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bstract

arcomas are rare, malignant bone and soft-tissue tumours of mesenchymal origin, and their overall incidence accounts for 1% and 0.2%,
espectively, of all malignancies. The aim of this article is to provide a reference on the evolving management concepts and trends of
reatment of adult sarcomas of the head and neck in a major head and neck sarcoma centre. Early diagnosis remains a challenge due to non-
pecific symptomatology. Imaging such as ultrasound (US), magnetic resonance (MRI), computed tomography (CT), and positron emission
omography (PET) CT assist with diagnosis and staging, and biopsy is essential for diagnosis, tumour differentiation, and grading. Staging
s dependent on histological grade, size of tumour, and metastasis. Sarcomas spread via the haematogenous route. Adequate clearance of
ocoregional disease and prevention of distant micrometastases are key to improved disease-free survival outcomes so multimodal treatment
t a sarcoma reference centre is imperative. In the head and neck, the treatment for most bone sarcomas is neoadjuvant chemotherapy followed
y compartmental resection. The interim tumour response to neoadjuvant chemotherapy is evaluated by PET CT and MRI. Heavy-particle
herapy (proton beam) in combination with surgery is increasingly being used to treat otherwise unresectable disease, particularly in children.
or soft tissue sarcomas of the head and neck, treatment is complex and depends on grade. Surgery is the principle mode of treatment in

ow-grade tumours that are amenable to resection. High-grade tumours can be treated with neoadjuvant chemotherapy followed by surgery and
adiotherapy. In such cases, the response to the chemotherapy might be used as a guide of potential biological aggressiveness, and has an impact
n the planning of the operation and the type and extent of radiotherapy. As a general rule, radiotherapy is reserved for high-grade, advanced
oft-tissue sarcomas of the head and neck. Those of bone are radioresistant, and radiotherapy is only administered for palliative purposes
hen no surgical option exists, an exception being Ewing sarcoma. The role of proton beam therapy is promising, but to our knowledge no
ong-term data currently exist. The survival advantage of innate immune-modulation remains uncertain for disease in the head and neck.
 2020 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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arcomas are rare, heterogeneous, malignant tumours.1 In
2

Please cite this article in press as: Kalavrezos N, Sinha D. Head and neck
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dults, about 10% of all sarcomas affect the head and neck,
ut in children 21% of all malignancies are sarcomas,3 of
hich 7%-10% affect the soft tissues.4 Unlike carcinomas,
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hich are epithelium-derived, sarcomas are of mesenchy-
al origin, and are broadly classified as bone sarcomas (BS)

nd soft-tissue sarcomas (STS). BS are more prevalent in the
ower extremities (34%), while those in the soft tissue affect
he upper and lower extremities equally (25%).5 In the UK,
hose of the head and neck account for about 10% of the
nnual incidence of new cases. The incidence for new STS
 sarcomas in adulthood: current trends and evolving management
oms.2020.05.015

s 30/106 (about 190 tumours) and for BS is 8/106 (about 38
umours)/annum.6
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Table 1
Head and neck soft tissue sarcoma in adulthood (2007-2019) at the London
Sarcoma Service.

Distribution of soft tissue sarcomas No. of patients
(n = 124)

Histopathological classification (Fig. 1):
Rhadomyosarcoma 24 (19)
Pleomorphic sarcoma 18 (15)
Malignant peripheral nerve sheath tumour
(MPNST)

15 (12)

Leiomyosarcoma 13 (11)
Spindle cell sarcoma 14 (11)
Liposarcoma 13 (11)
Angiosarcoma 8 (7)
Synovial sarcoma 3 (3)
Dermatofibrosarcoma 4 (3)
Alveolar soft part sarcoma (ASPS) 2 (2)
Myxofibrosarcoma 5 (4)
Myofibrosarcoma 5 (4)

Anatomical:
Other (extragnathic) 109 (88)
Maxilla 11 (9)
Mandible 4 (3)

Sex:
Female 63 (51)
Male 61 (49)

Age:
Adult 105 (85)
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Fig. 1. Histological types of soft tissue sarcomas of the head and neck at the
London Sarcoma Service between 2007 and 2019 (Table 1).
Adolescent 19 (15)

