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ABSTRACT

Head and neck paragangliomas (HNPs) and pheochromocytomas are rare
tumors. Sporadic and hereditary forms are recognized. Four different paraganglioma
syndromes (PGLs 1-4) have been described: PGL 1 is associated with mutations of the
succinate dehydrogenase (SDH) subunit D (SDHD) gene; PGL 3 is caused by SDHC
gene mutations; PGL 4 is caused by SDHB gene mutations; the susceptibility gene for
PGL 2 is unknown. The objective of this study is to review distinct clinical features of
the different PGLs. An international registry for HNPs was founded in Freiburg,
Germany, in 2000. The data presented in this article have been acquired from registered
HNP patients who have been screened for mutations of the genes SDHB, SDHC, and
SDHD. Approximately 30% of apparent sporadic HNPs are caused by a germline
mutation in one of these genes. Patients with PGL 1 or 4 have a very high lifetime risk
of developing HHNPs as well as thoracic and abdominal pheochromocytomas. Com-
pared with sporadic HNPs, tumors developing in SDHB, SDHC, and SDHD mutation
carriers arise at a significantly younger age. The SDHB mutations are associated with a
high percentage of malignant paraganglionic tumors. We recommend molecular
genetic screening of all HNP patients for SDHB, SDHC, and SDHD gene mutations.
Mutation carriers must be screened for paraganglial tumors in the head, neck, thorax,
and abdomen. Appropriately timed surgical intervention will minimize disease-specific

morbidity and mortality. Lifelong follow-up is mandatory.
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Paragangliomas and pheochromocytomas
are rare tumors of neural crest origin that may
arise along the pathway of the paraganglial em-
bryologic migration from the skull base to the
pelvic floor."

Several terms are used to describe paragan-
gliomas in clinical practice. Our group uses the
term pheochromocytoma for tumors located in the
adrenal glands, extra-adrenal abdominal as well as
in thoracic locations. Almost all these tumors are
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endocrinologically active. In contrast, the term
paraganglioma is only used for tumors that develop
in the head and neck, where most are nonfunction-
ing.”™*

Head and neck paragangliomas (HNPs) are
generally named after their site of origin.” The most
common site at which they develop is the carotid
body, where they are referred to as carotid body
tumors (CBTs).>® Other common sites include the
middle ear, in association with Jacobsen’s tympanic
plexus (glomus tympanicum tumors), the jugular
bulb (glomus jugulare tumors), and paraganglia
along the vagal nerve (vagal paragangliomas).”

Both sporadic and familial forms of HNPs
and pheochromocytomas have been recognized for
many years.">”® Patients with multiple endocrine
neoplasia type 2 (MEN 2), von Hippel-Lindau
(vHL) disease, or neurofibromatosis type 1 (NF1)
also have an increased risk of development of
pheochromocytomas.” "2

In 2000, Baysal et al identified the SDHD
gene as the susceptibility gene for PGL 1. Later
that year, SDHC gene mutations were found to be
associated with PGL 3 by Niemann and Miiller,"*
and in 2001 Astuti et al described mutations of the
SDHB gene as the cause of PGL 4. The genetic
defect leading to PGL 2 has not been identified
yet.%'¢ Table 1 gives an overview of the different
tumor syndromes associated with HNP and pheo-
chromocytomas. It was originally thought that the
different PGL genes were exclusively associated
with HNP.">!* It soon became clear that patients
with PGL 1 and PGL 4 also harbor a risk for the

development of pheochromocytomas.8’15’17 A con-
siderable number of HNP and pheochromocytoma
patients with mutations of the SDHB or SDHD
gene have been recorded in the last 8 years."™
However, only four families with SDHC gene
mutations had been reported up until October
20051820 \when Schiavi et al added another
five SDHC index cases.* Interestingly, pheochro-
mocytomas seem to be very rare in patients with
PGL 3.

In this article, we review the current data that
are clinically relevant to paraganglioma syndromes.
We also use case descriptions to illustrate distinct

clinical features of PGL 1, PGL 3, and PGL 4.

