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ARTICLE INFO ABSTRACT

Keywords: Background and purpose: Children receiving radiotherapy for head-and-neck tumours often experience severe
Dentofacial dentofacial side effects. Despite this, recommendations for contouring and dose constraints to dentofacial
Radiotherapy structures are lacking in clinical practice. We report on a survey aiming to understand current practice in con-

E:f:f;:’l::se effects touring and dose assessment to dentofacial structures.
Contouring Methods: A digital survey was distributed to European Society for Paediatric Oncology members of the Radiation

Oncology Working Group, and member-affiliated centres in Europe, Australia, and New Zealand. The questions
focused on clinical practice and aimed to establish areas for future development.

Results: Results from 52 paediatric radiotherapy centres across 27 countries are reported. Only 29/52 centres
routinely delineated some dentofacial structures, with the most common being the mandible (25 centres),
temporo-mandibular joint (22), dentition (13), orbit (10) and maxillary bone (eight). For most bones contoured,
an ‘As Low As Reasonably Achievable’ dose objective was implemented. Only four centres reported age-adapted
dose constraints.

The largest barrier to clinical implementation of dose constraints was firstly, the lack of contouring guidance
(49/52, 94%) and secondly, that delineation is time-consuming (33/52, 63%). Most respondents who routinely
contour dentofacial structures (25/27, 90%) agreed a contouring atlas would aid delineation.

Conclusion: Routine delineation of dentofacial structures is infrequent in paediatric radiotherapy. Based on
survey findings, we aim to 1) define a consensus-contouring atlas for dentofacial structures, 2) develop auto-
contouring solutions for dentofacial structures to aid clinical implementation, and 3) carry out treatment
planning studies to investigate the importance of delineation of these structures for planning optimisation.

Dose-volume constraints

Introduction diagnosed with cancer each year [1]. Tumours located in the brain,
central nervous system (CNS), intracranial, or head-and-neck account
Worldwide, approximately 400,000 children and adolescents are for over a third of such diagnoses [2,3]. Due to significant advancements
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in cancer treatment over the past 40 years, up to 85 % of children living
with cancer in high-income countries will survive five years or more,
and many will be cured [4,5]. Radiotherapy plays a main role in curative
treatment [6,7], but due to increasing survival after irradiation, child-
hood cancer survivors are at significantly increased risk of developing
late toxicities [8].

Children with head-and-neck tumours are at risk of experiencing
severe late adverse effects that affect the face and teeth, due to dose
received by the dentofacial structures. In particular, children irradiated
before their pubertal growth spurt experience dentofacial side effects
due to the radiation having a growth halting effect on the development
of bones and tissues [9]. Impacted dentofacial structures will include
(but are not limited to) the mandible, temporo-mandibular joint (TMJ),
nasal bones, ethmoid bones, sphenoid, maxillary bones, dentition, and
orbit. As a child ages and un-impacted bones grow, facial disfigurement,
hypoplasia or clinical asymmetry will become more apparent. Clinically
significant facial asymmetry has been reported in ~ 77 % of children
treated with radiotherapy to the head-and-neck [10]. Dental problems in
this population such as tooth absence, microdontia, or defective roots/
enamel have also been reported at rates between 33 % and 100 %
[9,11,12]. The variation in rates is likely a result of the heterogeneity of
dose to whole bones, or bony sub-structures, which results in areas of
high, intermediate and low dose, all with different effects on bony
development [11]. Other dental problems such as caries can also occur
secondary to salivary dysfunction due to dose received to the salivary
glands [12,13].

Despite the high incidence of dentofacial side effects in childhood
cancer survivors — dose to dentofacial structures is infrequently reported
compared to dose-response relationships for other late adverse effects
such as, chronic endocrine or neurologic conditions [14]. However,
dentofacial side effects are life-altering and are linked to emotional
distress and reduced quality of life [15]. Dysfunction can also occur
secondary to these effects, such as difficulties in respiration and
alimentation [14]. Further to this, reconstructive options are very
limited, therefore prevention of dentofacial side effects would be
preferable.

