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Introduction-The Problem

« Commissioning

— The collection of 3D
radiation beam data

— Used to model the
treatment fields we used to
treat patients

— Typically collected with a
water tank that can move a
detector in the 3 Cartesian
directions

« 3D water tank
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Introduction-The Problem

« Commissioning

 Mistakes here affect all
patients

* A lot of equipment required
* Expensive (~70-100k)

* Where do you store

* Difficult to transport

« Takes skill to setup and use
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Introduction-The Problem

« Commissioning
— Can this be simplified?
— Made less expensive?
— Could we do it with just the -

equipment in say checked luggage?

— Could we utilize the linac to scan its
self?
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Introduction-Controlling the Linac-Speak the Lanquage

1 Quality control procedures for dynamic treatment delivery techniques
[ J
Can preCISer involving couch motion

« Extensible Mark Up Language

CO ntr0| Victoria Y. Yu, Benjamin P. Fahimian, Lei Xing, and Dimitre H. Hristov®
(X M L) u Se d to CO n tro | m O d e rn Department of Radiation Oncology, Stanford University School of Medicine, Stanford, California 94305-5847
. . (Received 11 2014; revised 19 April 2014; ed fi blication 21 June 2014;
Varian linear accelerators TrueBeam ez amy
In this study, the authors introduce and demonstrate quality control procedures for evaluating the ge-
1 tric and dosimetric fidelity of d ic treatment deli techniques involving treatment h
(Halcyon, TrueBeam, VitalBeam) « Can be used motion synchronous with ganry and multlea collimator (MLC). Tess were designed to valuate po-_

sitional accuracy, velocity constancy and accuracy for dynamic couch motion under a realistic weight
== et

to p rog ram Gad, A test evaluating the geomelric accuracy OTHTESyS@IT in delivering (reatments over complex
dynamic trajectories was also devised. Custom XML scripts that control the Varian TrueBeam™ STx
(Serial #3) axes in Developer Mode were written to implement the delivery sequences for the tests.

« Dicom files converted internally
to X M L m aC h I n e QA! Delivered dose patterns were captured with radiographic film or the electronic portal imaging de-
vice. The couch translational accuracy in dynamic treatment mode was 0.01 cm. Rotational accuracy
(See M PC) was within (.37, with 0.04 c¢m displacement of the rotational axis. Dose intensity profiles captur-
ing the velocity constancy and accuracy for translations and rotation exhibited standard deviation
° Deve I O p er M Od e al |OWS U Se rS tO and maximum deviations below 3%. For complex delivery involving MLC and couch motions, the

overall ranslational accuracy for reproducing programmed patterns was within 0.06 cm. The authors
™

1 1 1 lude that in Developer Mode, TrueBeam™ is ble of delivering d ic treatment delivery
give XML d|rectly to Linac tcchniques involving couch mtion with good geometric and dosimetric fidelity. © 2014 American
Association of Physicists in Medicine, [hitp://dx.doi.org/10.1118/1 4886757
 This can be done in service

mode as well with hardware key “Automation of Linear Accelerator Star Shot Measurement with Advanced XML
Scripting and Electronic Portal Imaging Device”
-Ngoc Nguyen, Nels Knutson, Matthew Schmidt, Michael Price AAPM 2016 Meeting

4. BEAMON !

1. Use a text editor (typicallyon
an auxiliary computer) to create
an XVIL Beam script

E
3

-

2. Transfer the XML Beam

to the TrueBeam control 3. Load XML planon
console computer TrueBeam Developer
(typically via network) Mode

-Varian Developer Mode Reference Guide P
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Introduction-Can We Use XML ?

 Could we use automated
couch motions to collect 3D
(XYZ) radiotherapy data?

* My work was done in sort
pieces
— Step 1-Section A

« Z dimension (Depth Profiles)
« TMR

— Step 2 — Section B

« X&Y dimensions ( Lateral
Profiles)

— Step 3 — Section C
 Putting it all together & Lesions

learned
§ SITEMAN CANCER CENTER"® (= ; (A University of
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Section A - Measurement of 1D Data, The Direct and Continuous TMR

* Tissue Maximum Ratio (TMR)

* Fixed Source to Detector
Distance (SDD) with changing
amounts of buildup.