CLINICAL CASE REPORTS
Patient 1: SDHB Mutation Carrier

A 34-year-old white female patient underwent
resection of a right-sided CBT at another institu-
tion in February 2003. Histopathological and im-
munohistochemical examination of the operative
specimen revealed metastatic spread to ipsilateral
lymph nodes. A local recurrence developed and was
resected in September 2004. During that operation,
the right internal and common carotid arteries were
sacrificed and replaced with Gortex bypass grafts
without any subsequent neurological deficits. The
ipsilateral vagus, accessory, and hypoglossal nerves
were also resected. The patient first presented to our

Table 1 Tumor Syndromes Associated with Pheochromocytomas and Head and Neck Paragangliomas

Tumor Syndrome Gene Mutation Chromosome Paraganglionic Tumor
MEN 2 RET 10911.2 HNP* Pheochromocytoma
NF1 NF1 17911.2 Pheochromocytoma

vHL VHL 3p25 HNP Pheochromocytoma
PGL 1 SDHD 11923 HNP Pheochromocytoma
PGL 2 Not identified 11913 HNP

PGL 3 SDHC 1921 HNP Pheochromocytoma
PGL 4 SDHB 1p36 HNP Pheochromocytoma

*HNP have been rarely observed in MEN 2 and vHL.*

MEN 2, multiple endocrine neoplasia type 2; g, short arm of a chromosome; HNP, head and neck paraganglioma; NF1, neurofibromatosis
type 1; vHL, von Hippel-Lindau (disease); p, long arm of a chromosome; PGL, paraganglioma.



CLINICAL FEATURES OF PARAGANGLIOMA SYNDROMES/BOEDEKER ET AL

19

institution in February 2005. The molecular ge-
netic screen revealed a mutation of the SDHB
gene. Magnetic resonance imaging (MRI) revealed
another local recurrence. An '®Fluorine L-3,4-
dihydroxyphenylalanine positron emission tomog-
raphy (*8F DOPA PET) confirmed the tumor
recurrence and showed a distant metastasis to the
left femoral neck that was confirmed by MRI and
computed tomography (CT) (Fig. 1). The recur-
rent CBT was completely resected following in-
ternal and common carotid artery balloon
occlusion. Both vessels and the Gortex bypass graft
were removed, and the patient did not develop any
additional neurological deficit. In the meantime,
the patient developed multiple bone metastases
and underwent palliative external beam radiation
therapy.

The patient’s two sons underwent molecular
genetic screening as well. A mutation of the SDHB
gene was found in one son. Clinical and radiological
examinations (three-body region MRIs [MRI of
head and neck, abdomen, and thorax], 1*F DOPA
PET) did not reveal any signs of HNP or pheo-

chromocytoma. Lifelong follow-up examinations
will be mandatory for that son.

Figure 1 Axial computed tomography (CT) scan with
bone metastasis (arrow) in the left femoral neck of female
SDHB mutation carrier (patient 1).

Patient 2: SDHC Mutation Carrier

This 38-year-old white female patient presented
with a right-sided hearing loss in the summer of
2002. Otoscopic examination and an MRI at an-
other institution revealed a jugular PGL. The
patient had no family history of paragangliomas or
pheochromocytomas. She refused surgical treat-
ment. In February 2004, molecular genetic screen-
ing was undertaken on a blood sample. The test
revealed a mutation of the SDHC gene. Magnetic
resonance imaging, dynamic contrast-enhanced
magnetic resonance angiography (MRA), and CT
at that time revealed a large jugulotympanic para-
ganglioma (Fig. 2). An MRI of the thorax and
abdomen as well as an *F DOPA PET failed to
detect any pheochromocytoma. The 24-hour urine
assay for epinephrine, norepinephrine, and vanillyl-
mandelic acid was unremarkable. Sadly, the patient
has not consented to molecular genetic testing of
her two sons. She still refuses any kind of treatment
and is followed up by yearly MRI of the head and

neck.

Figure 2 Coronal T1-weighted magnetic resonance ima-
ging (MRI) with strongly, but nonuniformly enhancing right
jugulotympanic paraganglioma in female SDHC mutation
carrier (patient 2).



20

SKULL BASE/VOLUME 19, NUMBER 1 2009

Patient 3: SDHD Mutation Carrier

A 36-year-old white man had undergone the re-
section of a left CBT in January 2000. He had no
postoperative cranial nerve deficits. In the months
that followed, the patient developed hypertension
that could not be controlled medically. A 24-hour
urine catecholamine analysis was performed that
revealed normal excretion of epinephrine and an
elevated excretion of norepinephrine (360 pg/24 h;
normal is < 100). An MRI examination revealed a
pheochromocytoma of the left adrenal gland that
measured 4 cm in diameter. The patient underwent
complete left adrenalectomy in August 2000 with
an uneventful postoperative course.

