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Epidemiology

Head and neck squamous cell carcinoma (HNSCC) is a heterogeneous
disease arising from the mucosal epithelium of the oral cavity, pharynx,
and larynx. The most common risk factors for HNSCC development are
tobacco and alcohol use, as well as high-risk human papillomavirus (HPV)
infection [1, 2]. Concomitant use of tobacco and alcohol also appear to
contribute synergistically to HNSCC carcinogenesis. Human
papillomavirus-associated squamous cell carcinoma typically occurs in
the oropharynx and its incidence is increasing in the Western world [3]

Page 1 of 100

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). © Oxford
University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an
individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for
personal use (for details see Privacy Policy).

Subscriber: Marc Hamoir; date: 11 March 2016



Head and neck cancer

HPV-negative and -positive HNSCC are demographically, biologically and
clinically distinct entities with more favourable outcomes associated with
HPV-positive tumours of the oropharynx [4, 5, 6].

Molecular biology of head and neck cancer

Molecular progression

Human papillomavirus-negative HNSCC develops predominantly in
smokers, and a stepwise progression of molecular alterations in the
squamous epithelium has been well-established (see Figure 35.1) [7] . It
is currently believed that the molecular progression model associated
with the phenotypic transformation of normal epithelium to dysplasia and
invasive carcinoma constitute stepwise genetic and epigenetic alterations
that include gene amplification, deletion, mutation, and methylation [7].
Although the primary events remained unknown, the early alterations
associated with increased genomic instability in the squamous mucosal
field comprise of frequent loss of heterozygosity, functional loss of
tumour suppressors and/or a functional gain of oncogenic activity [7].
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Fig. 35.1

Molecular progression of human papillomavirus-negative head and neck
squamous cell carcinoma. Each step is associated with increased genomic
instability or aneuploidy involving frequent loss of heterozygosity (i.e.
chromosome 3p14, 9p21, 17p13, 8p, 11q, 13q, 14q, 6p, 4q27 and 10g23),
functional loss of tumour suppressors (i.e. p53, NOTCH]1, p16, PTEN and
pRb) and/or functional gain of oncogenes (i.e. cyclin D1, EGFR, RAS and
PI3K).

In contrast to the HPV-negative HNSCC, the molecular progression of
HPV-associated cancer remains largely unknown. HPVs are small, non-
enveloped DNA viruses, and their genome encodes various oncoproteins
(E5, E6, and E7) and two capsid proteins (L1 and L2) for virion
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production [8] . The integration of the virus and the human genome
entails the disruption of the early exons of the HPV leading to the
activities of the E6 and E7, as the critical drivers of carcinogenesis
through the degradation of p53 and pRb, respectively (see Figure 35.2)
[9, 10]. Loss of p53 and pRb, two potent tumour suppressors, initiates
genomic instability and leads to cell cycle deregulation [9]. Although the
E6 and E7 are clearly deleterious, the simple expression of these
oncoproteins is not sufficient to transform reticular epithelial crypt cells
into invasive cancer. Additional genetic aberrations must be acquired.
Thus, the genetic alterations required for further malignant
transformation after initial HPV infection still need to be elucidated.
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Fig. 35.2

Carcinogenesis induced by human papillomavirus. (A) E6-mediated
degradation of p53; (B) E7-mediated degradation of pRb; and (C)
upregulation of p16 through feedback loop induced by pRb loss and
uncontrolled cell cycle progression.

Loss of tumour suppressor genes

Based on the current genomic data, it is clear that the majority of
HNSCC-related mutations or deletions occur within critical tumour
suppressors, resulting in loss of function. Additionally, these alterations
are particularly inherent to HPV-negative disease. Among the
compromised tumour suppressors, TP53 and CDKNZ2A (p16) are well
established as poor prognostic biomarkers in HNSCC.

Wild type p53 is involved in a wide range of cellular processes including
autophagy, DNA damage response, cell cycle regulation, senescence,
apoptosis, and ATP generation by oxidative phosphorylation [11].
Mutated p53 accumulates in the nucleus as its altered tertiary structure
does not allow for proper folding, ubiquitination, and degradation. Recent
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data indicate mutations that affect p53 DNA binding (disruptive
mutations) are associated with worst clinical outcome compared to non-
disruptive mutations. However, the presence of any TP53 mutation is
associated with worse outcome compared to wild-type TP53 patients
treated with surgery for curative intent [12]. Thus, further delineation of
TP53 mutant functional complexity is of critical importance for the
incorporation of these biomarkers into the development of novel HNSCC
therapeutics [11].

Another important tumour suppressor gene in HNSCC is CDKNZA, which
encodes pl6. CDKNZ2A is located at Chr 9p21 and inhibits the kinase
activity of CDK4 and CDKG6, which induces cell cycle arrest [13]. pl16
protein expression is cell cycle dependent and is focally expressed in only
5-10% of normal squamous epithelium. In HNSCC, p16 function is
frequently lost by either mutation, gene/chromosome deletion, or
promoter hyper-methylation of the CDKNZ2A gene [14]. Collectively,
deregulation of p16 can occur in up to 90% of HPV-negative HNSCC,
while p16 up-regulation is observed in HPV-positive tumours due to E7-
related pRb loss (see Figure 35.2) [9, 15]. This results in diffuse over-
expression of p16 in tumour cells and is considered a reliable surrogate
biomarker for HPV positivity in oropharyngeal HNSCC.

Gain of oncogenic function

HNSCC-specific oncogene characterization is important for targeted
therapies. Three common oncogenic alterations are observed in HNSCC:
CCND1 (cyclin D1), EGFR, and PIK3CA. Although these modifications are
shared between HPV-positive and -negative HNSCC, differences in the
frequency of their distribution are evident. In HPV-negative tumours,
CCND1, EGFR, and PIK3CA mutation/amplification are seen in 32%, 15%,
and 34%, respectively [16]. Meanwhile, the same alterations occur in 8%,
3%, and 56% of HPV-positive tumours [16], respectively [15].
Consequently, these data may have therapeutic implications and further
clinical research targeting these alterations is required.

Genetic characterization

Recent whole exome sequencing studies of HNSCC have further validated
the separation of HPV-negative and -positive HNSCC into molecularly
distinct entities [5, 6]. When tumours were stratified by HPV status, HPV-
positive tumours had significantly fewer mutations compared to HPV-
negative tumours (4.8 versus 20.6 mutations per tumour). Commonly
mutated genes included TP53, NOTCH1, CDKN2A, HRAS, PTEN, and
PIK3CA [5, 6]. Of these, TP53 is the most commonly mutated gene,
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disrupted in 62-78% of HPV-negative tumours while it was not detected
in HPV-positive tumours to any appreciable degree [5, 6]. These
mutations would functionally disrupt epithelial differentiation and cell
cycle regulations and lead to an increase in cellular proliferation.
Additional mutations were observed in pathways that regulate nuclear
polarity, calcium sensing, and suppression of apoptosis, which would
collectively arrest maturation and provide a proliferative advantage [5]

Molecular and growth factor characterization

At the expression level, Chung, et al. described four subtypes of HNSCC
based on gene expression with distinct molecular characteristics: Group 1
tumours with high EGFR and ligand (TGFA) expression demonstrating
significant EGFR activation; Group 2 tumours demonstrating epithelial-to-
mesenchymal transition (EMT) with high expression of vimentin; Group 3
tumours with normal mucosal epithelium-like features; and Group 4
tumours with an up-regulation of xenobiotic metabolism, mostly observed
in heavy smokers [17]. Subsequently, these four subtypes were validated
by two independent datasets and each group was termed the Basal,
Mesenchymal, Atypical, and Classical subtypes, respectively [15, 18]. The
Atypical subtype included the majority of the HPV-positive HNSCC. In
addition, various aspects of the HPV-negative HNSCC progression model
could be associated with the subtypes defined above [18].

In addition, a recent gene expression study enriched with HPV-positive
HNSCC (44% compared to 10-19% in other studies) revealed that
tumours in the Atypical subtype can be further subdivided into two
groups, resulting in five potential molecular subtypes of HNSCC [19].
Current evidence suggests the Atypical subtype should be reclassified as
HPV-Mesenchymal and HPV-Classical subtypes due to the gene
expression these tumours share with the Mesenchymal and Classical
subtypes. However, these tumours that are aetiologically distinct harbour
HPV-specific gene expression. Further delineation of the molecular
characteristics associated with HNSCC through functional genomics is
expected greatly to advance the development of targeted therapeutics by
identifying and characterizing subtype-specific prognostic and predictive
biomarkers.

Summary of molecular biology of head and neck cancers

Using the current technological advancements in genomic analysis, we
have gained comprehensive knowledge and insight into the molecular
biology of HNSCC. In every respect, HNSCC is a heterogeneous disease
which has now been molecularly characterized into five subtypes.
Predominantly, these alterations are defined by tumour suppressor loss in
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HPV-negative disease, which is associated with poor prognosis and
therapeutic challenges. In contrast, HPV-positive patients have good
overall prognosis; however, a subset of these patients associated with
worse outcome has been identified. The challenge facing future
investigations is efficiently to translate what we have learned with these
tools into clinically meaningful advancements in patient treatment. These
are challenging goals and will require the concerted effort of HNSCC
investigators from a variety of disciplines.

Pathology of head and neck tumours

The histopathologic neoplastic entities of the head and neck region are
widely diverse and complex. The most common tumours arise from lining
epithelium, salivary glands, and sinonasal sites. This section will focus on
the most frequently encountered malignancies at these locations.

Squamous mucosal tumorigenesis

Carcinoma arising from the squamous and metaplastic mucosal lining of
the head and neck sites can be broadly classified into conventional and
viral-associated squamous carcinoma.

Conventional squamous carcinoma

Squamous tumorigenesis develops from the squamous mucosa of the
larynx and sinonasal sites, of the oral cavity, larynx, and squamous
metaplasia of respiratory epithelium [20]. These lesions are typically seen
in relatively older individuals with history of exposure to and/or abuse of
tobacco products and alcohol. Squamous carcinoma at these sites is
typically preceded by premalignant lesions [21]. The incidence of
progression of these lesions to invasive carcinoma varies considerably
from patient to patient and it is currently believed to range from 10-45%
[21, 22].

Premalignant squamous lesions

The progression of premalignant lesions to invasive squamous carcinoma
is a multistep process resulting from progressive accumulation of genetic
and epigenetic alterations [22, 23, 24] leading to invasive carcinoma
(Figure 35.1).

Squamous carcinoma

Histopathologically, squamous carcinoma are classified into conventional
and non-conventional forms. The conventional form is the most dominant,
and is graded based on the level of squamous manifestations and keratin

differentiation into well, moderate, and poorly differentiated. The
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pathologic features associated with aggressive outcome include finger-
like invasive pattern, perineural invasion, depth of invasion, and distance

of tumour to resection margins.

There are several less frequent phenotypic variants of squamous
carcinoma; some are also shared with viral associated carcinoma of the
oro- and nasopharyngeal sites (see Table 35.1 and Figure 35.3).

Table 35.1 Head and neck squamous subtypes

Factor

Age

Grade

Sex

Gross

Site

Viral

Metastasis

Verrucous

>50

Low

>Male

Exophytic

Oral,
larynx

No

Papillary
30-50
Low
>Male
Exophytic
Larynx,

nasal
cavity

Low

Basaloid
>50

High
>Male
Endophytic
Hypo-, oro-
pharynx
Yes in

oropharynx

High

Sarcomatoid

30-50

High

>Male

+/—polypoid

Larynx, lip,
oral cavity

High when
endophytic
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Fig. 35.3
Non-conventional squamous carcinoma subtypes in head and neck. (A)
Verrucous carcinoma; (B) papillary; (C) basaloid; (D) sarcomatoid.

Verrucous carcinoma (VC)

VC is a locally aggressive, well-differentiated squamous carcinoma
characterized by a warty-like appearance and broad-base rete ridges with
downward growth into the stroma. In its pure form this lesion does not
metastasize while hybrid verrucous and conventional squamous
carcinoma may retain the potential for metastasis. The differentiation of
these lesions is from verrucous hyperplasia and is difficult on small
biopsies or partial excisions. The distinction can be made, however, by en
bloc excision of the lesion with the adjacent mucosal shoulders. Both
lesions should be excised completely.

Papillary squamous carcinoma

This is a rare type of squamous carcinoma that is generally restricted to
certain locations including the larynx and the nasal cavity. It is
characterized by papillae lined by neoplastic cells and an exophytic
appearance with and without invasion. Evidence from an association with
high- and low-risk human papilloma virus (HPV) infection has been
reported.

Basaloid squamous carcinoma

This is a high-grade variant that typically presents in the pyriform sinus,
tonsils/oropharyngeal sites. In non-oropharyngeal sites they are negative
for HPV and associated with premalignant non-invasive lesions. The
significance of recognizing this variant is important in the differential
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diagnosis with solid adenoid cystic carcinoma, basal cell carcinoma,
small-round-cell tumours, and melanoma on small biopsy materials. A
selective panel of immunohistochemical markers can be used to establish
the diagnosis.

Sarcomatoid squamous carcinoma

This rare form assumes sarcoma-like morphology and represents a
transformation of conventional squamous carcinoma. The most common
presentation is in the larynx, which may present as an exophytic polypoid
mass or with deeply infiltrative endophytic growth. These lesions may
cause differential diagnostic challenges with sarcoma, spindle cell
melanoma, and pseudosarcomatous lesions. Immunohistochemical
positivity for keratin may allow for the exclusion of sarcoma and
melanoma. Negative results, however, may occur and close interaction
between pathologists and head and neck surgeons are critical to the
diagnosis and management of these lesions.

Viral associated head and neck carcinoma

These entities are commonly seen as undifferentiated/basaloid squamous
carcinoma morphologies. Both arise in neighbouring structures that are
lined by respiratory or squamous epithelium that covers and overlies
lymphoid rich stroma. The distinctions between these forms may often be
arbitrary if the tumour presents at the boundary of the naso- and oro
pharynx.

Nasopharyngeal carcinoma

The nasopharyngeal carcinoma is linked to the Epstein-Barr virus (EBV)
especially in endemic locations (see Figure 35.4). Occasionally both EBV
and HPV testing may be required for their differentiating. These tumours
are histologically classified by WHO into keratinizing (type I) and
undifferentiated subtypes (types II and III).
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Fig. 35.4

Oropharyngeal (OPC) and nasopharyngeal carcinoma (NPC). (A) Light
microscopic, HPV in-situ positivity in tumour cell nuclei, and p16
immunostaining note strong homogeneous (cytoplasmic and nuclear)
positivity in tumour; (B) light microscopic and EBV (EBER, Epstein-Barr
virus-encoded small RNA) in-situ image of typical undifferentiated
squamous carcinoma highlighted also by keratin.

HPV-associated squamous cell carcinoma (oropharyngeal)

In contrast, to conventional squamous carcinoma which accounts for only
a subset of tumours in this region, this form occurs in a different
demographic population and frequency varies by country. The vast
majority of these tumours are non-keratinizing/basaloid squamous
carcinoma but keratinizing squamous carcinoma may also occur at these
sites. The most common locations are at the base of the tongue and
tonsils. These sites are characterized by invagination of squamous
epithelium within the lymphoid stroma. Tumour, therefore, arise in the
hidden crypts at these sites especially the tonsils. Conventional
premalignant dysplastic lesions, therefore, are rarely identified. Not
uncommonly, because of their location, a neck metastasis may precede
the identification of the primary and may show cystic features. The
majority of these cases are caused by occult primary at the base of the
tongue or the tonsils. Tonsillectomy is therefore advised if the primary
tumour cannot be identified by imaging. HPV in situ hybridization of high-
risk variants of HPV and immunostaining by p16 are sufficient to confirm
the diagnosis [25] (see Figure 35.4).

Pathology evaluation

Page 10 of 100

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). © Oxford
University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an
individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for
personal use (for details see Privacy Policy).

