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Objectives

1) To provide an overview of VMAT capable
treatment planning systems.

2) To review VMAT planning techniques and VMAT Treatment Planning
tools for creating optimal VMAT plans

3) To examine the quality of plans that can be
obtained using VMAT

First Generation IMAT Next Generation IMAT c c
2000-2007 2008- IMAT Inverse Planning Solutions

Treatment plans were +  Treatment plans with
developed using full inverse planning. - )
forward planning or . The dose rate varies as +  Philips - Pinnacle SmartArc

simple beam shaping the gantry rotates - Elekta - ERGO++
sed on nt's i
ar?afomoy‘ @ pare around the patient. - Elekta — Monaco VMAT

The dose rate was + Nucletron - Oncentra MasterPlan VMAT

constant as the gantry - Siemens/Prowess — Prowess Panther
rotated around the

patient.

Varian — Eclipse RapidArc




VClr'lC(n ECIIpSe Direct aperture optimization: A turnkey solution for step-and-shoot IMRT

v' P. -

hepard, M. A

Planning is performed using Direct Aperture Optimization.
Typical plan uses 1 arc with 177 control points.

For some cases, multiple arcs are use to improve the plan
quality or provide adequate coverage of large targets.

DAO for IMAT

The key feature of DAO is that all of the

delivery constraints are included directly

into the IMAT optimization.

The optimizer starts by matching the

shapes to the BEV of the target.

M A Earl. D M Shepard. S Nagvl, X A Li and © X Yo Thf‘oughOUT The opﬁmizcﬁon The MLC

e leaf position are optimized but they are
never allowed to violate the delivery
constraints.

Inverse planning for intensity modulated arc therapy
using direct aperture optimization
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DAO Optimization

A simulated annealing algorithm is used to
optimize the MLC leaf positions and
aperture weights.

After each change in an MLC leaf
position, the algorithm checks to see if
any of the delivery constraints are
violated. If so, the change is rejected.
Otherwise, the change is accepted based
on the rules of simulated annealing.

Eclipse VMAT

In Otto's paper, he used DAO to
produced IMAT plans.

Key innovations:

1. Focused on a single arc approach with more control
points in the single arc. Termed "VMAT".

2. Progressive sampling was used to improve the speed
of the algorithm.

This is the approach utilized in Eclipse

Volumetric modulated arc therapy: IMRT in a single gantry arc

Varian Eclipse

Composite dose for H&N patient treated at UMMS.

Initial = 50.4 Gy, SFB1 = 96y, SFB2=10.86y

Courtesy of Warren D’ Souza




Varian Eclipse

Lt.
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! PTVL
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Cord
Mandible

Prostate and seminal vesicles plotted with 97% iso-cloud.

1arc, 652 MUs, 1.7 minute delivery
Courtesy of Warren D’ Souza Courtesy of Shirley Small

Initial plan and SFB1 used 2 arcs, SFB2 used 1 arc
Delivery time = 1.5 minutes per arc

PTVSA |
| PTV59.6

.\'par_otids

1arc, treatment time # 2 minutes

H&N prescription levels of 54,59.6, and 70 GyCourlr.sy of Shirley Small Courtesy of Shirley Small



Elekta VMAT

Anatomy based inverse planning is available
(Ergo++).

Full inverse planning solution is under
development (Monaco)

Spine SBRT, 2 arcs, 4 minute delivery

95, 80, 50% isodose lines
Courtesy of Shirley Small

Ergo++ (2)

Ergo++ (1)

. . +  Elekta modified Ergo++ to provide
Ergo++ is a treatment planning system VMAT planning capabilities

developed by 3DLine, based
eveopes o e, a company base For VMAT, Ergo++ designs the beam

in Milan Ttaly. : 0
Ergo++ was originally designed for shapes based simply on the patient's
9 gnatly g anatomy.

lanning dynamic arcs delivered usin
ghe 3'Diinz mM|LC ' " The beam weights within a given arc are
' then optimized.

