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ABSTRACT

Temporal bone (TB) cancers account for less than 0.2% of all head and neck 
cancers, with a reported incidence of 1–6 cases per million population years. 
They spread primarily by direct invasion into the TB and neighbouring 
structures, occasionally from neighbouring structures or as distant metastases 
to the TB. Schwannomas, paragangliomas (PGs), and meningiomas are three of 
the most prevalent benign TB tumours. Squamous cell carcinoma is the most 
investigated and frequently encountered malignant TB tumour, followed by basal 
cell carcinoma, and adenoid cystic carcinoma. While benign tumours range 
from indolent to locally destructive tumours, malignant tumours always display 
varying degrees of aggression.

Diagnosis of TB tumours arises from amalgamation of clinical, radiologic, 
and audiologic investigation results. A biopsy is frequently needed for 
diagnostic verification. The position, extent, and biologic characteristics of 
the tumour together with patient related factors influence decisions about 
optimal management. Surgery and radiotherapy (RT) are used either solely or 
in combination, occasionally with chemotherapy, to eradicate the tumour in 
question. For benign, slow-growing tumours such as schwannomas and PGs, a 
wait-and-see approach is also occasionally opted for. Because of TB’s proximity 
to vital structures of the inner ear and the intracranial fossa, the trend over 
the past decades has been to favour conservative, function-preserving surgical 
approaches in the treatment of all TB tumours. Pharmacologic treatments have, in 
addition, become a treatment option for selected benign but potentially notorious 
tumours, such as neurofibromatosis type 1 -related plexiform neurofibroma 
(PN). The prognosis of TB and related tumours depends on patient and tumour 
characteristics as well as the chosen treatment plan. Most benign tumours 
carry an excellent prognosis. Malignant tumours nearly always portend dismal 
prognosis if not diagnosed and treated early. 

The purpose of this thesis was to discuss different aspects of TB and related 
upper neck tumour diagnosis and management. Studies I and II focused on the 
diagnosis and management of head and neck paragangliomas (HNPGs). Study 
II discussed jugulotympanic paragangliomas (JTPGs) in detail and aimed to 
provide guidance on their treatment for improvement of outcome. The aim of 
Study III was to review and discuss diagnostic and treatment-related difficulties 
in the management of head and neck plexiform schwannomas (PSs) and PNs. 
Study IV reviewed the diagnostic and treatment strategies of external auditory 
canal (EAC) and middle ear tumours for improvement of outcome and prognosis. 
All studies were retrospective case-note studies. All studies were carried out at 
the Helsinki University Hospital, apart from Study III which was pursued in 
collaboration with Helsinki University Hospital and Turku University Hospital. 
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Abstract

Study I showed that surgical treatment of HNPGs should be carefully 
planned to consider patients’ preoperative state and the expected post-operative 
comorbidities. A four-year follow-up of HNPG patients was too short. Study 
I recommended family history to be collected and genetic consultation to be 
organized for all HNPG patients. An algorithm was proposed for the treatment 
of HNPG patients with a succinate dehydrogenase subunit genetic mutation. 

Study II recommended radical surgery for JTPGs if complete removal of 
tumour is possible. RT showed great potential for local tumour control in case 
of inoperable JTPGs. Function-preserving surgery was recommended with or 
without adjuvant RT if cranial nerves VII-XII are in danger. 

Study III demonstrated that sclerotherapy may offer a treatment option for 
cutaneous PNs. In the treatment of PNs, Study III recommended surgical risks 
to be carefully balanced with risks of non-operative treatment. 

Study IV revealed that EAC and middle ear tumours show great diagnostic 
and histopathologic heterogenicity with a need for individualized investigative 
and treatment approaches. In benign tumours, aggressive local surgical control 
was recommended without sacrificing vital structures. In malignant tumours, 
local surgical control with or without adjunct RT and/or chemotherapy was 
advocated.
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YHTEENVETO

Ohimoluun kasvaimet ovat harvinaisia pään ja kaulan alueen kasvaimia. Niiden 
esiintyvyys on 1–6 tapausta miljoonaa väestövuotta kohden, jonka myötä ne 
muodostavat 0.2 % kaikista pään ja kaulan alueen kasvaimista. Ohimoluun kas-
vaimet leviävät suoraan ohimoluuhun tai tämän viereisiin rakenteisiin, ajoittain 
myös viereisistä rakenteista tai kauempaa lähtöisin olevista kasvaimista metas-
taaseina ohimoluuhun. Schwannoomat, paraganglioomat ja meningeoomat ovat 
kolme yleisintä ohimoluun hyvänlaatuista kasvainta. Yleisin ja tutkituin ohimo-
luun pahanlaatuinen kasvain on levyepiteelisyöpä, jota seuraavat yleisyydeltään 
tyvisolusyöpä ja adenokystinen syöpä.  Siinä missä hyvänlaatuiset ohimoluun 
kasvaimet voivat vaihdella harmittomista paikallisesti destruktiivisiin kasvai-
miin, pahanlaatuiset ohimoluun kasvaimet käyttäytyvät aina aggressiivisesti.  

Ohimoluun kasvainten diagnostiikassa huomioidaan kliiniset, radiologiset 
ja audiologiset tutkimustulokset. Diagnoosin varmistamiseksi tarvitaan useim-
miten koepala. Kasvaimen sijainti, levinneisyys sekä muut kasvain- ja potilas-
kohtaiset tekijät vaikuttavat hoidon suunnitteluun. Kasvainten poistamiseen 
käytetään kirurgiaa ja kasvun pysäyttämiseen sädehoitoa joko erikseen tai yh-
dessä, ajoittain yhdistettynä solusalpaajahoitoon. Hyvänlaatuisten kasvainten 
kuten schwannoomien ja paraganglioomien hoidossa hyödynnetään ajoittain 
myös odottavaa seurantaa. Koska ohimoluu on lähellä tärkeitä kallonsisäisiä ja 
sisäkorvan rakenteita, kaikkien ohimoluun kasvainten kirurginen hoito on viime 
vuosikymmeninä muuttunut kohti konservatiivisempaa, toimintaa säilyttävää 
hoitoa. Lääkkeelliset hoidot ovat myös tulleet osaksi valikoitujen kasvainten, 
kuten neurofibromatoosi 1:n liittyvien pleksiformisten neurofibroomien hoitoa. 
Ohimoluun kasvainten ennuste riippuu kasvain- ja potilaskohtaisista tekijöistä 
sekä valitusta hoitomuodosta. Useimpien hyvänlaatuisten kasvainten ennuste 
on erinomainen. Pahanlaatuisten kasvainten ennuste on huono, mikäli kasvain-
ta ei diagnosoida ja hoideta varhaisessa vaiheessa. 

Tämän väitöskirjatyön tarkoitus on tarkastella ohimoluun ja valikoitujen 
yläkaulan kasvainten diagnostiikkaa ja hoitoa. Työ koostuu takautuvista asia-
kirjatutkimuksista, jotka tehtiin Helsingin yliopistollisessa keskussairaalassa 
lukuun ottamatta osatyötä III, joka toteutettiin yhteistyössä Turun yliopistolli-
sen keskussairaalan kanssa. Osatyöt I ja II keskittyvät pään ja kaulan paragang-
lioomien diagnosointiin ja hoitoon. Osatyö II tarkastelee jugulotympanaalisia 
paraganglioomia tavoitteena parantaa kyseisten kasvainten hoitoa ja ennustetta. 
Osatyö III käsittelee pään ja kaulan alueen pleksiformisten schwannoomien ja 
pleksiformisten neurofibroomien hoidollisia haasteita. Osatyö IV tarkastelee 
korvakäytävän ja välikorvan kasvainten hoitoa ja ennustetta. 

Osatyö I osoitti, että pään ja kaulan paraganglioomien kirurginen hoito tulee 
suunnitella tarkasti etukäteen ottaen huomioon potilaan preoperatiivinen tila 
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sekä mahdolliset postoperatiiviset komplikaatiot. Pään ja kaulan paragangli-
oomien neljän vuoden seuranta osoittautui liian lyhyeksi. Sukuhistorian kerää-
mistä ja perinnöllisyyslääkärin konsultaatiota suositeltiin kaikille pään ja kau-
lan paraganglioomia sairastaville potilaille. Osatyö I loi hoitokaavion potilaille, 
joilla on suksinaattidehydrogenaasin alayksikön mutaatio. 

Osatyö II suositteli jugulotympanaalisten paraganglioomien radikaalia ki-
rurgista poistoa, jos kasvain on mahdollista poistaa turvallisesti kokonaisuudes-
saan. Sädehoito osoittautui lupaavaksi hoitomuodoksi paikallisten kasvainten 
hallinnassa, mikäli turvallinen kirurginen poisto ei ole mahdollista. Toiminnan 
säilyttävää kirurgiaa suositeltiin joko yksinään tai sädehoidon kanssa, jos aivo-
hermot VII-XII ovat vaarassa.  

Osatyö III esitti ruiskutusterapian (skleroterapian) tarjoavan hoitomahdol-
lisuuden ihoperäisiin pleksiformisiin neurofibroomiin. Sama osatyö suositteli 
pleksiformisten neurofibroomien kirurgisten riskien tarkkaa puntarointia ka-
joamattoman hoidon kanssa.

Osatyö IV havaitsi, että korvakäytävän ja välikorvan kasvaimet ovat diag-
nostisesti ja histologisesti monimuotoisia, jonka myötä kasvainten diagnostiik-
ka ja hoito on yksilöllisesti räätälöitävä kullekin kasvaimelle sopivaksi. Tässä 
osatyössä suositeltiin hyvänlaatuisten kasvainten radikaalia kirurgista poistoa 
ilman tärkeiden rakenteiden uhraamista. Pahanlaatuisten kasvainten suhteen 
suositeltiin kasvaimen paikallista kirurgista kontrollointia yksin tai yhdessä 
sädehoidon ja/tai solusalpaajahoidon kanssa. 
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1 INTRODUCTION

Temporal bones (TBs) are situated at the sides and base of the skull lateral to the 
temporal lobes of the cerebral cortex. TBs consists of the tympanic (anteriorly), 
squamous (superiorly), mastoid (postero-inferiorly), and medially extending 
petrous bones along with the styloid process. These anatomic structures are 
further divided into the external, middle, and inner ear.  Vital structures within 
the anatomic confines of the TB include cranial nerves (CNs) VII-XII, the sigmoid 
sinus, the jugular bulb, and the audiovestibular mechanoreceptors. It is an 
intricate area with a plethora of structures vital to hearing, facial movement, 
and sensation (1). 

TBs house a large number and variety of benign and malignant tumours. In 
their diversity, these rare tumours reflect the complexity from which they arise. 
By accounting for 91% of tumours in and around the TB (2, 3), schwannomas are 
the most common benign tumour. Paragangliomas (PGs) are the second most 
frequently encountered benign TB tumour (4). Meningiomas are another group 
of common benign tumours, that account for 10% of ear and TB tumours and in 
these locations commonly represent intracranial lesions’ secondary extensions 
(5). TB carcinoma is a rare clinical entity with an estimated incidence of 0.8–6 
cases per million people annually which equals roughly 0.2% of all head and 
neck tumours (6-12). Primary malignant tumours arise from the TB, most 
commonly from the external auditory canal (EAC). Secondary malignancies 
originate outside the TB and invade it through local extension or metastatic 
spread (13). Extratemporal sites that most frequently infiltrate the TB include 
periauricular skin, auricular skin, skull base, and the parotid gland (10). 
Squamous cell carcinoma (SCC), basal cell carcinoma (BCC), and adenoid cystic 
carcinoma (AdCC) are the three most common malignant TB tumours (primary 
and secondary) (14-17). TB carcinoma is considerably more prevalent in older 
adults (18).

Accurate diagnosis and evaluation of the extent of TB tumours requires a 
detailed physical examination, as well as an audiologic, and often radiologic 
assessment. EAC and middle ear tumours can be frequently seen on physical 
examination while tumours of the lateral skull base may manifest with CN 
defects such as hearing loss, pulsatile tinnitus, dizziness/vertigo, and Eustachian 
tube dysfunction (16, 19). Many tumours present late, which negatively affects 
the outcome. Various staging and grading systems exist for both benign and 
malignant tumours, none of which are universally accepted. Surgical approaches 
to TB tumours also differ widely, ranging from simple to extremely complex. 
Management of both benign and malignant tumours aims to eradicate the 
tumour while minimizing neurologic and vascular risks (16, 19). 
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Introduction

The aim of this thesis was to review the diagnostic and management strategies 
of TB and selected upper neck tumours. Head and neck paragangliomas (HNPGs), 
head and neck plexiform schwannomas (PSs), and plexiform neurofibromas 
(PNs), as well as EAC and middle ear tumours are discussed as separate clinical 
entities. The final aim of this study was to improve the outcome of patients 
affected by these rare tumours. 
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2 REVIEW OF THE LITERATURE

2.1. Historical perspective

The oldest description of cancer can be found in ancient Egypt where the Edwin 
Smith Papyrus, dating to around 3000 BC, described eight cases of untreatable 
tumours and ulcers of the breast. The Greek physician Hippocrates (460–370 
BC), “Father of Medicine”, was the first to call the disease cancer (carcinos 
or carcinoma – meaning crab in Greek). The Roman physician Galen (130–
200 AD) used the term oncos (Greek for a swelling) to describe tumours. The 
contemporary description of tumour dates to the early 15th century where the 
Latin word tumour described a swelling or a condition of being swollen. These 
swellings – tumours - can be both benign and malignant (20).

Before the Renaissance in the 15th and 16th century, little was known 
about the finer anatomy of the ear or the TB. The detailed study of the ear 
was hindered by the inaccessibility of the TB as well as the consensus that 
human dissections should not be performed. It wasn’t until the 16th century 
when the finer anatomy of the ear including the organ of hearing began to be 
deciphered. The Dutch anatomist Andreas Vesalius (1514–1564),  the founder of 
modern human anatomy, suggested that the organ of hearing should be removed 
from the skull for investigation, and that our knowledge of the hearing organ 
would increase by dissection of animal-derived hearing organs (21). The Italian 
anatomists Gabrielle Fallopio (1523–1562) and Bartolomeo Eustachi (1500–1574) 
later described not only the Fallopian tubes and “the tube of Eustachio” but, 
importantly, the structures of EAC, middle ear, and the inner ear in detail (22). 
Several decades later, in the 19th century, technological advancements enabled 
detailed studies of the cells and structures of the inner ear with consequent 
advances in hearing physiology. The discovery, diagnosis, and management of 
TB tumours has thence eased hand in hand with the continuously evolving 
imaging modalities and tissue diagnostics. 

Management of these rare TB and skull-base tumours has differed over the 
past decades, and between countries. Various tumour classification systems 
and surgical approaches exist, and it is infrequent for a “gold standard” to exist 
in this challenging area of head and neck surgery where many tumours are 
exceptionally difficult to treat. TB houses numerous vital structures in a small, 
confined space. Because of this and the slow-growing nature of many benign 
tumours, there has been a growing predilection for function-preserving surgery. 
New developments in the pharmaceutical field have, furthermore, opened new 
treatment avenues for a small number of previously untreatable tumours (23). 

This thesis appraises TB tumours before focusing on the diagnosis and 
management of HNPGs, and EAC/middle ear tumours. Meningiomas and 
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schwannomas are discussed with TB tumours. Head and neck PSs and PNs are 
reviewed in their own sections. The subsidiary aim of this thesis was to explore 
ways to shorten the diagnostic delay of these rare tumours, thereby improving 
patient outcome and prognosis.

2.2. Brief overview of anatomy 

The skull base is comprised of the ethmoid, sphenoid, occipital, paired frontal, 
and paired TBs. It can be subdivided to the anterior, middle, and posterior 
cranial fossa. The TBs are situated at the sides and base of the skull, lateral 
to the temporal lobes of the cerebral cortex. A TB consists of the tympanic 
(anteriorly), squamous (superiorly), mastoid (posteroinferiorly), and medially 
extending petrous bones along with the styloid process (Figure 1). These 
anatomic structures are further divided into the external, middle, and the 
inner ear (Figure 2). Vital structures within the anatomic confines of the TB 
include CNs VII–XII, the sigmoid sinus, the jugular bulb, and the audiovestibular 
mechanoreceptors. It is an intricate area with a plethora of structures vital to 
hearing, facial movement, and sensation (1). 

