
using 

deep generative neural networks it is now possible
to 

calculate   bijective   transformations   between   pairs
  of

3.	Image Synthesis

images such as synthetic CT from MRI and vice
versa.21–23 

Such a transformation can generate a synthetic
image 

for the missing modality, that is, using the
image data set 

acquired  in  the   desired   orientation   to   calculate
  the
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planning in the upright
orientation.
The problem with 

Method A is that the user needs
to know the exact 

imaging sequences that were used
to acquire the 

corresponding           diagnostic   MRI   images   in
  order    to  

calculate the synthetic MRI images since any
types of MRI 

images can be derived from a CT data set,
for example, T1 

or T2-weighted images and many more
combinations.

Figure 3. A corresponding pair of axial and sagital CT images shown in Panels A1 and A2 and the 

corresponding calculated synthetic
MRI images shown in panels B1 and B2 for pelvic case.

Figure 2. The midline sagittal MRI images for the supine (solid lines) upright (dotted lines) positions for 2 volunteers. The following 

organs are shown in both panels – rectum (green), prostate (light blue), bladder (blue) and small bowel (yellow – left panel only).
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The workflows described above may solve the lack of 

high magnetic field MRI imaging in the upright 

position. The intra-modality deformable registrations 

will still require special attention since large changes 

in organ shapes between the supine and upright 

orientations,
as is illustrated in Figure 2 for the bladder, 

might still
cause some smaller structures, like the 

prostate, to get deformed incorrectly. However, we 

believe that the
intra-modality deformation into the 

upright synthetic MRI
will be much easier and more 

reliable.           Cropping    the
supine MRI images to only 

5.	Discussion and Summary

contain  the  volume  of  interest,
  for  example, the 

prostate, seminal vesicles, rectum,
and a small part of 

the bladder, reduce the impact of the
larger bladder 

on the deformation map. Either one of the methods 

can be used but it worth re-iterating that the second 

method (Method B) does not require any knowledge


of the reference MRI scan sequences (other than
the 

MR scan weighting) since only one unique solution
for 

the CT data set is possible. It does however involve


one more computational step, that is, five steps versus


only four steps in method A.

Figure 5. The second imaging workflow (Method B) for upright treatments where a high magnetic field MRI 

is required for target definition and delineation
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This whitepaper was commissioned by the team at Leo Cancer Care to support the 
development of their upright radiation therapy products find out more at

www.leocancercare.com


