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MY POINTS TODAY _ :
Treatment delivery is

never better than the plan

:| Software can compensate
for machine weaknesses
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Some machine features
may not be necessary

Treatment planning
considerations should be
part of machine design

. Keep machines longer!
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DIRECT MACHINE PARAMETER OPTIMIZATION

grad wrt variables:

variables:
X, W

éx dDd¥ éx
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grad wrt fluence:

dF _dF dD
d¥Y dbDd¥
dose:
D(¥(x,w)) |
l ' : / grad wrt dose:
objective: N dF
F(D(¥ (x, w)) | dD

Optimizer aware of machine
limitations during optimization

Leads to more effective solutions

All degrees of freedom
optimized simultaneously

Explicit handling of linear
and nonlinear constraints
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OPTIMIZATION OF 3D-CRT
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Beam variables optimized simultaneously:

4. Gantry angle
5. Couchangle

1. Beam weight
6. Wedge angle

2 Collimator angle
3. Aperture shape

Optimize all relevant
degrees of freedom

Leads to improved
dose distributions

An example of how software can
Improve machine performance
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Adaptive demo fr 7, 3DCRT - RayStation v4.4.0.199 - Not For Clinical Use

% Automated Planning ¥ || Patient Data Management Patient Modeling ¥  Plan Design v WYEUNOIFZ LM  Plan Evaluation v Il aa Preparation || Treatment Adaptation ¥
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™ Physical Composite Objective 306
s Jos
i Dose Fall-Off Plan E External Dose Fall-Off [H]79.20 Gy [L]35.00 Gy, Low dose distance 5.00 cm r 20 = 04
i Max Dose Plan Fo PTV Max Dose 82.50 Gy I 20 o
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v Objective value:
- Min Dose Plan Fe PTV Min Dose 79.20 Gy 100
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IS VARIABLE DOSE RATE NECCESSARY FOR VMAT?

Variable dose rate
Dual arc
1 subarc/arc

Delivery time:
02:17

Constant dose rate
Dual arc
2 subarcs/arc

W PTV54 At least 5130 cGy dose at 99.00 % volume 5194 cGy

Result
v
B PTV66 At least 6270 cGy dose at 99.00 % volume 6348cGy @ ne:
I Parotidle At most 2700 cGy average dose 2690cGy @
T parotidri At most 2700 cGy average dose 2664cGy @
B Spinalcord At most 4100 cGy dose at 1.00 % volume 4008cGy @
I, PTV54 At most 5940 cGy dose at 25.00 % volume 5900cGy @
B PTV66 At most 7062 cGy dose at 0.00 % volume 6946cGy @
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MAXIMIZE EFFICIENCY FOR STEP & SHOOT IMRT DELIVERY

Linac B Linac C
/ beams /’ beams
110 segments 110 segments

Delivery time:
e14:38

Delivery time:
e 6:44
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FIND A FASTER PLAN FOR LINACB

IMRT IMRT IMRT IMRT IMRT IMRT IMRT
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MAXIMIZE EFFICIENCY FOR STEP & SHOOT IMRT DELIVERY

Linac B Linac B
/ beams 11 beams
110 segments 60 segments

Delivery time:
©14:38

Delivery time:
¢ 8:15
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Protocols
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dose

I Approval
Compute on
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Stop Compute Cancel

Low costlinac (9 min) ™

[ Select dose for plan ¥ ] Plan dose: SMLCS (CT 1)

ACTIONS

‘State-of-the-artlinac 1 (6 min] ™
Plan dose: SMLC T (CT 1)

FINAL DOSE

Current

&0 /[

Dose inspector

Not For Clinical Use

COMPARISON-GF MAERINES:~ STEP-&-SHOOT-FOR--HEAD & NECK Adapaton

SMLCS v

Average dose

Auto scale to SIHIVIES

prescription
PRESCRIPTION

® Value: 65.94 Gy

# sMLCS

2.20 Gy x 30 fx = 66.00 Gy

D X

v5.7.0.73

Plan setup v

— Lotate-of-the-artlinac 2 (8 min) ©
Plan dose: SMLC A (CT 1)

Plan dose: SMLC S (CT 1) S g @ 57 Plandose: SMLC T (CT 1) s § O 57 Plandose: SMLC A (CT 1) o' Y Q52
Clinical: Collapsed Cone v3.3 % of 66.00 Gy Clinical: Collapsed Cone v3.3 % of 66.00 Gy Clinical: Collapsed Cone v3.3 9% of 66.00 Gy
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DVH Dose Statistics Clinical Goals Biological Response Fractionation Schedule Line Dose Dose Statistics Clinical Goals Biological Response
Plan dose: SMLCS (CT 1) Plan dose: SMLCT (CT 1) -e===-=e= Plan dose: SMLCA (CT1) = = = =~ { Add physical... ] { Add biological... ] Edit... Copy Delete [ Load template... } [ Create template... ]
DVH
100 Priority = Dose ROI/POI Clinical goal Value Result
90
- 1 Plan dose: SMLCS (CT... o PTV66 At least 59.40 Gy dose at 99.00 % volume 61.43 Gy . -
70 1 Plan dose: SMLCT (CT... o PTV66 At least 59.40 Gy dose at 99.00 % volume 61.21 Gy .
£ 60 1 Plan dose: SMLCA (CT... ¢ PTV 66 At least 59.40 Gy dose at 99.00 % volume 61.37 Gy . I
3
g 50 1 Plan dose: SMLCSS (CT... o PTV66 At least 62.70 Gy dose at 95.00 % volume 63.16 Gy .
S 40
= = 1 Plan dose: SMLCT (CT... o PTV66 At least 62.70 Gy dose at 95.00 % volume 63.23 Gy .
20 1 Plan dose: SMLCA (CT... ¢ PTV66 At least 62.70 Gy dose at 95.00 % volume 63.39 Gy .
10 1 Plan dose: SMLC S (CT... o SpinalCord + 3mm At most 48.00 Gy dose at 1.00 % volume  46.33 Gy .
on =y - 1 Plan doce- SMICTI(CT  CninalCord + 2mm At moct A2 00 Gv doce at 1 00 % voaliime 47 20 Gv &




PLAN EXPLORATON: FIND THE MOST EFFICIENT PLAN FOR A H&N CASE
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Five machines

105 plans

VMAT dual arc on
Linac A FFF
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CONCLUSIONS

EC’;an”;E'ﬁ; F;‘;f;it‘;”fg:g;”fiw%tt%r Software can compensate for lack
P of fancy and expensive features

L -
- Focus on reliability, robustness,
’ ’ accuracy, and cost

Use Plan Exploration during

Ideal fl
' e e the design of the machine
& ot ! - I Complete planning solution should
u ! exist long before production begins
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