 

 15 

6.2. Brief overview of anatomy  
 
The skull base is comprised of the ethmoid, sphenoid, occipital, paired frontal, and paired 
TBs. It can be subdivided to the anterior, middle, and posterior cranial fossa. The TBs are 
situated at the sides and base of the skull, lateral to the temporal lobes of the cerebral cortex. 
A TB consists of the tympanic (anteriorly), squamous (superiorly), mastoid 
(posteroinferiorly), and medially extending petrous bones along with the styloid process 
(Figure 1). These anatomic structures are further divided into the external, middle, and the 
inner ear (Figure 2). Vital structures within the anatomic confines of the TB include CNs 
VII–XII, the sigmoid sinus, the jugular bulb, and the audiovestibular mechanoreceptors. It is 
an intricate area with a plethora of structures vital to hearing, facial movement, and sensation 
(1).  
 

 
                                                                                                                                               
 
Figure 1. The temporal bone. Image by Teija Hallenberg. 

 
The external ear comprises the auricle (i.e., the pinna) and the EAC. The EAC is an 
approximately 25 mm long (in adults), bony (medial two thirds), and cartilaginous (lateral 
third) curved tube lined by a thin layer of stratified squamous epithelium that starts at the 
pinna and ends at the tympanic membrane (TM). The parotid gland, the zygomatic process of 
the TB, and the temporomandibular joint are anterior to the EAC.  
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Figure 1. The temporal bone. Image by Teija Hallenberg.
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The external ear comprises the auricle (i.e., the pinna) and the EAC. The EAC is an 
approximately 25 mm long (in adults), bony (medial two thirds), and cartilaginous 
(lateral third) curved tube lined by a thin layer of stratified squamous epithelium 
that starts at the pinna and ends at the tympanic membrane (TM). The parotid 
gland, the zygomatic process of the TB, and the temporomandibular joint are 
anterior to the EAC. 
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Figure 2. The ear. Image by Teija Hallenberg. 

 
The middle ear is an air-filled cleft that is pneumatized by the Eustachian tube, traversed by 
the ossicular chain, and lined by cuboidal epithelial mucosa and goblet cells. The malleus, 
incus, and stapes make up the ossicular chain which conveys sound pressure as a mechanical 
displacement from the TM to the cochlea. The bony labyrinth protects the membranous 
structures, i.e., the vestibule, the semicircular canals, and the cochlea, of the inner ear. The 
facial nerve (CN VII) is closely linked to the middle ear and the inner ear. It runs from the 
posterior cranial fossa via the internal acoustic meatus and the facial canal to reach the medial 
wall of the middle ear before exiting through the stylomastoid foramen and dividing into 
terminal branches at the posterior edge of the parotid gland. Its discourse is very complex and 
gives off many branches which transmit sensory, motor, and parasympathetic fibres. The 
middle ear is also intimately related to the internal jugular vein (which originates from the 
jugular foramen), the internal carotid artery, and the middle cranial fossa. The jugular 
foramen is found at the junction of the base of the temporal and occipital bones. Its 
posterolateral compartment pars venosa contains the jugular bulb and CNs X and XI, while 
the anteromedial pars nervosa houses the inferior petrosal sinus and CN IX. The lower CNs, 
i.e., CNs IX–XII, pass medially to the jugular bulb. Thus, tumours arising in the jugular bulb 
displace the lower CNs medially by their growth (24). 
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Figure 2. The ear. Image by Teija Hallenberg.

The middle ear is an air-filled cleft that is pneumatized by the Eustachian 
tube, traversed by the ossicular chain, and lined by cuboidal epithelial mucosa 
and goblet cells. The malleus, incus, and stapes make up the ossicular chain 
which conveys sound pressure as a mechanical displacement from the TM to 
the cochlea. The bony labyrinth protects the membranous structures, i.e., the 
vestibule, the semicircular canals, and the cochlea, of the inner ear. The facial 
nerve (CN VII) is closely linked to the middle ear and the inner ear. It runs 
from the posterior cranial fossa via the internal acoustic meatus and the facial 
canal to reach the medial wall of the middle ear before exiting through the 
stylomastoid foramen and dividing into terminal branches at the posterior edge 
of the parotid gland. Its discourse is very complex and gives off many branches 
which transmit sensory, motor, and parasympathetic fibres. The middle ear is 
also intimately related to the internal jugular vein (which originates from the 
jugular foramen), the internal carotid artery, and the middle cranial fossa. The 
jugular foramen is found at the junction of the base of the temporal and occipital 
bones. Its posterolateral compartment pars venosa contains the jugular bulb 
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and CNs X and XI, while the anteromedial pars nervosa houses the inferior 
petrosal sinus and CN IX. The lower CNs, i.e., CNs IX–XII, pass medially to the 
jugular bulb. Thus, tumours arising in the jugular bulb displace the lower CNs 
medially by their growth (24).

2.3. Tumour spread

The size of the primary lesion—especially thickness and depth of invasion—is 
the most important determinant of potential spread and aggressive nature of the 
tumour (25). Below, the four main routes of tumour spread are briefly discussed. 
Disease-specific tumour spread is briefly reviewed with each clinical entity. 

Perineural spread, i.e., extension of the primary tumour along the neural 
sheath (epineurium and perineurium) of the involved nerve, allows the tumour 
to spread from one anatomic compartment to another. Given the density of CNs 
in the central skull base, malignancies from multiple distant sites can extend to 
and from the skull base or the middle ear through several perineural pathways. 
Perineural spread allows tumours to escape local treatments with subsequent 
tumour persistence and progression (26). It is regarded as a sign of biological 
aggression of a tumour and correlates with increased rates of local recurrence, 
local lymph node (LN) metastasis, and reduced survival (25). Neural infiltration 
is also observed as direct epineural invasion (27). The combination of perineural 
and epineural invasion often result in progressive CN palsies (28). Malignancies 
that frequently exhibit perineural tumour spread to the central skull base include 
mucosal SCC, AdCC, and cutaneous malignancies (e.g., melanoma) (26).

Lymphatic spread. The regional state of LNs is one of the most important 
prognostic factors for head and neck cancer patients as the existence of only 
one positive LN can decrease survival by up to 50% (29). While a small number 
of lymphatic capillaries are found in the periosteum and perichondrium, the 
epithelium, bone and cartilage are devoid of lymphatic capillaries. In contrary, 
the upper neck as well as the nasopharynx, hypopharynx, supraglottic larynx, 
and oropharynx house a rich network of lymphatic capillaries, lymphatic trunks 
and lymph nodes, that provide a network of spread for tumours. As the middle 
ear has few or no capillary lymphatics, the rate of LN metastases from middle 
ear tumours is low if the tumour is confined to the middle ear. For lymphatic 
invasion to take place, the middle ear tumour must penetrate the lamina propria 
(25). The risk of LN metastasis can be anticipated by the tumour’s differentiation 
(risk increases with decreasing differentiation), the size and depth of invasion, 
and the availability of capillary lymphatics (30).
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Local spread. Most malignant cervical-cephalic tumours begin as superficial 
mucosal lesions with ensuing muscle invasion, attachment to the periosteum or 
perichondrium, and further growth through the activation of osteoclast tumours, 
or along neural pathways. The fissures of Santorini, i.e., the vertical fissures in 
the anterior portion of the EAC cartilage, may allow a TB tumour to spread 
anteriorly to the parotid gland, and posteriorly to the soft tissue lateral to the 
mastoid process. TB tumours can also reach the parotid gland and the glenoid 
fossa through the incomplete closure of the foramen of Huschke, which results 
from an incomplete fusion of the greater and lesser tympanic spines in up to 23% 
of the normal population (31). Furthermore, the Eustachian tube allows a middle 
ear tumour to spread to the infratemporal fossa and the parapharyngeal space 
and further to the petrous bone (the latter through the central air-cell tract). If 
the tumour manages to erode the bony partitions of the TB, access is allowed 
toward the infratemporal fossa (anteriorly), to the jugular fossa (inferiorly), into 
the middle cranial vault (superiorly), and to the posterior fossa (posteriorly) (13).

Haematogenous spread is the most common route of spread for metastases 
to the TB (32, 33). It is proposed that haematologic spread carries tumour 
cells to the mucosal lining of the middle ear with consequent occlusion of 
the subepithelial blood vessels, growth into the pneumatized spaces, and 
establishment of metastasis in the marrow-containing portions of the TB, 
particularly in the petrous portion (32, 34). It is hypothesized that inoculation 
of metastatic cells, growth factors (normally responsible for facilitating normal 
bone turnover) may unintentionally stimulate growth of a tumour (35). Tumours 
can also metastasize to the TB via meningeal carcinomatosis from a primary 
intracranial lesion. Leukaemic or lymphamatous infiltration are, likewise, 
possible (33).

2.4. Temporal bone tumours

2.4.1. Epidemiology and pathophysiology

TB houses a large number and variety of benign and malignant tumours. In 
their diversity, these rare tumours reflect the complexity from which they arise. 
Schwannomas are the most common benign tumour accounting for 91% of 
tumours in and around the TB (2, 3). Within the TB they arise from the internal 
auditory canal (IAC) (from CN VIII) as vestibular schwannomas (VS) (previously 
also known as acoustic neuromas), from the Fallopian canal (from CN VII) as 
facial nerve schwannomas, and from the jugular foramen (from CNs IX–XII) 
as jugular foramen schwannomas. They may be intracranial, intraforaminal, 
cervical, or their combination (36). As the most commonly occurring TB 
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schwannomas, VSs are nearly always benign (malignant potential < 0.1%), slow-
growing, and 95% sporadic (5% associated with neurofibromatosis type 2 (NF2)). 
VSs represent 85% of intracranial growths arising at the cerebellopontine angle 
(3). TB PGs are the second most frequently encountered benign TB tumour 
(4). Meningiomas are benign tumours that arise from the arachnoid cells. 
They account for 10% of ear and TB tumours and in these locations commonly 
represent intracranial lesions’ secondary extensions (5). 

TB carcinoma is an uncommon clinical entity with an estimated incidence of 
0.8–6 cases per million people annually which equals roughly 0.2% of all head 
and neck tumours (6-12). TB cancer is considerably more prevalent in older 
adults (18). Primary TB malignant tumours arise from the TB, most commonly 
in the EAC. Secondary TB malignancies originate outside the TB and invade 
it through local extension or metastatic spread (13). The extratemporal sites 
that most frequently infiltrate the TB are the periauricular skin, auricular skin, 
skull base, and the parotid gland (10). TB tumours should thus be considered 
according to the site of their origin; the differential diagnosis for a tumour 
originating in the EAC being expectedly different from a tumour arising in the 
petrous apex or the upper neck. The three most common TB tumours (primary 
and secondary) are SCC, BCC, and AdCC (14-17). Malignancies involving the 
TB portend a poor prognosis largely due to primary SCCs that account for 80% 
of TB malignancies and for 0.2% of all head and neck cancers (11, 15, 37, 38). 
SCC carries with it a significant risk for mortality and morbidity because of its 
location at the skull base, aggressive nature, and commonly associated delay in 
diagnosis (39). In paediatric patients, benign or developmental TB tumours are 
more common than malignant tumours (40). Thus, discovery of a TB tumour in 
a child should prompt the clinician to consider differentials such as Langerhans 
cell histiocytosis, and NF2 (41).

2.4.2. Tumour spread

TB pneumatization affects routes of cancer spread through the TB (13). Five 
patterns of tumour spread were originally described by Leonetti et al. (42): 

1) through the thin tegmen tympani into the middle cranial fossa
2) anterior through the fissures of Santorini and foramen of Huschke into 

the glenoid fossa and infratemporal fossa
3) inferior through the hypotympanum and jugular foramen
4) posterior into the mastoid cells
5) medial into the middle ear and carotid canal

Once the tumour invades the middle ear, the air cell system permits unhindered 
disease spread. Thus, tumours of the middle ear and mastoid are much harder 
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to control than tumours confined to the bony canal  (43). Metastasis to the TB is 
a relevant concern when there is a history of malignancy. Breast, lung, prostate, 
and head and neck cancers are the most recurrent primaries to metastasize to the 
TB (32). Of the TB subsites, petrous apex is most affected possibly because of the 
slow blood flow through the petrous apex marrow (44). Squamous part of the TB, 
CN VII, and the IAC are also commonly involved with ensuing symptoms of CN 
VII palsy and hearing loss. In contrast, haematologic malignancies metastasise 
more frequently to the EAC, mastoid, and the middle ear (25). The structure of 
the TB enables tumour spread through microscopic diffusion via bony canals 
as well as through nerves and intraosseous vessels (45).

Meningiomas spread through three different pathways from dural surfaces 
to the TB: 1) Erosion from above - meningiomas gain access to the middle ear or 
the mastoid through tegmen; 2) Upward spread – meningiomas spread upwards 
from the jugular fossa with involvement of the hypotympanum or involvement 
of the mastoid through intraluminal spread along the sigmoid sinus; and 3) 
Lateral spread – via the fundus of the IAC involving the inner ear with possible 
prolapse into the middle ear via the oval and round windows (46, 47).

Some VSs demonstrate minimal growth while others (18–73%) enlarge at 
rates of 0.5-4 mm per year, with speedier growth observed in larger (> 2 cm) 
tumours and those with cerebellopontine angle components (48). Up to 22% 
of VSs regress spontaneously (49). Growth of VSs generally occurs in three 
phases with compression of the: 1) IAC (with CN VII–VIII compression); 2) 
cistern; and 3) brainstem. CN V compression ensues when VS reaches a 3 cm-
stage. Hydrocephalus, brainstem compression, cerebellar tonsil herniation, and 
consequent death may follow in case of massive tumour growth (50).

2.4.3. Clinical features and risk factors

Accurate diagnosis and evaluation of the extent of TB tumours requires a 
detailed physical examination, as well as an audiologic, and often radiologic 
assessment. Symptoms of malignant TB tumours have been noted to be present 
for an average of 13 months before presentation (43). EAC and middle ear 
tumours can frequently be seen on physical examination while tumours of the 
lateral skull base may manifest with CN defects such as hearing loss, pulsatile 
tinnitus, and Eustachian tube dysfunction. VSs most commonly present with 
unilateral, progressive sensorineural hearing loss (SNHL), and tinnitus; and less 
often with vertigo, facial pain, and headache (51). Meningiomas present with 
hearing loss, tinnitus, otalgia, headaches, dizziness, and/or infective symptoms 
(52). While otalgia, periauricular swelling, hearing loss and CN VII palsy may 
suggest metastases to the TB, metastases to the TB may be asymptomatic even 
in advanced cases (32, 53, 54).
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High dose ionizing radiation exposure (mean dose 4.6 +/- 1.9 Gy) to the 
cerebellopontine angle in children has been linked to a higher incidence of 
VS after a latency period of 20–55 years (55). Radiation therapy and hormone 
intake (both with a dose-response relationship) are the only proven extrinsic 
risk factors for meningiomas (56).

2.4.4. Diagnostics

2.4.4.1 Audiometry

Audiometry is performed to assess the level of hearing dysfunction. While 
conductive hearing loss (CHL) indicates extension of the tumour into the middle 
ear and the ossicular chain, significant SNHL may signify encroachment of the 
labyrinth by the tumour. Besides aiding diagnostics, audiometry is used for pre-
operative planning and it is essential particularly when removal of the labyrinth 
is contemplated (24).

2.4.4.2 Imaging

Both radiologic assessment and pre-operative planning have an indispensable 
role in the evaluation of the TB, given that direct inspection is largely impossible. 
High resolution computed tomography (HRCT) of the petrous TB with slices 
1mm or less in thickness is the most sensitive modality for the discovery of 
erosion of the canal wall, petrous apex, labyrinth, internal carotid artery, and 
walls of the jugular bulb (57, 58). HRCT can also deliver excellent detail of the 
neighbouring soft tissues and regional nodal basins, but it cannot discriminate a 
carcinoma from the more common benign pathologies such as a cholesteatoma or 
granulation tissue (58). Magnetic resonance imaging (MRI) is the best modality 
for describing the extent of soft tissue involvement and for differentiating 
malignancy from benign processes such as mastoiditis, middle ear effusions, 
and cholesteatomas (58).  Contrast-enhanced MRI is particularly useful for 
identifying perineural disease or dural involvement, and for assessing the IAC 
and the cerebellopontine angle cistern for a mass lesion (59, 60). Both computed 
tomography (CT) and MRI are thus crucial for accurate tumour staging. While 
positron emission tomography (PET) CT has poor resolution for EAC neoplasm 
and while it cannot distinguish between inflammatory and malignant processes, 
it may be employed in patients with advanced disease to identify and assess 
nodal or distant metastases (9, 16). 

