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Familial paraganglioma is a rare syndrome characterized by slow-growing tumors derived from
paraganglia tissue in the head and neck, thorax, abdomen, and pelvis. Recent years have brought
significant progress in identifying the genetic etiology of this syndrome. Disease-causing mutations in
three genes (SDHB, SDHC, and SDHD) encoding subunits of succinate dehydrogenase (SDH), or
mitochondrial complex Il, are responsible for most cases of familial paraganglioma (1, 2). SDH has
important functions in the Krebs cycle and the mitochondrial respiratory chain. Understanding the
relationship between mutations in SDHB, SDHC, and SDHD and the clinical manifestations of familial
paraganglioma assists in management, genetic testing, and appropriate genetic counseling.

Of all the clinical aspects of familial paraganglioma, one of the most interesting is that a proportion of
the tumors secrete catecholamines. The occurrence of catecholamine hypersecretion depends on
tumor location; approximately 5% of head and neck paragangliomas and most abdominal
paragangliomas produce clinically significant hormones (3). In both clinical and research settings,
catecholamine-secreting tumors should be further defined: pheochromocytomas arise from
chromaffin cells of the adrenal medulla, and extraadrenal catecholamine-secreting paragangliomas
(extraadrenal pheochromocytomas) arise from the sympathetic ganglia (4). Because the two types of
catecholamine-secreting tumors have similar clinical presentations and treatment approaches, many
clinicians use the term pheochromocytoma to refer to both adrenal pheochromocytomas and
extraadrenal catecholamine-secreting paragangliomas. However, the distinction between a true
pheochromocytoma and a paraganglioma is important because the specific diagnosis has
implications for associated neoplasms, risk of malignancy, and genetic testing algorithms.

Approximately 15-20% of patients with catecholamine-secreting tumors have germline mutations
(inherited mutations present in all cells of the body) in genes associated with disease (5, 6, 7). The
most frequent germline mutations identified in patients with pheochromocytoma are in the genes
associated with von Hippel Lindau disease, multiple endocrine neoplasia type 2 (MEN type 2), and
neurofibromatosis type 1. The most frequent germline mutations found in patients with extraadrenal
catecholamine-secreting paragangliomas are in the genes associated with familial paraganglioma,
von Hippel Lindau disease, and, rarely, MEN type 2 or neurofibromatosis type 1 (3).

By studying families with SDHB, SDHC, or SDHD mutations, researchers have begun to elucidate
differences in the clinical presentation of familial paraganglioma on the basis of the mutated gene
present in the family. These distinctions constitute very basic genotype-phenotype correlations.
Generally, genotype-phenotype correlations describe the association between a specific gene
mutation and particular clinical findings. Some disorders, such as MEN type 2, have very specific
genotype-phenotype correlations; for example, any mutation in codon 634 of the RET
protooncogene results in a higher incidence of pheochromocytoma and hyperparathyroidism than
mutations located in other regions of the gene (8, 9). The SDH Mutation Database tool, based on the
Leiden Open (source) Variation Database system at http://chromium.liacs.nl/lovd_sdh/, provides an
overview of all known SDH mutations and the associated tumor types (2). When known, genotype-
phenotype correlations can help guide the clinical management of affected and at-risk individuals.

Mutations in SDHD, located on chromosome 11g23, have been identified in multigenerational
families with primarily head and neck parasympathetic paragangliomas as well as
pheochromocytomas and catecholamine-secreting paragangliomas (10, 11). SDHD mutations
predispose to the development of multifocal paragangliomas (11). In patients with SDHD mutations,
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penetrance depends on whether the individual inherited the mutation from the mother or the father.
The disease is not manifested when the mutation is inherited from the mother, but is highly penetrant
when inherited from the father (10, 11). This phenomenon is known as maternal imprinting.

Mutations in SDHB, located on chromosome 1p35-36, are primarily associated with paragangliomas
in the abdomen, pelvis, and thorax, although head and neck tumors and pheochromocytomas are
also observed. In families with SDHB mutations, imprinting has not been noted. Patients with SDHB
mutations are at increased risk for malignant paraganglioma (11, 12, 13) and may be at increased risk
for renal cell carcinoma and papillary thyroid cancer (11).

