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Abstract

Head and neck paragangliomas (HNPGLs) are rare neuroendocrine tumors typically

arising from nonsecretory head and neck parasympathetic ganglia. Historically

thought of as aggressive tumors that warranted equally aggressive surgical interven-

tion, evidence has emerged demonstrating that the vast majority of HNPGLs are slow

growing and indolent. It is also now recognized that a large proportion of HNPGLs

are hereditary with succinate dehydrogenase gene mutations typically implicated.

These recent advances have led to significant changes in the way in which clinicians

investigate and treat HNPGLs with most now opting for more conservative treat-

ment strategies. However, a proportion of patients present with more aggressive dis-

ease and still require nonconservative treatment strategies. Recent studies have

sought to determine in which groups of patients the morbidity associated with

treatment is justified. We summarize the recent advances in the understanding and

management of these tumors and we provide our recommendations regarding the

management of HNPGLs.
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1 | INTRODUCTION

Head and neck paragangliomas (HNPGLs) are rare tumors arising from

nonsecretory head and neck parasympathetic ganglia. They account for

0.6% of head and neck tumors.1 Owing to their origin, HNPGLs are typi-

cally nonsecretory tumors. This is in contrast to paragangliomas (PGLs) in

other areas of the body which usually arise from secretory sympathetic

ganglia and produce catecholamines. Historically, HNPGLs have been

known by various terms such as glomus tumors or chemodectomas. The

World Health Organization (WHO), however, has now deemed that these

alternate terms should no longer be used when referring to HNPGLs.2

HNPGLs have been found in up to 20 anatomical locations within the

head and neck. They arise predominately from the parasympathetic gang-

lia of the glossopharyngeal or vagus nerve. The most common HNPGLs

are carotid body tumors (CBTs) followed by Jugulo-tympanic PGLs

(JTPGLs) and vagal PGLs (VPGLs). Other regions where HNPGLs have

been reported include the larynx, orbit, trachea, thyroid, and nasal cavity.

Approximately 35–40% of HNPGLs are associated with familial disease

with mutations in the succinate dehydrogenase (SDHx) gene family

typically implicated.3,4
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Historically, HNPGLs were considered to be aggressive tumors

that warranted equally aggressive surgical intervention. This led to

considerable neurovascular morbidity for patients including cranial

nerve deficits and stroke. More recently, numerous series have dem-

onstrated that the majority of HNPGLs are slow growing and

indolent.5–7 This has led to a shift in the management of HNPGLs with

many clinicians now advocating active surveillance following diagno-

sis.8,9 HNPGLs were recently classified by Valero et al. as CBTs and

non-CBTs.9 This is primarily due to differing optimal management

strategies but also due to differing methods of presentation. Here, we

discuss what is currently known about HNPGLs and recent updates in

the literature surrounding their management.

2 | PATHOLOGY

Grossly HNPGLs are typically ovoid in shape with a firm or rubbery

consistency. Histologically, they classically display a nested alveolar or

zellballen growth pattern, comprised of chief cells, although this pat-

tern is not universal.10 Variants of this pattern have been observed

and can make histological diagnosis challenging.11,12 These variants

include a sclerosing variant with rare clusters of chief cells, highly vas-

cular PGLs and variants displaying chief cell vacuolisation.10 Cytologi-

cally PGL chief cells range from amphophilic to pink and they are

predominantly epithelioid. The PGL chief cell nucleus is round, hyper-

chromatic with characteristic “salt and pepper” chromatin clustering.

They typically have a low mitotic rate with a Ki-67 proliferation index

<3%.13

Both sporadic and familial HNPGLs have been described with

mutations primarily affecting the SDHx gene family implicated in

familial disease. Familial disease can also be associated with syn-

dromes such as Von Hippel–Lindau (VHL) syndrome, neurofibromato-

sis type 1, multiple endocrine neoplasia type 2A and type 2B. Genetic

alterations are discussed in detail separately. A third etiology exists

for CBTs. This involves hyperplasia of the carotid body chemorecep-

tor induced by chronic hypoxia due to living at high altitude, cyanotic

heart disease or chronic lung disease. This phenomenon is well recog-

nized with increased incidence of CBTs observed in these

populations.14,15

Immunohistochemical staining of these tumors can assist in

the pathological evaluation. HNPGLs stain positive for neuroen-

docrine markers such as chromogranin and synaptophysin on

immunohistochemistry. Other positive markers include NSE and

CD56. S100 will stain the sustentacular cells surrounding the

zellballen. This is not specific for PGLs as tissue-associated mac-

rophages and Langerhans cells may infiltrate other tumors and

stain positive with S100. HNPGLs stain negative for cytokeratin

which is very useful in differentiating HNPGL from epithelial

derived tumors mimicking HNPGLs.10 Immunohistochemical

staining for SDH is also useful in screening for SDH-deficiency

in these tumors. As the SDH complex requires all components to

function a mutation in any of these components will lead to a

lack of SDH expression.16

3 | GENETICS

In recent years, the recognition that a significant number of HNPGL

have an underlying genetic etiology has changed our management of

these patients. PGLs (encompassing both HNPGL and extra-adrenal

sites) are now recognized as having the highest risk of heritability of

any tumor.17 Up to 40% of HNPGL are associated with an identifiable

germline mutation.18–21 The presence of multifocal disease at presen-

tation should raise suspicions for an underlying genetic mutation.

