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ABSTRACT

Background and purpose: The purpose of this study was to address the lack of published data on the use of
brachytherapy in pediatric rhabdomyosarcoma by describing current practice as starting point to develop
consensus guidelines.

Materials and methods: An international expert panel on the treatment of pediatric rhabdomyosarcoma
comprising 24 (pediatric) radiation oncologists, brachytherapists and pediatric surgeons met for a Brachytherapy
Workshop hosted by the European paediatric Soft tissue Sarcoma Study Group (EpSSG). The panel’s clinical
experience, the results of a previously distributed questionnaire, and a review of the literature were presented.
Results: The survey indicated the most common use of brachytherapy to be in combination with tumor resection,
followed by brachytherapy as sole local therapy modality. HDR was increasingly deployed in pediatric practice,
especially for genitourinary sites. Brachytherapy planning was mostly by 3D imaging based on CT. Recom-
mendations for patient selection, treatment requirements, implant technique, delineation, dose prescription, dose
reporting and clinical management were defined.

Conclusions: Consensus guidelines for the use of brachytherapy in pediatric rhabdomyosarcoma have been
developed through multicenter collaboration establishing the basis for future work. These have been adopted for
the open EpSSG overarching study for children and adults with Frontline and Relapsed RhabdoMyoSarcoma

(FaR-RMS).

Introduction

Brachytherapy can be a highly effective treatment with very limited
morbidity for some carefully selected children with rhabdomyosarcoma
(RMS). However, access may be limited by the need for highly special-
ized experienced teams that are needed to deliver the service [1]. RMS is
the most common soft tissue sarcoma of childhood, accounting for
around 3.5 % of all malignant diseases in children [2,3]. RMS derives
from embryonal mesenchyme and can arise at almost any anatomical
site. Current multimodal treatment strategies including chemotherapy,
surgery, and radiotherapy achieve an overall 5-year survival rate of 80
% [4]. However, survival rates differ widely depending on the tumor
location, age, stage and risk group [4,5]. Local therapy, including sur-
gery and radiotherapy, can be challenging in young children and for
specific locations, due to the potential long-term morbidity that can be
induced.

Brachytherapy is a radiotherapy modality that uses sealed radioac-
tive sources that are placed as close as possible to the site to be treated. It
can be applied when the radiation source can be located within a body
cavity, e.g. vagina or uterus (intracavitary brachytherapy), when the
source can be placed in the tumor volume through inserted needles or
catheters (interstitial brachytherapy), or can be put in close contact with
it through specific applicators, surface molds or flaps (superficial or
contact brachytherapy). The main brachytherapy advantages reside in
the physics of the dose distribution around a radiation source, where a
high concentration of dose is deposited immediately around the source
with a rapid dose fall-off occurring away from the source (in accordance
with the inverse-square law). This attribute minimizes the volume of
normal surrounding tissue exposed to irradiation which contributes to
lowering the potential long-term side effects compared with external
beam radiotherapy (EBRT).

In Europe, the use of brachytherapy for the local treatment of RMS
has increased over the last three decades, with the individual experi-
ences of different institutions on the use of brachytherapy in pediatric
RMS, combined with surgery or not, having been reported [6-18]. In the
previous EpSSG RMS 2005 study protocol, the use of brachytherapy was
permitted although no specific recommendations regarding source, dose
prescription, fractionation schedule, brachytherapy technique or dose
reporting were provided. In order to address this issue and set the basis
for uniformity and further collaborative work, pediatric radiation on-
cologists and brachytherapists from pediatric brachytherapy treatment
centers throughout Europe and the USA met to present their brachy-
therapy approaches in pediatric RMS, in a workshop hosted by the
EpSSG. Subsequent collaborative work has resulted in guidelines that
have been implemented in the current EpSSG overarching study for
children and adults with Frontline and Relapsed RhabdoMyoSarcoma

(FaR-RMS) (ClinicalTrials.gov) [19].
Materials and methods
Data collection and consensus development

