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Patient-specific Verification ?
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Generations of electronic IMRT Dosimetry

1St

Single fields,
perpendicular

2nd
Homo-
geneous
phantom, 3rd
composite
COMPASS

@
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First Generation

The
First
Generation
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I'mRT MatriXX

key features

Pixel lon chamber technology
(air vented)

1020 (MXX) detectors in
24x24 cm matrix

Single detector ® = 4.5 mm
(height 5mm), 0.07 cc

Parallel reading w/o dead time
Real time measurements

Software (OmniPro ImRT,
Accept)

© 2006
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Quasimodo Study — plan & MatriXX 1x 1 mm
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Example: error in jaw position

6.0 40 20 00 20 40 6.0
[em] X

Plan measured difference
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OmniProlIMRT+

Fast plan verification:

menu-driven efficiency in 4 simple steps!

‘ j —1 1ps import

Swift and convenient import
from TPS

9' 2| Measurement

Fast measurement interface
with MatrixXX detector

Rapid calculation of results
for fast review

4 Reporting & export

Template-based reporting;
fast archiving & export

(bo
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Compare plan and measurement

Lol )
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Measure Displacement and Rotation

Move / Rotate: corrected _———
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Gamma Evaluation

No grid adaptation needed

OmniProI'mRT+

1

Save

2D Plan verification

Patients/Projects
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Verification Report
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g . l
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Second Generation

The
Second
Generation
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MatriXX Evolution: MULTICube phantom

“Multiple Configurations (6 cm increments)
“Multiple depth positionning on the MatrixXX
=Optional film cassette

Dosimetry



Phantom and Hybride Plan
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Irradiate
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Scan Plan to




Pixel Chamber angular acceptance

Classical parallel plate
chamber

extended electrodes, small gap : ;—

-> strongly anisotropic response

OO
90° | I
PaUaUaN 0° 90° 180°
PIC ion chamber Irradiation of MatriXX from
Diameter (4.5mm) and gap
(5mm) almost equal ALL angles (Oo - 360° ) ?

-> nearly isotropic response ( b
a
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MatriXX - Residual angular dependence

© 2006
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Angular Response of MatriXX

Response correction with lookup table

0°- level \-
|
o 90°- Ievel—L

1 2 —MXE 6NV . . .
Top: Typical normalized signal

=M, L5V measured by irradiating MatriX)X™ 0°-lock-screw
& inside MultiCube Lite with various TBO'

angles of incidence In the range 0-180° i v |
(0° means normal incidence on ‘
MatriXX top surface). Two beam »«./"_‘66:4 GRS
qualities have been used (6MV and
13MV) to defiver 200MU with 10 cm * Gantry angle sensor (not showing the cable)
10cm field size from an Efekta Agility
0 3 60 80 1 150 180 LINAC.

Angle {deg)

—MEXGMY
0.85

Bottom: zoom between 80° -100°.

== MK, 15V

=3
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G

signal (morm.)
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3

Top part of the sensor
Bottom part of the sensor

85 90 %5 100
Angle (ceg)
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Sensor
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Plan Verification in Multicube phantom




Varian RapidArc™ — RIGS, Copenhagen University, Denmark
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Patients waiting, Emergency cases, Equipment in treatment room...
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ICC Linac

State-of-the-Art Equipment

 FFfree

« Vmat

e Cone-Beam CT

« 160 Leaf
collimator

« EPID

« Monte-Carlo TPS

@
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CME Credit Recognition

Oncology & Medical Physics

BAYERISCHE
LANDESARITEKAMMER

Dayadachs Lardssirdsimmmar - MObbeorsinila 16 20 ETT Minches Srhrelben von Erisin Robert

Ferthiidung/ QualEssmanagement

N Taiefor: 083 4147455
IBA Dosimetrie GmbH Fax 033 £147-87%
IcC E-Mail: kroetertfibiaen de
Herm Dr. Lutz Miller Unser Zeichen: roe
Bahnhofsirasse § :n’;:‘n"":l“
r FEEn vom:

80582 Schwarzenbruck

13072012

Anerkennungsschreiben
Stammnummer 397020 (Bei Anfragen oder Schriftwechsel bite
unbedingt angeben!)

