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Abstract

Independent verification of the dose per monitor unit (MU) fo deliver the prescribed
dose to a patient has been a mainstay of radiation oncology quality assurance
(QA). We discuss the role of secondary dose/MU calculation programs as part
of a comprehensive QA program. This report provides guidelines on calculation-
based dose/MU verification for intensity modulated radiation therapy (IMRT) or
volumetric modulated arc therapy (VMAT) provided by various modalities. We
provide a review of various algorithms for “independent/second check” of moni-
tor unit calculations for IMRT/VMAT. The report makes recommendations on the
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clinical implementation of secondary dose/MU calculation programs; on commis-
sioning and acceptance of various commercially available secondary dose/MU
calculation programs; on benchmark QA and periodic QA; and on clinically rea-
sonable action levels for agreement of secondary dose/MU calculation programs.
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Correspandence B Abstract
gwinﬁpﬂ;mﬁi&mﬁ:[ Purpose: Electronic portal imaging devices (EPIDs) have been widely utiized
Medicing, Miami, FL 33136, USA. for patient-specific quality assurance (PSQA) and their use for transit dosime-
Emeail ndogan@med miami.edu try applications is emerging. Yet there are no specific guidelines on the potential
uses, limitations, and correct utilization of EPIDs for these purposes. The Amer-
ican Association of Physicists in Medicine (AAPM) Task Group 307 (TG-307)
provides a comprehensive review of the physics, medeling, algorithms and clini-
cal experience with EPID-based pre-treatment and transit dosimetry techniques.
This review also includes the limitations and challenges in the clinical imple-
mentation of EPIDs, including recommendations for commissioning, calibration
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Vendors available (MU Calculation)

TABLE 2 Commercially available 2nd MU verification software

Software Algorithim Supported Input Cutput
RadCalc (LifelLine Software, Inc.) Medified Clarkson IMRT Effective depth Cne pointf2D
WMAT Patient external
TomoTherapy cortour
Cyberknife Plan parameters
Halcyon
MUCheck (Oncology Data Systems, Inc.)  Modified Clarkson IMET Effective depth One point
WMAT Average depth
TomoTherapy Average S50
Cyberknife Plan parameters
IMSure (Standard Imaging, Inc.) Three Source Model IMET Effective depth Multiple points
WMAT Plan parameters
Diamond (PTW Freiburg Gmil:H) Medified Clarkson IMRT Effective depth Cnee point
WMAT Plan parameters
DoseCHECK (Sun Muclear, Corp) Collap=zed Cone Convolutiond  IMRT Fatient geometry 30 dose
Supsrposition WMAT Plan parameters calculaticn
TomoTherapy
Halcyon
DosimetryCheck (Math Resolutions LLC)  Collapsed Cone Comvolutiond  IMRT Plan parameters 30 dose
Superposition WMAT ERID calculation
measurements
Mobiuz 20 (Varian Medical Systems, Collap=zed Cone Convolutiond  IMRT Plan parameters 30 dose
Inc) Supsrposition WMAT EFID calculaticn
TomoTherapy measurements

15/09/2023
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Algorithms available

15/09/2023

TABLE 3 2D algorithms and evaluation methods available in various second dese/MU calculation system and the specifics of various
algorithm types

Hetero., Corr. Head Scatter # Calc. Ewval.
Alg. types Methods Models Pat. Geom. points Method
1. Factor bazsed A RTAR! a. HS central axis meas. 20 contoun'CT 0. one point (a). % em.
2. Model based B. Batho b. HS off-axis meas B.2-10 (k). Gamma Index {or
power points DTA)
3. Monte Carlo (MC) C.ETAR? c. Model: flattening filter® y. Planar dose  (c). DVH
4. Deterministic (GBBS) D.FFT-7 d. Model: ff+cs+ps®
E. Material 2

*This refers to three source headscatter model composed of flattening fiter {ff), collimator scattering {cs), and primary-collimator scattering (ps)

TABLE 4 3D algorithms and evaluation methods available in various second MU calculation system and the specifics of various
algorithm types

Hetero. Corr.,

Alg. types Methods Head Scatter Models Pat. Geom. # Calc. points Eval. Method

1. Factor based A_FFT® a. HS off-axis meas_’ B.2—10points  (a). % em

2. Mode| based B. Collapsed cone®®  b. Model: flattening 30 contourfCT . Planar dose (). Gamma Index
filter® {or DTA)

3. Monte Carlo (MC) C. Material 2 c. Model: fi+ca+ps? n 30 dose cloud  (c). DWVH

4. Deterministic (GBBS) D. Secondary d. Model: source

electron transport obscuring’

e. Model: monitor
backscattering®

*This refers to three-source head scatter model composed of flattening filter (), collimator scattering (cs), and primary-collimator scattering (ps).
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TABLE 7 Key tasks for dose algonthm check, acceptance, and commissioning for the secondary MU calculation program

Tasks Data required
Daose algorithm check
Linac Physics Model Energy, SAD, Dmax, sizefangle range (Jaw, gantry, collimator, couch)
Linac Dosimetry Modell  PDDITMR(open, wedge), Profile{open, wedge), Output Factor (open Sc/Sp, wedge), transmission factors 10.00%
Beam Data {Jaw, block tray, comp tray, couch, immobilization, ete.), reference MU definition
MLC Physics Model MLC type, leaf number, size, ete. s
MLC Dosimetry Model  Attenuation (inter and intra leaf), dosimetric leaf gap, etc. £ 5.00% -
i ' ] e = ¢
Tasks Test required (®)
o $42 o o0
Acceptance* 2 .. O [oX] :. o © O.
T &)
Software Software running S 0.00% Q Oee zg' O @) ngs‘
et S RN Y ey Y
PDD and profile comparisons = 1 g6 Q.O = ' 25 ° Gp¥g 4
Test cases g ® oo .. (-] G.
Hardware Printing £ .5.00% o 8 o £
Tasks Test required ;
Commissioning
Open beam 550 setup, various Jaw size and depth -10.00%
Homogenous phantom  SAD setup, various Jaw size and depth Plan®
SAD setup, various Off axis point with representative jaw size and depth O Sector Clarkson @ Three Source @ Annular Clarkson @ Annular Clarkson 2
Static field Blocked field (Block/MLC)
Homogenous phantom  Compensator field
Wedge field (CAX and Off axis)
Field edge .
Skin Flagh el fq
Surface slope .
Dynamic field Dynamic wedge (CAX and Off axis) 5(‘ f"
Homaogenous phantom Stg_)and_shool { ,{ro ’ﬂé 'P ﬂVl k 5
e A not oxpe +andd rds
l 5 i
Heterogeneous Different density tissue internal (lung/bone, etc) DM SMDM o : H [ 001/1&1!‘“0”5
phantom Different density tissues interface t'{ lﬂ I lﬁﬂ
Different density field edge LOMP ' r
Real pafient plan Statistic evaluation between real patient plans and MU calculation program resuits. * ﬂl/] d ﬂ d 5
Criteria Percentage, Gamma index or DVH (based on plan type, site, etc)
Benchmark points Deose/MU points, see Table 8
"We recommend following the manufacturer’s recommendation for acceptance tests.
15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 5
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Vendors available (EPID Dosimetry)

TABLE 1 Summary of current EPID technology and dosimetry products.
Compatible Comparison Reference (derived from EPID
Software Version linac Characteristics calculation images)
Portal Dosimetry (Varian) 1.7 Varian Pre-treatment 2D Vendor algerithm  Image
Adaptivo (Standard 15 Varian Pre-treatment 2D Vendor algorithm  Image
Imaging) Varian Transit 2D Vendor algorithm  Image
SOFTDISO (Best Medical) 1.0 Varian Pre-treatment 2D Vendor algerithm  Image (non-dosimetric)
Elekta
Varian Transit oo TPS Dose in patient (at isocenter)
Elekta
Epiga (EPldos) 50 Varian Pre-treatment 2D TPS Dose in water slab
Elekta
EPlbeam and EpiGray 1.06and 2.0.10 Varian Pre-treatment 2D Vendor algorithm  Dose in water slab
(DOSIsoft) Elekia
Varian Transit oo TPS Dose in patient
Elekta
EPIDose (Sun Nuclear) 8.4 (SNC patient) Varian Pre-treatment 2D TPS Dose in water slab
Elekta
PerFRACTION 210 Varian Pre-treatment 2D Vendor algerithm  Dose in water slab
S e cus
Varian Pre-treatment b TPS Dose in patient (non-dosimetric)
Elekta
Varian Transit 2D Vendor algorithm  Dose in water slab
Elekta
Varian Transit i TPS Dose in patient (non-dosimetric)
Elekta
RadCalc EPID (LAP) 72 Varian Pre-treatment 3D TPS Dose in patient
Elekta
Varian Transit D TPS Dose in patient
Elekta
3DVH (Sun Nuclear) 33 Varian Pre-treatment i TPS Dose in patient
Elekta
iViewDose (Elekta) 1.01 Elekta Transit i TPS Dose in patient

0D, zero dimensional; 2D, two dimensional; 3D, three dimensional; EPID, electronic portal imaging device; TPS, treatment planning system.

15/09/2023
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Non-transit dosimetry Transit dosimetry
* *
forward- patient / phantom
projection l .l
(a) (b)
EPID EPID
# *
patient / phantom
back-
projection - —.—
(c) > D (d)
EPID EPID

FIGURE 2 Schematic reprasentation of the various electronic portal i |magng davice (EPID)-based patient-specific quality assurance
(PSQA) techniques. (a, b) Forward methods p d two-di (2D) images or dose distributions with predicted images or
dose distributions at the EPID level. Back-projection methods, both (c) non-fransit and (d) transit, provide dose distributions in a phantom or
patient. (Reproduced from ref. 45).
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EPID Characteristic

TABLE 2 Characteristics of the currently available EPID systems.
Varian aS1000 Varian Varian aS1200
(C-Series and aS1200 (Halcyon/ Elekta iViewGT Elekta iViewGT Elekta Unity
Truebeam)® (Truebeam) Ethos) (AL panel) (AP panel) (AP |::uemeljb
Moveable lateral, sup-inf Yes Yes MNo Yes Yes MNo
Moveable up-down Yes Yes No No No No
SID (cm) 100-180 100-180 154 160 160 265.3
Dimensions (cm?) 40 x 30 43 x 43 43 x 43 41 x 41 41 x4 41 x4
lateral x superior-inferior (40 = 40)
dosimetry
mode
Dimensions at isocenter 40 x 30 43 % 43 27.9x 279 25.6 x 25.6 256 x 256 223 x22.3°
(cm?)
Pixel size (mm?) 0.392 x 0.392 0.336 x 0.336 0.336 x 0.336 0.400 x 0.400 0.400 x 0.400 0.400 x 0.400
Frame rate (Hz) Up to 204 Up to 20 Upto 20 3 Upto 15 Upto 15
DICOM image Format Yes' Yes Yes g a g
export (including DPS®)
Other dosimetric Image datain HIS Image datain HIS  Image data in HIS
format or lossless JPEG or lossless JPEG or lossless JPEG
format- format- format-
Gantry/DPS info Gantry/DPS info Gantry/DPS info
in text XML file in text XML file in text XML file
(license (lice nse (license
required)’ required)” required)n
Dosimetric cine Yes C-Series' Nol Nol Yesh k! Yeshk! Yeshk!
mode acquisition No
(including DPSE#) Truebeam
Support for FFF imaging  Yes™ Yes Yes MNo Yes Yes
15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications



Achievable passing rate vs. Metrics and Tolerance

TABLE 8 Achievable y passing rates and dose agreement obtainad from QA measurement results reportad in the literature when using
EPIDs for pretreatment and transit dosimatry.