* Time consuming In practice

« Traditionally measured by
— Adding solid water

— Changing depth of chamber In

water and manually setting table
height

— Draining water
— Converting measured PDDs

= Wésl’% ’A University of
University in St > Massachusetts

SCHOOL OF MEDICINE UMASS Lowell

SDD

Depth
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Section A — Our. Method & Workflow

* Write XML to synchronize couch
motion with scanning tank motion

» Keeping the chamber at isocenter

while changing the depth.

System Events

Release Beam
Beam On Hold When
Load XML And hold Scan Motion
Starts
Water Tank/PCE
Software Initiate Tank el e Scan Ends
Software

Time
= %Sh% ’A University of
University in Stlouis Massachusetts

SCHOOL OF MEDICINE UMASS Lowell
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Section A — Use of Imaging

Fluoroscopy during delivery to
confirm setup

With some skill we found we can
keep SDD within 2mm of 100 cm
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Section A — Results
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(@)1
s —  Direct Measurement TMR ° Con’unuous TMR
THRTCOeItEn: from EOD matches Discrete TMR
S 0.9 ® @ Discrete TMR Measurement
-]
T os « Converted TMRs are not
= ‘ . 0
.g 0_7 ) -3ox3o cm? Wlthln 1/() Of
o >
= measurement
w 0.6
= . -
2 0.5 \-,
0.4 \ Comparison vs. discrete TMR data
0.3 , Max Abs diff ~ Mean Abs diff,
o 5 10 15 20 25 Field size [em’]  MaxT  MeanT in TMR in TMR
Depth [cm]
(b), 3 | = 1 &05 i1 (1,00 HELA]|
- 2 %2 0600 0169 0,006 0,002
—  Direct TMR vs Converted TMR —_ 0600 0082 0.007 0.001
1.0/ | » e Direct TMR vs Discrete TMR \ i 0en 013 001 003
X : £ AL L. RLIA
= G IEIQ oM 5% 5 0683 0142 0.013 0,002
§ ' ‘ 6% 6 0702 0183 0,013 0.003
-
= oe S AN o e B x B 0650 0142 0,011 0,002
E o W w\w,,\;('»m 10 % 10 0.657 0.131 0.012 0.002
3 0.4 (\/\ . ,/\'“ 12 % 12 0.643 0.103 0,006 0.002
N G RRAP inrgrees | 570 0 0w
T Aot A\ W‘-“"\NV‘ AN ""\‘ 20 % 20 0.65% 0,108 0.009 0.002
V. \. 0 VA ‘ .\ ‘(" " . 1
R 33'» : 7 K ale. uw. 30 % 30 0653 0124 0.007 0.002
A% wew' A/ s PR
, AU i RV All field sizes 0.741 0.126 0.015 0,002
3 10 15 20 25
= Depth [cm
S11EMAN CANUER CEN 1 ER” . . . .
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Section A — Conclusions

 Continuous TMR matches
discrete TMR

 Converted TMRSs are not
within 1% of directly measured
TMRSs

* This method provides
convenient and accurate
method for direct
measurement of TMRs
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Technical Note: Direct measurement of continuous TMR data with a 1D tank
and automated couch movements
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Section B — 2D Data, | aterallProfiles

E(Vamanl\esearnhﬂeam SchemaVersion="1.0">

-

2 <SetBeam>
3 <Idr1</Id>
4 <MLCModel1>NDS120HD</MLCMode 1>
S <hcca/>
6 = <ControlPoints>
L] L] 7 % <Cp>

* 1D motion along Z axis =
g <Seq>0</Seq>
10 <Name>-Beam ON'!</Name>
11 r </ SubBeam>

12 <Energy>6x</Energy>

' 13 <Mu>0.0</ M
14 <DRate>600.0</DRate>
= 15 <CollRtn>»180.0</CollRtn>

16 <CouchVrt>»137.75</CouchVrt:> <!--Couch positions are also in Varian Standard Scale.-->
17 <CouchLat>100</Couchlat>
N 18 «CouchLng>127</CouchLogs
18 <CouchRtn>270</CouchRtn>
not X and Y axis of the
21 <¥251.5</¥2%
22 <X1>1.5</X1>
23 <K2»1.5</H2>
24 - </Cp>
couc :
L] 28 H <Cp>
27 <Mu>560</ Mu><!——-->
28 <Couchlng»113</Couchlng»><!--Move x cm in 0.1 cm/s.--%
. - 2g - </Cp>
30 H <Cp>
Could we make a clinicall .
32 <CollRtn>»90</CollRtn>
a3 - </Cp>

