Determinazione della dose assoluta
nella Radioterapia con fasci esterni

Marco Minella
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A che serve?

* Erogare al paziente la dose prescritta dal
medico entro I limiti di incertezza della metodica
(farmacisti delle radiazioni)

» Gestire 'officina di produzione delle radiazioni
- Allineamento dei rendimenti delle macchine
— Istituzione di un sistema di QA congruente



Dose assorbita

dE , energia
dm massda

D =

dE_, = energia media impartita

dalla radiazione ionizzante alla
massa dm di materia

1 Gy (gray) = 1 J/kg



5 litr1 di acqua
da 20°C all'ebollizione (AT = 80°C)

Q =80°C x 5 kg =400 kcal = 1.7 MJ

D, = E/m = 335 kGy



Calorimetro come standard primario

1 Gy —» AT =0.24 m°K




Metodo indiretto ionometrico e
dose assorbita in un gas (aria)

W = 34 eV/coppia di ioni = 34 J/C

=Q/meeW

arla

Se l'aria assorbe 1 Gy
(1J/kg) /(34 J/IC) = 0.029 C/kg

Camera di ionizzazione da 0.6 cm?® (= 0.7 mg di aria NTP)
0.029 C/kgx0.7mg = 20nC

Fattore di taratura “a spanne” in aria
N.  =1Gy/20x10° C = 5x10° Gy/nC = 5x10’ Gy/C

D,air



Dose assorbita in acqua
(trascurando la parete della camera)

Relazione di Bragg-Gray

DHZO — Daria X SHZO/aria
SHZO/aria (6OCO) — 113

Fattore di taratura “a spanne” in acqua
Np.w = 5%10-2 Gy/nC x 1.13 = 5.7x10-2 Gy/nC = 5.7x107 Gy/C



Dotazione strumentale (6.2)



Elettrometro e
camera a lonizzazione

Fotoni:
cilindrica 0.1 -1 cm?
Farmer (0.6 cm?3)

Tab. 4.1 e Tab. 6.1l

Elettrometro

Camere a ionizzazione:
- tarate In dose assorbita in acqua N [Gy/C] al Co-60

- presenti nelle tabelle del Code of Practice

Elettroni: elettrodi
piani e paralleli
Markus

Tab. 4.1l e Tab. 7.1l




Certificato di taratura (pag. 1, 2)

PTW

D-79115 Freiburg , Lérracherstr. 7

® (0761) 490550 FAX (0761) 49055-70

akkreditiert durch die [/ accredited by the

Deutsche Akkreditierungsstelle GmbH

als Kalibrierlaboratorium im / as calibration laboratory in the

Deutschen Kalibrierdienst

Kalibrierschein
Calibration certificate

N

D,

Fattore di taratura “a spanne”
.= 5.7x10" Gy/C

in acqua

AT
%

o

=i ((ds

hosfsau ™ Akkreditierungsstelie
D-K-15059-01-00

3] 4] 16D307

DK-

Kalibrierzeichen i

Gegenstand Strahlungs-Detektor
Object Radiation Detector
Hersteller PTW-Freiburg
Manufacturer

bestehend aus:
consisting of:

Gerit [ Instrument Typ- Serien-Nr. | Type - Serial No.

lonisationskammer [REF] TM30006 [SN] 000547

lonization Chamber
Auftraggeber Tema Sinergie S.p.A
Customer

Via Malpighi, 120

I-48018 Faenza (RA)
Auftragsnummer / -datum R162735 / 07.10.2016
Order No. / Date
Anzahl der Seiten des Kalibrierscheines 4
Number of pages of the certificate
Datum der Kalibrierung 23.11.2016
Date of calibration

Dieser Kalibrierschein dokumentiert
die Rickfibrung auf nationale
Normale zur  Darstellung  der
Einheiten in Ubereinstimmung mit
dem Internationalen Einheitensystem
(Si).

Die DAkKkS ist Unterzeichner der
mUHﬂ I L} F}: ink HTHTREN dﬁl’
European co-operation for
Accraditation (EA) und der
International Laboratory Accreditation
Cooperation (ILAC) zur
gegenseifigen  Anerkennung  der
Kalibrierscheine.