Subscriber: Marc Hamoir; date: 11 March 2016



Head and neck cancer

Intraoperative evaluation

Frozen sections are central to the evaluation of depth of invasion and of
oral and lingual lesions, and in assessing the status of margins. Margins
assessment requires a close cooperation between surgeon and specialized
pathologist. Margins can be submitted from the defect by the surgeon or
by the pathologist from the specimen. Intraoperative assessment is
considered the final evaluation of margins. It is generally acceptable that
a distance of 5 mm from the edge of the tumour to closet margin is a safe
margin [26]. The final pathologic evaluation of the primary tumour should
include positive or negative statements of the following features: size,
differentiation, pattern of invasion, depth of invasion, perineural
involvement, status of margins, and distance from nearest margin. If
lymph node dissection is performed, the report should include the type of
dissection, the number of positive and negative nodes per level, the size
of the largest positive node, and whether extra-nodal extension is present
or absent [27, 28, 29]. Other information that can also be included such a
degree of immune response and vascular invasion. Since large numbers
of squamous carcinoma undergo induction and/or adjuvant therapy prior
to resection, the pathologic measurement should be adjusted to reflect
the therapeutic effect on the resected tumour [30].

Pathologic reporting
Primary

The pathology report of conventional squamous carcinoma must include
certain gross and microscopic features for accurate staging and clinical
management. Typically the initial diagnosis is based on a core or biopsy
of the index lesion. The biopsy evaluation should include the phenotype,
the differentiation status, the presence or lack of submucosal invasion,
and, if present, the depth.

The report of surgically excised specimens must include the following
information: the histologic type, differentiation status, size of the tumour
(three-dimensional), depth of invasion, perineural involvement, pattern of
invasion (finger-like/pushing), distance of the closest margin (in mm), and
involvement of adjacent structures cartilage/bone, and skeletal muscle.

Lymph node dissection

Close cooperation between the surgeon and the pathologist handling the
case is critical to accurate orientation and proper reporting of the node
status. Neck lymph nodes should either be submitted intact and then
oriented on a template, or submitted as individual levels separately by the
surgeon. The latter method is preferred.
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Reporting should include the following information:

1. Total number of lymph nodes identified and the number of
positive nodes.

2. The location/level of each positive node and the total lymph nodes
in that level.

3. The size of the largest positive node.

4. The presence or absence of extracapsular spread (focal or
extensive).

Sinonasal and paranasal sinuses

The spectrum of tumours arising in the sinonasal region is diverse arising
from specialized Schneiderian respiratory mucosa, seromucous glands,
and underlying supporting cells giving rise to some distinctly unique
tumour types in this region (Figures 35.5 and 35.6). As sinonasal
tumours except squamous carcinoma are rare, careful morphologic
evaluation and more importantly immunophenotyping to confirm lineage
is usually required [31].

Fig. 35.5

Morphologically diverse sinonasal malignancies. (A) Squamous carcinoma
(left) rising in an inverted Schneiderian papilloma (right); (B) non-enteric
sinonasal adenocarcinoma, low-grade; (C) High-grade enteric sinonasal
adenocarcinoma (intestinal/colonic type); (D) NK/T-cell lymphoma
(angiocentric).
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Fig. 35.6

Sinonasal ‘small’ round cell tumours morphologically overlap particularly
on small biopsies. (A) Olfactory neuroblastoma with prominent Homer
Wright ‘pseudorosettes’; (B) sinonasal mucosal melanoma; (C) sinonasal
undifferentiated carcinoma; (D) rhabdomyosarcoma, alveolar subtype.

NUT midline carcinoma (a genetic subtype of squamal cell
carcinoma (SCC))

This molecularly defined tumour (rearrangement of the NUT gene on Chr
15) is favoured to be a subtype of SCC. Often midline, though not
exclusively, this highly aggressive malignancy requires ancillary testing
(immunohistochemistry or fluorescence in situ hybridization [FISH]) for
definitive classification which is essential for prognostic implications [32].

Adenocarcinoma

Adenocarcinomas of the sinonasal region comprise 10-20% of sinonasal
malignancies and are divided into three categories based on
differentiation: enteric (intestinal type), non-enteric, and salivary. They
are compared in Table 35.2. Prognosis is based on the tumour subtype,
grade (if applicable), and stage at presentation.
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Table 35.2 Clinicopathologic features of sinonasal adenocarcinomas

Factor Salivary Non-salivary
Intestinal Seromucinous
type
Origin Minor Respiratory Minor salivary
salivary mucosa gland
gland
Age (years) 30 to 70 60 to 70 30 to 70
Gender Equal > Males Equal
Prognosis Subtype/ Grade/stage Grade/stage
stage ~50%
Recurrence High (60%) High Yes
Risk ? Wood & ?
factors leather
workers
Caveats Classified as Usually high Usually low-
in major grade grade
salivary
glands Exclude
metastatic
colon

Sinonasal undifferentiated carcinoma (SNUC)

This rare, aggressive tumour of still debated origin often presents as
locally advanced disease morphologically showing high-grade features
including frequent mitoses and prominent necrosis (see Figure 35.6C).
The differential includes squamous carcinoma (often keratinizing),
nasopharyngeal carcinoma (usually EBV+), neuroendocrine carcinoma,
high-grade adenocarcinoma, as well as the ‘small blue cell tumours’ [33].
A comparison of the clinicopathologic features of undifferentiated
carcinomas is shown in Table 35.3.
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Table 35.3 Clinicopathologic features of undifferentiated carcinomas
of the skull base

Feature SNUC NEC NPC

Grade High High High

Incidence Rare Rare <0.5%

M/F 3:1 ? 3:1

LN mets 30% ? Common

Mortality 80% 50-60% 50-60%

Risk ? ? EBV

factor

Site Nasal cavity & Maxillary sinus Nasopharynx
sinuses

IHC/ Keratin 7 Synaptophysin/ EBV (EBER

marker chromogranin, in situ)

keratin

Abbreviations: EBER, Epstein-Barr virus-encoded small RNA; F,
female; THC, immunohstiochemistry; LN, lymph node; M, male; mets,
metastases; NEC, neuroendocrine carcinoma; NPC, nasopharyngeal
carcinoma.

Olfactory neuroblastoma (aesthesioneuroblastoma)

The most common neuroendocrine tumour in the sinonasal region is
olfactory neuroblastoma (ONB) often a polypoid mass in the region of the
cribriform plate [34] (Figure 35.6A). The Hyam’s grading system (I-IV)
utilizes histologic tumour features of differentiation to define risk
(necrosis, mitoses, pleomorphism, architecture, rosettes, gland formation,
matrix, and calcification). However, this system is currently undergoing
revalidation to exclude the newer pathologic entity of SNUC [35]. As one
of the ‘small round blue cell’ primitive tumours, ONB must be
differentiated from rhabdomyosarcoma, Ewing’s sarcoma, mucosal
melanoma, and the rare pituitary adenoma extending to this region.
Clinicopathologic features of the small-round-cell tumours and the
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Immunohistochemical evaluation essential to confirm tumour lineage for
treatment are highlighted in Table 35.4.
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Table 35.4 Clinicopathologic and immunohistochemical markers useful
in the differential diagnosis of undifferentiated skull-base neoplasms

Feature ONB Ewing/ Rhabdo Lymph- NEC
PNET oma
Age (yrs) 10-20+50 <30 <20 50-60 >40
Site Cribriform Maxillary  Any Any Any
plate
Markers:
Keratin -/focal - -/rare - +
Synap + -/rare -/rare - +
HMB45 - - - - -
CD99 - + +/- = =
Desmin - = + - _
Myogenin - - + - -
S-100 Focal - - - Focal
CD45 - - - + -
Molecular ? t(11:22) t(2;13)* EBV+~ ?

‘up to 50% of alveolar subtype may expression keratin and
neuroendocrine markers; desmin is a sensitive screening marker’ [39].

* translocation in the alveolar subset of rhabdomyosarcoma.
~ NK/T-cell lymphoma associated with Epstein-Barr virus (EBV).

" molecular profile of mucosal melanoma differs from cutaneous/sun-
exposed melanoma.
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Head and neck cancer

Abbreviations: ONB, olfactory neuroblastoma; PNET, peripheral
neuroectodermal tumour; rhabdo, rhabdomyosarcoma; synap,
synaptophysin.

Non-epithelial tumours of the head and neck
Mucosal melanoma

Mucosal melanomas of the upper aerodigestive tract are histologically
variable (small cells, rhabdoid, spindled, and pleomorphic), overlapping
other tumour types particularly in the sinonasal region [36]. Risk factors,
staging, and molecular profile are distinct for mucosal melanomas
contrary to skin origin (see Table 35.4 and Figure 35.6B).

Sarcoma

Essentially any sarcoma may arise in the head and neck, larynx,
sinonasal, and skull base regions including chondrosarcomas,
osteosarcomas, rhabdomyosarcoma, Ewing’s sarcoma, and chordomas, as
well as rare subtypes including mesenchymal chondrosarcoma, which
morphologically mimics a small-round-cell tumour in the sinonasal region
[37]. Pathologic review by an experienced pathologist, in conjunction with
the clinical history and radiographs, aids in a timely optimized diagnosis
for treatment of these rare entities.

Rhabdomyosarcoma

Rhabdomyosarcoma, a primitive malignant tumour of skeletal muscle
derivation, accounts for 45% of all head and neck sarcomas with the orbit
and nasopharynx being most common. There are three subtypes with
variability in differential age of onset, site predilection, and prognosis.
The embryonal subtype (including spindled and botryoid variants)
represents the majority of cases in children. The alveolar subtype is the
prevalent morphology seen in the sinonasal region, often shows a
molecular translocation, and may express aberrant markers leading to
misdiagnosis [38, 39] (see Table 35.4 and Figure 35.6C). Pleomorphic
rhabdomyosarcoma is rare in adults and mimics other high-grade
tumours including carcinomas, melanomas and other sarcomas.

Lymphoma

The spectrum of lymphomas may involve the head and neck, often
presenting in lymphoid-rich areas (tonsil, base of tongue, nasopharynx,
neck and parotid lymph nodes). Three prominent subtypes of lymphoma
occur in the sinonasal region: B-cell derived, T-cell derived (EBV-), and
NK/T-cell (angiocentric) lymphoma, which is an EBV-positive tumour of
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the sinonasal region often presenting as a midline destructive process
[40] (see Figure 35.5D). Lymphomas must be differentiated from other
tumours and non-tumorous conditions (Wegener’s granulomatosis and
cocaine abuse), which may show similarly presenting destructive
symptoms.

Salivary gland tumours

Salivary gland tumours represent approximately 10% of all head and neck
neoplasms [41, 42]. Histopathologically, they comprise of widely varied
subtypes with often overlapping features that may lead to differential
diagnostic difficulties. The WHO classification of these neoplasms
recognizes numerous benign and malignant subtypes. The primary
assessment of salivary neoplasms is generally by fine needle aspiration
cytology. This procedure is less sensitive in differentiating benign and
malignant tumours. It is very helpful, however, in excluding reactive
metastatic, infectious, and lymphoreticular malignancies. Primary benign
and malignant salivary neoplasms are primarily managed by surgery. The
pathological evaluation of the received mass may require intraoperative
evaluation for assessment of malignancy and margins.

Pleomorphic adenoma

The most common benign tumour encountered clinically is pleomorphic
adenoma. These tumours may not uncommonly recur or develop
carcinoma. Careful histologic examination of the cellularity and
malignant transformation is necessary. Of the 24 well-recognized salivary
carcinomas, mucoepidermoid, adenoid cystic, and adenocarcinoma are
the most common.

Mucoepidermoid carcinoma (MEC)

MEC is the most common salivary malignancy in both adults and
children. It is formed of epidermoid, transitional, and mucinous cells and
graded into low, intermediate, and high based on the presence of cystic,
cellular, and cytological features. The low grade is predominantly cystic
and runs a benign course if completely excised. The intermediate and
high-grade MEC are more aggressive and may recur and/or develop
metastasis. Therefore, grading of these tumours is important for
management.

Adenoid cystic carcinoma (ACC)

This is the second most common salivary malignancy and the most

biologically relentless subtype [43, 44, 45, 46]. Histologically, the tumour
is generally composed of dual epithelial and myoepithelial cell formations
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to form tubular, cribriform, and solid patterns. At least two of these forms
exist in a given tumour. The presence of a solid component is considered
an ominous feature. ACC tumours are not graded and their dominant
pattern typically reflects the clinical course. ACC invariability manifest
perineural invasion.

Adenocarcinoma/salivary duct carcinoma

This is generally a high-grade malignancy with poor prognosis. They may
present as de novo or as a malignant transformation of pleomorphic
adenoma [41, 47, 48]. This entity is characterized by a remarkable
morphologic and normal resemblance to mammary duct carcinoma. The
following pathologic features are critical to the management of patients
with these neoplasms: tumour type, grade if appropriate, size, perineural
involvement, and encapsulation and margins status. In general, the
tumour type and adverse features including perineural invasion, soft
tissue extension, and margins status determine the postoperative
therapy.

Imaging techniques for head and neck tumours
Ultrasound

Main applications include salivary and thyroid gland and lymph nodes.
For salivary and thyroid gland lesions, ultrasound should aim to
differentiate benign from malignant lesions, guide biopsy or the need for
further imaging evaluation by computed tomography (CT) or magnetic
resonance imaging (MRI), respectively, assessing lesion number and
location, texture and/or cystic content, and providing an anatomical
background for nuclear imaging [49, 50]. Usually, ultrasound-guided fine
needle aspiration cytology (FNAC) or biopsy is mandatory for definitive
diagnosis. Ultrasound (US) is the primary modality for nodal staging in
thyroid cancer and complementary in HNC. In papillary thyroid cancer,
an accuracy of 89% can be obtained in 6 mm lymph nodes (see Figure
35.7) [51]. In HNC, US has variable accuracy compared to CT and MRI;
which can be increased by additional FNAC, reaching specificities of
100% and sensitivities to 73% [52, 53].
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Fig. 35.7

Patient with papillary thyroid cancer. (A) ultrasound shows lymph node
with heterogeneous reflective architecture (arrows) and dispersed
microcalcifications (dashed arrows); (B) marked hypervascularity of the
lymph node can be seen at Colour Doppler ultrasound. Diagnosis is
compatible with metastatic lymph node.

Computed tomography-magnetic resonance imaging

CT is performed after injection of an iodinated contrast agent using
multidetector technology. MRI is performed with high-resolution T1- and
T2-weighted sequences. T1-weighted imaging is repeated after contrast
injection with Gadolinium. Recently, functional diffusion-weighted MRI
(DWI) is progressively included in the imaging protocol. Technical
advances enable MRI to cover the entire head and neck, similarly to CT
[54]. CT and MRI balance each other’s advantages and disadvantages. CT
has a short examination time, and has straightforward execution. MRI
shows superior contrast resolution, absent radiation exposure, and allows
easy integration of functional imaging.

CT is preferred for evaluation of laryngeal, hypopharyngeal, and
oropharyngeal cancer, while MRI is preferred for sinonasal,
nasopharyngeal, oral, salivary gland and thyroid cancer, as well as skull
base tumours and sarcomas.

Pretreatment imaging

Imaging should provide information about the anatomic subsite of the
tumour, deep tumour extent over the (sub)mucosa, muscles, and skeleton,
and the neurovascular bundles and nodal stage. CT better depicts subtle
cortical skeletal invasion whereas MRI is stronger for detecting bone
marrow infiltration [55, 56]. MRI surpasses CT to detect perineural
spread for which imaging signs include obliteration of fat in or widening
of the bony foramina and enlargement and contrast-enhancement of the
affected nerves. Muscle invasion is best evaluated by CT or T1-weighted
MRI.
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In laryngeal and hypopharyngeal cancer, anatomical parameters predict
local control after radiotherapy. Pretreatment tumour volume in
supraglottic, glottis, and hypopharyngeal cancers identifies patients with
higher likelihood of local control to radiotherapy, with tumour volume
showing an inverse correlation to local control [57, 58, 59, 60]. CT-
determined cartilage abnormalities are not an independent predictor of
outcome [60]. In patients with supraglottic and glottic carcinoma
examined by MRI, invasion of the pre-epiglottic space, thyroid and cricoid
cartilage, and hypopharynx are strong predictors of local outcome post
radiotherapy [61, 62].