TABLE 3 Metrics and tolerance limits reported in the literature when using EPIDs for PSQA.

Pre-treatment technigques
2D Pre-treatment technigues First auth z‘:il‘“’_w "f't"“"'“i“' Mot Tolo it
Delivery Average gamma pass rate irst author year nique site(s) c olerance lim
First author year technique Matric: y criteria Yy < 1) van Zijt:tgd IMRT Various 20 y: 3% local/3 mm Poun (y < 1) 85%; area y > 1: <1 cm?
2006
Ho[‘;'“'!- zgtﬂmw(\"aﬁa" Fortal IMRT 3%G"3 mm 95.0% £10% Howell 2008100 IMRT Various 2D y: 3% localid mm Py (< 1): BO.6%; pnay: 3.20; gy 0.47
osimetry) Wu 20125 IMRT Various 20 y- 3% localid mm Proan (r < 1):00%
Nelms 2012*%(SNC EPIDoss) IMRT 3%GI3 mm 09.7% = 0.1% (Range B4.0-100)  y, 2p12% VMAT Various 30 y: 5% localld mm P (< 1):00%
2%G/2 mm 97 8% = 0.4% {Range 82.0-100) Transit dosimetry technigues
. 5 First author
Baggiiﬂf:] (EPIDose, Portal IMRT, VMAT %63 mm »85% (Range 05-90) year Delivery technique Anatomical site(s) Metric? Tolerance limits®
126
Wu 2012 [RadCalc EPID) IMRT, VMAT 3%G13 mm IMET-07.2% +3.0% {range Hanson 20147 3DCRT All excapt CNS and TBI - ADosexo =5%
£0.8-100) Mijnhaar 201518 JDCRTIMRTAVMAT Maost 3D y: 3% global’3 mm/50% Prran (r < 1):85%; ¥irax: 2.0; ¥rmean:
’ 0.5; ADosegy = 3%
VMAT:95.5% + 6.0% (range HaMNirectum/gynecology 3D y- 3% globall3 mmi50%  Pran ( < 1): 80%: i 2.5: 7rmean’
68.3-100) 0.7; ADoSEg, £ 4%
Transit dosimetry techniques Braast 3D y: 3% global’3 mm/50% Py (r < 1) 50%; ¥rax: 5.0; Fmean”
First author year Delivery technique  Anatomical site(s)  Metric Average achieved agreement 0.5; ADosewy: £ 3%
Rickatts 2016'#  3DCRT Eroast A0S, 7%
Frangois 20111 (EPIgray) IMRT Prostate ADosa,, 1.6% + 1.4% ° reas =
IMRT H&N AD0SEe, 6% + %
Ricketts 2016'2(EPIgray) 3DCRT Breast AD0s8, mean ¥ —D.6% £ 7.4% (25D), 0.3 (range MRT Brostate ADoSon, 4 s
003-1.17) Cali 2016128 30DCRT/IMRT/VMAT  Most ADosa,, £7.5%
IMRT Prostate ADosa, meany  —44% +8.2% (250), 0,80 {range Breast_iataral AD P
0.36-1.34) Int. mammary lymph ADOSE, +10.0%
IMRT HEN AD0SBg Meany  —5.4% + 24% (23D), 0.80 (range nodes
0.54-1.38) Cilla 20162 VMAT H&N ADosegg +5%
Celi 2016'*(EPIgray) 3DCRT/IMRTAMAT  Various AD0s8, 19% £52% 3D y: 3% global’3 mm Brran (% = 1):90%:; yroean: 0.67
Cilla 2016 (SOFTDISO) VMAT HEN 2Dosag 0.2% + 1.9% Pir;gw:ggh;g 3DCRT/MRT/VMAT  Six sites ADosBg; +5%
1 o
20 5%GI3 mm 83%. Fnean: 042 20 y: 3% global’d mm Prrin (¥ < 1): 90%:; Fimgan: 0.67
Consorti 2017%(SOFTDISO) SBRT Lung ADosergy +4% Nailon 2019'%  3DCRT/VMAT Nine sites ADoses 210%
2D 3%G/3 mm® 06%; ¥maan: 0.8 Bossuyt2020'°  3DCRTIMRT/AVMAT  Breast 20 p: 7% localls mm/ 20%  Pryn (r < 1):90%
Piermattei 2018"%(SOFTDISO)  3DCRTAMRTAMAT KN, brain 20 3%G/3 mm 9% fhrashold
Whole brai 20 y: 7% localld mm/20% B, 1):90%
Breast, abdomen,  S%G/5 mm 08%, 96%, 03%, 05% radicharapy oo i by < 13
thorax, pelvis 20 Palliative treatmants 20 y: 7% localls mmi20%  Pran (r < 1):93%
Nailon 2019'%(RadCalc EPID)  3DCRT/VMAT Nine sites 2Dasag, 1.0% +4.5% thrashold
Sterckx 2010'9 (iViewDose) VMAT Prostate 30 3%G/3 mm 09.0% + 1.0% (15D); ymean: H&N and brain 2Dy 3% globall3 mmi20% P (y < 1):95%
0.33 + 0.03 (1SD) threshold
. . Rectum 2D y: 5% global’s mm/20% Pryn (y = 1):93%
Yadakei 2010 iViewDosa) VMAT Prostate 3D 3%G/3 mm 07.2% + 2.6% (15D) {range ihreshold
827-100) = Other treatment sites 20 y: 5% global’3 mm/20% Pron {y < 1):95%
2D, two-dimensional; 30, thres-dimensional; 30CRT, 30 conformal radiation therapy; EPID, elecirenic portal imaging device; H&N, head and neck; IMRT, intensity . (with mask) thrashold
modulated radiation tharapy; QA, quality assurance; 50, standard deviation; VMAT, volumetric modulated arc tharapy — Other freatmant sites 2D y 5% globalls mm/20% Prun (r < 1) 95%
’ : n :
-G:giabal . : (without mask) threshold
ADoss, - dose deviafion at the isocenter. )
“Mean g- the mean gamma of the comparison. Steraotactic 2Dy 10% Projn (y = 1):95%
#20 3%(G/3 mm: 20 dosa distribution in the global gmma analysis and 3 mm distance to agresment. {;ﬁ;—}fﬂ-‘a mm/20%

“30 3%G/3 mm: 30 dose distribution in the global gamma analysis and 3 mm distance to agreement.

15/09/2023

=t

'CNS, central nervous system; 20, two-dimensional; 30, three-dimensional; 3DCRT, 30 conformal radiation therapy; EPID, electronic portal imaging device; HEN, head
and neck; IMRT, intansity modulated radiation therapy; PSQA, paient-specific quality assurance; TBI, total body irradiation; VMAT, volumetric modulated arc therapy.
*Pron (¥ < 1) MiNIMUM PSS ra18; g, MEXIMUM ¥; Frggq: MEan .

©ADosaw: dose deviation at the iscoenter

G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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Challenges and issues

EPID

a)

TIndependent Pose/MU Calculation

344 | Hgh-Z heterogeneities

Dose accuracy is particularly challenging to achieve
near high-Z interfaces and is exacerbated for higher en-

ergy beams and higher Z materials.”"%® At the vicinity of
both upstream and downstream metal interfaces, dose
errors in C/S are often in the range of 10-15% compared
to measurement (underestimating dose at the upstream
interface and overestimating it at the downstream), but
these errors can easily exceed 20%.°7%° GBBS has
been shown to agree within 1%—2% with MC,*® which
in turn agrees reasonably well (within ~5%) with meas-
urement *®® These effects can extend several cm from
the implant; even 2 cm away, C/S algorithms can still
show residual dose error of 6%—12% =851

EPIDs

namic MLC, and/or VMAT. If the secondary calculation
system includes heterogeneity corrections, a heteroge-
neous benchmark should also be evaluated. Assuming
all the benchmark plans calculated in the planning sys-
tem agree with measurements, the secondary calcula-
tion software should agree with the TPS. Reasonable
agreement is within 5% (for both field-by-field or com-
posite), and this should be achieved for the bench-
mark cases. Failure to achieve this level of agreement
should result in either (a) improved commissioning of
the secondary calculation system such that appropn-
ate agreement is achieved, or (b) identification of the
limitations of the secondary system, particularly in the
case of challenging benchmarks, and establishment of
alternate cnteria for treatment plans of a similar nature.