On their preferred imaging choice of MRI, VSs are expansile but not 
destructive and avidly enhance with gadolinium. They appear isointense on 
T1- and hyperintense on T2-weighted (T2W) MRI (61). On CT, jugular foramen 
meningiomas are characterized by diffuse centrifugal infiltration of the bone 
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surrounding the jugular foramen. The bone erosion appears “permeative-
sclerotic”, i.e., mixed sclerotic and lytic (62). An enhanced dural tail may be 
seen without flow voids on T1-weighted (T1W) MRI (41). Interestingly, T1 and T2 
signal intensities have been shown to differ according to the histologic subtype 
of meningioma (63).

2.4.5. Staging 

Various staging and grading systems exist for both benign and malignant TB 
tumours, none of which are universally accepted. The Koos grading scale (Table 1) 
is commonly used to categorize tumour size and details of extrameatal extension 
and brainstem compression in VSs (64, 65). Meningiomas are traditionally 
graded I–III according to the WHO classification (66). The modified Fisch 
and Glasscock-Jackson staging systems for JTPGs, and staging systems for 
malignant TB tumours are discussed in the upcoming chapters. 

 
Table 1. Koos grading system of vestibular schwannomas (64, 65). 

Grade Description 

I small intracanalicular tumour

II small (< 2 cm) tumour with protrusion into the CPA, no contact with the brainstem

III tumour (< 3 cm) occupying the cerebellopontine cistern with no brainstem 
displacement

IV large (> 3 cm) tumour with brainstem and CN displacement

CN, cranial nerve; CPA, cerebellopontine angle

2.4.6. Management

2.4.6.1 Operative treatment

Surgical approaches to TB tumours vary from simple to complex. Management 
of both benign and malignant TB tumours aims to minimise neurologic and 
vascular risks while considering cosmetic impacts. It is thus imperative to have 
excellent knowledge of the anatomy involved. Familiarity with an individual 
tumour’s biologic behaviour is equally important for optimized tailoring of 
surgical approaches and adjunctive therapies. 

Patients with stage T1–2 TB carcinoma generally benefit from surgery 
alone, even if surgery followed by postoperative radiotherapy (RT) is the widely 
accepted standard care for stage T2 TB cancer (67). Patients who undergo 
complete tumour resection with negative margins have nearly 100% survival 
rates, especially in early-stage carcinomas (6, 68). While advanced stage TB 
carcinoma has typically necessitated subtotal or total temporal bone resection, 
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achieving negative margins has proved difficult (6, 69). The use of chemoradiation 
therapy in stage T3–4 TB carcinoma has demonstrated similar results as surgery 
followed by RT. Both treatment modalities are effective in treating TB carcinoma 
(6, 69).  Complete TB resection can, furthermore, provide palliative relief from 
pain while facilitating improved hygiene (60, 70). Management of VSs include 
watchful waiting using serial MR surveillance imaging, surgical resection, and 
RT (41). Surgical approaches to VSs and other cerebellopontine angle tumours are 
reviewed in  Table 2. Neuroanatomic location determines the surgical approach 
for meningiomas. The Simpson’s grade defines the extent of the resection so that 
grade 5 signifies biopsy, grade 1 gross total resection of the tumour, and grades 
2-4 the extent of resection in between (66).

 
Table 2. Surgical approaches to vestibular schwannomas (71-73). 

Surgical technique Indication Advantages Disadvantages

Translabyrinthine: 
retroauricular incision 
with posterior 
extension toward the 
mastoid tip 

• if hearing cannot be 
preserved

• used mainly in 
patients with 
minimal/absent 
preoperative hearing

• excellent exposure 
allowing quick 
access to the IAC, 
CN VII nerve and 
the tumour

• minimal cerebellar 
retraction

• low risk of CN VII 
injury

• sacrifices hearing
• risk of CSF leak
• contraindicated in 

acute/chronic OM

Retrosigmoid:
suboccipital incision 

• large tumours
• tumours of the 

medial IAC 
• for hearing 

preservation
• best for jugular 

foramen 
schwannomas

• wide exposure:  
exposes the 
transverse and 
sigmoidal sinuses 
& subsequent 
cerebellar 
manipulation 
exposes the IAC

• hearing preservation 
possible

• postoperative 
headaches

• increased risk of 
CN VII and CN VIII 
damage

• requires cerebellar 
retraction

• risk of air embolism 
with semi-sitting 
position

Middle cranial fossa 
(limited vs extended 
approach): 
preauricular incision

• small intracanalicular 
lesions (< 1cm)

• hearing preservation 
possible

• exposure of the 
entire IAC, limited 
access to the 
anterior CPA and 
prepontine cistern

• retraction of 
temporal lobe: risk 
of seizures

• technically difficult
• poor exposure of 

posterior fossa
• higher risk of CN 

VII damage vs 
translabyrinthine 
approach

CN, cranial nerve; CSF, cerebrospinal fluid; CPA, cerebellopontine angle; IAC, internal auditory 
canal; OM, otitis media
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2.4.7. Macroscopic and microscopic evaluation

The purpose of macroscopic assessment is to record the dimensions and 
physical characteristics of the lesion, and the extent of involvement with the 
adjacent structures. Macroscopic assessment also evaluates margins and 
supports selection of tissues for histologic examination. In contrast, microscopic 
assessment of the surgical specimen determines key prognostic factors, such 
as completeness of the resection, microscopic extent of the tumour, histologic 
grade, stage of disease, and evidence of possible perineural or lymphovascular 
invasion. 

2.4.8. Follow-up, outcome, and prognostic factors

There are no hard rules about the follow-up regime for TB tumours. The current 
recommended protocol for observation of schwannomas includes serial MRI 
scans at six-month intervals for two years, and then another scan two years 
later. Following this, schwannomas are recommended to be scanned every five 
years with life-long follow-up (74). 

Malignancies that involve the TB have high survival rates when discovered and 
diagnosed early. Prognoses vary between 62–100% for stage T1 and T2 tumours 
(60, 75).  Advanced staged TB malignancies carry a poor prognosis with high 
mortality rates. Intracranial extension with haemorrhage or septic complications 
are frequent causes of death from TB malignancies (76). Penetration of the 
carotid canal with perineural invasion of the associated sympathetic plexus 
is also common. The bony labyrinth is, in contrast, comparatively resistant to 
invasion (77). 

It has been argued that dural invasion should be a contraindication to surgery 
(6, 7, 78-80). Recent studies suggest that aggressive treatment may be justified 
for malignant TB tumours with intracranial or dural involvement (81-83). Factors 
that forecast a more favourable survival outcome include basal cell pathology, 
absence of perineural and lymphovascular invasion, lack of immunocompromise, 
and disease limited to the EAC (81). Still, prognosis of TB carcinoma is frequently 
grim after diagnosis, unless the malignancy is caught and treated at an early 
stage with surgical resection, RT, chemotherapy, or their combination.
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2.5. Head and neck paragangliomas

2.5.1. Epidemiology and pathophysiology

PGs, historically also known as glomus tumours or chemodectomas, are a varied 
group of neuroendocrine tumours that arise from chromaffin cells within the 
sympathetic or parasympathetic paraganglionic tissues of the autonomic nervous 
system. These tumours have a mutual embryologic origin from neural crest cells 
and may extend from the skull base to the pelvic region (84). Consequently, PGs 
are often categorized by their location, which incidentally has also been shown 
to describe their endocrine activity. As HNPGs originate from parasympathetic 
tissue with comparatively little catecholamines, they consequently possess 
minimal endocrine activity (85, 86). The ‘paraganglions’ or tissue nests are 
located either along the nerves of the autonomic nervous system or along the 
CNs. Twenty different sites have been reported for HNPGs of which the four 
commonest sites (Figure 3) are: 

1) the inferior ganglion or the ganglion nodosum of the vagus nerve  
(glomus vagale tumours, i.e. vagal PGs (VPGs))

2) the carotid artery bifurcation (carotid body tumours, CBTs)
3) the jugular fossa (glomus jugulare tumours, i.e. jugular PGs (JPGs))
4) the middle ear (glomus tympanicum tumours, i.e. tympanic PGs  

(TPGs)) (86).

The most common PG in the head and neck region is CBT, followed by 
jugulotympanic paraganglioma (JTPG). JTPGs invade both the jugular foramen 
and the middle ear without clearly arising from either of these spaces (87). 
PGs are the most common tumour at the jugular foramen and demonstrate 
an incidence of 1–8 cases per million population years (84, 88, 89). They are 
highly vascular, often grow slowly (but can be locally aggressive), affect mostly 
middle-aged patients with female predominance, and may remain asymptomatic 
and indolent until they reach an advanced stage (90, 91). While they are often 
referred to as benign, the current biologic understanding of PGs is that their 
behaviour is indeterminate (92). HNPGs are typically supplied by the ascending 
pharyngeal, internal maxillary, and occipital arteries and/or the internal carotid 
artery (93). Interestingly, Valero et al. recently classified HNPGs as either CBTs 
or non-CBTs because of their differing ways of presentation and different optimal 
management approaches (94).
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Figure 3. Distribution of the most common head and neck paragangliomas. Sizes of circles represent 
prevalence of the head and neck paragangliomas. CBT, carotid body tumour; JPG, jugular 
paraganglioma; TPG, tympanic paraganglioma; VPG, vagal paraganglioma. Image by Teija 
Hallenberg. 

 
6.5.2. Familial paragangliomas 

 
Approximately 24% of all PGs, and up to 35% of HNPGs may be familial. Patients with 
familial HNPGs tend to be younger, have a positive family history, and have a higher number 
of multiple of bilateral PGs (86, 89). Autosomal dominant familial paraganglioma syndrome 
results from one of four types of succinate dehydrogenase (SDH) subunit mutations: type 1 
SDHD gene mutation (11q23, most frequent, rarely malignant but often multifocal), type 2 
SDH5/SDHAF2 gene mutation (11q13.1, rare, associated with multifocality), type 3 SDHC 
gene mutation (1q21, rare), and type 4 SDHB gene mutation (1p36.1-p35, second most 
frequent hereditary HNPG, higher risk of malignant disease and functional PGs) (95). 
HNPGs’ most common genetic syndrome associations include von Hippel-Linday disease, 
neurofibromatosis type 1 (NF1), multiple endocrine neoplasia 2A and 2B, and familial 
paraganglioma syndrome (96). 
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Figure 3. Distribution of the most common head and neck paragangliomas. Sizes of circles 
represent prevalence of the head and neck paragangliomas. CBT, carotid body tumour; 
JPG, jugular paraganglioma; TPG, tympanic paraganglioma; VPG, vagal paraganglioma. 
Image by Teija Hallenberg.
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2.5.2. Familial paragangliomas

Approximately 24% of all PGs, and up to 35% of HNPGs may be familial. Patients 
with familial HNPGs tend to be younger, have a positive family history, and 
have a higher number of multiple of bilateral PGs (86, 89). Autosomal dominant 
familial paraganglioma syndrome results from one of four types of succinate 
dehydrogenase (SDH) subunit mutations: type 1 SDHD gene mutation (11q23, 
most frequent, rarely malignant but often multifocal), type 2 SDH5/SDHAF2 
gene mutation (11q13.1, rare, associated with multifocality), type 3 SDHC gene 
mutation (1q21, rare), and type 4 SDHB gene mutation (1p36.1-p35, second most 
frequent hereditary HNPG, higher risk of malignant disease and functional PGs) 
(95). HNPGs’ most common genetic syndrome associations include von Hippel-
Linday disease, neurofibromatosis type 1 (NF1), multiple endocrine neoplasia 
2A and 2B, and familial paraganglioma syndrome (96).

2.5.3. Tumour spread and staging

The average growth rate of all HNPGs has been reported to be 0.83 mm per year 
(97). While CBTs and VPGs may spread locally to surrounding structures, e.g. 
CBT’s perineural tumour spread has also been reported (98).  TB PGs spread 
via the TB air-cell tracts, vascular channels, neural foramina, bony haversian 
systems, and the Eustachian tube, i.e. the pathways of least resistance (99). 
Advanced TB PGs may invade CNs (100). Table 3 shows classification of JPTGs 
according to the modified Fisch and Glasscock-Jackson classifications (101, 102). 
In 1971, Shamblin et al. proposed an operative classification to predict CBTs’ 
surgical risk based on carotid vessel involvement (103). Group I tumours do not 
encase the adjacent major vessels, group II tumours are adherent to or partially 
encase the vessels, and group III tumours encase the vessels and may require 
vessel replacement. This classification relies on intraoperative findings and gross 
specimens and as such predicts post-operative complications including injury to 
neurovascular structures while determining the need for arterial reconstructions 
(104, 105). Furthermore, Jasper et al. have recently proposed a scoring system 
of CBTs based on imaging findings on contrast-enhanced CT (106).  
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Table 3. Classification of jugulotympanic paragangliomas according to the modified Fisch 
and Glasscock-Jackson classifications. 

Class Modified Fisch classification Class Glasscock-Jackson Classification

A1 Tumour margins clearly visible on otoscopic 
examination.

I Small tumour involving the jugular 
bulb, middle ear, and mastoid.

A2 Tumour margins not visible on otoscopy. Tumours 
may extend anteriorly to the Eustachian tube and/
or to the posterior mesotympanum.

B1 Tumours confined to the middle ear cleft with 
extension to the hypotympanum.

II Tumour extending under the 
ICA canal. Intracranial extension 
possible.

B2 Tumours involving the middle ear cleft with 
extension to the hypotympanum and the mastoid. 

B3 Tumours confined to the tympanomastoid 
compartment with erosion of the carotid canal. 

C1 Tumours with limited involvement of the vertical 
portion of the carotid canal.

III Tumour extending into the 
petrous apex. Intracranial 
extension possible.

C2 Tumours invading the vertical portion of the carotid 
canal.

C3 Tumours with invasion of the horizontal portion of 
the carotid canal.

C4 Tumours reaching the anterior foramen lacerum. 

De1/2 De1: tumours with up to 2 cm of dural displacement
De2: tumours with > 2 cm of dural displacement

IV Tumour extending beyond the 
petrous apex into the clivus and 
infratemporal fossa. Intracranial 
extension possible.Di1/2/3 Di1: tumours with up to 2 cm intradural extension

Di2: tumours with > 2 cm of intradural extension
Di3: tumours with inoperable intradural extension 

VE Tumours involving the extradural vertebral artery n/a

VI Tumours involving the intradural vertebral artery n/a

ICA, internal carotid artery; n/a, not applicable

2.5.4. Clinical features and histopathology

Both CBTs and VPGs commonly present with an asymptomatic, palpable neck 
mass, that is either near the angle of the jaw (CBT), or high in the neck (VPGs). 
Occasionally VPGs present with a parapharyngeal mass that leads to tonsillar 
bulging on oral examination (92). While it is not rare for TPGs to be discovered 
incidentally on a routine physical examination, TPGs most often present with 
pulsatile tinnitus and/or CHL (4, 107). JPGs originate within the dome of the 
jugular bulb and commonly appear late, after considerable growth and bony 
destruction. They can cause CN IX–XII dysfunction, commonly CN VII paresis 
due to tumour extension into the mastoid, or SNHL from bony erosion of the 
labyrinth (19). Table 4 outlines the most common HNPGs, their anatomic, and 
clinical characteristics. 
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Table 4. The most common head and neck paragangliomas and their anatomic and clinical 
characteristic (92, 107–113). 

