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As overall survival (OS) rates in children’s cancer improve, the
prevalence of long-term survivors in this patient group increases. The
need for fine-tuning treatment to achieve best OS with minimal late
effects has therefore become increasingly more critical [1-3]. Ad-
vancements in modern radiotherapy techniques such as the application
of 3D volumetric image-guided radiotherapy (IGRT), adaptive radio-
therapy (RT) and, in some cases, motion management techniques (e.g.
breath-hold), are essential for enabling the accurate delivery of radia-
tion to the target volume whilst sparing nearby organs at risk (OAR).
These approaches are also applicable in paediatric radiotherapy, and are
fundamental to improve patient outcomes [4-6]. 3D volumetric IGRT
techniques, most often cone-beam CT (CBCT), is used to verify patient/
tumour positioning and ensure adequate dose coverage of the tumour
[4]. Technological advances have made daily image guidance feasible at
a modest additional investment of machine and staff resources and IGRT
is often considered standard of care. However, manufacturer default

acquisition protocols are designed with adults in mind. This is a concern,
since children attenuate the imaging x-rays less and are more dose-
sensitive and hence more susceptible to second primary tumours
caused by lower doses, e.g. the imaging dose or low-dose baths from
treatment plans [7-11]. Despite this, guidelines for optimising paedi-
atric IGRT with dose as low as reasonably achievable (ALARA) are
currently lacking [12-16].

Concerns over adding excess imaging dose for paediatric patients
may lead to reluctance to use daily treatment verification protocols such
as CBCT, and to some extent, even daily 2D kilovoltage (2D kV) imaging
[17]. Paediatric patients of different ages vary greatly in body-size. Dose
calculation studies in adults have shown imaging dose to be inversely
related to body-size, with lower Body Mass Index patients receiving a
higher dose from imaging [18]. Dose calculation studies have been
important in recommendations for dose restriction from imaging to
children to avoid severe late effects from imaging [17,19]. However,
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dose calculation studies in children have been based on adult IGRT
protocols applied to children, and not protocols specifically optimised
for paediatric patients [19-21]. Newer studies have proven low-dose 3D
protocols for children are possible without losing the benefits of IGRT.
These studies suggest that the CBCT dose for IGRT can be decreased by at
least a factor of 10 in children and adolescents and potentially decreased
to similar exposure of 2D kV imaging, while maintaining positioning
accuracy [7,22-24]. Practice patterns for paediatric IGRT have been
studied before and have shown increasing focus on paediatric-specific
protocols for IGRT as well as growing use of daily 3D imaging
[25,12-14]. However, current use of low-dose 3D protocols remains
unknown, and it remains unclear whether technical acquisition settings
have been fully optimised in all centres.

The objective of this paper was to collect current technical acquisi-
tion parameters from paediatric CBCT protocols throughout SIOPE
affiliated radiotherapy departments for brain/head and abdominal sites
as well as summarizing the literature that reports paediatric CBCT
protocols.

Methods and material

A literature search was first conducted in August 2022 with the aim
to summarise published paediatric CBCT protocols for IGRT. The Med-
line database (PubMed) was used to create a search string based on an
adapted PICO diagram2 (PEO = Population (children), exposure (IGRT
with CBCT), outcome (CBCT protocols for children)) with relevant
MeSH terms and text words. This yielded a total of 196 papers, of which,
113 papers were excluded based on the abstract and title. A total of 22
papers were included after full text review for data extraction upon
consensus by two authors (DE@, ABA).

We then conducted a survey via the SIOPE network of paediatric
radiation oncologists and collected data from 6 September to 22 October
2022. The survey was sent to 246 centres across 35 SIOPE affiliated
countries. Responders consented to participate and to be contacted by
email. The survey consisted of three parts: 1) demographic information,
2) CBCT settings for brain/head sites, and 3) CBCT settings for abdom-
inal sites. Full survey details are in appendix A. These two sites of in-
terest were chosen as they are very different in anatomy and
visualisation requirements. Acquisition and set-up protocols were asked
for both sites, with two additional questions addressing the use of 4D
CBCT and motion management for abdominal sites. The survey was
reviewed by the SIOPE ROWG prior to distribution.