Bimodal variation and incidence based on age distribution
re not typical to head and neck sarcomas.7 Instead, a grad-
al increase with age from 0.3/million in the 0-4 years age
roup to 1.9/million in those aged 80-84 years is observed in
ases of BS.6 Head and neck bone sarcomas (HNBS) have

 higher predilection for the mandible (54%) than the max-
lla (34%). Extragnathic presentations account for 11%, and
ost HNBS are high grade (91%) with earlier reports vary-

ng between 56% and 79%.7–9 In contrast, 87% of head and
eck soft-tissue sarcomas (HNSTS) are extragnathic with 8%
resenting in the maxilla and 5% in the mandible. A large
roportion are high grade (76%).7

There is considerable histopathological variation in
NSTS. At the London Sarcoma Service, 245 patients
ith HNS had surgical treatment between 2007 and 2019.
he commonest subtypes of STS were rhabdomyosarcoma

19%), pleomorphic sarcoma (15%), malignant peripheral
erve sheath tumour (12%), leiomyosarcoma (11%), and
pindle cell sarcoma (11%) (Fig. 1 and Table 1). The
ommonest types of HNBS were osteosarcoma (75%), chon-
rosarcoma (18%), and Ewing sarcoma (7%) (Fig. 2 and
able 2).7 Variations in multimodal treatment reflect the het-
rogeneity and diversity of HNS, and overall survival can
ange from 27% - 84%, based on the management strategy
mployed.10–13

In the UK, care for patients with HNS is centralised to
Please cite this article in press as: Kalavrezos N, Sinha D. Head and neck sarcomas in adulthood: current trends and evolving management
concepts. Br  J  Oral  Maxillofac  Surg  (2020), https://doi.org/10.1016/j.bjoms.2020.05.015

5 sarcoma multidisciplinary teams (MDT) in contrast to
9 head and neck MDTs. The role of amalgamated surgi-
al, histopathological, oncological, and radiological expert

https://doi.org/10.1016/j.bjoms.2020.05.015
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Fig. 2. Histological types of bone sarcomas of the head and neck at the
London Sarcoma Service between 2007 and 2019: osteosarcoma (n = 91),
chondrosarcoma (n = 22), Ewing sarcoma (n = 8).

Table 2
Head and neck bone sarcomas in adulthood (2007-2019) at the London
Sarcoma Service.

Distribution of bone sarcomas No. (%) of patients (n = 121)

Anatomical:
Mandible 67 (55)
Maxilla 50 (41)
Other craniofacial skeleton 4 (3)

Sex:
Female 63 (52)
Male 58 (48)

Age:
Adult 104 (86)
Adolescent 17 (14)

Table 3
Developmental pathways hijacked by osteosarcoma.

Runx2 (transcription factor for osteoblast differentiation)
Wnt/�-Catenin (osteoblast proliferation)
Fibroblast growth factor (FGF)
Matrix metalloproteinase (MMP) proteins
Insulin-like growth factor (IGF) signalling axis
Bone morphogenetic protein (BMP) signalling
Osterix (Osx) transcription of osteocalcin, osteopontin, and bone

sialoprotein
TWIST (regulator of the osteoblast lineage)
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ippo/YAP pathway in osteoblast differentiation
RBB4 signalling in osteoblast differentiation

nowledge in the improvement of survival outcomes is of
aramount importance because of the rarity of the disease.
anagement should therefore be led by specialised sarcoma
DTs. The website sarcoma.org.uk has a comprehensive up-

o-date list of sarcoma centres and clinicians in the UK with
heir contact details.

athogenesis  and  predisposing  factors

enetic predisposition, acquired gene mutations, previous
xposure to radiation or chemotherapy, chemical carcino-
ens, and viral infections, are all implicated in the patho-
enesis of HNS. The hijacking of developmental signalling
athways by BS has a role in the pathogenesis (Table 3).14

linical  presentation  and  diagnostic  principles

arly diagnosis remains a challenge because of insidious clin-
cal presentation. Symptoms such as an enlarging mass with
r without the presence of pain, loose teeth, cranial nerve
ysfunction, unilateral sinusitis, nodular vascular lesions,
cchymotic diffuse lesions, epistaxis, unilateral nasal mass,
oarseness or a change in voice, or dysphagia or odynopha-
ia, should raise suspicion of a sarcoma and trigger an urgent
eferral. Bone pain at night should always be considered a
 sarcomas in adulthood: current trends and evolving management
oms.2020.05.015

ed flag.15–17 Despite the presence of non-specific symptoms,
istant metastasis at presentation is seen in 25% of cases of
NBS,18 and in 10% of HNSTS.19

