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Outline and motivation

* Radiotherapy (RT) - role in oncology patient management
 Dosimetryin radiotherapy - importance of accurate dose delivery

* Role of remote dosimetry audits for RT quality assurance (IAEA, ESTRO, AAPM audit
networks)-reference irradiation conditions

* Introduction to luminescence dosimetry

* Characterisation the new BeO optically stimulated luminescence dosimetry (OSLD) system
* Preliminary evaluation of performance
* Comparison with another OSLD system (Al,0,:C)

* Goal of the project and future steps

IAEA TC project CRO/6/024-Introduction of remote photon and electron radiotherapy (RT) beam dosimetry audits in
reference conditions and implementation of the small static photon fields dosimetry protocol
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Radiotherapy

 Radiotherapy - cancertreatment modality
* lonising radiation
* External beam or brachytherapy
* Photons, electrons, protons, heavyions.....
* 50-60 % of all patients will need RT in their oncology management

« Combined with surgery, chemotherapy, immunotherapy, targeted
therapy, or alone

Effective and safe radiotherapy is based on delivering the accurate dose to the
correct target/anatomical region while sparing surrounding normal tissue and
organs at risk (OARS)

Brachytherapy- HDRBT
92|r source
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Radiotherapy process
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Different steps in radiotherapy :
process require quality Calibration of the radiation beam is the
assurance first and fundamental step in the complex
radiotherapy process!
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Dosimetry audits

Does the planned dose match the delivered dose within acceptable tolerances?

Quality assurance (QA) — equipment, medical
physics and clinical procedures

Independent dosimetry audits-component of good
practice and QMS of an institution addressing both
safety and quality demands

Improves dosimetric consistency between centres
Tool to detect systematic discrepancies

Reduce small errors leading to decreased
uncertainties in dose delivery

Improves the accuracy of dosimetry in RT centres

Benefits to the clinical trials

On-site, remote, virtual
Level typically refers to the complexness of
audits
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The dosimetry audit process in reference irradiation conditions

Successful remote

dosimetry audits:

* detectors with high
sensitivity

* mailed

* irradiated in simple
geometries

* retain the signal
after irradiation

* can be reproducibly
read-out

* limited number of
correction factors -
evaluated to obtain
D from the readouts

Preparation of the
dosimeter batch for mailing

Irradiation of the
dosimeters by
participants

Certificate

{

O
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 Human Health '
RESTRICTED RT Ce ntre
IAEA/WHO POSTAL DOSE QUALITY AUDIT SERVICE

Evaluation of the dose
from the dosimeter reading

Irradiation of
reference dosimeters

Reading of the
irradiated dosimeters




Passive solid state dosimetry systems

LANDAUER"

Microstarii reader
Al,0;:C OSLD nanoDOT

(Landauer) L
PCL TLD reader New: BeO OSLD myOSLchip FGD 1000 Dose Ace reader
TLD LiF-100 powder (Harshaw) (RadPro) RPLD GD302 M

(Asahi Techno Glass Corporation)
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Optically Stimulated Luminescence mphommumpuer
tube
(OS L) Light source

Optical O
filter
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* Measure absorbed dose from ionising
radiation-emission of visible light

* |Insulator crystals with a wide band gap

* Impurities added to crystals/
imperfections — energy levels within the
band gap

* Simplified model- TL or OSL materials
may have many defects — may act as

_________________________

competitors for transitions irradiation readout
* Supralinearity of the dose response or P
the change of sensitivity o o
s OSL/TL
e S
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OSL/TL detector response to different energy of photon fields

 Overand underresponse
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* microSTAR:Ii reader (Landauer)

microSTARII® Reader and nanoDOT OSL dosimetry system

* nanoDOT dosimeters  ARDADE 3SLD system
* Pre-screened (sensitivity accuracy +/- 5.5 %) , Reader
* AL,0,:C (p=3.95 g/cm3 , Z .= 11.3) disc 0.2 Computer
mm thick, 4 mm active diameter v" Scanner

10 mm x 10 mm plastic casing, 2 mm thick,
barcode, serial no.

POSL- pulsed OSL

Rigorous QA-dark current, PMT and
photodiode count
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Novel myOSLchip RadPro dosimetry system

Dosimetry system (RadPro International GmbH,
Freiberg Instruments, Germany)

* Portable reader - chip by chip

* BeO OSL dosimeters (1000 pieces)

* Bleaching unit-48 OSLDs; 2 h sufficient for 10 Gy
BeO: p=2.85g/cm3,Z_=7.2

Readout: LED (0.1 W), central A=460 nm, t=0.2 s
Stimulated emissions: 310 nm and 370 nm
Bleaching unit: LED (5 W), 480 nm

System ,,calibrated” and ECFs determined

Reusability OSLDs up to 30 Gy and linearity with dose of up to
10 Gy
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9.5mm x 10 mm

ABS light-tight housing
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Absorbed dose calculation from the detector signal

Dy, = M¢orr ND,W - ECF - kfad . klin' kQ' k19
M., depletion, background corrected signal

a/_ 5

—1
;y=1(Mraw,j° kcjz )

Meorr = - M
Dios(@) Dl N "
M - dosimeter reading 1\ wp
N - dosimetry system calibration coefficient (N> i=1Mj g
ECF - dosimeter sensitivity correction factor ECF = ksj = M. M
k.4 -fading ! !

k,,- dose response non-linearity

ko~ beam quality
ko - angle of incidence
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Characterisation of the OSLD system-commissioning

Purpose: demonstrate that the dosimetry system is well-understood, reliable and adequate for intended purpose.