3DLine was acquired by Elekta in 2007.




Ergo++ - Pancreas Ergo++ - Pancreas

Anatomy Based Inverse Planning
Plan Quality

T & ML shiapes of eight beam angles within the arc of the aratemy-based VMAT plam for a puncreas cuse

Red: FTV, Green: R kidney, Purple: spinal cord. Fig. 3 Isadose plot for anatomy-based VRAT plam fior 2 Tung cancer patient, (A3 Axial shies, {3} Coronal siee




Anatomy Based Inverse Planning Anatomy Based Inverse Planning
Plan Quality Plan Quality

Narmalume
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Anatomy Based Inverse Planning
Plan Quality

Ergo++

As an anatomy based solution, Ergo++ is
not as sophisticated as a full inverse
planning tool such as found in Eclipse.
It can, however, match the plan quality
of fixed field IMRT for convex target
shapes.

Doz [eGy)

Fin 13 10WH comparison for n HN esse (e 0, Thin salid lines = Anenmy-based VAT, Thick selid lines =
Fluane-tesed VMAT. D = Aperls dWMAT. Grom: PTVL, Blue: PTVE, Red PTVE. Dk
zreen: spinal cond, Urange: Firain sbem, Parple: Lt parceid Sky.bhue: Re parotid




The use of anatomy based inverse

0%
0%
0%
0%
0%

planning for IMAT:

Directly optimizes the MLC leaf positions

Provides plan quality consistently better than
fixed field IMRT.

Should provide high quality dose distributions
for convex targets.

Requires progressive sampling
Utilizes a sweeping window delivery
technique.

Monaco VMAT

Answer:

« Anatomy based inverse planning should
provide high quality dose distributions for
convex targets.

Monaco Background (1)

Markus Alber, a researcher at the University of
Tiibingen developed a treatment planning
system called Hyperion.

Two key feature of Hyperion are: (1) Monte
Carlo based dose calculation and (2) Biology
based IMRT optimization.

Computerized Medical Systems (CMS) licensed
the Hyperion system and created a commercial
version called Monaco.



Monaco Background (2)

Monaco 1.0 was released July 2007 as an IMRT-
only planning system.

In 2008, Elekta acquired CMS and began work
to put a VMAT inverse planning solution into
Monaco.

Beta versions of the VMAT solution shipped in
spring of 2010.

Monaco - Sweeping Window

Monaco produces plans using a “sweeping leaf
sequencer" where the leaves move
unidirectionally across the field.

The leaf movement continues to alternate
between sectors of the arc.

Sweeping-window arc therapy: an implementation of
rotational IMRT with automatic beam-weight
calculation
Phys, Med Biol, S 4317-4336 doi 10, 10881031
6 [Fal)

Monaco VMAT Algorithm

First optimized fluence maps are produced at a
series of discrete beam angles.

These optimized fluence are then converted
into deliverable VMAT arcs.

Monaco VMAT
Case #1 - Brain

180 cGy/fraction, 320 MU
Delivery time = 4 min. 40 sec.

10



Monaco VMAT
Case #1 - Brain

Monaco VMAT
Case #2 - Prostate

180 cGy/fraction, 678 MU
Delivery time = 3 min 54 sec

f lens

It eye
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r optic nerve
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chiasm

brainstern
/A5Gy

2000 000
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Monaco VMAT
Case #2 - Prostate
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Monaco VMAT
Case #2 - Prostate

Monaco VMAT
Case #3 - Pelvic Mass

180 cGy/fraction, 463 MU
Delivery time = 4 min 40 sec

Wolume (%)

Solid = Monaco VMAT
Dashed = SmartArc

Calor [Structure Mame
ractum

hlarclar

1t famoral haa

It fernaral hea
PTV_45Gy

[LBLL

o 10

20 30 40

Monaco VMAT
Case #3 - Pelvic Mass
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Monaco VMAT
Case #3 - Pelvic Mass

