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Terminology

Secondary radiation and out-of-field doses

» The tissue outside of the target (.non-target tissue")
is unavoitably irradiated

» Secondary radiation — Radiation produced by
interaction between the primary beam and the matter;
all radiation except the primary beam

> .Non-target dose"”

dose the low doses area (a) ..in-field non-target dose”
gradient outside the treatment field

(a) (b)

(b) ..out-of-field non-target dose" or .out-of-field dose"
— deposited by secondary radiation

)
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Why is it important?

Out-of-field dosime‘rr'x

» Out-of-field doses may lead to an increased probability of unwanted effects of radiotherapy including
the generation od secondary cancers

Radiation absorbed dose

> In planning phase dosimetric focus is on the target and critical
organs nearby

P ?‘E’P"ﬁﬂfggf o~ » Out-of-field doses are not considered (Treatment Planning
. System (TPS) does not allow to accuratelly assess)

Risk of SMN incidence

> Epidemiological studies need a complete dose specification

> Data in literature spread-out and it is difficult to apply for the
Newhauser W., Durante, M., pC(I"TiCUlClr' cases

Assessing the risk of second malignancies after modern Radiotherapy.
Nat Rev Cancer. 2011 June ; 11(6): 438-448.

» Priority in the case od irradiation of children, during pregnancy or
for reirradiations

D
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Sources of secondarx radiation for Eho‘ron beams

» MV X-rays radiotherapy

> Treatment nozzle and inside
the patient body

> Scattered X-ray,
photoneutrons, secondary vy
radiation

the low doses area
outside the treatment field

)
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Sources of secondarx radiation for Eho‘ron beams
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Sources of secondarx radiation for Eho‘ron beams

» MV X-rays radiotherapy

> Treatment nozzle and inside
the patient body

— —» Head leakage > Scattered X-ray,
photoneutrons, secondary vy
radiation

----- » Collimator scatter

the low doses area
outside the treatment field
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Sources of secondarx radiation for Eho‘ron beams

» MV X-rays radiotherapy

> Treatment nozzle and inside
the patient body

— —» Head leakage > Scattered X-ray,
photoneutrons, secondary vy
radiation

----- » Collimator scatter

— Patient scatter

the low doses area
outside the treatment field
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Sources of secondarx radiation for Eho‘ron beams

Epnoror’lOMeV = production of neutrons in » MV X-rays radiotherapy

photonuclear reactions (high Z material) > Treatment nozzle and inside
- the patient body
N — —» Head leakage > Scattered X-ray,
\\

‘e ~ » Collimator scatter pho1.'om.au1'r'ons, secondary y
*% N radiation
te, \\ — Patient scatter

the low doses area
outside the treatment field

)
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Sources of secondarx radiation for Eho’ron beams

Energy fluence (arbitrary units)

25

N~

-
(9,

=3

K=/
[

Energy spectrum of secondary photons

12 MV X-ray, 10x10cm? field,
18cm from the beam axis in

water tank - MC simulation

0.511 MeV

|

Dl

|
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Energy (keV)

KneZevi¢, Stolarczyk et al, Photon dosimetry methods outside the target volume in
radiation therapy: OSL, TL and RPL dosimetry. Radiat Meas 57 (2013) 9-18

)
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Kry et al. AAPM TG 158: Measurement and calculation of doses outside the treated
volume from external-beam radiation therapy. Med Phys 44 (2017) e391-e429
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Sources of secondarx radiation for Eho’ron beams

25
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Energy fluence (arbitrary units)
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Energy spectrum of secondary photons

Increases
with the
distance from
the beam axis

0.511 MeV

|
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s

12 MV X-ray, 10x10cm? field,
18cm from the beam axis in

water tank - MC simulation
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KneZevi¢, Stolarczyk et al, Photon dosimetry methods outside the target volume in
radiation therapy: OSL, TL and RPL dosimetry. Radiat Meas 57 (2013) 9-18

fluence per photon Gy to isocenter

= Dosimeters with low energy dependence are reccomended

)
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Sources of secondarx radiation for EhoTon beams