So far, understanding of dose-response relationships for dentofacial
structures is limited. In a review from the Paediatric Normal Tissue Ef-
fects in the Clinical (PENTEC) on dental and salivary side effects, a
consensus recommendation of mean dose to the teeth of less than 20 Gy
for children less than 4 years old was reported based on limited evidence
[12]. There is yet to be a consensus reported for facial bones, with a
limited sample of studies defining dose constraints from retrospective
data (e.g., maximum dose < 40GyRBE to the orbital rim [16]). However,
we expect such dose constraints will depend on the individual facial
bone and age of the patient, as bones develop at different rates in a
growing child. For example, most of the calvarium is usually developed
by the age of 5, but craniofacial growth centres continue developing in
the second decade of life [17]. With increasingly more conformal
treatments being implemented clinically, including proton beam ther-
apy, more specific sub-structures (or growth centres/sutures) for dose
reporting may be required.

A potential challenge in the implementation of dose constraints to
dentofacial structures is the contouring of these structures on radio-
therapy planning computed tomography (CT). There is currently no
literature reporting on contouring practices for dental or facial struc-
tures in paediatrics [18]. In this article, we report on a survey that aims
to gain increased understanding of current practice in dose assessment
and contouring of dentofacial structures in paediatric radiation
oncology centres. We also investigate potential future initiatives to work
towards minimising dentofacial side effects in childhood cancer
survivors.

Methods

A digital survey was distributed via email to European Society for
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Paediatric Oncology (SIOP Europe) members of the Radiation Oncology
Working Group (ROWG), and member-affiliated centres in Europe (see:
https://siope.eu/Radiation-Oncology-Centres), Australia, and New
Zealand (a preview of the survey is available as Supplementary Material
A). On distribution, we requested that each paediatric radiation
oncology centre would submit only one response. Centres were asked to
confirm consent to participate in the questionnaire, and progression
through all sections of the online survey was automatically recorded by
Qualtrics software, QualtricsXM, Copyright © 2022 [19]. Centres were
given one month to respond before the survey was closed.

All responses were collated for analysis and visualisation using R
version 4.0.2 [20]. Responses were excluded if consent was not
confirmed, or institution name was missing. For centres with multiple
responses, we included the entry that was most complete (i.e., response
with the fewest number of skipped questions). If the same number of
questions were complete in both responses, one entry was selected at
random.

The questionnaire consisted of two sections. Section A (question (Q)
1 - Q5) collected data on the current clinical practice with delineation of
dentofacial structures and barriers to assessing dose to dentofacial
structures in clinical practice. The complete list of questions is included
as Supplementary Material. The survey questions were developed by a
multi-disciplinary team (paediatric consultant oncologist, maxillofacial
surgeon, expert in late-effects and a medical physics researcher) and
adapted in discussion with SIOPE ROWG. Additionally, a wide literature
search was performed to identify the potential structures of interest. All
questions were based on challenges radiation oncologists involved were
currently facing in routine clinical practice. Centres that reported con-
touring at least one dentofacial structure in routine practice (Q1) were
asked to provide details on contouring practice and radiotherapy dose
tolerances used in Q6. Section B focused on potential areas for future
development (Q7) and participant information for further communica-
tion (Q8 and Q9). Any free-text responses to the survey were encoded by
theme by the first author in discussion with the other co-authors.

Results
Response collection

The survey was distributed to 410 individual contacts, which was
expected to cover approximately 121 listed institutions across 31
different countries. In total, 60 responses were complete at survey
closure. After excluding four duplicate entries and four responses with
missing department information, 52 complete responses from 27 coun-
tries were available for analysis (46 Europe, five Australia, and one New
Zealand). The final response rate was 43 % (52/121) of listed in-
stitutions, covering 87 % (27/31) of countries that were included. The
distribution of those 52 centres per country is shown in Fig. 1.