Pelvis: 180c6y/fx (5940), 463MU
Delivery time = 4min 40sec

Monaco VMAT
Case #4 - H&AN

200 cGy/fraction, 847 MU
Deliver time = 12 min 44 sec

Volume (%)

100 \
Solid = Monaco VMAT
80— Dashed = SmartArc
Dotted = Fixed Field IMRT
"
80 N
)
\
40 \
20 \
S
o I THE i
o 20 30 40 50 60
Dose (Gy)

Monaco VMAT
Case #4 - H&AN
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100
\ Solid = Monaco VMAT
80 A Dashed = SmartArc MOHC\CO _ SUmmGr‘y

— Aruchure Name

’E‘ = Monaco will serve as Elekta's VMAT

H planning solution.

_— Monaco VMAT is in Beta testing.
Initial results are promising, but it is
unclear if Monaco VMAT works well for

) the most complex cases.
o J ESVETEPLPEPREN FVIPPIRTIL TRV b S S S S S IRV
o 10 20 a0 40 a0 &0 Ta BD an
Dose {Gy)

Philips Pinnacle - SmartArc

* SmartArc is an extension of the DMPO
Ph|||ps Pinnacle3 SmartArc planning functionality in Pinnacle.

The SmartArc planning tools were
developed by RaySearch (Stockholm).

SWEDISH
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SmartArc Features

Works with VMAT-capable Varian and Elekta linacs
Plans can be created with constant or variable dose
rates

Single or multiple arcs covering 90 to 360°

Dose objectives can be changed during optimization
Coplanar or non-coplanar plans

Courtesy Kevin Reynolds

SmartArc Optimization (1)

Beams are generated at the start and the
stop angles and at 24° increments from
the start angle.

A fluence map optimization is performed.
The fluence maps are sequenced and
filtered so that there are only 2 control
points per initial beam angle.

Courtesy of Philips Medical

SmartArc Planning Steps

Add a dynamic arc beam

Specify couch, collimator, and beam angles
Specify dose objectives

Specify SmartArc optimization parameters
Optimize

Compute final convolution dose

Courtesy Kevin Reynolds

SmartArc Optimization (2)

These control points are distributed to
adjacent gantry angles and additional control
points are added to achieve the desired final
gantry spacing.

All control points are processed to comply with
the motion constraints of VMAT.

Courtesy of Philips Medical

15
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SmartArc Optimization (3)

The DMPO algorithm is applied with an aperture
based optimization that takes into account all
of the VMAT delivery constraints.

The jaws are conformed to the segments based
on the characteristics of the linac.

Courtesy of Philips Medical

SmartArc Plan Quality

An alpha version of the SmartArc module was
installed in our clinic in February 2009.

For a series of cases, the accuracy of the
predicted dose was verified using the IBA
MatriXX 2D ion chamber array inserted in a
MULTICube Phantom.

Set ars parameters

tsanarata initisl arc
fizpadng = 24

Irsarsity medulation
aptimization

Seqment filtering

A Sequencing

Iritizal are:
» segrents

Mackine paramatar apsmaticn
(eaf travel, dose iate. vl gty speed constraines |

Urpbrized
sagmants

Canvolution dage calculation

agment weIght opbrization
(el irrve], e rate, sl parimy speed consiraies |

Drplimized
Ao

Courtesy of Philips Medical

Prostate Example

1 arc, 180 cGy/fraction
480 monitor units, 1.75 minutes

16



Prostate Example

o
&
o

Treatment
site

Daily
Dose (Gy)

Delivery
time (sec)

QA passing
rate (%)

H&N

1.8

265

98.6

HaMN

2.0

313

96.0

HaMN

2.0

317

99.6

HAaMN

2.0

330

55.8

Lung

4.0

140

599.0

Lung

3.0

98.6

Prostate

1.8

105

99.9

Prostate

2.6

98.6

R T el R R T )

Prostate

2.6

112

99.1

Prostate Verification

SWEDISH

Clinical Implementation of
SmartArc

After extensive testing and validation,
we began using SmartArc clinically in
June 2009 under an IRB protocol.

