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TABLE 1. Hereditary tumor syndromes that include paraganglioma or pheochromocytoma

Syndrome, Causative Gene Maternal Catecholamine
OMIM s S Protein product Protein function Mechanism production Phenotype
clasgification gene locus imprinting by tumors
NF1 NF1 17q11.2 - Neurofibromin ~ GTP hydrolysis ~ Tumor suppressor + Pheochromocytoma/
sympathetic
paraganglioma
@ VHL 3p25-26 - VHL Suppressor of Tumor suppressor + Pheochromocytoma/
transeription sympathetic
elongation paraganglioma
MEN1 MENIN  11q13 - Menin Transcription Tumor suppressor + Pheochromocytoma
regulation
MEN2 RET 10q11.2 - RET Tyrosine kinase ~ Proto-oncogene + Pheochromocytoma
receptor
SDHD 1123 * Succinate Regulation of Tumor suppressor + Pheochromocytoma/
dehydrogenase  mitochondrial sympathetic and
subunit D ATP production parasympathetic®
paragangliomas
Unknown 11q13.1 * Unknown Unknown Unknown - Parasympathetic”
paragangliomas
SDHC  1q21 - Succinate Regulation of Tumor Suppressor - Parasympathetic”
dehydrogenase  mitochondrial paragangliomas
subunit C ATP production
SDHB 1p36.1-35 - Succinate Regulation of Tumor suppressor + Pheochromocytomas/
dehydrogenase  mitochondrial sympathetic and
subunit B ATP production parasympathetic®
paragangliomas

“ Parasympathetic paragangliomas: intercarotid, jugular, tympanic, intravagal, efc.
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« SDH is essential for aerobic energy production.
mutations cause mitochondrial complex Il destabilization.

« SDH genes are also tumor suppressor genes.

Genetic defects cause mitochondrial dysfunction making
the cell functionally hypoxic

l

Activation of hypoxia response genes (HIF- hypoxia
inducible factor)

l
Stimulation of angiogenesis pathway (VEGF)

l

Tumor formation.
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» HIF activity can also be induced in tumor
cells through activation of the PI-3
kinase/Akt-signaling pathway.

» Growth factor signaling, oncogenic Ras
activation, or inhibition of negative
regulators, including PTEN and TSC2 can
activate the PI-3 kinase/Akt pathway and
induce HIF activity in tumor cells.
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Case Report 1
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Case Report 2
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Case Report 3
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TABLE 1. Characteristics of patients described in this report

Course on Duration of
sunitinb response on
Previous systemic Molecular including sunitinib
Patient Histology treatments results toxicities (wk)
1 Metastatic paraganglioma, involving 1/1  None SDHB exon 4 (11275)  Neutropenia, 24°
lymph node, 10% Ki67 index. rash,
chromogranin, $100, tyrosine hypertension
hydroxylase positive
2 Metastatic paraganglioma involving 4/4  Chemotherapy (cisplatin -~ SDHB exon 6 (C189F)  Mild anorexia, 40 (ongoing)
lymph nodes, chromogranin, + etoposide) + diarrhea,
synaptophysin positive, Ki67 index radiation to pelvis hypothyroidism
5-10%
3 Metastatic paraganglioma, 1/25 nodes  Sandostatin, FAK No mutation in SDHB,  Hypertension® 40 (ongoing)

positive, synaptophysin, inhibitor -C, and -D or RET
chromagranin, tyrosine hydroxylase

positive, Ki67 index 20%

All patients started at the standard dose of 50 mg (4 wk on, 2 wk off). FAK, Focal adhesion kinase.
2 Patient 1 required an 8-wk break in the perioperative period before restarting at a lower dose that proved ineffective.

b Required treatment with prazosin 5 mg for control of hypertension (Labetalol and Amoldipine relatively ineffective).
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