Current practice

Most centres reported that dose assessment of dentofacial structures
is clinically beneficial in children yet to reach their pubertal growth
spurt 37/52 (71 %), and 11/52 (21 %) were unsure. The four re-
spondents who did not find it clinically beneficial cited reasons related
to lack of knowledge on dose-response (2 answers) and questioned the
feasibility of implementation (3 answers). Similar responses were
recorded for dentition (Fig. 2A).

Despite the interest in assessing dose to dentofacial structures, only
29 centres (56 %) are routinely delineating one or more dentofacial
structures in practice (Fig. 2B). The main barriers to dose-assessment
were primarily a lack of guidance on which, and how, anatomical
structures should be delineated (49/52, 94 %) and secondly, time
required to delineate (33, 68 %) (Fig. 3). Ten out of 52 centres (19 %)
provided a free-text response to this question, with the majority sug-
gesting research is required to determine clinical relevance and assess
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Fig. 1. Locations of the centres who participated at the survey represented by a frequency map of the number of centres per country. Colours on the map scale from

one to six centres per country.
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Fig. 2. A) A bar chart representing the benefit of assessing the dose to facial bones and dentition in routine practice. Results are presented for facial bones (dark grey)
and dentition (medium grey). B) Percentage of departments routinely contouring one or more dentofacial structures in routine practice.

the impact of conformal radiotherapy practices (e.g., intensity modu-
lated radiotherapy (IMRT) (5/10 answers)).

In relation to the potential salivary impact on dentition, 21/52
centres (40 %) did not consider the minor salivary glands, 27/52 (52 %)
included them in a composite oral cavity contour, and three centres
delineated them separately.

Contouring and dose assessment

Out of the 29 centres who contour one dentofacial structure as a
minimum, 27 centres answered questions relating to their practices. The
results in this section therefore report on the 27 centres who provided
this information. Fig. 4 displays the distribution of individual structures
contoured by these centres. Two centres contoured a ‘composite structure’
rather than specific dentofacial structures; one of these centres stated
that the composite structure encompasses the mandible, maxilla, nose,

and oral cavity. Four centres reported additional soft-tissue structures
that are contoured, which were the oral cavity, salivary glands, parotid
glands, and pharyngeal constrictor muscles.

The centres who completed this section provided contouring and
dosimetric information for each dentofacial structure individually. Most
centres reported that Radiation Oncologists (RO) complete all contour-
ing (13/27), while 3/27 reported that a Radiographer or Dosimetrist
(RTT) led contouring, and 5/27 divided the responsibility between ROs
and RTTs. Two centres implemented automated tools but provided
limited information on specific product names and versions. Four cen-
tres did not provide any contouring information for the specific
structures.

Although most centres did not report using an automated solution in
current practice, 19/29 centres (66 %) were interested in having an
automated solution as an option for aiding the delineation of dentofacial
structures. Only 19/27 (70.4 %) centres stated they were confident in
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Q5) What are the main barriers to contouring, assessing dose or applying dose constraints
to dentofacial bones in clinical practice?

No consensus or guidance
on what and how to contour

Time-consuming

Answer

Other 10 (19%)

Not clinically relevant

4 (8%)

49 (94%)

33 (63%)

Number of participants

Fig. 3. A bar chart representing the consensus across centres on the main barriers to contouring, assessing dose, or applying dose constraints to dentition or facial

bones in routine clinical practice.

Q6) Which dentofacial bones are contoured in routine clinical practice?

Mandible

™J

Dentition

Orbit

Maxillary

Answer

Other 5 (19%)

Sphenoid 3 (11%)
Nasal 2 (7%)
Composite Structure

2 (7%)

Ethmoid 1 (4%)

25 (93%)
22 (81%)
13 (48%)

10 (37%)

8 (30%)

Number of participants

Fig. 4. Number (and percentage) of centres that contour each bone in clinical practice (out of 27 centres that completed this information).

reviewing contours for dentofacial structures and 26/27 agreed that an
atlas would aid delineation and/or review of auto-contours.