Over 70% of multifocal PGL are associated with a germline mutation,

most commonly mutations in the SDHD and SDHB genes.22,23 A fam-

ily history of PPGL is also highly suggestive of a germline mutation;

almost all patients with HNPGL and a known family history of PPGL

will carry a pathogenic germline mutation.22,23 However, a significant

proportion of patients carrying germline mutations will not have a

known family history. Rana et al. reported in their series that only 4 of

16 patients with a germline mutation had a positive family history at

initial assessment.20 A positive family history may be obscured for

several reasons including incomplete penetrance, parent of origin

effect24 and failure to recognize combinations of tumors in various

family members as linked.20

There are several reasons why identifying a genetic mutation is

important when managing a patient with HNPGL.20 The likelihood of

synchronous, metachronous, and metastatic PPGL, and risk of non-

PPGL tumors will depend on the underlying mutation. Therefore,

knowledge of an individual's mutation status will inform treatment

and ongoing surveillance. There are also implications for family mem-

bers of affected patients, including the early identification of asymp-

tomatic disease and ongoing surveillance of affected relatives.20,25

The Endocrine Society and European Society of Endocrinology both

therefore recommend that genetic testing should be considered and

discussed with all patients diagnosed with PPGL and that patients pre-

senting with HNPGL should all be screened for SDHD, SDHB, and

SDHC mutations.25,26 Additional, targeted genetic screening may be

appropriate in patients with a syndromic presentation (e.g., vHL).25

Genetic mutations which result in a predisposition to the devel-

opment of pheochromocytomas or PGLs (PPGLs) can be grouped into

two main clusters. Cluster 1 gene mutations lead to an alteration in

the cellular hypoxic response, and cluster 2 mutations alter activation

of cellular kinase signaling.26 Germline mutations associated with the

development of HNPGL are typically associated with cluster 1 genes.

These include mutations to the genes encoding the four subunits of

SDH and its accessory proteins (SDHD, SDHB, SDHC, SDHA,

SDHAF2)17–19,22,23 and VHL syndrome.27 SDH is a heterotetrameric

protein which forms the mitochondrial complex II of the electron

transport chain and converts succinate to fumarate.28,29 SDHx genes

are considered to be tumor suppressor genes.29 SDH mutations are

also associated with non-PPGL tumors such as renal cell carcinoma

(RCC), pituitary adenomas, and gastrointestinal stromal tumors

(GIST).17,30

Rarely, HNPGL can arise in association with cluster 2 muta-

tions (RET, NF1, TMEM127),27,31,32 these mutations are more com-

monly associated with non-head and neck sympathetic PGL or
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pheochromocytoma.29 The genotype:phenotype correlation of some

of the more common germline mutations reported in association with

HNPGL is discussed below.

3.1 | SDHD mutation

The most common mutation associated with HNPGL occurs in the

SDHD gene. It accounts for over 80% of familial HNPGL. In one

series, SDHD mutation was detected in 24 of 95 patients with

suspected sporadic HNPGL.18,33 The SDHD gene is located on chro-

mosome 11q23 and disease is generally expressed only after paternal

inheritance.34 HNPGLs are the most common manifestation of SDHD

germline mutations, and SDHD-associated disease can be

multifocal.22 SDHD affected carriers are also at risk of pheochromocy-

tomas, and less commonly PGL of the thorax, abdomen or pelvis,

RCC, GIST, and rarely pituitary adenomas.35 SDHD mutations are

associated with a higher disease penetrance overall compared to

SDHB mutation carriers.36,37

3.2 | SDHB mutation

The SHDB gene is encoded on chromosome 1p36. SDHB mutations

account for up to 20% familial HNPGL and 8–10% of familial PPGL dis-

ease overall17,19,21 SDHB mutations are associated with a higher risk of

malignancy and metastatic disease than other SDH mutations.37 The risk

of associated RCC is greatest in SDHB mutation carriers.30

3.3 | SDHC mutation

SDHC mutations account for a small proportion of familial HNPGL.21

Age-related risk of HNPGL is similar to paternally inherited SDHD

mutation.30 Carriers can also develop PPGL beyond the head and neck

region.21,35,38 SDHC-associated HNPGLs are also less likely to be

multifocal than SDHD-associated tumors and have a lower malignant

potential than SDHB-related HNPGL.21

3.4 | SDHA mutation

SDHA mutations are reported in up to 3% of apparently sporadic PPGL

disease, occurring primarily in HNPGL.29,39 SDHA mutations are strongly

associated with wild-type SDH deficient GIST (wtGIST) with germline

mutations to SDHA gene present in up to 47% wtGIST.31,40

3.5 | SDHAF2 mutation

SDHAF2 is a rare cause of HNPGL. Similarly to SDHD mutations, dis-

ease is only penetrant following paternal inheritance with up to 75%

of carriers developing multifocal HNPGL at a young age.38,41

4 | DIAGNOSIS

4.1 | Presentation of HNPGL

The presentation of HNPGLs can be highly variable and they have

been described in as many as 20 different anatomical locations in the

head and neck.4 HNPGL can present as an enlarging neck mass, pulsa-

tile tinnitus, with cranial nerve deficits, as part of familial screening or

incidentally. As discussed approximately 5% of HNPGLs secrete nor-

adrenalin. These tumors cause symptoms of sympathetic overactivity

such as tachycardia, hypertension, and sweating.42,43 HNPGLs typi-

cally present in the 5th decade of life although familial disease often

presents earlier.44,45 HNPGL may present with multifocal disease and

the incidence of this varies within the literature (9–37%).42,46–48 As

discussed, multifocal disease is more common in familial disease, par-

ticularly SDHD mutations.8,47 Approximately one-in-ten of HNPGLs

present incidentally, a figure which is increasing due to patients

undergoing more frequent cross-sectional imaging.42 Our rec-

ommended proforma for the full multidisciplinary investigation of

HNPGL is demonstrated in Figure 1.