4 H <Cp>

equ Ivalent beam model with | ST
just this equipment
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Section B — Methods

- Compare dosimetry data for 6MV . R
photons T

— Collected using a 3D water tank (3DS) < - &

— Collected using a 1D tank with -
automated couch motions (1DS) A
 All data collected with IBA CC13 %\ "« 2™ = ) =0 e
chambers e M .

— (2.5 mm/s 1.25 mm pt spacing) N ST
» PDDs & profiles -
— 3X3, 4x4, 5x5 6x6, 10x10, 20x20,
30x30, and 40x40 cm?
« Two beams models created with

the two data sets and compare the
two outputs

= %skﬂn% ’A University of
University in St > Massachusetts

SCHOOL OF MEDICINE UMASS Lowell
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Section B = 1DS Method-Depth Profiles

 Standard method for PDD
collection.

« Scan the chamber from deep
depth to surface.

* Fixed SSD.

N.C. Knutson et al., “Equivalency of beam scan data collection using a 1D tank and automated couch movements to
traditional 3D tank measurements,” J. Appl. Clin. Med. Phys. (2018).
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Section B — 1DS Method X, Y, and XY

System

TrueBeam Load XML

Water Tank/PCE
Software

Beam On
XML runs with
programmed pauses to
change depth

Change Depth At Stop
Each Pause In Measurement
Beam and Data
Programed in Logging Save
XML Data for Analysis

Initiate Electrometer
Measurement and
Data Logging

Set |nitial Tank
Depth

Time
BARNES JewisH | E#Washington

Hospital University in St.Louis
(I ! i are ScrooL oF MEDICINE

SITEMAN CANCER CENTER®
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SITEMAN CANCER

MV Beam

+z +y
+X
Couch
Cross Line Scan: ——
Chamber fixed in tank

Couch scans in x

In Line Scan: - =

Chamber fixed in tank
Couch scans iny ’

Diagonal Scan:
Chamber fixed in tank
Couch scans in XY plane

CENTER

N.C. Knutson et al.,
“Equivalency of beam
scan data collection using
a 1D tank and automated
couch movements to
traditional 3D tank
measurements,” J. Appl.
Clin. Med. Phys. (2018).
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Post hoc: convert saved
electrometer data to profiles
using Python

Utilized 1D gamma for all
profiles.

Depth profiles data was
normalized to maximum dose

Lateral profiles were centered
and normalized to CAX

For calculated comparisons a 3D
gamma was used to compare
calculated volumes normalized
to the max dose in the TPS

BARNES JewisH | % Washingtont
f‘.ﬁx@ﬂjﬁﬂ University in St
A National Cancer Institute Comprehensive Cancer Center (I et ScHOOL OF MEDICINE
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Section B — Data Comparison Method

yirm)=min{l(ry . r)pV{r},

where
r {rm1rf} El{rﬂ'l"l-rt}
F{r,,.,rt]l- ﬂdi{ + ‘iﬂij 1
1.2 LB "-'- T T T
1 P _

Measurad Dose
Calculated Dose

-
.....

Measzured and Caloulatad Relative Doses

.4 -3 -2 -1 © 1 2z a 4
) Position (cm)

——
o

Low, Daniel A., et al. MedPhys (1998): 656-661. %
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Section B — Results- Meastured PDDs

