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Management of paediatric sinonasal rhabdomyosarcoma
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Abstract
Background and aim: Rhabdomyosarcoma is the commonest malignant tumour of the nose and paranasal
sinuses in the paediatric population. Due to its rarity and largely unknown biological behaviour, the
treatment of this tumour is complex and controversial. We present the results of multimodality
treatment of paediatric sinonasal rhabdomyosarcoma, and we explore the role of surgery in the
management of this malignancy.

Methods: We retrospectively reviewed the records of 14 patients (median age 7.5 years) with sinonasal
rhabdomyosarcoma. Six patients underwent major surgery with post-operative chemoradiation. Eight
patients received multi-agent chemotherapy and radiotherapy. The mean follow-up time was 58 months
(range seven to 276 months).

Results: The five-year overall survival rates for all patients and for the surgery group were 53.9 and 83.3
per cent, respectively. All patients with alveolar rhabdomyosarcoma had a poor prognosis, with a median
survival time of 17 months. Intracranial extension and an age greater than 10 years were also associated
with an unfavourable outcome. Non- or partial responders to initial chemoradiation died within a year
of diagnosis.

Conclusions: Management of paediatric rhabdomyosarcoma requires a combination of chemotherapy,
radiotherapy and surgery. Primary chemoradiotherapy is the established treatment approach for
advanced tumours. Early stage tumours with favourable histology can be treated successfully with
radical surgery, provided that function and cosmetic appearance are preserved.
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Introduction

Rhabdomyosarcoma is a malignant soft tissue
tumour which constitutes 3.5 per cent of all cancers
in children aged up to 14 years and 2 per cent of all
cancers in adolescents up to 19 years of age.1,2

Thirty-five per cent of cases present in the head and
neck region.3 Rhabdomyosarcoma is the most
common paediatric malignancy affecting the nose
and paranasal sinuses.4

Rhabdomyosarcoma occurs sporadically, and no
predisposing or risk factors have been recognised in
the majority of cases.5 This tumour arises from the
embryonal mesenchyma, having the same origin as
striated muscle. Conventionally, rhabdomyosarcoma
is classified into four histological types: (1) embryo-
nal (with its botryoid variant), (2) alveolar, (3) pleo-
morphic and (4) mixed.6

In the head and neck region, a distinction is drawn
between non-parameningeal rhabdomyosarcoma
and parameningeal rhabdomyosarcoma, with regard
to prognosis. The nasopharynx, nasal cavity, parana-
sal sinuses, middle ear, mastoid region, infratemporal

fossa and pterygopalatine fossa are considered para-
meningeal sites, and tumours in these sites have a
poor prognosis.7 Tumours confined to the orbit are
treated separately because of their good prognosis.6,8

The most common staging systems are the Inter-
national Union Against Cancer (UICC) tumour–
node–metastasis (TNM) system (Table I) and the
Intergroup Rhabdomyosarcoma Study system.8

The mainstay of treatment for sinonasal rhabdo-
myosarcoma (as for all parameningeal rhabdomyo-
sarcomas) is risk-based, multi-agent chemotherapy
and radiotherapy. Surgery plays a role in resectable
tumours or as salvage therapy in non-complete
responders to chemoradiation.

Paediatric sinonasal rhabdomyosarcomas are very
rare, their biological behaviour is largely unknown
and their treatment is complex. Their sinonasal site
poses additional management problems, due to
proximity to the anterior skull base and orbit. The
Intergroup Rhabdomyosarcoma Studies (IRS) do
not evaluate treatment outcomes specifically for
childhood rhabdomyosarcoma at this site. Few
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retrospective studies and case reports deal with rhab-
domyosarcoma of the nose and paranasal sinuses in
mixed populations of children and adults, or with
paediatric rhabdomyosarcoma in the head and neck
region.7,9 – 17

In the current study, we specifically focussed on
paediatric sinonasal rhabdomyosarcoma, and we
reviewed our experience regarding the biological
behaviour, treatment outcome and effectiveness of
major surgery for this rare malignancy.