For detection of nodal metastases, sensitivities between 48% and 97%
and specificities between 39% and 96% [63] are reached using the
criterion of 10 mm for short axis diameter. Morphological criteria like
necrosis and extracapsular spread improve sensitivity but are rare in
subcentimetric nodal metastases. Therefore, anatomical imaging criteria
lack sufficient accuracy to stage the NO-neck.

Post-treatment imaging

Tumour recurrence appears as a contrast-enhancing soft tissue mass
originating at the irradiated primary site or along the resection margin
[64]. In contrast, mucosal necrosis is characterized by absent contrast
enhancement and sometimes the occurrence of gas bubbles (see Figure
35.8). Laryngeal necrosis shows variable soft tissue swelling, fluid
around the necrotic cartilage and/or cartilage fragmentation, collapse,
dislocation, lysis or sclerosis [64].
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Fig. 35.8

Patient four months after chemoradiotherapy for laryngeal cancer: (A)
CT-scan shows diffuse swelling of the soft tissues, dislocation and
sclerosis of the right arytenoid (arrow) and small air bubbles adjacent to
the arytenoid (dashed arrow). (B) 18F-FDG-PET shows marked
hypermetabolism in the larynx not able to distinguish tumour recurrence
from inflammation. (C) T2-weighted MRI shows diffuse laryngeal
hyperintensity indicating oedema. (D) No focal abnormalities are seen at
the b1000 DWI while the (E) calculated ADC-map is bright.
Histopathology showed laryngeal necrosis.

Combining post-treatment baseline and three-months CT or MRI during
follow-up improves detection of tumour recurrence in laryngeal and
hypopharyngeal cancer. CT can detect tumour recurrence with sensitivity
of 83% and specificity of 95% [64]. In contrast, for oropharyngeal cancer,
CT scan six weeks post treatment does not have major incremental value
to clinical evaluation. MRI six to eight weeks post treatment can predict
local control with 48% sensitivity and 85% specificity [51].

For lymphadenopathies, CT eight weeks post treatment may avoid neck
dissection. A decrease ratio of more than 50% measured on CT imaging
tends to result in a negative hemineck, while high negative predictive
value (NPV) up to 95% can be reached based on nodal diameter and
absence of focal lucency. However, anatomical imaging criteria suffer
from low discriminative value in enlarged lymph nodes [65, 66].

Functional CT and MRI

Functional CT and MRI provide a surrogate marker for perfusion (CT
perfusion and perfusion MRI) and cellularity (DWI).

Perfusion imaging is acquired by continuous scanning during contrast
injection. Main applications include prediction and early response
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assessment. Pretreatment CT perfusion may predict response after
induction chemotherapy, chemoradiation or surgery [66]. CT perfusion
after 40 and 70 Gy of radiation in patients treated with chemoradiation
allows treatment monitoring [67]. Pretreatment perfusion MRI
parameters are predictive for outcome in stage IV nodal disease and
differentiate complete versus partial response to chemoradiation at six
months follow-up [68].

DWI probes water mobility changes related to tissue cellularity,
quantified by the apparent diffusion coefficient (ADC) being used for
nodal staging, post-treatment imaging and response assessment [54].
DWI shows sensitivities between 83% and 98% and specificities between
97% and 87% for detecting nodal metastases [54, 69]. For detecting post-
(chemo)radiotherapeutic recurrence, DWI shows sensitivities between
84% and 94% and specificities between 90% and 100% (Figures 35.8 and
35.9) [70, 71]. For response assessment during chemoradiation, absent
ADC-changes (AADC) relative to baseline, one week, two weeks, and fours
weeks during CRT were predictive for tumour recurrence during six
months follow-up, respectively. At two years follow-up, significant
increase of ADC was a strong predictor of clinical remission [72, 73].
Sensitivities to predict tumour relapse ranged from 86% to 100% and
specificities from 83% to 96%. In a study, evaluating the AADC, three
weeks after completion of chemoradiation, DWI showed a positive
predictive value (PPV) of 89% and negative predictive value (NPV) of
100% to predict local control and PPV of 70% and NPV of 96% to predict
nodal regional control [74].
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Fig. 35.9

Patient five months after chemoradiotherapy for supraglottic laryngeal
cancer shows (A,B) metastatic adenopathy in level 2 of the right neck at
PET/CT. Inflammatory changes are seen in the tonsillar area (dashed
arrow). (C) T2-weighted and (D) DWI confirm the adenopathy where the
viable tumour deposits appear hyperintense at DWI (bright; arrow). In
correlation to (E) contrast-enhanced MRI, (F) DWI shows a small
hyperintense lesion in the left epiglottis suspect for recurrent primary
tumour; confirmed at biopsy after endoscopy.

18F.FDG PET/CT

I8F_FDG is the most commonly used tracer for clinical PET imaging and
has gained major advances with hybrid PET/CT, integrating metabolical
and morphological information. Typically, PET/CT is initiated 60 to 90
minutes after injection of the radiotracer after scanning the CT portion.
High-dose CT with intravenous contrast is recommended. A dedicated CT
of the head and neck can be performed prior to whole body imaging,
increasing sensitivity for detecting small lesions such as small nodal
metastases [75].

Pretreatment imaging

In general, PET or PET/CT improves the detection of primary tumours
reaching sensitivities and specificities of 95% and 92% compared to 68%
and 69% for CT [76]. PET detects unknown primaries in 10% to 60% of
patients with neck lymphadenopathy [77]. In patients with negative
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physical examination and MRI, PET detects up to 27% of unknown
primaries. Baseline FDG-PET characteristics may hold prognostic value.
Patients with high FDG uptake have significantly lower control rate (55%
versus 86%) and disease-free survival (42% versus 72%) than patients
with low uptake [78].

For nodal staging, PET increases sensitivity ranging between 70% to
100% and specificity between 82% and 94% for PET compared to
contrast-enhanced CT showing sensitivities between 48% and 97% and
specificities between 39% and 96% [78]. PET complements anatomical
imaging by detecting subcentimetre lymphadenopathy. However, the low
spatial resolution of PET restricts its use in the NO neck.

Staging of distant metastases is a core application for PET/CT (Figure
35.10). PET can detect unknown distant metastases in up to 10% of
patients during screening [79]. In addition, PET/CT can detect
synchronous lung or upper digestive tract tumours. In a study by
Schwartz et al., FDG-PET detected distant metastases or second primary
in 30% of patients [80]. In a prospective multicentre study by Lonneux et
al, FDG-PET detected unknown metastases or second primary tumours in
13 of 233 patients [81].
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N

Fig. 35.10
Patient presenting with new diagnosis of (A) and (B) right-sided pyriform
sinus cancer with multiple lymphadenopathies in the right neck at T1-

weighted contrast enhanced MRI and T2-weighted MRI. (C) Additional
18F_.FDG-PET shows hypermetabolic lymph node in the right hilum of the
lung (arrow) confirmed as nodal metastasis after endobronchial
ultrasound guided biopsy.

Post-treatment imaging and response assessment

I8F.FDG-PET/CT more accurately detects tumour recurrence than
anatomical imaging with sensitivities between 83% and 100% and
specificities between 61% and 94% compared to 38% to 75% sensitivities
and 44% to 100% specificities for CT or MRI [77]. It is generally
considered that '8F-FDG-PET two to four months post treatment allows
better assessment of possible tumour recurrence than scanning at an
earlier phase [77]. Four months 18F-FDG-PET is a better predictor of
tumour recurrence, while the specificity of 18F-FDG-PET decreases
significantly when performed earlier than 12 weeks post chemoradiation
(see Figure 35.8) [81, 82]. For imaging surveillance post chemoradiation,
18F.FDG-PET shows sensitivities between 93% and 100%, with
specificities between 63% and 94% [83].

Data on 18F-FDG-PET response assessment during non-surgical treatment
are relatively scarce. 18F-FDG-PET four weeks after start of radiotherapy

shows an NPV of 100% but a low PPV of only 17% to predict local control
[84]. In 18F-FDG-PET before and one to three weeks after radical non-
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surgical treatment, high metabolic ratio post treatment is associated with
62% complete remission rate and 35% five-years’ overall survival, while a
low metabolic ratio is correlated to a 96% complete remission rate and a
72% overall survival [85].

Summary of imaging for head and neck tumours

Various imaging techniques are available for diagnostic evaluation of
head and neck cancer patients, and the choice of imaging technique is
usually based on clinical presentation and stage as well as patient
tolerance and technique availability. Ultrasound, CT, and MRI remain the
primary imaging modalities for HNC, providing lesion characterization,
staging, and prognostication. Functional imaging improves the diagnostic
yield in HNC.

Tumours of the nasal cavity and paranasal sinuses
Introduction to tumours of the nasal cavity and paranasal sinuses

Tumours of the nasal cavity and paranasal sinuses are rare and include a
wide spectrum of malignancies, squamous cell carcinoma being the most
frequent in the adult population and sarcoma in children. They account
for 0.2-0.8 of all malignant tumours and 3% of those arising in the head
and neck. Males are twice as affected as females. The peak incidence
ranges between 50 to 70 years of age [86, 87]. Sinonasal tumours
originate most frequently in the maxillary sinus (60%) followed by the
nasal cavity (20-30%), ethmoid sinus (10-15%), and sphenoid sinus and
frontal sinuses (less than 1%). Differences in histology distribution relate
to the site of occurrence. Moreover, adenocarcinoma prevails in the
ethmoid sinus in all the European series [88, 89], whereas the American
series often report a higher prevalence of squamous cell carcinoma [90,
91].

Wood and leather workers have an increased risk of developing an
ethmoid adenocarcinoma (5- to 50-fold). Tobacco smokers have a
consistent association with sinonasal cancer and particularly with SCC.
Exposure to formaldehyde, diisopropyl sulfate, or thorium oxide
(Thorotrast), a radioactive thorium-containing contrast material used for
radiographic study of the maxillary sinuses represents an additional risk
factor [92]. These tumours tend to spread from one sinus to another
through the foramina and fissures of the surrounding bone and show
vascular, perineural, and lymphatic extension. Finally, they can involve
the whole sinus complex and extend to vital structures such as the carotid
artery, the cavernous sinus, the orbit skull base, and the brain.
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Sinonasal tumours are usually asymptomatic in an early stage. Tumours
often masquerade as a chronic inflammatory condition until they are
advanced. The extension of the disease at diagnosis and the complexity of
the anatomic field make the treatment of these tumours a challenging
task.

Complete surgical resection followed by radiotherapy or
radiochemotherapy are widely recognized as the gold standard for these
tumours. Despite refinement of surgical techniques and more
sophisticated chemoradiation protocols, the prognosis of these tumours
continues to be disappointing.

Diagnosis and staging

Sinonasal tumours are often diagnosed at an advanced stage. Initial
symptoms are generally non-specific including nasal obstruction,
moderate epistaxsis, and hypoanosmia. Once the neoplasm increases in
volume, the clinical appearance depends on structures that have been
involved by tumour extension. Swelling of the cheek or palate and loose
teeth may be associated with oral cavity invasion; diplopia, impaired
ocular motion, and proptosis when the orbit is invaded; trismus when
tumour extends to the masticatory space and pterygoid; neurologic
deficit, headache or cerebrospinal leakage when tumour erodes the skull
base and involves dura and brain.

Bone destruction is found in up to 80% of the cases. About 60% of
ethmoidal tumours present with intracranial involvement [93] and 66-
82% show orbital wall invasion [94]. Orbital invasion occurs in 60-80% of
maxillary sinus malignancies and in about 45% of nasal tumours. Cervical
lymph node enlargement can also be detected.

Biopsy is mandatory to define the nature of the lesion and to plan the
proper clinical approach. The exact definition of the anatomical margins
of the tumour has significant implication for staging, treatment selection
and prognosis. Consequently computed CT and MRI of the head and neck
along with investigations to demonstrate distant metastases are always
required. CT scans provide important evaluation of bony cortical erosion
and information about the extent of the tumour through the surrounding
bone such as orbital floor, lamina papiracea, cribriform plate, hard
palate, and skull base. Better distinction of the tumour from the adjacent
soft tissue can be achieved with MRI. In particular, MRI gives better
indication about tumour invasion of the orbital contents, carotid artery
encasement, perineural invasion and perineural tumour spread, dura
mater, and brain and cavernous sinus involvement. MRI and CT scan are
both useful to asses posterior spread of tumour into the pterygopalatine
fossa [95]. Paranasal tumours are staged according to TNM-AJCC
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classification (TNM, 7thed.). In 2005 Cantu and coworkers validated on a
large series of patients a new classification (INT classification) for
malignant ethmoid tumours based on the most commonly accepted
prognostic factors. This classification does not include N status but in
comparison with the TNM staging system seems to provide a better
prognostic discrimination among T classification [96].

Treatment

The choice of treatment strictly depends on site and extension of the
disease and histology. Surgery associated with radiation or radio-
chemotherapy therapy is the gold standard in many cases.

For certain tumours with very poor prognosis such as melanoma,
neuroendocrine carcinomas including undifferentiated carcinoma (SNUC)
and sarcomas, the role of surgery is questionable. Usually, these
malignancies are well treated with radiochemotherapy therapy and
surgery is considered for palliation or sometimes for rescue after
locoregional recurrences.

Surgery

Limited tumours of the maxillary sinus or nasal vestibule can usually be
treated with surgery alone. Advanced tumours of the maxillary sinus are
treated according to the extension and location of the neoplasm with an
anterior craniofacial resection or tailored maxillectomy. The surgical
management of the orbital involvement is still controversial. Any attempt
should be made preoperatively to distinguish between erosion of the bony
orbital wall, involvement of the periosteum, and deeper penetration
involving the orbital soft tissue. The orbital contents can usually be
spared when there is no invasion of orbital fat and musculature or
involvement of the orbital apex [94].

The invasion of the pterygopalatine fossa and the infratemporal fossa can
be dominated by an anterolateral craniofacial approach. Ethmoid tumours
growing far from the lamina cribrosa can be treated by transfacial
ethmoidectomy. Ketcham in 1963 described the technique of craniofacial
resection for a large tumour involving the nasal cavity and the ethmoid
sinus approaching or involving the skull base [97]. For many years this
combined transcranial-transfacial approach remained the gold standard
of anterior skull base tumours [93, 98]. In the late 1990s, these tumours
were also treated by an innovative endoscopic technique with or without
craniotomy [99, 100]. The comparison between the techniques in terms of
outcome and complications is difficult to make. However, recent reports
seem to support that endoscopic resection results in a low complication
rate and acceptable disease-free survival in selected cases.
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The current contraindications to classical craniofacial resection are far
less stringent compared to those outlined by Ketcham in his experience.
Large brain involvement, encasement/invasion of the internal carotid
artery, extensive skull base erosion, and invasion of the cavernous sinus
are usually considered a contraindication for surgery.

The contraindications for endoscopic surgery are extensive lacrimal
pathway infiltration, involvement of the anterior wall and lateral portion
of the frontal sinus, hard palate, nasal bone, and infiltration of the bony
walls of the maxillary sinus, with the exception of the medial one.

Neck dissection is indicated only when positive nodes have been clinically
detected.

Radiotherapy

Depending on the location and the histopathology of the tumour,
treatment using radiation therapy is either in the definitive or adjuvant
setting. Because multiple critical normal tissues are located within or
near the skull base (e.g., frontal and temporal lobes of the brain, the optic
chiasm, the cranial nerves, the orbits, the lacrimal glands, and the
brainstem), radiotherapy techniques are focused on treating the tumour
while minimizing toxicities and complications. Using conventional
radiotherapy techniques, the lacrimal apparatus and the optic pathway
structures (retina, optic nerves, chiasm) often received doses equal to the
target prescription dose. Conventional radiation therapy for sinonasal
cancer resulted in significant ocular toxicity [101, 102]. Local control
rates of 90-70% in stages T1-T2 and below 50% in stages T3-T4 were,
however, achieved with prescription doses of 56-75 Gy [103].