Fir  die  Einhaltung  einer
angemessenen Frist zur
Wiederholung der Kalibrierung ist der
Benuizer verantwortlich.

This calibration cerfificate docurments
the fraceability fo national standards,
which realize the unils of
measurement according fo the
International System of Units (S).

The DAKkS is signalory to the
multilateral  agreements  of  the
European co-operation for
Accreditation (EA) and of the
Intermational Laboratory Accreditation
Cooperation (ILAC) for the mutual
recognition of calibration certificates.
The user is obliged fo have the object
recalibrated af appropriate intervals.

Ergebnis der Kalibrierung

Messgrolie
Measuring Quantity

Detektor-Kalibrierfaktor
Detector Calibration Factor

/ Calibration Results

Wasserenergiedosis
Absorbed Dose To Water
Now = 5,277 10" Gy/C

Strahlungsqualitaten
Radiation Qualities

Strahlungsqualitat Korrekturfaktor kg Unsicherheit
Radiation Quality Correction Factor kg Unoe:tainryl \
~
®co 1,000 1% \£0)

Bezugsbedingungen Strahlungsqualitat / Radiation Quality ®co

Reference Conditions Temperatur /| Temperalure 2932 K (20°C)
Luftdruck / Air Pressure 1013,25 hPa
Relative I'-euchhgkeuu Relatve Humsﬂt!‘y L =
Kammerspannung / Polarizing Voltage + 400V

Polaritatseffekt <0,2% { im Detektor-Kalibrierfaktor nicht bericksichtigt /

Polarity Effact not accounted for in the detector calibration factor )

Korrekturfaktor for unvollstandige
Sattigung
Saturation Correction Factor

ks = 1,000

Kontrollanzeige
Check Source Reading

Isotop - Halbwertszeit
Isotope - Half Life Time

Bezugsdatum
Reference Date




Qualita del fascio di radiazioni (6.3)



TPR

20,10

— e — — o — w— o — — — e — — — e e o —

SCD
A
20 glem?
A
10 g/ecm
v v A\

Synergy (6 MV)
TPR,. . =0,678

20,10

10 cm x 10 cm .




1.00 .
0.99 -
< 098} -
- | Synergy (6 MV)
0.97 TPF\’ZQ10 = 0,6‘78 - kQ =0.99 A -
D 98 j i j 1 ] ) j |\l j I i 1 i L ] i
0. 55 0.60 0.70 0.75 0.80
F'hD’[Dﬁ bE Q {TPH 20. 1[]}
IAEA TRS-398 Tab. 6.1l per camera PT
TPR0 | 050 | 053 [ 0.56 | 0.59 | 0.62 | O. . 070 [ 0.72 [ 0.74 [ 0.76 | 0.78 | 0.80 | 0.82 | 0.84
Ko 1.002 [ 1.002 | 1.000 | 0.999 | 0.997 | 0.994 ¥0.990) 0.988 | 0.984 | 0.980 | 0.975 | 0.968 | 0.960 | 0.952 | 0.940




Determinazione della
dose assorbita in acqua (6.4)




Condizioni di riferimento
(set-up sperimentale)

TABLE 13. REFERENCE CONDITIONS FOR THE DETERMINATION OF
ABSORBED DOSE TO WATER IN HIGH ENERGY PHOTON BEAMS

Influence quantty Reference value or reference characteristics

Phantom material Water

Chamber type Cylindrical

Measurement depth z,; For TPR,;, ;o < 0.7, 10 g/em? (or 5 g/cm?)? 10 om
For TPR,; ,, 2> 0.7, 10 g/cm?