Materials and methods

Between 1981 and 2005, 14 children and adolescents
with rhabdomyosarcoma of the nose and paranasal
sinuses were treated at the Departments of Otorhi-
nolaryngology of the Aristotle University of Thessa-
loniki, Greece, and the University of Erlangen
Nuremberg, Germany. These children’s clinical
records were retrospectively reviewed. The patients’

median age was 7.5 years (range two to 18 years)
(Table II).

Ten patients had embryonal type rhabdomyosar-
coma and four had alveolar type rhabdomyosarcoma.
For staging purposes, patients underwent clinical
examination, basic laboratory tests, computed tom-
ography (CT) of the skull and chest, magnetic reson-
ance imaging of the head and abdomen, bone
marrow biopsies, and a bone scan. Imaging modalities
revealed skull base involvement in seven cases (50 per
cent). Clinically or radiologically suspicious lymph
nodes were found in seven patients (50 per cent).
Patients’ tumours were equally distributed between
stages II and III, as defined by the TNM classification.

Following histological confirmation, eight patients
(57.1 per cent) received chemoradiotherapy based on
the German Soft Tissue Sarcoma Study protocols
(CWS 91, 96) (CWS-91 stands for “German
Cooperative Soft Tissue Sarcoma Study” of 1991.
CWS-96 for the same group study in 1996),
the vincristine–actinomycin-D–cyclophosphamide–
adriamycin regime, and the International Society of
Paediatric Oncology ifosfamide–vincristine–
actinomycin-D protocol (Table III). Radiotherapy
was used as the main treatment modality or as an
adjunct to primary surgery (doses ranged from 43
to 60 cGrey). Six patients received major surgery as
their main local treatment followed by chemotherapy
and/or radiotherapy. A combined endoscopic-
transfacial approach was employed in three patients,
a combined endoscopic-microscopic approach in one
patient and midfacial degloving in two patients.

Post-operative evaluation, comprising head CT,
chest X-ray, bone scans and bone marrow biopsies,
revealed local failures, relapses or distant metastases
in seven patients. The length of follow up ranged
from seven to 276 months, with a mean of 58 months.

All survival data were analysed with the Kaplan–
Meier method. The log-rank test was employed to
test differences between survival distributions, and
the level of statistical significance was set at 0.05. Sur-
vival was calculated from the date of initial diagnosis
to the last follow-up visit.

TABLE I

PRE-TREATMENT TNM-UICC 1991 CLASSIFICATION SYSTEM FOR

PAEDIATRIC RHABDOMYOSARCOMA

Status Definition

Tumour size
T1 Tumour confined to anatomical site

of origin
(a) Tumour size �5 cm in diameter
(b) Tumour size .5 cm in diameter
T2 Extension or fixation to surrounding

tissue
Regional lymph nodes
N0 Regional lymph nodes not clinically

involved
N1 Regional lymph nodes involved by

neoplasm
Nx Clinical status of regional nodes

unknown
Distant metastasis
M0 No distant metastasis
M1 Metastasis present

T ¼ tumour; N ¼ nodes; M ¼ metastasis; UICC ¼ Inter-
national Union Against Cancer

TABLE II

PATIENT CHARACTERISTICS

Pt no Age at
diagnosis (yrs)

Pre-treatment
TNM staging

Involved sites Regional
metastasis

Histological
subtype

1 2 III NC, PNS, OB, SB eRMS
2 8 II NC, NP eRMS
3 5 III PNS, NP, SB eRMS
4 14 II PNS, SB aRMS
5 7 II NC, MS eRMS
6 6 III NP, SB eRMS
7 3 III NC, PNS, SB eRMS
8 17 III NC, PNS, OB, SB LN aRMS
9 18 II MS aRMS
10 17 III NC, PNS, OB, SB LN aRMS
11 13 II MS eRMS
12 3 III MS, ETH, NP eRMS
13 3 II NC eRMS
14 12 II ETH, NP, OP eRMS

Pt no¼ patient number; yrs ¼ years; TNM¼ tumour–node–metastasis; NC¼ nasal cavity; PNS ¼ paranasal sinuses; OB¼ orbit; SB ¼
skull base; NP ¼ nasopharynx; MS ¼maxillary sinus; ETH¼ ethmoids; OP¼ oropharynx; LN ¼ histologically positive cervical lymph
nodes; eRMS¼ embryonal type rhabdomyosarcoma; aRMS¼ alveolar type rhabdomyosarcoma
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Results