G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications

3.3 | Limitations, applications, and
challenges in clinical implementation of
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a -ﬁ c ¥
:fl I|II II'I I'.I location of comparison ;
[ [\ EPID:
/ - portal dosimetry
[ -20
| patant or
/ I'| patient or phantonm:
I.' | . - dosa reconstruection
I '.II / \ =20 er 3D
f i i F! |
EPID EPID
man-iransmission nan-tramsmission transmission
pre-treatment during treatment  pre- & during treatment
Table 2
List of key references on non-transmission based dose verification methods
Verification procedure Type of verification Key references Objective of verification or subject of the
study
QA of treatment machine QA Prisciandaro [93] Radiatiun—l:s’ ht field congruence
QA Dirkx [52,53], Budgell [80,87] Linac output, beam profile flatness and
symmetry
QA Baker [84], Yang [95], Samant [96],  MLC leaf position for step-and-shoot fields
Parent [97]
QA Vieira [86] MLC leaf position and absolute output for
low MU segmented fields
QA Vieira [98], Partridge [99], MLC leal position aunng amic
Chang [88] treatment
How do \ou support a4 No-Coplanar beam using EPID/CBCT?
Why do we not suapport 1he +ransit dosimetry for those patients?
15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 10
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Begin of the EPID Pre-Treatment verification

Verification |: Pre-treatment dose verification

Pre-treatment (S.M.J.J.G. Nijsten, W.J.C. van EImpt et al., Med. Phys. ,_ 200)

dose verification

/\

g Q
a

Before the start of treatment, the treatment fields for every
patient are delivered and measured with the EPID.

allows for detection of errors made during transfer of treatment
parameters between TPS and LINAC

allows for detection of malfunctioning of treatment machine (e.g.
machine output variations, leaf positioning errors)

Pradicted pra-treatment PDI

Measured pre-treatment PDI Pre-traatment gamma function

y {em)
y {em)

¥ (em)

20 -10 0 0 20 L

-20 -10 0 10 20
x(cm) x (cm)

X (cm)

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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2D or 3D? Single o End-To-End errors assessment

Predicted 2D portal Measured 2D portal dose 2D gamma map

dose

-

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications



CBCT Recalculation: Issues

Planning CT

kV CBCT F25

global y: 3%, 3 mm

Today we have notice of possible issues related to Iimage Quality, ED Table, Resolutions, Reconstruction,
Artefacts, Non-Homogeneity, High-Z, Dose algorithm

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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i.e. Potential QA and error detected

Table 4

Overview of the various errors that can be detected with EPID dosimetry

Potential errors

Pre-treatment verification

Treatment verification

phantom or patient

2D/3D 2D 3D 2D iD
Mo phantom Behind Inside Inside Before Behind Inside Inside
phantom phantom phantom patient patient patient patient
Machine
Wedge presence and Yes (systematic errors) Yes (systematic and random errors)
direction
Presence of segment Yes (systematic errors) Yes (systematic and random errors)
MLC leaf position/speed Yes (systematic errors) Yes (systematic and random errors)
Leaf sequencing Yes (systematic errors) Yes (systematic and random errors)
Collimator angle Yes (systematic errors) Yes (systematic and random errors)
Beam flatness and Yes (systematic errors) Yes (systematic and random errors)
symmetry
Linac output during No Yes
treatment
Gantry angle No Possible Possible Possible No Possible Possible Possible
Plan
Transmission through Yes Yes Yes Yes Yes Yes Yes Yes
leaves
Steep dose gradients Yes Yes Yes Yes Yes Yes Yes Yes
TPS modelling parameters Yes Yes Yes Yes Yes Yes Yes Yes
for MLC
Delivery of wrong patient Yes (if same plan is used for verification and Yes Yes Yes Yes
plan treatment)
Dose calculation in Mo No Yes Yes No No Yes Yes

15/09/2023
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.DURING THE COMMISSIONING YOU NEED TO VERIFY THE TOLERANCE....

..... AND DEFINE THE FUTURE BASELINE

LA R LA AL
(AR NN NN

TNe NCS repart N3s Deen JOWNIN302G N 23 Mar 2017

Code of Practice for the Quality Assurance and Control L.lq)lhqommemtemmkmlnsoﬁdn(nw:)emlm
for Volumetric Modulated Arc Therapy i
S Teaica Fantocdo P "*’;‘;km'
IRT | Octaiss | ]
0L DRI O d L. 2
IRT | Octavss | 1
NEDERLANDSE COMMISSIE VOOR STRALINGSDOSIMETRIE m gzm ]1;
AR N
Report 24 of the Netherlands C on Radiation Dosimetry IMRT_ | Octavivs - —
February 2015 PRI Ocay i,
), IRT_| Octas 9
400 MC LR 1
L 2
JC 3
350 e | R 4
e R §
MO R 6
30 N MC_ | W 1
NACD | dMLC | RWD_ | 8
220 ] .. 1 e | R 9
= F. MONACO | dM.C_ | kWi L
g L JGL9Cshope | MONACO | VMAT | RW) i
Y 200 B TGl19Cshape | MONACO | VMAT | RW3 2
§ ! R 4
AL
150 B A
R
100 B s
A
il i ]
VMAT MACHINE
il 1 1 1 1 am
En ann acn Ann Acn ‘ann
Cone 10 mm Field Width
i
) = tomm Catcutated | o
FFF Machine e ]
—— 200mm Calculated ®
o
i o
% "
8 1
o ]
ﬂ/ 5 " _ T TTTTTT v ~-v‘:-'v‘~»~--c;vv~- Y. L K
./-' - B 0 A U A WD ‘n o BT T I VN b 1) A L TR TR T AR ) "I:
0 o 0 e Agreement TPS vs. Plan delivery
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Logfile Experiences

Integrated server-based web application, access from ANY networked PC

PATIENT Secondary independent Dose Calculation:
» Double Dose Check;
Y Algorithm Validation
\ Pre-Treatment & In-Vivo Dosimetry:
) Patient Follow Up during Treatment;
Per FRACTION Y Detailed Analysis of Treatment Plan;
) Detection of Errors & Uncertainties;
"% Y Action Plan for their reduction;

, Check Machine QA:
'{ QA Machine » Imaging; MLC & VMAT;
) TG 142 templates;
> Phantoms for tests.

v' Independent Dose Check v Pre-Treatment QA v  Patient Monitoring

MACHINE

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 16



[F TN E N RET]
seadBdasae
[EEE T F RRR]
0N AN
000000
ALl L Ll
(AR 11 RN
AL L N RLL]
[EEE RN R Y]

Log-Files Platform - How does it works?

How does it work?

PATIENT DoseCHECK

Patient
Treatment

Per FRACTION

TG #142

Picket Fence

Wiston Lutz

Gantry & leaf Speed

Dose Rate & Gantry Speed

Machine QA

Uniformity
Flatness & Symmetry

v
v
v
v
v
v
v

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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Patient QA - Machine QA

DoseCHECK™ Review ¥l Approve st

DAT? PATIONT STATUS ACTIONS
18 A 2019
IBN‘QWW
18 APR 2019
17 APR 2018

R

17 APR 2019

Load roxt 10 rosuts

Fraction 0 Revowdl  Approve al
CAIL PATILNY SIATUS ACTIONS
& Hwr20m
71 14 MAR 2015
& rvnar2om
& woecams
& voscaom

11

Per

Loada rexd 10 resuts

FRACTION™

Fraction n Revers x| Approve #t

NATF PATIENT STATUS ACTIONS
@ wamam Ao
QO warr2018 Asproye
T 7T APR 2018
T TAPR 2010
O vramey

:

Load ned 10 rosuits

\

Machine Tasks
Due
Mo Maonng Tasks 0313 1 Aspy

Pending
Review

$2 Maching Tasks 036 0 depay

Approved
Mo Machine Tasks 0ta  aepiay

SNC Reumne

Quek St Gasoo

15/09/2023 G. Guidi - 20. . School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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Dose Check -Independent Calculation

TPS Dose Calculation vs. Independent Dose Calculation using RT files &
Convolution/Superposition Algorithm.

RT Plan + RT Images + RT Structures ﬁ : ;

TPS Dose Dose Calculation

v" Raystation
v Monaco

Information of VersaMO#1 and VersaMO#2 was Isocenter Point AD[%] = (0,1 * 0,5) %

sent to Logfiles Platform (plans in phantom) Overall Gamma AD[%] = (0,5 * 0,8)%

They provide the adjusted beam models... (3% / 3mm — Pass:95%)

v' More Accurate DoseCHECK™

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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EPID vs. Log Files

Log-Files Platform

. EPID Integrated Machine log
Analysis type
Fraction 0— 2D v
Fraction 0 —3D EPID based v v
Analysis Type? Log enly v
Eraction N— 2D Tansit Dosimetry v
Relaive
v
Fraction N— 3D EPID based v v
Log only v

malysisType | EPD Logfiles

. = 2D Absolute Dose
Fraction 0- 2D (Inherently includes MLC, Dose Rate, No data from Logs

Collimator, Jaws)

+ MLC positions + Dose Rate — from Linac monitor chamber
- Gantry Angle (instantaneous)
= Collimator position

Fraction 0 - 3D

EPID vs Log?

= 2D Absolute Transit Dose or 2D
Relative Fluence

(Inherently includes Patient, MLC, Dose Rate,
Collimator, Jaws)

. _ =GP e e — = Dose Rate — from Linac monitor chamber
Sl - Gantry Angle (instantaneous)

+ Collimator position

Fraction N - 2D Mo data from Logs

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 20



2D-3D Calculation or CT/CBCT Calculation?

LA R LA AL
(AR NN NN

Log-Files Platform

Analysis Type Reference Data calchatEd

Fraction 0—- 2D Dose in water phantom at EPID EPID EPID
What are we panel generated by SDC
comparing? Fraction 0 - 3D TPS data EPID and/or Log-file data CT-Sim
Fraction N - 2D Dose in water phantom at EPID EPID Absolute Transit Dose EPID
Measurement or Relative Fluence
plane generated by SDC or Baseline Measurement
data (usually 1= fraction)
Fraction N - 3D TPS data/SDC =ERiB=arreifor Log-file data CT-Sim or
CBCT
A Modena...
Reference Data Measured Data Calculation Analysis
EPID / Log-File data :
. : Analysis 2D/3D
Fraction 0 —3D TPS Data MLC Positions - Dose Rate - Gantry CT-Sim Y /
. . NO Absolute
Angle - Collimator position
LOg File data CT-Si .
. -Slm or Analysis 3D
Fraction N-3D TPS data/SDC - -
/ Dose Ra?te GantrY Angle CBCT NO Absolute
Collimator position

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 21
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Instruction and QA Programme

LO. Software PERFRACTION Pag. 1di

SOFTWARE PERFRACTION

Aprire Internet Explorer o un altro Browser disponibile sul PC della barra delle
applicazioni in basso (Figura 1):

LO. Software PERFRACTION Pag. 24i

Si visualizza la seguente immagine dove compare la lista degli ultimi pazienti
calcolati, sia per DoseCHECK; Fraction 0; e Fraction n (Figura 3 ).

