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Fig. 2. Example Version 2.0 scorecard; validation case score 133.56/142. 

Fig. 3. Flowchart of HSWBv2 Model Creation, Training, and Validation...... 

Discussion 

KBP studies have been performed for multiple disease sites, 

such as prostate, lung, and head and neck. 16 KBP methods have 

several advantages over manually optimized plans in radiotherapy. 

KBP can streamline the treatment planning process by standard- 

izing plan quality, reducing human input, and decreasing time to 

perform treatment planning. 16 For example, creating optimization 

objectives for a glioblastoma disease site took 2 minutes, accom- 

panied by 5 additional minutes for optimization and dose calcula- 

tion. 16 Contrarily, it took 4 hours for a planner without KBP assis- 

tance to create a plan of similar quality. 17 In a case of malignant 

pleural mesothelioma, planning time taken when utilizing KBP was 

20 minutes vs 4 hours of manual optimization time. 18 

We developed a new KBP hippocampal avoidance whole brain 

radiation therapy treatment model (HSWBv2) with the goal of fur- 

ther reducing dose to the hippocampus, increasing dose homo- 

geneity, and improving other dosimetric parameters. The version 

2.0 scorecard added more robust scoring, resulting in a more com- 

plete evaluation of dosimetric plan quality. The revised scorecard 
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Table 3 

The HSWBv2 model validation on Halcyon TM and TrueBeam 

TM using 5 cases (in addition to the 42 training cases) 

Mean (SD) 

Target/OAR Halcyon TM TrueBeam 

TM 

4 Arcs (coplanar) 3 Arcs (coplanar) HyperArc non-coplanar 4 Arcs non-coplanar 4 Arcs coplanar 3 Arcs coplanar 

Hippocampus 

D 100% (Gy) 5.69 (0.19) 5.67 (0.26) 6.79 (0.11) 6.78 (0.12) 6.77 (0.15) 6.72 (0.07) 

D mean (Gy) 7.65 (0.20) 7.67 (0.22) 8.27 (0.13) 8.35 (0.15) 8.45 (0.17) 8.54 (0.19) 

D 0.03CC (Gy) 10.12 (0.45) 10.13 (0.52) 10.90 (0.22) 11.06 (0.34) 11.04 (0.30) 11.16 (0.36) 

Brain PTV 

D 98% (Gy) 28.39 (0.15) 28.39 (0.14) 28.23 (0.09) 28.11 (0.15) 27.86 (0.22) 27.88 (0.21) 

D 2% (Gy) 31.72 (0.09) 31.87 (0.06) 31.73 (0.04) 31.78 (0.07) 31.94 (0.17) 31.99 (0.13) 

V 105% (%) 4.74 (1.29) 8.73 (1.87) 6.10 (1.06) 6.89 (1.65) 10.24 (4.56) 12.18 (4.38) 

HSWBv2 score 

(out of 142) 

133.00 (0.34) 132.21 (0.57) 129.93 (0.48) 129.08 (0.73) 127.19 (1.34) 126.91 (1.06) 

HSWBv1 score 

(out of 142) 

120.49 (1.50) 119.56 (0.81) 120.36 (1.69) 120.05 (3.65) 114.11 (1.89) 114.12 (1.68) 

Halcyon TM SX2MLC coplanar collimator: 315 °, (0 °), 45 °, 90 °. Truebeam 

TM M120MLC HyperArc: full 4 arc arrangement. Four arcs non-coplanar: 2 full arcs 0 ° couch, 

2 180 ° arcs 90 ° couch. Three arcs coplanar collimator: 315 °, 45 °, 90 ° 4 arcs coplanar collimator same as 3 arcs except 90 ° split X jaw superior/inferior to 

hippocampus. All calculations: 6X-FFF, AcurosXB, convergence mode: extended MR3. 