1a) Central Axis Depth Profile Data
+ + 1DS Taere 1 1D gamma comparison of 105 PDD data to 3DS central
100 s JDS axis depth profile data (I 1%/1 mm).
1DS vs 3D5S
- Field size {cm?) % points " < 1 Mean I’ Max T’
§ § Ix3 100 0,101 07146
2 4x4 100 0.174 0916
2 S 6% 6 100 0.195 0.822
a0 Bx8 100 0.259 0.815
10 = 10 100 0.266 0.810
=0 20 % 20 100 0.395 0.704
o 5 10 15 20 25 30 30 = 30 999 0,539 1.523
Depth [cm]
40 = 40 100 0,386 0,992
1b) 0.25 Gamma Histogram Data All field sizes 9.9 0,290 1.523
MV Beam
Depth Scan:
Couch Stationary
Chamber scans —z to +z
1D tank d
ankK reproauces
§ 0.15
ve| Stan 3D tank PDDs
S +y
E 0.10
=2 +Xx L]
* Not a surprise
0.6 7 0.8 0.9 1.0 1.1 F. 2 i 553 1.4 2 B

Gamma Value [1%/1mm]

SITEMAN CANCER CENTER® BARNES ]EWlSH ﬁ%ﬁm N.C. Knutson et al., “Equivalency of beam scan data collection using a 1D University of
BARINES-JEWISH ROSPITAL + WASHINGTOK UNIVERSITY SCHODL OF MEDICINE / University in St1ouis tank and automated couch movements to traditional 3D tank measurements,” Massachusetts

A National Cancer Institute Comprehensive Cancer Center [ ¢t ScHoOL oF MEDICINE J. Appl. Clin. Med. Phys. (2018). UMASS Lowell
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Sectlon B — Results-Meastred Profiles

2a) i} Off Axis Profile Data
1DS
S5 Taeie 2 1D gamma comparison (222 mm) of 105 lateral profile
L0 data to 305 lateral profile data.
(I 292 mm)
0.8
= Field size (cm?) % points T < 1 Mean T Max I’
4 3x3 100 0,102 D.668
?) 0.6
= 4 x4 100 0.084 0.617
= bx6 100 0.092 0.455
8x8 100 0107 0.660
o 10 = 10 100 0,125 0.7Ms
20 = 20 g2.9 0.256 1.040
S0 . 30 x 30 96.6 0.312 1.284
Off Axis Distance [cm] 40 w 407 980 0329 1593
All feld sizes oB.7 0.241 1.553
2b) 0.40 Gamma HiStogram Data YIncludes diagonal profiles.

A s“_;‘: MV Beam
+X

Couch
Cross Line Scan:
Chamber fixed in tank
Couch scans in x

* Profiles generally with
2%/2mm

o All within 3%/3mm

 Within 1%/1mm for field
sizes < 20x20

In Line Scan:
Chamber fixed in tank
Couch scans iny

Normalized Incidence
o

Diagonal Scan:
Chamber fixed in tank
Couch scans in XY plane

0'08.0 . 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1Eit 1.2 1.3 1.4 1.5

Gamma Value [2%/2mm]

SITEMAN CANCER CENTER® BARNES [EWISH EWI@IM N.C. Knutson et al., “Equivalency of beam scan data collection using a 1D University of
= BAANES-JEWISH HOSPITAL « WASHINETOK UKIVERSITY SCHODL OF MEDICINE :Lf University inStLouis tank and automated couch movements to traditional 3D tank measurements,” Massachusetts
7 A National Cancer Institute Comprehensive Cancer Center (8 tiihiare ScHOOL 0F MEDICINE J. Appl. Clin. Med. Phys. (2018). UMASS Lowell
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Section B = Results-BeamiModels

TaeLe 3 30 gamma comparison (1%01 mm 5% threshold) of dose
distributions calculated from the BMpe and BMape beam models.