In this framework, the use of intensity modulated radiation therapy
(IMRT) has progressively emerged as the method of choice. IMRT allows
selective under-dosage of organs at risk by creating concave dose
distributions around the optic pathway structures together with steep
cranial, lateral, and caudal gradients outside the planning target volumes
to spare the lacrimal apparatus and the central nervous system. In a
series of 62 patients with sinonasal tumours (ethmoid sinus, maxillary
sinus, and nasal cavity) with adenocarcinoma and squamous cell
carcinoma, the four-year actuarial local control after surgery and IMRT
was above 80% for patients with T1-T4aNOMO disease [104]. Eleven
patients had T4b tumours with invasion of the dura or brain through the
cribriform plate. Fatal relapses occurred within a year after treatment in
all of those patients. IMRT implementation was clearly not able to reverse
the dismal local control rates that are known to exist in stage T4b with
cribriform plate invasion. In this series, severe dry-eye syndrome could be

Page 31 of 100

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). © Oxford
University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an
individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for
personal use (for details see Privacy Policy).

Subscriber: Marc Hamoir; date: 11 March 2016



Head and neck cancer

avoided in almost all patients if attempted. Severe optic pathway injury
occurred in about 5% of patients. Such complication rates were much
lower in comparison to patients previously treated in the same institution
prior to the implementation of the IMRT technique.

Chemotherapy

Overall, there are very few reports on the use of chemotherapy in
sinonasal carcinomas, and sinonasal squamous cell cancer is not included
in the typical head and neck prospective randomized trials on
chemotherapy (and/or radiotherapy). Nevertheless, the principles of
chemotherapy as outlined in the section on locoregionally advanced
larynx and hypopharynx cancer and the section on recurrent/metastatic
squamous cell carcinoma of the head and neck are also applicable for
sinonasal squamous cell carcinoma. Different schedules have been used
in the locoregionally advanced disease setting, but regimens most often
applied were platinum based, with a response rate ranging from 36% to
87% [105, 106, 107]. Survival figures of different treatments of advanced
squamous cell carcinoma of the paranasal sinuses have not changed
significantly in the last 20 years. Local recurrence at the primary site and
distant metastases are the most common patterns of treatment failure.
New approaches should therefore focus on these issues. The
incorporation of induction chemotherapy (ICT) in the multimodality
treatment of advanced cancer of the paranasal sinuses has shown some
promise in this regard [106, 107]. Tumour response to ICT in such
patients was suggested to be predictive of treatment outcome and
prognosis, giving, moreover, a reasonable chance of organ preservation
[106]. Data from the Milan Cancer Institute suggests that sinonasal
adenocarcinomas are also chemosensitive, and that patients with such
tumours might also be candidates for primary chemotherapy [108]. In the
subgroup of patients with ethmoidal intestinal-type adenocarcinomas it
was found that those patients who reached a pathologic complete
response showed significantly less recurrences in follow-up than those
who did not. Moreover, they found that p53 status could be a promising
biomarker to predict response to chemotherapy [109, 110].

Sinonasal malignancies with neuroendocrine differentiation (with the
exception of esthesioneuroblastomas (ENB) might also benefit from
trimodality management, given the higher rates of systemic failure for
patients with SNUC, sinonasal neuroendocrine tumours (SNEC) and
those with small-cell cancers (smCC) than for those with ENB [111, 112].
In contemporary studies cisplatin is the drug of choice when given
concurrently with radiation, and taxane/platinum based regimens for
induction, such as TPF (docetaxel, cisplatin, 5-fluorouracil).
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A different approach for adenocarcinoma (often found in patients with a
woodworker’s history) of the ethmoid sinus has been described by the
Rotterdam group [113], using a techniques modified from that originally
described by Sato et al in 1970 [113, 114]. Surgical debulking performed
via an extended anterior maxillary antrostomy is followed by a
combination of repeated topical chemotherapy (5-fluorouracil) and
necrotomy [113]. Of the 62 patients treated, eight (13%) required
additional radiotherapy for local recurrence, while one patient needed
surgery for regional lymph node metastases. Results were surprisingly
good. Adjusted disease-free survival at five and ten years was 87% and
74%, respectively. Periorbital swelling occurred in 40%, cerebrospinal
fluid leakage in 8%, and meningitis in one patient. A similar observation
has been made by another research group [115].

Prognosis

Histology, tumour stage, margin status (where applicable), and site of
occurrence affect the prognosis of sinonasal malignancies.

Despite the improvement of surgical techniques and novel
radiochemotherapy regimens, the prognosis of these malignancies
remains poor with an overall treatment five-years’ survival ranging
between 30% and 50%. Esthesioneuroblastoma has the best prognosis of
all paranasal sinus tumours with a five-year disease-free survival (DFS) of
up to 84% to 100%. The prognosis is good for minor salivary gland
tumours and low-grade sarcomas with a five-year DFS of about 70%,
while patients with adenocarcinoma have a better DFS than those with
squamous cell carcinoma (52% versus 43.6%). Sinonasal undifferentiated
carcinoma show a five-year DFS less than 20%, while all the patients with
mucosal melanoma die of disease within two years after treatment.
Intracranial and orbital involvement are also significant predictors. The
tumour invasion of the skull base, dura, and brain progressively
decreases the five-year DFS from 55.1% to 28.4%. Orbital invasion
correlates with poor prognosis with a five-year DFS of 75% in patients
with no orbital involvement compared with a DFS when there is
periosteum/bone involvement of 40.7%. The importance of a proper
surgical approach is well demonstrated by the effect of surgical margins
status on disease-specific survival. Complete removal of the tumour with
clear margins results in a five-year DFS of 68% compared with less than
30% when surgical margins are positive at histology [98].

Nasopharyngeal carcinoma
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Introduction and epidemiology

Nasopharyngeal carcinoma (NPC) differs in many respects from other
mucosal head and neck cancers. Its complicated location juxtaposed to
the central skull base, and extremely high propensity to develop lymph
node metastases in surgically inaccessible sites (e.g., retropharyngeal)
means that the role for surgery in initial treatment is limited. The
geographic and ethnic distribution is also distinct with the overwhelming
majority of patients presenting in Asia, particularly in southern China
(including Hong Kong, where the incidence is 25 cases per 100,000 per
year, compared to 1-3 per 100,000 in Europe and North America) [116,
117], with high rates also found in Indonesia and neighbouring countries.
Unexpected and intermediate rates are also evident among Inuit peoples
of North America and certain regions in North Africa and the
Mediterranean littoral regions. While all ages and gender are at risk, the
peak is in the 40-60-year range in high-risk regions and bimodal peaks at
15-24 and 65-79 years in low-risk regions [118]. The incidence is two-to-
threefold higher in men compared to women. A multifactorial aetiology
includes inherited genetic predisposition, viral infection, and exposure to
dietary/environmental factors in the first decade of life.

Histopathology classification of the nasopharynx includes non-
keratinizing, keratinizing, and basaloid types according to the World
Health Organization (2005) system. Most patients, especially in high-risk
regions, have the non-keratinizing type, which is almost invariably
associated with EBV, irrespective of patient ethnicity. It is further
subclassified into undifferentiated and differentiated subtypes, although
this distinction confers no obvious clinical significance. Human
papillomavirus and/or smoking may contribute to cases in lower risk
populations [119].

Presentation and primary disease assessment

The most common presenting symptom is a painless enlarging upper neck
mass, classically in level 2, but any regional lymph node area is a
candidate for involvement. Retropharyngeal nodes are very common and
usually require imaging to detect them. Level 1 and parotid lymph nodes
may be uncommonly involved. The primary tumour is often asymptomatic
or may be associated with blood-stained postnasal secretion and nasal
obstruction. Symptoms of tinnitus or impaired hearing are frequent and
should prompt specific workup in an Asian patient. More advanced
presentations may include aural pain or discharge, headache, facial
numbness, diplopia, trismus, dysphagia, and dysarthria.
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Initial assessment involves a detailed history and physical examination
with special focus on cranial nerves (sixth being most common).
Diagnosis is often established by nasopharyngoscopy and biopsy in the
ambulatory setting. Preferred initial imaging is MRI, but if unavailable,
contrast-enhanced CT is an alternative. Unfortunately, CT is less effective
in evaluating perineural intracranial extension without bone erosion,
cavernous sinus involvement, and in differentiating retropharyngeal
nodal disease from posterolateral extension of primary disease.

Additional staging and supportive approaches

Audiometry and dental assessment are required. Additional workup
should include complete blood count, serum biochemistry (including liver
and renal function tests) to address disease-related issues but to also
prepare for the use of chemotherapy. This should include hepatitis
screening in risk patients, since polymerase inhibitors to block hepatitis B
replication may be needed to address associated compromise in
delivering chemotherapy. For stage III-IV, metastatic workup should
include PET with CT; a CT of chest and abdomen and isotope bone scan
may be used instead. Pre- and post-treatment plasma/serum load of EBV-
DNA measured by copy number can prognosticate in the early phase of
management, including attention to the rate of clearance of the viral load
[120]. EBV copy number may also augment traditional TNM staging with
evidence that it may surpass the prognostic value of some subsets of
anatomic stage [121]. This test also facilitates early detection of disease
recurrence, especially distant metastasis [122]. Serum EBV serology to
assess the IgA response to the viral capsid antigen may be useful for
screening and diagnosis, but studies suggest less value for
prognostication and post-treatment surveillance [123, 124].

Radiotherapy for NPC

Definitive IMRT, generally with chemotherapy, is the primary treatment
for NPC because it is radiosensitive and its anatomic location makes
surgery technically difficult. This results from the need to eradicate
insidious disease in the base of skull and to address the retropharyngeal
nodes. Initially, institutional reports more than a decade ago showed
dramatically improved tumour control with IMRT compared to historical
expectation. These investigators demonstrated four-year estimates of
locoregional and distant progression-free rates of 98% and 66%
respectively [125] which has effectively changed the standard of care for
this disease while recognizing that distant disease remained the
predominant problem. These observations were coupled with the
observation of dramatic reversal of xerostomia rates, due to the salivary
sparing capability of IMRT, with only very few suffering from grade 3
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xerostomia after two years. The Radiation Therapy Oncology Group
(RTOG) confirmed these results in a multicentre single-arm phase II trial
showing two-year locoregional, and distant metastasis-free rates of
89.3%, and 84.7%, respectively. Only two patients complained of grade 3
xerostomia at one year [126].

Subsequently, randomized phase II trials were designed to demonstrate
the ability of IMRT to ameliorate normal tissue-related sequelae
(xerostomia and quality of life) in early disease [127, 128] but were
underpowered to address efficacy. Locally advanced disease was
presumably not included in these randomized studies due to the
challenges in protecting adjacent critical anatomy with non-IMRT
techniques. However, these results were recently corroborated in a large
phase III trial involving 616 patients that also showed a survival
advantage (80% versus 67%, p = 0.001) for IMRT compared to two-
dimensional conformal treatment (2D-CRT) [129]. The five-year actuarial
local control rate was 90.5%, 91%, and 81.5% for IMRT versus 84.7%,
80%, 62.2% for 2D-CRT for all cases, T3, and T4, respectively, with
corresponding improvements in xerostomia and hearing loss favouring
IMRT.

General treatment approaches
Early disease

Stage I disease should be treated by radiotherapy alone (preferably
IMRT) with an excellent expectation of outcome.

In stage II, concurrent chemoradiotherapy is often recommended without
induction or adjuvant chemotherapy. Supporting data are limited but
evident from a single randomized trial [130]; however, concerns remain
since many low-risk patients can be safely treated by radiotherapy alone.

Locally advanced disease
Concurrent chemotherapy

Stage III IVB disease is universally accepted as requiring combined
modality treatment with both IMRT and chemotherapy. In the only
individual patient data (IPD) meta-analysis of chemotherapy in NPC
(MAC-NPC), an 18% risk reduction in overall survival, representing a five-
year absolute reduction in death of 6% from 56% to 62%, was seen [131].
The main contribution was from concurrent chemotherapy (risk reduction
of 40% with only modest contributions from induction and adjuvant
chemotherapy). Other literature-based meta-analyses and the embodied
contributing clinical trials have also supported this. There is therefore no
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doubt that concurrent cisplatin-based chemotherapy in addition to
radiotherapy is absolutely necessary if the best chances of disease control
and survival are to be achieved. However, controversies continue
regarding the other aspects of treatment sequencing which are the
focuses of future clinical trials.

Adjuvant chemotherapy

The need for subsequent adjuvant chemotherapy, a traditional component
of management, has recently been challenged by a negative phase III
multicentre randomized trial that compared concurrent
chemoradiotherapy with or without adjuvant chemotherapy in
locoregionally advanced disease [132]. Progress may be realized from the
design of future biomarker-guided trials that stratify patients at
completion of concurrent chemoradiotherapy according to residual EBV
load before randomization to address the need for and intensity of
adjuvant chemotherapy in different risk groups. Multicentre trials of this
kind will also require attention to collaborative efforts to harmonize such
quantitative plasma EBV DNA assays [133].

Induction chemotherapy

Induction chemotherapy is attractive in very advanced disease because
its pre-emptive use may eradicate micro-metastasis while also reducing
the size of overt gross locoregional disease; this may permit safer
delivery of high-dose radiotherapy to ensuing gross disease close to
critical structures (e.g., brainstem, optic chiasm), but should not reduce
the dose to the elective target regions at risk of harbouring microscopic
disease [134]. However, an ongoing concern is whether full-dose
induction chemotherapy could compromise the delivery of the essential
concurrent phase in terms of total dose of chemotherapy, numbers of
cycles, and the delivery of radiotherapy to its intended completion, and
whether such compromises are meaningful from a clinical outcomes
perspectives. These are the focus of ongoing randomized trials that
especially address newer agents, such as taxanes that were not
traditionally used for induction approaches in NPC. Promising results are
suggested by a small phase II randomized trial that compared
neoadjuvant docetaxel and cisplatin versus cisplatin alone [135].

Very advanced disease

Stage IVC requires individualized approaches. Radical treatment should
be considered for patients with good performance status and disease
confined to oligometastasis [136, 137, 138].

Management of treatment failure
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Patients should be closely monitored because early detection of
recurrence significantly affects the chance of survival. Aggressive salvage
should be considered for patients with local/regional recurrence or
oligometastasis.

Management of local and/or regional failure

Options for local failure include surgery, external beam re-irradiation
(EBRT), brachytherapy, stereotactic radiosurgery, chemotherapy, and
photodynamic therapy. The choice of treatment is determined by the
extent and location of the tumour, the availability of local resources and
expertise.

Surgery is generally considered the treatment of choice if the tumour is
resectable. For small and superficial recurrence, resection via the
endoscopic approach, or by transoral robotic surgery, is preferred [139].
When the tumour extends across the midline or invades the
parapharyngeal space, open surgical approach is indicated; approaches
include a lateral infratemporal approach, and inferior transpalatal,
transmaxillary, and transcervical approaches [139, 140, 141]. For
regional failure, neck dissection is indicated. When resection margins are
positive or there is extracapsular disease, post-operative re-irradiation is
recommended.

If salvage surgery is not feasible, re-irradiation with or without
concurrent chemotherapy may be considered. Smaller than usual
radiotherapy fraction sizes delivered twice daily may reduce late toxicity.

Brachytherapy has shown good results for small recurrences with a five-
year control of 62% [142]. With radioactive gold implants five-year local
control of 70% and overall survival of 64% are achieved [140, 143].

Stereotactic radio surgery can be delivered in one fraction or
fractionated. Local control rates do not differ significantly from the
results of brachytherapy, but there is a wide range [143]. In addition,
severe complications including massive epistaxis, cranial nerve palsies,
and temporal lobe necrosis occur. Tumours near the fossa of Rosenmuller
and foramen lacerum have the highest risk of haemorrhage due to the
location of the carotid artery. Complication rates for fractionated
stereotactic surgery are marginally lower than stereotactic surgery, but
survival rates do not differ. Long-term results are awaited to evaluate
superiority.

A relative new approach is photodynamic therapy (PDT). After
intravenous administration of a photosensitive drug, illumination of the
tumour will result in cell death with a penetration depth of 0.5-1 cm.
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Although only small studies are available, preliminary results are
promising [144, 145]. Pain is the worst side effect and sometimes
‘sunburn’ is evident if the patient is exposed to sunlight too soon. A
gradual return to sun exposure over two to three weeks is necessary.