Energy spectrum of secondary photons Energy spectrum of secondary neutrons
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KneZevi¢, Stolarczyk et al, Photon dosimetry methods outside the target volume in Kry et al. AAPM TG 158: Measurement and calculation of doses outside the treated
radiation therapy: OSL, TL and RPL dosimetry. Radiat Meas 57 (2013) 9-18 volume from external-beam radiation therapy. Med Phys 44 (2017) e391-e429

—> Dosimeters for neutrons (0.1 - 1) MeV are needed

> €EURADOS .
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Sources of secondarx radiation for proton beams

> Passive scattering

> Beam forming elements (collimator, range shifter, energy
modulator, compensator) and patient body

1st 2nd range energy collimator  bolus
scatterer scatterer shifter modulator
proton I
beam

—>

VT

I \ k
\
A
)
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Sources of secondarx radiation for proton PBS beams

» Active scanning — Pencil beam scanning (PBS)
> Patient body and beam modulators (when used)

range
shifter
plate

proton
pencil ‘ II
beam _ o

Active scaning has greatly reduced amount of
interacting material

)
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Sources of secondarx radiation for proton PBS beams

» Active scanning — Pencil beam scanning (PBS)
» Patient body and beam modulators (when used)

range : Range shifter
shifter magnetic
plate scanner
proton
encil .
b 3D printed
beam

compensator

target

Active scaning has greatly reduced amount of
interacting material For shallow tfumours beam modulators are

'3 used to reduce proton energy
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Sources of secondarx radiation for proton PBS beams

» Active scanning — Pencil beam scanning (PBS)
» Patient body and beam modulators (when used)

> Neutrons, secondary y radiation, charged particles,
characteristic X-rays, bremsstrahlung radiation, residual
radiation from radioactivation

range : Range Shif"'el"
shifter magnetic
plate scanner
proton
pencil 3 :
rinted
beam Dp
compensator

target

Active scaning has greatly reduced amount of

interacting material For shallow tumours beam modulators are

'3 used to reduce proton energy
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Energx spectrum of secondarx Eho‘rons for proton PBS beams
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Stolarczyk L et al., Dose distribution of secondary radiation in a water phantom for a proton pencil beam - EURADOS WG9 intercomparison exercise.
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Energx spectrum of secondarx Eho‘rons for proton PBS beams
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Energx spectrum of secondarx Eho‘rons for proton PBS beams
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Stolarczyk L et al., Dose distribution of secondary radiation in a water phantom for a proton pencil beam - EURADOS WG9 intercomparison exercise.

Phys Med Biol. 63 (2018) 085017
N EURADOS
. 18

Marija Majer, EURADOS WG9 webinar 25/05/2023




Ener'gx spectrum of secondarx neutrons for proton PBS beams
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Ener'gx spectrum of secondarx neutrons for proton PBS beams
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Ener'gx spectrum of secondarx neutrons for proton PBS beams

Top view
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Out-of-field doses - mixed radiation field

Energy spectrum of secondary photons Energy spectrum of secondary neutrons
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Out-of-field doses - mixed radiation field

» MV X-rays radiotherapy:

> scattered X-ray,
secondary y radiation,
photoneutrons

> Proton PBS radiotherapy:

> neutrons, secondary y radiation,

charged particles,
bremsstrahlung radiation,
characteristic X-rays,
residual radiation from
radioactivation

Romero-Exposito et al. Experimental evaluation of neutron dose in

radiotherapy patients: Which dose. Med Phys 43 (2016) 360
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Energy spectrum of secondary photons
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Out-of field doses How to measure?

PHANTOMS and DOSIMETERS

D
l a Marija Majer, EURADOS WG9 webinar 25/05/2023 EURH DOS 24



Phantoms

1. WATER TANK

> Simple and reproducible
geomeftry

» Precize positioning of the
dosimeters in the tank

» Comparison with reference
dosimetry

> Easier comparison with
calculated doses and MC
simulations

Buft,
> Clinical tfreatments cannot be reproduced

)
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Phantoms

1. WATER TANK ‘ ! L
> Simple and reproducible 2. BOMAB-like phantom

geometry » Approaching to the real

> Precize positioning of the clinical conditions

dosimeters in the tank
The Bottle Mannikin Absorber
= phantom (BOMAB)