1 pazienti che sono stati appena importati dal TPS compaiono nella sezione del
DoseCHECK con una pallina gialla 12SEP2018 : & necessario preparare questi

Figura 1

Inserire nella barra degli indirizzi: http://192.168.160.17

All'apertura di Internet Explorer occorre effettuare il login utf
parametri (Figura 2):
Username: admin@sncsever Password: Password#1

P

Figura 2

BT r—— 34
S ROACHA LO. Software PERFRACTION P 3

Fisica Medica

Modality / Details: Selezionare la modalita e il tipo di terapia
Pre-Treatment QA: Viene gia selezionato in automatico dal Sistema.

Structure Type:

Target: Solo una struttura: PTV del piano di trattamento.
(Solo nel caso sia un SIB, mettere multipli PTV)

OAR or External: Inserire tutti gli organi a rischio che devono
essere valutati nel QA giornaliero.
Ignore: Inserire le strutture che, se ben saranno considerati nel
calcolo, non & necessario il follow up giornaliero. Ad esempio:
Strutture dummies; Espansioni; Lettino; Bolus; etc.

IMPORTANTE: & necessario mettere lo spuntino di Pass/Fail:
« Obbligatoriamente per il PTV.
« Obbligatoriamente per il External: Body.
« Per gli OAR’s che si vogliono includere nel Gamma Analisi.

Plan Settings - Prostvese B apy K Cancd

™

[Tl oo et
Funbare | Prosivose Tosbangis  Prosige ~ AT e Procesand
- - AP v
Temgtsh Type  Universa Mevics (V] reowe  ERTPET | AT Sncie et Ve
T magset e
Tt P Doee G 65 oot 39 FTDorofpm bl Ve
el | v
Wity 0CRT "t -t B Phansin €1 Scanmer
SRGees ) Semn omer TERIZOECTS
Macsi dams
ek (JCwte et [t [ Recurmca =
e Mok Lo Expat i 0t
o sy »
st Type ©
Tuge Ml DSl AR o Eremel e sl lgaors
PTG El bedy ® Garten Fiver
<] bum < cnes
LI o 2 Fenee
TesaFenosens (1 Fua Core
TeFenodesn [ ]
vescra
Figua 7
Pagina 3 di 6

T R———
LO. Software PERFRACTION P dd

Dopo aver modificato i parametri del Plan Settings, si conferma con Apply.

Di seguito, viene aperta automaticamente la seguente finestra dove si
dovranno selezionare le sequenti opzioni per applicare i cambiamenti anche alle
future frazioni che verranno importate dall’acceleratore (Figura 8)

Apply Changes - ALoggiaProst

B Appy % Cancel

Palient. Reggiani, Mauro - Ag

{0 Apgty 1o future A &vents for this. plan
@ ADDIY 10 Past AN TUTUTE QA BveNts Tor this pian
(¥ DoseCHECK
Note: Past evenl recalculations may 1ok sigaificant time

Figura B

Pagina 4 di 6
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Treatment Planning System Connectivity

RT Plan + Dose + CT

v

Log-Files Platform

15/09/2023

TPS Export...

DICOM Export - CT1, DEDE

exporting.

o This export can transfer data to many applications. Fer all dinical uses, the user must verify correct transfer and
y I. interpretation. Please confirm that all necessary approvals have been obtained on plan information prior to

Select Modalities to Export: Destination:
Images (Orientation: Head First Supine) ~ Label ~
Structure Set —
all structures L TOMODATA
v L RAYSTATION
TVl L PINMACLE
arbon Fiber L DSTORAGEIPACS
1 IMPAC_DCM_SCP
O SMMERGERCOM_SCP
] RAYSTATIONZ
O ONCENTRA
O] MyQA
] COMPASS
polmone dx O SCSynergy
: polmone sx Ol SCIVIEWGT
Total Plan {Orientation: Head First Supine) O COMPASS CARPT
E iu;rpllma%es (DRRs) = PERFRACTION
o an Dose =
i [ &l Individual Beam Doses A — SENTINEL CTRT e

DICOM Message Override Values:

Fraction Import...

Home Q Search

DoseCHECK™

DATE PATIENT

RT Plan Options

PLAN '

18 OCT 2019

DED& ]

180CT 2019
B3 1socT 2019
7. 16 0CT 2019
B 150cT2019

Load next 10 results

Fraction 0

DATE

@ 100cCT 2

@ osoct2

& 27seP 2

@ 25seP2

o] RTPan
MACHINE
VERSAMOM

RT Structure Set

BoostAddome
Addome

MammsSnNew

MaClavDx

DoseCHECK

DICOM Files Processed (5/5 Received)

CT ImageSet RT Dose (per beam)

PLANNING CT SCANNER

TSH120FC13

4 Images
v Structure Set

v Total Plan

!

% o wr

e or rat ames 2mer or

RT Dose {composite)

v All Structures

v All Individual Beam Doses

V" Calculate dose per FRACTION

Actions

Patient Plan Report

Plan Settings

Export Plan Data
Delete Plan Data

G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications
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Plan Setting, Target, OARs

RT Plan + Dose + CT

v

Log-Files Platform

15/09/2023

Plan Settings... General Settings...

Plan Settings - A1 TMammbDX - Apply % Cancel
Patient: 1 - Age: 63 Gender: Female 1D:
Plan Name 1TMammDX Treatment Site Breast A /DICOM Files Processed \
RT Flan: Yes
Template Type Universal Metrics - Template 3%@3Imm e RT Struciure Set.  Yes
CT ImageSet: Yes
Total Prescription Dose (Gy) 50 Mumber of Fractions 25 RT Dose (perbeam).  Yes ‘/
RT Dose (composite).  Yes
Modality () 3D CRT I IMRT (& VIMAT () Brachytherapy Planning CT Scanner
() SRS Cones (3 Electron () Other TSH120FC13
Machine Name
Details Curative [] Palliative [[]Boost [[] Recurrence k VERSAMO1
[] Adjuvant [] Adaptive [[]SBRT Export Plan Data
[ a @ History »
@ . .
YES = If FractionO will be performed
Structure Type & NO-> If FractionO won’t be performed
Target Include Pass/Fail OAR or External Include Pass/Fail lgnore
PTVA Body - Carbon Fiber
PTV2 | Cuore Clips
>
EI Esofago (| Foam Core
MammSin
Midollo E3
Polmone Dx
Polmone Sin
Sterno |

Plan Name...
Has to be the same name as the plan that will be treated in the machine (MOSAIQ).

Total Prescription Dose...
o cHas ko be completed manually, only Number of Fractions came automatically. 2



Metrics

RT Plan + Dose + CT ] Plan Settings... General Settings...
Template Type". For new incoming plans, select which QA Template should be used:
Log-Files Platform ) O Octoun oo e Torpie 1
9 Custom Metrics | mmmmmmm—— .
Universal Metrics a <]
Default Custom Metrics Template (MV) & GeneralUnspecified Custom Metrics
Metrics can be deflned — Defoult Custom Metrics Template (MeV) @ Generallunspeciied Custom Metrics
Default Custom Metrics Template (Brachytherapy) @ General/Unspecified Custom Metrics.
gbm Brain Custom Metrics
FNADS%/5mim General'Unspecified Universal Metrics
3%@3Imm GeneralUnspecified Universal Metrics
P JR— ——

Independent of the Template we choose, | gaject a template. .

the calculation will be performed in all WETNREEAGE 11 ~ CURRENT METRIC. BB FNADS%/S5mm

fractions 3%@3mm
2%@2mm OTHER METRICS
3%@3Imm
2%@2mm
Structure Type...
Body always here!
Structure Type @ l
Target Include Pass/Fail OAR or External Include Pass/Fail lgnore
PTVA [ Body ] Carbon Fiber
PTV2 | Cuore Clips
T EI Esofago (| EI Foam Core
MammsSin
PTV’s
Midoll
If more than one and it’s not i X T
SIB, put the in the one Polmone Dx
corresponding to the actual Dummy Structures /
plan Polmone Sin Rings / Couch
(Ex: 1TMamm -> PTV1) Sterno .y

Clicks 1 has to be putted in the organs we are interesting on follow and/or that we want them to be

part of Overall Gamma Calculation.
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Calculation Settings

RT Plan + Dose + CT ]

Log-Files Platform

15/09/2023

Plan Settings... Calculation Settings...

Plan Settings - A1TMammbDX Apply % Cancel
Patient - Age: 63 Gender: Female D
General Seitings | Calculation Setiings
3D Calculation Frequency Calculation Source €@
Fraction 0
(@) Always
(1 Select Use EPID images if available, otherwise use logs v
[] Fraction 0 N
[ Fraction 1 Fraction
[[] When CBCT is received Use EPID images if available, otherwise use logs e
() Mever
Fraction-n-2D-Bascline
Fraction 1
Fraction 1 e
Fraction 2 -
Fraction 1 o
Use expanded dose region when calculating on CBCT image.
Expanded distance (cm) 2
Reference Dose Volume Planned = From TPS.
—>

Planned e

Calculated - SNC Algorithm.

Calculation Source...

Calculation Source @ Any of these two ones is possible. The
Use only log files for calculations (no EPID images) difference is in the time the system will

Use EPID images if available, otherwise use logs be ”expecting” the information.
Require EPID images for all calculations

G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 26



Dose Check: Patients QA

LA R LA AL
(AR NN NN

[ RT Plan + Dose + CT ]

v

. =
Log-F|les Platform L] compene remeomes < soccurom  + marscamsarn
2 1 v nos 2w 00 2 22 " s — A ———
Beam Pomnt Dose &
° Cr——ER] ™ s 1 w5 12308 e r
Dose CHECK G oo s - o . wr e e - e ——
g ) Targets
o s
3D e —
Analysis e a7 ese 03 wem  asss e 0w
OARs
e —
Error METRIC TPE GA A% METRIC  TPS QA A%  METRIC TPS QA an A% | METRIC TPS QA an
h = oo o= e o= oo ®|m ocom o= oo e
Detection
SrriCTIT
|-l wm am 580 e mame
DVH (<3

= - o — i _

Event Settinas

 ——
« Points 3 Targets AR « Overall Gamma DVH Images % Event Settings
ee——

General

Point Dose 2D Analysis
Diff (% DIST Not Applicable
) 3 (mm 2 Absolute DIff (cGy) 20 PP
TH (%) 10 Passing (%) 95
Enable Search Radius, using Dist {mm) From General
MNormalization Global ~

CURRENT METRIC |+ FNAD5%/5mm
3D Analysis

Allow overall Gamma to trigger pass/fail results

TOLERANCE MEAN D90% D95% MAX CRITICAL VOLUME (cc)
Targets DIff (%) 5 ] [m}
OARs Diff (%) 5 O [m} O