A follow-up 24-hour urine assay in December
2000 showed a persistently high norepinephrine
level (219 pg/24 h). Molecular genetic screening
revealed a mutation of the SDHD gene. The pa-
tient’s parents and his sister were also tested for the
mutation. The same SDHD mutation was detected
in both his father and his sister. There was no
mutation in the patient’s mother.

A three-body region clinical screening includ-
ing an MRI of the neck, thorax, and abdomen and an
8F DOPA PET were performed in January 2001.
The ®F DOPA PET (Fig. 3) detected four lesions,
with uptake of the tracer in: the right skull base, the
right carotid body, the right adrenal gland, and in the
atria of the heart. In addition, a remnant of the left
CBT was found. All sites of uptake were confirmed
as tumors by MRI. An MRA (Fig. 4) showed the
right CBT and right jugular paraganglioma.

Physical examination of the head and neck
was unremarkable even at that stage of the illness.
There were no cranial nerve deficits. Hearing was
normal on both sides even though he complained of
right-sided pulsatile tinnitus.

Despite genetic and clinical counseling, this
patient refuses all treatment for his HNPs. A
partial, laparoscopic right adrenalectomy has also
been recommended, but the patient has preferred to
have serial MRI studies. During the last review in
January 2008, three-body region MRIs did not
reveal any significant growth of the pheochromo-

Figure 3 '®Fluoro dopamine positron emission tomogra-
phy ('"®F DOPA PET) in male patient with SDHD gene
mutation showing CBT and jugular paraganglioma on the
right, pheochromocytoma of the right adrenal gland, and
pheochromocytoma in atrium of the heart. Note the rem-
nant of the left CBT. Physiologic tracer uptake is seen in
the gallbladder, the renal pelvis, and the urinary bladder
(patient 3). (Reprinted from Schipper J, Boedeker CC,
Maier W, Neumann HPH. Paragangliomas in the head/
neck region: |. Classification and diagnosis. HNO
2004;52:569-576, with kind permission of Springer
Science and Business Media.)
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Figure 4 Dynamic contrast-enhanced magnetic reso-
nance angiography (MRA) of the SDHD mutation carrier
shown in Fig. 3 confirming right CBT and jugular paragan-
glioma (patient 3). Contrast enhancement shows these
highly vascular tumors in the early arterial phase.

cytomas and the tumor remnant in the left neck.
However, the right-sided HNPs have shown some
significant growth between January 2001 and Jan-
uary 2008. The volume of the jugular paragan-
glioma has increased by 65%; the volume of the
CBT has increased by 202%.

DISCUSSION

Familial HNPs have been recognized for deca-
des.™>"® Since the identification of the SDHD
gene as one of the susceptibly genes for familial
HNP,"® the PGLs have attracted attention.'™
The PGLs have been classified genetically into
four entities—PGL 1, PGL 2, PGL 3, and PGL

413715 Three of those four entities have been

associated with germline mutations in genes en-
coding subunits of succinate dehydrogenase. The
genetic mutation of the fourth syndrome, PGL 2,
has not been identified yet.?

Succinate dehydrogenase (SDH), with its
four subunits A, B, C and D, plays an important
role in the Krebs cycle and, as part of the mitochon-
drial complex II, in the aerobic electron transport of
the respiratory chain.**? Mitochondrial complex I
is thought to function as a tumor suppressor because
when it is defective, it results in the overexpression
of several hypoxia-inducible genes that are believed
to result in proliferation of paraganglia.®®> Although
mutations of SDHB, SDHC, and SDHD lead to
PGL 4, PGL 3, and PGL 1, respectively, germline
mutations of SDHA have not been associated with
HNP or pheochromocytoma. Instead, SDHA mu-
tations are related to Leigh’s syndrome, which is

. . 4
characterized by severe neurodegeneration.’

Malignant Head and Neck Paragangliomas
and Pheochromocytomas

Approximately 10% of HNPs and pheochromocy-
tomas have been cited to be malignant.”> Benign
as well as malignant HNPs consist of the same
two major cell types: epithelioid chief cells and
sustentacular supporting cells. These two cell
types form clusters of cells, so-called Ze/lballen,
that are surrounded by extensive vascular sinu-
soids. Interestingly, no accepted pathological or
immunohistochemical markers distinguish malig-
nant from benign paraganglial tumors. Therefore,
malignant HNPs and pheochromocytomas are only
diagnosed when metastasis to non-neuroendocrine
tissue is demonstrated.?>?® The most common site
of metastatic spread for HHNP is the cervical lymph
nodes. Common systemic sides include bone, lung,
and liver.