» Comparison with reference
dosimetry

> Easier comparison with
calculated doses and MC
simulations

Buft,
> Clinical tfreatments cannot be reproduced
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Phantoms

1. WATER TANK ‘ ! L
> Simple and reproducible 2. BOMAB-like phantom

geometry » Approaching to the real
clinical conditions

» Precize positioning of the

dosimeters in the tank
The Bottle Mannikin Absorber
= phantom (BOMAB)

» Comparison with reference
dosimetry

3. Anthropomorphic phantoms
> Real clinical freatments

> Easier comparison with
calculated doses and MC
simulations

Buft,
> Clinical tfreatments cannot be reproduced

)
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Dosimeters

» Important characteristics:

Y VYV

YV V VYV

Linear dose response (mGy to Gy)
Low energy dependence (for photons)
and low angular dependence

Tissue equivalent

Small size and mechanically strong
Long term stability, reproducibility,
batch homogeneity

Low sensitivity to other present
particles

)
|
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Passive Solid-State Luminescent Dosimeters

|

Ollll,lllllllll

Thermoluminescent (TL)
Radiophotoluminescent (RPL) and optically-stimulated luminescent (OSL)

dosimeters dosimeters
KneZevié, Stolarczyk et al, Photon dosimetry methods outside the target volume in radiation
therapy: OSL, TL and RPL dosimetry. Radiat Meas 57 (2013) 9-18
Heat = TL
2. Stimulation Light = OSL
UV-light = RPL

—

1. Radiation 3. Luminiscence
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Dosimeters

Neutron dosimetry is challenging!

> Detected neutrons often have

different energy than neutrons which
contribute to the dose

» Important to know response function -
relation to the neutron spectrum being

measured!
0.5+
Depps:tmg ~ ﬂ
signal
LG 0.3
: Il
5 0.2
0.1
0.0

skin
lung
head

pelvis|

Depositing

e dose

e S—

10° 10° 107 10° 10° 10" 10° 10* 107 10° 10" 10° 10°

Energy (MeV)

Romero-Exposito et al. Experimental evaluation of neutron dose in radiotherapy
patients: Which dose? Med Phys 43 (2016) e391-e429

Passive neutron detectors
(for fast neutrons 0.1 MeV)

Nuclear track detectors based on
poly-allyl-diglycol carbonate (PADC)

Bubble detectors

To measure thermal and high energy
neutrons, converters can be added

Bolzonella et al. Neutron personal dosimetry using polyallyl diglycol
carbonate (PADC): Current status, best practices and proposed research.
Physics Open (2022) 100114

€URADOS
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Dosimeters

Neutron dosimetry is challenging!

> Detected neutrons often have

different energy than neutrons which
contribute to the dose

» Important to know response function -
relation to the neutron spectrum being

measured!

Depositing —_ ﬂ
signal |

0.3

E-(de/dE)
—

0.1+

0.0 e S

skin
lung
head

Nuclear track detectors based on
poly-allyl-diglycol carbonate (PADC)

To measure thermal and high energy
neutrons, converters can be added

pelvis|
.y . Bolzonella et al. Neutron personal dosimetry using polyallyl diglycol
De POS ltlng carbonate (PADC): Current status, best practices and proposed research.

e dose

>

o N

10° 10° 107 10° 10° 10" 10° 10 10" 10° 10" 10° 10°

Energy (MeV)

Physics Open (2022) 100114

Passive neutron detectors
(for fast neutrons 0.1 MeV)

Bubble detectors

Neutron fluence to neutron dose equivalent conversion
coefficients = neutron dose equivalent [mSv]

Romero-Exposito et al. Experimental evaluation of neutron dose in radiotherapy
patients: Which dose? Med Phys 43 (2016) e391-e429
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Dosimeters

Passive neutron detectors

Neutron dosimetry is challenging! (for fast neutrons >0.1 MeV)

> Detected neutrons often have Nuclear track detectors based on Bubble detectors
different energy than neutrons which poly-allyl-diglycol Caf”bonate (PADC)

contribute to the dose

» Important to know response function -
relation to the neutron spectrum being
measured!