Management of distant metastasis

Distant metastasis is the main form of failure. For oligometastasis,
surgery, radiation and chemotherapy can be used, and cure is possible in
a small subset of patients [138]. For extensive metastasis, palliative
chemotherapy with/without radiotherapy to symptomatic sites can be
considered. When patients are chemo-naive, cisplatinum-based regimens
give the best responses. Otherwise combinations of platinum-based
chemotherapy with gemcitabine, capecitabine, or docetaxel could be used
[146].

Tumours of the oral cavity
Introduction to tumours of the oral cavity

Therapy of squamous cell carcinoma of the oral cavity (OCSCC), including
tumours of the anterior two-thirds of the tongue, hard palate and buccal
mucosa, upper and lower alveolar process, and lips is an interdisciplinary
task but mainly guided by primary surgical approaches. Radiotherapy and
systemic therapies have additional character and are relevant (but not
leading) parts in therapy concepts. Therefore, the main task for decision-
making in therapy for OCSCC is to answer the question whether the
tumour is resectable (with good functional outcome after reconstruction)
or not. The following section is related to the German evidence-based
clinical Guidelines [147] which are based on the current literature until
2012, analysed for evidence according to the evidence-graduation system
of the Scottish Intercollegiate Guidelines Network (SIGN [148]).
Furthermore, diagnostics and treatment strategies are based on the
criteria of GCP (good clinical practice) which are currently emphasized
and recommended in high-evidence-level clinical trials.

Role of surgery

Due to the diagnostic procedure, the role of surgery is to confirm the
histological entity of the lesion. Therefore, biopsies have to be taken in
the marginal sites of the lesion including panendoscopy in total
anaesthesia to exclude metachronous or secondary primary carcinomas of
the upper aerodigestive tract. The pathologist should be provided with
sufficient information including extension and clear localization of the
lesion including clinical TNM (UICC) definition of the staging result. The
pathological report must include histological analysis according to the
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WHO classification: grading, depth of invasion [149], lymphatic, blood
vessel, and perineural microinvasion, and other locally infiltrated
structures [150]. After completion of the staging procedure, the
individual tumour situation should be presented and discussed at the
interdisciplinary tumour board (minimum composition of the entire
board: medical (or clinical) oncologist, radiation oncologist, radiologist,
pathologist, and head and neck surgeon). In case the patient has an
acceptable performance status and resectable disease, surgery is
recommended as first-choice treatment and first-step procedure in
multimodality treatment concepts in OCSCC. Criteria for reasonable
resectability are: individual situation of the patient, accessibility of clear
resection margins (RO resection margin according to TNM, UICC), and
predictable post-operative quality of life after surgery including
functional reconstruction. According to GCP the best available tumour
distance to the resection margin should measure not less than 3-5 mm at
the formalin fixed resection specimen and there should be a palpable
approximately 1 cm tumour border in the patient while in surgery. In the
case of R+ or a less than 3 mm resection margin described in the
pathology report, localized re-resection is recommended. Continuity of
the mandible should be preserved if no infiltration of the bone intra-
operatively and in pretherapeutic imaging has been shown. Techniques of
reconstruction should be planed related to the individual oncologic
situation and as an integrated part of the primary surgical procedure. The
extent of reconstruction should be balanced in relation to functional and
aesthetic outcomes. For reconstruction of the oral cavity microvascular
free flaps have been shown to be feasible and are recommended
worldwide for excellent defect closure and functional outcomes. In
OCSCC, 20-40% of neck nodes present occult metastases in the neck at
level I-I11, less often at level IV,V. Consequently, surgical treatment of the
neck is recommended according to the worldwide accepted Robbins neck
dissection classification guidelines [151]. Additional to invasive definitive
OCSCC, squamous intraepithelial neoplasia 3 (SIN 3) lesions also have to
be surgically treated since the probability of malignant transformation is
nearly 90% [152].

Role of radiation oncology

In OCSCC, the main role of radiotherapy is in the adjuvant setting since
response to primary radiotherapy and concurrent chemoradiation is poor
compared to the other head and neck sites. Adjuvant radiotherapy is
following the degree of the resection margins (RO, R1, R2) or the extent
of the primary tumour (>T3) and the N+-neck situation according to the
post-surgical staging results. The more recent metanalysis, conducted on
all head and neck sites, showed that there is a significant improvement of
overall survival and event-free survival by adding systemic therapy to
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radiation, and this is true both for the curative and the post-operative
setting with a five-year overall survival benefit of 6.5%. It was also shown
that cisplatin alone, given concomitantly with radiation, is able to achieve
the same results as a combination of antineoplastic drugs [153]. In this
context, concomitant chemoradiation is considered the state-of-the-art
treatment when surgery is not feasible, or post-operatively when high-risk
features are present in the pathological report, such as R1 or RO <5mm
(intermediate risk) resection or the presence of nodal disease with
extracapsular spread. It should be recognized that this form of treatment
may be associated with severe toxicity, and for this reason its indication
should be reviewed on an individual basis by an expert multidisciplinary
team.

Potential role of primary systemic therapy

Only a small benefit was shown by induction chemotherapy that included
cisplatin and fluorouracil (PF). Based on these encouraging results,
induction chemotherapy was further studied by adding a third drug:
taxotere to PF (TPF). The triple regimen was superior to PF in terms of
overall survival; however, we still lack the evidence that induction
chemotherapy is adding to standard locoregional treatment [154]. For
this reason this is not considered a standard treatment. Induction
chemotherapy has been specifically used in advanced operable oral cavity
cancer where patients were treated either with induction chemotherapy
followed by surgery and radiation, or surgery followed by radiation. The
first randomized study included PF [155] and a more recent one TPF
[156]. Both trials were negative with respect to the primary endpoint,
which was overall survival, but there was an interesting signal of the
potential role of response to induction chemotherapy in terms of sparing
mandibulectomies and/or post-operative radiation. In both studies
patients achieving a major pathological response with induction
chemotherapy had the best prognosis. This observation has been done in
other neoplasms treated with induction chemotherapy, such as breast
cancer and osteosarcomas. It is clear that a better recognition of
chemosensitive patients, for example by exploiting high-throughput
techniques together with better drugs, is warranted for future treatment
developments.

Tumours of the oropharynx
Introduction and clinical assessment

Oropharyngeal cancer (OPC) originates from the mucosa of the
oropharynx, which includes the base of tongue and vallecula anteriorly,
the posterior oropharyngeal wall, the tonsillar region and lateral
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oropharyngeal walls, and the soft palate and uvula superiorly. The
incidence is approximately ten per 100,000 inhabitants. They are
classified into two disease entities: smoking/alcohol-related and human
papillomavirus-related (HPV-positive) OPC squamous cell carcinomas.
The former generally have well to moderately differentiated keratinizing
morphology, whereas HPV-associated lesions are typically poorly
differentiated with a non-keratinizing or basaloid morphology (see also
the section ‘Pathology of head and neck tumours’).

Frequent initial symptoms are a sensation of a foreign body in the throat
or pharyngitis, followed by otalgia or odynophagia. Palpable lymph nodes
in the neck are very frequent and may be the first and sole symptom. The
traditional smoking/alcohol-related case often has a larger primary
tumour size, less advanced nodal disease, and a correspondingly less
advanced stage group. In contrast the HPV-positive case will generally
have a smaller and less infiltrative primary but more extensive nodal
disease (and often cystic appearance that may erroneously be considered
a ‘branchial cleft cyst’).

The initial workup requires a comparative evaluation of the local
extension with endoscopy, often under general anaesthesia, and imaging.
For details on imaging, see ‘Imaging techniques for head and neck
tumours’.

Epidemiology and disease behaviour

The past decades have witnessed an unprecedented worldwide increase
in the emergence of the HPV-positive cases. The traditional form is
generally seen in a more debilitated population with less social support
and with ongoing comorbidities largely related to lifestyle and the
exposure to alcohol and tobacco. The HPV-positive cancers occur in
younger patients with a much better performance status, and less intense
or even minimal tobacco/alcohol consumption. Males are more commonly
affected in both diseases. Aetiology through the sexual transmission of
the HPV 16 or 18 viruses is suggested in these lesions.

Irrespective of treatment modality, the HPV-positive variant has a better
prognosis, except for distant metastases. Concern has been raised that
contemporary treatments developed for the traditional form of the
disease may be ‘over-treating’ the more favourable HPV-associated
variant. As a consequence, although treatment does not differ at present,
de-intensification clinical trials are in design or ongoing to address
treatment options for the different risk groups of HPV-positive and HPV-
negative OPC. These include studies addressing the role of radiotherapy
alone, transoral surgical techniques (including laser or robotic surgery),
and different forms of systemic treatment.
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Contemporary standard for locally advanced disease:
chemotherapy and radiation

The interaction between chemotherapy and radiation specifically in
locoregionally advanced OPC has only been studied to a limited extent.
There is a single phase III trial that showed a survival benefit to using
induction chemotherapy prior to local treatments [157], and only two
trials showed survival improvement with the use of concurrent
chemoradiation (CCRT) when compared with conventional radiotherapy
alone [158, 159]. Although specific data on OPC are limited, the literature
is replete with trials where the oropharynx is the predominant subsite,
thereby underpinning the results of the meta-analysis of chemotherapy in
head and neck cancer (MACH-NC) reported by Pignon et al. [160, 153].
This meta-analysis showed a significant interaction between the timing of
chemotherapy and outcome (CCRT being superior to either induction or
adjuvant regimens) and provides the foundation for considering CCRT as
the contemporary gold standard for management in the locally advanced
(stage III/IV) OPC, irrespective of the HPV status.

An alternative strategy for improving the outcome of ‘favourable’ locally
advanced head and neck cancer is targeting the EGFR based on the
improvement in survival from cetuximab delivered concurrently with
radiotherapy compared to radiotherapy alone in a randomized trial [161].
Approximately 60% of this trial’s population comprised OPC, which was
also the subgroup with the most benefit from concurrent cetuximab in
this setting, and with a toxicity profile that seemed to be less than that
expected from traditional concurrent chemotherapy. While the latter has
been disputed, approaches using cetuximab have led initial attempts to
reduce toxicity and de-intensify treatments for the HPV-associated
cancers by potentially replacing concurrent cisplatin with cetuximab or
other anti-EGFR agents in ongoing trials. Another approach is using
induction chemotherapy to select patients for a reduced radiotherapy
dose (e.g., the completed single arm ECOG 1308 phase II trial). The
induction strategy provides an intriguing possibility for the subset of the
HPV-positive population with the greatest risk of distant metastasis, now
the leading cause of death for this disease. An induction chemotherapy
strategy (e.g., a combination of docetaxel, cisplatin, and 5-fluorouracil
(TPF)) with response assessment to minimize or omit concurrent
chemotherapy seems a strategy that could be incorporated into future
trials when one considers the impact of this approach on distant
metastases, as shown in a more recent MACH-NC analysis, 39% of which
consisted of OPC (although not HPV-specific) [154].
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Risk-stratified management

Considering OPC as a single group of tumours has proved problematic. In
the first publication of the RTOG 0129 trial, Ang and colleagues reported
that HPV negative status, >10 pack-year tobacco exposure, T4, and N2b-
N3 status were adverse predictors for overall and progression-free
survival for OPC, and three risk groups could be constructed using these
parameters based on risk of death in patients undergoing concurrent
chemoradiotherapy [4] . Subsequently O’Sullivan and colleagues
performed a similar analysis on an institutional cohort of prospectively
compiled HPV-positive stage III/IV patients but addressed distant
metastasis risk, rather than survival outcomes alone, in patients treated
with either radiotherapy alone or CCRT [162]. Risk of distant metastases
was significantly associated with T4 category disease, the degree of nodal
involvement, and the same intriguing relationship with smoking history
observed in RTOG 0129. Thus, heavy or light smokers with T1-T3, NO-
NZ2a disease seemed relatively immune to the risk of distant metastases
whether or not chemotherapy was used, but a smoking history of >10
pack years was important in N2b disease, and N2c and N3 disease were
at risk of distant metastases irrespective of smoking history. Recognition
of such characteristics has begun to guide contemporary clinical trial
designs with several evolved protocols emerging that address different
risk groups based on whether the patients belong to a favourable risk
group with minimal risk of distant metastases, or require more intense
locoregional treatment.

The only phase III randomized trial of an intensive concomitant boost
altered fractionation RT alone regimen compared to CCRT with cisplatin
in OPC of unknown HPV status was recently reported, and found no
difference in DFS or OS [163]. In fact, tolerance was better with altered
fractionation and a subset analysis suggested that the efficacy of altered
fractionation appeared more pronounced in stage III disease. However, in
stage IV, CCRT with cisplatin fared better and was most obvious in more
extensive lymph node disease. Garden et al. recently reported a large
single institution experience, also of unknown HPV status, indicating that
low volume disease (e.g., T1-T2, N1-N2), has extremely favourable
outcome with RT alone (exceeding 90%) despite being nominally
classified as stage III or IV [164]. Thus, radiotherapy alone may provide
very effective control for low-volume ‘locally advanced’ HPV-positive
cases, but as the nodal disease stage increases, especially among heavy
smokers, outcome is compromised due predominantly to the risk of
distant metastases in the HPV-positive population, though the risk may be
mitigated with chemotherapy [162].
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Radiotherapy approaches

IMRT is usually used because of its ability to relatively spare normal
tissues, most obviously salivary tissues. Pharyngeal constrictor muscles
and mandibular regions can often be protected to some degree as well.
Eisbruch et al. reported an RTOG multicentre single-arm phase II study of
IMRT in OPC which validated one of the major reasons for using IMRT,
the reliable and important ability to protect salivary function while
achieving high locoregional control [165]. This benefit was confirmed in
the PARSPORT trial, a UK multicentre randomized controlled study of
IMRT versus conventional radiotherapy in pharyngeal cancer patients
(85% OPC), showing reduced incidence of xerostomia with IMRT and
significantly better recovery of saliva secretion with improvements in
associated quality of life [166].

Contemporary radiotherapy approaches typically employ treatment
intensification by the use of chemotherapy as discussed earlier, or
hyperfractionation with dose intensification supported by meta-analysis
data [167]. In addition, the observed benefit of moderately accelerated
radiotherapy was also found to be independent of HPV status in the
DAHANCA 6 and 7 trials, suggesting that this strategy should be
maintained if the intensity of chemotherapy is reduced [168].

Surgery for oropharyngeal tumours

Although most oropharyngeal tumours are treated by a non-surgical
approach, surgery remains important, either for initial treatment or
salvage. Careful attention to the goals and needs of each case will provide
the rationale, and indication for different surgical approaches for the
primary site are summarized below. Elective neck surgery must also be
considered if there is doubt about disease eradication, based on clinical
and imaging initially or eight to 12 weeks following radiotherapy.

Transoral surgery is an attractive approach for tumours limited to the site
of origin. Electrocautery was used initially followed by the laser CO; knife
in the mid-70s, which became the most common approach. Although
providing alternatives to open surgery in selected cases, these techniques
remained limited due to the restricted access to the base of the tongue
and the glossotonsillar sulcus. More recently, transoral robotic surgery
(TORS) has been developed, providing excellent global visualization, with
a magnified three-dimensional view, allowing access to difficult areas,
and this has expanded the indications for using TORS [169].

There are two main approaches to open surgery: firstly, the mandibular
swing approach that provides the same access to the lateral oropharynx
as the traditional hemi-mandibulectomy but preserving the mandibular
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arch via the osteosynthesis performed after tumour resection.
Submandibular approaches represent the second group. Thus resection of
the posterior wall of the oropharynx may be performed via the opening of
the larynx by anterior access between the hyoid bone and the base of
tongue. Vallecular tumours may be resected by a supraglottic
laryngectomy extended to the base of tongue.

Although limited resections do not ordinarily require reconstruction,
reconstruction underpins the ability to undertake much modern head and
neck surgery. Improvements in reconstructive surgery have substantially
reduced the post-surgical functional and cosmetic sequelae. Local
mucosal flaps (such as the FAMM, facial artery musculo-mucosal, flap)
may be used in some cases. Pedicled flaps (dorsal flap, trapezius flap, or
the most commonly used, the major pectoralis myo-cutaneous flap) have
significantly improved volume and surface reconstruction as well as
prevention of post-operative complications in the case of salvage surgery
in irradiated fields. The introduction of microvascularized free flaps was
an important milestone in oropharyngeal surgery. Some flaps are able to
reconstruct a mucosal surface (radial forearm free flap) or tongue volume
(dorsal free flap, anterolateral thigh free flap) or the mandible (iliac crest
free flap, scapular free flap, or preferably the fibula free flap) [170].