Clinical 
characteristics

Origin/location/
bilateral or multifocal

Blood supply PC/clinical sign Metastatic risk/
genetics

CBT
• 60% of HNPGs
• F:M = 2:1-8:1 
• (CBT more prevalent 

in higher altitudes)

• carotid body/
bifurcation

• 10–25% bilateral or 
multifocal

• glomic artery or 
branches of the ECA

• (incidental) neck 
mass near angle 
of jaw

• mass laterally mobile 
but vertically fixed 
(Fontaine’s sign)

• dysphagia, 
hoarseness, Horner’s 
syndrome in large 
CBTs

• 4–6%
• SDHD (50–80%),  

SDHB (6–35%), 
SDHC; SDHAF2 (6%)

TPG
• the most common 

middle ear tumour
• F:M: = 3:1–9:1

• Jacobson’s nerve 
(the tympanic 
branch of CN IX) 

• interior tympanic 
branch of ascending 
pharyngeal artery 
(typically)

• CHL
• pulsatile tinnitus
• retrotympanic 

vascular mass
• Brown’s sign 
• Aquino’s sign 

• 2%
• PG syndromes, NF1

JPG
• TPG + JPG: 30% of 

HNPGs
• the most common 

jugular foramen 
tumour

• F:M = 3:1–9:1

• medial aspect of the 
jugular foramen

• may present with 
CBT and/or VPG

• ascending 
pharyngeal artery 
and branches from 
the petrous portion 
of the ICA

• pulsatile tinnitus 
• hearing loss
• vertigo/imbalance 
• CN IX, X and/or XI 

palsies: hoarseness, 
dysphagia 

• retrotympanic 
vascular mass 

• Brown’s sign 
• Vernet’s syndrome
• Villaret’s syndrome

• 2%
• PG syndromes, NF1

VPG
• 10% of all PGs
• F:M = 2:1–8:1

• the inferior or 
nodose ganglion 
and superior jugular 
ganglion/

• anywhere along the 
course of CN X

• 20–40% bilateral or 
multifocal

• ECA and/
or ascending 
pharyngeal artery

• 70% asymptomatic
• high neck mass
• CN IX, XI and/or 

XII palsies from 
compression

• 16%
• SDHD (90%),  

SDHB (8%),  
SDHC (1%),  
SDHAF2 (rare)

CBT, carotid body tumour; CHL, conductive hearing loss; CN, cranial nerve; ECA, external carotid 
artery; F, female; HNPG, head and neck paraganglioma; M, male; NF1, neurofibromatosis type 1; 
SDH, succinate dehydrogenase; TPG, tympanic paraganglioma; VPG, vagal paraganglioma

Histologically, PGs are characterized by catecholamine laden chief cells forming 
variable size clustered nests of nonchromaffin-staining cells (“Zellballen”) along 
vascular channels.
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2.5.5. Diagnostics

The diagnostic approach to HNPGs includes radiologic imaging, hormone 
analysis for ruling out secretory activity, as well as genetic screening. Besides 
duplex ultrasound (US), CT, and MRI, whole-body PET/CT have been used to 
rule out metastatic and/or multifocal disease especially in patients with SDH 
subunit mutations (85, 114). 

2.5.5.1 Imaging

Duplex US is often employed as the initial investigation tool for a painless neck 
mass (CBTs and VPGs). CBTs are found at the carotid bifurcation where a solid 
hypoechoic mass (CBT) splays the internal and external carotid arteries. VPGs 
are located higher up in the neck and displace the internal and external carotid 
arteries anteromedially. After (the often initial) duplex US, MRI is the imaging 
method of choice for further diagnostic assessment and preoperative work-up 
of CBTs. Conversely, CT is considered the preferred imaging for distinguishing 
VPGs from JPGs (92). Angiography demonstrates both CBTs’ and VPGs’ large 
feeding arteries, intense tumour stain, and early draining veins (115, 116). For 
TPGs, high-resolution contrast enhanced CT is the imaging modality of choice 
(87). TB CT is also the initial imaging modality of choice for JPGs while MRI 
provides complementary information about potential intracranial extension 
(117). In JTPGs, both CT and MRI are used as first line radiologic investigations. 

Table 5 reviews the imaging features of the most common HNPGs. On 
MRI, JPGs are classically described to have a “salt and pepper” appearance, 
where hyperintense areas of haemorrhage or slow intravascular flow (“salt”) are 
combined with “pepper”-like multiple signal drop areas (41).  The “moth eaten” 
appearance of the TB results from bony erosion of the jugular bulb, jugular 
foramen walls, or the whole TB.
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Table 5. Imaging features of the most common head and neck paragangliomas (19, 41, 87, 
111, 118-120). Gadolinium commonly used as a contrast agent. 

PG Duplex US CT MRI Nuclear medicine

All 
PGs

• solid, heterogeneously 
hypoechoic, internal 
vascularity

• displacement of adjacent 
structures

• avid mass enhancement 
with delayed contrast 
washout relative to 
adjacent structures

• T1W hypointense signal 
relative to adjacent 
structures 

• T2W isointense to 
hyperintense signal

• I-131 and I-123 metaio-
dobenzylguanidine 111 
octreotide, and 18F-PET/
CT ordinarily used 

• tumour demonstrates  
focally increased uptake

CBT • splaying of ICA and ECA 
(the “lyre sign”)

• enhanced soft-tissue 
mass attenuation, 
splaying of proximal ECA 
and ICA

• T1-post contrast 
enhanced soft-tissue 
mass, splaying of 
proximal ECA and ICA 

• (the “lyre sign”)
• T2W flow voids 

(“salt and pepper 
appearance”)

• FDG/PET focal mass 
uptake are of carotid 
bifurcation of ECA and 
ICA

VPG • anteromedial 
displacement of ECA 
and ICA

• well circumscribed, 
homogenously 
enhancing soft-tissue 
mass with anteromedial 
displacement of ECA 
and ICA

• proximal VPG: osseous 
erosion of anterior skull 
base

• T1-post contrast 
enhanced soft-tissue 
mass; anteriomedial 
displacement of ECA 
and ICA 

• T2W flow voids seen in 
> 2 cm VPGs (“salt and 
pepper appearance”)

• FDG/PET focal mass 
uptake in proximal ECA 
and ICA all the way up 
to jugular foramen

TPG • not applicable because 
of location

• enhanced soft-tissue 
mass lateral to the 
cochlear promontory

• if sizeable, may fill the 
middle ear, and invade 
the Eustachian tube or 
the mastoid

• ossicles may or may not 
be destroyed

• surrounding bony 
destruction in aggressive 
tumours

• intact jugular bulb

• enhanced soft-tissue 
mass lateral to the 
cochlear promontory

• tumour hypointense on 
T1W images

• tumour isointense to 
hyperintense on T2W 
images

• FDG/PET focal mass 
uptake lateral to the 
cochlear promontory

JPG • only detectable by US if 
tumour extends inferiorly 
from jugular foramen

• erosion of jugular bulb, 
bony erosion of jugular 
foramen walls (“moth-
eaten appearance” of 
TB)

• T1-post-contrast: well-
defined, enhanced soft-
tissue mass centered in 
jugular foramen 

• T2-FSE well-defined, 
hyperintense mass 
centered in jugular 
foramen 

• T2W flow voids 
(”salt and pepper 
appearance”)

• FDG/PET focal mass 
uptake in jugular bulb 
within jugular fossa

CT, computed tomography; ECA, external carotid artery; FDG, fluorodeoxyglucose; FSE, fast spin 
echo; ICA, internal carotid artery; JPG, jugular paraganglioma; PET, positron emission tomography; 
PG, paraganglioma; T1W, T1-weighted; T2W, T2-weighted; TB, temporal bone; TPG, tympanic 
paraganglioma; US, ultrasound; VPG, vagal paraganglioma
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2.5.6. Management 

In general, patients’ age and comorbidities, tumour characteristics, pre-existing 
CN deficiencies and other presenting symptoms, prior treatment, and presence 
of catecholamine-associated symptoms must be taken into consideration when 
deciding about HNPG treatment. The danger of neurovascular injury is an 
important pre-operative consideration in the management of these tumours 
and because of this, up-front surgical treatment may not be the optimal approach 
for HNPGs (111). HNPG treatment options include surgery, RT, embolization, 
or a “wait-and-scan” approach. The “wait-and-scan” approach may be most 
suitable for older patients, especially for those with multiple comorbidities or 
tumours, and for patients who are at high risk of post-operative CN damage 
(121). Observation has also gained acceptance for managing asymptomatic and 
minimally symptomatic patients due to risks of treatment-associated morbidity 
(90, 122). 

The need for pre-operative embolization remains controversial in the 
literature. The recent Consensus Document on management of HNPGs 
recommends pre-operative embolization to minimize intraoperative bleeding 
and thereby the risk of CN injury (123). Pre-operative embolization of JTPGs 
with polyvinyl alcohol particles has been reported to be an effective strategy 
with a high safety profile (124). Those opposing embolization argue that it is 
impossible to adequately embolize the tumour feeding vessels that mainly arise 
from the adventitia surrounding the common, external, and internal carotid 
arteries (104, 125).

The current treatment modalities for CBTs include surgery, RT, embolization, 
and combination therapy (126). Of these, (simple) tumour resection is the 
recommended modality (127). Obholzer et al. proposed a further classification 
for CBTs and VPGs, including parameters that consider CBTs’ relationship to 
the skull base, and CN involvement (128). Gu et al. also recently proposed a 
modification to Shamblin classification by including horizontal encasement to 
carotid arteries and vertical growth of the CBT in the classification (129). 

While surgery is the mainstay of VPGs’ treatment, RT has also been used in 
selected cases (110). Transcervical approach is the approach of choice for most 
VPGs, whereas Fisch type B, transmandibular, and transcervical approaches 
are chosen for cranial base access (130). 

TPGs whose borders are clearly seen through the TM can be removed through 
a transtympanic approach. If TPGs borders are not clearly visible, mastoidectomy 
with extended facial recess approach is indicated (131). JPGs are best removed 
through a Fisch type A infratemporal approach. Preoperative embolization may 
lessen intraoperative blood loss. JPGs may also be observed with long-term 
follow-up or treated with RT (131). 
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The operative choice of JTPGs depends on the extent of the tumour as per 
the modified Fisch classification. Transmeatal approach or an approach via 
mastoidectomy has been recommended for Fisch Class A and B tumours (132). In 
some Class B JTPGs, juxtacondylar approach is indicated. Class C and D JTPGs 
are commonly resected via an infratemporal approach, although juxtacondylar 
approach may be necessary for Class C1, C2, and De1/2 tumours (132, 133). 
Class Di1/2 JTPGs that extend intradurally warrant collaborative operation with 
neurosurgeons. Fisch Class Di3 tumours are primarily treated with palliative RT.

2.5.7. Follow-up, prognosis, and future insights

There are no set rules about the arrangement of follow-up, or the timing of clinical 
and/or radiologic appraisals. Tumour doubling times vary widely from 6 months 
to 21.5 years (90) with over half of HNPGs remaining stable or regressing over 
time (134, 135). With the “wait-and-scan” approach, 4–33% of patients develop 
a new or a worsening complication with observation. Conversely, treatment-
related morbidity may be significant with cranial neuropathies (mainly from 
CN IX or XI–XII) and Horner’s syndrome that may be present in 19–50% of 
surgically treated patients (121). Surgery on VPGs is also associated with an 
intrinsic vagal deficit, even if the nerve is kept intact intraoperatively (136). 
The expected prognosis from HNPGs depends on tumour characteristics, 
location, patient-related factors, and the chosen treatment pathway. Tumour- 
or treatment-related morbidity often presents a greater risk to patients than 
tumour-related mortality.

2.6. Plexiform schwannomas and plexiform neurofibromas

2.6.1. Epidemiology, pathophysiology, and clinical features

PS was first described in 1978 by Harkin et al. (137). This rare variant of 
schwannoma accounts for 5% of all schwannomas and displays macroscopic and/
or microscopic multinodularity and intraneural tumour growth in a plexiform 
pattern. PSs differ from other schwannomas by their lack of a well-formed 
capsule and thick-walled vessels (138). They typically originate in the superficial 
soft tissues showing partiality for the head and neck region. Even if a PS carries 
no malignant potential, it may recur if resected intracapsularly (139).

PNs are benign peripheral nerve tumours distinguished, like PS, by a 
plexiform growth pattern (140). They grow diffusely most often alongside 
subcutaneous or deep peripheral nerves, involving multiple nerve branches 
and plexi, having the potential to cause significant morbidity. While the exact 
incidence of PN is unknown, an estimated 30–50% of patients with NF1 
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develop PNs (141, 142). PNs’ growth rate is unpredictable and, depending on 
their location, PNs may cause pain, motor deficit, weakness, visual symptoms 
or—at worst—airway, or spinal cord compression (143). Their other potentially 
life-threatening complications include transformation to a malignant peripheral 
sheath tumour (MPNST). Patients with NF1 have an 8–13% cumulative lifetime 
risk of developing a MPNST: a dreaded deadly tumour that displays aggressive 
behaviour with a high rate of metastasis and survival of typically less than 5 
years (144).

2.6.2. Diagnostics

The clinical presentation of PS is mostly that of an asymptomatic, slow-growing, 
movable, soft to rubbery nodule, the specific clinical presentation depending on 
the exact site and size of the tumour. Histologically, PSs are composed of Schwann 
cells, cellular (Antoni A), and loose-textured (Antoni B) areas, and Verocay bodies. 
Like all schwannomas, they are positive for S-100 on immunohistochemistry. 
Both CT and MRI are useful tools for delineating the extent of the tumour, 
the associated bony erosion, and the tumour’s association with surrounding 
structures. There are limited reports on the radiological features of PS. On US, 
PS has been described as a well circumscribed tumour with a whorled echogenic 
internal architecture. On CT, PS shows low to intermediate attenuation, intense 
homogenous (in small tumours) or heterogeneous (in larger tumours) contrast 
enhancement (145). MRI displays nonspecific and heterogeneous signal intensity 
as well as “split fat sign”, “target sign”, and/or “fascicular sign”(145, 146). Both CT 
and MRI can display PS’s multinodular or diffusely infiltrative growth pattern.

Compared to PS, PN is characteristically located in areas of nerve distribution. 
The involved nerves are diffusely twisted and thickened in a plexiform pattern, 
surrounded by cystic nodules of different sizes. PNs show similar radiological 
findings to PS with slight variation. On US, PN shows as a poorly marginated, 
multilobulated, tumour that consists of multiple hypoechoic nodules (that 
may be serpiginous, spherical, or geometric in shape) on a hyperechoic, richly 
vascular background (147, 148). On CT, PNs typically show low attenuation (149). 
On MRI, both “target sign” and “reverse target sign” have been described (150). 
On MRI PN displays central low intensity surrounded by a rim of high intensity. 
On non-contrast MRI, signs suggestive of a MPNST include perilesional oedema, 
intratumoural cystic changes, and heterogeneity on T1W images (149). PET-CT is 
used to confirm malignancy (i.e., MPNST) (149). While the clinical and imaging 
features are mostly able to differentiate between a PS and a PS, histology may 
be required for diagnostic verification.
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2.6.3. Management, outcome, and prognosis

Surgical resection is the treatment of choice for PSs. Local recurrence is not 
uncommon especially if the resection has been incomplete (138). Because 
PNs lack a well-defined capsule and consist of a “bag of worms” (a mesh of 
interwoven spindle wells, collagen fibers, and axons that diffusely infiltrate 
the involved nerve), surgical separation of PN from normal tissue may be 
challenging. The risk of observation vs operative treatment in PNs carries with 
it the risk of malignant transformation. Surgical resection of PN may, in lieu, 
result in significant morbidity and/or incomplete PN removal. Discriminating 
PS and PN from one another is both challenging and important because of PN’s 
malignant potential. While biologic agents are bringing hope to NF1 patients 
with symptomatic, inoperable PNs (23), management of PNs, in large, remains 
taxing. In contrast, prognosis of PS is mostly excellent. It depends on the location 
and size of the tumour, possible associations with NF2, as well as patient-related 
factors (151).

2.7. External auditory canal and middle ear tumours

2.7.1. Pathophysiology and aetiology

Benign EAC tumours commonly arise from the ceruminous glands. Ceruminous 
gland adenoma (“ceruminoma”) and ceruminous pleomorphic adenoma are 
two of the most common benign EAC tumours. Ceruminous gland adenoma 
commonly affects the outer half of the EAC, accounts for < 1% of all EAC tumours, 
and usually affects middle-aged patients.  The slightly less common ceruminous 
pleomorphic adenoma affects middle-aged patients in the same location with 
similar signs and symptoms (51). PGs and middle ear adenomas are the most 
common benign middle ear tumours in adults (152). Middle ear adenomas 
arise from pluripotent cells from variable (mucinous and/or neuroendocrine) 
differentiation and can be locally destructive. They affect middle-aged patients 
with no sex predominance and account for 2–4% of all ear tumours (153, 154). 