0.5+

Depositin skin To measure thermal and high energy
P 9 T lung neutrons, converters can be added
signal head
g ) pelvis|
.y . Bolzonella et al. Neutron personal dosimetry using polyallyl diglycol
=l De POS 1t ng carbonate (PADC): Current status, best practices and proposed research.
g ] ﬂ Physics Open (2022) 100114
S 7 dose
m 0.2 1
‘ > Neutron fluence to neutron dose equivalent conversion
b coefficients = neutron dose equivalent [mSv]

0.0 e S

107 10% 107 10° 107 10" 107 107 10" 20" 10" 10 10" 3> Be aware that photon dose measured with TL/RPL is reported as apsorbed dose [mGy]
S Just for comparison, photon dose equivalent [mSv] can be calculated by multiplyng with

Romero-Exposito et al. Experimental evaluation of neutron dose in qual |‘|'y factor Q: 1.
patients: Which dose? Med Phys 43 (2016) e391-e429



Photon (.non-neutron”)

Dosimetry systems used for comparison dose

Dosimetry | Type Sensitivity to neutrons
system

GD-352M - with energy compensation filter

= for out-of-field doses
RPL Very low

GD-302M - without energy compensation filter
= for target

MTS-7 and TLD-700 ("LiF:Mg,Ti) Low
TLD MTS-n and TLD-100 ("'LiF:Mg,Ti) Sensitivity fo ‘rher'mal o
. , neutrons is increasing with 7%
IS (°LiF:Mg,Ti) of 6Li in detector
OSL NanoDot (Al,O5:C) Very low

Note: All detectors are sensitive to protons (RPL more than TLD)

)
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Neutron dose

Dosime’rrx systems used for comEar'ison

Dosimetry Type Neutron energy range
system

Nuclear track PADC Type T SO
defectons PADC Type II - with converters thermal to high energies
Bubble BD for personal neutron dosimetry (BD-PND) (0.1 - 12 MeV)
detectors '

Note: PADC and BD are not sensitive to photons

)
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Neutron dose

Dosimetry systems used for comparison

Dosimetry Type Neutron energy range
system

Nuclear track PADC Type T SO
defectons PADC Type II - with converters thermal to high energies
Bubble BD for personal neutron dosimetry (BD-PND) (0.1 - 12 MeV)
detectors .

Note: PADC and BD are not sensitive to photons

Dosimetry Type
system

MTS-7 (“LiF:Mg,Ti) — Difference of signals is indicator of thermal
MTS-6 (LiF:Mg,Ti) heutron dose

)
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Out-of field doses

Comparison of dosimetry systems

D
l a Marija Majer, EURADOS WG9 webinar 25/05/2023 EURH DOS 35



ComEar'ison of dosime’rr'x systems - Eho‘ron radio’rheraEx

CEA-LIST/LNHB metrology laboratory, Saclay 10
(6,12 and 20 MV X-rays)

. ' Pipe3-6MV
Reference clinjcal linac ' - '
(Saturn 43) - - 1 —s=— OSL (CEA) .
—e— TLD (RBI)

— —
> i |
& 0 | —— RPL (RBI)
2 01 50 —— TD(F)
Q - £ ! E: ——
Q)\ ] 8 | _e: Farmer IC
A2 . Q.- o
o I o
D 0.01 E I E:
Pipes with i | Q0!
TL/RPL/OSL } i “
dosimeters 0.001 t+rrrrrrr B e e e |
0 100 200 300 400 500 600
M Beam direction .
) Distance [mm]
J.M. Bordy et al, Radiotherapy out-of-field dosimetry: Experimental and computational results for photons in
,,,,,,,,, e e | |Pipev a water tank. Radiat Meas . 57 (2013) 29-34
----”——-"?{'-'»_'_';‘”—Q—’ ———————————— @-----{ Pipe IV . .
wol b2t e | ol « TL, RPL and OSL* dosimeters can be used for out-of-field photon
[ --------- el e-— o-lirben dosimetry — a good agreement between dosimeters and with reference IC has been
——————————————— *—--0--o o——— @ Pipe | achieved
*after energy correction

€URADOS © ..

