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Research and development to advance radiotherapy

New delivery platforms:
particles, high-energy
electrons, and gamma rays
(with special geometry) to

improve dose distributions
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development to advance radiotherapy

Research opportunity:

q,{t = dynamic delivery on optimized but arbitrary
‘p‘o in shape non-isocentric collision-free
* trajectories via synchronized motion of all
e accelerator axes (including couch)

Trajectory Modulated Arc Therapy (TMAT)
4pi
Dynamic Trajectory Therapy

Have we exhausted the delivery
options for dose improvements?

Physical Aspects of Dynamic Stereotactic Radiosurgery
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« Extracranial trajectories

« individually optimized for each patient
* non-isocentric

+ intensity-modulated

Versy =>resea

POINT/COUNTERPOINT

Noncoplanar beams improve dosimetry quality for extracranial intensity
modulated radiotherapy and should be used more extensively
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Potential solution: m

— Dynamic ‘horizontal arcs’
— Combined with prone breast setup to eliminate dose to
lung, heart, etc.

Research opportunity: trajectory desig

“beam angle optimization radiation therapy” 135 AND ‘“collision”

“isocentric technique” 194 VERSUS “nonisocentric technique” 6

« Develop and incorporate collision detection models in planning,
optimization, and delivery

Yu VY, Tran A, Nguyen D, Cao M, Ruan D, Low DA, Sheng K. The development and verification of a highly accurate
collision prediction model for automated noncoplanar plan delivery. Med Phys. 2015 Nov;42(11):6457-67.

Research into beam arrangement optimization without iso-centricity
constraints
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Research opportunity: trajectory optimization

Papp D, Bortfeld T, Unkelbach J. A modular approach to ity therapy optimization with
noncoplanar trajectories. Phys Med Biol. 2015 Jul 7;60(13):5179-98.

MacDonald RL, Thomas CG. Dynamic trajectory-based couch motion for i of radiation therapy
trajectories in cranial SRT. Med Phys. 2015 May;42(5):2317-25.

Smyth G, Bamber JC, Evans PM, Bedford IL. Trajectory optimization for dynamic couch rotation during
volumetric modulated arc radiotherapy. Phys Med Biol. 2013 Nov 21;58(22):8163-77.

Dong P, Lee P, Ruan D, Long T, Romeijn E, Yang Y, Low D, Kupelian P, Sheng K. 4pi non-coplanar liver SBRT: a
novel delivery technique. Int J Radiat Oncol Biol Phys. 2013 Apr 1;85(5):1360-6.

Yang Y, Zhang P, Happersett L, Xiong J, Yang J, Chan M, Beal K, Mageras G, Hunt M. Choreographing couch and
collimatorin volumetric modulated arc therapy. Int J Radiat Oncol Biol Phys. 2011 Jul 15;80(4):1238-47.

Incorporation of robust collision avoidance and non-isocenricity mandatory for
approaches that optimize all degrees of freedom at once.

Research opportunity: sequential trajectory design

Pros: implementable today via multi beam-IMRT

Cons: potentially suboptimal, takes longer to deliver,
start-and-stop couch motion.
Trajectory Modulated Prone Breast iradiation: A Linac-Based Technique Combining itensity

Modulated Delivery with Motion of the Couch, Benjamin P. Fahimian, Victoria Yu, Kathleen Horst, Lei Xing,
and Dimire Hristov, Radiother Oncol. 2013 Dec:109(3):475-51.

Research opportunity: TMAT optimization
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Extension of VMAT progressive sgmpling on pre-generated non-isocentric
collision-free trajectories.

Export of XML control file for treatfnent delivery in Varian Developer Mode

Liang 2, Atwood T, von Eyben R, Fahimian B, Chin . Hrst K, Oto K, Hrstov D, Thorapy: A
Signi Paor

Phys. 2015700 1926)1146.56
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Standard MLC leaf position
interpolation used with
VMAT progressive sampling
is not directly applicable to
TMAT optimization for
arbitrary collimator angles
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Relative reduction in Whole Breast Reference Volume and
Normal Breast Tissue (TMAT versus IMRT) at different dose levels
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Research interfaces to deliver dynamic trajectories
@y

TMAT delivery example
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TMAT delivery example

MAT: TBI Delivery
@

1) Inversely planned with MLCs:

- Differential sparing of organs
2) Accurate dosimetry
3) Most importantly: Patient comfort

4) No significant additional
requirements on room/equipment

AAPM 2015 FEATURED PRESENTATION and BEST IN PHYSICS (THERAPY): Trajectory Modulated Arc Therapy: Development of Novel Arc Delivery Techniques

Itegrating Dynamic Teble Motion for Extended Volume Treaiments
EChini*, K Otto? R Hoppe? , L Milon’ , B LaoF , A Koong? L Xing? , A Hsu' , B Fahimian’ (1) Stanford Universty, Stanford, CA. (2) University of Brish Columbia,

Vencouver, BC

 temgatinat

Yu VY, Fatiian B, Xing L, Hristov DH. Quality control procedures for
treatment delivery techniques involving couch motion. Med Phys. 20
Aug41(8):081712. doi: 10.1118/1.4886757. PubMed PMID: 25086522
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Needed: Tools, tests, analysis techniques to
evaluate the spatial and temporal fidelity of
dynamic concerted motions of all axes

" Worzormal Location
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Intra-fractional imaging: imaging device attached to table, table position monitoring 22

nclusions

P

Dynamic delivery on arbitrary in shape non-isocentric collision-free
trajectories via synchronized motion of all accelerator axes (including couch)
is largely unexplored

Research opportunities exist along all steps of involved with the potential
clinical implementation of such techniques: planning, QA delivery/validation,
collision detection, and image guidance.

Intra-fractional imaging is a key challenge to implementation.
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