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SYNTHETIC CT GENERATION IN
RAYSTATION FOR ENHANCED WORKFLOWS
IN ADAPTIVE RADIOTHERAPY

Daily cone beam CTs (CBCTs) provide superior representation of patient anatomy at the time
of treatment compared to the conventional planning CT. To assess the need for replanning,
it should be possible to compute the dose based on the daily CBCT images. However,
the quality of CBCT images is often sub-optimal in comparison to CT images.

CBCTimages often suffer from artifacts and an unstable rela- BENEFITS:
tionship between CBCT intensities and electron densities and * Provides representation of the patient anatomy at the time of
therefore are not well-suited for dose computation. To overcome treatment as opposed to the planning CT

this challenge, RayStation™ utilizes two advanced algorithms to
create synthetic CTs, using the daily CBCT and the planning CT
as input. This results in increased dose computation accuracy,
which is crucial for establishing more reliable adaptive work-
flows in radiation therapy.

* Enhances CBCT-based dose computation accuracy

e CBCT based synthetic CT dose calculation has the potential
to increase efficiency of the adaptive radiotherapy (ART)
pathway while removing subjectivity
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Figure 1. Comparison between the planned dose (left] and the daily fraction dose computed on the Corrected CBCT middle] and Virtual CT (right].
Both synthetic CT algorithms indicate that the plan may need to be adapted, as can be seen in the DVH and dose statistics.




TWO ADVANCED ALGORITHMS

Two algorithms were introduced in RayStation 11B, which
create a synthetic CT from the daily CBCT, making it possible
to accurately compute dose using HU values instead of using
bulk densities. These are included with a rayTracker license,
further strengthening the dose tracking and adaptive
replanning workflows.
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The Corrected CBCT algorithm works in an iterative manner with
two main stages; conversion, and correction. These stages are
alternated until convergence. The initial stage finds a conversion
from the CBCT intensity scale to the planning CT HU intensity
scale, and the second finds a correction map that (for each CBCT
voxel] removes low frequency artifacts.

This method works for all CBCTs, with no calibration needed

and no possibility of changes to the CBCT geometry. In case of
limited FOV, parts outside the FOV are copied from the deformed
planning CT to the CBCT.
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Figure 2. The CBCT is improved iteratively in two stages, none of which alters the patient’s anatomy. In each iteration, a patient specific voxel-vise
CBCT value to HU look up table is applied, as well as low frequency (smooth) shading correction map.
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Figure 3. Regions outside of the field-of-view ROl of the CBCT are mapped from the planning CT to the Corrected CBCT using the deformable registration.
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The Virtual CT method is a hybrid between a deformed CT and
the CBCT correction method. The planning CT is deformed to the
CBCT geometry and mismatching low density tissues (air/lung)

eitherin the planning CT or the CBCT, are replaced with values
from the corrected CBCT.

Deformed CT

Figure 4. The Virtual CT is created by combining a deformed planning CT and the Corrected CBCT. It takes most of the image from the deformed CT,

Corrected CBCT

Virtual CT

apart from low density regions such as air or lung that are taken from the corrected CBCT (circled in red).

Why two different algorithms?

Corrected CBCT:

+ No anatomical changes -> No dose
errors from incorrect anatomy.
Contouring can be safely performed,
even easier than on original.

+ Fairly robust to errors in the deformable
registration.

- If the original CBCT is of poor quality,
some artifacts may remain.

Virtual CT:

+ Mostly a deformed CT and will therefore
have CT-quality, no/very small additional
dose errors from image quality.

- As itmostly is a deformed CT, accuracy
is highly dependent on the deformable
registration

- Deformed CT - Contouring should
not be done on this image.

Use the original CBCT
or (preferably] @
corrected CBCT.

CBCT is the preferred option.

If the image quality of the CBCT is sufficient, the corrected
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Rune Slot Thing, Medical Physics Expert,
PhD, Vejle Hospital, Denmark

Corrected CBCTs have allowed us to evaluate the
dosimetric consequences of anatomical changes
for all patient groups, faster and more accurately
than before. Using scripting, we can create a
corrected CBCT, propagate contours and calculate
an evaluation dose on the Corrected CBCT within
2 minutes from CBCT import. This workflow allows us
to focus our time on the patients where treatment
adaptation makes a difference.”

VALIDATION
The Corrected CBCT and Virtual CT methods have been validated
for photons and ions at multiple clinics with good results. *

Ina study by Thing etal.,* the Corrected CBCT and Virtual CT
images show excellent dosimetric agreement with the ground
truth CTimages. Gamma 2%/2mm pass rates >98% were found
for 58/60 thoracic and pelvic patients. DVH similarity to CT within
1% was demonstrated for all pelvic cases, and similarity within
+/- 16y was shown for all cases. Zhou et al., * looked at the
feasibility of this method for online evaluation in proton therapy.
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Apart from showing good dosimetric agreement, they concluded
that online evaluation (from image import to calculated dose)
can be achieved within 2 minutes for most clinical proton cases.

SUMMARY/CONCLUSION

CBCT-based synthetic CTs generated by the algorithms in
RayStation provide high accuracy in dose computation, a key
factor for more reliable and automated workflows for adaptive
radiotherapy.
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For more information or to book a demo,
visit www.raysearchlabs.com
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