Tumours of the larynx and hypopharynx (including organ
preservation)

Introduction and clinical assessment

The large majority of larynx and hypopharynx cancers are SCC. The few
other cases comprise glandular carcinomas, sarcomas, melanomas, and
lymphomas. The annual world incidence of head and neck cancer is
estimated to be nearly 700,000 and globally, with some variations
between countries, 20-25% are larynx cancers and 10% are hypopharynx
cancers. The incidence of larynx cancer is decreasing in North America
and in Western Europe; it is stable or slightly increasing in other
countries. The incidence of hypopharynx cancer seems rather stable
[171]. The incidence is much higher in males (85-90%) with a peak
incidence between 50 and 60 years.

The larynx is divided in three levels: the glottis (true vocal cords), the
supraglottic (epiglottis, aryepiglottic folds, false vocal cords, and the
ventricles), and the subglottis (between the glottis and the trachea). The
hypopharynx is divided into pyriform fossae, the post-cricoid area, and
the posterior wall. These cancers are the result of tobacco consumption
possibly associated with alcohol abuse for supraglottic and
hypopharyngeal cancers.
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The presenting symptoms are a sore throat, dysphonia, or a referred
otalgia. Dysphagia and dyspnoea occur later. Metastatic lymph nodes are
frequent in supraglottic and hypopharyngeal cancers. The initial workup
consists of a clinical examination, an endoscopy under general
anaesthesia (in 95%; and with biopsy), and imaging. CT is the most useful
imaging for detecting in depth extension (cartilages, paraglottic spaces,
pre-epiglottic space) and metastatic lymph nodes that are missed by the
clinical examination. For details on imaging, see section ‘Imaging
techniques for head and neck tumours’. Staging should be carried out
according to the TNM classification of malignant tumours, with stage
groupings I, II, III, IVA, IVB, and IVC.

Management issues

When the initial workup is completed all cases must be discussed during
a tumour board meeting (including surgeons, radiation oncologists,
medical oncologists, radiologists, pathologists, etc.) in order to select the
most appropriate treatment for each patient. Treatment choices depend
on patient characteristics (age, occupation, comorbidities) and
preferences, tumour characteristics, as well as local expertise and
resources.

Early disease

For early disease, the choice is between conservative surgery or
radiotherapy, which seem comparable in outcome (although never
prospectively compared), while chemotherapy has no role to play.

Locoregionally advanced disease

For advanced disease, the choice is between ‘mutilating’ surgery (with or
without post-operative irradiation) or definitive irradiation with or
without chemotherapy or biotherapy (cetuximab), and with surgery in
reserve as salvage therapy. There is no randomized study comparing both
attitudes that could help in selecting one or the other. Clearly the choice
is mainly institution-dependent and must be considered in the light of
clinical trials on larynx preservation (see below). For more advanced and
unresectable disease, the choice is between irradiation alone with
different fractionation schedules and chemo- or bioradiotherapy under
different settings. Such approaches are frequently studied in the
framework of clinical research.

Recurrent/metastatic disease

For recurrent and/or metastatic disease, for each case one should
consider whether a potentially curative option (surgery or re-irradiation)
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is still feasible. For other options see ‘Management of recurrent and/or
metastatic squamous cell carcinoma of the head and neck’.

Treatment options
Surgical options

There is a large surgical armamentarium for laryngeal and
hypopharyngeal cancers [172]. Transoral CO; laser is a widely accepted
approach for early diseases pending an excellent endoscopic access and a
complete view of the tumour in all directions. This type of surgery is
sometimes advocated for larger tumours, particularly in Germany, but is
directly linked to the surgeon’s expertise. More recently, TORS has been
proposed by some teams but should be considered at the moment to be
experimental, requiring larger series and cost-effectiveness evaluation.

Open partial surgery ranges from very limited resections (such as
cordectomy, epiglottectomy, or lateral pharyngectomy) to large
resections (such as supracricoid partial laryngectomy or supracricoid
hemi-laryngopharyngectomy) allowing the surgeon to cope with all local
extensions.

Total laryngectomy is required for large tumours and may be associated
with either partial or circumferential pharyngectomy, requiring either
pedicled or free flaps for closure.

A neck dissection is systematically performed (except for tumours
confined to true vocal cords).

Radiation therapy options

For early-stage tumours (T1-NO), a standard fractionation regimen
delivering a therapeutic dose of 64-66 Gy and a prophylactic neck dose in
the order of 50 Gy in daily fractions of 2 Gy, five times a week is
recommended. For T1 glottic carcinoma, a dose of 60-64 Gy to the glottic
larynx without nodal irradiation is standard. For moderately advanced
tumours (T2-NO or N1), hyperfractionation or accelerated fractionation
schedules have shown to be more effective than standard radiotherapy
[168]. For these tumour stages, there is no compelling evidence for the
use of induction or concomitant systemic treatment (chemotherapy or
biotherapy). For locally advanced disease (T3 or T4, more than N1), a
therapeutic dose of 70 Gy in daily fractions of 2 Gy, five times a week,
and a prophylactic dose of 50 Gy are recommended, in particular when
concomitant chemotherapy or biotherapy is used [153]. In case of
contraindication to systemic treatment, the use of hyperfractionation,
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accelerated fractionation, or simultaneous integrated boost radiation
therapy is recommended.

Post-operative RT is recommended in the case of inadequate resection
margins, T3 or T4 tumour, multiple positive lymph nodes, and in the case
of extracapsular spread of disease [173, 174]. Typically, a dose of 60-66
Gy will be delivered with daily fractions of 2 Gy, five times a week. In
case of R1 resection and/or presence of extracapsular extension, the use
of CCRT has been demonstrated to be superior to radiation alone [175].

Regarding the radiation technique, as demonstrated in randomized trials,
the use of IMRT should be standard to decrease the incidence of late
morbidity, especially the incidence of xerostomia [167]. For T1 glottic,
however, conformal radiation therapy still remains a standard. Consensus
guidelines on target volume selection and delineation for a state-of-the-
art delivery of IMRT have been provided [176].

However, even in the IMRT era, the use of modified fractionation
regimens and the use of CCRT or bioradiotherapy (BRT) is associated
with an increased incidence of acute and late toxicity compared to
standard radiotherapy alone, with unexplained deaths reported in up to
10% of cases with adequate follow-up after CCRT [177]. Variables that
seem to correlate with the development of late severe toxicity are older
age, advanced T stage, larynx/hypopharynx site, and neck dissection after
CCRT [177]. These alarming data need specific attention and are a
further plea to treat head and neck cancer patients in referral centres
that meet all the requirement for an optimal care for such patients.

Chemotherapy and biotherapy options

The role of chemotherapy is slowly moving towards a more prominent
position within the different treatment paradigms in patients with
squamous cell carcinoma of the head and neck. The use of CCRT is
generally accepted as a standard therapy post-surgery in high-risk
patients (see above), in patients with resectable disease, when the
anticipated functional outcome and/or prognosis is so poor that
multilating surgery is not justified, and in patients with unresectable
disease [178]. The optimal chemotherapy regimen for that approach is
cisplatin 100 mg/m? days on 1, 22, and 43 during RT. CCRT improves
survival and locoregional control over RT alone in patients with
locoregionally advanced squamous cell carcinoma of the head and neck
[153, 179]. Alternative non-surgical approaches in such patients are BRT
with cetuximab (the only approved anti-EGFR monoclonal antibody) and
the use of induction chemotherapy (ICT) before local therapies. The
addition of cetuximab to RT improved survival and locoregional control
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over RT alone in one single randomized phase III study [161]. The hazard
ratios for survival with RT plus cetuximab versus RT alone were
comparable to those reported for CCRT versus RT alone in nearly 10,000
patients included in the MACH-NC meta-analysis [153]. However, there
has been no direct comparison between RT plus cetuximab and CCRT in
phase III reported. Despite that, there are sufficient data available
suggesting that compliance with RT plus cetuximab seems to be better
than with CCRT. The MACH-NC meta-analysis indicates that the role of
ICT is less than that of platinum-based CCRT. However, the optimal ICT
was not part of that analysis. The optimal ICT regimen has been defined
by two major phase III trials, TAX 323 and TAX 324, both showing
improved survival and progression-free survival with docetaxel, cisplatin
and 5-fluorouracil (TPF) compared to PF in patients with resectable and
unresectable locoregionally advanced head and neck cancer [180, 181].
In addition, a more recent meta-analysis on TPF versus PF indicated
significantly less distant metastases and significantly less locoregional
failure with TPF [154]. However, a direct comparison of CCRT versus TPF
induction followed by RT has not been performed. So far, randomized
trials of sequential therapy, i.e. ICT followed by CCRT versus CCRT alone,
have not shown a clear benefit for the sequential approach and this
approach should not be considered standard therapy for the moment. It is
also unclear whether replacing 5-fluorouracil with cetuximab in the triple
regimen might lead to better outcome. Further studies for both
approaches are needed. With respect to larynx preservation procedures,
platinum-based chemotherapy given during RT (CCRT), preceding RT
(ICT-RT), or alternating with RT are all acceptable approaches (see
below).

Larynx preservation

At the beginning of the twentieth century two major options were
available: surgery (partial or total) and external beam irradiation. Up
until the 1980s the surgeons tried to extend the indications of partial
surgery with larger procedures and to improve rehabiliation after total
laryngectomy with voice prostheses. At the same time radiation
oncologists improved the efficacy of irradiation with a better delineation
of the irradiated area and with modification of the fractionation. But
there was no direct comparison of total laryngectomy and definitive
irradiation.

In the 1980, the results of studies with ICT using the PF combination
concluded that ICT was able to produce notable tumour regression and
that this regression was predicting a high radiosensitivity [182]. This
supported the initiation of a period of challenging clinical research on
larynx preservation.
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The first two adequately powered trials validating the concept of larynx
preservation were the Veterans trial in the US for laryngeal cancer and
the EORTC 24891 trial in Europe for hypopharyngeal cancer. Both trials
compared total laryngectomy with ICT (with PF) followed by RT in good
responders or by total laryngectomy in poor responders [183, 184]. Both
survival and disease control were found similar in both arms of the
respective studies and 56% of patients could retain their larynx in the ICT
arm.

The next two trials compared ICT (with PF) to alternating
chemoradiotherapy (EORTC 24954 in laryngeal and hypopharyngeal
cancer), and ICT (with PF) to cisplatin-based CCRT and to RT alone
(RTOG 91-11 in laryngeal cancer) [185, 186]. The first trial failed to find
any difference in survival or larynx preservation between both arms. The
long-term results of the RTOG 91-11 trial concluded that induction PF
followed by RT and CCRT showed similar efficacy for the composite
endpoint of laryngectomy-free survival. Locoregional control and larynx
preservation were significantly improved with CCRT compared with the
ICT arm or the RT alone arm. Overall survival did not differ significantly,
although there was a trend towards a worse outcome with CCRT relative
to ICT and deaths not attributed to laryngeal cancer were higher with
CCRT (30.8% versus 20.8% with ICT and 16.9% with RT alone) [187].

The fifth trial compared two ICT regimens (TPF versus PF) in patients
with locally advanced laryngeal and hypopharyngeal cancer as an
alternative to total laryngectomy (GORTEC 2000-01). Responding
patients received RT with or without additional chemotherapy. Larynx
preservation was significantly higher in the TPF arm of the study (70.3%
versus 57.5%), without any difference in overall survival [188].

The last trial compared CCRT and biotherapy (RT + cetuximab) in
patients responding to ICT with TPF (GORTEC TREMPLIN trial). The
overall toxicity was substantial, there was no signal that one arm could be
superior to the other, or in favour of RT alone as found in the previous
trials [189].

Evidently, the optimal approach for larynx preservation has still not been
identified. Several treatment options are available, each with different
levels of tolerability but little difference in outcome. CCRT with three
courses of cisplatin and TPF induction followed by RT in good responders
is the treatment now mostly used. Superiority of one over the other can
only be assessed by a randomized trial.

Squamous cell carcinoma of unknown primary site
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Introduction to squamous cell carcinoma

Cervical nodal metastasis from clinically undetectable SCC primary sites
accounts for approximately 3% of all head and neck malignancies [190],
and most frequently manifests in the upper jugular and mid-jugular lymph
nodes. Histologically, SCC accounts for the majority of cases, particularly
when masses are situated in the upper two-thirds of the neck, and
generally indicates an origin from a hidden primary somewhere in the
head and neck region. It constitutes a favourable-risk cancer of unknown
primary (CUP) group compared to patients with less favourable
histologies, such as adenocarcinomas.

Diagnostic workup

Physical examination, including comprehensive nasofibroscopy and
endoscopic assessment under general anaesthesia conducted by
experienced otolaryngologists or head and neck surgeons, detects
primary head and neck SCC in over 50% of patients presenting with
cervical lymph node metastases [191]. Locoregional imaging should
ideally be performed before endoscopy as it may identify suspicious
mucosal areas guiding biopsy sampling. Systematic tonsillectomy has
been advocated by some authors as up to 45% of occult primary have
been reported [190]. The role of FDG-PET has been extensively studied
over the last few years, with detection rate of a primary tumour in up to
30% of patients, and a systematic review has recommended its routine
use in patient management [192]. To optimize the yield of guided
biopsies, FDG-PET/CT should be performed before the endoscopy. This
examination, however, needs to be considered as an adjunct to
comprehensive clinical examination, and not as a replacement. Another
advantage of FDG-PET examination is that it gives the metastatic workup
a higher accuracy than CT or MRI [192].

For pathological confirmation of the disease in the neck, fine needle
aspirate is the preferred modality. In case of repetitive negative
examination, a surgical procedure removing the entire node, possibly
followed by a neck node dissection, is recommended. For pathological
examination, in case of poorly differentiated or undifferentiated
carcinoma, EBV testing should be routinely performed to exclude the
presence of an undifferentiated carcinoma, which has a different
prognosis and requires a different treatment approach. HPV testing could
also be performed, although no study has so far demonstrated that HPV-
positive SCC should be differently managed than HPV-negative SCC.
More advanced molecular techniques performed on the lymph node and
the random mucosal biopsies have been described, but so far none of
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these studies has profoundly altered the clinical management of patients
with CUP [193].

The staging of CUP follows the staging of the neck for head and neck
primaries. It should, however, be emphasized that the “T’-site should be
classified as “T0O’ and not as “Tx’, the latter depicting a primary tumour
staging that has not been performed, rather than a staging which did not
identify any primary tumour.

Therapeutic strategies

In the past, treatment of CUP commonly consisted of lymph node
dissection and elective irradiation of the putative mucosal sites and
bilateral neck plus supraclavicular nodes. Recently, however, primary
concomitant chemoradiotherapy, followed by a selective neck node
dissection only in case of residual node disease, has been introduced. In
addition, the dogma that radiotherapy for CUP should always include
irradiation of both sides of the neck and the oropharyngeal,
hypopharyngeal, and laryngeal mucosa has been challenged.

Neck node dissection with or without post-operative radiotherapy

In non-CUP series, for limited disease in the neck (i.e. pN1), neck node
dissection procedures (typically selective neck node dissection or
modified radical neck node dissection) without post-operative
radiotherapy in the absence of extracapsular extension has shown control
above the clavicles in the order of 95% plus (see review in [194]). Applied
to selected CUP patients, such policy has shown high neck control, but
with a significantly higher rate of emergence of primary tumours in the
untreated mucosa compared to patients who benefited from post-op or
primary radiotherapy [195]. In this series from Denmark, however, there
was no difference in disease-specific survival among patient groups. It
will always remain impossible to differentiate between the emergence of
the putative primary and a subsequent head and neck primary, which
typically occurs with a frequency of 1-2% per year.