We began using it more frequently after
the official release of Pinnacle 9.0.

17



Pancreas Case - Treated with SmartArc Pancreas Case - Treated with SmartArc

1arc, 338 MUs, Delivery time = 1.6 minutes

Pancreas Case - Treated with SmartArc

Dose Yolume Histogram

orm Valume |
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— : H&N - Treated with SmartArc

I Rl ol
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2 arc H&N delivery

H&N - Treated with SmartArc H&N - Treated with SmartArc

Dpae Volume Hstogram
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8% = 108 = =141 ey

Summary of SmartArc
Clinical Cases

30 patients treated covering a variety of
treatment sites including lung, head-and-neck,
liver, pancreas, esophagus, brain, and chest wall.

1 arc used in 19 cases
2 arcs used in 11 cases.

Average delivery time: 1 arc cases = 1.9 minutes,
2 arc cases = 3.9 minutes.

SWEDISH

Py T
L I I N I TR VI Y Pl
prii

Nucletron - Oncentra VMAT

The Oncentra VMAT module was developed by
RaySearch Laboratories, a sof tware
development company located in Stockholm.
RaySearch also developed the SmartArc module
for Pinnacle.

The underlying VMAT planning engine is the
same.

20



Nucletron - Oncentra VMAT Prostate Verification

1-arc VMAT Y(3%,1mm)

planned

Oplimizatien Yariables Generel | VMAT beam sefiags  Segmentation

Opirnaty ke a0

measured

HA&N Verification

VMAT ¥(3%3mm) Nucletron - Oncentra VMAT

o= + Oncentra VMAT was released in December
planned H E = AN 2009.
i PR : 14 sites have been installed in Europe (non are
clinical).
No sites in the U.S. at this time.

measured

SWEDISH




Siemens/Prowess CBT

Prowess’ Direct Aperture Optimization
algorithm is used to develop VMAT plan
delivery on Siemens linacs.

CHT, 515 MU

SIEMENS
Prostate IMRT (S&S and CBT) - MCW case 6/2009
Q StepdShoct IMRT (DAS) (dashed), and CBT (solid)
0 Sa5: 430 MU, 5 beams, 5 segments/beam
O CBT: 515 MU, 9 -29 MUOP, neminal gantry speed ~2 deg's

[ e —
Hene

BN s

LI P copy

L Ltferrorst beads

B

L1 Prasiaie

SIEMENS
Prowess H&N IMRT (S&S and CBT) - MCW case 6/2009
Q StepdShoct IMRT (DAS) (dashed), and CBT (solid)
O 5a5 : 383 MU, 7 beams, 5 segments'beam
O CBT : 332 MU, 3-15 MUOP, neminal gantry speed ~1.5 deg's

Scmbe T okt | T, s |
Fer

Farnt glane
SE_nate

e_tad

sqired
PV Maegin
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CBT H&N - Prowess - U.Utah 8/2009

O HEN

SIEMENS

H&N CBT -RTOG IMRT criteria - U.Utah 8/2009

it bk | Hizee Sackiroand Cumas Pl

= = [k Frmesptan 675000

gk i o ol [G72
Disa Fict s FERTIED e —

oLy P (]

me wE W oa

WA IELF IZES UHS LD B3 1R & THLD

A3 VAT 1MAB #EA LD BT M5 GET FiBka

WA ANAA EDLD RSIER LD L1 M5 AMILY FSIED
MAF TN A LR mERE
TR RN TIT) L i

SIEMENS
CBT H&N - Prowess - U.Utah 8/2009

U Gamma - Calculated versus Film to Phantom = 96%;x te [3%.4mm]

U Actual delivery time

~3% min.
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Commercial Solutions - Summary

The availability of fully dynamic rotational
IMRT delivery capabilities of conventional
linacs has allowed us to fully realize the
capabilities of IMAT.

This has also been made possible through the
availability of the first robust commercial
inverse planning solution for IMAT.