Reference point of the chamber On the central axis at the centre of the cavity volume

Position of the reference point
ol the chamber At the measurement depth Lok

SSD/SCD 100 ¢cmP

Field size [0 cm x 10 ¢m®




Set - Up
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Determinazione della
dose assorbita In acqua
nelle condizioni di riferimento

M, = lettura del dosimetro corretta per la densita dell'aria,
taratura dell’elettrometro, effetti di polarita e ricombinazione
lonica

Np., = fattore di taratura della camera a ionizzazione in

termini di dose assorbita in acqua all’energia di riferimento Iin
taratura (normalmente 60Co)

K, = fattore correttivo (specifico della camera) per la diversa
qualita del fascio di radiazione rispetto a quello di taratura



Correzione della lettura
per la densita dell’aria

K., = ((273.2+T)/(273.2+20)) x 1013/p

T [°C]
p [hPa]

Valori attesi di k. a 20°C

Pressione atmosferica vs altitudine
1100

Milano (122 msim) - K , = 1.015

1000 °C,

Potenza (819 msim) - K =1.116

900 20°C,p

p [hPa]

800

Quito (2850 mslm) - K., =1.418

OC,

700
0 500 1000 1500 2000 2500 3000

h [m]




Determinazione della
dose assorbita In acqua
nelle condizioni di riferimento

M, = lettura del dosimetro corretta
N, = fattore di taratura della camera a ionizzazione

K, = fattore correttivo per I’energia del fascio



dose (percentage of maximum dose)

120

Determinazione della dose

N Z

Dmax

100 2406
80 -

60 -

40 «

]

—eo— 4mm Al SSD:30cm
@  4mm Cu SSD: 50cm
—v- 60-Co SSD: 80cm
—4& — 6MV SSD: 100cm
—o— 18MV SSD: 100cm
® - 50MV SSD: 100cm

20 30

depth in water (cm)

40

D(

ZDmax) =

D(z )/ PDD(z )

Synergy (6 MV)

PDD (10 cm) =67%



Tipica misura su Synergy a 6 MV

Dati da acquisire prima
« TPR,,,=0.678 — k,=0.99

20,10
« PDD (10 cm) =67 %
 Fattore di taratura della camera PTW 30006-547 = 5.277x102 Gy/nC

(T=22°C; p=998 hPa) - K =1.022

Misura in z = 10 cm erogando 200 UM
M,,,, = 25.54 nC

Dose inz (10 cm)
(10 cm) = X M_. (nNC)x5.277x102 Gy/nC x 0.99

T P 6MV

(10 cm) = 1.022 x 25.54 nC x 5.277x102 Gy/nC x 0.99 = 1.364 Gy

w,6MV

w,6MV

Calcolo della dose al build-up = z
(Zoma) = Dyewy (10 cm) / PDD (10 cm)
1.364 Gy / 0.67 = 2.036 Gy

Dmax

W 6MV

D

w,6MV (ZDmax) =



6.9. WORKSHEET

Determination of the absorbed dose to water in a high energy pholon beam

Llser; Dt

1. Radiation treatment unit and reference conditions for Dw.Q determination
Acocelerator: Nominal Ace. potential: MV
Mominal dose rate: MUlmiin Beatn quality, @ (TPRy,

Reference phanton Wikl r Set-ups 4 SSD [ SAD
Reference field sie: I0x 10 cmx=cm Reference distance (e
Reference depth z_ gfeme

2. lonization chamber and electrometer
Ionization chamber model: Serial No.:

Chumber wall nyisterial ! thickness: _w’crii:

Waterproof slesve Ikt rial; thickness: wlen’

FPhantom window myterial: thickness: plem?

Absorbed dose to water calibration factor® NII.--:@,. = AGynC O Gy/rdg

Calibration quality @, 0%Ce U photon beam Calibration depth: plem?®

If & is photon beam, give TPR,, |

Reference conditions for calibvation P : kPn T C Rel. humidity: %

Polarizing potential V). V- Calibration polarity, d+ve D —ve O correcied for poluarity
Uiser polarity: o v —ve ofteet

Calibration lsbetatory: Drate:

Electrometer model: Serial No.:

Calibrated sepurately from chamber: d ves A no Range setting:

If yes. calibration liboratory: Dhate:

3. Dosimeter reading” and correction for influence quantities
Uncorrected dosimeter reading at V) and user polarity: A nC A rdg
Corresponding accelerator monitor units: MU
Rutio of dosimeter reading and monitor units: M, = [ nCMMU L rdg/MLU