For patients treated by surgery for a known primary tumour and who
presented with multiple nodes and/or capsular rupture, post-operative
radiotherapy or chemoradiotherapy (in case of capsular rupture) has
been recognized as evidence-based practice [196]. There is thus no
reason not to apply such policy to patients with CUP. The question of
prophylactic treatment on both sides of the neck and the oropharyngeal,
hypopharyngeal, and laryngeal mucosa however still remains
unanswered.
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Primary radiotherapy

In non-CUP series, it is recognized that radiotherapy alone yields a high
rate of regional control above the clavicle around 90-95% for patients
with N1 disease (see review in [194]). For patients with advanced neck
disease, it has also been reported that altered fractionation radiotherapy
or concomitant chemoradiotherapy followed by selective neck node
dissection for residual disease yielded neck control rate in the same order
of magnitude than after primary neck node dissection. Along this line,
there has been a progressive change in the management of patients with
CUP towards more use of primary radiotherapy or concomitant
chemoradiotherapy. In a large retrospective review of 1726 patients with
CUP treated either by surgery and post-operative radiotherapy or
chemoradiotherapy (based on extracapsular extension) or by primary
chemoradiotherapy, no statistically significant difference in five-year
overall survival was observed between the two groups [197]. In this latter
series, as reported in non-CUP series, the extent of the nodal disease and
the presence of extracapsular extension were strong independent
prognostic factors.

Indications for post-radiotherapy neck node dissection

The use of radiotherapy or concomitant chemoradiotherapy as primary
treatment modality raises the question of the role of node dissection
following radiotherapy for patients with N2-N3 disease at initial
diagnosis. Residual neck mass may be present in up to 30-60% of
patients after completion of chemoradiotherapy. For those patients,
irrespective of the neck stage, there seems to be a consensus in the
literature favouring an immediate neck node dissection because of the
low probability of achieving a neck control with salvage surgery when
recurrence develops [198]. For patients with complete neck response
after radiotherapy or chemoradiotherapy, there are currently many
arguments supporting the position that systematic planned neck
dissection is no longer justified, and many institutions have switched to
neck dissection for residual disease in the neck only [199]. Improvement
in assessing the neck status with imaging has contributed enormously to
this change in paradigm. Very high negative predictive values of CT, MRI,
and more recently FDG-PET have indeed been reported for assessing the
neck after radiotherapy or concomitant chemoradiotherapy [200, 201]. All
the data mentioned above are from series of patients with a known
primary tumour; there is however no reason not to extrapolate them to
the situation of the CUP patients.
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Target volumes in radiotherapy

As already alluded, the choice of the appropriate target volumes for
radiotherapy of CUP remains controversial. First, the potential gain with
comprehensive radiotherapy in controlling the putative primary
carcinoma should be weighed, even in the new IMRT area, against its
effect on quality of life resulting from increased acute and persistent
morbidity such as xerostomia. Second, as already mentioned, it is
possible that a head and neck carcinoma detected later in this patient
subset is actually a second primary tumour instead of the putative cancer.
Last, the possibility of conservative surgical approaches and the
feasibility of re-irradiating the head and neck region (especially in the
non-treated areas) are being recognized should a cancer emerge after
ipsilateral radiotherapy. In the series from Denmark, although the rate of
subsequent mucosal primary was higher in patients who did not receive
comprehensive radiotherapy on both side of the neck and on the mucosa,
no difference in disease-specific survival could be observed [195]. When
all data from small retrospective series are put together totalling up to
1000 patients, no difference in the rate of subsequent head and neck
primaries could be detected between patients who got surgery alone,
unilateral radiotherapy, or bilateral radiotherapy including the head and
neck mucosa (personal data).

Conclusion

The diagnosis of CUP is made after exclusion of the presence of a
mucosal primary. There are two mains options for the primary treatment
of CUP: either a neck node dissection followed by post-operative
radiotherapy or chemoradiotherapy, or a primary radiotherapy or
chemoradiotherapy depending on the nodal stage, followed in case of
residual neck disease by a selective neck dissection (see Figure 35.11).
There is no data to suggest the superiority of one over the other. For
radiotherapy, unilateral neck or bilateral neck, including the
oropharyngeal, hypopharyngeal, and laryngeal mucosa are possible
options. There is no definite data to demonstrate the superiority of one
over the other, but owing to the reduced toxicity of unilateral irradiation,
and the possibility of salvage treatment in case of emergence of a
mucosal primary and/or a contralateral neck node development, the
former is becoming the preferred option.
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Fig. 35.11
Treatment algorithm of carcinoma of unknown primary (CUP).

Abbreviations: ECS, extracapsular spread; ERND, extended radical neck
dissection; FU, follow-up; MRND, modified radical neck dissection; RND,
radical neck dissection; RT, radiotherapy; RT-CH, concomitant
chemoradiotherapy; SND, selective neck dissection.

Recurrent and/or metastatic squamous cell carcinoma of
the head and neck

Extent of the problem

Squamous cell carcinoma of the head and neck (SCCHN) is in great
majority a locoregional complex disease, with evidence of dissemination
in 10% or less at first presentation. Therefore, achieving adequate
locoregional disease control of this primary disease, whether by surgery,
radiation (with or without the additional use of systemic treatment), or a
combination of these, is of central importance when managing patients
with SCCHN. Failing to do so will lead to persistant disease (disease left
behind after completion of primary treatment), recurrent disease (to be
differentiated from second primary tumours (SPTs) in time and location
[202]) and/or distant metastases. Moreover, past and current lifestyle
choices in many cases increase the risk for new primary cancers even
when the initial tumour has been cured. According to the MACH-NC data
from 50 CCRT trials and 30 ICT trials, the rates of local and/or regional
recurrences (LRRs) at five years were 50.8% and 47.5% in the
experimental arms, respectively, and 60.1% and 46.5% in the control (RT
alone) arms of the trials, respectively [203]. The corresponding rates of
distant metastases (DM) were below 20%. Factors to be considered when
choosing treatment in these circumstances include the extent of the
recurrence, the type of initial curative treatment and the time interval
between that treatment and the recurrence, the patient’s performance

Page 56 of 100

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). © Oxford
University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an
individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for
personal use (for details see Privacy Policy).

Subscriber: Marc Hamoir; date: 11 March 2016



Head and neck cancer

status comorbidities and preferences after being well informed. Curative
intent strategies in case of local and/or regional recurrences will be
possible only in 50% or less [204].

Retreatment strategies
Surgery

Salvage surgery is the treatment of choice for all patients with resectable
LRRs or second primary tumours and sufficient good health, and
therefore should be considered first at all times. Goodwin reported that
based on a meta-analysis of 32 studies a survival rate of 39% could be
expected at five years with salvage surgery [205]. However, the best
chances of cure were in those patients with early-stage recurrent
tumours and in those with recurrent cancer of the larynx, whereby the
treated site seemed to be of less importance than the recurrence stage
[205]. Unfortunately, those with limited tumour bulk (after adequate
staging with PET or PET/CT) who are also medically fit comprise only
20% or less of the LRRs. Consultation with a radiologist and a careful
examination under general anaesthesia is needed. Not only the extent of
the recurrence is of importance but also the original extent of the tumour,
since it is generally considered mandatory to excise the original extent of
the tumour with a generous margin to obtain microscopic radicality.
Major salvage surgery nearly always requires flap reconstruction for
adequate wound healing and to permit the best post-operative function
and quality of life. After (chemo-)radiotherapy, microvascular surgery is
often possible and probably still the favoured method, especially for oral
and oropharyngeal cancers because pedicled flaps may result in less
optimal wound healing and yield inferior functional results. Tonsillar
defects can often be reconstructed well with a relatively thin
fasciocutaneous flap, whereas base-of-tongue reconstruction often
requires an intermediate thickness flap. Laryngectomy defects require a
free or pedicled flap as reinforcement of the suture line or as a patch. As
to surgery for isolated residual or recurrent disease in the neck, there is a
tendency to perform (super)selective neck dissections that remove only
the level(s) that contain disease. This does not seem to compromise
control of disease, obviates the need for flap surgery, and limits
complication rates. Most authors reserve salvage neck surgery for those
patients that have evidence of regional recurrence, and refrain from
planned neck dissections even for the higher N stages. Salvage
laryngectomy for laryngeal cancer recurrence offers survival in the range
of 35-66%, albeit with a substantial risk of complications [206, 207, 208].
Good function outcome can be expected; the vast majority of patients are
able to produce speech using a voice prosthesis, and have a ‘normal’ or
‘soft’ diet. Major salvage surgery for other sites yields results that are
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less favourable (27-40% survival) and likewise carry a fairly high
complication rate [205]. Positive surgical margins are the main negative
prognostic factor in multivariate analysis, pointing to the great
importance of appropriate selection of patients. Regional control after
salvage neck dissection can be achieved at five years in the order of 80%
[209].

Re-irradiation

Proper selection of patients for re-irradiation is also of major importance.
Only those with no or insignificant organ dysfunction and comoribities
should be considered candidates for re-irradiation [210]. If possible, the
functional status of the patient should be assessed by using standardized
measures, such as the Charlson comobidity index or ACE-27 grading
[204]. Favourable prognostic factors are the possibility of removing the
recurrence beforehand, having a long interval between the recurrence
and the initial treatment, and being able to give an adequate radiation
dose, while prior CCRT is an unfavourable condition [211].

Patients with resectable recurrences or new primary cancers in a
previously irradiated area who undergo salvage surgery should be
considered for re-irradiation plus concurrent systemic treatment
(whether cytotoxic or non-cytotoxic) when histopathology is showing
high-risk features such as positive margins or extracapsular extension.
This will lead to a better locoregional control rate, but at the expense of a
higher toxicity (grade 3-4 late toxicity in >1/3 of patients and up to 8%
treatment-related deaths) and no clear survival advantage compared to
no post-operative reirradiation [205, 212, 213]. Expected OS rates at two
years are in the order of 40-50% [205].

Patients with unresectable disease, as expected, do less well. Reviews
have suggested that one-quarter to one-third of the patients will be free
of locoregional disease at two years and two-year OS will be in the order
of 10-30%. Grade 3-4 late toxicity in these cases will occur in up to 40%,
and nearly 10% of patients will have treatment-related deaths. In general,
a radiation dose in the range of =60 Gy is recommended, delivered by
using conventional fractionation (1.8-2 Gy/fx), hyperfractionation or
hypofractionation (in case of stereotactic RT). General advice is to
irradiate the gross tumour volume with a sufficient margin (around 5 mm)
and no elective treatment of adjacent regions.

Alternative local therapies

Photodynamic therapy involves the use of a light-sensitive drug or
photosensitizer (given systemically or topically), in combination with light
of a visible wavelength, to destroy the target cells. Patients with early
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recurrences in the oral cavity, nasopharynx, and larynx might be
candidates for such treatment when conventional treatments are not
available or not appropriate [214, 215]. In addition electrochemotherapy
(ECT) can be seen as an alternative. ECT is the local application of pulses
of electric current to tumour tissue to render the cell membranes
permeable to otherwise non-permeant or poorly permeant anticancer
drugs, thereby facilitating a potential localized cytotoxic effect [216, 217].
However, experience with ECT is still rather limited and the optimal
indication is rather uncertain. Both approaches suffer from lack of
comparative data versus adequate salvage surgery or re-irradiation.

Systemic treatment

Unfortunately, most patients with recurrent/metastatic (R/M) SCCHN are
only eligible for palliative treatment. Treatment options in these patients
include supportive care only or supportive care plus single-agent
chemotherapy, combination chemotherapy, or targeted therapies, either
alone or in combination with cytotoxic agents. Negative prognostic
factors for survival are a poor performance status, severe weight loss,
tumours originating in the oral cavity or hypopharynx, well/moderately
differentiated disease, and prior radiotherapy [218]. Response to
cytotoxic chemotherapy also proves to be a favourable characteristic and
is of prognostic significance. SCCHN is a chemosensitive disease, as is
evident from responses observed with various drugs of different classes
of cytotoxic agents [219]. The four most extensively studied single
cytotoxic agents are bleomycin (which is hardly used anymore),
methotrexate, 5-fluorouracil, and cisplatin. Newer agents from the same
or other classes of cytotoxic agents also sometimes showed promising
results, but when tested in randomized trials never surpassed the efficacy
of methotrexate or cisplatin alone. Taxanes (when combined with
platinum compounds) seem more favourable than 5-fluorouracil in the R/
Ms disease setting, because they induce less mucositis, a troublesome
side effect in particular in patients that have been previously treated with
radiation. Table 35.5 summarizes the development of systemic therapy in
R/M SCCHN and shows that 30 years after the first use of cisplatin in this
disease, survival advantage was observed for the first time when
platinum-based cytotoxic chemotherapy was combined with cetuximab, a
chimeric IgG1 monoclonal antibody (MoAb) targeting the EGFR [220].
The safety profile of this PFE (platinum/5-FU/Erbitux®) regimen was
quite acceptable, with no negative effect on quality of life and an
improved response that coincided with a better symptom control [221].
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Table 35.5 Development of chemotherapy in R/M SCCHN. 1977:
cisplatin shows efficacy in first-line SCCHN

Research N Regimen ORR Median Significant
group (%) oS OS benefit
(months)

Grose et 100 Methotrexate 16 5.0 No
al. 1985 Cisplatin 8 4.5
Forastiere 277 Cisplatin + 32%* 6.6 No
et al. 1992 5-FU 21 5.0

Carboplatin 10 5.6

+ 5-FU

Methotrexate
Clavel et 382 CABO 34* 7.3 No
al. 1994 Cisplatin + 31* 7.3

5-FU 15 7.3

Cisplatin
Gibson et 218 Cisplatin + 27 8.7 No
al. 2005 5-FU 26 8.1

Cisplatin +

paclitaxel
Vermorken 442 Platinum + 20 7.4 Yes
et al. 2008 5-FU 36%* 10.1*

Platinum +

5-FU +

Cetuximab
*significant.

CABO, cisplatin, methotrexate, bleomycin, vincristine.

Recent taxane/platinum/cetuximab combinations suggest that further
response and survival improvement might be possible, but a phase III
trial is necessary to prove this [222]. Unfortunately, phase III trials with
other EGFR targeting agents, whether MoAbs (zalutumumab,
panitumumab, nimotuzumab) or reversible selective EGFR tyrosine
kinase inhibitors (TKIs, such as erlotinib and gefitinib), failed to show
significant survival benefit [223]. Therefore, cetuximab is the only

Page 60 of 100

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). © Oxford
University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an
individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for
personal use (for details see Privacy Policy).

Subscriber: Marc Hamoir; date: 11 March 2016



Head and neck cancer

targeted agent approved for use in R/M SCCHN in first-line in
combination with platinum/5-FU, and in some countries also in platinum-
refractory disease in second-line cases. Response rate with cetuximab is
rather low, while EGFR expression generally is high. Identification of
biomarkers predicting response to cetuximab and other anti-EGFR
therapeutics is pressing, as well as unravelling of the underlying
mechanisms of resistance [224]. In line with this are studies with a new
generation of irreversible small molecule pan-EGFR inhibitors as well as
dual targeting MoAbs and a mixture of MoAbs targeting non-overlapping
epitopes on the EGFR with the hope of overcoming resistance and to
further improve outcome [223]. In addition, other targeted agents, such
as c-Met inhibitors, IGF-1R inhibitors, antiangiogenic agents, drugs that
block the PI3K/Akt/mTOR pathway, drugs that block the STAT pathway,
and drugs that target nuclear and regulatory mechanisms, such as
proteasome inhibitors, HDAC inhibitors, and heat shock protein inhibitors
are all being studied. It is clear that combinations or sequential targeted
therapies needs to be further studied and that identification of predictive
markers should get high priority.

Salivary gland cancer and paragangliomas
Salivary gland cancer

Epithelial malignancies of the paired major (parotid, submandibular, and
sublingual) and minor salivary glands (MiSG) are most complicated, due
to their low incidence. The incidence in the US is ten patients per 10° per
year. In Europe, Belgium, the Netherlands, the UK, and Finland have
approximately six to seven new cases per 10° per year. Up to 70% arise in
the parotid, 10-25% in the MiSG; the rest are submandibular carcinomas,
with sublingual carcinomas being very rare [225].