4.1.1 | Presentation of CBTs

CBTs are the most common type of HNPGL accounting for over half of

HNPGLs.42 CBTs arise from paraganglia at the carotid body. They occur

more commonly in females.48 CBTs are classified according to the

Shamblin classification which describes the tumor relationship to the

carotid vessel's (Appendix 1).49 The majority present as a painless slowly

enlarging lateral neck mass. A minority of cases present with cranial nerve

dysfunction.48 Large CBTs may induce vagal dysfunction causing dyspha-

gia and dysphonia. Less frequently, they have also been reported to affect

other cranial nerves (VII, IX, XI, and XII) and in rare instances, they can

cause a Horner's syndrome.45,48,50 On clinical examination, the mass may

be pulsatile and a carotid bruit may be detected. Classically on clinical

examination, CBTs are more mobile in the horizontal plane compared

with the vertical plane, a finding known as Fontaine's sign.50,51

4.1.2 | Presentation of non-CBTs

Non-CBTs account for all other types of HNPGLs. JTPGLs are the

next most frequent after CBTs accounting for 20–30% of HNPGLs

while VPGLs account for 5–10%.42 Other locations such as the larynx,

orbit, trachea, thyroid, and nasal cavity are extremely rare. Non-CBTs

are more likely to present with cranial nerve dysfunction when com-

pared with CBTs.9,52 They again occur more frequently in females.52

4.2 | Jugulo-tympanic PGLs

JTPGLs arise from either the jugular bulb or within the ear along

Arnold's or Jacobsen's nerve. They are classified according to either

CLEERE ET AL. 95



the Fisch or the Glassock–Jackson classification, with the Fisch classi-

fication more widely cited in the literature (Appendix 2).53,54 The

majority of patients present with pulsatile tinnitus and the many of

patients have some degree of hearing loss (usually conductive) at pre-

sentation.55,56 Cranial nerve dysfunction is common in JTPGLs at pre-

sentation. Neskey et al. observed 9 out of 21 patients operated on

with JTPGLs had cranial nerve deficits at presentation.52 Cranial

nerves IX and X are most commonly affected but dysfunction of

cranial nerves VII, VIII, XI, and XII have all been observed.56,57 On

otoscopy, JTPGLs may be visualized as a purple lesion behind the

eardrum and they classically blanch on pneumatic otoscopy, a finding

known as Brown's sign.58

4.3 | Vagal PGLs

The clinical presentation of VPGLs is highly variable as they may arise

anywhere along the course of the vagus nerve.59 The majority of these

tumors arise from the ganglion nodosum of the vagus nerve which is

found between the jugular vein and internal carotid artery, in close rela-

tion to the jugular foramen. They classically present with a painless slow

growing mass in the superior aspect of the neck, posterior to the angle of

the mandible and they are often associated with pulsatile tinnitus. Rarely

when extremely large they can cause bulging of the lateral pharyngeal

wall with medialization of the tonsil seen on examination. Between

25 and 36% of these tumors present with cranial nerve deficits, primarily

affecting cranial nerves IX, X, XI, and XII.46,59 Owing to their anatomical

location near the jugular foramen intracranial extension of VPGLs has

been observed. In a series of 46 patients with VPGLs Netterville et al.

observed that 10 cases had associated intracranial extension.46

4.4 | Biochemical

HNPGL typically arise from the nonsecretory parasympathetic ganglia

of the head and neck region, and rarely secrete catecholamines.25 The

conversion of noradrenalin to adrenalin by phenylethanolamine-N-

methyltransferase is confined to the adrenal medulla, and therefore

unlike pheochromocytomas, HNPGL do not secrete adrenaline.60 Nor-

adrenalin secretion is rare, only 5% HNPGL will produce noradrenalin,

in contrast to over one-third of PGLs in the thorax or abdomen.17,61

The presence of markedly elevated noradrenalin/adrenalin concentra-

tion in a HNPGL should therefore prompt the clinician to consider the

presence of a synchronous pheochromocytoma or secretory

F IGURE 1 Investigation of a suspected HNPGL. CBT, carotid body tumor; CT, computed tomography; FDG-18, fluorodeoxyglucose-18; Ga-
68, Gallium-68; HNPGL, head and neck paragangliomas; MDT, multidisciplinary team meeting; MRI, magnetic resonance imaging; non-CBT, non-
carotid body tumor; PET, Positron emission tomography; SDH, succinate dehydrogenase
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paraganglioma elsewhere, which would require treatment prior to the

management of HNPGL.62,63

Patients with noradrenalin secreting HNPGL will typically display

symptoms of catecholamine excess and as such the term “secretory”
HNPGL is reserved for these tumors. Although noradrenalin excess is

rare in HNPGL, it is important that it is identified preoperatively if pre-

sent as these patients will require preoperative alpha adrenergic

blockade.25 These patients should be managed with centers with a

multidisciplinary team with experience in the perioperative manage-

ment of catecholamine-secreting lesions.

Excess dopamine production in HNPGL is seen in approximately

one third of all HNPGL tumors, both sporadic and familial.63–65 Dopa-

mine producing tumors are not typically associated with signs or

symptoms of catecholamine excess.28

Catecholamines and their metabolites can be measured in both

plasma and 24-h urinary collection. Measurement of O-methylated

metabolites of catecholamines and dopamine (metanephrine,

normetanephrine, and 3-methoxytyramine [3MT]) has a higher sensitiv-

ity than direct catecholamine (adrenalin, noradrenalin, and dopamine)

measurement, as the secretion of O-methylated metabolites occurs

independently of episodic tumoral catecholamine release and is there-

fore the preferred method.25,28 Urinary VMA concentration is no longer

recommended due to poor sensitivity.66

In cases where the elevation in plasma metanephrines is modest,

both the degree of clinical suspicion and pre-analytical factors should

be considered.25 Where the pretest probability is low, it may be

appropriate to repeat a plasma metanephrine screen after optimizing

any possible interfering factors. These include food or caffeine intake,

nicotine use, stress and exposure to medications including antidepres-

sants, beta blockers, paracetamol, and dopamine containing medica-

tion.66 Supine sampling, where the patient is recumbent for at least

30 min prior to phlebotomy is associated with a greater diagnostic

accuracy than seated sampling of plasma metanephrines.25,67

Measurement of urinary fractionated metanephrines can be per-

formed as an alternative to plasma sampling, using a 24-h urinary collec-

tion with a similar sensitivity and specificity.25 However, performing the

collection may be inconvenient for patients, and incomplete 24-h urinary

collections can yield false negative results.

It is important to remember that as the majority of HNPGL are not

associated with catecholamine excess, a negative plasma or urinary

metanephrine screen does not exclude the diagnosis of HNPGL.28

4.5 | Radiology

Imaging forms an integral part of the diagnosis and surveillance of

HNPGL, particularly in biochemically inactive disease. In new presen-

tations of HNPGL imaging can both confirm the diagnosis of HNPGL

in biochemically silent disease and excluding multifocal synchronous

tumors and metastases, which will inform treatment decisions. Radio-

logical investigations are also a key component in monitoring HNPGL

following treatment (particularly biochemically silent disease), in the

screening and ongoing surveillance of germline mutation carriers.