https://doi.org/10.1016/j.bjoms.2020.05.015
http://sarcoma.org.uk
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Diagnostic imaging such as ultrasound (US), magnetic
esonance (MRI), computed tomography (CT), and positron
mission tomography (PET) CT are employed in the head
nd neck instead of plain radiographs. US and MRI are used
or STS while MRI and CT are used for BS.15,16 Biopsy
s essential for tumour differentiation and grading. Percuta-
eous core biopsies are recommended for suspected STS and
pen biopsies for suspected BS or when core biopsies are
nconclusive. Fine-needle aspiration is not recommended for
rimary diagnosis because of poor tissue yield.16 Excisional
iopsies must be avoided at all costs to prevent contamination
f the field, which would jeopardise treatment and outcomes.

taging

taging is dependent on histological grade, size of tumour,
nd presence or absence of metastases. The two commonly
sed staging systems are Enneking and TNM.

nneking  surgical  musculoskeletal  staging

his system stages sarcoma into three stages (I,II, and III)
hat are predominantly based on grade and metastasis.20 It
oes not include Ewing sarcoma and undifferentiated round
ell sarcoma.

JCC  TNM  8th  edition21

NBS is based on primary tumour (T), regional lymph node
tatus (N), presence or absence of distant metastases (M),
nd histological grade (G). Staging (I-IV) is primarily based
n histological grade followed by primary tumour. The TNM
lassifications for BS and STS of the head and neck vary in the
efinition of primary tumour (T), and the prognostic staging
or STS is not defined. Certain STS such as embryonal, alve-
lar rhabdomyosarcoma, cutaneous angiosarcoma, Kaposi
arcoma, and dermatofibrosarcoma protuberans (DFSP), are
xcluded.

rading

rading (1-3) is based on three important criteria: tumour dif-
erentiation (1-3), tumour necrosis (0-2), and mitotic index
1-3). Currently two systems are in use, the French Federa-
ion of Cancer Centres Sarcoma Group (FNCLCC) and the
ational Cancer Institute (NCI). The FNCLCC is the most

ccurate prognosticator of tumour mortality, development of
etastases, and consideration for adjuvant therapy.22,23

ationale  of  treatment
Please cite this article in press as: Kalavrezos N, Sinha D. Head and neck
concepts. Br  J  Oral  Maxillofac  Surg  (2020), https://doi.org/10.1016/j.bj

revention of early distant micrometastases and locoregional
learance are key to improved disease-free survival (DFS),
nd these goals can be realised with multimodal treatment.
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eoadjuvant chemotherapy has indeed revolutionised the
anagement of sarcomas of the extremities, as it not only

educes the risk of distant metastases, but also allows sur-
ical procedures to evolve into “limb-sparing” techniques.24

o randomised studies have confirmed a similar impact in
he head and neck for obvious reasons, but the extrapolation
f this model has lowered the risk of early lung metastases
nd led to the development of surgical concepts that aim to
mprove functional outcomes.

A classic paradigm, locoregional treatment of HNBS, is
ased on the mode of histological spread. Most cases arise
rom the mesenchyme and spread primarily within trabecular
one before causing cortical erosion and associated periosteal
pposition. In contrast, squamous cell carcinomas (SCC)
re epithelial soft-tissue malignancies that opportunistically
nvade the facial bones by virtue of their proximity. SCC of the
ead and neck presents with relatively early involvement of
he regional lymph nodes, whereas HNBS manifests as large
ocal disease with a low potential of metastasis to the lymph
odes and the early presence of distant metastases. This bio-
ogical behaviour has led to the development of the “in-out”

odel of local spread for HNBS and has clear repercussions
or surgical management.7

The lack of anatomical boundaries within the facial bones
n cases of advancing HNBS obviates the need for a “compart-

ental” excision by use of the affected bone as the epicentre
f the resection. This requires “large” bony margins that
ither surround the boundaries of the compartment, or are
elineated by the presence of a natural barrier, and encom-
ass the surrounding soft tissue spatial “compartment”. These
argins are necessary, as they address the main focus of the

otential insidious spread of the sarcoma, and at the same
ime warrant clearance of the resection in “difficult” areas,
uch as the mandibular condyle which, in cases that affect
he angle or ramus, is invariably affected by malignant cells,
ven in the absence of clear radiological evidence (Fig. 3).7