s 1508 * Resultant calculation comparisons
¥of dats % points for numerous field sizes
Field size X x Y (cm?) points r<i Meanl' MaxT .
22 395%10° 10000 0241 0706 * 1%/1mm gamma normalized to
3%30 B25 x 10° 99.99 0333 13463 mMaxX dO Se
4% 16 577 % 10° 9999 0318 1145
5% 5 227 x10° 10000 0299 0908 e 99.57% of pts Gamma <1 (N = 24925765}
5% 10 447 x 10° 10000 0330 0889
7u7 436 % 10° 10000 0322 0917
10 x 5 447 x 10° 10000 0319 0787 0.20
10 % 10 877 x10° 9999 (0354 1.044 E
15 x 15 195 x 10° 9999 0376 1123 % 0.15
16 x 4 576 x 10° 10000 0327 0937 —
25 % 25 536 x 10° 9920 0522 1215 E 010
30 x 3 817 x 10° 9999 0335 1109 E
35 % 35 105 % 107 9941 0570 1356 =
Dynamic chair (12 x 20F 120 x 10° 9997 0401 1171 ned
Pyramid field (12 x 257 664 x 10°  99.66 0482 1254
All fields 249 x 10" 9957 0483 1363 0.00
00 01 02 03 04 05 06 07 08 09 10 11 12 13
“Dynamic MLC fields. Gamma Value [1%/1mm)]
R
p— . e : . g
SITEMAN CANCER CENTER"  Bagngs fowis | §iWatingorr 15 Suin et soweny rveon s stacoveon ngs 0 g0 gl Universiey of
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Section B — Conclusions

Recelved: 10 Jamary 2018 | Revisect 16 July 2008 | Accepbed: 4 August 2018

« PDDs within 1%/1mm

« Small fields agree with
1%/1mm criterion

 Large fields generally within
2%/2mm with small
percentage exceeding gamma
value of 1

 Resultant beam models
generally within 1%/1mm

SITEMAN CANCER CENTER®
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Equivalency of beam scan data collection using a 1D tank
and automated couch movements to traditional 3D tank

measurements

Nels C. Knutson™? | Matthew C. Schmidt®3* | Matthew D. Belley™® |
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usa
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‘Department of Physics, University of
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E-mail: nknutsonewaeileds Telephone
A1a-ZF3- 1497, Fai: 314-747-9557.

N.C. Knutson et al., JACMP. (2018). %

Abstract

This work shows the feasibility of collecting linear accelerator beam data using just
a 1-0 water tank and automated couch movements with the goal to maximize the
cost effectiveness in resource-Bmited clinical settings, Two commissioning datasets
wiore acquired: (3) wsing a standard of practice 3D water tank scanning system
(305) and (bl using a novel technique to translate & commercial TG-51 complaint
1D weater tank via automated couch movements (1051 The Extensible Markug Lan-
guage (MML] was used to dynamically mowe the linear accelerator couch position
fand thus the 10 tank} during radiation delivery for the acquisition of inline, oross-
limex, and diagonal profiles. Both the 105 and 305 datasets were used 1o generate
bearn madels [BMyps and BMang in a commercial treatrment planning system [TPS).
FE.TH of 108 measured points had a gamma value (2%2 mm) < 1 when compared
with the 305, Static jaw defined field and dynamic MLE field dose distribution com-
parisons for the TPS beam models BMyog and BMaps had 30 gamma valees {299
2 mm) < 1 for all 24500000 data points tested and =>%%.5% pass rate with gamma
walue [1%1 men] < 1. In conclusion, sutomated couch motions and a 10D scanning
tank weare used to collect commissioning beam data with accuracy comparable to
traditionally acquired data using a 3D scanning system. TPS bearn models generated
directly from 1D5 measured data were clinically eguivalent to @ model derived from
D5 data,

PACS
87.56.-v

University of
Massachusetts
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Section C — Lesions learned and Work to do

« Sections A & B: showed a very strong proof of principal

 But still work to be done to bring all this together and optimize
— Why were a few points > 2%/2mm?

— Characterize the uncertainties associated with the measurement and minimize
them where possible

— Can we improve the workflow for increased efficiency and be more user friendly

— Can we simulate the 1DS & 3DS using analytical calculation to see the expected
difference between the two due to the different geometries

— Could we calculate a correction for phantom size to allow for a more direct
comparison between the two with increased accuracy

— Can we do this on a non TrueBeam linac with no developer mode.