Mutations in SDHC, located on chromosome 1921, have been reported in families with head and
neck parasympathetic paragangliomas (14). Inheritance of SDHC mutations does not demonstrate
the parent of origin effect observed in families with SDHD mutations.

Genetic testing for SDHB, SDHC, and SDHD is clinically available, and because of the high
prevalence of SDH mutations in patients with paraganglioma, stepwise testing should be considered
for all affected individuals. The clinician should be aware that large germline deletions of SDHB and
SDHD have been identified in families with paraganglioma (15), but these large deletions are not
detected by molecular methodologies that diagnostic laboratories currently offer. Therefore, negative
genetic testing of a patient with paraganglioma does not rule out the presence of a disease-causing
mutation.

In this issue of the Journal of Clinical Endocrinology and Metabolism, Benn et al. (16) report clinical
findings in a cohort of patients with SDHB or SDHD mutations. The International SDH Consortium
(with participants from seven countries) collected data on 116 individuals from 62 families who were
evaluated at tertiary referral care centers. Of the index cases, 43 had SDHB mutations, and 19 had
SDHD mutations. Including probands and their family members, 51 SDHB carriers and 28 SDHD
carriers were affected. Family testing also identified 31 SDHB carriers and two SDHD carriers who
were asymptomatic with no clinical evidence of paraganglioma. By evaluating clinical features such as
diagnosis, age at onset, results of genetic testing, surgery, pathology, and disease progression, Benn
et al. (16) endeavored to better define genotype-phenotype correlations in mutation-positive patients.

The median age at initial diagnosis was 34 yr for SDHB carriers and 28 yr for SDHD carriers, similar
to the findings of a published population-based study (11). Benn et al. (16) reported a statistically
significant age-related penetrance difference for SDHB and SDHD mutation carriers. By age 30 yr,
29% of SDHB mutation carriers and 48% of SDHD mutation carriers were diagnosed with
paraganglioma; by age 40 yr, 45% of SDHB mutation carriers and 73% of SDHD mutation carriers
were diagnosed with paraganglioma. Of the probands, a familial presentation was evident in only 16
of 43 (37%) SDHB patients and 15 of 19 (79%) SDHD patients. Thus, absence of a family history of
paraganglioma does not exclude genetic disease.

The findings in this report confirm the previous population-based genotype-phenotype studies
showing that SDHB mutations were mainly associated with abdominal paraganglioma, and SDHD
mutations were mainly associated with head and neck paraganglioma (11). Adrenal
pheochromocytomas were identified in nine of 51 patients with SDHB mutations (18%) and two of 28
patients with SDHD mutations (7%). In a population-based study, pheochromocytomas were reported
to occur in 28% of patients with SDHB mutations and 53% of patients with SDHD mutations (11).
Benn et al. (16) found that malignant disease was evident in 19 of 43 families with SDHB mutations
(44%) and two of 19 families with SDHD mutations (11%), a finding that confirms the link between
SDHB mutations and malignant paraganglioma previously reported (11, 12, 13). In addition, malignant
paraganglioma was associated a variety of SDHB mutations spread throughout the gene (16). These
data suggest that regardless of the specific genotype, all patients with SDHB mutations appear to be
at increased risk for malignant disease.

Benn et al. (16) do not comment extensively on genotype-phenotype correlations based on specific
SDHB and SDHD mutations. However, they did observe a tendency for SDHD mutation carriers with
nonsense mutations (mutations that prematurely stop the translation of mRNA into protein and result
in truncated products) to develop functional paragangliomas.

This report highlights the value of genetic testing for affected patients and at-risk asymptomatic family
members. Genetic testing should be considered in all patients with paraganglioma and/or
pheochromocytoma. Familial paraganglioma is inherited in an autosomal dominant manner; thus, an
affected person has a 1 in 2 (50%) chance of passing the mutation on to each child. In families with
SDHD mutations, inheritance is further complicated by the maternal imprinting phenomenon. In any
clinical scenario, a mutation should be confirmed in an affected individual before genetic testing is
offered to at-risk asymptomatic relatives. Genetic testing can be complex; testing one family member
clearly has implications for related individuals. Genetic counseling is recommended to help families
understand the implications of genetic test results, to coordinate testing of at-risk relatives, and to
help families work through the psychosocial issues that may arise before, during, or after the testing
process.