[ Allow structure tolerances to trigger pass/fail results

Clinical Goals N/A
# Universal Metric: FNAD5%/5mm
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3D Analysis

3D Analysis...
v Points [ Tagets [J OARs & OverallGamma DVH  Images = & EventSeftings > CURRENT METRIC (& FNADS%/5mm
Fatars [
TN composite Point Dose o cture Canra i 7 ; i
) comeesterompon0 suocanran +aemancnnarn ——3- Possible to Add Points for evaluation. Current Metric T
_Q _— DICOM COORDINATES (mm) DOSE (Gy) DOSE DIFF (%/cGy) I
T X v : PLANNED CALCULATED RELATIVE AnsoLTE
1 lsocenter 0,00 200 15,00 24704 24,268 8 146 o ETFE | I ]
Beam Point Dose &
DICOM COORDINATES (mm) DOSE (Gy) DOSE DIFF (%/cGy) MU/Fx
BEAM NAME
NAME . (X,Y,Z) {(mm) PLANNED CALCULATED RELATIVE ABSOLUTE PLANNED CALCULATED DIFF (%)
1 [ 1socenter - 0,2, 18 petaun V] 9,063 8964 10 99 12516 12054 1 }
2 [z 1swcenter - 0.2, 1) peraun “ 15641 15,204 22 347 11231 1185 22
Composite Dose Point:
Beam Dose Point:
Targets
Targets & OARs
v ic (%)
B B Gamma Analysis (%);
99,97% Gamma 99,77% Gamma V' Metric: Mean, D90, D95, Dmax;
o o .
METRIC TPS QA A% METRIC TPS QA A% v TPS Dose Va/ue,
Mean 4973 49,54 -037 Mean 4995 49,63 -064 v QA Dose Value,-
D95 47,04 47,0 0,12 D95 4767 47,71 0,06 v A%
OARs
Body Vescica Ano-Retto FemoreDs FemoreSn
99,82% Gamma 99.94% Gamma 100,00% Gamma 99,98% Gamma 100,00% Gamma
METRIC TPS QA A% METRIC TPS QA A% METRIC TPS QA A% METRIC TPS QA A% METRIC TPS QA A%
Mean 8,50 8,49 -0,01 Mean 3964 39,41 -057 Mean 28,38 28,16 -0,76 Mean 1511 14,66 -3,00 Mean 1363 13,30 -243
Overall Gamma
Overall Gamma
FAILED (%) FAILED POINTS 4 Passing Rate (%),'
PASSING RATE (%) TOTAL POINTS .
LOW HIGH LOW HIGH v Total Points;
99.82% 0,16 0,01 550,0 340 333.356.0 v Failed Points.
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DVH

Ano-Retla

Body

P

P

mFTVED

T
vestica
Bowsigag

i Carton Fiber
cTvso
cTvro

Foam Core

Dose Opacity

o|r a

Profile Tool

Dose Scale
- 5534
- 5036

1l

286 Gy

0,00 By

2408y

188 Gy

a1y

36.01 By

21160y

1,00 Gy

0,00 Gy

45380y

4700y

0,00 Gy

DVH estimation

51,68 Gy

53,14 Gy

37,25 Gy

71e Gy

53,14 Gy

5314 Gy

53.10Gy

53,14 Gy

0.00 Gy

5267 Gy

5255 Gy

0.00 Gy

and comparison

28,16 Gy

840 Gy

14,68 Gy

1330 Gy

4510y

4540y

warGy

18,50 Gy

0,00 Gy

48980y

50,116y

0.00 Gy

Images: Calculated, Planned & Gamma Comparison

Images

DVH: Min, Max, Mean of each Structure.

Reference & Calculated Dose.

(c3

Select the Profiie T00l 10 view the profile of the dose and
image
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Error Detections - Case

[ RTPlan+Dose +CT | o
\l/ Detection

- ~ Verify all Data arrived correctly from TPS:
Log-Files Platform DoseCHECK
_ J ;
DICOM Files Processed Actions If Less/5 it’s possible to
- ~ RTPlan RT Structure Set  CTImageSet RT Dose (perbeam)  RT Dose (composite) w export missing data_
Plan Settings

DOSG C H ECK MACHINE PLANNING CT SCANNER Export Plan Data

L ) VERSAMO1 TSH120FC13 Delete Plan Data

3D
Analysis

Plan Settings - PoimoneDx

Ver"fy Plan Settings: Patient Age: 78 Gender Male 1D:
Calculation Setiings © New Task

Error X No Template Type;
Detection . .. Plan Name PolmoneDx Treatment Site Lung v DICOM Files Processed
. RT Plan Yes
X CTV In Wrong pOSItlon’ [ Template Type Custom Metrics v Template No Custom Metric used v RT Structure Set:  Yes
. P . CTImageSet:  Yes
X Body in wrong position, Toll rescripon Dose Gy) | 45 Nomberof Froctions | 15 RT Dose (por beam): Yo
RT Dose (composite):  Yes
X Dummys in wrong position. Wotalty CIDCRT AT o Vs © Brachyiherspy e e
() SRS Cones () Electron () Other TSH120FC13
Machine Name
Details | | Curative [ Palliative || Boost || Recurrence VERSAMO1

|| Adjuvant (] Adaptive (L) SBRT port Fian Data

o - Save Setings as New Custom
Metric
History »
Structure Ty,

Target Include Pass/Fail OAR or External Include PassiFail Ignore

PTV =] Esofago (=] parra
Midolio 5| 2| = carbon rioer
Polmone dx =] Foam Core
Polmone sin =] MidExp

Evaluate Beam Model:

VersaMO#1: Beam model performed with plans sent to Log-Files Platformfrom Monaco TPS
VersaMO#2: Beam model performed with plans sent to Log-Files Platformfrom Raystation TPS

Patients planned in Monaco - VersaMO#1 Versamo#2 B

Patients planned in Raystation - VersaMO#1 B versamo#2
This issue it’s being solved with an integrated model for both TPS.

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 30



Bew
1T R L]

gl Fraction 0: Pre-Treatment Patient QA
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[ RT Plan + Dose + CT ] Pre-Treatment QA...
~ \l/ § : Calculation using Logfiles in
Log-Files Platform Patient CT th NC Algorithm
: g 7 @
4 N\
Dose CHECK
\ Y, =
3D &
Analysis .
— 1A isacaninr o 002 o0 nms . ot o ﬁ‘
[ P— oas e oo o oo e o ] —
Error e e Done ©
o~ = T e L -
P v o : os S,
. B 24 241 J — (e | _
[ Fraction O™ } @ - el
2D/ 3D oo ||
Analysis = =0 a|= ==
Error N[ P | =~ o
Detection
- . S -

Composite Dose Point Targets & OARs
Beam Dose Point Gamma Analysis (%),
3D Analysis... Overall Gamma Metric: Mean, D90, D95, D, ;
v Passing Rate (%); TPS Dose Value;

v Total Points; QA Dose Value;
v Failed Points. A%,
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Fraction O: Pre-Treatment QA

LA R LA AL
(AR NN NN

[ RT Plan + Dose + CT ] Pre-Treatment QA...

\l/ _ Calculation using Logfiles & EPID Images in

( . ) Patient CT with SNC Algorithm
Log-Files Platform \
L y y Log File + @
( ) - EPID Images @
Dose CHECK QA Plan in EPID
- o Composite Dose Point Targets & OARs
W2 Beam Dose Point V' Gamma Analysis (%);
nalysis .
’ 2D / 3D Analysis... Overall Gamma V' Metric: Mean, D90, D95, D,,,.;
V' Passing Rate (%); V" TPS Dose Value;
V' Total Points; v QA Dose Value;
Detection . . 0,
V' Failed Points. v A%.
o] g FrACUen0-16 A I01GTI4FM @  Summary  FaniDoss 0 Anayss  30Anass =

Fraction 0™ T S oon orn e

3720y
General

2D/ 3D
Analysis

Error
Detection

Profile Y Profile X

| |

s0% o A o E sox = 2
R - g [

o% I s ox = |

Measurements with EPID can ONLY be used to verify MLC movements.
NO Absolute Dose can be evaluated with EPID measurements since calibration is missed!

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 32



(IR R E R NEN]
L]

K800 0B

pmtd Error Detection: Fraction O

[ RT Plan + Dose + CT ] Error
\l/ Detection

( )
Log-Files Platform Verify all Data arrived correctly from the Machine:
\ Y,
v LogFile,

( h Files Processed (204 Received) Actions

Dose CHECK ; g AT T Rocors : IR If not, a Retrieve of
\ J Semess Faen g the LogFiles can be

0 CALC MODE REF DOYSE CT SCANMER USED WU M BEAM MODNEL DATE S8t a8 Fraction 0
3D Log Flanned  VERSAMOT_X 20 SEP 2016 Etcaloulyte performed.
Analysis Wiew beam infermation

A&l A

Error % Cancel & Retrieve

Detection

Active 50 Gy Pelvis 04 AUG 19 Retrieve Previous Data

vent Repon Event  pan setngs
H MODALITY  PLAN DETAILS
Fraction O™ g 16 ott 2019

21 ott 2019

2D/ 3D

Analysis [] EPID Images

IGNORE POI [ Log Files
[ RT Treatment Records
[] CBCTs and Registrations

Error
Detection

Verify Fraction Data arrived correctly:

1Thilatrerale

Appiove =

o Pl £33 Targets 3 OARS 1 Overall Gamima DVH Imagpes O Evenl Setings

Composite Point Doss

DECOM COORINNATE § [mm) DOSE {Gy)
POA MAME
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==& . . .
[ RT Plan + Dose + CT ] — Fractions: 1, 2, 3,...,N ~—%.s — Fractions in Calculation
1Tbilatrerale Fraction 1
v «
( N
‘ﬂ' Approve ~ Enter a comment for this event
Log-Files Platform
& J
& Points G) Targets (D OARs " Overall Gamma DVH Images #* Event Settings
Patients
p N General Point Dose [] 2D Analysis
D C C DIff (%) 3 DIST {mm) 3 Absolute DIff (cGy) 20 Uses General Settings
sol i )
ose H E K TH (%) 10 Passing (%) a5 Baseline Not Available
L ) Enable Search Radius, using Dist (mm) From General
Nermalization Global ~
Auto Align Not Available @
3D Image Source
Analysis Calculated On Plan CT ~