Malignant tumours of the EAC and middle ear are rare. Extension of a 
cutaneous malignancy of the pinna, such as BCC and SCC, is the most common 
cause of malignancy involving the EAC and TB. These are followed, in order, 
by primary EAC or middle ear SCC, BCC, AdCC, ceruminous carcinoma, and 
middle ear adenocarcinoma (16). In the EAC, SCC is about four times more 
common than BCC (12). Primary SCC arising within the middle ear or the IAC 
is rare (155). AdCC of the EAC and middle ear is an extremely rare tumour 
that accounts for 5% of primary EAC malignancies (156). AdCC arises from 
glandular tissue from either the eccrine sweat glands, ectopic salivary glands, 
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or ceruminous glands (157). Its clinical behaviour is aggressive, with high risk 
of recurrence and distant metastasis (most commonly to the lung) through 
lymphatic spread (158).  

The aetiology of BCCs is related to solar ultraviolet exposure, prior radiation, 
immunosuppression, and negative risk with advancing age (154, 159). The 
primary risk factors for SCC of the pinna are fair skin, solar ultraviolet exposure, 
and immunosuppression. EAC and middle ear SCC’s risk factors have also been 
reported to include long-standing chronic suppurative otitis media (OM) and 
otitis externa (OE), as well as prior radiation of adjacent head and neck regions 
(16, 69, 76, 82, 160). In chronic suppurative OM, chronic inflammation may 
cause subsequent metaplasia and malignant transformation. The possibility of 
acquired cholesteatomas acting as a risk factor for middle ear SCC has also been 
postulated (16, 161, 162). Mechanical stimulation of carcinogenesis in habitual 
ear pickers has, interestingly, also been suggested (163). Some studies have found 
a link between oncogenic/high risk human papilloma virus (HPV) types 16/18 
and middle ear SCC, but the precise carcinogenic role of HPV is unknown (16, 
164, 165). Unlike in other head and neck cancers, tobacco, and alcohol use do not 
seem to strongly increase the probability of primary TB SCC (166). While there 
are no reports on aetiologic factors associated with TB AdCC, several studies 
have examined aetiologic factors associated with salivary gland cancers. Ionizing 
radiation (atomic bomb survivors) (167), previous RT (particularly for childhood 
cancer) (168), smoking (169), and low intake of vitamin C and fibre (170) were 
associated with higher rates of salivary gland cancer. Women diagnosed with 
breast cancer also demonstrated increased incidence of subsequent salivary 
cancer (171). In contrast, salivary gland AdCC was not found to be associated 
with alcohol consumption (169, 172). Table 6 reviews benign and malignant EAC 
and middle ear tumours as per their anatomic origin.  

2.7.2. Tumour spread

Aggressive, benign EAC and middle ear tumours such as a giant cell tumor can 
spread locally (175). Compared to TB SCCs that primarily arise from the bony 
EAC, BCC is seen to primarily invade TB’s lateral or superficial structures (17). 
AdCC also demonstrates a tendency to grow on the superficial part of the EAC 
(176). EAC SCC spread is multidirectional, locally infiltrative, and destructive, 
and may involve invasion of compact bone, or spread along vessels, CNs, and along 
the TB air cell tracks (13). EAC SCC may also spread through existing anatomical 
defects, such as the fissures of Santorini, the petrosquamous suture, and the 
foramen of Huschke (i.e., foramen tympanicum), with subsequent extension 
to the temporomandibular joint and the parotid gland without associated 
bony erosion (60, 177). Specifically, median extension of EAC SCC can result 
in middle ear, otic capsule, or Eustachian tube involvement, while posterior 
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extension may lead to mastoid invasion. Craniocaudal extension through the 
thin bony walls of the mastoid air spaces, and through the internal acoustic 
meatus results in intracranial, CN VII, and jugular foramen involvement, which 
are poor prognostic factors (41, 178-180).  Nodal metastasis occurs in 10–20% of 
cases, starting with the parotid and periauricular nodes (12, 177). In metastatic 
EAC SCC, the pre-auricular (intraparotid), infra-auricular (external jugular) 
and post-auricular LNs seem most involved, followed by the upper jugular and 
submandibular LNs (82, 181, 182). LNs of the posterior triangle are at risk when a 
tumour involves the mastoid, and the pinna. Distant haematogenous metastasis 
has been reported in the brain, lungs, liver, bones, and skin (182). 

2.7.3. Clinical presentation 

A significant overlap is seen between benign and malignant EAC and middle 
ear tumour presentations. Benign EAC tumours present initially as a painless 
mass in the cartilaginous portion of the EAC. As the tumour enlarges, affected 
patients may complain of otalgia, aural fulness, hearing loss, otorrhoea, and 
occasionally neural symptoms. Benign middle ear tumours typically present 
with CHL, otalgia, middle ear mass, tinnitus (that is pulsatile in PGs), and/or 
CN VII paralysis (51).

The most commonly encountered early symptoms of a EAC or middle ear 
malignancy are otalgia, otorrhea, bleeding, hearing loss and/or pruritus all of 
which are also frequently seen in benign entities such as OM and OE, which may 
confusingly also be concurrently present (6, 9, 16, 82, 183-185). The hearing loss 
is usually conductive and results from obstruction of the EAC. SNHL and vertigo 
indicate inner ear involvement and are signs of an aggressive, advanced lesion. 
CN VII palsy and/or a parotid mass may additionally be seen, both of which 
portend a grave prognosis. Because primary malignancies of the EAC often lack 
a detectable mass, they are frequently treated as a persistent or non-responsive 
infection before a more sinister diagnosis is suspected and a diagnostic biopsy 
performed (39). Inflammatory disease should settle with aural cleaning, otic 
drops, and/or systemic antibiotics. Absence of a response should raise suspicion 
and prompt tissue sampling. Particularly early EAC SCC symptoms mimic OE/
OM infections and the resulting delay in diagnosis may have a detrimental effect 
on the outcome (13).

EAC BCC may exhibit serpiginous ulceration without the pearly edges 
as a result of the thin and adherent EAC epithelium (19). The characteristic 
appearance of EAC SCC is an exophytic, ulcerated mass, which may be mistaken 
for inflammatory ear disease and grow unrestrained. Facial weakness and a 
parotid or a neck mass may eventually develop (14). SCC classically presents 
with otalgia, otorrhoea (which may be bloody), and soft tissue thickening within 
the EAC, imitating OE, yet being refractory to antimicrobial treatment (11, 186). 
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The sign forewarning of possible TB SCC is unilateral otorrhoea that may be 
serosanguinous and/or not responding to topical antibiotic treatment. Biopsy 
is required for histology and the management plan should be discussed at a 
multidisciplinary head and neck meeting. EAC AdCC is usually an epithelium 
covered, solid, light tan, firm, well-circumscribed tumour that may appear as 
a small pimple accompanied by complaints of significant otalgia (19). While 
its clinical symptoms may be non-specific and manifest as hearing loss, EAC 
mass, or otorrhoea, otalgia has been suggested to be the most common clinical 
symptom of EAC AdCC (187, 188). While there no studies comparing the quality 
of TB SCC vs AdCC pain, oral SCC has been reported to be intense and well-
localized compared to oral AdCC’s vague and dull pain (189). Still, the same 
histological type of cancer may present with different pain phenotype even in 
similar anatomic sites (190).

2.7.4. Diagnostics 

2.7.4.1 Imaging

CT is excellent at depicting bony tumours and their extensions and as such it 
is essential for preoperative planning of EAC and middle ear tumours. MRI is 
superior at evaluating soft tissue lesions and their locations while providing 
crucial information about possible intracranial extension, dural or parenchymal 
involvement, extratemporal extension, and perineural or foraminal spread (1, 
41). In EAC/middle ear tumours, axial and coronal HRCT of the petrous TB and 
contrast enhanced MRI offer complementary diagnostic information about TB 
carcinomas. Both axial and coronal T1W imaging can demonstrate involvement 
of subcutaneous tissues, parapharyngeal space, and the parotid gland. PET-CT 
scan can be used to detect distant and local metastatic disease and assess local 
recurrence and treatment response (117, 120). 

On CT and MRI, SCC demonstrates a heterogeneously enhancing EAC mass 
with aggressive bony destruction (177), with necrosis showing as hypodensity on 
HRCT (176). Specifically, EAC SCC appears as low signal on T1W imaging with 
peripheral enhancement after contrast while T2W imaging mostly demonstrates 
a heterogeneous, high-signal invasive lesion (11). Regional metastases to the 
parotid gland and neck are identified as adenopathy, often > 1 cm in size. Xia 
et al. observed EAC SCC’s tendency to undergo necrosis (176). Necrosis was 
mostly seen as heterogeneous hyperintensity on T2W imaging and as contrast 
enhancement on T1W imaging, particularly in the central part of the lesion. 
Besides CT and MRI, US can be used for intraparotid and cervical node staging 
of EAC/middle ear SCCs. Touska et al. note that imaging is nonspecific for middle 
ear SCC (41). There are no reports noting major differences between EAC/middle 
ear malignant tumours’ radiologic findings while subtle differences do exist. 
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Necrosis of EAC AdCC has been noted to be uncommon (176). While AdCC is 
much more likely to metastasize to the lung even in T2 stage, LN metastasis is 
seen more commonly in EAC SCC than in EAC AdCC (176). EAC BCC recurs 
locally and carries a low risk of occult metastatic disease (17).

2.7.4.2 Staging

One of the main concerns in the management of EAC, middle ear, and TB 
tumours has been the lack of consensus in staging the disease, a process made 
challenging by the close anatomic structures of the infratemporal fossa and the 
skull base. Since the early 1990s, the Pittsburgh classification system has been 
the most used staging system for primary TB SCC and other TB malignancies. 
First published by Arriaga et al., the system was modified by Moody et al. in 
2002 (11, 191). The system employs the TNM format together with CT findings of 
bony EAC destruction, the neighbouring soft tissue infiltration, and medial TB 
structure involvement to allocate patients in equitable treatment and prognostic 
groups. The TNM system can be translated into the four-stage system used 
for other head and neck cancers in a customary fashion, with the exception 
that any TB malignancy with LN involvement is considered stage IV (191). 
In this conversion system tumours limited to the EAC (T1 and T2 disease) 
receive better prognosis compared to tumours that involve the middle ear or 
the mastoid (T3 and T4 disease) (43). Tumours with CN VII involvement were 
later added to the T4 category by Moody et al. (11). This modified Pittsburgh 
staging system by the same group remains the most referenced system in the 
field. Importantly, numerous studies have, in the last 20 years, confirmed its 
correlation with prognosis (8, 15, 45, 192). The second system was proposed by 
Stell and McCormick in 1985 (181) with subsequent modifications suggested by 
Clark et al. (193). Both systems are centred on clinical and radiologic findings 
and neither includes nodal involvement. The American Joint Committee on 
Cancer staging system for head and neck cutaneous SCC takes histopathologic 
parameters into consideration while considering nodal involvement. Its use may 
be reasonable but further validation is needed (194). 

The newly proposed Padova prognostic scoring system by Zanoletti et al. is 
based on preoperatively obtained clinical, radiologic, and histologic variables 
(195). It considers the reviewed Pittsburgh staging system, radiologic dura mater 
involvement, non-anterior spread (medial, inferior, or posterior into the TB and 
skull base) of T4 tumours, and histologic grade. The data indicate that tumour 
in any direction other than anteriorly is a negative prognostic factor (195). The 
preliminary results suggest that this system can identify patients at higher risk of 
tumour recurrence and disease-related death even when applied retrospectively 
(196).
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2.7.5. Management

Treatment of these rare tumours is best management by a multidisciplinary 
team composed of an otolaryngologist, neurosurgeon, oncologist, reconstructive 
surgeon, and a radiologist. 

2.7.5.1 Operative treatment 

Surgery is the main form of therapy for EAC and middle ear carcinomas. Benign 
EAC glandular tumours are commonly treated with wide local excision. For other 
benign EAC and middle ear tumours, the operative approach depends on tumour 
characteristics and patient related factors. Early-stage malignant tumours 
limited to the EAC are often managed with lateral TB resection (LTBR), and 
advanced-staged tumours with subtotal TB resection (STBR) with postoperative 
RT and/or chemotherapy (197). 

EAC and middle ear SCC inclines to spread locally making radical resection 
of the primary lesion the backbone of operative treatment. The standard 
management of EAC and middle ear SCC is surgery (192). The three resection 
techniques mostly in use are LTBR, STBR, and total temporal bone resection 
(TTBR), with or without superficial or total parotidectomy. Specifically, SCC that 
does not invade through the TM (T1 and T2 disease) can be removed via LTBR. 
When SCC extends medial to the TM or into the mastoid (T3/T4 disease) STBR 
or TTBR is required. CN VII may need to be sacrificed in extensive tumours, 
and a partial or complete pinna excision performed.  Neck dissection, either 
selective or modified radical, can be performed depending on the presence of 
macroscopic disease; LNs of the parotid and upper neck are frequently included 
as part of the specimen. These techniques utilize the anatomy of the TB in 
establishing tumour-free margins and can be executed either en block or in a 
piecemeal fashion (10, 162). 

While SCC has been the most investigated and reported of the malignant 
ear and TB tumours, most EAC or middle ear malignant tumours behave in 
comparable manner, sharing also the largely poor outcome of SCC (198). EAC 
and middle ear AdCC is treated with local EAC resection, en bloc EAC resection, 
STBR, or TB resection so that the invaded sites are removed to attain complete 
tumour resection (11, 199). EAC/middle ear BCC is commonly managed with 
tumour excision that may involve LTBR if the tumor extends medial to the 
bony-cartilaginous junction or invades the anterior cartilaginous EAC and the 
parotid gland. For more extensive BCC tumours, LTBR with parotidectomy and 
neck dissection may be warranted (17). High-grade malignancies of the TB that 
extend to the petrous apex, involve dura, parenchyma or the Gasserian ganglion 
extensively, or invade along the skull base portend a poor outcome. In such 
extensive and largely inoperable tumours palliation may need to be considered 



43

Review of the literature

with concurrent chemoradiation therapy (19). Table 7 reviews the operative 
techniques of benign and malignant EAC and middle ear tumours. Figure 4 
shows the extent of surgical approaches in pictorial form.

 
Table 7. Operative techniques of benign and malignant EAC and middle ear tumours (10, 
16, 19).

Approach Details Best suited for

Transcanal/
mastoid/
facial recess

• removal of tumour via varying approaches
• the approach depends on the extent and 

location of the (benign) tumour

• benign tumours limited to the 
mesotympanum

Sleeve resection 
of EAC

• removal of cartilaginous EAC and some or 
all of the bony wall skin (no bone removal)

• split-thickness skin graft for reconstruction 
of the conchal bowl and EAC

• malignant tumours localized to 
the cartilaginous EAC

Lateral (partial) 
temporal bone 
resection 
(LTBR)

• en block removal of the cartilaginous, bony 
EAC, TM, and lateral ossicles (extended 
facial recess approach)

• parotidectomy, neck dissection, and 
mandibular condylectomy as possible 
adjunctive procedures (based on 
intraoperative and/or radiologic findings)

• malignant tumours localized 
to the bony EAC with no 
encroachment on the medial 
mesotympanum

Subtotal temporal 
bone resection 
(STBR)

• en block resection of the medial surfaces of 
the mesotympanum excluding (the air cells 
of) the petrous apex and portions of the 
bony labyrinth

• middle ear malignancies

Total temporal 
bone resection 
(TTBR)

• en block resection of the TB including the 
petrous apex and the sigmoid sinus and/or 
the petrous ICA

• high-grade tumour involving 
the petrous apex, ICA and/or 
extension outside of the petrous 
bone intracranially or towards 
the cavernous sinus 

Postauricular 
approach to the 
infratemporal 
fossa

• type A dissection: radical mastoidectomy, 
anterior transposition of CN VII, exploration 
of the posterior infratemporal fossa, and 
cervical dissection (permitting access to the 
jugular bulb, vertical petrous carotid, and 
posterior infratemporal fossa)

• type B dissection: exploration of the petrous 
apex, clivus, and superior infratemporal 
fossa

• type C dissection: exposure of the 
nasopharynx, peritubal space, rostral clivus, 
parasellar area, pterygopalatine fossa, and 
anterosuperior infratemporal fossa

• best access to the jugular 
bulb, ICA, petrous apex, clivus, 
pterygomaxillary fossa, and 
nasopharynx

CN, cranial nerve; EAC, external auditory canal; ICA, internal carotid artery; TB, temporal bone; TM, 
tympanic membrane
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Figure 4. An illustration of the extent of operative approaches for benign and malignant external 
auditory canal/middle ear tumours. Solid line denotes sleeve resection of the external auditory canal, 
dotted line lateral temporal bone resection (LTBR), and dashed line total temporal bone resection 
(TTBR). Image by Teija Hallenberg. 

