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* Challenges:
* Each proton system has its own spot irradiation sequence
* Each gantry or couch has its mechanical limitations

* To address the challenges of generating a deliverable and efficient
SPArc plan for a specific proton therapy system.
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Method and Material : 4oLtz

* Incorporate the machine-specific parameters (machine limitation and
spot delivery sequence) into SPArc optimization

* SPArc delivery sequence (DSM,,.) modelling

* (a) machine specific parameter modelling
* including maximum gantry speed, acceleration, and deceleration speed

* (b) irradiation parameter modelling
* including energy switching and spot switching, spot delivery sequence and time

* SPArc delivery sequence (DSM,,.) can predict gantry rotation speed
and beam status(ON/OFF) accurately.
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Method and Material

* The gantry angle vs. delivery time showed a good agreement
between the DSM___ and log file.(delivery time difference:6.1%+3.9%

arc

on average for eight cases)
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Method and Material w 1oL 82

* 3D gamma pass ratio with criteria 3mm, 3% between reconstructed
dose and initial plan dose are greater then 98% for all validated cases.

(a) plan dose(Gy) reconstructed dose(Gy)
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* SPArcp,,sp resamples and adjusts each control point's delivery speed
based on the DSM,, . calculation through the iterative approach.

| Coarse sampling |

Initial spot and energy layer placement
(Initial optimization)

E 3
| Resample the plan’s control point to an Arc sampling frequency |

E . . . . . .
machine-specific delivery sequence model (DSM,,.) calculation Fra mework Of SPArCDMSP Iterative OptImIZatIOn a|g0rlthm.

1 Maching specific parameters: Machanical constraints and delivery (irradiation) sequencs
F User préferred paramaters: &g, treatment delivery time, and scoeleration/deceleration speed

¥

[ Calculated SPArc delivery time per control point using DSM._ ‘ a.Control point resam pIe;

Apply fterative optimization anproach through b.Energy layer redistribution and filtration;

troll t tti 1 1 1
::.DnFlrl:irf?d:'rEj::;:Iﬁbi;ifd tlnr:i: layers in and between C * P re d ICt d e I Ive ry tl m e a n d ga nt ry
b, Fierre diribute/add spot n and between control oints rotation speed per control point;
¢, Adjust MU/Intensity of the spot in the control paints Mo. Then, continue the . . . . . .

| iterative optimization d.Spot redistribution and spot intensity modulation

Recalculate SPArc delivery time and sequence, if approach . .
a.  Total delivery meet the user setting? e . S p Ot fl It rat | 0 n
1] Plan quality is acceptable?
. MomentumfVelocity change meet the user setting?
d,  Connection between the control point meet the mechanical

limitations
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* Four representative cases(brain, head neck, liver and lung cancer
patients) were selected to test SPArcycp

e Two kinds of SPArc plans were generated using the same planning
objective functions:

* A.SPArcsp Plan meeting the maximum allowable gantry acceleration
speed(0.6deg/s?);

* B.SPArCh\isp_user-speed PlaN With a user pre-defined delivery time and
constraint the acceleration speed<0.1deg/s?.

* Simulated arc delivery sequence based on the DSM, . was compared.
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* The plan parameters(objective value, total energy layers,spots,

de“\lery tImE) e .I....-

Result

Abbreviation: A: spot-scanning proton 2577 0.0663 23.78%

arc(SPArc) incorporated mechanical B = . —— 0.73 0.06 8.44%
maximum allowable constraints

(0.6deg/s?) and delivery sequence A 36 2981 140 1= 0.67 016 24.09%

(SPArcpvisp), B 55 | ase | e ] LEES 0.69 007  10.24%

b: .SPArCDMSP'user'Speed V\{Ith HSEr Pre” A 38 10272 269  0.4502 e asi | e

defined treatment delivery speed and - : I

: : 38 9158 262 0.422 o

gantry acceleration constraint <0.1deg/s? B 0.39 LI e

A S0 | e | A ] DR 0.48 0.18  37.19%

LA B I e I 0.45 0.06  12.35%
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Result @ i iod

Plan quality is similar.
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Result s 1 40 B-8%

The SPArCyyisp_user-speed P1aN could minimize the gantry momentum change based on clinical users input
compared to the SPArcysp
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The comparison of gantry velocity and gantry angle vs time for SPArcy,,sp (dash line)
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* SPArc-DSM_ . plan could meet the mechanical constraint of the
specific proton system.

* Additionally, SPArc-DSM,,. can directly optimize the treatment speed
and momentum changes of the gantry in the plan optimization
process.

* This work paved the roadmap for the clinical implementation of
proton arc therapy in the treatment planning system.
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Thanks!
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