Duplicate responses were removed. If ranges for quantitative pa-
rameters (e.g. current-exposure time, mAs) were reported, two protocols
for the lowest and the top value of the range were generated. CBCT
protocols reporting < 10 projections were removed from analysis,
assuming reporting error, because this was too few projections to
reconstruct a CBCT image. Suspected reporting errors were clarified
with responders; however, this was only possible if consent to be con-
tacted had been given.

Technical exposure settings were assessed with descriptive statistics
and compared between brain/head and abdominal protocols using the
unpaired two-samples Wilcoxon test to establish if protocols differed
significantly between body sites, vendors, modality (proton/photon),
centres reporting use of dose-reduction strategies, and centres using
motion management strategies. Pearson correlation was performed to
evaluate association between total mAs exposure and number of pro-
jections to establish if dose contributions came from higher mAs settings
per projection, or a greater number of projections. Set-up parameters

2 PICO diagrams are commonly used for systematic literature searches, e.g.,
Cochrane Meta-analyses. PICO = Population, Intervention, Comparison and
Outcome. Depending on the scientific field and question the PiCO diagram can
be customized and adapted to fit the research question better. https://www.co
chranelibrary.com/about/pico-search.
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were evaluated with descriptive statistics. Statements from free text
questions were categorised according to common themes and the count
per category was reported. Consensus for coding was agreed by two
authors (DE@, ABA). Free text answers from questions containing an
option for “Other, please specify” are detailed in Appendix B.

Results

Our literature search revealed 22 out of 196 papers with detailed
paediatric CBCT protocols for IGRT. Papers were divided into three
subgroups (optimisation studies, reported protocols and dose calcula-
tion studies). Only 7 papers were focused on optimisation of the pae-
diatric CBCT protocol. A full overview of the included papers is shown in
Table 1. It is evident that tube voltage (kVp) settings are more consistent
across protocols than other settings, e.g., mAs. mAs settings vary a lot in
some studies. This might be explained by the fact, that these included
had multiple anatomical sites. The heterogenous CBCT settings and
acquisition parameters, suggest that consensus is lacking. Four out of
seven optimisation studies reported using bowtie filter as a part of their
protocol. Ten studies reported protocols, but the majority are from a
single institution, where they likely use the same protocol. We found
that multiple anatomical sites were addressed in the protocol papers,
and that most studies were focused on thorax and abdomen. All opti-
misation studies addressed and assessed registration accuracy, but only
4/7 assessed visual image quality.

We received responses from 50/246 centres across 25/35 European
countries. 44/50 centres treated with photons and 10/50 with protons
(4 centres treated with both). Patients treated per year (p/y) were
divided into intervals: <10p/y: 11 centres, 11-25p/y: 12 centres,
26-50p/y: 12 centres, 51-100p/y: 7 centres, 101-150p/y: 7 centres,
>150p/y: 2 centres. Distribution of manufacturers and imaging mo-
dalities are shown in Fig. 1a-b. Varian was the most common vendor and
kV CBCT was the most used imaging modality amongst the centres.
Centres who used kV CBCT as the only imaging modality were 14/50
(28 %) for brain/head, and 13/50 (26 %) for abdomen. “Other” imaging
modalities are specified in Appendix B.

Technical settings for brain/head and abdominal sites were reported
by 30/50 and 31/50 centres respectively. 9/30 centres reported multi-
ple CBCT protocols for brain/head sites and 10/31 centres for abdom-
inal sites, with protocols adapted based on various factors including age,
weight, treatment modality or manufacturer, body size, or as a specific
low-dose protocol. In total, 48 brain/head protocols and 53 abdomen
protocols were reported.