The patients’ overall five-year survival rate was 53.9
per cent (Figure 1). Eleven patients (78.6 per cent)
had complete remission after treatment. Sub-
sequently, two of them suffered a local recurrence;
one died 25 months after the initial diagnosis, and
the other awaited treatment at the time of writing.
Two patients developed local recurrence and distant
metastases simultaneously; one underwent further
resection, thoracotomy, laminectomy and additional
chemotherapy, while the other underwent resection
after embolisation of the tumour and radiotherapy
to the distant metastasis. Survival was prolonged to
20 and 33 months, respectively. There were three
non- or partial responders to initial treatment. All
died within a year of diagnosis due to complications
(including sarcomatous meningitis in one patient).

Four patients treated with primary surgery had clear
margins and received chemotherapy. One of these
patients had tumour involving the maxillary sinus.
He underwent tumour resection via a midfacial
degloving approach (Figure 2). Three of the four
patients undergoing surgery received additional

radiotherapy, and these three patients were alive and
free of recurrence 16 months, 25 months and 11
years post-diagnosis, variously. The fourth patient,
who post-operatively received only chemotherapy, suf-
fered a local recurrence after three disease-free years.
Two patients had residual tumour after primary
therapy and received adjuvant chemotherapy and
high dose radiotherapy (60 cGrey). One was alive 23
years after initial diagnosis, whereas the other survived
only seven months (skull base erosion was present).
The five-year survival rate for the group of surgically
treated patients was 83.3 per cent, and that for the
group of irradiated patients was 37.5 per cent. This
difference was not statistically significant ( p ¼ 0.213).

Histological subtype influenced survival. Patients
with embryonal type rhabdomyosarcoma had a 78.7
per cent three- and five-year cumulative survival
probability, in contrast to patients with alveolar
type rhabdomyosarcoma, whose equivalent survival
probability was 0 per cent ( p ¼ 0.002). The mean
survival time for alveolar type rhabdomyosarcoma
was 17 months. Infiltration of the skull base adversely
affected outcome; three- and five-year survival rates

TABLE III

PATIENT TREATMENT AND OUTCOME

Pt
no

Age
(yrs)

Surgery (type; approach;
margins)

CT & RT (cGy) Result Clinical course Survival

1 2 Biopsy P-CWS-96 CR Local recurrence Died 25 mths post-ID
RT (49)

2 8 Resection Post-CWS-91 CR No recurrence Alive 11 yrs post-ID
Endonasal þ transfacial RT (48)
Clear

3 5 Biopsy P-CWS-96 Residual tumour Died 11 mths post-ID
RT (43)

4 14 Biopsy P-CWS-96 Residual tumour Died 8 mths post-ID
RT (50)

5 7 Resection Post-VAC CR No recurrence Alive 23 yrs post-ID
Endonasal þ transfacial RT (60)
Residual tumour

6 6 Biopsy P-CWS-91 CR No recurrence Alive 10 yrs post-ID
RT (54)

7 3 Biopsy P-CWS-91 CR No recurrence Alive 8 yrs post-ID
RT (48)

8 17 Biopsy P-CWS-96 CR Local recurrence Died 20 mths post-ID
RT (54) Regional & distant

metastases
9 18 Biopsy P-VACA CR Local recurrence Died 33 mths post-ID

RT (50) Distant metastases
10 17 Resection Post-IVA Residual tumour Died 7 mths post-ID

Endonasal þ transfacial RT (60)
Residual tumour

11 13 Resection Post-IVA CR No recurrence Alive 16 mths post-ID
Midfacial degloving RT (45)
Clear

