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IGRT improves RT accuracy and precission but it involves an
additional dose (0.3 to 3 cGy)

Children have increased risk of radio-induced second malignancies:
-Age

-Genetic susceptibility
-Radiation dose

There is a lack of consensus guidelines on the optimal use of IGRT in pediatrics patients
Manufacturer default image acquisition protocols, designed for adults, are used for children
There is a lack of guidelines for optimizing paediatric IGRT with low as reasonably achievable.

Low dose 3D protocols for children decrease the dose by a factor of 10 maintaining position accuracy.
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Survey 2015

Data collected 1 sept-31 Oct 2015

Sent to 119 international Paediatric Radiation Oncology Society members
Eligible those centers treating adults and Paediatrics having IGRT capability
Aim: Evaluation of patterns of IGRT practice in paediatric vs adults

Survey description:
1. Five-item survey

2. Closed and open questions
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Survey 2015

Response rate: 43/119

Only 16/35 had a separate protocol for paediatrics

3/16 IGRT individualized (number of fractions, dose, margins, treatment intent, treatment machine...)
Most respondants SAME imaging frequency for paediatrics and adults (71% torso, 74% CNS, 83% other sites)
50% daily imaging

19% individualized approach

Nearly half of the respondants use the SAME scanning parameters for adults and paediatrics
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Survey 2015

Methods to reduce radiation exposure for IGRT

Reduction imaging frequency: 5

kV imaging : 4

reduce kV and mAs: 2

reduced field size : 2
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Survey 2015

Recommendations

* Reduction of mAs for CBCT (40-100 mAs)
* Exposure parameters adapted to size/weight (not only to age)
* Education to Radiation Oncologists and RTTs on dose optimisation in IGRT

* Need for consensus recommendations to guide clinical decision-making on optimal IGRT use for paediatric patients

* Need for guidelines for size specific dose optimization approaches
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Literature review on published paediatric CBCT protocols for CBCT (2022)

Table 1
Protocols extracted from the literature and grouped by the purpose of the study.
Author, year Anatomy Age Vendor kvp mAs No. of Bowtie Filter = Image quality Registration
(years) projections used evaluation evaluation
[ OPTIMISATION STUDY
Bryce-Atkinson, Mixed sites 6-13 Elekta 120 18-460.8 180-360 v v v
2021 [9]
Olch, 2021 [7] HN, thorax, Pelvis - Varian 80-125 50-1080 - - - v
Bryce-Atkinson, Mixed sites 1-16 Elekta 100 5-32 200 v v v
2020 [22]
Huang, 2019 [26] - - Varian 80 100 - v - v
Alcorn, 2019 [8] CNS 1-20 Elekta 100 31.5 183 x v v
Rao, 2019 [23] Abdomen 1.5-9.2 Elekta 100-120  31.5-63 315 x - v Hete rogeneous SetUngs and pa rameters
De Jong, 2014 [27] CSI - Elekta - 10-32 mA, - v 4 v
10-40 ms' suggest lack of consensus
REPORTED PROTOCOLS
Yuan, 2022 [28 HN - Elekta 100 18.2 182 -
Sheikh, 2022 [16 Mixed sites 0-18 Hitachi* 100 - - - . . . .
Uh, 2021 [29 Abdomen/pelvis 1-23 Hitachi*  90-125 10-60 - v Some Of the Optl mization StUd|eS
Huijskens, 2019 Abdomen, thorax 2-18 Elekta 120 10 mA, 10-40 180-760 = H H H H
. s did not address visual image quality (4/7)
Guerreiro, 2019 Abdomen 1-8 Elekta 100 16 mA, 10 ms' = =
[31
Huijskens, 2018 Abdomen, thorax 8.6-17.9 Elekta 120 10 mA, 10 180-760 -
[32] or40ms'
Guerreiro, 2018 Abdomen 1-8 Elekta 100 16 mA, 10 ms' - -
100
Huijskens, 2018 Abdomen, thorax, 2.2-17.8 Elekta 120 10 mA, 10 ms' = =
[3 spine
Huijskens, 2017 Abdomen, CSI, 2-18 Elekta 120 10 mA, 10 180-760 -
[35 thorax or40ms’
Huijskens, 2015 Abdomen, thorax, 1.6-17.8 Elekta - - - v
[36 spine
DOSE CALCULATION STUDY
Dzierma, 2018 Abdomen, thorax 5-17 Siemens 121 200-700 200-360 -
[18]
Son, 2017 [37] Mixed sites 5 Varian 100-125 72-720 360-655 v
Kim, 2016 [38] Abdomen 5 Varian 125 40-80 mA, 650-700 v
10-25 ms'
Deng, 2012 [10] Abdomen, CNS 2.75-6 Varian 60-125 80 mA, 13-25 - v
f
ms
Ding, 2010 [20] HN, thorax, pelvis 2.6 Varian 100-125 10-80 mA, - v
20-25 ms'

v/ =yes, x= 1o, - = not specified, * = protons centre, f=mAs per projection, otherwise total mAs is reported directly from the study or by calculation from the reported
number of projections and mAs per projection, CSI = craniospinal irradiation, HN = head and neck, CNS = central nervous system.