Fig. 2 shows the distribution of frequency of CBCT use (Fig. 2a) and
tube voltage settings (kVp, Fig. 2b). Most protocols were used daily
(brain/head = 28/48 (58 %) and abdomen = 33/53 (62 %)). There was
greater consistency in kVp settings for brain/head sites than abdominal
sites, where 37/48 (77 %) of brain protocols used 100kVp compared to
18/53 (34 %) of abdominal protocols (Fig. 2b).

Further technical exposure settings are shown in Fig. 3. A signifi-
cantly higher mAs exposure was reported for abdominal protocols than
for brain/head protocols (Fig. 3a, p < 0.001), but the number of pro-
jections was consistent (Fig. 3b, p = 0.207). Across all brain/head and
abdominal protocols, total mAs exposure and number of projections
showed a moderate positive correlation (r = 0.48, p < 0.001), and the
median (interquartile range) of calculated mAs per projection was 0.20
(0.10-0.34) and 0.76 (0.30-1.25) mAs for the brain/head and abdomen
protocols respectively. This indicates that dose optimisation between
body sites is performed by adjusting mAs rather than number of pro-
jections.3 A significant difference (p < 0.01) in field of view (FOV) size

3 The number of projections is customizable to an extent, depending on
manufacturer configurations of projection frame rate and speed of rotation.
Linacs commonly have a maximum speed of 1 revolution per minute for safety
reasons.
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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
De Jong, 2014 [27] CSI - Elekta - 10-32 mA, - v v v
10-40 ms'
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 - 4
Huijskens, 2019 Abdomen, thorax 2-18 Elekta 120 10 mA, 10-40 180-760 -
[30] ms’
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' - -
[33]
Huijskens, 2018 Abdomen, thorax, 2.2-17.8 Elekta 120 10 mA, 10 ms' - -
[34] 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
Dgzierma, 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
ms'
Ding, 2010 [20] HN, thorax, pelvis 2.6 Varian 100-125 10-80 mA, - v
20-25 ms'

/= yes, x=10, - = not specified, * = protons centre, | = 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.
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Fig. 1. a) Distribution of IGRT manufacturers used, 24/50 centres had multiple treatment machines and of these, 13/50 centres had > 2 manufacturers. b) Dis-
tribution of imaging modality used as standard in paediatric IGRT. 42/50 and 35/50 centres used kV CBCT as standard for the brain/head and abdomen, respectively.
Both plots show number of centres out of 50 centres in total. Note that multiple manufacturers/imaging modalities could be selected by each centre. ns = not
specified, kV = kilovoltage, MV = megavoltage, 6 DOF = 6 degrees of freedom, MRI = magnetic resonance imaging.
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Frequency of CBCT use across protocols
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Fig. 2. A) distribution of cbct frequency across protocols, indicating how often a particular protocol is implemented b) distribution of kVp setting used across
protocols, where MV indicates megavoltage CBCT was used and ns = not specified. n = 48 brain/head and n = 53 abdomen protocols.

was found between sites, likely due to the increased FOV variation in
abdominal protocols. Significantly higher doses were reported for
abdominal protocols (p < 0.001), in agreement with reported higher
mAs exposure and larger FOV. For brain/head protocols, 27/48 (56 %)
used full-fan bowtie filters, 3/48 (6 %) used half-fan, and 16/48 (33 %)
used no filter. There was less consistency in abdominal protocols, as 22/
53 (41 %) used full-fan, 17/53 (32 %) used half-fan and 13/53 (25 %)
had no filter. Bowtie filter type was unreported in 2/48 (4 %) and 1/53
(2 %) of brain/head and abdomen protocols respectively. Note that in
Varian systems, the bowtie filter type is linked with field of view, where
full-fan mode is limited to <24 c¢cm [16].

Maximum number of CBCTs allowed in a single fraction was incon-
sistently reported. The most common maximum of CBCTs were for
brain/head protocols 2 (11/48, 23 %) or 3 CBCTs (11/48, 23 %), and for
abdominal protocols 2 CBCT (11/53, 21 %). However, this was overall
largely unreported in 14/48 (29 %) of brain/head and 22/53 (42 %) of
abdominal protocols.