Fig. 4. 4 Arc Halcyon TM treatment plans made with single click, RapidPlan TM . HSWBv1 (left) and HSWBv2 (right). 

integrated feedback from 5 years of clinical use of HSWBv1. The 

new scorecard tool allows for metrics which automatically gener- 

ate complex, dynamic structure expansion/contraction and Boolean 

operations. This automation expedited the creation of the addi- 

tional derived structures ( Fig. 1 ). These structures were evaluated 

on the scorecard and used for both optimization and dose volume 

histogram prediction. Using these derived structures, HSWBv2 en- 

forced enhanced target conformation, homogeneity, and OAR spar- 

ing ( Fig. 4 ). 

Some previous studies only segmented a limited number of 

cranial structures which included hippocampus and 2 to 3 other 

OARs ( i.e. , optic nerves and chiasm, lens). 19–23 In comparison to 

published data, HSWBv2 achieved significantly lower hippocampus 

D mean , D 100% , and D 0.03CC without compromising target coverage 

while also reducing hot spots substantially. Published series with a 

PTV prescription dose of ≥30 Gy generally achieved hippocampus 

D 100% of approximately 8 Gy, in contrast to 5.75 Gy in our study 

( Table 1 ). Though Levra et al . report a D 100% of 6.7 Gy, their study 

prescribed a PTV whole brain dose of 20Gy while including simul- 

taneous integrated boost to targets greater than 30 Gy. 19 

HSWBv2 was tested on two Varian delivery platforms: 

Halcyon 

TM and TrueBeam 

TM of which TrueBeam 

TM is the most 

popular Varian delivery platform. Halcyon utilizes advanced dual- 

layer MLC which enables high modulation due to faster leaf speed 

and lower transmission. HSWBv2 created high quality plans on 

both platforms without user interaction or plan modification (“sin- 

gle click”), allowing for the model to be readily usable in clinics. 

The advantage of single click optimization is that the planner is 

not tied to the process. The total time taken for optimization is 

dependent on the speed of treatment planning system hardware 

and software configuration ( i.e. , convergence mode). For reference, 

HSWBv1 and HSWBv2 total optimization time on our system took 

79 and 76 minutes, respectively. This HSWBv2 RapidPlan 

TM model 

is free to download to the community for all who can use such 

models. 24 

HSWBv2 utilized statistical and machine learning methods 

available in RapidPlan 

TM software for selecting the training set 

cases. The recursive method generated a KBP model that produced 

narrow and accurate dose volume histogram prediction bands. 

These well-fit estimation bands allowed for more aggressive and 

improved OAR sparing. 

Our HSWBv2 model contains more met- 

rics/parameters/constraints than prior hippocampal avoidance 

whole brain radiation therapy treatment models. Preliminary 
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model validation with five independent cases resulted in similar 

dosimetric quality and plan scores compared to the testing com- 

pleted on the training set cases. During development, HSWBv2 

included up to 50 cases in its training set. Eight outliers were 

omitted due to either irregular patient head position or question- 

able geometric shape and/or volume of hippocampus contours. 

Although hippocampus volume are approximately 3.00 cc in nor- 

mal adults, 25–27 HSWBv2 training set cases averaged 4.46 cc and 

cases with hippocampus volume > 7.50 cc were excluded. 

The radiosensitive nature of the hippocampus further empha- 

sizes the need to minimize hippocampus dose while maintaining 

dosimetric plan quality. In NRG-CC001, maximum doses of 14 Gy 

and 16 Gy were associated with a 10% and 25% risk of short-term 

memory deterioration at the 6-month mark. 10 The hippocampus 

D 0.03CC of 9.86 Gy and D 100% of 5.75 Gy achieved in our study 

are significantly lower than prior studies or current existing clin- 

ical guidelines. In conclusion, we demonstrated plan quality im- 

provements by using KBP and dosimetric scorecard to guide the 

process. Further clinical studies are needed to determine the im- 

pact of additional hippocampal dose reduction and its correlation 

to neurocognitive function. 
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