Readout repeatability/reproducibility

Signal depletion

* Reduction of stored signal due to the readout
process

Signal fading (short- and long-term)

* A spontaneous reduction of stored signal with time
after irradiation

Dose non-linearity response curve (e.g., 0.1-10 Gy
range)
* Anincreasing sensitivity at higher dose
Energy response/ beam quality dependence
* Response to different beam type and (Co-60, 6 MV,
10 MV, 6-20 MeV)
Individual element correction factors (ECFs)
* Different sensitivity of each dosimeter

ECF stability uder multiple irradiations

* Environmental Stability: humidity,
temperature effects

* Angular Dependence
* Dose Rate Dependence

Audit methodology

Irradiation holder design

Audit run holder design

Readout, calculation and data analysis protocol —

self-testing and pilot

v" Uncertainty budget: components contributing to
measurement uncertainty

v' Acceptance limits determination

A NEANERN
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Dosimeter irradiation conditions

True Beam (Varian, Siemens Healthineers)
6 MV WFF

10 cm

-\

. —
+ $SD=100 cm, FS=10 cm x 10 cm, d=10 cm |_
* RWS3 (IBA Dosimetry GmbH) phantom 1 om bolus ==
BeO myOSLchip
Feature Dose (Gy) No. of Redouts
dosimeters
Depletion 0.5, 1 10 50
ECF 1 36 10

Dose non-linearity 0.1, 0.5, 1,1.5, 2, 4 per point 1

response 3,95
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x 10 cm 0
myOSLchip
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_________

9 OSLDs per irradiation,
4 cm x4 cm area
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Characterisation-signal depletion

10 myOSLchip dosimeters
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* Count difference when ,,average” correction is

applied instead of inherent ~0.6 %

» ~1.3 % if extreme correction is applied
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Characterisation-signal depletion Microstarii reader
Al,O5:C OSLD nanoDOT
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* 10 OSLD irradiated with 1 Gy
* Depletion factor-percentage of initial readout
* Correction factor-linear function
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Readout value (normalised)

y =-0.000346x + 1.004639 ~.0 o
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0.92 1 1 1 1
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OSLD readout

Reader | Depletion perread (%)
1 0.036
2 0.041
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Characterisation-ECF determination

myOSLchip BeO

« ECF range of values as determined by the
manufacturer: 0.75-1.65

ECF batch summary

<O
© o nanoDOT

* Our preliminary measurements: ECF range 0.80-1.23

0-80 T T T T T T T T T
0 400 800 1200 1600 2000 2400 2800 3200 3600

OSLD number

* 3679 OSLDs (cutoff +/- 30) - 3502 OSLDs left
* Variation in ECF values was foundtobe oc=2.19 %

* Acceptance rate - 95.2 %
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Characterisation-signal fading

Microstarii reader
Al,05:C OSLD nanoDOT
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At and Aty are the time delays
between the irradiation and the
readout, for RD and PD

o =kfad(AtRD)
fad kfaa(Atpp)

irradiation

window readout
- AtPD ‘ '
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Solid water phantom with an insert for dosimeter irradiation

‘ beam
Solid Water®HE

Reliable, Durable Water
Equivalent Phantoms

insert

ion chamber
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Holder solutions for audit participants

ARPANSA

Imaging and radiation Oncology Core . o _ .
|IAEA Australian Clinical Dosimetry Service (ACDS)

Houston, Texas, USA

21
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Typical uncertainty budget

Summary of uncertainty components of TLD, OSLD and RPLD systems.

Uncertainty component TLD system OSLD system RPLD system
Uncertainty (k = 1)/% Uncertainty (k = 1)/% Uncertainty (k = 1)/%
Type A Type B Type A Type B Type A Type B

Calibration of the dosimetry system

Determination of Co-60 dose from ionisation chamber readings 0.50 0.50 0.50

Phantom positioning during irradiation 0.20 0.20 0.20

Solid water to water dose correction 0.50 0.50 0.50

Dosimeter positioning during irradiation 0.03 0.07 0.12

Dosimeter readout® 0.48 0.16 0.15

Individual dosimeter sensitivity factor — 043 0.42

Dosimeter positioning during readout — — 0.42

Combined standard uncertainty (k=1) 0.60 0.50 0.68 0.54 0.80 0.54

Determination of the absorbed dose from dosimeters

Calibration of the dosimetry system 0.60 0.50 0.68 0.54 0.80 0.54

Dosimeter readout” 0.48 0.16 0.15

Individual dosimeter sensitivity factor — 043 042

Dosimeter positioning during readout — — 0.42

Non-linearity dose response correction factor 0.90 0.70 0.55

Energy correction factors 0.95 0.82 0.81

Fading correction factor 0.02 0.01 0.01

Holder correction 0.10 0.10 0.10

Combined standard uncertainty (k=1) 1.60 1.46 1.51

4 This component includes depletion uncertainty. Wesolowska, P. E. et al. Characterization of three solid state dosimetry systems for use in high

energy photon dosimetry audits in radiotherapy. Radiat. Meas. 106, 556-562 (2017).
22
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Conclusions and future activities

* Characterisation of myOSLchip system for dosimetry audits (Level l) is an ongoing activity
within the IAEA TC project

* Signal depletion —choice of the number of OSLDs per audit set

* Non-linearity dose response-negligible in the range 1-5 Gy

* Expected minimal beam quality dependence in megavoltage photon beams

Next steps

* Determination of individual ECF-s for all dosimeters

* Design and construction of an insert for OSLDs irradiation and for an ion chamber

* Consideration of protocol options for self-testing and pilot

All radiotherapy centres should have access to independent dosimetry audits to ensure that their
practices conform to acceptable standards.

Exotic atoms: fundamental aspects, applications and effects in radiation detectors, 3-5.12.2025
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Thank you for your attention!
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