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Abstract (252 words)

PURPOSE

Radiotherapy is essential for achieving and maintaining local control in head and neck
rhabdomyosarcoma patients. However, radiotherapy may cause outgrowth disturbances of
facial bone and soft tissue, resulting in facial asymmetry. The aim of this study was to
develop a method to visualise and measure facial asymmetry in head and neck

rhabdomyosarcoma survivors using three dimensional (3D) imaging techniques.

PATIENTS AND METHODS

Facial deformity was evaluated in a multi-disciplinary clinical assessment of 75 head and
neck rhabdomyosarcoma survivors, treated with external beam radiotherapy (EBRT, n=26)
or Ablative surgery, MOulage brachytherapy and REconstruction (AMORE, n=49). Individual
facial asymmetry was measured using 3D photogrammetry and expressed in a raw
asymmetry index and a normalised sex-age-ethnicity matched asymmetry signature weight.
Facial asymmetry was also compared between British and Dutch controls and between

survivors and their matched controls.

RESULTS

Facial asymmetry was more pronounced with increasing age (p<0.01) in British controls
compared to Dutch controls (p=0.04). Survivors developed more facial asymmetry than
matched controls (p<0.001). The clinical assessment of facial deformity correlated with the
raw asymmetry index (p<0.001). Survivors treated with EBRT displayed more facial deformity

than survivors treated with AMORE (p=0.039).

CONCLUSION

3D imaging can be used for objective measurement of facial asymmetry in head and neck
RMS survivors. The raw asymmetry index correlated with a clinical assessment of facial
deformity. Comparisons between treatment groups seemed inappropriate given the
differences in facial asymmetry between British and Dutch controls. In future studies pre-

treatment images could act as matched controls for post-treatment evaluation.



INTRODUCTION (2569 words)

Survival in head and neck rhabdomyosarcoma (RMS) patients is good, with overall
survival rates around 79-97% (1-3). However, the majority of patients still need radiotherapy
to achieve and maintain local control. Radiotherapy damages all tissues within the radiation
field, including healthy tissues surrounding the tumour. Head and neck RMS patients are
often young at diagnosis, with a median age of 5.5 years (1). At this age, radiotherapy can
cause severe damage to the craniofacial bones resulting in asymmetrical growth of the face,
often further exacerbated by hypoplasia of soft tissues.

In 1990, the AMORE treatment (Ablative surgery, MOulage brachytherapy and
REconstruction) was developed, a local treatment equally effective compared to the
international standard: external beam radiotherapy (EBRT) (3). Furthermore, moulage
brachytherapy enables a focussed dose delivery with relative sparing of the healthy tissues
causing fewer adverse events compared to EBRT (3). However, prior to this study no
objective comparison of treatment induced facial asymmetry or hypoplasia had been
performed.

Thus far, several (predominantly) retrospective studies have mentioned facial
asymmetry or hypoplasia as a result of radiotherapy in head and neck RMS survivors (4-8).
The detection of facial asymmetry or hypoplasia in these studies was also purely subjective
and highly susceptible to inter-observer variability, with no definitions, absolute
measurements nor grading scales being provided.

The aims of this study were as follows:

(i) to develop methodologies for visualising and quantifying facial asymmetry in head and
neck RMS survivors and to compare asymmetry with age, sex and ethnicity matched
healthy controls;

(i) to compare measured asymmetry with a subjective clinical assessment of asymmetry;

(iii) to use the methodologies developed to compare asymmetry in survivors treated with
EBRT (EBRT-based treatment) to those treated in a centre with the possibility of

AMORE (AMORE-based treatment).

PATIENTS AND METHODS

Setting



In a recent study published by our group, adverse events of local treatment were evaluated
in a multi-disciplinary clinic comparing survival and adverse events between survivors
treated with EBRT and compared to survivors treated in a centre with the availability of
AMORE (AMORE-based treatment) (3). As part of this clinic, patients were invited for a 3D
photograph to objectify further clinical observation of facial differences in this specific

population.

Survivors

Patient recruitment was based at Great Ormond Street Hospital (GOSH) London and
the Emma Children’s Hospital-Academic Medical Centre (EKZ-AMC) Amsterdam. All children
up to 18 years of age at diagnosis, presenting between January 1990 and December 2010
with newly diagnosed head and neck RMS (HNRMS) and at least two years after the end of
treatment were eligible. As the AMC is a centre of expertise for orbital tumours, the EKZ-
AMC cohort contained relatively more survivors of orbital RMS. Therefore, survivors of
orbital RMS treated at Royal Marsden Hospital (RMH) Sutton, in the same time period, were
also invited to visit the GOSH multi-disciplinary clinic. Patients with recurrent disease
following prior radiotherapy, foreign patients referred solely for local treatment and patients
living abroad at time of assessment were excluded. Written informed consent was obtained

from all survivors (age 212) and/or their guardians.