12 3 Resection Post-IVA CR Local recurrence Alive 3 yrs post-ID
Endonasal
Clear

13 3 Biopsy P-IVA CR No recurrence Alive 10 yrs 5 mths
post-ID

RT (50)
14 12 Resection Post-IVA CR No recurrence Alive 25 mths post-ID

Midfacial degloving RT (50)
Clear

Pt no ¼ patient number; yrs ¼ years; CT ¼ chemotherapy; RT ¼ radiotherapy; P ¼ primary; Post ¼ post-operative; CR ¼ complete
remission; ID ¼ initial diagnosis; CWS-96 ¼ Cooperative Soft Tissue Sarcoma Study 96; CWS-91 ¼ Cooperative Soft Tissue
Sarcoma Study 91; VAC ¼ vincristine, adriamycin & cyclophosphamide; VACA ¼ vincristine, actinomycin D, carboplatin & adria-
mycin; IVA ¼ ifosfamide, vincristine & adriamycin
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for these patients were 28.6 per cent (median survival
time was 20 months), whereas lack of intracranial
extension improved survival to 80 per cent ( p ¼
0.028). Patients aged less than 10 years had a better
prognosis compared with older children (three- and
five-year survival rates were 75 per cent for the
younger group and 0 per cent for the older group;
p ¼ 0.046). Disease stage also affected outcome but
this was not statistically significant. Patients in stage
II had 64.3 per cent three- and five-year survival
rates, whereas those in stage III showed 42.9 per
cent survival rates ( p ¼ 0.339).

Seven patients had positive cervical lymph nodes
pre-operatively. However, only two patients had
positive pathological specimens; both suffered from
alveolar type rhabdomyosarcoma.

Discussion

Paediatric sinonasal rhabdomyosarcoma is an aggres-
sive tumour presenting with non-specific signs and
symptoms which are often initially attributed to
allergy and infection.16 Persistence of nasal obstruc-
tion, proptosis, diplopia or epistaxis warrants evalu-
ation with rigid or flexible nasendoscopy, which
usually reveals a unilateral, polypoid mass. The
differential diagnosis includes benign and malignant
tumours such as lymphomas and, rarely, soft tissue
sarcomas other than rhabdomyosarcoma.

Before taking a biopsy from the lesion, complete
imaging investigation should be requested. Magnetic
resonance imaging (MRI) is the radiological investi-
gation of choice for parameningeal rhabdomyosar-
coma.18 The tumour presents as a heterogeneous
mass, iso-intense or hyper-intense to muscle, on T1
and T2 sequences, respectively. Intracranial and

peri-neural spread, a poor prognostic sign, is readily
identifiable on MRI scanning. In our series, seven
patients had skull base infiltration. Metastatic cervi-
cal lymph nodes may be revealed with both
imaging modalities. Lack of calcification is a useful
radiological clue that distinguishes rhabdomyosar-
coma from other malignancies of the sinonasal
region such as chondrosarcoma and osteosarcoma.
However, lymphoma and nasopharyngeal carcinoma
share the same signal intensity characteristics as
rhabdomyosarcoma, and therefore tissue biopsy is
imperative for correct diagnosis.19

The histological diagnosis of rhabdomyosarcoma
requires experience. Disagreement among

FIG. 2

(a) Pre-operative, axial computed tomography scan of
paranasal sinuses of a 13-year-old patient. A soft tissue mass
of variable intensity occupies the left maxillary sinus. The
mass has prolapsed into the nasal cavity and eroded through
the posterior wall of the maxillary sinus into the
retromaxillary space. (b) Post-treatment, axial magnetic
resonance imaging scan, showing complete removal of tumour.

FIG. 1

Kaplan–Meier survival curve showing overall survival
probability of the 14 patients with rhabdomyosarcoma.

Mths ¼ months
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pathologists regarding rhabdomyosarcoma histologi-
cal subtyping can occur in up to 30 per cent of cases.6

Misclassification of (unfavourable) alveolar rhabdo-
myosarcoma as the embryonal type may lead to
administration of sub-optimal treatment.20 The histo-
logical classification of rhabdomyosarcoma has been
a subject of debate for several years. The different
classification schemes (i.e. Horn–Enterline, Palmer,
International Society of Paediatric Oncology and
National Institute of Health) have added much con-
fusion to rhabdomyosarcoma subtyping. Newton
and co-workers21 assembled an international panel
of experts representing each classification, and
devised a new system based on the level of agreement
and power of prognostic prediction. The Inter-
national Classification for Rhabdomyosarcoma,
widely used at present, categorises rhabdomyosar-
coma into (1) favourable prognosis (botryoid and
spindle cell types), (2) intermediate prognosis
(embryonal type) and (3) unfavourable prognosis
(alveolar type and undifferentiated sarcoma).