Imaging techniques used in the diagnosis and surveillance of HNPGL

include cross-sectional anatomical imaging such as CT and MRI, and func-

tional imaging techniques. Both CT and MRI have similar sensitivity (80–

90%) and specificity (90%) for the diagnosis of HNPGL and are useful for

locoregional staging.63 MRI is recommended for both the initial diagnosis

and surveillance of PPGL/HNPGL.68,69 CT is recommended by the Endo-

crine Society for the initial investigation of catecholamine excess25; how-

ever, the associated ionizing radiation makes it a less desirable option for

ongoing tumor surveillance.70

Several indications exist for the use of functional or nuclear imaging

in patients with HNPGL. In biochemically silent disease, functional imag-

ing may help to confirm the diagnosis of PPGL. Functional imaging is

useful at initial disease staging and at restaging after treatment.25,71

More recently, imaging has been used to provide theranostic information

when considering treatments such as somatostatin or MIBG (131I-

metaiodobenzylguanidine) therapy.72 The choice of imaging modality will

therefore depend on the individual clinical scenario.

4.6 | Somatostatin receptor imaging

There are three main 68Gallium labeled somatostatin receptor (SSTR)

ligands used with PET CT; DOTATATE, DOTATOC, and DOTANOC,

each with a different combination of SSTR subtype affinity. SSTR

imaging modalities have a high lesion-based sensitivity for

HNPGL.71,73,74 They can detect up to 96% lesions including sub-

centimeter tumors, which may influence treatment decisions.72,75

68Ga-DOTATATE has the highest affinity for SSTR2, the most com-

monly expressed SSTR in PPGL and is particularly sensitive in the detec-

tion of HNPGL.71,76 Increased expression of SSTR 2 and 3 has been

reported in SDH deficient tumors, which has led to the suggestion that

Ga-DOTATATE PET CT be considered as part of the initial assessment of

asymptomatic carriers of SDH germline mutations in conjunction with

MRI.72,75 Ga-DOTATATE PET CT is also useful in metastatic disease; it

has a superior reported performance to FDG or F-DOPA PET-CT, CT or

MRI for both sporadic and SDH mutated metastatic disease.75,77–79 The

exception to this is in the liver, where high background uptake of Ga-

DOTATATE may obscure hepatic PPGL metastases.75Ga-DOTANOC

binds SSTR 2-5 and has been reported to offer superior detection rates

of synchronous and metastatic tumors in HNPGL over MIBG scintigra-

phy, CT, or MRI.80 Ga-DOTATOC binds SSTR 2 and 5 and also has excel-

lent sensitivity for the detection of metastatic or multifocal extra-adrenal

PGL.71,81

SSTR expression by HNPGL can also be exploited to deliver

targeted therapy in the setting of inoperable or metastatic disease

using 177Lu-DOTATATE.