 
 

6.7.5.2. Radiotherapy and chemotherapy 
 

RT is often used as the postoperative adjuvant treatment for advanced tumor stage (T3 and 
T4 disease) as well as for involved tumor margins, perineural invasion, and LN metastases. If 
RT is anticipated post-operatively in malignant EAC or middle ear tumours, the cavity should 
be obliterated because of the high risk of osteoradionecrosis in irradiated open cavities. 
Histologic post-irradiation changes in bone architecture include osteocyte death, and atrophy 
of the vestibule-stapedial (annular) ligament. The former leads to empty lacunae, and 
infiltration of bone by connective tissue, and the latter to fistulisation of the oval window 
(200). These osseous changes may, furthermore, lead to reduced resistance to malignant 
invasion. In some units, adjuvant chemotherapy is used to intensify adjuvant RT. It may also 
be used as supplementary therapy with RT in inoperable cases. There is, however, no 
comparative data to support its routine use (201). Importantly, different treatment regimens 
need to be carefully weighed up taking into account post-operative quality of life in late-stage 
disease (202). 
 
BCC is considered more radiosensitive than SCC and both adjuvant RT and primary RT have 
been successfully used for head and neck BCC (203). RT is recommended for TB BCC with 

Figure 4. An illustration of the extent of operative approaches for benign and malignant 
external auditory canal/middle ear tumours. Solid line denotes sleeve resection of the external 
auditory canal, dotted line lateral temporal bone resection (LTBR), and dashed line total 
temporal bone resection (TTBR). Image by Teija Hallenberg.

2.7.5.2 Radiotherapy and chemotherapy

RT is often used as the postoperative adjuvant treatment for advanced tumour 
stage (T3 and T4 disease) as well as for involved tumour margins, perineural 
invasion, and LN metastases. If RT is anticipated post-operatively in malignant 
EAC or middle ear tumours, the cavity should be obliterated because of the 
high risk of osteoradionecrosis in irradiated open cavities. Histologic post-
irradiation changes in bone architecture include osteocyte death, and atrophy 
of the vestibule-stapedial (annular) ligament. The former leads to empty lacunae, 
and infiltration of bone by connective tissue, and the latter to fistulisation of the 
oval window (200). These osseous changes may, furthermore, lead to reduced 
resistance to malignant invasion. In some units, adjuvant chemotherapy is used 
to intensify adjuvant RT. It may also be used as supplementary therapy with 
RT in inoperable cases. There is, however, no comparative data to support its 
routine use (201). Importantly, different treatment regimens need to be carefully 
weighed up taking into account post-operative quality of life in late-stage disease 
(202).

BCC is considered more radiosensitive than SCC and both adjuvant RT and 
primary RT have been successfully used for head and neck BCC (203). RT is 
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recommended for TB BCC with perineural invasion or positive margins (17). 
If facial weakness is witnessed in a patient with TB BCC, the cause should be 
assumed to be tumour invasion. Breen et al. recommend excising the affected 
nerve segment to negative margins with postoperative RT if perineural invasion 
of BCC is seen on histopathology (17). Post-operative RT reduces the risk of local 
recurrence of primary AdCC, and its use is often advocated (204). Primary RT 
is another treatment option for EAC/middle ear AdCC in suitable cases.

2.7.6. Follow-up, outcome, and prognosis

As with all benign and malignant TB tumors, the follow-up regime depends 
on the tumour in question. SCC’s five-year survival rates range from 10% for 
advanced disease to 94.8% for SCC confined to the EAC without bone erosion (T1 
disease), survival depending mostly on tumour stage and treatment protocols 
(81, 192, 205, 206). In general, both the extent and differentiation of the tumour 
are the most important determinants of survival, and advanced disease carries a 
dismal prognosis (162). Pre-operative facial weakness alone predicts a dire five-
year disease-specific survival, similar (19.1% vs 22.9%) to cases staged as T4 using 
the modified Pittsburgh system (178). Other disease factors associated with poor 
prognosis include nodal involvement, poorly differentiated cell type, positive 
surgical margins, dural invasion, and recurrent disease (12, 15, 207). Anterior 
TB SCC that spreads to the parotid gland or to the temporomandibular joint 
seems to carry a better prognosis than SCC that spreads medially or posteriorly 
to the otic capsule, mastoid, infralabyrinthine area, or parapharyngeal spaces 
(45, 75). According to a recent literature review, neck dissection does not improve 
survival in node-positive disease (162).

In general, TB BCCs tend to have better prognosis than TB SCCs (17). If 
a locally aggressive BCC can be excised with negative margins, high survival 
rates can be achieved (208). BCC that impinges upon or invades the EAC is 
linked to a higher risk of local recurrence (209). Cutaneous BCC is commonly 
associated with better outcome than cutaneous SCC (210). AdCC’s local and 
distant recurrences are common despite surgical resection and post-operative 
RT (211). Distant metastasis occurs in 36–62% of cases often without the 
development of locoregional disease (212). Development of distant metastases 
lowers the five- and ten-year survival down to 70% and 29%, respectively (213). 
This contrasts with AdCC’s otherwise favourable overall survival rates.

2.7.7. Recurrent disease and its treatment

The frequency of local recurrence of EAC/middle ear SCC is relatively high, and 
salvage treatment is often associated with a dismal outcome (214). EAC/middle 
ear BCC recurrences are usually local and amenable to re-resection and adjuvant 
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RT (17). Early studies of vismodegib, a drug that targets the Hedgehog signaling 
pathway, have demonstrated impressive results, however not without concerns 
(215). There are no consensus guidelines for the treatment of recurrent EAC/
middle ear AdCC. Ishida et al. note that salvage surgery of either locoregional 
recurrence or resectable lung metastases may lead to long-term survival (216). 
In contrast to this, Miller et al. comment that treatment options for patients with 
recurrent or metastatic AdCC are often palliative in nature (217). A recent study 
outlines several ongoing clinical trials for patients with recurrent or metastatic 
AdCC. Of these, epigenetic pathways, and genes encoding for the transcription 
factor MYB and the transmembrane receptor NOTCH1 emerge as the most 
appealing research targets (218).
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3 AIMS OF THE STUDY

The aim of this study was to review and discuss the diagnostic modalities and 
treatment approaches of benign and malignant TB and selected upper neck 
tumours.

The specific aims of the individual studies were: 
1. To review diagnostic and treatment approaches of HNPGs (Studies I and II), 

head and neck PSs and PNs (Study III), and EAC and middle ear tumours 
(Study IV).

2. To define a follow-up regime for HNPGs (Study I), and JTPGs (Study II).
3. To propose an algorithm for the treatment of HNPG patients with a SDH 

subunit genetic mutation (Study I).
4. To outline optimal ways to manage PSs and PNs (Study III).
5. To discuss ways to improve outcome and prognosis of benign and malignant 

TB and upper neck tumours (Studies I–IV). 
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4.1. Study I: Head and neck paragangliomas

Study I reviewed the clinicopathologic records of all histologically confirmed 
HNPGs managed at the Helsinki University Hospital during a 21-year period 
between January 1, 1990, and December 31, 2010. The patients were collected 
from the archives of the Department of Pathology. Patients’ clinical, operative, 
radiologic, and pathologic records were reviewed. Sixty-four patients with 
altogether 74 HNPGs were included in the study. Data on age, sex, symptoms, 
tumour location and quantity, the timing of diagnosis, genetic aetiology, 
embolization, Charlson’s Comorbidity Index, management, and follow-up were 
recorded. Overall and disease-specific survival data were provided by the 
Statistics Finland. Non-cancer deaths were censored when calculating disease-
free survival.

4.2. Study II: Jugulotympanic paragangliomas

Study II reviewed the clinico-radio-pathologic records of all patients with a 
histologically confirmed JTPG who were treated with curative intent at the 
Helsinki University Hospital during a 40-year period between January 1, 1974, 
and December 31, 2013. Study II partly consisted of the same population as 
Study I. Clinical and patient-related factors were collected similarly to Study I. 
The JTPGs were categorized according to the modified Fisch classification and 
pre- and post-operative CN VII function according to the House–Brackmann 
scale. All Fisch Class A tumours as well as the early Class B tumors were operated 
on by an otorhinolaryngologist. Since the 1990s, Fisch Class B–D tumours were 
treated at a Neurosurgical Department with access to a neurosurgical intensive 
care unit. These later tumours were operatively treated by a skull base surgeon/
otologist unless there was intracranial extension that necessitated collaboration 
with a neurosurgeon. 
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4.3. Study III: Plexiform schwannomas and plexiform 
neurofibromas

Study III reviewed the pathology files of the Helsinki University Hospital and 
Turku University Hospital tertiary-care academic centres for PSs and PNs over a 
31-year period (1990–2020). Two PSs and six PNs were identified. These patients’ 
medical charts were reviewed for patient and tumour characteristics as well as 
for operative, pathologic, and radiologic details. The results were reported as 
a case series. 

4.4. Study IV: Ear canal and middle ear tumours

Study IV reviewed the Helsinki University Hospital clinico-pathologic files 
of all patients with a clinically confirmed EAC or middle ear tumour over a 
14-year period (January 1, 2005, to December 31, 2018). Data was recorded 
on demographics, symptoms, time of diagnosis, tumour location and stage, 
histologic diagnosis, risk factors, and management, including imaging, analysis 
of operative techniques, as well as follow-up. Carcinomas were staged using 
the 8th edition of TNM Classification for Malignant Tumours (219). Survival 
status was updated in July 2021 using the Helsinki University Hospital electronic 
patient records. 

4.5. Statistical analyses and ethical considerations

Statistical analyses of Studies I, II, and IV, were carried out using a computerized 
software package (SPSS, versions 19.0, 21.0, and 27.0, Chicago, IL, USA). Median 
follow-up time of Study I was calculated using the “reverse K-M method” as 
described by Schemper and Smith  (220). All studies were retrospective case-
note studies without additional interventions and thus formal Research Ethics 
Board approval was not necessary. Nevertheless, an approval was obtained from 
the Helsinki University Hospital Research Ethics Board for Study IV (record 
number: 289/13/03/02/2014). An institutional (Helsinki University Hospital) 
research permission was granted for all studies apart from Study III, for which 
both Turku University Hospital and Helsinki University Hospital institutional 
study permissions were obtained.
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5.1. Study I: Head and neck paragangliomas

In total, 64 patients with 74 tumours were diagnosed and treated for HNPG at 
the Helsinki University Hospital between 1990–2010. The incidence rate was 1.8 
new cases per 1,000,000 persons per year. Of the 64 patients, 23 (36%) were 
male and 41 (64%) female (median 56, range 21–73 years). The most frequent 
presenting symptoms were hearing loss/tinnitus (41%), and a neck mass (42%). 
Twenty-seven (36%) tumours were CBTs, 19 (26%) JPGs, 16 (22%) TPGs, and 11 
(15%) VPs. One tumour was positioned in the dorsal neck. Three patients had a 
malignant HNPG. Genetic testing was not routinely offered. 

Most (95%) patients (62 patients with 68 tumours) were treated with primary 
surgery. Two patients received primary RT (one patient refused surgery, and the 
other had an inoperable HNPG). Preoperative embolization was carried out in 17 
operations. Patients were followed up without a set guideline. The median follow-
up time was 4.6 years (range, 0–18.8). Four (6%) patients died of the disease. 
Two of the four patients died of tumour progression of their malignant tumours. 
The remaining two died of: a) a stroke on first post-operative day; and 2) fatal 
myocardial infarction and pulmonary oedema on the third post-operative day. 
Altogether 15 patients died during follow-up. The mean overall survival time 
was 17.8 years, while the mean disease-specific survival time was 21.3 years. 
Residual tumour was left in situ perioperatively in 13 (20%) operations. Nine of 
the 13 tumours were treated with either secondary surgery or surgery and RT, 
whereas four patients received post-operative RT. 

During follow-up, four (6%) patients had a local recurrence. Three recurrences 
were treated with RT and one with surgery. All operatively treated VPs as well 
as 86% of JPs, 67% of CBTs, and 47% of TPGs suffered a short or long-term 
post-operative complication. Vocal cord paralysis, present mostly in VPs, was 
the most common long-term post-operative complication followed by a hearing 
deficit, that was mostly present in TPGs.

Study I recommended family history to be collected and genetic consultation 
to be organized for all HNPG patients. An algorithm was proposed for the 
treatment of patients with a SDH subunit genetic mutation (Figure 5).
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Figure 5. Study I’s proposal for SDHx-related head and neck paraganglioma patient’s/patient’s relatives’ 
medical treatment. *If a SDHD mutation is inherited from the maternal side, genetic counselling should be 
offered (no need for radiologic screening). 18F-DOPA PET, F-dihydroxyphenylalanine positron emission 
tomography, HNPG, head and neck paraganglioma; PG, paraganglioma; SDH, succinate dehydrogenase. 
Reproduced with slight modifications with permission from Springer Nature (221).  
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Figure 5. Study I’s proposal for SDHx-related head and neck paraganglioma patient’s/
patient’s relatives’ medical treatment. *If a SDHD mutation is inherited from the maternal 
side, genetic counselling should be offered (no need for radiologic screening). 18F-DOPA 
PET, F-dihydroxyphenylalanine positron emission tomography, HNPG, head and neck 
paraganglioma; PG, paraganglioma; SDH, succinate dehydrogenase. Reproduced with slight 
modifications with permission from Springer Nature (221). 

5.2. Study II: Jugulotympanic paragangliomas

A total of 36 patients were included in the study of which 18 (50%) had a TPG, 
11 (31%) a JP, and seven (19%) a JTPG. There were 10 (28%) men and 26 (72%) 
women with an average age of 55 years (range, 24–73). The population-based 
annual incidence of JTPGs was 0.5 cases per 1,000,000 inhabitants. Genetic 
testing was not routinely carried out. The main presenting symptoms were 
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pulsatile tinnitus and hearing loss. Seven (19%) patients presented with one or 
two simultaneous CN palsies in CNs VII, X, XI, and XII. 

All patients had radiologic imaging pre-treatment. Preoperative embolization 
was used in large Fisch Class B-D tumours. Thirty-four (94%) patients were 
managed with primary surgery and two (6%) with primary RT. The surgical 
techniques included endaural approach for Fisch Class A tumours. Variable 
surgical approaches were utilized in the removal of Fisch Class B-D tumours 
in the 1970s and 1980s. In the 1990s and the first half of the 2000s, Fisch 
Class B-D tumours were resected via the infratemporal fossa approach, which 
included transposition of CN VII, excision of the cranial end of the jugular 
vein, and ligation of the sigmoid sinus. Between the years 2007 and 2017, the 
infratemporal fossa approach included keeping CN VII in its bony recess, ligating 
the internal jugular vein, and packing the cranial end of the sigmoid sinus to 
preserve function of the CNs. 

The mean follow-up time was 6.1 years (range, 0.5–37). One patient died 
of stroke within 24 hours following surgery due to bleeding obstructing the 
fourth ventricle. In eight (24%) cases, a residual was left in situ perioperatively 
or was found within a six-month post-operative period. Five (15%) patients 
experienced a local recurrence during follow-up. One patient experienced a 
second recurrence 14 years after primary surgery. Four of the five preoperatively 
paralyzed CNs recovered their function post-operatively. Four (11%) surgically 
managed patients suffered a new long-term CN palsy post primary surgery out 
of which two (6%) were left with a permanent CN deficit. The short-term CN 
complications included deficits in CNs VII, X, IX, XI, XII, VIII, and VI, and 
the long-term complications deficits in CNs X, VII, and XI – in the order of 
prevalence.