Prior to the initial Brachytherapy Workshop, a survey was conducted
among the invited international pediatric radiation oncologists, bra-
chytherapists and pediatric surgeons with expertise and experience in
the treatment of soft tissue sarcomas, from 11 working groups (17in-
stitutions) across Europe and the USA, to document details of the current
practice in the treatment of RMS in pediatric patients with brachyther-
apy. Representatives from 9 of the 11 groups responded. The survey
included questions regarding indications for brachytherapy, technical
aspects (e.g., source, treatment time, prescribed dose, target definitions,
optimization features, planning imaging and reporting parameters),
supportive care and logistic/organizational facets. After completion of
the survey, representatives of all 11 groups participated in a 2-day
EpSSG workshop in May 2015, hosted at the Institute of Cancer
Research, in Sutton (United Kingdom). In addition to the information
from the survey, an overview of the literature, and the experience of
each group was presented. In total, 25 clinicians from 17 centers
collaborated in the Workshop (Table 1).

Utilizing the data and the conclusions reached at the open discussion
from Workshop sessions, an initial draft of the overarching guideline
document was produced by the corresponding author then reviewed and
edited by the wider writing committee. A consensus statement of
currently accepted best practice across different countries internation-
ally was drafted in May 2018 and incorporated into the radiotherapy
guideline of the ongoing FaR-RMS study (NCT04625907), which opened
in September 2020. The FaR-RMS study incorporates prospective
collection of dosimetric brachytherapy data using the SIOP Europe-
EORTC QUARTET platform to support prospective and retrospective
radiotherapy quality assurance (https://siope.eu/activities/joint
-projects/quartet/) [20,21]. These recommendations are not intended
to be used as a brachytherapy manual but rather to provide general
guidelines for daily practice.

Results

Outcomes from the international brachytherapy workshop survey
Participating centers reported that the most commonly disease sites

treated with brachytherapy were: 1. perineal, 2. head and neck, 3.

bladder-prostate and vagina, 4. extremities, and 5. vulva (Q4). The
majority of treated cases were embryonal RMS (Q6). Intraoperative
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Table 1
Brachytherapy Workshop participating centers.
Collaborative Country Center Number of
group participants
EpSSG Austria Medical University 1
Vienna
Belgium Ghent University 1
Hospital
France Centre Léon Bérard 1
Hopital Universitaire 1
Bicétre
Institut de Cancérologie 1
Gustave Roussy
Italy Istituto Oncologico 1
Veneto IRCCS
Norway Oslo University Hospital 1
Spain Vall d’Hebron 1
Barcelona Hospital
The Princess Maxima Center 4
Netherlands University Medical 2
Center
United Royal Marsden Hospital 1
Kingdom University College 2
London Hospitals
Great Ormond Street 2
Hospital for Children
University Hospitals 2
Bristol
COG USA St Jude Children’s 1
Research Hospital
CWS Germany Hospital of the 3
university of Tiibingen
Sweden Karolinska University 2
Hospital

Abbreviations: EpSSG: European Paediatric Soft Tissue Sarcoma Study Group;
COG: Children’s Oncology Group; CWS: Cooperative Weichteilsarkom
Studiengruppe.

" These two participants have double affiliation, Princess Maxima Center and
University Medical Center, and are also included in the count of Princess
Maxima Center.

implant placing was more frequently used than image-guided interstitial
insertion (Q9). High dose rate (HDR) with an Tridium!%% (1921r) source
was mostly employed (Q10). The survey respondents confirmed that the
majority of specialist centers routinely used 3D imaging for planning
purposes (Q11), mostly CT but increasingly MRI imaging (Q12). Veri-
fication implant position during treatment was assessed mainly by CT
scan, followed by conventional X-ray, MRI and ultrasound (Q13).
Brachytherapy in combination with surgery was predominantly the
treatment selected by the teams, but brachytherapy alone was also
widely used (Q16). Brachytherapy had also been used for re-irradiation
(Q23), mainly after previous EBRT (Q25). Not all centers had a dedi-
cated pediatric ward for brachytherapy patients (Q32). All survey re-
spondents indicated the routine involvement of pediatric oncology in
the process (Q35), and specialist pediatric anesthesia was used for all
cases (Q36); two centers did not respond to these questions. An extended
overview of the survey questions, as well as the most relevant results of
the survey, can be found in Figures S1 and S2.

