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Radiation Therapy is used in the treatment of can-
cer. The challenge is to deliver a prescribed dose of
radiation to tumors while simultaneously protecting
healthy organs from toxic dose levels.

In VMAT, the gantry and couch rotate describing optimization cost function dramatically reduces the

a sphere of beams around the patient. Radiation is \gmgnt ;?lgng Vagﬁ;i @ with C’f@ number of pixels failing dose difference criteria” The
delivered through a dynamic multi-leat collimator. by 2 ; | : table below shows values of Younge’s penalization

. . licate it . .
o Gantry path is dis- repHeate Vounge's Measure for plans computed with different values of our pe-

’ i - (%1 = K7 3 S . .
cretized into  control " after calibration of P(A) \/ nalization weight (C') for the spine case:

Before calibration of P(A) The proposed prOblem 1s not convex and it is diffi- Our model’s penalization (P) 1S direCtly related

cult to solve exactly; therefore, we propose a greedy to our goal (Younge et al., 2012): & =
column-generation-based heuristic to solve the prob- Chpu(A) + Cal(A)

lem approximately: area(A)

Younge et al |1| mea-
sure 1s a good predic-
tor of dosimetric er-
ror, it would be con-

; “adding this edge penalty to the

Modeling Delivery:
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limator (MLC) leaf po- Cs so that our measure “ : Penalization
| . . . ( — Younge,et al. show that (P) = 6% reduces 10% inaccuracies by = 60%
sitions, gantry rotation is a good approximation e, o5 . . .
! : of Younee's aperture We are able to achieve 19% improvement in edge
speed and dose rates | I S o . L. . .
| Dz e contribution metric penalization, preserving treatment quality

° ° ° ° ounge's Measure ) ,
e Structures are discretized into voxels in order to cal- 3% = min 37. and . . .
of% Similar results were obtained in a Head and Neck,

culate doses, given intensities and aperture shapes 1t associated A, | a Lung, a Spine and a Brain case
e Built-in software extrapolates leaf positions and ro- PI'OP osed Model l ’ '

tation speed between control points in order to de- | ©

. . Terminate
liver continuous treatment
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Conclusions

K
Igin;qfnzéllze Fz) + CZP(Ak)yk We incorporated aperture complexity penalization

Aperture Shape Irregularities ké{;’éi}’K } =l within a complex VMAT optimization heuristic
Impact of ' > 0 on Plan Quallty Experiments demonstrate that our model can create

and Ap erture Sh apes plans that are less complex and therefore suffer from
less delivery errors, with minimal changes in plan

Conventional models sometimes produce apertures
with irregular shapes. Aperture shape irregularity
results in decreased dosimetric accuracy. We propose

a new model that explicitly controls aperture quality. T U B
e We prefer "round" and "big" 5% < Sk,k-|-1(AkaAk—|—1)y kE=1,...

apertures

K

Subject to z, = Z Dkv(Ak)ékyka vey
k=1

y €10, YY], k=1,....K In this spine case: As penalization increases so does quality

the regularity of the apertures

S —— This approach can be used in a clinical setting
- = 0.0: No aperture complexity penalization
AkE.A,]C—l,...,K. i

Future work will extended this approach to different
treatment sites

e We propose an optimization Parameters: o
model that explicitly penalizes - A: Set of admissible apertures

. 1 h - YY: Intensities upper bound
irregular aperture shapes - 0x: Angular length between control points

- S™: Lower bound on gantry speed
Variables:
Z»: Dose to voxel v
- Y. Intensity at control point k “
- Apg: Aperture choice at control point &
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Aperture Quality Measures

e Younge’s Measure of Aper-
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