Single vs. Multi Arc

Increasing the number of arcs provides
additional flexibility in shaping the dose
distribution.

The key questions are which cases benefit from
the use of multiple arcs and what number of
arcs should be used.

VMAT Planning - Key Questions

+  Single arc vs. Multi-arc delivery
+ Coplanar vs. Noncoplanar

— - Trig  Trial 1
Oplimication Comarsion

M tmraticns E)] Stnoring tnlerance ’?

Cenvauzon cese ftermon (|15 Appy tumar cueriap Taction |

Flnal gantry Macmm  Estinacec
Al Folae specry  delvery tine celvery ime
ek Tpe mation sacreate) (dag) (32) [E]

St = = wu I -

# of arcs

(B Intersiry Modulation Smarthre Segment Weight

Fram  Peam | - Canstrain leal matizr = o5 enideg
Gy Comewtn niemeda: dose |

Potmon e 7 | Cemete bl cese =

™ - Wirinum eee and separon |[05 =m
Y| go | Satange [izia L 1

s | o Fire Pesaiutun 0 ¥ # N
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larcvs. 2 arcs

larcvs. 2 arcs
Dose Valure Histogram

| Y
Solid lines: 2 ares —— 41—

i ". | Dashed lines: 1 arc '.\\

Delivery time: 1 arc= 124 sec, 2 arcs = 181 sec

larcvs. 2 arcs

2 arcs vs. 3 arcs

15

2 Walume Histogram

Solid lines: 2 arcs

Dashed lines: 3 arcs

Marm Volme |

1000

Delivery time: 2 arcs = 181 sec, 3 arcs: 293 sec

200

Case (cGy)
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What treatment site would most likely
see a dosimetric benefit to increasing

the # of VMAT arcs to more than 1?

0%
0%
0%
0%
0%

SWEDISH

Lung
Prostate
Brain
Pancreas
Head & Neck

oD E

Coplanar vs. Noncoplanr VMAT

An advantage of VMAT relative to tomotherapy
is the availability of non-coplanar arcs.

Initial VMAT work has focused almost
exclusively on coplanar delivery...

Answer:

« Due to the complex target volumes and
the frequent use of multiple prescription
levels head & neck cases are most likely
to see significant dosimetric improvement
when using more than 1 VMAT arc.

Planning Parameters

1arc is sufficient for simple cases such as
prostate, but 2 arcs are needed for more
complex cases such as H&N.

Coplanar versus non-coplanar...

SWEDISH
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Intensity-modulated arc therapy with dynamic multileaf collimation:
an alternative to tomotherapy

Meel, Biol 40 14351449 doi 10, 108800310155 40/0/004

Dosimetric Comparison of IMAT with
Conventional IMRT Delivery Techniques

With the latest advances in IMAT
planning and delivery, we can now test if
IMAT can serve as a true alternative to
tomotherapy in tferms of plan quality and
delivery efficiency.

1 Rkt

Published 2007

Arc Sequencer

PHYSICS CONTRIBUTION

COMPARISON OF PLAN QUALITY PROVIDED BY INTENSITY-MODULATED .
ARC THERAPY AND HELICAL TOMOTHERAPY + We developed an algorithm that can convert

P10, Taaomy W, Hoses, P, Mursssin K. N, Ascains, P optimized fluence maps into deliverable
D Div B - IMAT plans.

N Using this algorithm we compared the plan
quality for IMAT with that for helical
tomotherapy.

At the time, however, no machine existed
capable of delivering the plans.

arc gy, VAT, Vamatheraps, Intemity-rsdubaiod radivserapy, DI Are oo,




Comparison of Elekla VMAT with helical tomotherapy and fixed field IMRT:
Plan quality. delivery effliciency and accuracy

New Study:
VMAT vs. Tomotherapy

Collaborative study between Swedish
Cancer Institute and University of Virginia.
6 prostate, 6 head-and-neck, and 6 lung
cases were selected for this study.

Fixed field IMRT, VMAT, and Tomotherapy
were compared in terms of plan quality,
delivery time, and delivery accuracy.

