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Agenda

• Introduction

• Historical background

• SDHB-related PPGL

• Review some of our work

• Present some challenging SDHB-related PPGL



Definitions

Pheochromocytoma: intraadrenal NE tumors

Paragangliomas: extraadrenal Pheo

PGL and Pheo are different in many aspects and their 
distinction is important 



Locations

Head/neck:
• Carotid body (chemodectomas)

• glomus jagulare

Mediastinal PGL

Abdominal PGL

Adrenal medulla: pheochromocytoma

Other sites: Lungs, liver, bladder, others



History

In 1886, Felix Fränkel wrote the first description of a patient with 
pheochromocytoma





Max Schottelius was the first to describe the pathological appearance of  pheochromocytoma (Frankael’s patient)

“The brown appearance after exposure to chromate-containing 
Mueller’s fixative. This color change, known as chromaffin
reaction, results from oxidation of catecholamines”

Bausch B, et al, Journal of the Endocrine Society, 2017, 1(7);957–964



The term "pheochromocytoma" was first coined by Ludwig Pick, a German 
pathologist, in 1912 

Greek: phaios (dark), chroma (color), kytos(cell), and -oma (tumor).



History

In 1926, César Roux (in Switzerland) and Charles Horace 
Mayo (in the U.S.A.) were the first surgeons to successfully 
remove pheochromocytomas



Original Article

Evidence of MEN-2 in the Original Description of 
Classic Pheochromocytoma

Hartmut P.H. Neumann, M.D., Alexander Vortmeyer, M.D., Dieter Schmidt, M.D., 
Martin Werner, M.D., Zoran Erlic, M.D., Alberto Cascon, Ph.D., Birke Bausch, 

M.D., Andrzej Januszewicz, M.D., and Charis Eng, M.D., Ph.D.

N Engl J Med
Volume 357(13):1311-1315

September 27, 2007



Pedigree of Proband's Extended Family

Neumann HPH et al. N Engl J Med 2007;357:1311-1315



Germ-Line RET Cys634Trp Mutation in the Grandnephew 
of the Proband

Neumann HPH et al. N Engl J Med 2007;357:1311-1315



Pheo: ‘Rule of 10’

10% extra-adrenal

10% occur in children

10% bilateral or multiple (more if familial)

10% recur (more if extra-adrenal)

10% malignant

10% hereditary

40-50% are hereditary



Familial Pheo/Para

Neurofibromatosis type 1 (NF1)

MEN 2a and MEN 2b (RET)

Von Hippel-Lindau (VHL) syndrome



Science, Feb 2000,Vol 287; 848-851

Hereditary PGL of the head and neck are associated 
with germ line mutation of mitochondrial complex II 
gene, succinyl dehydrogenase sub unit D(SDHD) 







SDHB mutations (first discovery)

Astuti D, et al. Am. J. Hum. Genet. 69;49-54, 2001



Genetic testing in Pheo/Paraganglioma

Fishbein, L and Nathanson K, Cancer genetics, 205:1-11;2012

RET
NF1
VHL
SDHD
SDHB
SDHC
SDHA
SDHAF2
MAX
TMEM127
EPAS1
FH



TCGA data

25 Genes

Fashbein et al, 2017, Cancer cell, 31, 181-193
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Follow up of asymptomatic SDHx carriers

Adults Children

• Clinical examination (BP)
• Biochemical testing
• MRI (Head-pelvis)
• 68Ga PET CT

• Clinical examination (BP)
• Biochemical testing
• MRI (Head-pelvis)
• 68Ga PET CT
SDHB: 6-10 years, Other SDHx: 10-15 
years 

• Every 12 months
• Clinical examination (BP)
• Biochemical testing

• Every 24-36 months
• MRI (Head-pelvis)
• ? 68Ga PET CT

• Every 12 months
• Clinical examination (BP)

• Every 24 months
• Biochemical testing

• Every 24-36 months
• MRI (Head-pelvis)