Use expanded dose region when calculating on CBCT image:

Expanded distance (cm) o

Error
Detection

Image Source...
Fraction O™ Image Source ) )
The image source for the calculation can be selected
Calculated On CBCT (Wed, 16 Oct 2019 15:38:01C ~
@ Use axpanded do| Pian CT between Plan CT or CBCT from any day.
2D/ 3D CBCT (Tue, 24 Sep 2019 13:04:44 GMT)
Analysis Expanded distanc) CBCT (Wed, 25 Sep 2019 14:12:22 GMT)
CBCT (Thu, 26 Sep 2019 12:31:23 GMT) 3 3 )
CECT (Fri. 27 Sep 2019 12.51.35 GMT) Be Careful: If CBCT is pre-imposed, Log-Files platform
CBCT (Tue, 01 Oct 2019 12:49:13 GMT)
CBCT (Wed, 02 Oct 2019 13:34:31 GMT | f
o _ SBCT (T, 05 G 2015 144415 1) will take the last CBCT performed on the patient,
Detection Points CBCT (Tue, 08 Ot 2015 16,5345 GMT) independent of the data!
CBCT (Wed, 09 Oct 2019 12:30:03 GMT)
Beams (2D) CBCT (Fri, 11 Oct 2019 15:31:15 GMT)
. CBCT (Mon, 14 Oct 2019 1_5.:3;:57 GMT)
Fraction N™ Tt
Composite Dose Point Targets & OARs
4 . A v ic (%)
Analysis 3D Analysis... Beam Dose Point § Gamma Analysis (%),
. Metric: Mean, D90, D95, D, .,
Results compared with Overall Gamma s T T2 Sman
Passing Rate (%): v TPS Dose Value;
Plan CT or with CBCT assing mate (),
V' Total Points; v QA Dose Value;
V' Failed Points. v A%
Record
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Combination of information.

Issues for multiple Treatment Planning Systems

Error
[ RT Plan + Dose + CT ] 0

( N

) Verify all Data arrived correctly from the Machine:
Log-Files Platform

v LogFile,

- ~N Files Processed (2/4 Received) Actions v DIBH Interr uptions
. Event Report
EFID Log RT T Record CBCT
DOSe CHECK Remove Fraction Data

If some data do not arrive, a
Retrieve Data can be performed.

\§ J 3D CALC MODE REFDOSE CT SCANNER USED MACHINE BEAM MODEL DATE Set as Fraction 0

Log Planned  VERSAMO1_XVI 30 SEP 2016 Recalculate
View beam information

3D
Analysis

Verify Fraction Data arrived correctly:

Error
Detection
1Tbilatrerale Fraction 4

- Enter a comment for this event

Image Source

Calculated On CBCT (Wed, 16 Oct 2019 153801 C v

| Use expanded do Plan CT

CBCT (Tue, 24 Sep 2019 13:04:44 GMT)
Expanded distanc) CBCT (Wed, 25 Sep 2019 14:12:22 GMT)
CBCT (Thu, 26 Sep 2019 12:31:23 GMT)
CBCT (Fri, 27 Sep 2019 12:51:35 GMT)
CBCT (Tue, 01 Oct 2019 12:4%13 GMT)
CBCT (Wed, 02 Oct 2019 13:34:31 GMT)
CBCT (Thu, 03 Oct 2019 14:44:15 GMT)
Points CBCT (Mon, 07 Oct 2019 12:41:00 GMT)
CBCT (Tue, 08 Oct 2019 15:53:49 GMT)
CBCT (Wed, 09 Oct 2019 12:30:03 GMT)

Fraction O™
@ O 0 O

6 « Points €3) Targets ) OARs ' Overall Gamma DVH Images &%

2D/ 3D
Analysis

Error Beams (2D) CECT (Fri, 11 Oct 2019 15:31:15 GMT)
Detection CBCT (Mon, 14 Oct 2019 15:32:57 GMT)
DICOM COORDINATES {mm) Targets CBCT (Tue, 15 Oct 2019 15:36:36 GMT)

POI NAME

CBCT (Wed, 16 Oct 2019 15:38:01 GMT)

Fraction N™
Evaluate Beam Model:

0 VersaMO#1: Beam model performed with plans sent to Log-Files Platform from Monaco TPS
Analysis VersaMO#2: Beam model performed with plans sent to Log-Files Platform from Raystation TPS

Patients planned in Monaco - VersaMO#1 0 Versamo#2 o
Patients planned in Raystation - VersaMO#1 0 Versamo#2 0

_{ ] This issue it’s being solved by SNC with an integrated model for both TPS.
Record

15/09/2023 G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications 35




EIE RN EET]
seadBdasae
(XEE 1 ¥ XY
1T R L]
L LI L LD
IR T L
(AR 11 RN
AL L N RLL]
sEs BB BN

CBTC Calculation and Issues

[ RT Plan + Dose + CT ]

v

( )
Log-Files Platform
. _J
(" N\
Dose CHECK
(. J
3D
Analysis

Error
Detection

[ Fraction O™ }

2D/ 3D
Analysis

Error
Detection

9[ Fraction N™ J

3D
Analysis

—{ Record

15/09/2023

o Error
Detection

In CBCT:

Daily, CBCT’s are being performed to patients with different acquisition protocols.

CBCT should be calibrated in Hounsfield Units for each one of the clinical protocols.

But... Platfomr allows only one Calibration Curve for the CBCT: the calibration curve implemented nowadays is
one measured with the Gammex phantom with protocol: Fast Prostate Seed S10: S10 (120KV; 16mA; 16ms).

Edit CT Scanner

VERSAMO1_XVI CT to ED Table

CT Scanner Institution
|VERSAMO1 x| -

DELETE | CT NUMBER (HU) RELATIVE ELECTRON DENSITY CT to ED

= -1.000 s} 4
1=} -809 0.001
L] -808 0,26 N
= 513 0,26
= -512 0,95 :
= -147 0,95
W -146 1.056 '
1=} -32 1,05

o
= -31 1,6 -1.000 0 1.000 2.000 3.000
w 922 1.6
= 923 3
1=} 10.000 3.001

_I
oo 1000 -spa sae oo s
04

LIMITATION. dae to 1he multiple protocols of acquisition the image quality and ED Table
conld be different, but the systems conld record only one ED Table?

A méean EP +table conld not be a solutions, might you have +to find the appropriate tolerance
or thresholds
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Investigate the issues and find a workaround acceptable for the center

LA R LA AL
(AR NN NN

In order to overcome this limitation...
[ RT Plan + Dose + CT ]

\l/ A universal curve that contemplate all protocols is under study
( )
Log-Files Platform CT of Catphan Phantom was acquired (Water bags were positioned
\ J around the phantom to evaluate not only the change of the CBCT
calibration curve according to the protocol, but also if there is scatter
( h influence on CBCT calibration curves).
L Dose CHECK ) No.5 CBCT with different Protocols were measured in order to obtain
No.5 calibration curves:
3D
Analysis

| e [ kv [ mA | ms
Error Pelvis M20 F1 120 40 40
Detection
Slow Prostate M20 F1 120 64 40

[ Fraction O™ } Half CBCT Dx S20 F1 120 20 20 . ;
Fast Head & Neck
$20 FO 100 10 10 25
Analysis

Head & Neck S10 FO 100 10 10

Error
Detection

9[ Fraction N™ J
3D
Analysis

Area del tracciato

1500 -1000 500 o 500 1000 1500

To continue... a PTV will be contoured in the catphan phantom and a treatment plan will be performed in order to
obtain the correspond DVH. The same treatment plan will be calculated in each one of the CBCT’s and DVH will be

_{ Record ] analysed.
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Ideally a Workflow

Types of Analysis

v
Pre-Treatment QA: Fraction O™

v
v Used for 3DCRT, IMRT, VMAT, SRS/SBRT; v
v' 2D/3D analysis QA with EPID &/or LogFile v

In-Vivo Monitoring: Fraction N™

2D/3D analysis Quality Assurance with EPID &/or LogFile;
Transmission measured during treatment delivery

Dose reconstruction based on patient positioning/anatomy;

MLC movements & delivered MU during patient treatment.

I Pre-Treatment QA
L Fraction O™

[ Log-Files Platform J

A 4

f Pre-Treatment QA
L Fraction N™

A 4

A\ 4

e N
2D Analysis
Absolute Dose
_ Y,
e N
3D Analysis
—Abselste-Dese—

_ Y,

) )
2D Analysis
Relative Fluence
/ Absolute Dose
e N
3D Analysis
—Asetgtebese—

_ Y,

[ Log Only ]

[ EPID + Log ]

[ Log Only ]

[ EPID + Log ]
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Dose Matrixx vs. Log-Files accuracy

Enhancing patient safety with log file analysis : perFRACTION® optimal gamma criteria for VMAT QA

E. Itta‘, GM. Mistretta1, P. Ceroni 1, V. Gutierrez 1, F. Campanaro 1, L. Morini 1, F. Marino 1, S. Koubegnery 2,

SERVIZIO SANITARIO REGIONALE s 3 e |
EMILLA-ROMAS HA E. D’Angelo ~, G. Guidi

Azienda Ospedaliero - Universitasia di Modena

(1) Unlversity Hospltal of Modena, Medical Physlcs Unlt, Modena, Italy; (2) International Centre for Theoretical Physlcs &
Unliversity of Trleste, Master In Medlcal Physics Student, Trieste, Italy; (3} Unlversity Hospltal of Modena, Radlotherapy ?
Unit-Oncology and Hematology department, Modena, Italy