Controls

The control group consisted of 693 subjects: 283 were of Dutch descent and 410 of
British descent. Subjects were recruited in the hospital and concerned medical staff or
employees from one of the research departments. The remainder were unaffected parents
and siblings of children with a genetic syndrome, attending an outpatient visit or a syndrome
support group meeting. For the asymmetry signature analysis we included 446 controls:
controls below four years and over 36 years were excluded because of insufficient controls

at the extreme age values for defining age-sex-ethnicity matched means.

RMS treatment
Patients were staged and treated according to subsequent SIOP-MMT-89, -95, -98
(International Society of Paediatric Oncology-Malignant Mesenchymal Tumour group), and

EpSSG-RMS-2005 (European paediatric Soft tissue sarcoma Study Group) protocols (9-11).



After induction chemotherapy (two or three courses) patients were evaluated for local
treatment; SIOP-MMT and EpSSG protocols withhold radiotherapy in patients with
favourable prognostic characteristics in complete remission at this time point. When
indicated, local treatment for GOSH/RMH patients included EBRT (EBRT-based treatment);
patients treated at the EKZ-AMC received AMORE if feasible (AMORE-based treatment), that
is, if a macroscopic radical resection and mould placement with adequate radiotherapy fields
seemed possible based on imaging studies. If not, EKZ-AMC patients received EBRT or (in

later years) proton beam treatment.

Clinical assessment
In this cross sectional study, adverse events (AE) of local RMS treatment were

evaluated in a specialised head-and-neck multi-disciplinary clinic and graded according to
the Common Terminology Criteria for Adverse Events (CTCAEv4.0, available at
http://evs.nci.nih.gov/ftp1/CTCAE/About.html). Facial asymmetry and hypoplasia were
scored as one item ‘facial deformity’:

Grade 1: cosmetically and functionally insignificant hypoplasia

Grade 2: deformity, hypoplasia, or asymmetry able to be covered

Grade 3: significant deformity, hypoplasia, or asymmetry, unable to be remediated by

prosthesis or covered by clothing; disabling

Grade 4: orbital exenteration

Orbital exenteration results in asymmetry which cannot be covered and in blindness of at

least one eye, and as there was no associated grading, we scored it as grade 4.

3D image capture and preparation

We captured 3D face images using commercial stereo-photogrammetric cameras
(Canfield Imaging Systems, New Jersey, USA; 3dMD, Atlanta, USA). These devices typically
capture more than 25,000 surface points on an adult face. One researcher (PH) manually
annotated all surfaces with 22 landmarks, adopted because of their known reproducibility
(Appendix 2). Subsequently, using the sparse set of landmarks, face surfaces were closely
aligned using the Procrustes algorithm to induce a dense correspondence of tens of
thousands of points across all images and an average face was then computed. Differences

between the densely corresponded points on each surface and on the overall average face



were subject to a principal component analysis (PCA) and we constructed a 3D dense surface
model consisting of the minimal number of PCA modes accounting for more than 99% of
shape variation. Each face surface can be resynthesized as a linear sum of so-called PCA
related eigenfaces weighted by the associated PCA scores. More details are available

elsewhere (12,13).

Visualisation and quantification of facial asymmetry

We studied facial asymmetry by comparing original and reflected (mirrored) face
surfaces: all left-right-paired landmarks were swapped, enabling a dense surface model to
be generated for all original and all reflected face surfaces together. Euclidean distance,
square root of sum of squared PCA score differences, between the DSM-based
representations of the surface of a face and its mirrored form (represented as vectors of PCA
scores) was used as an estimate of directional facial asymmetry (the raw asymmetry index)
(14).

The vector difference between the DSM representation of a face and its mirrored
form induces a deformation of the surface of the overall mean face. This deformation can be
normalised locally at each densely corresponded point of the DSM with respect to similar
localised deformations of the face surfaces of a set of age-sex-ethnicity matched controls. A
visualisation, referred to here as a facial asymmetry signature, is produced by colour coding
the localised difference using an appropriate scale, typically -2 SD to +2 SD, using red-blue to
indicate difference at or beyond the extremes of the scale. We can also calculate an
asymmetry signature weight as the square root of the summed squares of the localised
differences. The earlier raw asymmetry index provides an overall estimate of the asymmetry
of the face surface whereas the asymmetry signature weight takes into account the

statistical significance of localised asymmetry.