D. E. Ostergaard et al. Radiother. Oncol. 2024



Survey SIOPE 2022

Data collected 6 sept-22 Oct 2022
Sent to 236 centers/ 35 SIOPE affiliated countries

Survey description:
1. Demographic information
2. CBCT settings for brain/head site

3. CBCT settings for adbodminal sites

Data analysis

Removal of duplicated responses

When ranges of quantitative parameters were reported, two protocols were generated (lowest and top values)
CBCT protocols reporting <10 projections removed from analysis

Suspected errors clarified with responders
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Survey SIOPE 2022 i

Responses:

50/246 Centers
25/35 European countries

Treatment modality

Patients treated per year

Vendors

Imaging modalities

44 centers Photons EBRT
10 centers Protons EBRT

<10 p/y 11 centres
11-25 p/y 12 centres
26-50 p/y 12 centres
51-100 p/y 7 centres
101-150 p/y 7 centres
> 150 p/y. 2 centres
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Survey SIOPE 2022

Responses:

50/246 Centers
25/35 European countries

15/50 brain/head
13/50 abdomen

Using kV CBCT as only imaging modality:

Number of centres
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Survey SIOPE 2022
CBCT frequency

Technical settings:
60%
Brain/head: 30/50 centres
Abdomen: 31/50 centres

40%

Reported protocols:

Percent

Brain/head: 48
Abdomen: 53

20%

0%

Most protocols
Daily CBCT

Daily

Multiple in first
week, then weekly

Three times

per week

Brain

Twice per week

Frequency of CBCT use across protocols

Weekly

Weekly with
daily 2D planar

@ >

= ®

o o
Frequency

Multiple in first
week, then weekly

Three times

per week

Abdomen

Twice per week

Weekly

Weekly with
daily 2D planar

Other



Survey SIOPE 2022
kVp

Variation in tube voltage (kVp) across protocols

Brain | Abdomen

Technical settings: 80%

Brain/head: 30/50 centres
Abdomen: 31/50 centres 60%

Reported protocols:

‘E 40% 1
: S
Brain/head: 48 K
Abdomen: 53
20%1
| - - e S
High agreement for brain/head 80 90 100 110 120 125 225 MV ns 80 90 100 110 120 125 225 MV ns

Variability for abdomen
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Survey SIOPE 2022
kVp

Reported protocols:

Brain/head: 48
Abdomen: 53

* Higher mAs abdominal protocols p<0.001

* Consistency number of projections between head and
abdomen

* mAs and projection number moderate + correlation:

* Head 0.20 mAs/projection
* Abdomen 0.76 mAs /projection

* Dose optimization mAs rather than projection number
* Use of bowtie filters

* Brain/Head

27 full-fan bowtie filters
3 half fan

16 no filter

* Abdomen

22 used full-fan bowtie filters
17half fan

13 no filter

Total exposure (mAs)

a)
1100{
10001

~N ® O
o O O
o © o

6001

o
o
o

4001
3001
2001
1001

c)
601

501

Field of view (cm)
w P
2 Q

n
o

Variation in total exposure (mAs) across protocols

XX

°
0000 - 000000000

° ‘
¢ 'Oooon'hoo“ '

Brain

'0
]

.

°
%e
°
s
4
0030830

Abdomen

Variation in field of view across protocols

*

(1]

oo o"/i'- P i
*%o 0od
o000
000

Brain

Abdomen

8001

Number of projections

CTDI dose (mGy)

Variation in number of projections across protocols

p=0.207

° 0000000
—ooedger
% 000000000 ‘ %00
PUDORCISPPPPY 4
%, | ”
e0000000d® 450:'&'
®0p0 %000
°
Brain Abdomen

Variation in dose across protocols

* %

i
00000002088888883 200000 000 | -0gd! oo

Brain

Abdomen

Modality

X ns
® Photon
O Proton

Site

@ Brain
® Abdomen



% Hospital de la Santa Creu i Sant Pau

Survey SIOPE 2022

Dose
Table 2
Summary of expocure settings applied to achieve CBCT scans.
No. protocols kVp mAs No. projections FOV