In the majority of sinonasal rhabdomyosarcoma
cases, the tumour is advanced and radical surgery
would result in substantial functional and cosmetic
deficits. Multi-agent chemotherapy combined with
radiation is the primary treatment modality offered
to patients. Since the introduction of single agent
chemotherapy in the early 1960s, several treatment
protocol modifications have led to a dramatic
improvement in survival rates, with acceptable mor-
bidity. The first international sarcoma studies (the
Intergroup Rhabdomyosarcoma Study, German
Soft Tissue Sarcoma Study, Italian Cooperative
Group and International Society of Paediatric
Oncology study) defined prognostic factors which sub-
sequently enabled the planning of effective, risk-based
chemoradiotherapy. Negative prognostic factors com-
prised parameningeal site, meningeal involvement,
tumour size more than 5 cm, gross tumour residual
before or after surgery, and distant metastases.
Patients aged less than 10 years and with embryonal
type histology had a good prognosis.3,22 We too
found that patients with embryonal type rhabdomyo-
sarcoma, an age less than 10 years and no skull base
erosion had improved outcomes. Our five-year
overall survival rate (53.9 per cent) compares well
with the 64 per cent survival rate for non-metastatic
parameningeal rhabdomyosarcoma observed in the
Malignant Mesenchymal Tumor 89 study23 and the
rates of the Intergroup Rhabdomyosarcoma Studies
II through IV (56 per cent if meningeal involvement
was present and 76 per cent if meningeal involvement
was absent.22 Current treatment philosophies for
parameningeal rhabdomyosarcoma differ between
Europe and North America.24 The International
Society of Paediatric Oncology Malignant Mesenchy-
mal Tumor 89 study was based on initial front-line
chemotherapy followed by further chemotherapy in
the event of a poor response, before local treatment
was administered. A major objective of the European
protocol was to reduce the use of radiotherapy; there-
fore, surgery was the preferred local treatment. As a
result, no radiotherapy was instituted for paramenin-
geal rhabdomyosarcoma patients who were (1)

younger than three years with a complete response
to chemotherapy or surgery, or (2) older with no
meningeal involvement. The Intergroup Rhabdomyo-
sarcoma Study IV used radiotherapy as primary local
treatment soon after induction chemotherapy was
completed. In contrast to the International Society
of Paediatric Oncology Malignant Mesenchymal
Tumor 89 study, all patients with parameningeal
disease received radiotherapy irrespective of their
age. Better results were achieved by the inclusion of
radiotherapy in the treatment plan of all patients
with parameningeal rhabdomyosarcoma. In the Inter-
national Society of Paediatric Oncology Malignant
Mesenchymal Tumor 89 study, non-irradiated patients
younger than three years and older irradiated children
had similar overall survival. Both studies underscore
the importance of systematic local treatment for para-
meningeal rhabdomyosarcoma. In our study, surgery
was the main local treatment modality in six patients,
five of whom received additional radiotherapy.

Complications of treatment should be kept to a
minimum without compromising survival. Intensive
chemotherapy can cause severe acute complications,
with toxic death being the worst outcome, occurring
in 5–12 per cent of patients.6 Secondary neoplasms
(occurring in 2.4 per cent), such as acute myeloid leu-
kaemia and acute lymphoblastic leukaemia, may
develop within three to four years of treatment.25 Car-
diomyopathy (occurring in 1.6 per cent), Fanconi syn-
drome (in 6 per cent) and renal damage are other
potential consequences of chemotherapy. We
observed Fanconi syndrome and aspergillosis of the
maxillary sinus in one patient each. The latter
patient was treated successfully with systemic antifun-
gal agents and local therapy with amphotericin B irri-
gations. Radiotherapy has serious late complications,
such as developmental delay (occurring in 48 per
cent), growth retardation (35 per cent), learning diffi-
culties (16 per cent), poor dentition (29 per cent),
impaired vision (17 per cent) and hearing loss not
attributable to cisplatin administration.26 Long term
sequelae such as chondronecrosis, oesophageal steno-
sis, second malignancy and brain haemorrhage may
become manifest 10 years after initial irradiation.27

Considering the serious adverse effects of radiother-
apy, radical surgery is an important alternative in
selected cases of parameningeal rhabdomyosarcoma.

