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bilateral adrenal disease and 0-6% have extra-adrenal 
pheochromocytomas; malignant pheochromocyto-
mas are present in 3-12% of the cases.28,29 There is 
no correlation between the mutation type and the 
pheochromocytoma behaviour.29

Multiple endocrine neoplasia type 2

Two subtypes of this syndrome are associated with 
pheochromocytoma, MEN2A and 2B.

MEN2 is characterized by Medullary Thyroid 
Carcinoma (MTC) present in >90% of cases; in the 
MEN2A 20% of cases are diagnosed with primary 
hyperparathyroidism, whilst MEN2B is characterized 
by ganglioneuromas of the mucosa and marfanoid 
habitus.

Activating mutations of the RET proto-oncogene 
are involved in the pheochromocytoma genesis. The 
RET gene lies on the long arm of chromosome 10 
(10q11.2) and consists of 16 exons, of which exons 10, 

11, 13 and 16 are mainly associated with pheochromo-
cytoma. About 50% of MEN2A and 2B cases develop 
a pheochromocytoma, but the overall and age-related 
penetrance varies between different mutations.30,31 
The pheochromocytoma is usually adrenal, frequently 
bilateral and rarely extra-adrenal or malignant.29

Von Hippel-Lindau Syndrome

We distinguish two major subgroups of VHL 
Syndrome: VHL type 1 mainly without and VHL 
type 2 mainly with pheochromocytoma presenta-
tion.32 The clinical features of the VHL syndrome 
include retinal (von Hippel) and cerebellar (Lindau) 
hemangioblastoma, as well as brainstem and spinal 
hemangioblastoma. They also include presence of 
renal cysts and renal cell carcinoma, pancreatic cysts 
and islet cell tumours, endolymphatic sac tumours, 
as well as cysts and cystadenomas of epididymis and 
broad ligament (Figure 1).

The VHL gene lies on the short arm of chromo-

Table 1. Hereditary pheochromocytoma (Updated Data from the Freiburg International Paraganglioma Registry3,29)

MEN 2 VHL NF1 PGL 1 PGL 3 PGL 4

Gene RET VHL NF1 SDHD SDHC SDHB

Chromosome 10q11.2 3p25-26 17q11.2 11q23 1q21 1p36

PHEO % 30-60 15-20 3-5 34 <1* 37

Inheritance AD AD AD AD (maternal 
imprinting)

AD AD

Age at Diagnosis ~34 ~16 ~43 ~26 ~41 ~34

Malignacy rate % 3 4 12 <1 0* 24

A/EA % 97 / 3 92 / 17 94 / 6 86 / 57 50 / 50* 42 / 58

HNP % <1* <1* 0 84 ~100 47

Multifocality % 65 55 12 48 11 12

Other associated 
Tumours 

MTC

A: pHPT

B: multiple 
Neurinoma

A: Retinal, CNS 
Hemangioblastoma, 

Endolymphatic 
Sactumour, 
Epididymal 

Cystadenoma

B: +Renal cysts and 
RCC; +Pankreas-
cysts and –tumour

C: PHEO only

Neurofibroma, 
Café-au-lait 
spots, Lisch 

Nodules

Gastrointestinal 
Stromal Tumours

Gastrointestinal 
Stromal Tumours

RCC, Gastroin-
testinal Stromal 

Tumours

PHEO: pheochromocytoma, HNP: head and neck paraganglioma, AD: autosomal dominant, A: adrenal, EA: extra-adrenal, MTC: 
medullary thyroid carcinoma, RCC: renal clear cell carcinoma.

* isolated cases