Requirements for a pediatric brachytherapy service

A multidisciplinary approach for the safe and effective delivery of
pediatric brachytherapy is essential. Treatment should be undertaken at
a specialist referral center by clinicians with both expertise in brachy-
therapy and in the management of children with cancer [22]. An expert
pediatric multi-disciplinary team including radiology, pathology, pedi-
atric- and radiation oncology, and surgery appropriate to the anatomical
site to be treated is needed to carefully select patients for consideration
for brachytherapy in different anatomical sites. For treatment delivery,
an experienced brachytherapy team including physicians (radiation
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oncologists, surgeons, radiologists, anesthetists, pediatric oncologists),
physicists and radiotherapy technologists is indispensable. Success of
brachytherapy is dependent on many factors in addition to the accurate
implant placement. Most experience has been built with intraoperative
implant placement or intracavity treatments, but interstitial image-
guided placement may also be considered. Image guidance is recom-
mended to ensure appropriate placement of the brachytherapy implants
and should be used for planning purposes.

Brachytherapy indications for rhabdomyosarcoma

Disease sites where brachytherapy may be the optimal local treat-
ment for carefully selected patients with RMS include genitourinary
(bladder neck — prostate, vagina, vulva and cervix), perineum, extrem-
ities, orbit and other head and neck sites. It can be used alone or in
combination with minimally invasive or function-preserving conserva-
tive, or radical surgery, simultaneously, as one procedure, or sequen-
tially, as two separate ones. Tumor size at the time of local therapy is an
important factor as lesions smaller than 5 cm in maximal dimension
following chemotherapy are more suitable for brachytherapy, although
no firm size threshold exists and brachytherapy can be undertaken for
larger lesions if the feasibility of a technically good implant is assessed
and approved by an experienced pediatric brachytherapy team. After
previous radiotherapy, brachytherapy can play a role in the salvage of
local recurrent disease [23].

Pre-treatment investigations

Physical examination at presentation and prior local treatment is
mandatory; that includes cystoscopy in cases of bladder neck — prostate
RMS and vaginoscopy/gynecological examination under anesthesia for
vaginal RMS. Radiological full staging, including regional nodal- and
distant evaluation, and MRI investigation to assess local extension and
invasiveness are required. A full bladder MRI is critical in bladder neck —
prostate RMS and should be performed at diagnosis and re-assessment.

Timing

Early contact with the brachytherapy reference center is recom-
mended. A decision should be taken after response assessment following
three cycles of induction chemotherapy (week 9), although up to six
cycles (week 16) may be delivered for selected cases of localized disease
to obtain additional tumor reduction to enable brachytherapy to be
undertaken. Tumor site, size and extent after induction chemotherapy,
invasiveness and brachytherapy feasibility will be considered in the
multidisciplinary meeting to determine eligibility.

Source type and dose rate

The most frequently used radioactive source is *°2Ir. Remote after-
loading systems should be used. Both pulsed dose rate (PDR) as well as
HDR can be considered. Non-permanent manually loaded low dose rate
(LDR) sources are no longer available, and permanent LDR implants
should not be used.

Technique

Depending on the tumor site, either intracavitary or interstitial
brachytherapy, or a combination of both, will be most suitable. General
anesthesia, or sedation, is required for catheter placement and/or
treatment.