4.7 | 18F-FDG PET CT

FDG PET-CT is a useful imaging modality in SDH deficient HNPGL/

PPGL.82 The radiotracer is taken up via cell membrane glucose trans-

porters and phosphorylated by hexokinase to FDG-6-phosphate,

CLEERE ET AL. 97



which accumulates intracellularly.72 SDH deficient tumors show an

increase in glycolysis activity, as SDH deficiency induces the pseudo-

hypoxic response and shifts cellular metabolism from oxidative phos-

phorylation to aerobic glycolysis.83 Aerobic glycolysis is less energy

efficient, and therefore glucose demand increases within the tumor

cells, thereby increasing FDG tracer uptake. This may explain why

SDH deficient PPGL tumors have a higher SUV mean and SUV max

than their sporadic counterparts, and why FDG PET-CT is a particu-

larly useful imaging modality for SDH-associated PPGL and metastatic

disease, albeit with low specificity.26,71,72,82

4.8 | 18F-FDOPA PET CT

18F-dihydroxyphenylanine is taken up by the L-type amino acid trans-

porter and converted by L-aromatic amino acid decarboxylase to 18F-

fluorodopa in catecholamine secreting tissues and can be used to

image HNPGL.25,63,72 F-DOPA has excellent per patient sensitivity

and specificity (91 and 95%, respectively) and per lesion specificity

(95%), but a lower per lesion sensitivity for PPGL than other func-

tional modalities.78,82 In functional PPGL tumors, F-DOPA uptake has

been reported to correlate with tumor metabolic activity, as the tracer

is taken up the catecholamine synthesis pathway and therefore may

play a role in localization of PPGL with catecholamine excess.84 Bio-

chemically silent HNPGL, however, also demonstrate high avidity for

F-DOPA despite absent catecholamine production, irrespective of the

presence or absence of germline mutation.85

4.9 | MIBG scintigraphy

MIBG has structural similarities with noradrenalin and is taken up via

a common cell membrane transporter (noradrenaline transporter) into

catecholamine secreting tissues, where it accumulates in neurosecre-

tory granules.71 MIBG scintigraphy has excellent specificity for PPGL,

but its sensitivity varies significantly depending on tumor location.42

Approximately 50% of metastatic PPGL are MIBG avid. However,

among PPGL, its sensitivity is lowest for HNPGL; therefore, in

HNPGL, its role is limited to where MIBG therapy is under consider-

ation.24,71,86

4.10 | Current radiological recommendations

The British Skull Base Society and the European Society of Hyperten-

sion working group on Endocrine Hypertension have both released

recent guidelines suggesting that contrast enhanced MRI head and

neck should be performed for locoregional assessment of the primary

HNPGL tumor, and in the case of temporal bone HNPGL, a CT of the

skull base should also be performed.86,87 In addition, all new HNPGL

should have imaging of thorax/abdomen/pelvis to exclude metastatic

or synchronous PPGL, using either MRI skull base to pelvis, or alterna-

tively 68Ga DOTATATE PET CT where available.63,86,87 68Ga-labeled

somatostatin analogue imaging is recommended as first line nuclear

imaging for sporadic HNPGL but FDG-PET CT can also be considered

in SDH deficient HNPGL.26,71

5 | NATURAL HISTORY

Historically, HNPGLs were considered aggressive tumors that warranted

equally aggressive management. However, several studies have shed light

into the fact that these tumors are slow growing and indolent and that

they usually remain asymptomatic for a prolonged period.5–7,44,88,89

Death secondary to nonmetastatic HNPGLs is almost unheard of.8 Jansen

et al. were the first to describe an observational series of HNPGLs. Within

this series, 29 of the 48 observed HNPGLs grew over the follow-up

period with a mean growth rate of 0.8 mm/year in maximal tumor dimen-

sions.6 Further studies over the years have added to this work. These

series have demonstrated smaller proportions of observed HNPGLs have

grown during active surveillance with one such study showing that

10 out of 15 HNPGLs either remained stable in size or regressed during

follow-up.5 The mean growth rate of HNPGLs in these studies remains

small and is estimated between 0.8 and 2 mm/year in maximal tumor

dimensions.5–7,44,45,88,89 When comparing growth rates by tumor location,

Jansen et al. recently demonstrated for enlarging HNPGLs the median

growth rate of JTPGLs is 0.4 mm/year and the median growth rate is

1.6 mm/year for cervical HNPGLs (including both CBTs and VPGLs).7

Younger age at presentation appears to be the main predictor of tumor

growth with patients younger than 50 at presentation demonstrating sig-

nificantly greater tumor growth.7,90 Retrospective studies have shown

that approximately 10–30% of patients with HNPGLs will develop new

or worsening cranial nerve deficits when undergoing active surveillance

and that tumor growth does not always predict worsening symp-

toms.5,7,88,91

One worrisome feature that has been observed in HNPGL is the

risk of malignant change. While certain cytological and histological

changes such as increased mitotic index, central necrosis or perineural

invasion may suggest malignant change, malignancy can only be

confirmed by the presence of metastatic disease within non-

neuroendocrine tissue.92 Metastatic disease has been observed devel-

oping years after the initial presentation of HNPGLs. Better outcomes

are observed in metastatic disease presenting later following initial pre-

sentation.93 The risk of metastatic disease in HNPGLs is estimated to

be in the order of 5–10% overall.1,13,93,94 However, this risk is highly

variable depending on the individual case and clinicians should be aware

of the factors associated with an increased risk of metastatic disease.

These include: tumor location (16% for VPGLs and 2–6% for CBTs and

JTPGLs), rapidly increasing tumor size, secretory tumors, younger age at

diagnosis and most importantly the presence of SDHB muta-

tions.13,93,95,96 When observing metastatic HNPGLs there appears to

be two distinct patterns of progression. Those which have spread solely

to cervical lymph nodes follow a more indolent pattern with long-term

survival observed in multiple series.1,13,97 A series of 59 patients with

malignant HNPGL by Lee et al. demonstrated much lower 5-year

survival among HNPGL with distant metastatic disease.1
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6 | TREATMENT

Historically, the management of HNPGLs was upfront surgical re-

section which poses a risk to surrounding neurovascular structures.

Complications associated with surgical resection of HNPGL include:

neurological complications such as dysphagia, dysphonia, hearing loss,

and facial nerve palsy; vascular complications such as stroke; cerebro-

spinal fluid leak and in some cases even death.48,52 Due to increased

recognition regarding the largely indolent nature of this disease, this

strategy has changed over the years with increasing numbers of

HNPGLs being managed conservatively in an attempt to avoid the

potential morbidity associated with surgery.8,9

The present management strategies for all nonmetastatic

HNPGLs can largely be divided into: surgery, RT (RT), and active sur-

veillance.86 The aim of each treatment modality is different. Surgery

typically aims for total tumor extraction, RT aims to arrest tumor

growth and active surveillance aims to avoid the potential morbidity

of either surgery or RT while determining an appropriate time for

intervention if necessary. Individual patient management plans should

always be determined at an appropriate multidisciplinary meeting.86

Tumor location is of critical importance when making decisions

regarding management of HNPGLs. Valero et al. recently classified

HNPGLs as CBTs and non-CBTs.9 This is mainly due to the higher

rates of adverse outcomes and the increased morbidity when operat-

ing on non-CBT HNPGLs. As such, when planning management of

HNPGL we would advocate using this distinction.

6.1 | Isolated CBTs

Many CBTs are slow growing and are not associated with significant

symptoms.9,48 As such, active surveillance is a suitable strategy for

the many of these tumors and should always be considered prior to

surgery or RT. However, active surveillance not risk free. Patients

undergoing active surveillance may develop new onset cranial nerve

deficits and CBTs may undergo malignant change in 2–6% of

cases.95,96

Surgery remains the most common strategy for managing

CBTs.8,9,48,98,99 It is associated with long-term control greater than

95%.48,98 The Shamblin classification has long been used to predict

operative morbidity and mortality in CBTs.49 A recent meta-analysis

supported this use and demonstrated cranial nerve complications in

2.8% (grade 1), 18.0% (grade 2), and 32 % (grade 3) of surgically

resected cases, respectively.98 The Shamblin classification also

appears to predict a higher risk of stoke within 30 days postopera-

tively which is reported in 1.9% (grade 1), 2.7% (grade 2), and 4.0%

(grade 3) of cases, respectively.48 The risk of complications is lower

when surgery is performed for smaller tumors in young healthy

patients by a suitably experienced either vascular or head and neck

surgeon.86,100 These figures would support primary surgery in this

patient cohort. In the case of secretory CBTs, surgery is indicated to

alleviate symptoms of sympathetic overactivity.48,86 Other instances

when surgery is appropriate include: where a concern regarding

malignancy exists, patients with established cranial nerve deficits and

in tumors demonstrating rapid growth on surveillance.86 Should an

associated SDHB mutation be detected surgery may also be consid-

ered due to the increased risk of malignancy.

RT has demonstrated a similar efficacy (�95%) when compared

with surgery for long-term control of CBTs.86,101 It has conventionally

been reserved for highly complex Shamblin III lesions or for high risk

surgical patients.102,103 It is associated with minimal risk of worsening

an existing or causing a new cranial nerve palsy.104 Concerns exist

regarding the long-term risks such as radiation induced malignancy,

bone and brain necrosis and stroke following radiation to the neck

and skull-base region, particularly in young patients.104,105 Other

symptoms such as xerostomia, mucositis, and nausea may also occur

with RT. Then, 45 Gy at 1.8 Gy per once-daily fraction appears to be

the optimal dosing for fractionated RT when treating CBTs at present.