The clinician may obtain a list of clinically approved molecular diagnostic laboratories at
www.genetests.org. Given the considerable cost of genetic testing, using a stepwise approach when
evaluating a patient for the presence of an SDH mutation is prudent. Thus, when deciding which
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genetic test to order first, the clinician must consider tumor location, tumor hormonal status, presence
of malignancy, existence of multifocal tumors, and family history.

The likelihood of identifying an SDHD mutation is highest for patients with the following presentations
(listed in order of probability): head and neck paraganglioma, chest/abdominal/pelvic paraganglioma,
and apparently sporadic pheochromocytoma.

The likelihood of identifying an SDHB mutation is highest for patients with the following presentations
(listed in order of probability): chest/abdominal/pelvic paraganglioma, apparently sporadic
pheochromocytoma, and head and neck paraganglioma.

The likelihood of identifying an SDHC mutation is highest for patients with the following presentation:
head and neck paraganglioma.

For example, if a patient has catecholamine-secreting abdominal paraganglioma, SDHB genetic
testing should be ordered first (if negative, follow with SDHD genetic testing). If a patient has head
and neck paraganglioma, SDHD genetic testing should be ordered first (if negative, sequentially
order SDHC and SDHB genetic testing).

Genetic testing should be offered to first degree relatives of patients with SDH mutations.
Importantly, in this report from Benn et al. (16), family testing revealed an additional 39 SDHB carriers
and 11 SDHD carriers. However, subsequent clinical evaluation and testing of these family members
showed that 80% of the SDHB carriers and 18% of the SDHD carriers had no evidence of tumors.
As discussed by Benn et al. (16), SDHD and SDHB mutations have an age-related penetrance, and
the lifetime risk of developing paraganglioma(s) approaches 100% by age 70 yr (11). Until
prospective follow-up studies teach us differently, the surveillance strategy for an SDH mutation-
positive asymptomatic patient, or a patient who declines genetic testing, but is at 50% risk of being a
mutation carrier based on his/her position in the family tree, should begin 10 yr before the earliest age
at diagnosis in the family and should include: annual history and physical examination by a clinician
experienced with pheochromocytoma and paraganglioma; annual biochemical testing, e.g. 24-h urine
for fractionated metanephrines and catecholamines and/or fractionated plasma metanephrines;
computed imaging every 2 yr taking into consideration the tumor locations typically associated with
the mutated gene as well as sites of disease found in affected family members; and
[123I]metaiodobenzylguanidine scintigraphy every 3-5 yr. Given the observation that children of
female SDHD mutation carriers do not manifest the disease when the mutation has been inherited,
rigorous clinical surveillance is probably not warranted for these offspring.

The work by Benn et al. (16) adds to the body of literature that addresses the differences in the
clinical presentation of familial paraganglioma based on which SDH gene is mutated. Additional
studies may possibly delineate phenotypes more intricately linked to specific mutations in SDHB,
SDHC, and SDHD. Knowledge of genotype-phenotype correlations will allow for more patient-
tailored management of familial paraganglioma.

Footnotes

Abbreviations: MEN, Multiple endocrine neoplasia; SDH, succinate dehydrogenase.

Received December 19, 2005.
Accepted December 20, 2005.