Sehr geehrter Herr Dr. Lutz Mller,

die Bayensche Landesirztekammer erkennt die Foribildungsveranstaltung
auf der Basis des vorliegenden Programms und lhrer Meldung als
rztliche Fortbildungsveranstaltung zum Erwerb des freiwilligan
Fortbildungszertifikats an.

Anbistemummer ANR: 11663

Stammnummer SNR: 337020

Veranstaliungstitel ~ Symposium zur Eréffnung ICC
Veranstaltungsort:  Schwarzenbruck
Veranstaliungsleiter:  Prof. Dr. med. F. Wenz

Deutsche Gesellschaft fiir Medizinische Physik e.V.

- Fachanerkennungskommission -

Geschaftsstelle der Deutschen Gesellschaft fur Medizinische Physik V. Referat 4 der Fachanerkennungskommission
FAK-Referat 4, Emst-Reuter-Platz 10, 10587 Bedin, Germany

Dr. rer.nat. Florian Cremers

Klinik filr Strahlentherapie und Radiconkologie

Herr i Universitte-Klinikum Hamburg-Eppendorf (UKE)
Dr. Lutz Miiller Martinistr. 52
IBA Dosimetry GmbH 20248 Hamburg
Germany
Bahnhofstr. 5
90592 Schwarzenbruck Tel. +4940 741053829

e-mail: fak-refé@dgmp.de

Hamburg, den 11.12.12

Anerkennung der Veranstaltung ,Einfilhrung in die Konstanzpriifung" am 14.12.2012 in
Schwarzenbruck als Veranstaltung im Sinne der DGMP

Sehr geehrter Herr Dr. Miller,

hiermit bestétige ich den Erhalt Ihres Antrages vom 07.12.2012 per Email.

Da alle Voraussetzungen i.S. Anhang V.1 der Weiterbildungsordnung zur Fachanerkennung fir
Medizinische Physik vom 04.10. 2010 erfiillt sind, erteile ich Ihnen im Namen der Vorsitzenden der

FAK die Anerkennung unter der Reg.-Nr. 324.
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Relative Dosimetry Course

W/ Mark DeWeese, Mid-South Radiation Physics




© 2006

Albrecht Diurer 1525

Rocrnoenfimg der K lmg/
i Dem kel vnd vie
m Yinten Eone ot gangn Cooposen/ durchs

ug;;-f 1acogan mm o

mmmwm 'mfcwm
g e aemert die o :Q

Mmcounba' afain

foerde Tun aberunugallm

funft lcbbabenden m

W o
538

S Rt bl o ki carled Nt Bl ik

26

Underweysung der Messung,
mit dem Zirckel und
Richtscheyt, in Linien, Ebenen

unnd gantzen corporen

durch Albrecht Diirer zii sammen getzogen /
vnd zu nutz allen kunstlieb habenden
mit zi gehorigen figuren / in
truck gebracht/im jar.
M.D. X Xv.




Albrecht Durer, wood engrave
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Beamlets 2D plot

3D Anatomy
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Is 2D QA really clinically relevant ?

Per-beam, planar IMRT QA passing rates do not predict clinically relevant
patient dose errors?

Benjamin E. Nelms®
Canis Lupus LLC and Department of Human Oncology, University of Wisconsin, Merrimac,
Wisconsin 53561

Heming Zhen
Department of Medical Physics, University of Wisconsin, Madison, Wisconsin 53705

Wolfgang A. Tomé

Departments of Human Oncology, Medical Physics, and Biomedical Engineering, University of Wisconsin,
Madison, Wisconsin 53792

Medical Physics, Vol. 38, No. 2, February 2011
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Methodology

3D
Clinical
analysis

.| 3D Patient

—L o Dose CI ] |
= —= hical
—— Parameters:

l “Measurement”

Per-Beam Conventional

Induced Errors t IMRT QA Analysis + m(::letris‘, ¥ M ax d ose

i ton Dose to 1cc sp. Cord
;‘:f;:, — s e Mean dose
ot | - . Dose to 95%
Dose

T Using full density (film equivalent) planes and high resolution (1 mm x 1 mm) pixels
* Max dose and D1cc (cord), mean dose (parotids, larynx), and D95 (CTV60)
¥ Comparison metrics were generated blind t

(ba
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Requirement for QA Procedure