Statistical analyses
Differences between EBRT-based and AMORE-based treatment groups, with respect
to patient and treatment characteristics and distribution of AE’s, were analysed with the Chi
square test, Fisher’s exact test or Mann-Whitney U test, depending on the type of variable.
We evaluated the effect of age on asymmetry in British and Dutch controls
separately, calculating the Spearman coefficient. We compared the difference in asymmetry

index between the British and Dutch control population in a linear regression analysis and



adjusted for age. For the comparison of the asymmetry index between survivors with EBRT-
based treatment (British survivors) and AMORE-based treatment (Dutch survivors) we
corrected for the effect of age and ethnicity on the asymmetry index. We compared the

clinical asymmetry assessment between treatment groups with the Fisher’s exact test.

RESULTS
Patients

Eighty survivors attended the head-and-neck specialised multi-disciplinary clinic and
75 (94%) survivors had a 3D image captured (26 EBRT-based treatment, 49 AMORE-based
treatment) (Table 1). Due to organisational issues, 5/31 (16%) survivors with EBRT-based
treatment did not have their image captured. Nineteen survivors were of non-European
descent. Significantly more survivors with EBRT-based treatment were of non-European
descent (42% and 16% respectively, p=0.02). In the AMORE-based treatment group ten
survivors were treated with radiotherapy more than once compared with none of the

survivors in the EBRT-based treatment group (p=0.02).

Asymmetry
Control population

We evaluated images of subjects with asymmetry indices outside the 95% confidence
interval (Cl): all images were of good quality and represented true asymmetry (Appendix 1).
The asymmetry index increased with age (p<0.01) and was significantly higher in the British
control population compared with the Dutch control population (p=0.04). These results
suggest survivors with a non-European background may need an ethnically matched control
population (15). Therefore the 19 survivors from non-European descent (EBRT-based; N=11,

AMORE-based; N=8) were excluded from quantitative analyses.

Facial asymmetry in survivors of head and neck RMS

We plotted the raw asymmetry index for head and neck RMS survivors against age
and corrected for the increase of facial asymmetry with increasing age (Figure 1).
Furthermore, we described the characteristics for survivors with an asymmetry index >5
(Table 2).

The normalised asymmetry (for survivors of European background), matched for age,

sex, and ethnicity, is visualised in Figure 2. Signature weight is presented in Figure 3.



Signature weight for British survivors compared to British controls was significantly higher
(p<0.001) as was the signature weight for Dutch survivors compared to Dutch controls

(<0.001).

Clinical assessment of asymmetry
During a clinical assessment for adverse events of local treatment in a specialised

head-and-neck clinic 72/75 (96%) of survivors were evaluated for facial asymmetry or
hypoplasia (scored as facial deformity). Median grade for the entire cohort of survivors was
1 (interquartile range (IQR) 0-3), median grade for survivors with EBRT-based treatment was
1.5 (IQR 0-3) and for survivors with AMORE-based treatment 1 (IQR 0-2). The severity of
clinically detected asymmetry was significantly lower in the AMORE-based treatment group
compared to the EBRT-based treatment group (p=0.039).

We found a significant correlation between the raw asymmetry index and the clinical

assessment of facial deformity, graded according to the CTC AE (p<0.001, Figure 4).

Comparison of asymmetry index and signature weight between survivors with EBRT-based
and AMORE-based treatment

The average raw asymmetry index for controls, corrected for increasing asymmetry
with age, was -0.28 (95% ClI (-3.3,2.7)) and for survivors in the EBRT-based treatment group
3.4 (95% Cl (-2.8,9.5)) and the AMORE-based treatment group 3.6 (95% Cl (-6.6,13.8))
respectively.

Due to the significant differences in asymmetry between British and Dutch controls,
the heterogeneity in this cohort of survivors and the small number of survivors after
exclusion of survivors of non-European descent we considered further comparisons not
justified and confined analysis to a description of survivors with high (adjusted) asymmetry

indices (Table 2).