5.3. Study III: Plexiform schwannomas and plexiform 
neurofibromas

The medical charts of two PSs and six PNs were reviewed for patient and tumour 
characteristics, and for operative, pathologic, and radiologic details.

A previously fit and well 48-year-old man (case 1) presented with a tonsillar 
PS, which was first biopsied and later partially removed through an intraoral 
approach. At the first-month post-operative appointment, Horner syndrome and 
First bite -syndrome were diagnosed as post-operative complications, which 
resolved over the following eight months. There was no growth in the remaining 
PS over a six-year uneventful follow-up period. 

A 76-year-old man (case 2) with NF1 presented with EAC, right cheek, and 
sublingual PNs. Five EAC PNs were removed through an endaural incision. 
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Stapedotomy was performed eight months after primary surgery for PNs causing 
stapes fixation. The post-operative period was uneventful, and the patient has 
remained well in annual reviews. 

A 48-year-old man (case 3) with NF1 presented with recurrent OE, and 
painful PNs in the right cheek, parotid gland, ear, and chin. Surgical removal 
of the EAC and retroauricular PNs was undertaken without complications. The 
patient was followed up for 10 years before discharge from the clinic. 

A 34-year-old woman (case 4) with NF1 presented with an extensive 
retrobulbar PN. An US-guided sclerotherapy was given to the PN with a 2 ml 
etoxisclerol and 3 ml air-mix. The patient experienced immediate vision loss upon 
recovering from anaesthesia for which intravenous cortisone was administered 
as treatment. CT showed emphysema in the orbital and periorbital PN nodules. 
Because of ongoing ophthalmodynia and exophthalmos, the retrobulbar PN was 
later partially removed through a subciliary approach. Minor decrease was 
seen on MRI in the size of the anterior part of the tumour seven months post 
treatment. The patient has been reviewed annually and continues to suffer from 
sensation of compression and pain in her neck. 

A 41-year-old woman (case 5) presented with right-sided neck swelling and 
otalgia. A tumorous submandibular gland was discovered and thence removed 
with a histological finding of schwannoma. A mid-neck incision was performed 
for removal of PN surrounding the lingual nerve. A year later, two PNs were 
removed from the floor of the patient’s mouth via mid-neck approach. Ten 
months later, five PNs were removed from the same area. In the following 16 
years, seven further operations were undertaken to control PN growths in the 
floor of the patient’s mouth. The patient remains under annual follow-ups. Her 
current symptoms include difficulty speaking due to residual PN growths in 
the floor of the mouth.

A two-year-old boy (case 6) with NF1 presented with diffuse cheek swelling. 
An MRI scan revealed a diffusely infiltrative enhancing lesion in the temporal 
and infratemporal masticator space, buccal fat pad, and lateral part of the orbit. 
Radiologically the lesion was consistent with an extensive PN, which was later 
confirmed by a biopsy. The patient has been followed up annually for the past 
15 years (Figure 8). Control MRI scans have revealed PN growth particularly 
around the zygomatic arch. 
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Figure 6. Case 6 magnetic resonance image (MRI) scans taken at the age of two (left) and 
17 (right). The arrows display the slow growth of the left, largely superficial, facial plexiform 
neurofibroma (PN). Reproduced with permission from Wolters Kluwer (222).

A 45-year-old woman (case 7) with NF1 presented with facial swelling and 
increase in known exophthalmos. Fronto-orbital craniotomy using coronal 
incision was undertaken for removal of the orbital PN and buccal PNs. Six years 
later, a multinodular residual tumour was seen to extend from the right orbit 
to the cavernous and sphenoid sinuses as well as to the pterygopalatine fossa 
and the ICA. The patient underwent altogether five further craniotomies/lateral 
craniotomies for removal of PNs from the sphenoid sinus, the intratemporal 
fossa, lateral part of the cavernous sinus, lateral part of the orbit, as well as the 
parapharyngeal space. Because PNs had eroded most of the mandibular ramus, 
mandibular osteotomy was performed as part of the latest operation. The patient 
continues to be reviewed annually and currently receives analgesic treatment 
for trigeminal neuralgia.

A three-year-old boy (case 8) with epiretinal membranes presented with two 
adjacent parietal swellings, which were later operatively removed. The histology 
was initially consistent with PNs but changed to PSs after re-examination of the 
pathological specimen. The patient was later diagnosed with NF2 and continues 
to be reviewed biannually by paediatric surgeons.
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5.4. Study IV: Ear canal and middle ear tumours

Altogether 87 patients with 88 EAC or middle ear tumours were identified. 
The population-based annual occurrence of this select group of EAC/middle 
ear tumours was 0.5 per 100,000 inhabitants. There were 41 (47%) men and 
46 (53%) women with a median age of 57 (range, 1–90). There were 56 (64%) 
benign and 32 (36%) malignant tumours (Table 8). 

 
Table 8. The breakdown of tumours to benign and malignant in the order of prevalence. 
Reproduced and slightly modified with permission from Taylor & Francis Group (223).

Benign 56 (64%) Malignant 32 (36%)

EAC 20 (23%) Middle ear 36 (41 %) EAC 29 (33%) Middle ear 3 (3 %)

Haemangioma 5 (6%) PG 16 (18%)
•  TPG 10 (10%)
•  JTPG 5 (6%)
•  JPG 1 (2%)

SCC 10 (11%)
• T1N0M0 (n = 4)
• T2N0M0 (n = 2)
• T3N0M0 (n = 1)
• T3N2M1 (n = 1)
• T4N0M0 (n = 1)
• T4N1M0 (n = 1)

Metastasis from 
parotid cancer 1 (1%)
• T0N3M0

Ceruminoma 3 (3%) Meningioma 12 (14%)
• sigmoid sinus/

jugular foramen  
5 (6%)

• Intraosseus 3 (3%)
• skull base/jugular 

foramen 2 (2%)
• CPA 1 (1%)
• middle fossa 1 (1%)

Metastasis: 6 (7%)
• Lung cancer 1 (1%) 
• ccRCC 1 (1%)
• Myeloid sarcoma 1 (1%)
• AML 1 (1%)
• ALL 1 (1%)
• Melanoma 1 (1%)

AdCC 1 (1%)
• T1N0M0

Syringocystadenoma 2 (2%) Schwannoma 5 (6%)
• vestibular 3 (3%)
• facial nerve 2 (2%)

AdCC 6 (7%)
• T1N0M0 (n = 3)
• T3N0M0 (n = 1)
• T4N0M0 (n = 2)

Malignant PG 1 (1%)
• grade II

Neurofibroma 2 (2%)
• 1 (1%) plexiform

Neurofibroma 1(1%)

Dermoid cyst 2 (2%) Adenoma 1 (1%)

Haemangiopericytoma 1 (1%) GCT 1 (1%)

Sebaceous adenoma 1 (1%) BCC (nodular) 5 (6%)

Squamous cell papilloma 1 (1%)

Amyloidosis 1 (%) MEC 1 (1%)
• T1N0M0

Myxoma 1 (1%)

Vascular malformation 1 (1%) Ca ex PA 1(1%)
• T2NxM1

AdCC, adenoid cystic carcinoma; ALL, acute lymphoblastic leukaemia, AML, acute myeloblastic 
leukaemia; BCC, basal cell carcinoma; Ca ex PA, carcinoma ex pleomorphic adenoma; ccRCC, clear 
cell renal cell carcinoma; CPA, cerebellopontine angle; EAC, external auditory canal; GCT, giant cell 
tumour; JPG, jugular paraganglioma; JTPG, jugulotympanic paraganglioma; MEC, mucoepidermoid 
carcinoma; PG, paraganglioma; TPG, tympanic paraganglioma
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The main presenting complaints are outlined in Figure 7. The median diagnostic 
delay was 17 months for SCC, 11 months for BCC, 24 months for AdCC, and 
eight months for the benign tumours. Fifty (89%) benign tumours received 
primary resection, four (7%) were followed up without active treatment, and two 
(4%) received primary RT. Twenty-seven (84%) malignant tumours underwent 
primary resection, and one received primary RT. Three (9%) EAC metastases 
were followed up with palliative intent, and one (3%) patient received palliative 
RT. CN VII was sacrificed in three extensive, malignant tumours. EAC was 
closed as part of the LTBR, STBR, as well as in three widespread tumours. There 
were no major intraoperative complications or deaths in this study. 
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Figure 7. Presenting symptoms of patients with benign and malignant external auditory 
canal (EAC) and middle ear tumours. Reproduced and slightly modified with permission 
from Taylor & Francis Group (223).

The median follow-up time was 46 months (range, 1–192) for benign and 42 
months (range, 1–192) for malignant tumours. Six (12%) patients with a benign, 
and eight (25%) with a malignant tumour experienced short-term complications. 
Three (6%) patients with a benign and eight (25%) with a malignant tumour 
experienced long-term complications. CN VII palsy was the most frequent short-
term and long-term complication. Two major post-operative complications were 
recorded: 1) CN IX palsy on the first post-operative day; and 2) haematemesis 
(bleeding duodenal ulcer), both of which resolved with treatment. Twenty-four 
(31%) of the 77 patients that received primary surgery had a residual tumour. Of 
the residual tumours, 12 were benign and 12 malignant. Both benign tumours 
that were treated with primary RT had a residual tumour. Six of the benign 
residuals were resected, two resected (one twice) followed by post-operative 
RT, and four followed up with imaging (MRI). Seven of the malignant residuals 
received RT, three were resected (one twice) followed by post-operative RT, 
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and two received chemotherapy and palliative RT. Three patients experienced 
tumour recurrence during follow-up (GCT, AdCC, and AdCC/malignant PG), 
which brought the combined residual/recurrence rate to 35%. The recurrences 
were later resected. Twenty (23%) patients had died by the end of the follow-up 
period. 
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This thesis reviews and discusses the diagnostic and management strategies of 
TB and selected upper neck tumours in view of the four published articles and the 
current literature. Tumours in these intricate areas present in numerous forms 
that, in turn, come with varying treatment demands. Most benign tumours 
can be cured by local excision, while some demand multidisciplinary state-
of-the-art treatment methods. Many malignant TB tumours portend dismal 
prognosis unless diagnosed early. Shortening the diagnostic delay is the best 
way to improve the outcome for these patients. As our understanding of the 
molecular characteristics of TB and related tumours’ pathophysiology unravels, 
emerging pharmacologic approaches may aid to individualize the management 
of these occasionally deadly tumours.   

6.1. Study I: Head and neck paragangliomas

This study reviewed the management of HNPGs over a 20-year period to improve 
HNPG diagnostics, management, outcome, and prognosis. HNPGs are mostly 
slow-growing but hereditary syndromes, younger age, and intermediate tumour 
size are known to be associated with increased growth (90). Patients’ overall 
health status, possible CN and catecholamine-associated symptoms, as well 
as tumour characteristics—mainly location, size, and growth speed—influence 
treatment decisions. Treatment approaches include the conservative “wait-and-
scan” approach, surgery, RT or stereotactic radiosurgery, or their combination. 
Surgery aims for total tumour extraction, whereas the goal of RT is to arrest 
tumour growth. Active surveillance (“wait-and-scan”) aims to avoid the potential 
morbidity from surgery or RT, whilst determining a suitable time for possible 
intervention (224). 

Study I discovered that surgical treatment of HNPGs should be carefully 
planned to consider patients’ preoperative state and the expected post-operative 
comorbidities. The risk with the “wait-and-scan” approach is the development 
of new or worsening symptoms during the observation period. Study I found 
that if surgery is opted for, it is often challenging, warranting a multidisciplinary 
approach. If surgery or RT is chosen, post-treatment morbidity may, in addition, 
be significant. Complications connected with surgical resection of HNPGs 
include hearing loss, dysphagia, dysphonia, CN VII palsy, stroke, cerebrospinal 
fluid leak, and in some cases even death (225). Concerns regarding long-term 
risks of RT include radiation induced malignancy, bone and brain necrosis, 
and stroke following RT to the neck and skull-base region, especially in young 
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patients (226). As HNPG is recognized to be largely indolent, there has been an 
increasing trend towards conservative management (224). 

When making decisions about HNPG management, tumour location is 
critically important. Valero et al. classified HNPGs to CBTs and non-CBTs based 
on higher rate of adverse outcomes and morbidity when operating on non-CBT 
HNPGs (94). This distinction provides an important viewpoint for treatment 
decisions.

The risk of post-treatment recurrence has been reported to be less than 
10% in HNPGs, however, the percentage rises for those with familial disease 
(111, 227, 228). The median time to recurrence is 5.1 years in HNPGs (4). Our 
study reported a 6% local recurrence rate with recurrences taking place up to 
10.8 years after primary surgery, which is in line with the literature. While the 
British Skull Base Society Clinical Consensus on the Management of HNPGs 
recommends yearly imaging for the first three years with reduced follow-up 
intervals thereafter (123), little guidance exists in the literature regarding the 
ideal follow-up duration. Two recent studies of 103 and 189 HNPGs reported 
a median follow-up time of 3.0 and 8.6 years, respectively (94, 229). Our 
department’s prior follow-up schema (four-year follow-up) of HNPG patients 
was thus found to be too short (Study I). The European Society of Endocrinology 
advocates a minimum ten-year post-treatment follow-up time for HNPG patients 
with a recommendation of life-long follow-up for high-risk patients (227). While 
recommendations regarding the ideal follow-up time continue to emerge, no 
internationally accepted guidelines are available.

Genetic testing has been advised to be part of the work-up for all HNPG 
patients for over ten years (230). Testing can both find patients’ relatives who 
may be at risk of developing a HNPG, as well as enable optimal investigations, 
follow-up, and treatment to be planned for mutation carriers (231). Chronic 
hypoxia related to e.g. living at high altitude, has long been known to be a 
risk factor for PGs, particularly for CBT, mainly in women (232). Ten genes 
related to pseudohypoxia-related pathways have been identified in HNPGs (233). 
SDH enzyme, that acts as a critical component between the Krebs cycle and 
the electron transport chain in mitochondria, is the predominant pathway in 
HNPGs (233). SDH is a multiprotein complex composed of SDHA, SDHB, SDHC, 
and SDHD proteins, and a SDHAF2 assembly factor. The loss of SDH through a 
mutation in any of the genes encoding for its component proteins results in ATP 
production through glycolysis, an inferior and less efficient energy production 
process. These changes in the pathway also enable tumour cell growth in low 
oxygen environments. There has been discussion about which genes should 
be included in the testing, with some arguing that SDHD, SDHB and SDHC 
are adequate (233), while others advise other, infrequent, mutations to be also 
included in the testing (92). The Endocrine Society and European Society of 
Endocrinology both recommend that patients presenting with HNPG should be 
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screened for SDHD, SDHB, and SDHC mutations, with targeted screening seen 
appropriate in cases of syndromic presentation (109, 227). In a recent study by a 
Norwegian group, the genetic testing panel has consisted of genetic sequencing 
and Multiplex Ligation-dependent Probe Amplification for mutations in SDHD, 
SDHB, SDHC, VHL, and RET (85). Study I proposed a treatment algorithm for 
SDHx-related HNPG patients or patient’s relatives that included a suggestion for 
genetic screening and consultation, clinical examination, imaging, and hormonal 
screening work-up. Study I added understanding to this quickly evolving area 
of HNPG genetics, where no universally accepted genetic screening guidelines 
are available. 

6.2. Study II: Jugulotympanic paragangliomas

JTPGs are slow-growing, vascular tumours that involve several different 
lateral skull base subsites with or without intracranial involvement. JTPGs 
have historically been treated aggressively, with gross total resection resulting 
in considerable post-operative morbidity, at times even mortality (234, 235). 
This is well demonstrated in a retrospective study that reviewed 79 operatively 
treated HNPG patients between 1986 and 2017, where 20% of patients with a 
CBT suffered from post-operative CN deficit compared to 95% of patients with 
a non-CBT tumour (94).