Genitourinary

Bladder neck — prostate. As reported by Chargari et al. [12], with the
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largest experience so far, brachytherapy may be considered for cases
where the tumor does not extend above the level of the bladder trigone
at the time of local therapy. With a suprapubic approach, a partial
prostatectomy with urethral preservation and/or a partial cystectomy of
the bladder neck is performed, with a ureteral extravesical reimplanta-
tion if necessary. Intraoperatively, transperineal interstitial implanta-
tion of flexible catheters follows. They will encompass the prostate and
bladder neck. Depending on the anatomy, usually 4 to 6 catheters,
parallel and equidistant to each other in two planes, generate the best
dosimetry. Temporary testicular transposition to the abdominal wall
should be considered where required to protect fertility during the
irradiation, but may not be necessary and can potentially lead to a
devascularization of the testis [24]. Similarly, temporary oophoropexy
can be considered in female patients with bladder neck RMS, as well as
for the vagina-uterus sites, in order to protect ovarian function during
the irradiation [25]. As an alternative, conservative surgery may pre-
cede the brachytherapy, which can then be performed by transrectal
ultrasound guided trans-perineal insertion of treatment catheters to treat
prostate, urethral and bladder neck tumors (Fig. 1) [6].

Vagina - uterus. The use of an individual customized mold applicator is
recommended [13,16,26,28,29]. In cases with deep paravaginal tumor
extension, a combined intracavitary-interstitial approach may be
required. After acquisition of a vaginal impression to define the exten-
sion of the tumor at time of the local therapy, a customized mold
applicator will be created following the same technique as in adult pa-
tients [26]. An adequate number of flexible catheters are placed at the
surface of the mold applicator to achieve a good dosimetric coverage of
the target volume (Fig. 2). Alternatively, a standard intra-uterine tube
and/or vaginal applicator can be used, with or without interstitial
catheters, with small sizes suitable for children.

Vulva. Interstitial plastic tubes technique can be used in pediatric pa-
tients as applied in adults. Geometrical placing of the catheters should
be done using the classic systems of interstitial brachytherapy [30] to
ensure optimal dosimetry [16].

Radiotherapy and Oncology 195 (2024) 110273

Perineum

Intraoperative perineal implant or image-guided procedure, mostly
with endorectal ultrasound, but also MRI, or a combination of both, may
be considered. An anorectal spacer may be considered to reduce the dose
to the anal sphincter and rectum [31].

Extremities

The most common technique is the intraoperative placement of
flexible catheters. In most cases, after gross tumor resection, an inter-
stitial single-plane implant with parallel, equidistant catheters, will offer
adequate dosimetry of the tumor bed. Brachytherapy for grossly unre-
sected tumors or with microscopic residual margins will most likely
require a multiple-plane implant. A template, mesh or fixation appli-
cator can be used to ensure parallelism [32]. A mold technique like the
AMORE protocol (see section Head and Neck) can in some cases be a
good alternative.

Orbit

Brachytherapy can be used as local treatment for orbital RMS in first
line treatment, especially when complete remission after induction
chemotherapy has not been achieved and can also be a good alternative
as part of a salvage treatment for those that have previously received
upfront radiotherapy. Preservation of a functional the ipsilateral
eyeball, should be a priority. A brachytherapy technique for this local-
ization has previously been described [33,34] but the largest published
experience so far was described by Blank et al. [14] where after
macroscopic tumor resection, assuming potential microscopic residual
disease, irradiation of the tumor bed is achieved by means of a mold
brachytherapy technique (Fig. 3).

Head and neck

Head and neck non-parameningeal (NPM), as well as highly selected
parameningeal (PM) located tumors, can be treated with brachytherapy.
The largest published experience including PM tumors is the Dutch
experience with the “AMORE’ protocol, which consists of consecutive
Ablative surgery, MOIld technique with afterloading brachytherapy and
immediate REconstruction. After macroscopic radical resection of the
tumor individual molds containing flexible catheters between layers are
constructed to fill in the surgical bed. Once brachytherapy has been

Fig. 1. Intraoperative, trans-perineal brachytherapy catheters placing for the treatment of bladder neck/prostate rhabdomyosarcoma (a) and the brachytherapy dose
distribution (b): the yellow isodose surface corresponds to 200% of the prescribed dose, the orange to the 150%, the red to the 100%, and the dark blue to the 50%,

respectively.
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Fig. 2. Vaginal impression (a) used as template for an individual vaginal mold (b).