DISCUSSION

Facial asymmetry can be visualised and quantified with 3D imaging techniques. We
found that with increasing age, faces become more asymmetrical and asymmetry was
stronger in British controls compared to Dutch controls. Survivors of head and neck RMS

developed more pronounced facial asymmetry following local treatment compared to age,



sex and ethnicity matched controls. Furthermore, we found a significant correlation in head
and neck RMS survivors between the raw asymmetry index and the clinical assessment of
facial deformity.

The majority of people exhibit facial asymmetry, some more than others. Therefore
comparison to matched controls is essential for facial asymmetry assessment. Due to the
statistically significant difference in facial asymmetry between British and Dutch controls, no
direct comparison was possible between survivors treated in the EBRT-based (UK) and
AMORE-based (The Netherlands) treatment group. When finding a difference in facial
asymmetry between treatment groups, this may in fact be caused by inter-population
differences. Multivariate analyses, correcting for inter-population differences, seemed not
appropriate considering the small number of survivors and the heterogeneity in the cohorts
under investigation. It is not surprising to find differences in facial appearance between
populations of different ethnical backgrounds and previous studies have shown that these
differences can be measured using 3D imaging techniques [15-17]. However, both controls
from the UK and from The Netherlands are from the European subpopulation and live in
close geometrical proximity. This finding may imply that even subpopulations from different
regions, in the same country, may display facial differences. This further impedes 3D
comparisons between different survivor populations, as differences in local treatment are
often related to a centre of expertise, and thus to a certain geographical region.
Furthermore, 25% of the survivors in this study were of non-European (or mixed)
background, lacking a proper control group for comparison of facial asymmetry. Further
studies are needed to investigate if larger control sets, including balanced (sub) populations
of different and mixed backgrounds, may overcome these inter-population differences.

The colour marked images in Figure 3 give a good impression of the asymmetry and type
of facial differences for the individual survivors in this cohort. Ideally, newly diagnosed
patients would have their 3D images taken regularly: before and during treatment and at
follow-up. The pre-treatment image could function as a matched control and colour
mapping can be used for detection of facial outgrowth disturbances. These pre- and post-
treatment images can be related to radiotherapy treatment plans and incorporated into a
prediction model for radiotherapy induced outgrowth disturbances. This model could be
used when comparing different local treatment modalities or for the design of radiotherapy
treatment plans: reducing radiotherapy, provided that it is oncologically safe, on areas prone

to growth disturbances.



All survivors were scored for facial deformity, according to the CTCAE criteria, by a multi-
disciplinary team. We found a statistically significant correlation between the clinical
assessment and the raw asymmetry index described in this study. At clinical assessment,
facial deformity was more pronounced in survivors treated with EBRT-based treatment
compared to survivors treated in the AMORE-based treatment group. Although we did not
compare facial deformity by clinical assessment between British and Dutch controls,
hypothetically, this difference in facial deformity may have been influenced by the stronger
facial asymmetry in the British controls.

Another limitation of this study may be the assessment method for facial asymmetry. In
this study we used a sparse set of manually placed landmarks to induce a dense
correspondence of tens of thousands of face surface points. An alternative method has been
suggested by Claes et al. where the dense correspondence of face surface points is induced
by a semi-automated technique [18]. Although both techniques use dense correspondence,
the semi-automated method may be less accurate in this specific population, as this
technique loses its accuracy in strongly dysmorphic faces [19]. As is shown in Figure 3 several
survivors display severe facial differences, such as an exenterated orbit, which may not be
recognised by semi-automated techniques.

This study shows that 3D imaging can be used for objective measurement of facial
asymmetry in head and neck RMS survivors. The raw asymmetry index correlated with
clinical assessment of facial deformity. Comparisons between treatment groups were
hampered by differences in facial asymmetry between British and Dutch controls. 3D
imaging can be used in future studies for prediction models of radiotherapy treatment

related outgrowth disturbances and personalised local treatment plans.
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Table 1: Patient characteristics