In presence of clinically relevant errors, the
QA procedure should result in ,fail’

This means to avoid 2 Situations:

QA procedure results in ,pass’ but error is
present (false negative)

QA procedure results in ,fail* but error is not
present (false positive)

@
(é Dosimetry




Correlation between 2D and clinical analysis

Absolute % Error in DVH Metric

Critical Patient Dose Metric
vs. Conventional IMRT QA Passing Rate

Gamma Passing Rate (%)

e.g. Max tollerable
dose to 1cc of
spinal cord

e.g. 95% min pass
rate for 3%/3mm

© 2006



Mean Contralateral parotid Dose

A)

Error (%) in Mean Contralateral Parotid
vs. Conventional IMRT QA Metrics

A3%/3mm < 2%/2mm o 1%/1mm

Dose

13.0

12.0
11.0

False

10.0

negatives

9.0
8.0

ok
Y
m/
s %

7.0
6.0
5.0

4.0

3.0

2.0
1.0

0.0

Absolute % Error, Parotid Vlean Dose

40

50 60 70 80

Gamma Passing Rate (%)

\;o

False
positives

4%
Max. Acceptable
D95 error
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Error Range and Conclusion

Observed errors” (%) in DVH dose metrics for
plans exceeding =95% passing rate” (3/3 and 2/2 criteria)
and exceeding =90% passing rate” (1/1 criteria)

Anatomy dose metric 3%/3 mm (N=83) 2%/2 mm (N=51) 19%/1 mm (N=12)
Spinal cord Range of % Errors [—11.1, 15.7] [—11.1, 15.7] [—2.7, 3.3]
Dlce Mean absolute error® (%) 3.222 3.367 2.309
Contralateral Range of % errors [—10.9, 12.0] [—10.9, 12.0] [—5.1, 5.7]

Parotid mean Mean absolute error’ (%) 4.50 5.52 4.04
Ipsilateral Range of % errors [—3.7, 4.1] [—3.7, 4.1] [—1.4, 1.7]
Parotid mean Mean absolute error® (%) 1.49 2.06 1.45
Larynx mean Range of % errors [—159,9.2] [—7.6.92] [—3.2, 3.7]
Mean absolute error® (%) 5.66 5.32 2.50
CTV D95 Range of % errors [—3.7, 2.6] [—2.2, 2.6] [—1.6, 1.6]
Mean absolute error® (%) 1.26 1.66 1.30

V. CONCLUSIONS

There is a lack of correlation between conventional IMRT
QA performance metrics (Gamma passing rates) and dose
differences in critical anatomic regions-of-interest. The most
common acceptance criteria and published actions levels
therefore have insufficient, or at least unproven, predictive
power for per-patient IMRT QA. Moreover, the methodology
of basing action levels on prior performance achievements
using these conventional methods is unwarranted because
meeting these criteria does not ensure that clinically accept- o

able dose errors. ( b &

Dosimetry

© 2006



Dose Reconstruction in Patient Anatomy

Salvador Dali
Venus de Milo with
Drawers

Original plaster of 1936
with metal knobs on the
drawers and white fur tuft
covers
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The PTW approach

OCTAVIUS 4D

* 2D ICArray

e 729 ionization chambers

e chamber volume: 0.125cm?
 chamber distance : 10 mm
* active area: 27x27 cm?

e Sampling time: 200 ms

e Phantom rotates motor driven
simultaneous with the gantry
* Inclinometer

* no correction for gantry angle

dependent response needed

’
’
’
,
.
-
-
“

©
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The PTW approach

3D dose projection inside the phantom

B Measured depth dose curves

B The equivalent field size for each
segment or control point is calculated
from detector signal

B The depth dose for the equivalent field
size is normalized to the detector dose
for each segment (or control point)

B All projected 3D doses per segment or
control points are summed up

ICC Opening Schwarzenbruck 20.7.2012



COMPASS patents
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Compass: from Entrance Fluence to 3D Patient Dose

DICOM
plan

Real Fluence an
Dose engine
CT

Beam model MatriXX Detector

7
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DIN 6875 /3 (Germany)

1 In case no dosimetric verification of the treatment
plan is performed, at least an independent MU-
calculation has to be performed for each field.