Fig. 3. Silicon mold/catheters (a) to be placed in the surgical defect/tumor bed for eyeball-conservative tumor resection of an orbit rhabdomyosarcoma and
intraoperative brachytherapy. Brachytherapy dose distribution (b,c,d): orange isodose surface — 150% of the prescribed dose, red — 100%, white — 85%, and dark

blue — 50%, respectively; green dotted line: clinical target volume (CTV).

applied, the molds are removed and a surgical reconstruction with or
without muscle flaps takes place [15,35]. The use of surgical navigation
and endoscopic catheters placement, when feasible, has recently become
a common practice in specialist centers (Fig. 4).

In case of head and neck NPM RMS (e.g., oral cavity, oropharynx,
nasopharynx and cheek) appropriate brachytherapy implants with
plastic tubes or specific applicators, as used in adult brachytherapy
practice, can be considered [36] (Fig. 5).

Planning

Target definition

The definitions of gross tumor volume (GTV) and clinical tumor
volume (CTV) in brachytherapy are identical to the definitions given for
EBRT in ICRU Report 50 and ICRU Report 62, since they are oncologic
concepts, and therefore independent of the radiation treatment

modality, with a GTV to CTV margin of 5 mm generally used. In
brachytherapy, planning target volume (PTV) is in principle identical to
CTV. In order to delineate the CTV, the anatomical situation and tumor
extension at time of local treatment after induction chemotherapy
should considered. In case of residual macroscopic tumor, the CTV will
include the GTV, i.e. the remaining tumor volume at time of brachy-
therapy, plus an appropriate margin. The GTV at diagnosis as well as the
anatomical movement of other structures after tumor shrinkage have to
be taken into account to define this margin, although often a compro-
mise has to be made in order to reduce the risk of morbidity. In case of
residual microscopic disease after macroscopic tumor resection, the CTV
is defined as the tumor bed (GTV) with a margin usually 5 mm. Again,
anatomical changes should be taken into account. The target volume as
well as the organs at risk (OARs) should be defined based on post-
implant imaging, by preference MRI due to its higher soft tissue
contrast in comparison to CT. Whenever a MR-only procedure cannot be
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Fig. 4. Individualized 3D-printed mold in place after ablative surgery for rhabdomyosarcoma arising from the nasopharynx (a,b,c) and brachytherapy dose dis-
tribution (d,e): red isodose surface — 100% of the prescribed dose, white — 85%, and dark blue — 50%, respectively; orange dotted line: clinical target volume (CTV).

Fig. 5. Combined surgical resection and interstitial brachytherapy for the treatment of a floor of the mouth rhabdomyosarcoma (a) and dose distribution (b,c,d): red
isodose surface — 100% of the prescribed dose, white — 85%, and dark blue — 50%, respectively; pink dotted line: clinical target volume (CTV).

guaranteed, a CT scan will be required in order to accurately perform the
catheter reconstruction for interstitial brachytherapy.

Organs at risk

All the potential organs at risk located within 5-10 cm of the irra-
diated area depending on the expected isodose pattern should be con-
toured. For instance, for tumors located in the pelvic area the following
organs should be contoured: rectum, bladder, urethra/ureters, sigmoid,
bowel, ovaries, uterus, testes, growth plates, bone and cartilage struc-
tures close to the implant. For head and neck tumors, depending on the
exact location: the eyeball, optic nerve, lens, lacrimal gland, parotid

gland, submandibular gland, cochlea, chiasm, closely located bone
structures (e.g., maxilla, mandibula, orbit, ethmoid and sphenoid) are
delineated.