Higher doses confer no benefit in terms of local control while signifi-

cantly increasing complications.101 Less data surround the use of ste-

reotactic radiosurgery (SRS) in CBTs. It may be preferable to

fractionated therapy when managing large CBTs approaching the skull

base where the risk of damaging surrounding structures is high but

further studies are required to support the efficacy and safety of SRS

in this population.106 Due to concerns regarding the long-term risks of

RT, it is difficult to recommend its widespread use in younger patients.

On the other hand, the proven efficacy and low rates of cranial nerve

deficits associated with RT make it the optimal strategy in older

patients with large CBTs at high risk of operative morbidity. RT should

also be considered when tumor recurrence occurs following surgery.

Our recommended treatment algorithm for CBTs is demonstrated

in Figure 2.

6.2 | Isolated non-CBTs

The main non-CBT HNPGLs include VPGLs and JTPGLs. As with

CBTs, Non-CBTs are frequently an indolent disease process displaying

slow or no growth. For example, Jansen et al. demonstrated that

28 of 66 observed Fisch class C/D JTPGL displayed no growth during

follow-up.107 This would support active surveillance as the primary

strategy in the management of many non-CBTs. However, clinicians

should again be aware that this strategy is not risk free as these

patients may develop worsening cranial nerve deficits and malignant

change has been observed.5,95,96

Surgical resection of non-CBTs can be challenging due to their

proximity to and frequent involvement of critical neurovascular struc-

tures in the skull-base. Deficits of cranial nerves VII, IX, X, XI, and XII

have all been reported. These cranial nerve deficits can be associated

with symptoms such as dysphagia, dysphonia, and facial paralysis. CSF

leaks are another feared complication of non-CBT resection seen in

some 1–3% of cases9,104,108

Resection of VPGLs usually requires resection of the associated

vagus nerve. This results in speech, swallow, and pharyngeal sensory

deficits.86 Cranial nerves VII, IX, X, and XII are also at risk during re-

section of VPGLs. A systematic review demonstrated 155 new
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non-vagal cranial nerve deficits among 226 patients as a result of

VPGL resection.109

When considering JTPGLs a clear distinction should be made

between Fisch class A/B tumors and Fisch class C/D tumors. Class

A/B tumors limited to the tympanic region can be safely extracted

with minimal risk of postoperative morbidity.110 Early surgery is there-

fore indicated for these tumors in patients who are good surgical can-

didates. On the other hand, Fisch Class C/D JTPGLs involving either

the jugular bulb or extending intracranially, pose an operative chal-

lenge. Total tumor extraction usually requires facial nerve rerouting, a

practice which is known to significantly increase postoperative mor-

bidity.107,108,111 Therefore, most authors advocate subtotal re-

section of JTPGLs to reduce surgical morbidity.86,107 With this

approach, one series still demonstrated cranial nerve deficits in 20 out

of 36 patients following resection of Fisch class C/D tumors.107

However, despite the reported morbidity, studies still demonstrate

good long-term control of disease following surgery107,108,111,112 Surgery

is therefore an appropriate strategy in cases with prior cranial nerve defi-

cits and those with secretory disease. For both VPGL and JTPGL, it is

important to identify an associated SDHB mutation prior to making treat-

ment decisions. In these cases, surgery may be considered due to an

increased risk of malignancy. In experienced centers, when tumor location

and relationship to surrounding structures allows for resection with low

risk of morbidity it may also be considered.

RT provides excellent long-term tumor control for non-CBTs.

Rates of local control are similar to or in some cases better than with

surgery, particularly for Fisch class C/D JTPGLs.101,110,113 Morbidity

includes symptoms such as xerostomia, mucositis, and nausea. Serious

complications such as bone or brain necrosis, dysphagia or cranial

nerve deficits are rarely observed.113 There is again concern regarding

long-term side effects of RT in this region such as radiation induced

malignancy and stroke, particularly in younger patients.104,105 Most

studies have treated larger tumors with fractionated RT at doses

between 45 and 50 Gy. The literature supports the same dosing regi-

men of 45 Gy delivered at 1.8 Gy daily fractions proposed for CBTs

when treating these tumors with fractionated RT.101

The use of various forms of SRS has been assessed in the man-

agement of non-CBT most notably for treating tumors involving the

jugular bulb. Current evidence does not favor one form of SRS over

another.114 SRS has obvious benefits when compared with conven-

tional fractionated RT with less damage to critical local neurovascular

structures and treatment at a single visit. SRS has been seen to be an

effective treatment with rates of local control comparable to surgery

or fractionated RT observed in small series.114 Marginal doses of

F IGURE 2 Management of isolated carotid body tumor. CN, cranial nerve; MDT, multidisciplinary team; SDH, succinate dehydrogenase;
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12–15 Gy to the tumor appear to be the most appropriate

dose.101,114 Considering the current evidence SRS should be consid-

ered for cases where use of conventional fractionated RT is undesir-

able such as tumors involving the skullbase.101

Figure 3 demonstrates our recommended treatment algorithm for

non-CBTs.