Overall, greater consistency amongst brain/head protocols was
observed for all technical exposure parameters compared to abdominal

protocols.

A wide variation in computer tomography dose index (CTDI) for the
protocols was reported, spanning a reported dose range from 0.32 to
67.7 mGy for brain/head protocols and 0.27-119.7 mGy for abdominal
protocols. Dose was significantly higher (p < 0.01) in brain protocols
from Varian systems than Elekta systems, but not significantly different
(p = 0.68) for abdominal protocols. There was no significant difference
in dose between photon and proton modalities (brain: p = 0.43,
abdominal: p = 0.85). Table 2 lists the exposure settings reported to
achieve different dose ranges. It is evident that low-dose protocols were
more frequently used for brain/head than abdominal sites, with the
largest proportion of abdominal protocols falling within the highest dose
range (>10 mGy).

35 different set-up protocols were reported for each anatomical site
(brain/head and abdomen). Consensus was reached in the method used
for on-treatment CT-CBCT image registration for patient set-up, with
31/35 (89 %) brain/head protocols and 28/35 (80 %) abdominal pro-
tocols using automatic registration with manual adjustments. This was
followed by automatic matching only for 3/35 (9 %) brain/head and 5/
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Variation in number of projections across protocols
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Fig. 3. Exposure settings per CBCT scan. a) Distribution of total mAs exposure reported across all protocols (n = 42 brain/head, n = 49 abdomen), b) Distribution of
number of projections reported across protocols (n = 44 brain/head, n = 49 abdomen), ¢) Distribution of field of view (FOV) reported across protocols (n = 42 brain/
head, n = 48 abdomen), d) Distribution of dose reported across protocols (n = 42 brain/head, n = 46 abdomen), dose reported as computer tomography dose index
(CTDI) dose. Note that unspecified values were excluded from analysis. ns = not specified. **indicates highly significant (p < 0.001) differences between brain/head
and abdomen protocols, *indicates significant differences (p < 0.01) between brain/head and abdomen protocols.

Table 2
Summary of exposure settings applied to achieve CBCT scans.

No. protocols kvp

mAs No. projections FOV

Brain/Head protocols

0 <1 mGy 17 100 (100-100)
1 <2 mGy 10 100 (100-100)
2 < 5 mGy 12 100 (100-100)
5 < 10 mGy 0 -

>10 mGy 1 100 (100-100)
Abdominal protocols

0 <1 mGy 9 100 (100-100)
1 < 2mGy 3 100 (100-100)
2 < 5 mGy 8 115 (100-120)
5 < 10 mGy 9 120 (100-125)
>10 mGy 15 125 (120-125)

18.4 (18.0-42.1)
71.0 (40.3-130.5)
149.0 (144.8-150.0)

150.0 (150.0-150.0)

185 (183-366)
369 (367-471)
369 (198-500)

500 (500-500)

26.0 (20.0-27.0)
26.0 (25.0-27.0)
25.0 (21.0-26.1)

10.0 (10.0-10.0)

18.3 (18.0-33.0)
108.0 (74.0-454.0)
167.5 (150.0-252.5)
361.0 (283.0-478.1)
680.0 (668.0-725.0)

183 (180-330)
693 (447-797)
200 (143-538)
367 (330-500)
655 (415-785)

20.0 (20.0-21.0)
38.5(32.8-44.3)
26.7 (25.0-32.0)
33.7 (23.4-41.0)
45.0 (41.5-46.0)

Protocols within dose ranges from low dose <2 mGy, to higher dose >10 mGy. MV CBCT protocols and protocols where dose was unreported were excluded from
analysis and the number of protocols sampled in each dose range is shown. kVp, mAs, number of projections and field of view are all reported as median (interquartile

range).

35 (14 %) abdomen protocols.