reatment  strategy  for  bone  sarcomas  of  the  head
nd neck

eoadjuvant chemotherapy is administered to prevent the
pread of microsatellite tumour deposits, to shrink the
umour, and control symptoms. Systemic therapy includes
igh-dose methotrexate (M), doxorubicin (AdriamycinTM

fizer), ifosfamide, and cisplatin (P). The most common
nduction therapy regimen in the UK is MAP for a period
f 10 weeks.25 In patients over 40 years of age, dual ther-
py with AP is recommended. Adjuvant chemotherapy is
dministered postoperatively if interruption occurs in the
eoadjuvant setting, and chemotherapy is part of the standard
reatment for Ewing sarcoma, undifferentiated pleomorphic
 sarcomas in adulthood: current trends and evolving management
oms.2020.05.015

arcoma, and spindle cell sarcoma. In cases of chondrosar-
oma, chemotherapy is reserved for the dedifferentiated and
esenchymal subtypes. The exact role of chemotherapy,

https://doi.org/10.1016/j.bjoms.2020.05.015
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Fig. 3. Discrepancy between magnetic resonance imaging (MRI) and histo-
logical findings in high-grade osteosarcoma. T1 and T2 magnetic resonance
axial images show radiologically disease-free right condylar head (2 weeks
preoperatively). Histopathological specimen of the condylar head shows
infiltration of the marrow space by osteosarcoma cells (haematoxylin and
eosin, original magnification × 4).
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owever, is yet to be defined in periosteal and craniofacial
steosarcomas.16

Compartmental resection is the surgical technique of
hoice, and planning should be based on scans done before
eoadjuvant chemotherapy. A staged approach to resection
nd reconstruction may be best when the overall physiology
f the patient takes precedence, when it is predetermined
y cardiopulmonary exercise testing,26 or when there is
ncertainty about tumour clearance in potentially difficult
natomical areas, such as the base of the skull. Condy-
ar disarticulation and frank hemimandibulectomy must be
onsidered when tumour extends to the mandibular ramus.
owever, low grade sarcomas such as parosteal and central
steosarcoma are treated with surgery alone, as they have low
alignant potential.
In our experience, assessment of the tumour and the

lanned resection by the segmentation of scans provides a
horough 3-dimensional understanding of the resection that
s required. It also helps us to plan the corresponding recon-
truction based on the extent of the sub-site defect and, more
mportantly, provides visual cues that are invaluable intraop-
ratively. Intraoperative CT after resection is recommended
o evaluate the adequacy of the planned resection in “difficult”
reas such as the orbital apex or base of the skull (Figs. 4–7).

Radiotherapy is often used in the definitive management
f Ewing sarcoma, but is otherwise reserved for palliative
reatment and for selected cases with positive margins.

The use of heavy-particle radiation such as proton beam
r carbon ion therapy is promising, particularly in patients
ith unresectable primary BS. Excellent outcomes have
een reported in local disease control of chondrosarcoma
f the skull base (70%-90%) with proton beam therapy and
urgery.27 Two centres in the UK provide proton beam ther-
py: Christie’s at Manchester and from late 2020, University
ollege Hospital, London (UCHL).

reatment  strategy  for  head  and  neck  soft-tissue
arcomas

he treatment strategy for HNSTS is complex, and the diverse
istological subtypes and variable responses to different treat-
ents pose a challenge. Grading has an important role in

ecisions about the timing and type of treatment. The use
f neoadjuvant chemotherapy may vary depending on histo-
ogical grade, with a focus on high and intermediate-grade
umours, while the number of cycles and the duration of
reatment are modulated by the extent of the disease and the
esponse, with interim assessment with PET CT and MRI.28

he surgical principles are similar to those used in HNBS,
nd compartmental resection is recommended to prevent
ocal recurrence. Low-grade disease is treated primarily with
urgery, and postoperative radiotherapy is given to patients
 sarcomas in adulthood: current trends and evolving management
oms.2020.05.015

ith high-grade or advanced disease. The role of adjuvant
hemotherapy for most of these tumours, however, remains
nproven,29 but it is considered in cases that are high risk and

https://doi.org/10.1016/j.bjoms.2020.05.015
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Fig. 4. Computed tomogram showing left-sided osteosarcoma anatomically
close to the anterior base of the skull and orbital apex.