In the head and neck, malignancy is most
commonly found in vagal tumors (16 to 19%),
followed by CBTs (~6%) and jugulotympanic
tumors (2 to 4%).%

defined criteria concerning the preoperative search

There are no internationally
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for local and distant metastases or the extent of
lymphadenectomy in the removal of HNP. In
HNP patients without an SDHB mutation, we
do not screen for distant metastases unless clinical
signs such as weight loss, fatigue, and night sweat
suggest metastatic disease. All HNP patients at our
department undergo B-mode sonographic exami-
nation of the neck. In patients with vagal para-
gangliomas and CBT's, we undertake levels 2 and 3
selective neck dissection.?” In patients with jugular
paragangliomas, we remove lymph nodes immedi-
ately adjacent to the internal jugular vein at the

skull base.

Imaging in Patients with Paragangliomas

Patients with SDHB (PGL 4) and SDHD (PGL 1)
gene mutations have been shown to be at risk of
development of multiple paraganglial tumors in the
head and neck, thorax, and abdomen.™ In addition,
PGL 4 patients’ tumors can be malignant and
metastasize.>*® The SDHB and SDHD mutation
carriers should undergo three-body region MRI
screening. Also, PGL 4 patients should have a
bone scan. As stated previously, 18F DOPA
PET?**° has been used with great success for the
detection of primary and secondary tumors. Its
primary advantage is that the whole body is imaged,
including the skeleton. This is of great value for the
detection or exclusion of multifocal or metastatic
paraganglial tumors. It has also been shown to be
suitable for the detection of very small tumors that
may be easily missed on MRI.?’ In our opinion, the
8F DOPA PET has great potential to become both
a screening method and a method for clinical follow-
up in PGL 1 and PGL 4 patients.

Role of Transmission and Genetic Counseling

Transmission for all PGLs is by an autosomal-
dominant gene.'**! Interestingly, there is a pa-
rent-of-origin-dependent inheritance in subjects
with SDHD gene mutations (PGL 1).32 This means
that the risk of manifestation of the disease pheno-

type is only increased if the mutation is inherited
through the paternal line. Maternal transmission
does not cause tumor development. Children of
temale SDHD mutation carriers need not undergo
clinical surveillance.” If a mutation carrier them-
selves, they will pass on the mutation to their
offspring in an autosomal-dominant trait. This
important feature has to be kept in mind when it
comes to genetic counseling of affected families.
The psychological, ethical, and legal risks
that often arise during genetic testing and counsel-
ing include psychological and social stress for the
patient and family (e.g., survivor guilt, burden of
knowledge, and social stigmatization), and threat of
employment or insurance discrimination. Because
of these complex issues that patients face, genetic
counseling services should be offered throughout
the entire testing process with follow-up when

necessary.33

Distinct Clinical Features of Paraganglioma
Syndromes

Only a few months after the first description of the
SDHD gene as the susceptibility gene for PGL 13
in the year 2000, it became clear that those patients
were also are at risk of development of adrenal
and extra-adrenal pheochromocytomas.8 The same
could be shown for patients with mutations of the
SDHB gene in 2001.2>'7 Whereas pheochromocy-
tomas are commonly detected in patients with
SDHB and SDHD gene mutations, they seem to
occur very rarely in SDHC mutation carriers.>!