GOSH: EBRT EKZ-AMC: AMORE P value
(N=26) (N=49)
Diagnosis age (yrs) Median (IQR) 5.1 (2.2-6.3) 5.9 (3.2-9.3) 0.25°
<10 yrs 24 39
Attained age (yrs) Median (IQR) 13.4 (11.6-22.8) | 16.6 (11.3-22.4) |0.85°
218 yrs 10 22
Follow-up (yrs) Median (IQR) 10.5 (6.1-18.2) 9.7 (6.3-15.8) 0.66°
Gender Male 20 (77%) 28 (57%) 0.23!
Female 6 (23%) 21 (43%)
Ethnicity European 15 (58%) 41 (84%) 0.02!
Non-European 11 (42%) 8 (16%)
Primary site PM 15 (58%) 23 (47%) 0.71°
Orbit 8 (31%) 20 (41%)
HNNPM 3 (12%) 6 (12%)
Side Left 8 (31%) 21 (43%) 0.58
Right 13 (50%) 21 (43%)
Midline 5 (19%) 7 (14%)
Nr of RTH Tx 0 1 4 (8%) 0.05°
1 25 35 (71%)
2 8 (16%)
3 2 (4%)
Initial local Tx No RTH 1 (4%) 12 (24%) 0.02*
AMORE 25 51%)
EBRT 25 (96%) 10 (20%)
Proton 2 (4%)

GOSH; Great Ormond Street Hospital, EKZ-AMC; Emma Children’s Hospital-Academic Medical Centre,
Yrs; years, IQR; interquartile range, PM; parameningeal, HNNPM; head and neck non parameningeal,
Tx; treatment, RTH; radiotherapy, AMORE; Ablative surgery, MOulage brachytherapy and
REconstruction, EBRT; external beam radiotherapy

'Chi square
’Mann Whitney U

3Fisher exact

13



Table 2: Treatment description and tumour localization of survivors with asymmetry index

>5.
ASI Age at Age at Ethnicity Treatment Specifications
diagnosis scan
EBRT
6.2 2.5 9.7 Caucasian EBRT, S Orbit
6.5 9.1 13.5 Caucasian EBRT Retropharyngeal, infratemporal region
7.5 5.2 20.0 Caucasian EBRT Orbit
8.9 6.2 26.5 Caucasian EBRT Middle ear, extension middle fossa
9.5 13 12.3 Non-European  EBRT Right petrous apex and body sphenoid,
ICE (cavernous sinus), ECA. Separate
lymph node mass.
10.8 6.3 16.5 Non-European  EBRT Orbit
11.7 7.9 26.5 Non-European  EBRT Middle ear, petrous bone
14.4 6.0 27.9 Non-European  EBRT Left orbit and posterior nasal space
14.9 1.0 18.7 Non-European S Temporal
AMORE
5.6 3.0 19.7 Caucasian S, AMORE® Submandibular glands
6 13.4 19.6 Caucasian AMORE Masticator space, maxillary sinus, cheek,
left palate
7.5 4.2 13.7 Caucasian AMORE, Infratemporal fossa, orbit, maxillary wall
EBRT!
7.5 7.5 11.5 Caucasian AMORE Right orbit and frontal bone
8.2 7.4 15.5 Caucasian AMORE? Ala nasi, extension to palate
8.5 1.7 5.7 Caucasian AMORE Temporal region
19.1 9.9 13.7 Non-European AMORE Left middle ear, mastoid, external
meatus
10.6 7.7 14.9 Caucasian AMORE Orbit
10.8 10.2 19.8 Caucasian AMORE, Infratemporal fossa, maxillary sinus,
EBRT" parapharyngeal, ICE
11.0 5.3 16.8 Caucasian AMORE Parotid gland
14.1 10.5 26.6 Caucasian EBRT Cheek, locoregional lymp nodes
(submandibular)
14.6 1.1 9.8 Caucasian EBRT, Orbit
AMORE"?
15.3 11.0 30.1 Caucasian S, AMORE!,  Orbit
EBRT',
AMORE"?
16.5 2.0 15.3 Caucasian AMORE Pterygoid loge, parotid gland
17.9 4.8 9.8 Caucasian EBRT, Orbit
AMORE"?

ASI; asymmetry index (adjusted for age), EBRT; external beam radiotherapy treatment

group, AMORE; Ablative surgery, MOulage brachytherapy and REconstruction, ICE;

intracranial extension, age at scan; age at evaluation, S; surgery

'Salvage treatment
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’Reconstruction failed initially

3Exenterated orbit
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Figure 1: Asymmetry index plotted against age and specified for treatment group and ethnic

background
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Figure 2: normalized facial asymmetry with respect to race, sex and age
at each of 25,000 points on the face surface and at 2SD compared to

matched mean (powerpoint)

17



Figure 3: histogram representing signature weights for the Dutch and British survivors and
controls
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Figure 4: clinical assessment of asymmetry related to the raw asymmetry index, based on 3D
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Arrow is directed at survivor with exenterated orbit, wearing prosthesis during 3D image

capture.

Appendix 1: landmarks (will follow)
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