(i) PressureP:_ kFa Temperature T e Rel humadity (if kneweny: %

;o 127324T) B, _
N T T
(i} Electrometer calibration factin® &, o WA nCirdg 1A dimensionless ke =

(iii} Polarity correction?

rdgat + Vi M, = rdgat -V M =

b oMM
L M

{1vl Reécombination corréction {two voltage method )

i}

{11}

Folarizing voltages! V| (noemaly = v Vs lreduced} = v
M, = M, =

Ratio of readings MM, =
I pulsed-scanned

Readings” at ench ¥

Voltage ratio V7V, =
Use Tuble 9 for 4 beam of typet W pulsed

ﬂc|:7 Ul:i fJE:

M, MY
k. =ag+a Fa | —| =
M4 M, -

Corrected dosimeter reading at the voluge V!
Mg =M kpp kg, ";mre“ =

aCMU A rdp/MU

Absorbed dose to water at the reference depth z,
Beam qualiiy comection [uctor for the user quality ¢ k

taken from [ Table 14

0.0 =
| Other, specify:

O gz =My Ny u;g,_,"‘u.{;, = —  GyMu

Absorbed dose to water at the depth of dose maximum z
Depth of dose maximune: = plem?®
S50 setup

Percentuge depth dose at - Tora 10 em x 10 cm field size: FDD (= glem?’) = %

Absorbed dose calibration of monitorat

Dll:ﬂl‘:null n ”H‘Du:{_ll:mlwlpDD l'_'n_'fl = G?'NU

SAD set-up
TMR a2 fora 10 emx 10 cm field size: TMR (2 = glenr) =
Absorbed dose calibration of moniterat =

'EJ||:J.E|{"_'rw_u:I - Du:{._.'l["_-a\:I]"ITI\JR“"_-n-l'I e —ee G:""'hﬂ"

* Note that if @, is ¥Co, N

B 18 denoted by Nﬂ.u"

" Al readings should be cheked for leakage wnd corvected il necessary,

©If the electrometer is not calibrated separately, set &, = L.

4 M in the denominuor nf.t;_ﬂ denotes remding ol the user polarity. Preferably, each reading in the equation
should be the average of the ratios of M (or M_or M ) to the reading of an external monitor, M_ .

It

is assumed that the calibmton lwboraory has performed o polarity correction, Otherwise ‘Sml is

determined socording 1o

rdg at+V, forquality @ M. =

rdg it -V, forguality @2 M =

. {ﬂ,ﬂ,ﬁt+|+|ﬁf I}‘q”ﬂg =
il '[q,w+|+|M- |MMU1?,. "

= Strictly, readings should be corrected for polirity effect (average with both polaritiesy, Preferably, each
reading in the equation should be the average of the ratios of M| or M, 10 the reading of an external
manitor, JHL"‘“.



Protocollo di Niguarda

foglio

466.  Misure del 6/11/2006 sui fasci di fotoni del Synergy

| Esecutore delle misure |MGB & MM | Daia [6/11/2006 |

[ Acceleratore lineare | Elekia Synergy |

MISURE IN FANTOCCIO AD ACQUA

di lavoro)

PDD
V [MV] Z e [T D 1o [%]
6 14 67
10 21 2.7
15 26 755

Misure per TPRzo10

z=20cm (DSP 80 cm) z=10cm (DSP 90 cm)
6 MV 10 MV 15 MV 6 MV 10 MV 15 MV
M1 [nC] 21.05 25.00 27.14 31.03 34.05 35.70
M2 [nC] 21.07 24.99 27.11 31.04 34.10 35.75
M3 [nC] 21.07 25.00 27.12 31.05 34.07 35.72
Media 21.06 25.00 27.12 31.04 34.07 36.72
TPReK,

IAEA TRS-398 Tab. 6.1l per camera PTW 30006

[ TPRo. | 050 | 053 [ 056 [ 0,59 | 0.62 | 065 | 068 | 0.70 | 0.72 | 0.74 | 0.76 | 078 | 080 | 082 | 084 |