)
|
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ComEar'ison of dosime’rr'x systems - Eho‘ron radio’rheraEx

CEA-LIST/LNHB metrology laboratory, Saclay 10
(6,12 and 20 MV X-rays)

. ' Pipe3-6MV
Reference clinjcal linac ' - '
(Saturn 43) - 1 —s=— OSL (CEA) .
—e— TLD (RBI)

« —— RPL (RBI)
>
| g === TLD (IFJ) I—
. © *= FarmerIC
i o

Overresponse for
— OSL (before
energy correction)

Dose, D, [GY]

__Beamborder | ______

. Pipes with
Water tank TL/RPL/OSL ]
dosimeters 0.001 —rrrrrrr I I IR IR i |
| 0 100 200 300 400 500 600
o w Distance [mm]
.M. Bordy et al, Radiotherapy out-of-field dosimetry: Experimental and computational results for photons in
e eee—n . - a water tank. Radiat Meas . 57 (2013) 29-34
SRl T * TL, RPL and OSL* dosimeters can be used for out-of-field photon
[,...--- o-lirben dosimetry — a good agreement between dosimeters and with reference IC has been
""""""" R M achieved
*after energy correction

€URADOS + .,

)
|
3 Marija Majer, EURADOS WG9 webinar 25/05/2023



Comparison of dosime‘rr'x systems - Eho’ron radio’rheraEx

University Hospital of Santa Chiara, Pisa
and Centre of Oncology, Krakow

10000 PTV axis

— TPs
o ® TLD
3 e & RPL
E : * osL
—
§ 100 |
Q
o N
Pipes with w P " .
e TL/RPL/OSL P P
Bomab-like panio dosimeters 1
p& — 0 5 10 15 20 25 30
- . . . Distance [mm]
* Clinical simulation of a prostate radiotherapy
Miljani¢ et al, Clinical simulation of prostate radiotherapy using BOMAB-like phantoms: Results for photons.
vGrnlan Cllnac: Radiat Meas . 57 (2013) 35-47

Miljanié et al, Out-of-field dose measurements in radiotherapy - An overview of activity of EURADOS
« VMAT (6 MV) Working Group 9. Radiat Meas (2014) 71 270-275

« Tomotherapy (6 MV)

*  IMRT(6,18 MV) * Good agreement between TL/RPL/OSL dosimeters
« 5-field 3D-CRT (15 MV)

« 4-field 3D-CRT (6, 18 MV)

D
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Comparison of dosime‘rr'x systems - Eho’ron radio’rheraEx

University Hospital of Santa Chiara, Pisa
and Centre of Oncology, Krakow
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Q
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* Clinical simulation of a prostate radiotherapy
Miljani¢ et al, Clinical simulation of prostate radiotherapy using BOMAB-like phantoms: Results for photons.
vGrnlan Cllnac: Radiat Meas . 57 (2013) 35-47

Miljanié et al, Out-of-field dose measurements in radiotherapy - An overview of activity of EURADOS
« VMAT (6 MV) Working Group 9. Radiat Meas (2014) 71 270-275

« Tomotherapy (6 MV)

*  IMRT(6,18 MV) * Good agreement between TL/RPL/OSL dosimeters
« 5-field 3D-CRT (15 MV)

« 4-field 3D-CRT (6, 18 MV)
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Comparison of dosime‘rr'x systems - Eho’ron radio’rheraEx

University Hospital of Santa Chiara, Pisa
and Centre of Oncology, Krakow

10000 PTV axis

:

—
o

Pipes with
S TL/RPL/OSL

Bomab-like phanie dosimeters

Dose, DW_[mGy]
8

-

0 5 10 15 20 25 30

Distance [mm
 Clinical simulation of a prostate radiotherapy [mm]

Miljani¢ et al, Clinical simulation of prostate radiotherapy using BOMAB-like phantoms: Results for photons.

