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Promise and challenge of radiotherapy

Pretreatment 3 Months post 12 Months post 24 M

The majority of stage Il lung cancer pafients die from localin fleld disease progression. Gorg ef
Pr 20 4Sep-Oct4(5):
locally advanced lung cancer.
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Non-coplanar radiotherapy is not new

TRANSVERSE

+ Non-coplanar beams and arcs show definitely advantages for intracranial
SRS and are ubiquitously used in these treatments
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Non-coplanar treatment on C-arm

cting non-coplanar beams and arcs becomes
n orientation and flu
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Phase |: Beam orientation Fluence optimization
Pricing approach and column generation

Candidate beam or beamlet

Fluence optimization is performed
Predict the value of Candidate ppol (1162 beams)

the beam using KKT
condition

Selected beams
Fluence optimization

jon, 2005
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Phase II: Sparsity on the structured beamlets

Encouraging sparsity on the beamlets Encouraging sparsity on the structured beams

Solving the group sparsity
optimization problem
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Fast Iterative Shrinkage-
Thresholding Algorithm (FISTA)
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Gradient of f
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Proximal operator of g

proxg,, (1)
prox,, (wz)

prox,, (x) = ProXg, () = ProXe,, .y, (max(rg. 0)).

]:lcNmB(.rg]

Derivation of the proximal operator is the key to enable FISTA

PMB2
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FISTA converges ~1/k? vs. Chambolle-Pock ~1/k - Chambolle-Pock does not achieve
the desired beam sparsity

Solving the opfimization problemin ~ 5 mins using FISTA
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Lung SBRT

Reduce Rs; by 54%,
Reduce EUD of heart,
esophagus, trachea,
bronchus and spinal
cord were reduced by
44%, 74%, 40%, 42%,
and 51%

4 Optimization using
group sparsity takes ~5
minutes

Patient 2

VMAT (RapidArc)
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Potential for no cost tumor dose escalation

The PTV dose can be escalated by 40% without increasing normal
fissue dose
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Achieving greater tumor dose without increasing normal tissue doses
15

Pretreatment 3 Month post 12 Month post 24 Month post
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Liver cancer SBRT

Minimumiso
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3D isodose cloud comparison between non-coplanar 4n and
coplanar plans
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IMRT Dose sculpting

2-D Planning

3-D Conformal

You have seen this.
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dose distribution

.but not this
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Overcoming the delivery anxiety
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Collision

ms require couch rotation (kick) that
eases the risk of collision that could have
uen
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3D optical surface acquisition

Two pairs of wall-mounted 3D stereo
cameras in CT simulation room

» Low-pass filters to reduce sensitivity to room
lighting
Surface accuracy verified by scanning
cubical phantom Jonuribce
» <2mm di ancy 2
Patient and phantom surfaces acquired
immediately after CT simulation to ensure
consistent setup

Radiation Oncology

Case-specific collision maps

*Minimum achievable source to
target distances for 1162
evenly spaced candidate
beams

«Programmatic exhaustive
search

© 570109 %00 both
.
3¢ 5TD 5 200 e CT ol 5T > 100 e full by

3 STD > 109 o CT oy undetverablefc 1 by
W unseiverbie to both
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Virtual simulation of freatment

4n extracranial therapy can be non-isocentric
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Manual vs. automated delivery

Total freatment time 45 minutes. K

Automated delivery at the same
playback speed (8-12 minutes;
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Phase | 4r clinical trial study design

Patient

e Intarnational Journal of Radiation
4n plan Convention Oncology* BiologyPhysics

al plan Nokae 101, issue 1, 1 May 200, Pages 143451

A Prospective 41 Radiation Therapy Clinical Study in Recurrent

“m superior or equivalent? High-Grade Glioma Palients

e 0
Treat with 4n Treat

conventional
< yrj@no ° Clinicallrials.gov Identifier: NCT02575027
Safety, tolerance, treatment time and intrafr onal motion
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Steeper dose gradient spares previously
freated OARs

47 plan s
ecalculatedin Eclipse to generate a clinical plan
© site plan of the original and the new recurrent plans
12 patients reated using 4t
ne $BRT ongoing V Yu et al. LIROBP 2018 Pa
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411 prospective brain trial

Maxirauen Doss Comparison

i | — Brainste
s lﬂa:ﬁjﬁﬁcﬁasitﬂw %:{" 1301

ke S Bl SR B B Lekal L Bl SR S

L rrreet

Mean Onse Camparison

Patient self reported discomfort in a scale of 0-

Infrafractional motion monitoring

CBCT
(3%

2lelefe

Intrafractional head motion <1 mm for all treatment fractions
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Future development of 4t
radiotherapy

. 411 VMAT

- Fully automated evolving knowledge base
(EKB) 411 freatment planning and delivery

Oplic Nerve.
LR

IZoe
- 296

V Yu et al. IJROBP 2018 Pages 144-151
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411 VMAT

» 411 VMAT is a way to further accelerate 4m
IMRT

* A simple way to create non-copla
VMAT is by generating static beams first
and then connect them with arcs

* However, these arcs are not dosimetrically
desirable.

» Need to include arc trajectory selection in
optimization

411 VMAT radiotherapy: cost function
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Selected beam angles
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Prostate: Dose

4TVMAT

2wVMAT
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4 VMAT radiotherapy: delivery

Estimated delivery time: 5§ minutes based on actual machine parameters
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Fully automated 4m: Evolving-
knowledge-base (EKB) Planning

A od
Initial plans ‘ .| Training set ] [ it " Final plans
planning

’ Update with |

improved -

plans

Landerset al. AAPM 2018 MO-AB-KDBRA1-3
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PQM Results
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Fully automated EKB 41 plans match the quality of manual 417 plans

Landerset al. AAPM 2018 MO-AB-KDBRA1-3
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Conclusion

« 41 radiotherapy optimally uses the enhanced beam
geometry freedom to create highly compact dose
distribution.

« The path to overcoming the computational challenge of
411 IMRT and VMAT treatment planning has been
elucidated.

« The feasibility of delivering optimized 4m treatment has
been shown in an early phase clinical trial.

« Extending 41 fo exfracranial sites may be calling for a
new hardware architecture.
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http://shenglab.dgsom.ucla.edu/
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