3%/3 mm 5% glabal ' 3%/2 mm 10% global 17 2%/2 mm 5% global
1,10 1,10 - 1,10 —
3 3 3
] 8 z
B 095 | 0,9 2 09
E 2 z
@ I o
iy 2% 23
EZ 0,80 23 0,80 23 0,80
g g : g _
5 3 : 3 Error scenarios
E 0,65 | o 3 085 3 065 A @ coll error 2
= S e p e A & coll error 4
3 | / / g 4 o g / o % Misaligment 0.25 mm
|77 i ol ] @ Misaligment 0.5 mm
0.50 V. P R A S S 050 | A P O Misaligment 0.75 mm
. | I + Shift 1 mm
0,50 0,65 0,80 0,95 1,10 0,50 0,65 0,80 0,95 1,10 0,50 0,65 0,80 0,95 1,10
@ Shift 2 mm
Matrixx gamma passing rate (%) normalized ) Matrixx gamma passing rate (%) normalized 1L Matrixx gamma passing rate (%) normalized o MU -2%
& MU -1%
1.5%/1.5 mm 5% global 1.5%/1.5 mm 10% global 1%/1 mm 10% global B MU 1%
A& MU+2%
1,10 : 1,10 ~ 1,10 —
& g 3
o L] ']
g 09 - B 095 T 095
£ E z
23 i3 i
E % 0,80 | E % 0,80 | E% 0,80
EE ' | EE ™ EE
&5 5E &5
[ =4 c [
3 3 3
E = P’ F K :
é 0,65 | § 0,65 | ‘é 0,65 - -
% I / a 3 B o s
0,50 P A . = i : & = 2 = i B i . £ . 0150 | AN . # B 2 . 5 3
0,50 0,63 0,80 0,95 1,10 0,65 0,80 0,95 1,10 0,50 0,65 0,80 0,95 1,10
Matrixx gamma passing rate (%) normalized Matrixx gamma passing rate (%) normalized | Matrixx gamma passing rate (%) normalized
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Patients QA: Daily monitoring

Acquirs Dsvice Massursment  EventReport  Racalcuiats Event

=l | --Fract]
HNC0COC2000FOROOO00OCOC0000G0
¥ Points @ Beams(20) () Tamets () OARs

A Incomplete Beam(s): This delivery was ident

OveralGamma DVH  Images

& Event Seffing:

delivery for one or more beam:

complete beam(s). Images and logs indicate a p:

Points

Composite Point Dose @

D050
ﬂf"’f’lﬂ
Prmﬂ“’ 05/ o

DICOM COORDINATE $ {mm} DOSE (Gy) DOSE DIFF (%icGy)

POI NAME

X Y z PLANNED DELIVERED RELATIVE ABSOLUTE

0 3 Isocenter 1,00 1,00 0815 0815 108 100

@  Locslizaton 100 0812 0648 183

Beam Point Dose

DICOM COORDINATES {mm) DOSE (Gy} DOSE DIFF (3/cGy)

BEAM NAME

NAME - (X.Y.Z) (mmj PLANNED DELIVERED RELATIVE ABSOLUTE

3 Isocenter - (1,00 0453 0350 27 103

@ ¢

4 lsocenier 0461 0465 038 04

Beams (2D)

Targets

PTV New
$.97 % Gamma
METRIC TPS QA

]

A%

1569
-25.92

Mean
Dgs

179 151
1,75 130

orrect od

i 1%
1o in volame 154

OARs

Gamma R

Sigma
15,52 % Gamma
METRIC TPS QA

Mean 144 123

A%

14564

Intestino
60,04 % Gamma

METRIC TPS QA A%

Mean 078 071 1028

External
47.51 % Gamma
METRIC TPS QA

Mean 038 030

Vescica
8,26 % Gamma

A% | | METRIC TPS QA A%

-1561 | [ Mean 105 083  -2085

retto
60,21 % Gamma

METRIC TPS QA A%

Mean 120 106 -1160

Testa femore dx
30.10 % Gamma
METRIC TPS QA

Mean 035 0,29

A%

5.2

testa femore sx
16,53 % Gamma
METRIC TPS QA

Mean 035 027

A%

22,81

Overall Gamma

PASSING RATE (%)

Q as5m

15/09/2023

5249

FAILED (%)

HIGH Low

00 22748

-

FAILED POINTS

TOTAL POINTS

HIGH

424347
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Patients QA: might something needs a verification

&k&d
1/ che
|;,,m?m&4q‘,ows to b

BOCOO0OCCBo0o0 200000000008 000
+ Points () Beams (2D)
Points

Acquirs Device Measurement  EventReporf Rscalculste Event

€ Targets

OARs

+ OveraliGamma DVH  Images & Event Seffings

Composite Point Dose @

DICOM COORDINATE § (mm) DOSE {Gy) DOSE DIFF [%icGy) 1
POI NAME .
X Y 4 PLANNED DELIVERED RELATIVE ABSOLUTE

@ 1 isocenter
@ ose

80,00 10,00 1359

08

115,18 15.00 14 29

1.00 1,00

DICOM COORDINATE § {mm) DOSE (Gy) DOSE DIFF (%icGy)
NAME - (X,Y.Z) (mm) DELIVERED

RELATIVE ABSOLUTE

701l
0701 10 07

03 02

Beams (2D)

Targets

PTV
96,90 % Gamma

METRIC TPS QA A%

4

Mean
Dos

200 198
193 188

098
2388

ed
in volume is Mw&ormﬁ

OARs

Gamma Pate

External
99,21 % Gamma
METRIC TPS QA

Mean 021 0.21

Overall Gamma

PASSING RATE (%)

[V EFE

15/09/2023

Polmone sn
99,94 % Gamma

A% | | METRIC

142 | | Mean

TPS QA

0,30 0.32

Gamma

A% TPS QA

METRIC

5.24 | | Mean 0,16 0.17

Mammella controlaterale
100,00 % Gamma

A% | | METRIC TPS QA

621 Mesn 012 0.12

FAILED (%)

Low HIGH

073 005

Low

980 72

FAILED POINTS

TOTAL POINTS

HIGH

133953

A%

245

Midollo
% Gamma
METRIC TPS QA

A%

Mean 007 008 1282

Testa omero sn

METRIC TPS QA

Msan 001 001

A%

0.00

Polmone dx

10

METRIC

Gamma
TPS QA

Mean 012 0.13

A%

9,53

Protesi
1.37 % Gamma

METRIC TPS QA A%

Mean 200 181 -963
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Patients QA: something goes wrong

Acquire Device Measurement  EventReport  Recalculate Event

0000000000000000

v Points () Beams (2D)
Points

Composite Point Dose @

DICOM COORDINATE § {mm) DOSE {GY) DOSE DIFF (%icGy)
POI NAME

. ol
X ¥ z PLANNED DELIVERED RELATVE ABSOLUTE 6 ' V, ﬂ P
%% P
o 1 Isocenter 85,00 8200 15,00 0708 0.731 31 22 —le

100 300 0,00 0.158 0178 128 2

|

Beam Point Dose @

DICOM COORDINATES {mm) DOSE (GY) DOSE DIFF (3/cGy)
BEAM NAME
HAME - (X.Y.Z) (mm) PLANNED DELIVERED RELATIVE ABSOLUTE
Q. 1 (46,00 0278 0291 43 12 =
Q 2 2 |zocenler - (-88 0.430 0438 20 09 Hb
Beams (2D)
Targets
PTV 40.05 PTV 48
98,82 % Gamma 93,97 % Gamma
METRIC TPS QA A% METRIC TPS QA A% -
J
Mean 272272 000 | | Mean 318 320 018 e 6+@d ‘
085 281 260 019 | D 31031 025 ?ﬂ+6 IS MW&O”T mt
OARs ﬁ
External Lung (Left) Lung (Right) SpinalCord (Thorax) Mammella Dx cuore fegato omero dx Mammella controlaterale
93,78 % Gamma 100,00 % Gamma 100.00 % Gamma 100,00 % Gamma 76.51 % Gamma % Gamma 100,00 % Gamma 100,00 % Gamma 00,00 % Gamma

METRIC TPS QA 4% | | METRIC TPS QA A% [ | METRIC TPS QA A% | | METRIC TPS QA A% | | METRIC TPS QA A% | | METRIC TPS QA A% [ | METRIC TPS QA A% | | METRIC TPS QA A% | | METRIC TPS QA A%

Mean 031 032 252 | [ Mean 013 045 15,03 | Mean 046 048 382 | Mean 015 047 828 || Mean 182 223 1888 | | Mean 021 023 10,74 | | Mean 010 012 1296 | [ Mean 013 042 7,51 | | Mean 012 021 876
Overall Gamma
FAILED (%) FAILED POINTS
PASSING RATE (%) TOTAL POINT $
Low HIGH Low HIGH
Qoo 00 675 L 16742 280%
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gl ALTERNATIVE - INDEPENDENT REAL-TIME BEAM MONITOR SYSTEM

L ALl

(AR 11 RN

AL L N RLL]
e

o Possible A of the LINAC
o Pre-Treatment A activities

%@ g : _\ o Lrvor prevention instead of

ey gan | o error managoment
ik o Tutra-fractional verification
‘ - system
—~ i C'Tm»"xe-"/ g o Real-Time user interaction
‘mw ‘_ %  Automated monitoring of every
o - single treatment fraction
- Avvmons - o Patient delivery and safety

improved in real-time
o Tu-Vivo evaluation
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gl Gold Model and Beam Matching — No.4 LINAC

% A " + T " U
0 5 5 5 20 10 0 10 20
X Positon fom] Radius [cm]
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On-Axis vs. Off-Axis

15/09/2023

G. Guidi - 2023 ICTP. School on Medical Physics for Radiation Therapy: Dosimetry, Treatment Planning and Delivery for Advanced Applications



(IR R E R NEN]
seadBdasae

Rectangular Fields (i.e. 10x2 and 2x10) Model Fi

LA R LA AL
(AR NN NN

Curves

Modulation Open
Type Depth
Field size [cm] | 2x10
Depth [cm]

Display previous curves 204

Compute selected
Resolution [cm]  0.20

Absolute dose calibration point for
reference fieldsize

3

Depth [cm]

Dose [cGy]

SSD [em]

Dose/MU [cGy/MU] 0.733

Measurement conditions...
Output factors...

Compute all curves

20

Optimize OFC

Auto modeling...

Curve quality...

T T T T T T T T T T T T T T T T T
18 20 22 24 26 28 30 32
Depth [cm]

°
~
»
o
®
2
©
2
a

Curves

Modulation Open
Type Depth
Field size [cm] | 10x2
Depth [cm]

Display previous curves

Compute selected

Resolution [cm] ~ 0.20

Absolute dose calibration point for
reference fieldsize

3

Depth [cm]

Dose [cGy]

SSD [cm]

Dose/MU [cGy/MU]  0.7339

40
Measurement conditions...
Output facto
Compute all curve
Optimize OFC 20 4

Auto modeling...

Curve quality...