Dose prescription

Interstitial brachytherapy. The current routinely used computerized
treatment planning systems allow for a better individual optimization of
the dose distribution, although the classic systems of interstitial
brachytherapy, e.g. the Paris system [30], do ensure a good dosimetric
distribution prior to optimization. Optimization should be undertaken
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carefully to avoid high-dose areas; however, optimization cannot fully
compensate for inadequate implantation.

Intracavitary technique / mold. The mold applicator is individually made
for each patient and follows the exact anatomy at the time of the implant
(the vaginal contours in a vaginal RMS, or the tumor bed in an AMORE-
like procedure, as an example) [15,27]. After defining a CTV based on
the intraoperative clinical assessment, the calculation of the dose dis-
tribution is usually achieved by using dose reference points created at
the surface of the CTV. Special attention should be given not to accept
high dose regions at the surface of the CTV in close contact with the
mold.

Reporting parameters

For reporting purposes, at least the following parameters should be
collected:

a. Source: HDR / PDR.

b. Implant: Intracavitary / interstitial.

c. Prescribed dose (PD) (Gy), number of pulses (PDR) or fractions
(HDR), and time between them.

d. Treatment time (overall and per pulse/fraction).

e. Number of catheters.

f. Total Reference Air Kerma TRAK (cGy.mZ).

g. Implant (volume of reference isodose): Voo (cm®).

h. Dose parameters CTV (excluding mold if applicable) — EQD2(y,p
10 Dogog, Doogs and Do, (Gy), Vioo%s Visos and Vaggy, (em®).

i Indices:

e Dose Homogeneity Index [DHI=(CTV Viggy,-CTV Vi509)/CTV
Vioo%]-

e Dose Non-uniformity Ratio [DNR = CTV V;500,/CTV V10g9]-

e Conformal Index [COIN = c1 x c2].

Where

e Conformity Index [c1 = CTV V100%/VCTV].
e Healthy Tissues Conformity Index [c2 = CTV V100%/Implant
V100%]

j. Dose parameters OARs — EQD2(q/p 3): Dace, Dice, Do.5ce and Do 1cc
(Gy).

Schedule

Based on the current experience, the following dose prescriptions can
be considered when brachytherapy is standing alone. No distinction is
made between the presence or absence of macroscopic residual disease.

PDR

French experience: 120-143x42cGy, every hour (T3, = 1.5 h)
[49.6-59.1 Gy (EQD2 o/p10) / 48.4-57.7 Gy (EQD2 a/B3)].

Dutch experience: 32-36x125cGy, every 2.1 h (Ty2 = 1.5 h)
[41.8-47.5 Gy (EQD2 o/p10) / 44.2-50.9 Gy (EQD2 a/B3)].

Dutch experience (genito-urinary): 105-120x50cGy, every hour (Ty /2
= 1.5 h) [53.1-60.7 Gy (EQD2 a/p10) / 53.9-60.7 Gy (EQD2 a/p3)].

HDR

British experience: 5x5.5 Gy BID [35.5 Gy (EQD2 o/p10) / 46.8 Gy
(EQD2 a/p3)].

German experience: 12x3Gy BID [39 Gy (EQD2 «/f10) / 43.2 Gy
(EQD2 a/p3)].

Italian experience: 12x3Gy BID [39 Gy (EQD2 o/f10) / 43.2 Gy
(EQD2 a/p3)]1.

Swedish experience (genito-urinary): 14x3Gy BID [45.5 Gy (EQD2
a/p10) / 50.4 Gy (EQD2 o/p3)].
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Recurrent disease

In selected patients, brachytherapy can also be considered in recur-
rent pediatric RMS, after previous EBRT or brachytherapy. The same
approach as in first line treatment applies during the intraoperative
implant. During the brachytherapy planning special attention will be
paid to the dose to the OARs and to avoid areas of high dose. [15,23,37].

