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Qiuwen Wu,
Department of Radia’
Duke University
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* Depth dose and lateral profiles
— Suitable for superficial tumors
— Requires collimation close to skin
* Clinical e unchanged for decades and underutilized in cancer

radiotherapy
* ~15% utilization

Electron Arc Therapy

* Electron beam delivered in
partial arc

* Modifications to linac/cone
and TPS
— Shortened cone
— Different PDDs
— Cutout shape
« Patient-specific cast/shield
and bolus
*  Primarily for chest wall
irradiation

*  Univ. of Utah

Leavitt 1985 Electron ARC therapy: physical measurement and treatment planning techniques IJROBP 11
McNeely 1988 Electron arc therapy: chest wall irradiation of breast cancer patients IJROBP 14(6)




ECT — Electron Conformal Therapy

* One or afew electron
beams
* Bolus electron conformal
therapy
— Tissue equivalent
— Modulate electron energ
— Keep PTV within 90%
isodose volume

— Minimize dose to
distal/underlying critical
structures and normal
tissue

Perkins 2001 A custom three-dimensional electron bolus technique
for optimization of postmastectomy irradiation IJROBP51

MERT — Modulated Electron Radiotherapy | L

¢ Multiple electron
beams

* Energy modulation

— Bolus or energy
selection

* Intensity modulatior
— Cutout
— eMLC
- pMLC
— Scanning beam

Henzen et al 2014 Beamlet based direct aperture optimization for MERT using a photon MLC. Med Phys, 41
Henzen et al 2014 Monte Carlo based beam model using photon MLC for modulated electron radiotherapy. Med Phys, 41

DEAR - Dynamic Electron Arc Radiotherapy | L]

* Electron radiation is delivered in ARC mode

* Electron applicator and cut-out are kept to provide
lateral beam constriction

* Treatment couch is in simultaneous motion with
gantry rotation to prevent collision. Beam always
normal to skin and SSD = 100 cm

* Couch motion, gantry rotation, and dose rate are
modulated to produce desirable dose distributions

Rodrigues, Yin, and Wu. "Dynamic Electron Arc Radiotherapy (DEAR): a feasibility study”, Phys Med Biol, 2014. 59(2)
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DEAR design | L]

Gantry

Plan comparison: chest wall phantom | L]

* DEAR: 6,9, 12 MeV.
* Photons: 6X, tangent, no wedge




DEAR delivery

(1) WARNING

This application SHALL NOT be used to treat living subjects
der any cir

This application is used for i ing and tr
P only der non clinical conditions.

DEAR delivery demo

Room View

Gantry and couch motion | L]
Position Speed
Gantry Angle(deg) .= ._J' ~
P : Gantry Rot (deg/s) Y
7 o
,:\“\\ Couch VRT (cm) ,_—""—’/JJ i
\\ _____ e e Couch VRT (cm/s)
: T ° Couch LAT (cm/s) -
I CouchLAT (em)  ~=ee__ - \-‘._ ____,.n"

o Uy Time &

8/4/2016




8/4/2016

Couch VRT pos (om)
"
w
0

VRT (cm)

1zo
110 o e e e e o

sosk Couch
1ol LAT(em) 0f N

Couch LAT pos e

¢

Dose rate modulati

6e - 200 MU/min 6x - 200 MU/min

EH M. bbbk

w us o w a1 " s & o
Time 5} e ()

stdev = 1.6 MU/min stdev = 0.2 MU/min

DEAR (3x10 cm?,G=315-45°)

Static (16x10 cm2,G=0°)

1.2 1.3
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Virtual scanning mode | L]

* 6 MeV electron
* D=1cm cutout
¢ CRfilm

148 CP (7MU/CP)
Beam hold (D->e)

Potential DEAR case | L]

Need for fine energy resolution
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Small field electron beam dosimetry | L]
& MeV 626 applicator - PDD 16 MeV 6x6 applicator - PDD
100} — 1 100+ —_— 1)
E S; —_— 2 —_—z2
o —_— 3 3
& & 4| & 80| axd ||
g - x5 g . 5x5 |
2 g
E 40/ g 400
20 20
0 — 0
0 1 2 3 4 [} 2 4 6 8 10
Depth (cm) Depth (cm)
Small field electron beam dosimetry | L
Convolution Convolution
(Equal Beam Weight) (Optimized Beam Weight)
« Composite dose map
* 6 MeV
« 1x1 cm? kernel
Static Step and Shoot
(Equal Beam Weight) Reference 10x10 cm?

Small field dosimetry | L]
6MeV 1x1 em? Cutout 6 MeV 2x2 em? Cut-out 6MeV 515 cm? Cut-out
100 100 — Step & Shoot
—— Equal BW
" — ® —— Optimal 8W
£ g7 ||l— Reference
g 3
g ® g =
’_z 40 ’_E 40
4 -4
20 2
0 5 0
0 5 10 ] 5 10
* 6 MeV
+ 10x10 cm?
- PDD
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Id dosimetry | L]

16 M 1x1 om? Cut-out 1B MeV' 2x2 om? Cut-out 16 MeV 5¢5 om? Cut-out

%)

£ £
¥ 7 Y
& 3 3
H 2 g Step & Shoot
——— Equal BW
20| | —— Optimal BW
| —— Reference
OCI 5
Depth (cm) Depth (cm)
+ 16 MeV
+ 10x10 cm?
+ PDD
DEAR Summary | L
Advantages Challenges
* Uniform dose distributions over « Small field dosimetry
large and curved targets while * Not ready in clinical operation

maintaining narrow penumbra
* Treated area > cone size

* Couch motion
Coarse energy selection

* DEAR delivery « Bolus
* Fixed cone/cutout * Planning tools
* DEAR delivery has high accuracy + Forward and inverse optimization
* Expected and actual plans agree * Dynamic delivery collimators
very well * Motorized electron collimator (MEC)
. :r(aljgac;l'ly log file can be used as «  Electron MLC (eMLC)
* Dosimetry * QATools

¢

2

8

£ [DEAR] | [vMATe]

8

>

2 EAT

c

E 3DCRT | ECT | [3D Printing]|
Photons Electrons




Prototype eMLC —

fixed brass trimmer

Mounting plate for
— Vanan accolorator

Motor controller

brass leaves

Eley, J. G., K. R. Hogstrom, et al. (2011). "Potential of discrete Gaussian edge feathering method for improving
abutment dosimetry in eMLC-delivered segmented-field electron conformal therapy.” Medical Physics 38(12): 6610-
6622 Looking to the Future

Antnlale

Commercial eMLC

Elaciron Mttt Cotmator (EMLC)

Ry

Gauer, T., D. Albers, et al. (2006). "Design of a computer-controlled multileaf collimator for advanced electron
radiotherapy.” Physics in medicine and biology 51(23): 5987-6003.
romechanics.com/e_emic.html

h g
Antnla P =9
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http://euromechanics.com/e_emlc.html
http://euromechanics.com/e_emlc.html
http://euromechanics.com/e_emlc.html
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d = depth to distal side of targ

5
Depth (cm)

Hogstrom, 2003

d = depth to distal side of target
b = thickness of bolus
Ry, = therapeutic range

b+d=Rg,

5
Depth (cm)

Hogstrom, 2003
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