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Introduction

When treating a patient using a robotic device, such as the
CyberKnife (Accuray Inc., Sunnyvale CA), the overall travel time
between the nodes for the robot can be substantial.

Currently, travel time is not optimised in the treatment planning
process. In this study, we investigate opportunities to generate for
each patient an alternative plan with similar quality but with a
substantially reduced travel time.

— Result: Prostate —

Reduction in travel time (green) to shorter time (grey)

100
30
all
0
all
all
all
a0
al
100

I

Felative improvement
in travel time (%)

1 0 100 15 i L0 40

patient 10
Average DVHs between Qriginal {solid) and Fast (dashed) plan

100

anfl..... L ...... ....... ...... ....... ...... , ....... ...... ...... ..... _
II ) . : : ) ; . : : . )

ot ...... T .................................................... R i
s S VU ¢ Mean 5D
70 . e N T o
= 60H-ho . SO Q- Rectum Dy 0.01  0.38
= AN UE“th“m 1 Rectum Dypgyey -0.05  0.18
% B0 rethnra ...... Rectum Do 0.0 012
S oLV % LT Eedderf f N Urethra Dy 015 0.37
. ; - Bladder £, -0.26  0.30
30 % JRPI RETTEERRRERE i"m?“i*l{?!' L}”!r.rm 026 0.41
anlk..... - g ...... ...... ...... ..... S ....... ..... L ....... ..... i
[V SEURRETRENN | TS ECti e, VPRI SO ST R N
o o 10 15 20 23 30 35 40 45 20 55 60 B4 fO
Cose (Gy)
— Method —

For this study, 25-node treatment plans were first generated for each
patient using our in-house developed TPS for automated multi-
criterial plan generation. An alternative (fast) plan was then
generated with a minimised travel time. For all plans (original and
fast), a Travelling Salesman Problem (TSP) approach was used to
establish the order of the 25 selected nodes for a minimal travel time,
consistent with the commercial CyberKnife software.

The travel time reduction strategy investigated for each node if a
nearby node (angle < 15 degrees) leads to a significantly shorter travel
time. Per node, 3-7 nearby nodes were explored. If the travel time
could be reduced by more than 3.5 seconds, the original node was
replaced with the faster alternative. This was sequentially repeated
for each node. For the new node-set, the TSP is solved again.

Finally, a new plan optimisation was performed for the alternative,
faster travel path using the automated multi-criteria treatment
planning system.

Conclusion

A strategy has been developed to establish for each patient a fast
robot travel path with minimal loss in plan quality relative to the
original treatment plan.

Overall, the travel time reduced by more than 20% per patient: 22%
(range 11%-30%) for prostate and 20% (range 10%-30%) for lung.
Computation time to find the faster node-set was 21 seconds on
average.
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Example of a prostate case. Depicted is the couch with corresponding
patient orientation. Black dots indicate the fixed node positions from
which the CyberKnife can irradiate the patient.

The RED line is the fastest path (234.9 secs) using the original nodes
resulted from the plan optimisation. The BLUE line is the reduced
travel time path (189.2 secs), with only 6 differently selected nodes.