Dose objectives implemented in clinical practice for each structure
are displayed in Table 1, for most centres this was an “as low as
reasonably achievable” (ALARA) objective. A small number of centres
(8/27) defined a mean (Dmean) or maximum dose constraint (Dmax)
constraint for a specific structure. Age adapted dose constraints were
used in 4/27 centres. For this small number of centres, dose constraints
were determined by puberty or facial development (i.e., if growth-plates
are fused) but no information was provided on how this is assessed in
practice.

Future initiatives

Most centres (49/52, 94 %) were interested in initiatives to improve
understanding of dentofacial late adverse effects post-radiotherapy for
childhood cancer. In particular: 88 % of centres (46/52) were willing to
participate in an online contouring workshop, 63 % (33/52) expressed
interest in an online symposium to discuss current research and the
potential for future collaboration, and 28/52 centres were willing to join
a working group.

Discussion

While it is known by the radiotherapy community that it is important
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Table 1
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Details of dose objectives reported in the survey. The completion column shows the number of centres that provided dosimetric information for each structure, as a
percentage of the number of centres that were included in the overall survey results. The table reports the number of these who use an ALARA dose objective or a

specified dose constraint.

Completion Rate (number of centres reporting dose objective/

Dose objective

DMax Range [Gy] DMean Range [Gy]

number of centres overall) ALARA  Specified Both  Unknown (count) (count)
constraint

Mandible  23/52 (44 %) 17 3 2 1 60-72(n=5) 20-60 (n=2)
T™J 20/52 (38 %) 15 1 3 2 50-60 (n=3) 20-30(n=2)
Dentition  12/52 (23 %) 8 1 2 1 10-20(n=2) 100m=1)
Orbit 8/52 (15 %) 6 0 1 1 - 20(n=1)
Maxillary 7/52 (13 %) 4 1 1 1 - 20(n=1)
Sphenoid 3/52 (5.8 %) 2 0 0 1 - 20(n=1)
Nasal 2/52 (3.8 %) 1 0 0 1 - 20(n=1)
Ethmoid 1/52 (1.9 %) 1 0 0 0 - -

to evaluate dose to dentofacial structures, we demonstrate with quan-
tifiable numbers how infrequently this is done in clinical practice. For
example, only 56 % of centres across Europe, Australia and New Zealand
currently delineate one or more dentofacial structures as standard. We
have also identified lack of contouring guidance for dentofacial struc-
tures as the largest barrier to clinical implementation. This survey raises
awareness of the lack of evidence in this space and motivates the clinical
need for a solution.

As far as the authors are aware, this is the first survey aiming to
understand current international practice in contouring and dose
assessment to dentofacial structures in radiotherapy for children with
head-and-neck tumours. Although clinical practices have not been
directly reported on, the link between higher radiation dose, younger
age, and dentofacial toxicities is documented [14]. Only eight centres
reported on specific dose objectives to few structures (i.e., mandible,
temporo-mandibular joint, dentition). Perhaps not surprisingly, we did
not find a formal systematic review on dose-response evidence for
dentofacial effects in head-and-neck radiotherapy for children. The
closest to this was evidence collated by PENTEC on dental and salivary
dose-response, [12], but this has not been extended to include facial
structures. This has motivated the need for such work, and we are
currently performing this systematic review.

The availability of current evidence is important when considering
the time burden of delineation — as 63 % of paediatric centres high-
lighted contouring time as a significant barrier. In the survey, we did not
ask centres to report the time taken to delineate specific dentofacial
structures, as we felt this would be sensitive to the expertise and training
of the individual contouring. From our own experience, we estimate this
could be anywhere between 10 and 15 min for the mandible, to over 3 h
for the complete set of structures included in this survey. If we combine
this with contouring time for other organs at risk, and the clinical target
volume — this would be greater than 4 h for a single case [21,22].
Considering this in the context of current clinical trials, the rhabdo-
myosarcoma trial, FaR-RMS (NCT04625907), emphasises the impor-
tance of contouring the facial bones, but guidelines are not yet available
to aid the delineation process. This further reflects the importance of
raising awareness on the challenges faced when assessing dose-response
in routine practice.