In 2002, Neumann et al described 271 pheo-
chromocytoma patients with apparent sporadic tu-
mors.” All patients underwent molecular genetic
screening of the VHL gene (VHL disease), the
RET gene (MEN 2), the SDHB gene (PGL 4),
and the SDHD gene (PGL 1). Mutations were
found in 24% of cases: 11% had vHL disease, 5%
had MEN 2, 4% had PGL 1, and 4% had PGL 4.
Whereas vHL disease and MEN 2 are well-docu-
mented tumor syndromes, detailed clinical infor-
mation on the different PGLs, such as gene-specific
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clinical features and penetrance, had not been
realized at that time. This information is pivotal
to genetic counseling, treatment, and follow-up. In
2004, our group began to provide such information
for PGL 1 and PGL 4°. In that study, we encoun-
tered 53 SDHB and 47 SDHD mutation carriers.
Average age at diagnosis of the first HNP or
pheochromocytoma was 29.8 years in the SDHB
group and 30.6 years in the SDHD group. The
SDHB mutation carriers were shown to have a 50%
penetrance for paraganglial tumors by the age of
35 years, increasing to 77% by the age of 50 years.
The SDHD mutations conferred 50% penetrance by
31 years of age and 86% by 50 years of age. The
HNP and multifocal tumors were significantly more
frequent in the SDHD mutation group (p < 0.001);
malignant HNP and pheochromocytomas were
found in about one third of the SDHB mutation
carriers. No malignant paraganglial tumors were
seen in the SDHD group (p < 0.001). Additionally,
renal cell cancer was observed in two young SDHB
mutation carriers.

In the meantime, malignant paragangliomas
have been detected in selected patients with SDHC
and SDHD gene mutations.'®*** They are signifi-
cantly more common in SDHB mutation carriers,
however.>*?83¢ Therefore, all patients presenting to
our institution with an SDHB mutation are screened
for local and systemic metastatic disease. This
screening should include both a three-body region
MRI scan as well as a bone isotope scan. An '*F
DOPA PET has been shown to be an equally
sensitive alternative.

Only four families with SDHC gene muta-
tions had been described in the literature until
October 2005.%'*1820 We have combined our
data on 121 HNP patients with that of 371 patients
from the Freiburg-Warsaw pheochromocytoma
registry. All these patients were screened for muta-
tions of the SDHB, SDHC, and SDHD gene.
Prevalences in the HNP registry were 4% for
SDHC, 7% for SDHB, and 17% for SDHD muta-
tions. Altogether, ~28% of patients with apparently
sporadic HNPs harbored a mutation in one of those
three genes. In all three groups of mutation carriers,

patients were of significantly younger age at diag-
nosis of their first tumor compared with patients
without germline mutations. Fewer instances of
multifocal tumors were found in SDHC patients
when compared with SDHD mutation carriers.
More CBTs where found in the SDHC group
when compared with patients with sporadic HNP.
Interestingly, pheochromocytomas could not been
found in any SDHC patient in this study.”

The clinical cases described in the present
study (patients 1, 2, and 3) highlight some of the
distinct clinical features of the different PGLs.

1. All three patients were in their 30s when they were
first diagnosed with an HNP. In patients without
mutations, HNPs develop at a later age in the
majority of cases.

2. The SDHB mutation carrier suffered from a ma-
lignant CBT. Although detected in SDHB patients
in a large percentage of cases, malignant paragan-
gliomas are rarely seen in SDHC and SDHD
mutation carries.

3. The SDHC mutation carrier only had one HNP.
Multifocal HNPs and pheochromocytomas seem
to be very rare in PGL 3.

4. The SDHD mutation carrier presented with multi-
ple HNPs and multiple pheochromocytomas but
without any signs of metastatic spread. Multifocal
paraganglial tumors are significantly more frequent
in SDHD patients compared with SDHB and
SDHC mutation carriers and patients with sporadic

HNPs.

CONCLUSION

Approximately 30% of apparently sporadic HNPs
are caused by a germline mutation in one of the
SDHB, SDHC, and SDHD genes. We therefore
recommend molecular genetic screening of all
HNP patients for those mutations. First-degree
relatives of mutation carriers have to be screened as
well. There is an autosomal-dominant role of trans-
mission for all PGLs with a parent-of-origin—de-
pendent inheritance in SDHD mutation carriers

(PGL 1). Patients with PGL 1 and 4 have a very
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high lifetime risk for the development of HNP as
well as thoracic and abdominal paraganglionic tu-
mors. Compared with sporadic HNP, tumors in
SDHB, SDHC, and SDHD mutation carriers de-
velop at a significantly younger age. The SDHB
mutations are associated with a high percentage of
malignant PGLs. Three-body region clinical screen-
ing of mutation carriers offers the chance to diag-
nose those tumors in an early and asymptomatic
stage. Appropriately timed surgical intervention will
minimize disease-specific morbidity and mortality.
Genetic counseling and interdisciplinary follow-up
of mutation carriers are essential. Duration of inter-
vals is under debate, but yearly intervals may be
considered.
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