T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 2
Depth [cm]
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Machine QA - Dosimetrical Details

FS-QA 10x10 10MV Profile Results

Monthly | August, 2023

Profile Y Profile X
0 MV (Imager) 120% 0% 120% %
Q KV (Imager)

0 CBCT (Imager) 0%
A

FIELD SIZE / FLATNESS &
SYMMETRY - SYMMETRIC
FIELD (Imager)

aduaiayiqg
Dose
a
a
=
auauayq

Dose
@
&S
=

A FS-QA10x106MV
@ Fs-0A10x10 10MV it
A FS-QA15x15 6MV

¥ -30% 0%

@ Fs-0A15x15 10MV 0%
o 50 100 -100 -50 0 50 100
FS-QA 20x20 6MV Distiinee () Distance (mm)
repere
FS-QA 20x20 10MV — Baseline Measured  — Difference — Baseline Measured  — Difference
repere

FIELD SIZE / FLATNESS &
SYMMETRY - ASYMMETRIC
FIELD (Imager) X Flatness (%) i 103,89 104,46 0,57 v Pass=d

T ==
© HANCOCK MLC (imager) e
¥ Symmetry (%) ad 100,84 100,65 -0,19| v Passed T =
%3

© HANCOCKMLC GO

3|

o HANCOCK MLC G90 X Symmetry (%) i) 100,87 101,10 0,23 v Passed 1 +V’&
o HANCOCK MLC G180 *0}"' W@
¥ radiation field size (cm) w 10,06 10,06 0,00| v Passed . Vyl 0 n I i 5
o HANCOCK MLC G270 ﬂ[ ’r”/}/] 5655|Dw
HANCOCK WINSTON-LUTZ X radiation field sizs (cm) ] 10,02 10,06 0,03| v Passed %} /25 r QA
ISOCENTER (Imager) d 2 +4 V)
STAR SHOT (Imager) ¥ light / radiation field size differance (cm) ) 0,04 0,04 0,00 v Passed 1
X light / radiation field size difference (cm) w 0,02 0,06 0,03| v Passad 1
Maximum penumbra size (mm) [l 548 5,62 0,14| v Passed
548
—
S
&
Execution Date: SID (mm)* Penumbra lower edge (%): Uploaded File(s) Task Execution History
282902023 10:45 1600 ggﬂ e 1.dem tortoe | s
ao + Passed B
Flatness method: Symmetry method: Smooth Profile: A Waming
IEC Point Difieence Quofient (] Median fiteing No AWarring
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Machine QA - Geometrical Details

Baseline Details
WINSTON-LUTZ ISOCENTER 2D Results | Machine IEC 61217
Parameter Tolerance Sattings Results
Optima circie diameter (S0) (M) Average: 1,09 Limits = Collimatol
e Upper Failure 15 mm -
S Colimator* 0 0 0 0 0 0 0 0 ‘
Upper Waming T mm - - -+ - - - - +- — -+
Gantry® 0 0 0 0 0 90 180 270 |
DiLoweramiog o Couch® 0 5 9% 2m 315 0 0 0 |
) Lower Failure mm File Name | GOCOTO.dem | GOCOT45.dem | GOCOT90.dem | GOCOT270.dem | GOCOT315.dem | G90cOTO.dem | G180COT0.dem | G270C0TO.dem |
1,09
Setlimitsby: | Absolutevalie v
1,00 |
|
Image}
Analysiss
(mm) v {mm) v
Star Shot With Spokes Star Shot Optimal Circle
. [e-c27]
|-= == &
Total (mm) 117 159 149 0,62 0.71 055 06 027
N
HANCOCK WINSTON-LUTZ ISOCENTER
vif) {mm) i
Couch - No Offset Gantry |Couch | Collimator |X-dev |Y-dev |Zdev [Long |Trans. | Total Gantry
0 0 0 081 |08 [0 |02 |04 |05 p—
Y(f) oo
0 65 |0 42 |01 [0 (03 |44t [140
100 K
0 o |0 14 o [osr (e |1t 05 mm \ /\ /
0 m o o (081 [0 (08 (043|103 \ 3
0 a0 001 (071 |0 054 (085 |084 e \ ~ ) — -
050
0 0 010 |4 |0 |08 [013 |o0s8
0 mm
o 0 o016 |085 |0 |00 [048 |040 /\/\
X(f) 0 0 037 |08 [0 [00¢ 004 |008 Ans
-100 -050 20 050 1.00 ) [] (] 0 048 (028 |01 |03 |04
L 80 0 1 |- 8 038 5t 5
80 0 80 2. 51 |03 3 0. -05mm
oo .
0 0 9m (02 [0 [0& (02 |ose
o 355 s i
i 0 0 0 005 (027 |05 [039 |08 Al = = =
0 90 80 360*
180 0 0 0.14 052 0 02 072 |075
- X0 Y@0" - Total 0 # Max Total
@ (35 |0 03 041 [0 (080 |084 |t
-100 w |6 |0 o8¢ Joz [0 o7 |12 |13
w oz (|9 w5 lows B | . | Graphs for different types of errors
. N " Gantry Sa
Requirad Gouchu SR foc opmal orenatoe (m) X-dv 3nd Y-dev re bll from beam center i room coorinates e
X 018 Longiudinaland transverse are devistion of beam center rom b f bl s at isocerter
when couch =0
Yif) 058 -
Isocenterlongtudinal shif=0.580 mm. Move bl 0.58 v toward G{+Y) tobring o gantry
g e e e e I | it
Couch - With Offset Isocenter transverse shift=0.130 me. Move ball 0.18 mm toward 8(+X) to bring it to gantry
isocenter
() Transverse radus 0481 mm = 08 * ransverse vkt
1.00 Longtudinalrsdius 0 197 mm = 05 * longitusing! wkout Beam Steering Errors
X{Couch) 0.184 memfrom il posidon ofbalith couch=D
X{Coueh) 0850 mm from gantry isocenter
0.50 ¥{Couch) 0.035 mm from niial positon of ball with couch=0
¥(Couch) 0.309 mm from ganty isocenter
x 2 B 270 agse X0
-1.00 -0 P45 0.50 1.00
Static Jaw Errors
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Machine QA - MLC Details

LA
(AR NN NN

HANCOCK MLC GO Task Execution Ima HANCOCK MLC GO Diagrams
MLC (ul MLC Average Deviation
Total number of failures 26 m Total number of failures: 26 Pixel size: 0.25 (mm) Collimator walkout: 0.39 (mm)
. nk A aver jation nk it jation
WPassed W Wamed WFailed B Faied (Overmay) | Show Tolerance [RGRF] Bank A ueeios deviallo SADk 5 average devdis
e, MR o L BERE L L IRRIL o MBG e EE ; ;
1 - 1 o
- <4 k- - . - | =) - o b | -1 -1
-2 -2
Left Center Right Left Canter Right
I =l - S - s I 1 Pattern Pattern
Leaf Deviation Histogram
L e 1 i g b o] B S1A §1B
Failed Leaves: 1L, 6L, 22L, 23L, 29L. 30L 31L, 36L. 40L, 41L, 42L 45L, 46L, 47L. 48L,49L, 50L,54L, 57L 58L  Failed Leaves: 6L. 12L
67L, 69L, 71L, 72L 24 :
24 . 3 :
2 : 20 :
| | & & 11 I | | 2 : i :
13 X 3
i w 16 §
w 16 : & :
¢ g gmn :
. ol : 5 1 :
I 1% | I 10k i I RN B 1 ? Z g 10 .
z : » :
§ 8 :
€ . .
? 2 Ly
: T N OE F B
Iy & & & ® & & ® @ A N ) o o
A ® 3 B 2 3 3 ' Deviation (mm)
= = =l E 1 =l = Deviation (mm)
Deviation (mm) Deviation (mm) Deviation (mm) S2A S2B
Failed Leaves: N/A Failed Leaves: N/A ﬂ H@ y' v
mLc verl -
o 505" &
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MV Task Execution | Image Registration

Parameter

Scaling (mm) m

Spatial resolution (Ip/mm) )

Uniformity (%)

Parameter

Contrast (units)

Noise (units)

fask Information

Measurement Baseline Difference Status Tolerances »{’M s
0,10 0,00 -0,10| v Passed | Vnﬂ@ ' W@
0,18 0,18 0,00 v Passed H‘I P
007 n18

KV Task Execution | Image Registration

—
Measurement Baseline Difference Status Tolerances o
s [ae) @ 001 000 01| v rasss ﬁ r ‘
[057] 4
s W—
Spatial resolution (Ip/mm) @ 0,82 0,82 0,00 v Passed |
0.82
Uniformity (%) —i -
CBCT Task Execution | Image Registration

Contrast (units) Parameter Measurement Baseline Difference Status Tolerances
Execution Date:* Phanton
28 ago 2023 10:49 SNC MV . Geomatric distortion {mm) [l -0,32 -0,65
Noise (units)
Nachim: Approil Sts; . Spatial resolution (Ip/mm) 0,21 0,19
VERSAMO2 Approved by cadioli, cecilia on
Uniformity (HU) 29,38 -21,28
sk Information n l
Execution Date:™ Phantoms: . Contrast (units) [l 1,16 118
28 ago 2023 11:20 SNC kV-QA
Noise (units) [l 4,04 4,07 0,03 v Passed
Machine: Approval Status:
VERSAMO1 Approved by cadioli, cecilia on 30 ago 2023 1t
Air (HU) [l -881,58 -878,86 2,72| v Passed
. Teflon 'R’ (HU) [l 520,92 502,03 -18,89 ﬂ
. Delrin 'R’ (HU) [l 104,19 87,44 -16,75 A Wamning ﬂ
. Acrylic (HU) [l -73,94 -85,50 -11,56 | & Warning 1
. Polystyrene (HU) [l -185,56 -201,58 -16,02 | & Warning 1
- Low density polyethylene (LDPE) (HU) [l -228,79 -240,88 -12,09 A Warning 1
. Polymethylpentene (PMP) (HU) [l -250,97 -300,50 -3,53 v Passed 1
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*  Software is a useful tool for Machine QA & Fatient QA follow 1rends daring treatment;

o All connections & links for implementation works properly for multiple LI NACS,

o Beam Model of each Linac was performed, some extra adjustments were réquested,

©  Some patient’s results are being manually extracted from +he SW and analysed;

° A QueryRetrieve is under development for antomatic extraction of results and PB construction.

o Implementation of Results in Clinical decision is still under complete

The final goal is the beam-matching of No.4 LTNACs and Antomatic Calealations.....

w but the most important is a complete Daily Vision of the Patients Treatment in Real-Time
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SERVIZIO SANITARIO REGIONALE
EMILIA-ROMAGNA

Azienda Ospedaliero - Universitaria di Modena

“That’s too much

(Prahia 2009)
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