[k [io02[1002[1000]{0G99| 0097 [0004]0000[0088]0.954(0.980]0.975(0.068] 0.960(0.952] 0.940]

V[MV] TPRzwo ko
6 0.678 0.990
10 0.734 0.981
15 0.759 0.975

Kie in acqua
MDN—JITIEUD [ISPa] Tnanmﬁm [uC] |J Il{Pa] Toos_'!nﬁre IOC] KT:J BCHE
1013 23 100.9 21.0 1.007
Misure con camera di Farmer
lonizzazione 6 MV 10 MV 15 MV
lonl [nC 25.84 28.22 29.57
lon2 [nC 2581 28.24 29.56
lon3 [nC 25.86 28.28 29.58
Media 25.84 28.25 29.57
Determinazione della dose alla profondita di dose massima
DwlGYl = Kpasaos (%X Nw[GYNC] x ko |x lon[nC] /| Rel. DD
D, suv 0.99 25.84 0.67 2.01q
Dy sowv | = | 1.007 | x| 5.220x107 | x| 0.881 |x| 28.25 |/ 0.727 =| 2.007
D, 1smv 0.975 2957 0.755 2011
Determinazione del rapporto rispetto alla dose nominale
Dos / Doom Dy misurata [Gy] / Dy nominale [Gy]
Dins { Dogn s 2.010 2 1.005
Dis / Deom 1oy 2.007 ! 2 = 1.004
Diis / Do 1smv 2.011 2 1.006




Incertezza e cifre significative

* || CoP stima che l'incertezza standard (1 o) associata alle
determinazioni di dose alla profondita di riferimento sia
dell'ordine dell’1.5%

* In metrologia, per apprezzare il centesimo di gray, uso 4 cifre
significative, quindi tre decimali del gray (2.036 Gy)

* Per attestazioni di dose e comunicazioni con | medici,
esprimo le dosi (associate ad un’incertezza del %) al centesimo
di gray (rad), cioe con solo due decimali del gray (2.04 Gy)



Valutazione della misura

Dy onv (Zoma) = 1.364 Gy / 0.67 = 2.036 Gy

e Intervallo di accettabilita 2%
- valore misurato / valore atteso = 2.036/2=1.018 = +1.8%

« Stabilire un livello di azione piu restrittivo
dell'intervallo di accettabilita per tenere conto della
propagazione dell’errore alle misure di CQ piu
semplici e frequenti (daily-check e fantoccio solido)



Azionl conseguenti alle misure

* Eventuale regolazione del rendimento del
LINAC per riportarlo al rendimento nominale di
1 Gy / 100 UM nelle condizioni di riferimento Iin
uso nel reparto

* Allineare le misure in fantoccio solido e la
strumentazione di controllo quotidiano del
rendimento (daily check) alla determinazione
della dose assoluta



Monitor chamber

Dual transmission ionization
chamber:

» Determination of treatment beam

dose
Two chambers: Redundant dose | __ Primary

determination collimator
' Flattening filter

target

Monitor chamber

TrueBeam dual transmission monitor chamber
Aarhus University Hospital, Arhus Sygehus regionmidtjylland mi d.t




Regolazione del rendimento
guadagno delle camere monitor)

o




Allineare la risposta della
strumentazione di QC alle
determinazioni In acqua

. —— -
-




Elettroni 3-50 MeV

 Camera a ionizzazione con elettrodi piani e
parallell

* La dose non e proporzionale alla ionizzazione
« Qualita del fascio in R, [cm]

® Lyt — 0.6 RSO —0.1 (Zref > Zmax)
° :)W,Q (Zref) — MQ ND,W kQ
° DW,Q (Zmax) - DW,Q (Zref) / PDD (Zref)
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ESTROJ QUALity Assurance Network (EQUAL)

[ Reduction of Radiation Morbidity Through Q.A. of Dasimetry and Evaluation of Morbidity
MORQA project (Task 1), supported by the EUROPE AGAINST CANCER programme of the E.U. I