Clinical presentation—imaging—pretreatment tissue diagnosis

Most parotid tumours present as an asymptomatic peri-auricular lump.
Malignancy is suspected by rapid volume increase, pain, enlarged
cervical lymph nodes, fixation to deep structures or facial skin, or facial
nerve (VIIN) dysfunction. Surgery with or without adjuvant therapy being
the treatment of choice, the workup evaluates the likelihood of
malignancy and the extent and location of a tumour. Imaging is needed
when tumour mobility is impaired, the tumour is >4 cm, and there is any
sign of malignancy. MRI outperforms CT for the retromandibular parotid,
the stylomastoid foramen area, and for identifying perineural extension.
PET with or without CT is performed to exclude distant metastases. The
resulting information, summarized in the TNM classification, combined
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with other clinical, histopathological, patient, and tumour characteristics,
determines treatment options [226].

A submandibular gland cancer patient mostly presents with a slow-
growing, painless mass under the jaw, occasionally with distortion of the
floor of the mouth. Pain (30%) suggests local tissue extension. Cervical
lymphadenopathy is present in 25% of patients. Radiological evaluation of
submandibular salivary gland cancer (SGC) does not differ from the
parotid subsite as mentioned above.

MiSG carcinomas (MiSGCs) are found throughout the entire upper
aerodigestive tract and symptoms depend upon the anatomical site
involved. Most frequently the oral cavity and oropharynx are affected,
with the classical presentation of a painless submucosal swelling,
sometimes altering denture positioning. In the nose and pharynx, MiSGC
mostly causes obstructive symptoms. Pain is reported in one in four,
regional metastasis in one in six patients [227]. To estimate the
anatomical involvement, imaging (CT +/- MRI) is mandatory. For MiSGC
an incisional biopsy provides the histological information needed to plan
further treatment. As for major SGC, the TNM-components and stage
grouping are the strongest prognosticators [225].

Before embarking on treatment, for major SGC, FNAC reasonably
differentiates between malignant and benign lesions (accuracy 79%).
Even if FNAC suggests benign disease, removal of the tumour for further
histopathology remains mandatory. In MiSGC, the submucosal tumour is
accessible for incisional biopsy, providing a more representative
specimen for histopathologic subclassification. The caveat to interpreting
these biopsies is that many of the 24 SGC types (Table 35.6) have
overlapping histological features. Increasingly, molecular biological
studies are performed, on the incisional biopsy material as well [225,
228].
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Table 35.6 The WHO 2005 histologic classification of malignant
salivary gland tumours

Type WHO Abbreviation
1. Acinic cell carcinoma AcCC
2. Mucoepidermoid carcinoma MEC
3. Adenoid cystic carcinoma AdCC
4. Polymorphous low grade adenocarcinoma PLGA

5. Epithelial myoepithelial carcinoma
6. Clear cell carcinoma, Not Otherwise Specified (NOS)

7. Basal cell adenocarcinoma
8. Sebaceous carcinoma

9. Sebaceous lymphadenocarcinoma

10. Cystadenocarcinoma

11. Low grade cribriform cystadenocarcinoma
12. Mucinous adenocarcinoma

13. Oncocytic carcinoma

14. Salivary duct carcinoma SDC
15. Adenocarcinoma NOS ACNOS
16. Myoepithelial carcinoma

17. Carcinoma in pleomorphic adenoma
18. Carcinosarcoma
19. Metastasizing pleomorphic adenoma

21. Small cell carcinoma
22. Large cell carcinoma

23. Lymphoepithelial carcinoma
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24. Sialoblastoma

Adapted with permission from Barnes L, Eveson JW, Reichart P,
Sidransky D, World Health Organization Classification of Tumours,
Pathology and Genetics of Head and Neck Tumours, Volume 9, IARC,
Lyon Copyright © 2005.

Treatment: surgery yields post-operative histopathological information

For parotid cancer the best chance of cure follows primary excision, the
extent of which depends on the tumour size, the relationship to the VIIN,
and extraparotid tissue invasion. For the majority of cancers with a
normal functioning VIIN that are located in the superficial parotid lobe
(80%), a standard superficial parotidectomy is adequate. Tumours >4 cm,
located in the parapharyngeal or deep lobe, or with VIIN involvement
should have a total or radical parotidectomy, considering that in high-
stage, high-grade parotid cancer, the intraparotid lymph nodes may
harbour metastatic disease. Alternatively, one may choose to rely on post-
operative radiotherapy to control these possible microscopic deep lobe
lymph node deposits [229]. In the same way, it is accepted that
microscopical disease left behind on a non-involved spared VIIth branch
can be controlled by post-operative radiotherapy. Regional metastasis is
seen in one in three patients with parotid cancer, involves mostly levels
I1, III, and IV, and requires a (modified) radical neck dissection, removing
levels I to V; radicality towards the non-lymphatic structures (nerve XI,
jugular vein, sternocleidomastoid muscle) depends on proximity of the
lymph node metastasis. In pN+ patients, radiotherapy improves
locoregional control and survival [230, 231]. In patients with a cNO neck
at presentation, elective treatment (elective neck dissection or
radiotherapy) depends on risk factors for occult neck disease (tumour
size >4 cm, histology with clinical high-grade behaviour, age >54,
perilymphatic and extraparotid extension) [8] . In our practice, we fine-
tune the surgical approach to the NO neck using preoperative USgFNAC
and perioperative frozen section of the level II lymph nodes; if the latter
reveal macrometastases, a modified neck dissection follows [226]. The
MD Anderson approach is elective radiotherapy to the cNO neck in high-
risk patients, relying on definitive histopathology of the resected primary,
because the indications for elective neck treatment concur with the
indications for post-operative radiotherapy to the primary, and because
pre- and perioperative typing of SGC is difficult (accuracy 51-62%) [232].

For submandibular gland cancer, treatment has shifted in the last
decades from aggressive surgery, including the submandibular gland in a
radical neck dissection, often with en bloc excision of the floor of mouth
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and lower rim of the mandible as monotherapy [233], to more limited
surgery, supplemented by post-operative radiotherapy (level I-II-III
dissection comprising the submandibular gland, only to be extended if
disease extension dictates so) [234, 235].

For MiSGC, the treatment of choice is resection of the primary with free
margins, resection margin status being the most important
prognosticator, correlating strongly with anatomical extent and
histological type [225]. The neck in MiSGC should be only addressed
surgically for cN+ disease, for a cNO neck when the risk of subclinical
disease exceeds 20%, or when the neck is surgically entered as an
approach to the primary [227]. Except in high-grade MEC, the occult
metastasis rate is too low to justify elective treatment. For patients with
pN+ disease, post-operative radiotherapy improves locoregional control
and survival [231].

Following resection, the pathologist types the tumour using the 2005
WHO classification (Table 35.6) and identifies grade and negative
prognostic factors such as perineural, vascular, and perilymphatic
growth, and involved margins. Increasingly, molecular markers including
chromosomal translocations with their protein products, improve
accurate histological diagnosis. Some tumours express androgen
receptors (AR) that could be also therapeutically exploited. There is no
clear relationship between histotypes and biological behaviour, as
commented by Leivo [236]. In population-based studies, the majority of
major SGC are acinic cell carcinoma (AcCC) (15-17%), adenoid cystic
carcinoma (AdCC) (16-27%), and MEC (14.5-19.2%). For MiSGC, AdCC
(32-71%) and MEC (15-38%) outnumber adenocarcinoma not otherwise
specified (ACNOS), AcCC, polymorphous low-grade adenocarcinoma
(PLGA), epithelial myoepithelial carcinoma, and carcinoma ex-
pleomorphic adenoma [225, 226].

Post-operative radiotherapy for parotid and submandibular carcinomas

Indicated in stage III and IV disease, and in case of adverse
histopathological factors (perineural and vascular invasion, close or
positive margins, high-grade pathology), IMRT is now the ‘standard of
care’ that minimizes complications. Typically a dose of 60 Gy in 30
fractions of 2 Gy in six weeks will be delivered on the parotid bed and the
neck node levels (when pathologically invaded). In case of AACC
infiltrating the facial nerve, a comprehensive coverage of the nerve up to
the base of the skull is recommended. The Dutch Head and Neck
Oncology Cooperative Group found a 9.7-fold reduction of local
recurrence in patients receiving combined surgery and radiotherapy as
compared to surgery-only patients. Post-operative radiotherapy can only
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be omitted for stage I-II lesions in AcCC and low-grade MEC if complete
resection does not reveal adverse pathological factors [226]. For high-risk
major SGC, two reports recently suggested the benefit of a post-operative
platinum-based concomitant chemoradiation scheme [237, 238].

Post-operative radiotherapy for MiSGC

For MiSGC, post-operative radiotherapy to the primary site is
recommended for most patients, only to be omitted in ‘clear margin’
stage I and II disease without lymphovascular or perineural invasion
[225, 227, 231].

Radiotherapy and chemotherapy in unresectable disease

For patients who are inoperable, who refuse surgery, or who have an
unresectable tumour, primary photon-based radiotherapy (dose of 66 to
70 Gy) results in 17-57% locoregional control at ten years. In a
randomized trial conducted 30 years ago, neutron radiotherapy reached
up to 75% five-year local control, especially for AACC, but remains
unattractive because of no survival benefit and severe late side effects
[239]. More recently, encouraging results have been reported with the
use of heavy ion therapy (carbon ion), which combines both the biological
advantage of neutrons and an exquisite dose distribution [240].

In SGC chemotherapy remains of palliative use only, resulting in a
temporary benefit in about 20% of treated patients. The most active
drugs are cisplatin and doxorubicin [241, 242, 243]. Taxanes are not
active in AdCC. In this latter histotype it is worthwhile suggesting a
watchful approach in indolent diseases. Table 35.7 lists the targeted
therapies that have been explored clinically. Unfortunately, none has
significantly improved results.
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Table 35.7 Molecular targets and corresponding therapies studied in
salivary gland carcinoma

Molecular target Salivary gland Molecular
carcinoma type therapy

c-KIT AdCC imatinib
ErbB-1 All types cetuximab

gefinitib
ErbB-2 All types trastuzumab

lapatinib
VEGEF -family AcCC axinitib
NFxB - AdCC bortezomib
proteasomes

degrading its
inhibitor (I-kB)-a

Reproduced with permission from Vander Poorten V et al., Diagnosis
and management of parotid carcinoma with a special focus on recent
advances in molecular biology, Head and Neck, Volume 34, Issue 3,
pp. 429-440, Copyright © 2012 John Wiley and Sons Ltd.

AR expressing tumours might be treated with androgen deprivation.
Treatment results according to site

The treatment results for parotid carcinoma in major treatment centres,
listed in Table 35.8, have to be appreciated in their specific context of
stage, percentage high-grade, treatment period and corresponding
treatment regimens, patient inclusion criteria, and adequacy of follow-up.
Many univariate and multivariate statistical analyses have focused on
prognostic factors in SGC to fine-tune the individual patient’s prognostic
estimate [226].
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Table 35.8 Disease-specific survival (DSS) for Parotid Carcinoma
(multiple histologies together)

Research Publication Number of DSS DSS
group year patients five ten
years years
Spiro 1986 623 55% 47%
Spiro et al. 1989 62 63% 47%
Kane et al. 1991 194 69% 68%
Poulsen et al. 1992 209 71% 65%
Leverstein et 1998 65 75% 67%
al.
Therkildsen 1998 251 76% 72%
et al.
Renehan et 1999 103 78% 65%
al.
Vander 1999 168 59% 54%

Poorten et al.

Harbo et al. 2002 152 57% 51%
Godballe et 2003 85 52%

al.

Vander 2003 231 62%

Poorten et al.

Lima et al. 2005 126 72% 69%
Mendenhall 2005 224 57%
et al.
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Vander 2009 237 69% 58%
Poorten et al.

Reproduced with permission from Vander Poorten V. et al., Diagnosis
and management of parotid carcinoma with a special focus on recent
advances in molecular biology, Head and Neck, Volume 34, Issue 3,
pp. 429-440, Copyright © 2012 John Wiley and Sons Ltd.

Treatment results for submandibular gland cancer have increased
recently as compared to the earlier series where post-operative
radiotherapy was not yet customary. The five-year disease-free survival
(DSS) of 61% and the ten-year DSS of 51% in Amsterdam [234] are
similar to the findings in Toronto with a five-year DSS of 60% and a ten-
year DSS of 48% [244].

For MiSGC, five-year survival ranges from 66% to 80% and ten-year
survival from 56% to 70%, whereas initial tumour control is expected to
be 56-62%. MSGCs overall do not imply a poorer prognosis than their
submandibular and parotid counterparts, although specific subsites (e.g.,
the skull base) imply a worse outcome [225].

Summary

Every step in the management of SGC is complicated: the clinical and
radiological evaluation, the pathology, the ablative and reconstructive
surgery, the radiotherapy and eventual chemotherapy, and the
management of complications. The best care can undoubtedly be
provided when these patients are centralized in specialized tertiary
referral centres.

Cervical paragangliomas

Cervical paragangliomas (PG) are highly vascular soft tissue tumours,
originating from the paraganglia receptors in the vascular adventitia.
They follow the course of cranial nerve X in the skull base and the
parapharyngeal space lower down. With decreasing frequency they arise
from the carotid body, jugular, tympanic, and vagal locations. The
incidence of these rare head and neck tumours remains unclear, since
most are benign tumours, not registered by cancer registries. About 6-
19% are reportedly malignant, evidenced only by imaging studies
showing local invasion, regional or distant metastasis, since the
histological appearance of malignant PG is identical to that of benign
tumours [245].
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Genetics

About nine in ten PGs are sporadic; in one in ten patients a mutation in
the succinate dehydrogenase (SDH) subunits (SDHD, SDHB, SDHC)
genes typically causes development of multifocal PG at age <40, and in
combination with pheochromocytomas [246].

Clinical presentation—workup

Most patients with carotid PG present with an asymptomatic pulsatile
neck mass which patients report to vary in volume. At other sites,
symptoms of PG reflect the cranial nerves they interfere with, ranging
from vague pain through hearing loss, pulsatile tinnitus (n VIII),
velopharyngeal insufficiency (n IX), chronic cough, dysphagia, dysphonia,
aspiration (n X) and shoulder weakness (n XI). Up to 3% of PGs secrete
catecholamines, detected by urinalysis. CT+/-MRI+/-MR angiography of
the head and neck are so typical (salt and pepper appearance, flow voids,
splaying of the carotid bifurcation for carotid body tumours, anterior
displacement of both internal and external carotid artery in vagal
paraganglioma) that they are sufficient for diagnosis, obviating a
(hazardous) biopsy. Imaging studies reveal location, extent, relation to
the great vessels, and eventual coexistent PG at other sites. For the
latter, a somatostatin receptor scanning (octreotide scan) is also useful.

Treatment and outcome

There are three valid options to choose from. The slow growth rate, with
half of the tumours not showing volume increase during long-term follow-
up, supports an initial wait-and-scan policy for many patients [247, 248].
Alternatively, in volume-increasing lesions, both surgery and radiotherapy
(IMRT: moderate-dose RT of 44-50 Gy over 22-25 fractions or in selected
very small skull base lesions, stereotactic radiosurgery) are valid options
[245, 249]. Given the potential complications, surgery is usually reserved
for limited PG where minimal morbidity is expected. Typically, these are
the 70% of carotid body tumours that are Shamblin class I (small and
easily dissected from the vessels) and class II (glomus tumour partially
surrounds the vessels). For all other tumours (class III carotid body
tumours and vagal—jugular -tympanic PG), new post-operative cranial
deficits are hard to avoid. A recent review looking at ‘all surgically
treated carotid PG’ observed 22% new cranial nerve deficits, 3% stroke,
and 1% peroperative deaths [250]. The same authors reviewed the
literature on vagal and jugular PG and concluded that on average 1 extra
post-operative cranial nerve deficit is observed per patient operated, as
opposed to eight post-treatment cranial nerve deficits per 100 patients
treated with RT, at a comparable local control rate of 80-90% for both
modalities. Ten-year local control rates using RT of 94% and higher are
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reported [251, 252]. It can be concluded that RT has comparable tumour
control and significantly less morbidity than surgery. A choice for surgery
should put in the balance the patient’s age, tumour size, predicted
tumour growth, and cranial nerve function in order maximally to
safeguard quality of life.
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