Surgery as primary treatment modality

Primary surgery may lead to unacceptable morbidity,
and several authors do not recommend it as the
primary treatment modality.10,28 Since the 1960s, devel-
opments in plastic and reconstructive surgery have
allowed radical surgical procedures in the sinonasal
region to be performed with acceptable cosmetic and
functional results. We had no cases of severe facial dis-
figurement in our series. Surgery prior to or after cytor-
eductive chemotherapy is recommended if there is no
intracranial extension and if complete resection seems
feasible.7,15,29,30 Microscopic residual tumour may be
treated with re-excision; if frozen section analysis
shows that margins are negative, additional radiother-
apy can be withheld.30 Alternatively, less intensive
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chemotherapy and radiotherapy can be used for micro-
scopic residual disease after resection.31 Locally
advanced parameningeal rhabdomyosarcoma can be
treated according to a protocol which combines ablative
surgery with moulage technique brachytherapy and sur-
gical reconstruction.32 This approach aims to intensify
local treatment and to prevent the long term conse-
quences of external beam radiotherapy. Three
intermediate-risk paediatric patients with sinonasal
rhabdomyosarcoma (Intergroup Rhabdomyosarcoma
Study stage II without meningeal involvement) received
the above treatment, with adequate local control.

Elective treatment of the N0 neck is not justi-
fied.12,32,33 Controversy exists over treating the Nþ
neck with additional radiotherapy or neck dissection.
The high incidence of metastasis to cervical lymph
nodes and the pattern of spread of sinonasal tumours
(via the retro-maxillary lymphatic route) necessitate
inclusion of the neck in the radiotherapy field.11

Despite the high rate of clinically Nþ necks amongst
parameningeal rhabdomyosarcoma patients, histologi-
cal confirmation of cervical nodal status is necessary
before any local neck treatment is planned.23,33 In
our study, two out of seven patients with a Nþ neck
had histologically proven nodal metastasis. Both
patients suffered from alveolar type rhabdomyosar-
coma and died within 20 months with distant metasta-
sis or local failure. We recommend surgical evaluation
of cervical nodal status at some point in the treatment
course. For unresectable tumours, suspicious cervical
nodes can be biopsied before or after initial che-
motherapy; if they are histologically positive, they
should be included in the radiotherapy field. If com-
plete tumour resection is feasible, we recommend
neck dissection at the time of major surgery to the
primary tumour, for staging and therapeutic purposes.

. Rhabdomyosarcoma is the commonest
malignant tumour of the nose and paranasal
sinuses in children. The treatment of choice for
advanced tumours is primary, risk-based
chemoradiotherapy. Very few studies have
focused on the feasibility and effectiveness of
surgical resection

. This study found that early stage sinonasal
rhabdomyosarcoma without infiltration of the
skull base or orbit could be resected with
minimal functional deficit and comparable
survival to primary chemoradiotherapy

. Surgery as first line or salvage treatment of
sinonasal rhabdomyosarcoma is an alternative
to chemotherapy in select cases. When radical
surgery is planned, the neck should be
dissected simultaneously for staging or
therapeutic purposes

Surgery as salvage treatment

Few treatment options are available for paramenin-
geal rhabdomyosarcoma patients with a partial or

absent response to chemoradiation. Second-line che-
motherapy and radiotherapy are the main modalities,
but have increased toxicity and low efficacy (due to
resistance to chemotherapeutic agents and decreased
tissue tolerance). Although surgery is advocated for
resectable residual tumour or recurrent paramenin-
geal rhabdomyosarcoma, the evidence for its efficacy
in cases of rhabdomyosarcoma in the sinonasal
region is very limited.10,11,34,35

Conclusion

Paediatric rhabdomyosarcoma of the nose and para-
nasal sinuses is an aggressive tumour with a poor
prognosis. Multi-modality treatment has increased
survival considerably. Chemoradiotherapy is the
mainstay of treatment, whereas radical surgery is
reserved for patients with resectable primary
tumours, partially shrunk tumours after initial che-
moradiotherapy, and resectable metastases. Thus,
selected patients can avoid radiotherapy and its
long term complications. Radical surgery resulting
in loss of form and function is not recommended.
Treatment of this rare tumour is complex and
requires a multi-disciplinary approach in centres
with appropriate experience.
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