Varian Clinac: Radiat Meas . 57 (2013) 35-47

. VMAT (6 MV) Av/‘\/i(l;]rir;i‘c;eérrzlafgf’;c;tﬂreﬁ:‘fss?zrgfzit;qe;n;gfg;g radiotherapy - An overview of activity of EURADOS
« Tomotherapy (6 MV)

- IMRT(6, 18 MV) « Good agreement between TL/RPL/OSL dosimeters

. B-field 3D-CRT (15 MV)
. 4-field 3D-CRT (6, 18 MV)

D
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« Underestimation of measured out-of-field doses by TPS




ComEar'ison of dosime‘rr'x systems - proton PBS radio’rheraEx

-4- MTS-N (NPI CAS)
RPL GD-352M (RBI)

Proton Ther‘apy center, Trento
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Pencil Beam Scanning (PBS) technique < 14 - @- MTS-7 (IFJ) 13
Q 1 MTS-6 (IFJ) 2
4 % 4 —@- y-equivalent neutron dose (IFJ) c.
S i - @ PADC (UAB) 5
(e . : ©
<N G) . 2
5 I 1 Frame 5 Pipe V. - =
2 O | e
€ E. ) ~ 1 g
a : @
29 e 8
= @ P N :
3§ 017 A SR qor B
qi 0 ] “‘\ o ] g
T 5 ] . e ] o]
%> u%" - ‘As AN \\ . g
Q © I SN
8 -o'ncj i o. \‘A ) 3\ T ue
N —_
Water tank S5 . ® ; 3
8 . e A 2
= : o T o)
g 001 - 3 ; € o001 =
Front vi < ] : ) ]
Front view ® Beam direction i / i
- 600 ) 1 ! /- ] L ] N 1 ) | )
-200 -100 0 100 200 300 400 500
1 PP P oLl Pipev Lateral distance from isocenter d (mm)
50 120 . . . . . . . . . .
e e 8t e @ — — gLl Piperv Stolarczyk L et al., Dose distribution of secondary radiation in a water phantom for a proton pencil beam-EURADOS WG9 intercomparison exercise.
w0 i Phys Med Biol. 2018 63(8):085017
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ComEar'ison of dosime‘rr'x systems - proton PBS radio’rheraEx

Proton Ther‘apy center, Trento
Pencil Beam Scanning (PBS) technique

Front view
® Beam direction
himm] 600
[men]
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s | kg |
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RPL

Stolarczyk L et al., Dose distribution of secondary radiation in a water phantom for a proton pencil beam-EURADOS WG9 intercomparison exercise.

Phys Med Biol. 2018 63(8):

085017

Different response of TL and RPL dosimeters in a mixed (n+y+p) field

)
|
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ComEar'ison of dosime‘rr'x systems - proton PBS radio‘rheraEx

Proton therapy center, Trento S o
Pencil Beam Scanning (PBS) technique < - @- MTS-7 (IFJ) 13
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* TLDs are limited for neutron dosimetry - Dosemeters detecting thermal neutrons are

inadequate for fast neutrons in radiotherapy.
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ComEar'ison of dosime‘rr'x systems - proton PBS radio’rheraEx
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Neutron dose is dominating in proton PBS (gamma component <10% of total dose)
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ComEar'ison of dosime‘rr'x systems - proton PBS radio‘rheraEx

Proton therapy center, Trento
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Stolarczyk et al., Dose distribution of secondary radiation in a water phantom for a proton pencil
beam-EURADOS WG9 intercomparison exercise. Phys Med Biol. 2018 63(8):085017

« Two types of PADC neutron detectors are ina
good agreement
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ComEar'ison of dosime‘rr'x systems - proton PBS radio‘rheraEx

Cyclotron Centre Bronowice, Krakow Proton therapy center, Trento
10 | RPL GD-352M (RBI) 10
. o F -@- MTS-7 (IF)) o
" ¢ Typel PADC 2 i A MTS-6 (IFJ) g
. Type II PADC o o ®- 7.-7..- N —@®- y-equivalent neutron dose (IFJ) g
- L B TS - ]

