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Figure 2. Comparison of Acoustic Tumor treatment plan (Columns A and B) and Meningioma
Tumor treatment plan (Columns C and D) generated by GESA algorithm (Columns A and C)
and that manually generated by a treatment planning team (Columns B and D). Views: Sagittal
(Row 1), Coronal (Row 2), Axial (Row 3). The original tumor surface is opaque yellow. The
surface of the volume receiving than 50% of Dpmax is assigned transparent blue.

5.1   Case 1: A Small Acoustic Tumor with Simple Shape

After determining the tumor volume, the attending treatment planning team set the
initial shot number at 8 utilizing uniform shot size of 14 mm, and uniform shot weight
of 0.8. The GESA began its search for a treatment plan with random shot location
(i.e., no seeding). After 38 generations, a 7-shot treatment plan was generated (Table
1). The GESA treatment plan improved conformality (Figure 2) as evidenced by
0.08cm3 more tumor irradiation, and 0.69cm3 more normal tissue spared. The GESA
optimized plan required 1 less shot and resulted in a higher tumor dose average which
was closer to the desired dose (0.8), and a lower tumor dose standard deviation
between voxels (i.e.,. homogeneity). over the manual shot packing plan (Figure 1). It
took 1 hour to process the 38 GESA generations involved on a Silicon Graphics Inc.
(Mountain View, CA) ORIGIN 200TM SGI workstation with an R10000, 250MHz
CPU. This unsupervised computation may be compared to the treatment planning
team�s 45 minutes spent manually generating the plan that the patient received.

5.2   Case 2: A Large Meningioma Tumor with Complex Shape

To initiate the GESA algorithm, the tumor�s medial axis was located for a segmented
meningioma tumor. Seven treatment plans with various shot number and shot size
were based on the medial axis and provided as seeds to the GESA algorithm. Each of
these seeds resulted in six families, each with twenty children. After 58 generations,
the species with 15 shots that includes three 14mm-shots, nine 8mm-shots and three
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4mm-shots won the competition. The randomized initial seeding required 214
generations (days) for GESA to reach an acceptable treatment plan. Table 1 shows the
comparison between the plan generated by GESA and that generated by the planning
team. GESA algorithm achieved better conformality and similar homogeneity. It took
7.5 hours to process the 58 GESA generations on the same SGI ORIGIN 200TM. This
unsupervised computation should be compared to the treatment planning team�s
requirement of 5.5 hours to manually generate their plan. Movies of the treatment
plans seen in Figure 2 may be found at http://neurosurgery.cwru.edu/imaging.

6   Discussion and Conclusion

The 3D GESA algorithm searches the shot parameter space more thoroughly than is
possible during manual shot packing. We note that, where beneficial to the patient, a
reduction of shot number reduces treatment time. Also, as tumor shape becomes
larger and/or more irregular the optimization search space of shot position, size, and
weight expands exponentially. Medial axis seeding reduces that space by providing
several good initial shot packing plans.
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