Lung Case Lung Case

.

Helical Tomotherapy 1-arc VMAT Helical Tomotherapy 1-arc VMAT




Prostate Case

il ' Thick solid lines: VMAT
: cerd Dashed lines: Tomo

0.

NormVolme T Thin solid: 7 Field IMRT
TS 7
034

" I i’)\ N oo _untlj volume
I
T =

11

SmartArc Plan
+ Delivery time for VMAT plan was 2'04"
« Delivery time for the Tomotherapy plan was 544"
- Delivery time for fixed field IMRT was 7'26"

Head & Neck Case #1

l [>Ty
PTY %

| |
| Thick solid lines: VMAT
Dashed lines: Tomo
Thin solid: 7 Field IMRT

05 Y |
em. Y alume LT !
Herm.old Blagider

0 : % . |
Femoral I
0.2 heads

a1 1 Rectum

, Helical Tomotherapy 2-arc VMAT
" Zoo 36606 o0 000

Dose (cGy) Two targets with prescription levels of 5040 and 4500 cGy
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Head & Neck Case #1 Head & Neck Case #1

\i Dashed lines: Tomo |
> b

PTVT

hrotid |

S

Helical Tomotherapy 2-arc VMAT

- Two targets with prescription levels of 5040 and 4500 c6y * Average V95: Tomotherapy = 98.4% and VMAT = 98.6%
Max cord dose: Tomotherapy = 34.4 Gy and VMAT = 21.6 Gy

Mean parotids dose: Tomotherapy = 12.1 GY and VMAT = 12.6 6y.

Head & Neck Case #1 H&N Example #2

Solid lines: VMAT

Y

Dashed lines: Tomo
i

PTVI

iormvolume™

PTV2

hrotid |

+ Delivery time for VMAT plan was 425"

. . ; . 2 arcs, 512 monitor units
+ Delivery time for the Helical Tomotherapy plan was 9'07"

Deliver time = 4 minutes 7 seconds

30



H&N Example #2 H&N Example #3

Tk
dorm Valume  [Parofig

& 4

SmartArc Plan

Solid = SmartArc  Dashed = Tomotherapy

Table 1 Lung cases (6 patientsy:. Plan comparizon between fxed-feld IMET, VMAT and HT

Wilcoxon malched-

pair signed rank test
IMRT VMAT HT P

PV
VO3 (%) GRS (050-100) | GRS {950 100) 980 (21,7 100) 0375
SDGy) 1.4 {0.7-2.1) 1.6 {0.8-2.5) L3 2} 438

Lung
Jrman (G} .8 (2.0-1 10.0(2.2-18.0) 10.0 (2.3-17.0} [
ER1A 153 (4.5-2 15.4{4.9-18.8) 158 (3.8 30.0) 0.625

R 0.5 ! L 31— Lt parotid
Morm, Y olume 1 105 19.9 (3.8-11.8) 0.563
i = / 57(1.6-15 5.34{1.8-11.6) 0.844
i 0

Do (05 319(1.0-5.0) 4040395 42013-87) 0563

Fl

I:!i;m I \ | .
¥

fract {34800

"["stem L

DA pussing rate (%o | 993 ($9.2-99.4) 99

(FRO-99.5)  BO.6(R9.5-90.T) 8

000 2000 e 3000 oo T E thi B o Abbreviations: PTV = planning target valume; V33 = valume of PTV receiving 95% of prescription;
. o 5D = standard deviation of PTV dos lume of structure receiving = nly. QA passing rale was
Thick solid lines: VMAT Dose (cGy) ohtained using gamia akysis wi o limit, Values expressed as mean (ranged. The Wileoxon

Dashed lines: Tomo matched-pair signed rank test is listed for VMAT vs, HT.
Thin solid: 9 Field IMRT




Table 2 Prostate cases (6 patients): Plan comparison between fixed-field IMRT, VMAT and HT