= %51’% ’A University of
University in St > Massachusetts
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Section €C — Halcyon Research Linac

« Varian Halcyon pre-clinical
research linac:

— Pre-clinical system installed at - e
Wash U g

— No time for the details but the
answer to the questions on the
previous slide Is yes (ePoster
Discussion yesterday has these)

P
' University of
Massachusetts
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Section C — 1DS Best Practices:

Accelerator beam data commissioning equipment and procedures:
Report of the TG-106 of the Therapy Physics Committee of the AAPM

* Minimize cable in the beam and keep constant during scan

— Check with Ppol at deepest depth largest Field Size
» Scan speed X electrometer rate ideally ~ 0.5 mm

» Electrometer noise can be high if collection rate < 200 ms
« Scan speed 5 mm/s is too fast due to water motion

» Accurate setup with MV imager is very helpful (Ha

 Differences for large fields at deep depths can be
and corrected

\ S]TEM CANCER CENTERQ B.ARI\ES JEWEH
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Improved1DS Scanning Workflow=HalcyonExample

Vv
- /-

Events LTS T T PP PP

= [u] X

Beam On

Load XML XML runs Wlth 1 1DS Scanning software V1.0 written by Nels Knutson 10/19/2018
programmed pauses to Plt Do LosdOwa | it
change depth PomngOptions Datactor utput S

© Real Time Data " Positive

Department of Radiation Oncology Here you can get help of any object by
pressng Ctri+1 in front of &, either on the

Edttor or the Console.

Help can also be shown automatically after
writing a left parenthesis next to an
object. You can actwvate this behavior in
Preferences > Hebp.

noommI WL oW o

New to Spyder? Read
" Pause Data Viewer @ Negative
Varisble explorer  File explorer  Help
TPython console
[ Console 1A 3

Water Tank/PCE Initiate Electrometer CENE DA Stop
Each Pause In

Software Measurement, Data Set initial Tank Beam Measurement
Python EXE Logging, and Python Depth . and Data

Data Viewer A ezl Logging

Time . O
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Section C = Results 3DS & TPS

1.0¢ + + 3DS Measured
.%0.8- ¢« « 3DS Simulated |1
G 0.6f
2 0.4
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I'[1.0%/1.0mm]
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3DS Measured vs 3DS Simulated all within 2%/2mm
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Section C — 1DS Simulation Methods

1D Tank
(1DS_Simulated)

— Profile created by
calculating multiple
plans to simulate the m,]w
tank motion and i
recording dose to
central voxels of
phantom

— 1mm spacing in
penumbra

— 5mm spacing in-field
and in umbra

E
o
-
i
-
—
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Section C — Results 1DS & TPS

1.0l + + 1DS Measured |
-% 0.8 « « 1DS Simulated
o
zz“_: 0.6
+ 0.4} ; : ; . : :

o .
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« 1DS Measured vs 1DS Simulated all within 1.5%/1.5mm
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Section € — Results Cross-modality Measurements

1.0¢ — N + + 1DS Measured ||
%0.8 RN « 3DS Measured |
S ; N
., 0.6 e
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« 1DS Measured vs 3DS Measured all within 3%/3mm
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Section € — Results Cross-modality. Measurements

+ + 1DS Measured | |
e « 3DS Measured |1

=
o
T

Off Axis Ratio
©c © o ©o o
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« Pretty similar to our previous result.
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Section C — Results Cross-modality Simulation

+ — 1DS Simulated | |

1.0}
% 0.8} « 3DS Simulated |
G 0.6f
= 0.4 : : '
u: . - - -_ B
© 02| ,r '_ Jiﬂ‘ilit-;n‘ﬁu 1
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« 1DS Simulated vs 3DS Simulated all within 3%/3mm
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Simulation

SITEMANMN

Section C — Results Cross-mod

10 + + 1DS Measured
10/ 1DS Simulated S08 + + 3DS Measured
= £
. o b4
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* The measured differences between 1DS and 3DS look very
similar to the calculated differences!

« Can we use this ratio as a phantom size correction?
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Section C — 1DS to 3bS
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In-field CFfit(r) = D:DS = 1 + Ar? Out-of-field CFfit(r) = D:DS = Ar + B ?
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Section C = Results Post Correctlon

TER
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« 1DS Measured Corrected vs 3DS Measured all within 1.5%/1.5mm
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Conclusions

« 1DS Method shows
promise

* Very portable

« Potentially less than 10%
of 3D tank cost

* A great validation tool for
annual QA or incidental

QA.

« With TPS changes could
be used for
commissioning

 Potential for automation!
— Hope you saw Dr. Y Hao's

+ = 1DS Measured
- + 1DS Simulated

talk Monday
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