In brain/head protocols, the anatomy considered by the registration
algorithm varied: 22/35 (63 %) used bony anatomy only, 11/35 (31 %)
used a two-step match on bone, then soft tissue. In contrast, only 7/35
(20 %) of abdominal protocols considered bony anatomy only, with the
majority (24/35, 69 %) performing a two-step match on bone then soft
tissue.

The most common set-up correction procedure across both sites was
to correct for both translations and rotations (19/35, 54 % of brain/head
protocols and 18/35, 51 % of abdomen protocols). This was followed by
correction of translations only in 13/35 (37 %) brain/head and 11/35
(31 %) abdominal protocols. Just 1/35 (3 %) abdominal protocol

corrected rotations only.

The median (interquartile range) for set-up tolerances for both
anatomical sites were similar, brain/head protocols: 1.5 (1.0-3.0) mm /
1.0 (0.2-2.3)° and abdominal protocols: 1.5 (0.8-3.0) mm / 1.0
(0.2-2.0)°. For abdominal protocols, only 3/31 (10 %) centres reported
that 4D CBCT was used at their institution.

There was no consensus on the use of motion management strategies
in abdominal sites, as most centres reported no strategy (36 %) and 30 %
of the centres gave no response, (Fig. 4). Use of motion management
strategies was not significantly associated with a reported dose (p =
0.88), suggesting that the possible improvement in image quality ach-
ieved through motion management strategies was not linked to use of a
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Motion Management strategies

No response 30%

Abdominal compression 13%

No strategies 36%

Bladder and rectal filing 2%
Surface guidance 2%

Breathhold 4%

4DCT 13%

Fig. 4. Distribution of motion management strategies among all centres (n = 50). Note this was only addressed for abdominal protocols.

low-dose protocol.

Strategies aiming to reduce dose were reported by 35/50 (70 %)
centres for brain/head sites and 30/50 (60 %) centres for abdominal
sites. The most common strategies for both sites were to reduce exposure
settings (brain/head: 19/49 (39 %), and abdominal: 19/49 (39 %))
followed by avoiding CBCT (brain/head: 7/49 (14 %) and abdominal: 3/
49 (6 %)) (Table Al in appendix B). Centres reporting that they imple-
mented reduced exposure settings had significantly lower dose abdom-
inal protocols (p < 0.05), but not brain/head protocols (p = 0.83).
However, brain/head protocols overall were significantly lower in dose
than abdominal protocols, suggesting that reported protocols already
consider the differences in imaging need between the two sites.

Limitations to implementing CBCT were reported by 31/50 (63 %)
centres. 11/50 (22 %) reported “No limitations”. Due to this low overall
response rate, it is difficult to define major obstacles to CBCT optimi-
sation (see Table A2 Appendix B). A comment that was repeated was the
obstacle of body size variation and dose optimisation, e.g., that dose
reduction may give good image quality in younger (smaller) patients but
may not be sufficient in older (larger) patients.

Discussion

To our knowledge, this is the first survey in paediatric IGRT
including specific technical settings for CBCT across European radio-
therapy centres. CBCT is widely used and, typically, daily. However,
large variations in technical acquisition parameters exist, with a greater
consistency for brain/head sites compared to abdominal sites. Our sys-
tematic literature search revealed that few papers focusing on paediatric
IGRT reported their protocol. In the 22 papers where protocols were
reported, little consensus was observed and only seven papers focused
on optimisation. Though it has been shown that low-dose CBCT for IGRT
is feasible for paediatric patients, this was not mirrored in the survey
with only 19 (39 %) centres reporting having optimised exposure set-
tings for paediatric patients. Consequently, there is an urgent unmet
need for implementing optimised paediatric IGRT protocols in clinical
practice.