European Society for Therapeutic Radiology and Oncology

COMMITTEE

Chairman

Hans Swensson
Secretary

Audeiy Doitredas
Members

Jran Chanawdin
Criawns Goobls
Hammn [ariuse
Contiar Kappar
L Duze Marti
Jotrpen Richerr
Digrd Thwarter
Managers
Grmainr Heemn
JrstwMare o FHaoghe

MEASURING
CENTRE
Tel : 33 142115050

IGR Responsibles

Dr. Stefano De Crescenzo
Medical Physics Department
Ospedale Niguarda Ca'Granda
P. zza Ospedale Maggiore 3
20162 Milan

Twaly

IF-AB-JC/am
Milan 85[99)
WVillejuif, March-09, 2000

Dear Dt. De Crescenzo,

e Chavawadrg
m.l,ng'l'"""ﬂ_"‘_;"’ Please find, enclosed, the results concerning the postal dosimetric checks performed in the
Mh?::: frame of the ESTRO QUALIty Assurance Network (EQUAL) [MORQA project (Task 1))
ESTRO Technician for the following X-ray beams: 6 MV, 15 MV and 25 MV of the Saturne 43.
ity Dagnece

?.qi:;m These results are divided into two parts, each of them including the user stated values, the
measured values, and the eatio of these two data ',
The first part presents the results obtained for points located on the beam axis.
The second part deals with additional dostmetric data checks, and provides ratios calculated
from the measurements.
Results of TLD measurements for on axis pomts
For the 6 MV X-ray beam, the results are within the optimal level (deviations on D /D,
<13 %) except for the points 1 and 6 which are outside the optimal level and within the
tolerance level {deviations > + 3 % and < £ 5 %).
For the 15 MV X-ray beam, the results are within the optimal level (deviations on D, /D,
= £ 3 %) except for the points 4b and B which are outside the optimal level and within the
tolerance level (deviations > +3 % and <+ 5 %).
For the 25 MV X-ray beam, the results are within the optimal level {deviations on D_/D,
=+ 3 %) except for the points 4a, 4b, 6 and 8 which are outside the optirnal level and
within the tolerance level (deviations > £ 3 % and < £ 5 %).
For any question, please do not hesitate to contact us.

EQUAL - ESTRO - Mensuring Centre - Institut Gustave-Roussy - Physics Department 112

39, rue Camille Desmoulins 54805 VILLEIUIF CEDEX - FRAMCE - Tel - 33 142 11 50 50 - Fax - 33 142 11 5299
E-mail | equalf@higr fr ; httpfwww estro be

Milan 85[99]

Thank you for your participation in the ESTRO-EQUAL Programme.

Sincerely yours,

LUZ /

Dr, LH. FERREIRA Dir. A BRIDIER

Enclosures: & pages
Copy to: Prof. H. SVENSSON, Prof. A. DUTREIY

Prof. . CHAVAUDRA

! Protocal : Strict confidentiality of the results is maintained by the EQUAL yem-nﬂ{. The levels of
deviation between measured and stated quantities (Dm/Ds) and the corresponding EQUAL actions are

specified as Follows :

—  optimal level when the deviation Dm/Ds is <+ 3% ;

—  outside optimal and within tolerance level when the deviation is > £ 3% and £+ 5%,
—  outside toleranee level when the deviation is > £ 5% and <4 10% ; and

—~  emergency level when the deviation 15 = £ 1084,

Ottimo: D_/D_< +3%

In tolleranza: Dm/DS < +5%

EQUAL = ESTRO - Messuring Centre - Institut Gustave-Roussy - Physics Depaniment
34, rue Camille Desmoulins 94805 VILLEIUIF CEDEX — FRANCE - Tel : 33 1 42 11 5050-Fax:33 142115299

E-mail : equali@igr. i ; hitpd/www,estro.be

n



Take-home points

Dal protocollo IAEA alla procedura interna
Istituire controlli periodici di rendimento frequenti e semplici
Partecipare ad interconfronti

Evidenza documentale di Quality Assurance
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