References

1. Raveal RF Farrall RF Willett-Rrazick .IF | awranca FC Mvecinrak N Rnech A van dar
Mav A Tacchner PF Rithinetein WS Mvare FN Richard lll CW Carnelicce (), Devilee
P Deavlin R 200N Miitatinng in SNDHN  a mitnehandrial camnley 1| gene, in hereditary
paraganglioma. Science 287:848—-851  Abstract/FREE Full Text

2. Ravleav .IP Davilea P Tacrhner PF 2005 The SNH miitatinn datahace* an nnline recniiree for
aniccinate dehvdrnnenasa cpaiienca variante inunlved in nhanchromocytoma, paraganglioma
and mitochondrial complex Il deficiency. BMC Med Genet 6:39

3. Frickenn D Kudva Y Fharenld M.l Thamnenn GR Grant S van Hearden .1A Voung
.Ir WF 2001 Reninn naranannlinmae: rliniral nrecentatinn and treatmant niifcomes in 236

patients. J Clin Endocrinol Metab 86:5210-5216  Abstract/FREE Full Text

4. 1lavd RV Tiechar AS Kimiira N MeNienl AM Vauna .Ir WF 2004 Adrenal timnre:
intradnctinn In Nal ellic RA | Invd RV Heit7 Pl Fnna . ede Warld Health Oraanizatinn
clacsificatinn af timaiire* nathnlnav and aenatine nf timniire nf endocrine organs. Lyon,
France: International Agency for Research on Cancer; 136—138

5. Nenimann HP Rainiech R MeWhinnav SR Render RII Gimm O Franke G Schinner .1
Klierh .1 Altahnafar 0 Zarrae K .lanuezawirz A Fna 0 Smith WM Munk R Manz T
Glarcker S Anel TW Treier M Reineke M Walz MK Hnana-Vii C Rrainckhaff M Klain-
Franke A Klnca P Schmidt H Maiar-Wnelfla M Parzkonweka M Szmianialeki . Fna
Fraihuira-Wareaw-Caliimhiie Phanchramanrvinma Stiidv Grann 2002 Garm-line mitations

in nonsyndromeic pheochromocytoma. N Engl J Med 346:1459-1466 CrossRef Medline

6. Gimm 0O Knrh CA .lannezawinz A Onnchar G Neiimann HP 2004 The genetic basis of
pheochromocytoma. Front Horm Res 31:45-60  Medline

7. Elder EE, Elder G, Larsson C 2005 Pheochromocytoma and functional paraganglioma

http://jcem.endojournals.org/content/91/3/790.full

1/16/2013 6:32 PM



Paraganglioma—All in the Family

4 of 5

syndrome: no longer the 10% tumor. J Surg Oncol 89:193-201 CrossRef Medline

. Fna € Clavinn N Sehuffanacker | | ennir G Cate G Ganel RF Plane van Ametal HK

line C.l1 Nichichn | Takai S-1 Marsh N.I Rnhinenn RG Frank-Rane K Rane F, Xue F,
Nnll WW Rameai . Parini F Fink M Niadarla R Zadeniiie .1 Nardanckinld M
Knamminanth P Handv GN Gharih H Thihadean SN | acraiy A Frillina A Pandar RAJ,
Miillinan 1 M 190R The relatinnehin hetwean anercifin RET nratn-nncnnenea mitatinng gnd
direpacm nhanntvne in miiltinle andnecrine nennlagia tune 2 Internatinngl RET mutation
consortium analysis. JAMA 276:1575-1579  Abstract/FREE Full Text

. Yinl Conte G.lI Shanirn SF Avere GN Herzna CF Sellin RV Sherman SlI Ganel RF, Lee

-IF Fuane DR 2002 Miiltinle andnerina nannlacia tne 2- aualiation nf the genotype-
phenotype relationship. Arch Surg 138:409—-416  Abstract/FREE Full Text

. Actuti D Donalac F | annard TW.I Alinianic 1A Wandward FR Fvane NG Fng C, Latif F,

Mahar FR 2001 Germline SDHN mujtation in familial phaeochromocytoma. Lancet
357:1181-1182 CrossRef Medline

. Neiimann HP Pawli ¢ Perzknweka M Raiiech R MeWhinnav SR Muracan M Ruchta

M Franke G Kliech .l Rlav TA Hnenerle S Ranedeaker C.C: Onncher G Schinner .|
lanunezawirz A Fnn CC Furanean-Amariran Parananalinma Studv Grann 2004 Distinct
clinical featiiree nf naranannlinma eundrnmee acenciated with SDHB and SDHD gene
mutations. JAMA 292:943-951  Abstract/FREE Full Text