Reliable setup verification ensures safe delivery of radiotherapy.
However, standardisation is challenging in a heterogenous patient
population such as paediatric patients. Paediatric patients differ in many
ways, e.g., age, body-size, and diagnosis. Many of them are also expected
become long-term survivors and state-of-the art techniques are essential
for minimizing late-effects [26]. It has been demonstrated that quality
assurance (QA) in radiotherapy trials improve outcomes [27-31]. An

increasing focus on ensuring high quality in paediatric radiotherapy
trials has given rise to QUARTET (Quality and Excellence in Radio-
therapy and Imaging for Children and Adolescents with Cancer across
Europe in Clinical Trials) [32-33]. QUARTET is a centralised external
radiotherapy QA programme that supports clinical radiotherapy trials
for children and adolescents across Europe. The mission is to ensure
equity for high quality of radiotherapy plans across Europe for paedi-
atric patients. Likewise, in 2008 paediatric radiologists launched the
ImageGently campaign to increase awareness of “one-size does not fit
all” in radiological procedures such as CT-scans [34]. Multiple protocols
for CT-scan settings — for children and adolescents — guided by body-size
and age have been suggested through the initiative [35-38]. Further-
more, Nagy et al recently published a systematic approach to reduce the
imaging dose in paediatric CT-scans [39].

Previous surveys on the use of paediatric IGRT across diagnoses and
institutions have reported a great variance in the applications for chil-
dren, use of child-specific protocols. use of imaging modalities and fre-
quency of acquisition. These surveys have together been pivotal in
demonstrating the need for paediatric IGRT guidelines [12-14]. The
present survey complements this published work by focusing on 3D
IGRT performed with CBCT and collecting the technical parameters for
contrasting sites: the brain/head and the abdomen.

We identified some limitations in our study. Only 29 centres out of
50 responding centres replied to all the questions, 30 replied with brain/
head protocols and 31 with abdomen protocols. We acknowledge that
the survey was very technical in its focus and hence, labour intensive for
the centres to provide full and complete answers. It was recommended
to consult the physicist responsible for paediatric RT at the institution,
and this added complexity for the responders in a busy clinical work
schedule. Another limitation is that only technical acquisition and
registration parameters were addressed. We recognise that image
quality is an essential part of IGRT optimisation, however, we believe
this would be better addressed in a workshop enabling e.g., peer-review
of image quality for different age groups and body sizes of patients.

From the literature review we found that low-dose CBCT for
abdominal sites has been shown to be appropriate in clinical practice (cf.
Table 1) [22-23,40-41,7-9]. A simulation study suggested that
increasing dose holds limited benefit to image quality due to the pres-
ence of dose-independent anatomical noise from abdominal motion
[9,23]. Interestingly, whilst the literature focused predominantly on
body sites, the results from our survey (cf. Table 2) showed that low-
dose protocols are primarily used for brain/head sites, suggesting that
recommendations from optimisation studies have not yet widely
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reached clinical practice in abdominal sites. Based on our survey and
review, we propose to make dose-optimised paediatric CBCT protocols
more accessible to all institutions by using a decision tree for imaging
modality and frequency as suggested by Hua et al, in addition to the
following steps [14]:

Minimize the dose by minimizing mAs.

e This can be done safely and easily and is already applied in daily
clinical practice in some institutions (cf. Table 2 and [9]).

Always use a bow-tie filter to minimize dose exposure.

e Both the survey and the literature review suggest that bow-tie filters
are under-used though they can easily be implemented in clinical
practice (cf. Table 1 and [22].

Develop a strategy for motion management in paediatric patients.

e A motion management strategy can improve clinical accuracy and
create more consistent images for IGRT [9].

In conclusion low-dose CBCT protocols for paediatric patient exist in
the literature but have not yet been widely adopted; we hope our survey
will raise awareness of this unmet need and encourage wider imple-
mentation of dose-optimised protocols. The survey itself do not ensure
that the reported protocols are fully optimised, and the literature
regarding this is somewhat scarce.

As radiotherapy is under constant development, it is likely that new
imaging technologies can further improve the balance between imaging
dose and quality, and protocol optimisation should be seen an integral
part of continuous quality improvement. The importance of quality
assurance in paediatric radiotherapy clinical trials is already recognised,
with groups such as QUARTET. We hope that IGRT protocols, complete
with technical details and QA recommendations, will be included in
such efforts.
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