Fig. 5. Segmentation of computed tomogram for the mapping of tumour and
resection margins.
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ig. 6. Three-dimensional detachable model based on virtual surgical plan-
ing as an intraoperative guide to aid compartmental resection.

hemosensitive, and when local relapse cannot be surgically
alvaged.16

rognosticators  of  head  and  neck  sarcomas
 sarcomas in adulthood: current trends and evolving management
oms.2020.05.015

urgical principles are driven by our current knowledge of the
rognosticators of sarcomas: grade of tumour,30 anatomical
ubsite or location, tissue of origin, adequacy of margins,31

https://doi.org/10.1016/j.bjoms.2020.05.015


ARTICLE IN PRESSYBJOM-6041; No. of Pages 8

N. Kalavrezos, D. Sinha / British Journal of Oral an

F
o

p
v

b
m
t
o
m
s
t
p
s
v
i

t
a
h
s
g
a
c
h
s
h
h

F

I
w
e

o
A
e
f
M
l

o
e
t
i
fi
i
f

g
t
f

F

A
t
t
i
t
n
a
i
r
s
t
a
n
c
H

E

E
p

C

W

A

W

ig. 7. Virtual surgical planning computed tomogram (CT) superimposed
n to resection CT to check for adequacy of surgical margins.

resence of perineural invasion,32 and response to neoadju-
ant chemotherapy.

The response to neoadjuvant chemotherapy is evaluated
y interim PET CT and MRI. In cases of HNBS, assess-
ent is more reliable with fluorodeoxyglucose (FDG) PET

han with standard imaging, and may correlate better with
utcome than histological response.28 A reduction in overall
etabolic activity by more than 30% with a corresponding

hrinkage in volume is considered a good response. However,
he ultimate benchmark is more than 90% tumour necrosis on
ost resection histological analysis. Emerging evidence has
hown that about 7% of HNBS do not respond to neoadju-
ant chemotherapy (UCHL unpublished data). The resultant
mpact on prognosis is currently unknown.

Surgical success is defined by the presence of adequate
umour-free margins. Although no clear guidance is avail-
ble for HNS, our data show that bony margins that are
istologically clear of tumour by more than 5 mm have a
ignificant impact on DFS (p = 0.012). Involved bony mar-
ins and uninvolved margins (less than 5 mm), even in the
bsence of a breach of periosteum, have similar poor out-
omes. Soft-tissue margins, unless frankly involved, do not
ave an impact on survival probability in BS. What con-
titutes an adequate negative surgical margin in HNSTS,
owever, remains unclear from our data, and other authors
ave echoed our observations.33

ollow  up
Please cite this article in press as: Kalavrezos N, Sinha D. Head and neck
concepts. Br  J  Oral  Maxillofac  Surg  (2020), https://doi.org/10.1016/j.bj

ntermediate or high-grade sarcomas commonly relapse
ithin two to three years, in a similar timescale to that of

pithelial carcinomas. Secondary cancers that are related to
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r independent of irradiation may arise in survivors of BS.34

cute myeloid leukaemia in particular may be observed as
arly as two to five years after chemotherapy. Follow up there-
ore, should include clinical history and examination, US or

RI of the primary site for STS and MRI for BS to rule out
ocal recurrence, and appropriate imaging of the chest.16

Surgical follow up should include the consideration of sec-
ndary surgical refinement procedures, but currently a lacuna
xists for understandable reasons. Newer evidence specific
o the head and neck has shown that facial lipofilling can
mprove fibrotic conditions such as scarring and radiation
brosis in HNS,35 and we have found that it serves as an

mportant adjunct to the success of more definitive secondary
acial procedures.

The recommended follow up for intermediate or high-
rade BS and STS is every two to four months for the first
hree years after completion of therapy, then every six months
or years four and five, and annually thereafter.36

uture  of  head  and  neck  sarcomas

s staging systems emphasise “personalised” cancer care,
he development of early diagnostics and the delivery of
reatment remains quintessential to improve outcomes. The
dentification of reliable genomic alterations could poten-
ially contribute to the development of simpler, accurate,
on-invasive diagnostic tests, and better targeted molecular
gents. The development of inconspicuous surgical access
n the head and neck, and of 3-dimensional volumetric
econstruction and secondary refinement techniques in facial
urgery must be encouraged. Artificial intelligence may pave
he way for in-depth knowledge of HNS as a disease entity,
nd may help to identify patients who do not respond to
eoadjuvant chemotherapy early on. The resultant algorithms
ould lead to a paradigm shift in the overall management of
NS.
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