= r ~ e BD-PND s> i L g ] "\ & N t Eﬁgg Erljﬁlaéas) 45:
2 10805 t s BD-PND-BT 59 & S 0. e 5
= ; < e 2 & ; » ) % Frame 3 Pipe | 1 g
72 ] N y-cquivalent ncutron dose ‘g E E AT, ‘ & N )
S ~ s a o i Sy ] nd
E f = Y 35 .g )] r R : \0 ] g
@ *. b 4 b ¥ Z 8 . N o
= . b P 4 ai ° - [ SN e < - ©
2 1004 - '3 Lo L . | 2
5 1 ,f 3 g3 7 & ey Sy &
] - a g 01 |- Eront view P s - e 401 3
2 ¢ S 2= f . : ® ] =
= 4.3 sg b - e * e 1 0B
. l‘- +3 B et o - ” 9 =
ERUE R R L T AR g - : . N .t 1 =
e P < . ., > & 8 - 300 £ -‘ P ——— . ipo -.‘ b S._
3 " . % = 2 i o ... 9
Z e 001 ot - : ".-,_. 4 001 =

5-year old T L T D i T T . T S . . T i, T A F ’ y ]

0246 810121416182022242628303234363840 C 1 1 1 1 L 1 1 1 L 1 1 1 L ]

-200 -100 0 100 200 300 400 500
Distance to isocenter (cm) Lateral distance from isocenter d (mm)
Knj'ie\;‘ié etal, Com%ar‘isqn of '"ej.PO"# of ﬁossive dosl‘imetll‘:y sysfemRs Z‘;CG""‘DMQ.P"O;S% Stolarczyk et al., Dose distribution of secondary radiation in a water phantom for a proton pencil
radiotherapy - a study using paediatric anthropomorphic phantoms. Rad Prot Dosim (2017) beam-EURADOS WG9 intercomparison exercise. Phys Med Biol. 2018 63(8):085017

* Neutron doses determined using PADC and
buble detectors are in agreement within
measurement uncertainties
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ComEar'ison of and proton PBS mdio’rher'aEx

Proton Ther‘apy center, Trento
Pencil Beam Scanning (PBS) technique
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Stolarczyk L et al., Dose distribution of secondary radiation in a water phantom for a proton pencil beam-EURADOS WG9 intercomparison exercise.
Phys Med Biol. 2018 63(8):085017
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ComEar'ison of and proton PBS mdio’rher'aEx

Proton Ther‘apy center, Trento
Pencil Beam Scanning (PBS) technique
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Stolarczyk L et al., Dose distribution of secondary radiation in a water phantom for a proton pencil beam-EURADOS WG9 intercomparison exercise.
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* Photon doses are up to 2 orders of magnitute lower for PBS in comparison to

photon radiotherapy
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* Neutron dose is dominating in proton PBS (gamma component <10% of total dose
equivalent)
* Neutron sensitive detectors need to be combined with detectors measuring
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Lessons learned

» Out-of-field doses are of importance in radiotherapy of children, pregnant women and for reirradiations
» TPSs are still not suitable for calculation of out-of-field doses

» Secondary radiation in radiotherapy is mixed (n+y+charged particles) radiation field.
Measurements are challenging, particular for neutons.
Combination of dosimetry systems is needed.

» Selected dosimetry systems can be used for out-of-field dosimetry but always keep in mind
characteristics of the radiation field and properties of detectors - particularly energy dependence
and sensitivity to all present particles.
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— Characterization of the dosimeters allows to continue research activities and move to the

next step:

Out-of-field organ doses for real clinical scenario

Iva Ambrozova
Bordy Jean-Marc
Alberto Boso

Miguel Angel Caballero-Pacheco

Marie Davidkova
Marijke De Saint-Hubert
Carles Domingo
Martin Dommert
Vladimir Dufek
Francesco d’Errico
Jad Farah

Roger Harrison

Hrvoje Hrsak

Damian Kabat
Magdalena Ktodowska

Zeljka Knezevi¢

Renata Kopec

Jan Kubancak
Matgorzata Liszka
Marija Majer

Vladimir Mares
Immalucalada Martinez
Saveta Miljanic

Natalia Mojzeszek
Pawel Olko

Marie Romero-Exposito
Ondrej Ploc

Liliana Stolarczyk
Sebastian Trinkl

Agata Tobola

€uropean Radiation Dosimetry Group

in modern radiotherapy using different techniques — next ppt given by Zeljka Knezevié

Thank you for your attention!
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