Management

Given the rarity and complexity of pediatric brachytherapy treat-
ments, cases of RMS that are suitable for such an approach should be
jointly managed with tertiary pediatric oncology expertise to guarantee
optimal care. The provision of a designated pediatric ward for broad
oncologic care and nutritional support, and the involvement of a pedi-
atric anesthetics team that can ensure appropriate comfort during
treatment are mandatory. The combination of all these aspects within
the brachytherapy facility contributes to the success of this treatment
approach. The additional provision of services, such as the involvement
of a health play specialist team, who have a key role in the preparation
phase, as well as during the actual treatment period in helping the child
to manage concerns or emotions related to the treatment through the use
of play techniques. Given the rarity of these treatments it is recom-
mended that children are closely followed up and have access to long
term late effects surveillance to ensure the early detection and treatment
of local therapy related consequences.

Discussion

RMS is a rare pediatric malignancy of embryonal mesenchymal
origin that can originate in a variety of locations in the human body. The
local treatment (surgery and/or radiotherapy) of certain anatomical
sites, especially at young ages, can result in undesirable long-term side
effects. Brachytherapy is a radiotherapy modality that can help to
minimize the local treatment morbidity [38,39]. The experience of a
number of institutions using brachytherapy in specific situations as part
of the treatment of RMS in children has been reported, although, to date,
consensus on aspects such as indication, technique, prescription, plan-
ning and reporting were lacking. The purpose of this workshop was to
describe current brachytherapy practice as a starting point to develop
consensus guidelines.

Brachytherapy is a well-recognized alternative radiotherapy mo-
dality in the treatment of adult sarcoma patients. The general brachy-
therapy concepts and its physical and radiobiological benefits (i.e.,
shorter overall treatment time, safe delivery of high dose to the tumor or
tumor bed with a rapid dose fall-off, minimization of dose to normal
tissues, and delivery of precisely conformal radiation) are applicable to
all subjects independent of age. However, the existing guidelines on
brachytherapy for sarcomas do not necessarily fulfill the requirements of
brachytherapy in the pediatric RMS population, nor represent the
specificities and practicalities of the treatment in this group of patients
[40-43]. Similarly, the available recommendations for genitourinary
and head and neck brachytherapy are not fully applicable for pediatric
RMS brachytherapy, although they serve as an invaluable source for
reporting and 3D image based delineation concepts [28,44-49]. The
recommendations detailed in this manuscript strive to: a) provide a
comprehensive guide for pediatric oncology treating teams, b) increase
the awareness to the pediatric oncology community of brachytherapy as
a treatment modality, c) set the platform for future collaborative work.

According to the conducted survey, the commonest utilization of
brachytherapy was tumor resection with adjuvant brachytherapy, fol-
lowed by brachytherapy as sole local therapy modality. An increasing
use of HDR is noted in pediatric brachytherapy, especially for genito-
urinary sites. To report the experience with HDR is a relevant aspect
since PDR facilities are less frequently available. 3D imaging based on
CT is widely used for planning, however the potential advantages of
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using MRI for planning purposes are currently underutilized. The
following aspects can be considered a limitation to this work: 1. not all
the working groups responded to the initial survey (9/11), however, all
groups were represented during the Workshop sessions; 2. the given
recommendations are mainly based on expert opinions, although
consistent evidence has been presented as well.

Our recommendations aim to integrate the technical aspects of
brachytherapy with the understanding of the pediatric RMS behavior.
The advice described in this report is based on the clinical experience
and the dosimetric concepts used by different institutions as a way to
enable various working groups to use a common language, serving as a
base for future efforts working towards prescription homogenization
and more precise delineation notions that incorporate the developments
of MRI image-based 3D treatment planning.

Conclusion

Brachytherapy used alone or in combination with surgery continues
to be an alternative for the local treatment of carefully selected patients
with pediatric RMS. The dosimetric advantages of this radiotherapy
modality can have an impact on the reduction of late toxicity in pediatric
RMS survivors. Given the rarity of cases and expertise that is required to
deliver pediatric brachytherapy, (inter)national centralization of care is
strongly encouraged. The first guidelines for the use of brachytherapy in
RMS for the international FaR-RMS study have been established incor-
porating findings from this International Paediatric Brachytherapy
Workshop survey.
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