[ Wilcoxon matched-
pair signed rank test

| IMRT | VMAT HT | P
PTV

VO3 (%) 9B.5(97.5-99.7)  ORT(97.3-99.T) ORI (96.1 99.K) 0.063

8D (Cy) L0 (0.7-1.3) 1.0 (0.6-1.4) 1.2 (0.5 1.6) 0.688
Rectum

D 1GF) 56.1(45.1-67.1) 0.156

Ty (C3Y) 3. 0,688

D Dy (%) 480 (27.2-KE.6) 1.000
Bladder

D 1GF) SB.0(46.5-69.5)  57.4 (46.6-70.4) 0438

D (33 20.1 (5.4-18.6) 199 {5.1-2%1) 205 (5.6-28.2) 0.21%
Femaral head

T (G¥) BAf162-416) 243014 25,6 (16.1-42.4) 0,031

Ty (G3) 165 (10.0-30.1) 167 (9. 16.1 (112 2E.5) 0.844
Total bady

Dlyan (Y] 49 D.6-8.4) 0.313

MU par fraction

QA pas 99.9 (99.9-99.9)

Abbrevintions: Dy = minimol dose to ot of strocture, [y, = prescription to 1V, other sbbreviations as
i Tble 1. Values expressed as mess (range). The Wilcoxon matched-pair sigued rank test i Hated for
WMAT vz HT.

grale

Future Development

With the current HiArt system, the jaw width
and the couch speed are set to constant values
for each plan.

In 2011, Tomotherapy Inc. will offer a new option
with dynamic jaw motion and dynamic couch
motion.

This should improve the efficiency of delivery
and the quality of the plans.

Table 3 HN cases {6 patients): Plan comparizon between fixed-field IMET, VMAT and HT

Wilcoxon matshed-
pair signed rank test

IMRT WVMAT HT P

PTV

Va5 (%) 9E.3 (96.7-99.6) 9.6 (97.1-99.7) ORI (984-99.7) 0.625

D (Gy) L6 (14-1.7) 1.6 0.9-2.1) LE(11-2.00 0.844
Spinal cord

Dy (GY) 26.B (161 36.6) 27.3(20.8 39.9) 280(144 34.4) 1.000

D (G 13.2 (9.5-20.K) 13.3 (B.5-23.6) 1.7 (B.6164) 0436
Parolid

Dy (3Y) 47.8(273-61.6)  46.6(253-62.6) 4E.5(26.8-659) 0.156

D (G¥) 19.0 (13.0-24.8) | 17.9412.6-24.8) 16.5 (10.5-11.8) 0.094
Brain stem

Do [GY) 30,4 (13.7-42.7) | 30.6 (160-47.0) 311 (63-46.4) 0,544

Dy (G 11.4{2.3-189) 11.3 (2.7-20.2) 9.8 (L§-19.0) 0.031

—] 9.9 (5.3-18.1) 9.7 (5.5-1 10.0 {5.7-18.0) 0.156

MU per fraction 620 (4956

QA pas

Values expressed as mean (rangs). The Wilcoxon matched-pair signed rak test is

(99.0-99,6) -

isted for VMAT ve
HT.

bk AL U g 0T, 150

PHYSICS CONTRIBUTIONS

MIC JAWS AND DY NAMIC COUCH CAL TOMOTHERAPY

L MartHias Uae, MLD." Hesiik Ha o, MDY K S¢ 1. PR,
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Dynamic Jaws/Dynamic Couch

DJ/DC couch plans were developed for 10
nasopharyngeal patients.

As compared with the traditional 2.5 cm jaw
setting, the mean integral dose was reduced by
6.3% and the average delivery time was reduced
by 66%.

VMAT Planning - Summary

All major planning vendors now of fer inverse
planning solutions for VMAT with varying levels
of robustness.

Initial work on VMAT has largely focused on
single arc coplanar delivery. The advantages of
using multiple arcs and non-coplanar beams are
now being more fully explored.

With current technology, VMAT can provide
similar plan quality as tomotherapy with a more
efficient delivery.
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