. Youina Al Raveal RF Dah A Yanna .Ir WF 2002 Familial malinnant ratechnlamine-

cacnratinn narananalinma with nrnlanned cninvival acenciated with mitation in the ciiccinate
dehydrogenase B gene. J Clin Endocrinol Metab 87:4101-4105  Abstract/FREE Full Text

. Gimene7-Rnnanenin AP Favier .l Riietin P Riaiithland . Creenin M Nan V Khan Van

Kian P Carvanl P Planin PF .laiinamaitra X COMFTF Neatwanrk 2002 Miitatinne in SDHR
nena ara acenciated with avtra-adranal and/or malignant phaeochromocytomas. Cancer Res
63:5615-5621  Abstract/FREE Full Text

. Schiavi F Raerdeker C.C: Ranech R Pearzknweka M Gamez CF Stracshiira T Pawlu €

Riichta M Salzmann M Haffmann MM Rearlic A Rrink | Cvhulla M Mureean M Walter

MA Farrar F Valimaki M Kawerki A Sziitkaweki 7 Sechinnar .1 Walz MK Pinnv P

Rantare 0 Willat-Rrnzick .IF Raveal RF .lannezawir? A Fnna CC Onncher G Naiimann

HP Furnanean-Amearican Parananalinma Stiidv Grann 2005 Predictare and nrevalence nf

naranannlinma svndrnme associated with mutations of the SDHC gene. JAMA 294:2057-2063
Abstract/FREE Full Text

. MeaWhinnav SR Pilarecki RT Fnrractar SR Srhneidar M Saraniie MM DNiac FP an C

2004 | arne narmline delatinne nf mitnchnandrial comnley |l eiihiinite SNDHR and SDHN in

hereditary paraganglioma. J Clin Endocrinol Metab 89:5694-5699  Abstract/FREE Full Text

. Renn NDF Gimanaz-Raniianin A-P Reillv.IR Rartharat.l Rirnece.l Ruth K Cravenn M,

Dahia PI M Fletnn M Gimm O Henlev D Herman P Murdav V Nicenli-Sire P Paciakg

Il Ranhmer V Tucker K .leiinemaitre X March N.1 Planin P-F Rnhinenn BG, for the

Intarnatinnal SNH Canenrtinm 20N0A Clinical nrecentatinn and nenatrance nf

nhanchramnerutnmalnaraganglioma syndromes. J Clin Endocrinol Metab 91:827-836
Abstract/FREE Full Text

Articles citing this article

Clinical aspects of SDHx-related pheochromocytoma and paraganglioma

Endocr Relat Cancer 2009 16: 391-400
Abstract Full Text Full Text (PDF)

Pheochromocytoma: an update on genetics and management

Endocr Relat Cancer 2007 14: 935-956
Abstract Full Text Full Text (PDF)

Succinate Dehydrogenase B Gene Mutations Predict Survival in Patients with
Malignant Pheochromocytomas or Paragangliomas

J. Clin. Endocrinol. Metab. 2007 92: 3822-3828
Abstract Full Text Full Text (PDF)

Superiority of Fluorodeoxyglucose Positron Emission Tomography to Other
Functional Imaging Techniques in the Evaluation of Metastatic SDHB-Associated
Pheochromocytoma and Paraganglioma

JCO 2007 25:2262-2269
Abstract Full Text Full Text (PDF)

Clinical Presentations, Biochemical Phenotypes, and Genotype-Phenotype
Correlations in Patients with Succinate Dehydrogenase Subunit B-Associated
Pheochromocytomas and Paragangliomas

J. Clin. Endocrinol. Metab. 2007 92: 779-786
Abstract Full Text Full Text (PDF)

Pheochromocytoma and Paraganglioma in Children: A Review of Medical and
Surgical Management at a Tertiary Care Center

http://jcem.endojournals.org/content/91/3/790.full

1/16/2013 6:32 PM



Paraganglioma—All in the Family http://jcem.endojournals.org/content/91/3/790.full

Pediatrics 2006 118: 1109-1117
Abstract Full Text Full Text (PDF)

50f5 1/16/2013 6:32 PM