To identify dose-response relationships, there is a need for accurate,
objective measurement of toxicities to enable large-scale retrospective
studies. Such studies could lead to implementation of specific dose
constraints that will provide evidence of reduction of dentofacial side
effects in clinical practice. On developing such dose constraints, it is
imperative to consider other factors such as age, gender, tumour loca-
tion, and previous surgery. In this survey, we found that age-adapted
dose constraints are infrequently implemented clinically (4/52 cen-
tres), despite the fact that age at the time of treatment is known to
impact the risk of dental abnormalities [12], and facial disfigurement
[10]. In fact, most (but not all) facial asymmetry has been observed in
those patients treated before the pubertal growth spurt [23]. However,

we expect this will depend on tumour location as different facial bones
develop at differing rates [17].

As a starting point to develop dose-response evidence, existing data
repositories could be utilised. The recommendation to keep mean dose
to dentition < 20 Gy for children less than 4 years old, where possible,
stated by PENTEC was based primarily on analysis of the Childhood
Cancer Survivor Study (CCSS). This analysis identified that mean dose to
the jaw of < 20 Gy was associated with increased risk of dental abnor-
malities in children under the age of ten at irradiation, and doses greater
than 20 Gy increased the risk for all ages [16]. Older reports were also
included in this review, which suggested doses as low as 4 Gy to the
developing dentition is linked to tooth abnormality [17]. But, the data-
sets available were limited, and only one study reported detailed dos-
e-response data on individual teeth [13]. For facial structures, retro-
spective data-sets have been utilised to derive dose-response
relationships for the orbital region [16]. A limitation in many of these
analyses is that treatment techniques are typically historic (which is
partially influenced by the long-term follow-up required for study) [14].
To support this, effort should be made to capture and evaluate delin-
eation and late adverse effect data in routine clinical practice as well as
new prospective trials. A SIOPE project coined QUARTET (Quality and
Excellence in Radiotherapy and Imaging for Children and Adolescents
with Cancer across Europe in Clinical Trials) supports the radiotherapy
quality assurance for prospective trials and will help to capture such
data for future evaluation. The reporting of late adverse events is
included in some QUARTET affiliated rhabdomyosarcoma trials such as
FaR-RMS (NCT04625907) from the European paediatric soft tissue
sarcoma group (EpSSG), but further long term follow up studies are
required to support this effort.

Despite limited dose-response evidence, 92 % of centres felt that
there is a clinical benefit to delineating and assessing dose to dentofacial
structures in routine practice. An important point to consider is that a
better understanding of dose-response may not always lead to plan
adaptation to allow better sparing and balance of planning objectives
than previously possible. However, the reduction of the total dose to
organs-at-risk may be more likely with conformal radiotherapy tech-
niques (IMRT and proton beam therapy) e.g., by adjusting the number of
beams or the angle of beam entry [24]. It will also be imperative to
analyse freedom we have for adjustment in different clinical cases (e.g.,
parameningeal vs orbital rhabdomyosarcoma). In addition, a greater
understanding of the dose response relationship and additional infor-
mation on the risk can better inform patients and guardians on potential
toxicities during decision making for treatment preferences as well as
long-term follow-up practices [25]. This aids the process of gaining
informed consent from parents before the initiation of radiotherapy.

In this study, we identified some limitations in our survey design.
Firstly, the answers rely on the knowledge and experience of the
respondent who is completing the survey on behalf of the centre, and we
did not request this information. Secondly, some of questions rely on the
respondent’s subjective interpretation based on individual clinical
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experience, i.e., Q2/3 asked respondents if they think assessing dose to
dentofacial structures is clinically beneficial, and Q6f asked how confi-
dent respondents felt in reviewing or editing auto-contours. Although
we hope responses to such questions were discussed within each indi-
vidual centre, we cannot confirm that this was the case. Furthermore,
each response could be limited by recall-bias. In a survey requesting
contouring information, it is unlikely that details of contouring that is
performed will be omitted. It is more likely that respondents will over-
estimate the contouring performed in practice. As a result, correction for
recall-bias would likely provide further support to our conclusions.