6.3 | Surgical considerations

6.3.1 | Secretory tumors

Secretory HNPGLs should always be surgically resected if possible to

alleviate the symptoms of sympathetic overactivity.86 Patients with

noradrenalin-secreting HNPGLs should be managed in the same man-

ner as secretory PPGL at other sites. It is recommended that preoper-

ative α-adrenergic blockade should be commenced as the first choice

of medication to minimize perioperative complications in secretory

PPGL. These complications include: a hypertensive crisis, cardiac

arrhythmias, or myocardial infarction at initiation of anesthesia or dur-

ing tumor manipulation, or hypotension following tumor removal.115

Close collaboration with endocrinology is required to prepare

patients with catecholamine excess for surgery. Both nonselective

α-blockers (e.g., phenoxybenzamine) and selective α blockers

(e.g., doxazocin) are effective, and should be introduced at least 7–

14 days preoperatively, to allow sufficient time to titrate medication

to reach target blood pressure.25 Exposure to excess catecholamine

over a prolonged period can lead to significant volume contraction,

and patients should be encouraged to increase dietary salt and water

intake preoperatively. Intravenous saline infusion (1–2 L) is often

required and in our practice, this reduces the risk of postoperative

hypotension significantly. Caution is required in patients with underly-

ing heart failure or catecholamine-induced cardiomyopathy.25 The

role of β adrenergic blockade is limited to the management of

F IGURE 3 Management of isolated non-carotid body tumor. CN, cranial nerve; HNPGL, head and neck paraganglioma; JTPGL, Jugulo-
tympanic paraganglioma; MDT, multidisciplinary team; non-CBT, non-carotid body tumor; SDH, succinate dehydrogenase; VPGL, vagal
paraganglioma
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persistent tachycardia unresponsive to adequate α-blockade and vol-

ume expansion. Β-blockade should never be initiated without α-block-

ade, as to do so risks provoking a catecholamine crisis due to

unopposed α adrenergic stimulation.25

6.3.2 | Preoperative embolization

There is significant debate in the literature surrounding the practice of

preoperative embolization of HNPGL. Some authors recommend preoper-

ative embolization within 48 h of surgery for patients undergoing surgical

resection of HNPGLs due to their vascularity. These authors point to

reduced intraoperative blood loss and reduced rates of sacrifice of other

vascular structures.116,117 This view is not universally endorsed and other

studies suggest that preoperative embolization of these tumors does not

attenuate the risks of surgery.48,118,119 These authors state that preopera-

tive embolization does not adequately embolize the tumor feeding vessels

in HNPGLs and exposes the patient to an unnecessary procedure. They

also point to increased risk of stroke in patients who have undergone pre-

operative embolization. Issues also surround inter-clinician efficacy when

performing tumor embolization with wildly varied results between differ-

ent institutions.48,118,119 As such it is difficult to endorse this practice at

present.

6.3.3 | Multifocal disease

As mentioned previously, presentation with multifocal HNPGLs is not

infrequent.42,46–48 Management of these cases poses a challenge for

clinicians. Most series advocate they are treated surgically.63,120 Every

effort should be made to preserve cranial nerve function on one side,

particularly in patients with non-CBTs at higher risk of posttreatment

cranial nerve deficits. Bilateral cranial nerve deficits can lead to devas-

tating consequences such as patients requiring a lifelong tracheos-

tomy in the case of bilateral vagus nerve dysfunction. Therefore, it is

important to distinguish between unilateral and bilateral multifocal

disease.120 Provided patients have no pre-existing contralateral cranial

nerve deficit unilateral multifocal HNPGLs can be treated in a single

stage with minimal excess morbidity.121

Bilateral HNPGLs provide more of a challenge. As mentioned the

goal of treatment should be preservation of cranial nerve function on one

side.109,122 This does not always require active treatment and indeed in

many cases patients are best served with active surveillance, particularly

elderly comorbid patients.63 When patients are to undergo active treat-

ment of bilateral HNPGLs, it should be undertaken in a staged manner

with unilateral resection initially to avoid iatrogenic bilateral cranial nerve

palsies as well as the risk of baroreflex failure syndrome.123 Patients

should be observed following initial management and in the absence of

postoperative cranial nerve deficits treatment of the contralateral side

may be undertaken. There is conflicting evidence advocating which

tumors should be treated first. We would propose that secretory tumors

(to alleviate symptoms), tumors causing pre-existing cranial nerve dys-

function (reduced risk of further morbidity) and small CBTs (small risk of

surgical morbidity) should be considered first for resection.120,124,125 All

patients with multifocal disease should be discussed at an appropriate

MDT to decide if surgery is indicated and if so which tumors are to be

treated first.

6.4 | Management of malignant HNPGL

HNPGL can only be considered malignant once spread to non-

neuroendocrine tissue is demonstrated.92 Data from malignant HNPGL

series are scarce and treatment regimens are often based on series of

non-HNPGLs and pheochromocytomas.63,126 Treatment options include:

surgery, RT, chemotherapy, peptide therapy, and immunotherapy. With

metastatic disease confined to the neck, surgery followed by postopera-

tive RT is associated with good outcomes, particularly in younger

patients.13

Management of distant metastases is more challenging. Surgical re-

section of the primary tumor is indicated when symptomatic due to either

catecholamine excess or mass effect. RT can be considered for tumor

shrinkage in those who are not surgical candidates. Conventional chemo-

therapy is historically the most frequently used therapy for distant disease

with moderate outcomes.127,128 Cyclophosphamide, vincristine, and

dacarbazine is the regime most often cited in the literature.

Recently, peptide therapy and immunotherapy have shown hope

in the treatment of distant disease.129–131 At present, 131I-MIBG

(Azdera) is the most studied treatment in metastatic PPGL and has

recently received FDA approval for treatment of metastatic PPGL.

Prospective data have shown stable disease or tumor response in

59 of 64 patients with metastatic PPGL treated with 131I-MIBG.132 177

Lu-DOTATATE (Luthera) is another peptide therapy that has shown

promise for treatment of metastatic PPGL with one series showing

either tumor response or stable disease in 12 of 14 patients with bio-

chemically active metastatic PPGL evaluated.133 Higher baseline SUV

max on baseline imaging appears to predict early response to treat-

ment.131 Data are currently awaited from a phase II trial undertaken

by the National Institute of Health evaluating the safety, tolerability,

and survival among patients with inoperable PPGL treated with 177Lu-

DOTATATE (NCT03206060). Tyrosine kinase inhibitors (Sunitinib)

and programmed death-ligand 1 inhibitors are currently under investi-

gation for management of metastatic rare tumors including metastatic

PPGL (FIRSTMAPPP NCT01371201; NCT02834013; NCT02721732).

All malignant cases should be discussed and treatment decisions

made at appropriate multidisciplinary meetings involving: surgeons,

endocrinologists, radiation oncologists, and medical oncologists.

