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High prevalence of occult paragangliomas
in asymptomatic carriers of SDHD and SDHB
gene mutations
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Hereditary paraganglioma is a benign tumor syndrome with an age-dependent penetrance. Carriers of germline mutations in the

SDHB or SDHD genes may develop parasympathetic paragangliomas in the head and neck region or sympathetic

catecholamine-secreting abdominal and thoracic paragangliomas (pheochromocytomas). In this study, we aimed to establish

paraganglioma risk in 101 asymptomatic germline mutation carriers and evaluate the results of our surveillance regimen.

Asymptomatic carriers of an SDHD or SDHB mutation were included once disease status was established by MRI diagnosis.

Clinical surveillance revealed a head and neck paraganglioma in 28 of the 47 (59.6%) asymptomatic SDHD mutation carriers.

Risk of tumor development was significantly lower in SDHB mutation carriers: 2/17 (11.8%, P¼0.001). Sympathetic

paragangliomas were encountered in two SDHD mutation carriers and in one SDHB mutation carrier. In conclusion,

asymptomatic carriers of an SDHD mutation are at a high risk for occult parasympathetic paraganglioma. SDHB carrier risk is

considerably lower, consistent with lower penetrance of SDHB mutations. For both syndromes, the risk of symptomless

sympathetic paragangliomas is small.
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INTRODUCTION

Hereditary paraganglioma syndrome is caused by mutations in genes
encoding subunits or cofactors of mitochondrial succinate dehydro-
genase (SDH): SDHA, SDHB, SDHC, SDHD or SDHAF2.1–4

Mutations of RET, NF1 and VHL have also been noted in rare
cases of head and neck paragangliomas.5 The penetrance of SDHD-
related paragangliomas is modulated by genomic imprinting,
resulting in an almost complete absence of disease following
maternal transmission. Paternal transmission is associated with
incomplete penetrance (43–100%).6 Head and neck paragangliomas
and multiple concurrent paragangliomas are most frequently
observed in SDHD-linked cases, whereas extra-adrenal abdominal
and thoracic (sympathetic) paragangliomas are most frequently found
in SDHB-linked cases. In addition, mutations in SDHB, SDHC and
SDHD, but not in SDHAF2, are associated with the development of
adrenal pheochromocytomas. Malignancy, defined as metastatic
paraganglioma, can occur in SDHD-linked patients but is most
common in SDHB mutation carriers.7,8 We have offered genetic
testing to asymptomatic relatives of patients with SDHD mutations at
Leiden University Medical Center (LUMC) since 2002, and more
recently, for SDHB, SDHC or SDHAF2 mutations. We have now
evaluated the outcome of SDHD/SDHB testing and surveillance, with
the aim of establishing the prevalence of paragangliomas in
asymptomatic carriers.

METHODS
The database of the Laboratory for Diagnostic Genome Analysis (LDGA) of

the Leiden University Medical Center (LUMC) was used to identify asympto-

matic carriers of a known mutation in SDHD or SDHB. Subsequently, relevant

clinical parameters were derived from the records of the Departments of ENT

and Endocrinology (LUMC).

An MRI scan (3D/TOF with gadolinium) was considered the gold standard

for diagnosis of head and neck paragangliomas. For the diagnosis of

sympathetic paragangliomas, catecholamines and their 0-methylated metabo-

lites were measured as described by Havekes et al9 and, if elevated, were

followed by MRI or CT scans of the thorax and abdomen and, when positive

for a suspected sympathetic paraganglioma, by MIBG-scintigraphy.

A w2-test was used to analyze the association between mutation type and the

number of parasympathetic paragangliomas. A two-sided Fisher’s exact test

and a Manzel–Haenszel test were used to compare SDHD and SDHB carriers.

RESULTS

From 2002 to 2011, 294 asymptomatic relatives underwent genetic
testing, and 101 were found to carry an SDHD or SDHB mutation.
An additional history taken during the first visit to the ENT clinic
revealed that four subjects had existing symptoms before genetic
testing and were thus excluded. Another 16 persons inherited an
SDHD mutation via the maternal line and were therefore not
considered to be at risk for paragangliomas. In addition, disease
status could not be established in 17 cases due to a lack of MRI
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screening, including seven SDHB mutation carriers who declined
further examination following genetic counseling.