Finally, as there are limited dose constraints implemented in current
practice, there is a limited sample of centres (29/52, 56 %) who report
on dosimetric and contouring information on facial bones. Furthermore,
as only four centres (8 %) implement age-adapted dose constraints, we
could only make limited conclusions on responses provided by a small
number of centres. Additionally, only a few centres implemented auto-
contouring solutions, and there was limited free-text information on
product details and specific versions. These centres reported on a mix of
commercially available and in-house manufactured research solutions,
including: syngio.via RT Image Suite (Siemens), Raystation auto-
contouring atlases (RaySearch Laboratories AB, Sweden), tools from
Mirada Medical Limited (Oxford, UK) and a homemade tool (Dosimetric
Evaluation of Risk of Osteoradionecrosis: DERO) [26]. As far as the authors
are aware, no literature has been reported on commercial solutions for
contouring specific dentofacial structures in paediatric patients — so we
cannot conclude whether such solutions are feasible to implement or
beneficial for paediatrics.

Future development of automated tools could aid delineation of
dentofacial bones specific to paediatric anatomy [27]. Most treatment
planning systems (TPS) will accept DICOM-RT Structures from outside
of the TPS. Automated tools could be designed as a third-party solutions
(e.g., atlas or deep-learning based [28]) with DICOM-RT output, so that
the automatically contoured structures could be imported into any TPS.
Alternatively (and arguably preferably in terms of workflow) automated
tools would be incorporated into many TPS’s, but this would require
collaboration with vendors and a commitment on their part to provide
dedicated solutions for this unique, but small, patient group where
commercial incentive may be limited. Alongside the development of
such tools, retrospective analysis techniques, such as, image-based data
mining could help identify particular (sub-)structures of importance
[29,30]. In this survey, the mandible, TMJ, and dentition were the most
common delineated bones across paediatric radiotherapy centres —
likely reflective of the fact that there are guidance and contouring
atlases available for these bones. However, such atlases are primarily
developed for adult head-and-neck radiotherapy [31-33], and it is un-
known whether these translate to developing bones and teeth in children
[31]. Overall, contouring atlases are widely used in radiation oncology
to standardise volumes, harmonise contouring across centres, reduce
inter-observer variability and reduce the time taken to contour [34]. In
our survey, we found 90 % of centres contouring dentofacial bones
routinely would be interested in a contouring atlas to aid delineation.
This would require development of an atlas for dentofacial bones spe-
cific to paediatrics.

Despite awareness that most paediatric patients treated with radio-
therapy to the head-and-neck will experience dentofacial side effects
after treatment, there is limited delineation and implementation of dose
constraints in clinical practice. This survey identified that the biggest
barrier to dose assessment is the lack of consensus on contouring
guidelines and the time-consuming process of delineating dentofacial
structures routinely. Based on the findings of this survey we propose to
implement three initial steps: 1) define a consensus-contouring atlas for
dentofacial structures, 2) develop auto-contouring solutions based on
the atlas to facilitate implementation in clinical practice, and 3) clarify
the possibility of reducing dose to dentofacial structures without
compromising tumour coverage by carrying out treatment planning
studies for both photon and proton beam therapy. The above steps are in
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line with the commitment of QUARTET, SIOPE ROWG and the EpSSG to
support the development of additional tools within clinical trials and
radiotherapy guidelines. In addition, the aforementioned steps will
facilitate multi-centre studies that aim to identify age-adapted dose
constraints in this population. Once dose constraints (or new sub-
structures at risk) are established, treatment planning studies can be
focused on new areas and auto-contouring solutions can be updated to
follow new guidelines. To ensure we can combat barriers to imple-
mentation of contouring guidelines and dose constraints we have started
a multi-centre dentofacial working group named SMILE (‘minimiSing
long-terM Impact on dentition and facial. asymmEtry in childhood cancer
survivors’) and are working closely in collaboration with existing
working groups and projects such as SIOPE ROWG and QUARTET.
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