L1 This can be done also using an independent,
validated, sufficiently accurate 3D dose alorithm,
which is independent from the original treatment
planning system.

O New in COMPASS 3.0 -> direct comparison
measured- computed SHOWS INFLUENCE OF
DELIVERY DIRECTLY

@
{ Dosimetry



Response —Prediction vs. Measurement

COMPASS - Demo_RA_school - 09.07.2009*
File View Device Patient 3D Dosimetry Tools Help
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I
Dose measured

Position [mm]:9.98 -332.26 78.46
Dose Level: 0.00 %

TPS dose




DVH and beyond

COMPASS - Demo_RA_school - 09.07.2009*
Fle View Device Patient 3D Dosimetry Tools Help
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= MatriXX Measurement §

Segment Fluence

Detector Model

e - e
‘N LAs Acr
 — N— —— | — i i
Measured Response Predicted Response

compare |
‘ Rescale

Residual Response
S . I
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New in Compass 3.0

« Patient Data Base

« Simplified Detector Commissioning (1 field only)
« 2D Functionality (~OmniProlIMRT/gantry holder)
« Better Commissioning

« Reconstructed/Calculated direct Comparison

* Multiple Measurements w/o Plan Reload

« Faster Algorithm (3-5 times)

« Upcoming COMPASS 3.1: Quick Check




COMPASS vs. Film
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Correlation 2D/D

Correlation between v = 0.0283
COMPASS plane Q& and COMPASS CT QA R = 0.0642
0.60 -
verification piane 5 mm anterior @
% 0.55 / -
2 0 / =
g 0.45 '_ I CD
‘. F obs 3 .- / Initial verification plane
o B v’ Eé 0.40 /
’: i LB/ 3 5 o= i
Figure 4: Mean gamma evaluations of (A) TP.'S vs film (B) TPS vs COMPASS plane QA E 0,30 - /./
(C) TPS vs COMPASS CT QA E P
. 0.25 ; ; ; . . . .
Film Compass2D Compass3D 05 0® 0% oe 0% 0 0% 0o
mean Gamma (COMPASS CT QA)

Figure 5: Caorrelation between COMPASS plane QA
and COMPASS CT QA ([P RS

CONCLUSION

The transition from pre-treatment QA using film in a phantom, to QA
verification in patient CT by using the COMPASS system with the D‘J L Wanen et al'

MatriXX detector was done without any difficulties. E STRO 20 10

Discrepancies can be quantified in clinical relevant structures using
the patient CT and clinical PTVs and OARs. Physicians are now
more aware whether discrepancies detected are of clinical
importance. The method has been clinically introduced in December
2009.

(bo

Dosimetry
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A Customer Testimonial:
Compass: The Hull Experience

Kevin Brownsword
Castle Hill Hospital, Hull, UK

ESTRO 2013
Geneva, Switzerland

Dosimetry



Background to IMRT in Hull

Number of IMRT Cases
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» Familiar equipment

» Accurate 3D dose algorithm for independent
recalculations

» 2D measure of output

» Indicate impact of 2D changes in 3D on
patient CT

» Possible add-ons in future




Clinical Plans

Linac TPS Compass

» 17 Clinical plans (AAA) (Meas.)
» Assessment protocol as with

pre-clinical plans CL1 -1.2% -0.1%
» 2D Responses CL2 -1.5% 1.0%

> Worst around £=5% 7 7

» Compass to CC13 Total -1.6% -0.2%
comparison

Mean deviation from point
dose measurement

(ba
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Deviations in a Pelvic Delivery
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2D QA Results
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Single Segment
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And after LINAC Repair
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Plan Iplan
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Plan Eclipse
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PBC Recon Dose (6% higher than TPS)

OMPASS - MENUKA - 4/6/2011

File  View Device Patient 3D Dosimetry Tools Help
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Monte Carlo Patient Plan

File ~ View Device Patient 3D Dosimetry Tools  Help
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Why do we do this? Patient 301..

spinal cord (green), planning target volumes (purple, red)

COMPASS
Calculation

(2nd check)

FER

ﬁaySe'arch' y

W B Cirwimsering
L& Doy Conminang

‘g Falesvt X0 Dacaaty |

Cause: all IMRT fields were off-axis

Solution: reposition the isocenter
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