Disease status was established in the remaining 64 asymptomatic
cases, including 47 SDHD carriers and 17 SDHB carriers.

SDHD mutation carriers
Following physical examination, six of the 47 SDHD mutation carriers
were suspect for head and neck paraganglioma, and the diagnosis was
confirmed by MRI. An additional 22 patients carrying a total of 57
tumors (38 carotid body, 17 vagal body and 2 jugulotympanic
tumors) were identified by MRI. Thus, a head and neck paragan-
glioma was found in 59.6% of asymptomatic SDHD carriers and
multiple tumors were seen in 34%. A sympathetic paraganglioma was
diagnosed in two patients (4.3%). Although the sample size was too
small to show significance, individuals with c.416T4C, p.Leu139Pro
mutation were affected more often, and with multiple tumors
(P¼ 0.07), compared with those with most common mutation
(c.274G4T, p.Asp92Tyr) (Table 1).

A carotid body tumor was resected in three patients, two of whom
showed postoperative hypoglossal nerve paresis that improved with time.
In one case the superior laryngeal nerve was sacrificed and the other
showed accidental accessory nerve paresis. Both patients with a sympa-
thetic paraganglioma were treated surgically without complications.

A ‘wait and scan’ policy was adopted in the other cases, which gave
the opportunity to follow the natural course of 28 tumors radio-
logically. Growth was observed in five tumors (17.9%) during a mean
follow-up time of 3.2 (± 2.5) years. None of these patients developed
symptoms during follow-up.

SDHB mutation carriers
Seventeen asymptomatic SDHB mutation carriers were investigated
and MRI identified a vagal body tumor in two carriers (11.8%),
significantly less than in SDHD mutation carriers (odds ratio 11.1;
2.3–54.0 95% confidence interval, P¼ 0.001). These patients and 13
others carried the c.423þ 1G4A splice mutation, while the remain-
ing two had a large deletion affecting exon 3. No association was
found between the mutation and type tumor (P¼ 0.58). An addi-
tional sympathetic paraganglioma was found in one patient and was
surgically removed without complications.

DISCUSSION

Clinical surveillance of asymptomatic SDHD mutation carriers reveals
a high prevalence of occult head and neck paragangliomas, and even

multiple tumors may go undetected. No sizable jugulotympanic
tumors were found, probably because these tumors give rise to
symptoms at an early stage. The relatively large number of affected
individuals carrying the c.416T4C, p.Leu139Pro mutation suggests
that this mutation may be more penetrant, but larger sample sizes will
be necessary to confirm this suspicion.

In contrast to SDHD, SDHB mutations were responsible for
asymptomatic head and neck tumors in only 12% of the tested cases,
consistent with the low penetrance previously reported.10

The results presented here support the use of genetic testing and
clinical surveillance in families with paraganglioma, not only for the
exclusion of disease in genuinely healthy subjects, but also because
screening allows the detection and treatment of early-stage para-
gangliomas. This may be particularly valid for adrenal and extra-
adrenal secreting pheochromocytomas, for which surgery is recom-
mended even in the absence of clinical signs.11 The uneventful
resection of the sympathetic paragangliomas in this study
underlines the fact that this is a safe procedure. In contrast, surgery
of parasympathetic paragangliomas of the head and neck is associated
with cranial nerve injury. These risks must be weighed against the
frequently indolent natural course of the disease and a ‘wait and scan’
policy should be considered.

In conclusion, genetic testing facilitates the detection of head and
neck paragangliomas in a high proportion of asymptomatic carriers
and provides the opportunity to treat patients at an early stage of the
disease.
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Table 1 Mutation type SDHD

Mutation No tumor 1 tumor Multiple tumors Total

c.274G4T, p.Asp92Tyr 17 11 9 37

c.416T4C p.Leu139Pro 1 0 5 6

c.284T4C p.Leu95Pro 1 1 2 4

Total 19 12 16 47
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