The contemporary management of JTPGs has included observation, RT, and 
microsurgical resection (236). The emergence of subtotal resection (STR) has, 
reportedly, minimized the risk of lower CN dysfunction (237). Furthermore, 
salvage RT has been successfully used to gain control of residual or recurrent 
tumour growths (237, 238). A study by Jansen et al. recommends surgery for 
Fisch class A and B JTPGs and RT for class C and D tumours. RT was noted to 
result in lower complication rates and similar or better local control rates than 
operated JTPGs (239). The recent Consensus document by the British Skull Base 
Society advocates fractionated RT for the majority of large or growing JTPGs, 
reserving surgery for symptoms not adequately addressed by RT or for salvage 
treatment following failure of RT (123, 240, 241). Of the surgical techniques, STR 
was recommended for preservation of lower CN function, and post-operative RT 
for any residual disease (123). Type C and D JPGs/JTPGs were noted to require 
blind sac closure with removal of the malleus and incus. Contrary to this, Study 
II notes that blind sac closure of the external ear was not recommended unless a 
cerebrospinal fluid fistula is seen or there is a high suspicion of it intraoperatively. 
Decisions about intraoperative steps, like about JTPG management in general, 
require a complex reconciliation of multiple patient and disease variables on a 
case-by-case basis (236). The Consensus document advises against transposition 
of the facial nerve in patients with a normal preoperative CN VII function. The 
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reason for this is the significant risk of long-term CN VII palsy even if CN VII 
transposition does improve access to the tumour and minimizes the risk of 
CN VII damage during resection. Study II similarly recommends keeping the 
CN VII in its bony recess, which enables superior and inferior approach to the 
tumour (i.e., the fallopian bridge technique). In case of intradural extension, the 
Consensus document recommends intracranial portion to be removed first to 
reduce the risk of intracranial bleeding and persistent cerebrospinal fluid leak 
into the neck (123).  

Manzoor et al. recommend tailoring STR to the extent of JPG/JTPG (108). 
Extended STR is recommended to be reserved for high-volume disease with 
substantial cervical and infratemporal fossa component, and limited STR for the 
removal of mastoid and middle ear tumour component of the tumour. Patients 
with significant intracranial tumour involvement were noted to benefit from 
multidisciplinary microsurgical removal of the tumour’s intracranial component. 
Such individualized, targeted STR based on the extent and location of the tumour 
was noted to result in lower rates of post-operative CN neuropathies. Study II 
reviewed the surgical approaches for Fisch Class A-D tumours over the past 
four decades. Radical surgery was recommended for JTPGs if complete tumour 
removal is possible without sacrificing vital structures. Yildiz et al. recommend 
surgery for small TB PGs, and STR for Fisch Class C and D tumours (242). 
Similarly, Study II recommended function-preserving surgery (i.e., STR) with 
or without adjuvant RT if CNs VII–XII are in danger. These recommendations 
are in line with the already discussed studies (108, 123).  Study II confirmed RT 
to show great potential for local tumour control in case of inoperable JTPGs. 
This is in line with a recent update study by Lin et al. (119).

In Study II, one patient had a second recurrence 14 years post primary 
surgery. Study II thus recommended a 10-year (minimum) follow-up for Fisch 
Class B–D JTPGs. A shorter follow-up was considered adequate for radically 
resected Class A tumours. These recommendations are in agreement with the 
Consensus document (123). As the mean growth rate for JTPGs is 0.4 mm per 
annum, individualization of not only the treatment approach but also the follow-
up time would seem fitting (243). 

In conclusion, the treatment approaches of these slow-growing tumours 
have moved towards function-preserving STRs with or without ensuing RT. 
Because of the complexity of JTPG and patient factors, individualization of both 
JTPG management and follow-up schema is crucial. While up-front surgical 
management is no longer considered the optimal treatment approach for 
HNPGs, it should be remembered that surgery is still the backbone of secretory 
and malignant tumour treatment (94). 
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6.3. Study III: Plexiform schwannomas and plexiform 
neurofibromas

Most PSs arise in the skin or superficial soft tissue of the head and neck region 
or in the extremities. Both the clinical presentation and the reported age 
range of patients with PS varies widely (139). Surgical excision of PSs has been 
shown to be mostly curative, and the recurrences have been thought to possibly 
represent incompletely excised lesions (151). Unlike PNs, PSs demonstrate weak 
association with neurofibromatosis and possess no malignant potential (151). 
In Study III, PSs occurred in the tonsillar area and scalp with varying clinical 
symptoms and ages at presentation. While PSs show predilection for the head 
and neck region, tonsillar PS is extremely uncommon (244). In Study III, both 
PSs were debulked with good effect showing no residual symptoms, supporting 
findings in the literature.

While being very uncommon as isolated lesions, PNs appear in 5–50% 
of patients with NF1 (142, 245). Surgery, RT and observation are considered 
the three main treatment approaches for PNs (246). Study III discovered that 
sclerotherapy may offer an alternative treatment option for cutaneous but not 
for retrobulbar PNs. While orbital-periorbital PNs have been known to affect 
approximately 10% (1–22%) of patients with NF1 (247), there are no reports in 
the literature about the use of sclerotherapy for retrobulbar PNs. As sclerotherapy 
was used in one patient only, further experience of its use for cutaneous PNs 
is also warranted. 

Approximately 7–17% of PNs occur as solitary lesions, particularly on the 
scalp, as well as in the head and neck, abdominal, and pelvic regions. Patients 
with isolated head and neck PNs are believed to have segmental NF1 related to 
postzygotic mosaicism in the NF1 gene (248). Mutations that take place earlier 
in the development produce a generalized NF1 phenotype, and mutations that 
occur after tissue differentiation may lead to a more localized clinical appearance 
(249). Five of the six patients in Study III had NF1-related PNs. Stallworth et 
al. discovered an activating KRAS mutation and an inactivating mutation in 
PHF6 behind segmental PN involving a unilateral eyelid without evidence of 
NF1 mutation in germline or the tumour (248). In Study III clinical geneticists 
failed to establish neurofibromatosis behind case 5’s PNs. KRAS mutations have 
been described in e.g., sporadic schwannomas, while PHF6 protein has been 
classically seen in T-cell acute lymphoblastic leukaemia. It seems plausible that 
genetic analyses may reveal similar activating or inactivating mutations behind 
isolated, segmental non-neurofibromatosis related PNs in the future. 

Unlike other types of neurofibromas, the normally benign PN harbours 
potential for malignancy. NF1-associated MPNSTs are highly aggressive 
sarcomas that display high rates of local recurrence and distant metastases, 
and thus show dismal five-year survival ranging 20-50% (250). The management 
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of NF1-associated PNs is thus often both extremely challenging and important. 
In Study IV cases 5 and 7 underwent up to eleven PN resections without 
eradication of the tumour. PNs can, regrettably, involve deep-seated tumours 
that may be inoperable due to the involvement of multiple nerve fascicles or 
other critical structures particularly in the head and region. As both patients 
have continued to suffer from significant postoperative sequalae, Study III 
emphasized the importance of balancing risks of surgery with non-operative 
treatment. Oral MEK inhibitors have shown significant decrease in tumour 
volume in children and adolescents with inoperable, symptomatic PNs (23). 
A multicenter study stated the risk-benefit assessment of the MEK inhibitor 
selumetinib to be favourable (251). A recent study reported two young adults with 
NF1 who developed MPNST after starting MEK inhibitors (252). The authors 
call for analyses on MEK inhibition on malignant transformation of PN in adults 
with NF1.

Different aspects of mainly PNs’ management are reviewed in the Discussion 
section of Study III. The timing and extent of possible surgical resection is of 
essence. More studies are evidently needed on the safety of MEK inhibitors. A 
recent study stressed the importance of understanding PN’s microenvironment, 
node signalling pathways, and non-coding RNA as potential targets of future 
therapies in NF1-related tumours (253). An epidemiological study by Iheanacho 
rightly highlighted the need for better overall management choices for 
minimization of disease burden—particularly pain and morbidity from surgery—
in NF1-associated PNs (141). Ongoing studies provide a glimmer of hope for this 
still difficult-to-manage disease.

6.4. Study IV: Ear canal and middle ear tumours

Study IV reported that although being rare or extremely rare, EAC and middle 
ear tumours show great diagnostic and histopathologic heterogenicity. This is 
evident in the literature where EAC and middle ear tumours are nearly always 
discussed as specific disease entities, mostly on a case-report basis (19). Benign 
tumours range from harmless to locally destructive. Where many mesenchymal 
tumours such as haemangioma behave expectedly and can be excised completely 
(173), TB GCTs and other locally destructive tumours can be exceedingly 
challenging to manage (175). For benign ceruminous gland tumours such as 
ceruminous gland adenoma and ceruminous pleomorphic adenoma, wide local 
excision to negative margins is essential to prevent recurrence (174). Study IV 
advocated aggressive local surgical control without sacrificing vital structures 
for most benign EAC/middle ear tumours. Local surgical control with or without 
adjuvant RT and/or chemotherapy was recommended for malignant EAC and 
middle ear tumours. Study IV recommended LTBR for the removal of EAC/ 
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(middle ear) SCC and AdCC because it allowed good tumour control and because 
its most common (but still rare) complication CN VII palsy mostly resolved 
with time.  

A recent study discovered that lack of knowledge of microscopic tumour 
growth in the different sites and subsites of the TB is an important pitfall of 
surgery on advanced TB SCC (254). Mutation of the tumour suppressor gene 
TP53 plays a role in the pathogenesis of cutaneous SCC in 54–95% of cases 
(255, 256). Mutations of TP53 are induced by ultraviolet radiation, which 
enables tumour cells to circumvent apoptosis and to promote clonal expansion 
of p53 mutant keratinocytes (257). This results in genomic instability, which is 
worsened by further mutations in other tumour suppressor genes (e.g., CDKN2A 
and NOTCH), and oncogenes (e.g., RAS) (258). Importantly, overexpression of 
EGFR, growth-inducing tyrosine kinase receptor, is common in cutaneous SCC. 
It is associated with more aggressive SCC phenotype and thus poorer prognosis 
(259). Tumour microenvironment is equally important in the pathogenesis of 
cutaneous SCC. Inflammation is one of the main components of the tumour 
microenvironment (260). While lack of inflammatory response may be important 
in tumour progression (261), other components of tumour microenvironment 
such as cancer-associated fibroblasts (262), tumour-associated macrophages 
(263), and tumor stromal cells also play part in tumour invasion, progression 
and response to chemotherapy (264). Current pharmacologic therapies aim to 
interrupt the above-mentioned and other signalling pathways involved in cancer 
pathogenesis. The United States Food and Drug Administration (FDA) approved 
EGFR inhibitors such as cetuximab have shown some clinical efficacy in the 
treatment of unresectable cutaneous SCC (265). Larger trials on its use are 
ongoing as are trials on other EGFR inhibitors and immunotherapies (266). 

The Hedgehog signalling pathway that normally controls development, tissue 
repair, and cell proliferation has been reported to be dysregulated in BCC (267). 
The Hedgehog inhibitor vismodegib has been approved by the FDA and the 
European Medicines Agency for treating locally advanced and metastatic BCC 
(268). In a recently published study, the proteasome inhibitor MG132 could 
inhibit cell viability and induce apoptosis of AdCC through the Nrf2/Keap1 
signalling pathway (269). There are currently 136 further ongoing or recently 
completed clinical trials on AdCC (270).

The microenvironment of malignant tumours is an undeniably important 
pharmacologic target for future therapies. Because malignant EAC/middle 
ear tumours carry a poor prognosis largely because they are diagnosed in 
late stages, it is similarly important to develop ways to shorten the diagnostic 
delay particularly for SCC and other malignant EAC/middle ear tumours. A 
recent Canadian study on head and neck cancers found the delay from the first 
onset of symptoms to presentation at a health care provider (i.e., the patient 
delay) to be four months, and the delay between the first health care provider 
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and multidisciplinary team clinic to be 10.7 months  (271). A Finnish study on 
oropharyngeal cancer discovered the median patient delay to be 30 days, the 
median primary health care delay to be 15 days, and the median specialist-
care delay to be 54 days. In an Indian study on head and neck cancer the mean 
diagnostic delay was 73 days (272). In the Indian study, the delay was mostly 
because of low perceived seriousness of the symptoms and delay in health care 
seeking. Other reasons included non-affordable health care costs, poor social 
support, the use of self-medication. In the Finnish and Canadian studies, the 
reasons for diagnostic delay were multifactorial. There are no current studies 
on the diagnostic delay of TB tumours, however it is universally recognized that 
benign EAC pathologies and early EAC malignancies share similar symptoms. 
In Study IV, the diagnostic delay was up to 38 months for malignant EAC/
(middle ear) SCC, AdCC, and BCC. Most patients had EAC SCC and were 
treated for recurrent OE and/or OM by the primary care physicians without 
follow-up appointments. Once a primary care physician has diagnosed an OE/
OM, especially in an older person, it is crucial that a follow-up appointment is 
organized. Figure 8. highlights the clinically important symptoms and signs 
between infective symptoms and malignant SCC/BCC/AdCC pathologies. The 
primary care sector, in particular, will benefit from the step-by-step treatment 
diagram of EAC/(middle ear) pathologies.

6.5. Study strengths and limitations

In all studies of this thesis, data collection was performed as meticulously as 
possible. All four studies presented different viewpoints on the diagnosis and 
treatment of various TB tumours. This enabled open discussion on multiple 
aspects of TB tumour management. In Study II the research period was long—40 
years—while in Study IV the minimum two-year follow-up period made a small-
scale non-statistical survival analysis possible. Study III included high quality 
images of the discussed tumours.

All four studies were retrospective case-note studies, which presented 
challenges and limitations to the research setting. Attempting to interpret hand-
written operative notes or aiming to gain detailed life-style related history on 
e.g., smoking or alcohol usage proved occasionally difficult. This was the case 
particularly with Study II where the follow-up period extended from 1973 to 
2013, thus including decades of non-digitalized notes. The rarity of the discussed 
TB tumours meant that the n-numbers were small in all studies, which in turn 
diminished the statistical strength of the studies. Survival data was unavailable in 
Studies II and IV, which made statistically accepted survival studies impossible.
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6.6. Future insights

The future management of TB and related tumours is likely to become 
increasingly individualized, given the vastness of disease entities in the TB and 
upper neck. The function-preserving STRs and “wait-and-scan” management 
approaches will result in longer follow-up times for patients with benign, slow-
growing tumours such as JTPG and VS. Increased understanding of tumours’ 
microenvironment has already enabled discoveries of pharmacologic agents that 
interrupt various signalling pathways in tumour pathogenesis. While large trials 
on the use of selumetinib (MEK inhibitor) are underway, the future management 
of unresectable and/or advanced benign or malignant tumours will likely include 
increasingly effective pharmacologic agents and/or immunotherapies. These 
agents will likely reduce the need for risky surgery in the future. For now, 
findings ways to shorten the diagnostic delay should remain one of the main foci 
of clinical TB tumour management. It is paramount that the primary care sector 
appreciates the clinical symptoms of malignant EAC/middle ear tumours so that 
patients with suspicious symptoms are referred for speedy diagnostic biopsy 
and/or imaging. Shortening the health care delay and streamlining care may 
only be possible through structural amendments of the health care system and/
or centralization of care into larger units. Affecting individuals’ health-seeking 
behaviour will likely remain challenging. It is up to us as physicians to take an 
appropriate history, to find clues of sinister pathologies behind seemingly benign 
processes, to ensure our minds are open for even the rarest of TB tumours, and 
to do our best without having “gold standards” to follow.
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7 CONCLUSIONS

A number of conclusions can be drawn from the work pursued in this dissertation.

1. A four-year follow-up of HNPG patients was too short. Local recurrences 
were seen up to 10.8 years after primary surgery which justifies the proposal 
for longer follow-up times. 

2. The follow-up of JTPGs was suggested to be a minimum of ten years.
3. Genetic testing was recommended for all HNPG patients. A treatment 

algorithm was proposed for patients with a SDH subunit genetic mutation.
4. The management of head and neck PNs was found to be extremely 

challenging. In the treatment of PNs, surgical risks need to be carefully 
balanced with the risks of non-operative treatment.

5. EAC and middle ear tumours showed great diagnostic and histologic 
heterogeneity with need for individualized investigative and treatment 
approaches. LTBR was recommended for the operative treatment of most 
EAC/ (middle ear) SCCs, and AdCCs as it showed good tumour control, and 
its most common complication, CN VII palsy, mostly resolved with time. 
Post-operative RT was efficient at controlling local tumour growth.

6. In EAC/middle ear AdCCs, a minimum ten-year follow-up was recommended. 
7. Shortening the diagnostic delay is one of the simplest and easiest ways 

to improve prognosis of patients affected by malignant EAC/middle ear 
tumours.
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