7 | SURVEILLANCE

7.1 | Active surveillance

All patients with HNPGLs undergoing active surveillance should be

followed for a prolonged period of time by an appropriately experi-

enced expert. Follow-up should include at minimum: repeat clinical
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examination and repeat imaging.86 Clinical examination should focus

on full cranial nerve examination particularly cranial nerves VII–XII

and formal audiology testing may also be considered. Individuals with

germline mutations should undergo regular biochemical screening

measuring plasma or urinary metanephrines and plasma 3MT to

screen for additional PPGLs.

MRI head and neck is an appropriate imaging modality for surveil-

lance of sporadic HNPGLs. Imaging from skull base to pelvis should be

considered for individuals with germline mutations at risk of PPGLs

outside of the head and neck. The British Skull Base Society suggests

an initial 6-month interval, with annual scans thereafter.86 As the

majority of cases are slow-growing, a yearly follow-up interval appears

to be appropriate.7 The follow-up interval may be extended or

reduced as appropriate depending on patient specific risk factors and

tumor growth during surveillance. Clinicians should consider active

management when: rapid growth is observed or new onset cranial

nerve dysfunction is noted. Further evidence is required to determine

the optimal follow-up intervals and the necessary follow-up duration.

7.2 | Posttreatment surveillance

7.2.1 | Biochemical surveillance of HNPGL patients

Patients with elevated preoperative metanephrines/3MT levels

should undergo repeat testing 2–6 weeks postoperatively to confirm

complete resection. Persistent catecholamine excess implies either an

incomplete resection, or an occult synchronous tumor.26

Patients at high risk of recurrent or metastatic disease (including

germline mutation carriers), should be offered lifelong annual biochemical

surveillance measuring plasma or urinary metanephrines and plasma 3MT

to screen for recurrent, metastatic, or metachronous tumors, irrespective

of the secretory status of the primary tumor, in conjunction with imaging

surveillance of the entire sympathetic chain.25,26

7.2.2 | Radiological surveillance

For patients who undergo resection of HNPGL, it is recommended

that baseline postoperative imaging should be performed 3 months

after surgery to assess for residual disease.86 The extent, modality,

and frequency of surveillance imaging of HNPGL depends on pres-

ence or absence of a germline mutation predisposing to PPGL

(e.g., SDH mutations). It may be reasonable to monitor a patient

with an isolated, sporadic HNPGL using MRI head and neck only.

Germline mutation carriers are at greater risk of both metastatic

disease and metachronous tumors, and therefore will require

ongoing imaging surveillance encompassing the skull base to

pelvis.86 Biannual rapid sequence, non-contrast MRI skull base to

pelvis has been reported to be an effective surveillance tool in

SDH-associated PPGL or for postoperative surveillance of bio-

chemically inactive disease.26,70 The addition of a DWI sequence to

MRI may increase sensitivity for surveillance of SDH patients.134

Imaging surveillance should also be offered to asymptomatic carriers of

germline mutations identified during cascade genetic testing.62,86 The

age of commencement of image-based surveillance of asymptomatic

germline mutation carriers depends on the individual mutation but is

recommended from the age of 10–15 years in SDHB and D germline

mutations.35

7.2.3 | Duration of surveillance

The risk of recurrence following treatment overall in HNPGLs is <10%,

but is higher in those with familial disease.26,48,110,112 Recurrence does

not necessarily occur early and Jackson et al. determined a median time

to recurrence of 5.1 years (mean 8.2 years) in HNPGL.58 As such, long-

term follow-up with serial imaging and thorough clinical examination is

warranted.26,86 There is no ideal follow-up pro forma widely agreed on in

the literature. We would agree with the follow-up proposed by the British

Skull Base Society Clinical Consensus on the Management of Head and

Neck Paragangliomas. This recommends yearly imaging for the first

3 years with reduced follow-up intervals thereafter if appropriate.86 Little

guidance exists within the literature to suggest an ideal follow-up dura-

tion. The European Society of Endocrinology recommends a minimum of

10 years follow-up for these patients following treatment and that life-

long follow-up should be considered for high-risk patients, and those with

a genetic predisposition to PPGL.26

8 | POTENTIAL AREAS FOR FUTURE
RESEARCH

Many recent advances have been made in the understanding of

the pathophysiology, genetic associations, radiological investiga-

tions and natural history of HNPGLs. Despite this limitations, in

our understanding of these tumors remain. The area of most inter-

est at present remains immunotherapy and targeted peptide ther-

apy for metastatic disease. The results of numerous prospective

trials including the NCT03206060 and the FIRSTMAPPP trials are

eagerly awaited to guide future management of distant metastatic

disease.

Second, further efforts are necessary to investigate the utility

of SRS in the management of HNPGL, particularly in cases with

tumor involving the skull base where surgical management is chal-

lenging. Successful application of SRS for management of HNPGL,

particularly these challenging cases, offers the potential to reduce

morbidity for patients while providing comparable oncologic

outcomes.

Finally, access to genetic testing and our improved under-

standing of the mutations and associated phenotypes associated

with HNPGL has fundamentally altered our understanding of these

tumors. Further data are still required to allow for improved sub-

stantification and risk assessment of tumors at risk of rapid pro-

gression and distant spread in order to adequately council and

treat our patients.
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9 | CONCLUSIONS

HNPGLs are rare, typically benign neuroendocrine tumors that should

be managed in appropriate centers with an experienced multi-

disciplinary team incorporating both head and neck or vascular sur-

geons and endocrinologists. It is now recognized that a significant

proportion of HNPGL are hereditary, predominantly associated with

germline mutations in the SDHx gene family. If detected, germline

mutations have important implications for both the investigation and

surveillance of the affected individual and their family members. Thus,

genetic screening should be discussed with all patients diagnosed with

HNPGL. Historically considered aggressive tumors necessitating surgi-

cal intervention, recent evidence has demonstrated that the vast

majority can be safely observed. Classification of HNPGL into CBTs

and non-CBTs is useful for clinicians when planning treatment strate-

gies, due to differing morbidity associated with these entities. We

would advocate that surgical treatment strategies are more frequently

indicated in CBTs while nonsurgical strategies should be utilized in

non-CBT where possible.
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