Brain/Head protocols
0 < 1 mGy 17 100 (100-100) 18.4 (18.0-42.1) 185 (183-366) 26.0 (20.0-27.0)
1 <2 mGy 10 100 (100-100) 71.0 (40.3-130.5) 369 (367-471) 26.0 (25.0-27.0)
2 < 5 mGy 12 100 (100-100) 149.0 (144.5-150.0) 369 (198-500) 25.0 (21.0-26.1)
5 < 10 mGy 0 - - - -
=10 mCy 1 100 (100-100) 150.0 (150.0-150.0) 500 (500-500) 10.0 (10.0-10.0)
Abdominal protocols
0 <1 mGy 9 100 (100-100) 18.3 (18.0-33.0) 183 (180-330) 20.0 (20.0-21.0)
1 <2 mGy 3 100 (100-100) 108.0 (74.0-454.0) 693 (447-797) 38.5(32.5-44.3)
2 < 5 mGy S 115 (100-120) 167.5 (150.0-252.5) 200 (143-538) 26.7 (25.0-32.0)
5 < 10 mGy 9 120 (100-125) 361.0 (283.0-4738.1) 367 (330-500) 33.7 (23.4-41.0)
=10 mGy 15 125 (120-125) 680.0 (668.0-725.0) 655 (415-785) 45.0 (41.5-46.0)
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Survey SIOPE 2022

Image repetition

Brain/head

B unreported M2 H3

Abdomen

B unreported M2 E3
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Survey SIOPE 2022
Set Up Protocols

Method for image registration

number of protocols
[ — N N w
o v O U O

O]

Brain/Head Abdomen

o

M automatic registration with manual adjustment ® Automatic matching

number of protocols
[ = N N w
3] o 03] o €] o

o

Anatomy for image matching

Brain/Head

B Only bony anatomy

Abdomen

B Two step mach (bone/soft tissue)
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Survey SIOPE 2022
Set Up Protocols

Set-up correction procedures Motion managementstrategies (abdomen)

20

18
™ 16
S = No response
o 14
g_ 12 " No strategy

10
“é 8 = Bladder and rectal filling
3]
'g 6 Surface guidance
D w4
c 5 = Breathhold

0 W— = 4DCT
Brain/Head Abdomen m Abdominal compression

M Correct translations and rotations M Only translations ® Only rotations

_ Tolerance (translation) Tolerance rotation

Brain/Head 1,5 mm (1-3) 12 (0,2-2,3)

Abdomen 1,5 mm (0,8-3) 1 (0,2-2,0)
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Survey SIOPE 2022

Strategies to reduce dose

Dose reduction strategies implemented
(Brain/head)

HYes HMNo

Strategies
(Brain/head)

B Reduce exposure settings M avoid CBCT
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Survey SIOPE 2022

Strategies to reduce dose

Dose reduction strategies implemented
(Abdomen)

HYes HNo

Strategies
(Abdomen)

B Reduce exposure settings M avoid CBCT
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Survey SIOPE 2022
Main findings

Daily CBCT is widely used
Large variation in technical acquisition parameters (more consistency for head/brain)
Although low-dose CBCT for IGRT is feasible for paediatric patients only 39% of surveyed centers have optimized CBCT

URGENT need FOR IMPLEMENTING optimizsed paediatric IGRT protocols.



Hospital de la Santa Creu i Sant Pau

&k

Wrap up from the two surveys
Recommendations

From 2015 to 2022 increase of the use of daily CBCT
Still most of the centers have not optimized image protocols
The recommendations from 2015 survey still up-to-date:

* Exposure parameters adapted to size/weight (not only to age)
* Education to Radiation Oncologists and RTTs on dose optimisation in IGRT

* Need for consensus recommendations to guide clinical decision-making on optimal IGRT use for paediatric patients

* Need for guidelines for size specific dose optimization approaches
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To be adapted for RT imaging

" (One'sizeidoes:
not fit all...

These's no question — CT helps us save kids® fives!
But...When we image, radiation matters|

Children are mere sensitive to radiation.

What we do now lasts their ifetime.

Sa, whea we image, let's inage gently.

More is often not bettec

Whea CT s the nght thing to de:

® Child size the kVp and mA

© Doz stan (smgle phase) is often enough
© Scan only the indicated area

b vewry owamp bon te Aecr = P “dety o bt uagey

Y B image
ﬁ gently*

~ ’ \btWIWI'IQ )11.);
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To be adapted for RT imaging

Imaging for all kids

Radiation dose for a pediatric abdominal scan

T 3mSv

T 2mSv

-T- 1mSv
Children’s Hospital National standard
of Wisconsin (American College of
Radiology)

At Children’s Hospital of Wisconsin, we strive to use less radiation in our tests than any
other health system. Our expertise allows us to conduct imaging exams the right way, at
the right time, and only when necessary — which means providing the best and safest care
for your child.

rate (doing an exam more of combined experience little extra to get
than once) is well below the in the field of pediatric them through an exam.
national average of 5.5% imaging Whether that means
playing music, singing
songs, watching videos or
enjoying a star machine,
we'll do what it takes.

I 3-6% - Our repeat 1,000"’ Years n Some kids need a

Children’s

Hospital of Wisconsin

Kids deserve the best.