Nolting S, et al. Endocrine Reviews: 43:199–239, 2022



Management of SDHx mutation carriers (Children)

Amar L, et al, Nature Reviews Endocrinology;17:435-444, 2021



Management of SDHx mutation carriers (adults)

Amar L, et al, Nature Reviews Endocrinology;17:435-444, 2021





Clinical and pathological features

Albattal, S et al. Oncotarget, 2019, 10;5919-5931



Albattal S, et al. Oncotarget, 2019, 10;5919-5931



SDHB (p.R90X)



Features of 13 cases with SDHB R90* mutation

Alzahrani A, et al. Endocrine, 2020 Dec;70(3):644-650



One genotype, multiple phenotypes 

Alzahrani A, et al. Endocrine, 2020 Dec;70(3):644-650

Face 1: Same SDHB mutation, different response to the same chemotherapy



Case 1

• A 37-year old man
• Referred as a case of 

nasopharyngeal 
cancer

Face 2: unusual location of SDHB-related PGL mesquarding as NP cancer or pituitary adenoma



Alzahrani A, et al, Endocrine Practice 16(3):452-8



Alzahrani A, et al, Endocrine Practice 16(3):452-8



Case 2: A novel mutation and a novel manifestation

Alzahrani A, et al, International Journal of Endocrine Oncology, Vol. 6, No. 1 | 

Face 3: Primary hyperparathyroidism and thyroid cancer in a patient with multiple PGL and SDHB mutation 
Variable penetrance within the same family



Alzahrani A, et al, International Journal of Endocrine Oncology, Vol. 6, 
No. 1  

2012 2015

2017
2015



A novel SDHB mutation (c.409A>G, p.K137E)

Alzahrani A, et al, International Journal of Endocrine Oncology, Vol. 6, 
No. 1  





July 2023

FNA:  Papillary thyroid cancer

Total thyroidectomy: 1.4 cm PTC with 4 vessel angioinvasion

Is thyroid cancer related to SDHB?



Case 3

A 56-year old man

Multiple para/pheo

• Pheo at age 20 yrs

• Mediastinal PGL at age 32 yrs

• Carotid body tumor at age 36 yrs

Face 4: Living most of his life with persistent and recurrent PGL + polycythemia







MIBG scan



SDHB:c.689G>A, p.Arg230His
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Case 4

Face 4: an aggressive pituitary adenoma due to an SDHB mutation in the absence of PPGL











Case 5

• AA was a 28-year old man without family history of PPGL

• Had varicocele in 2017 (surgically treated)

• Recurrent varicolcele 2019

• CT scan of the abdomen: a large mass 12x8x6.5 cm

• No symptoms at all.

• Urine metanephrines: normal x 3 

Face 5: metastatic PGL and thyroid cancer with an interesting combination of mutations
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• Biopsy of thyroid nodule: pap. Thyroid 
cancer

• Underwent surgical resection of PGL 
IN February 2020

• 11 cm PGL locally invasive with 
vascular invasion, Ki67 40%

• August 2020: total thyroidectomy

• Pathology: tall cell variant PTC, 
bilateral, multifocal, largest 1.5 cm

• 11/16 Lymph nodes  positive for mets

• Received I131 therapy for PTC
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• Received 6 doses of Lu177 
between March-October 2022

• External radiotherapy 5 sessions 
left 9th rib area

• Stable for the last 14 months
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(C) Paraganglioma

(B) Papillary Thyroid Cancer 

(A) Germline 
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Non-PPGL tumors in SDHB mutations

• GIST tumors
• 85-90%: KIT, PDGFRA 

• 5-7.5%: NF1, BRAF

• 5-7.5%: SDHB-negative IHC (mostly gastric, multifocal, may involve LN, indolent course)

– Sporadic

– Carney Stratakis syndrome: PGL, GIST

– Carney’s triad: PGL, GIST and pulmonary chondroma

• RCC (0.05-0.2% of all RCC are SDHx-related)
• Young age < 40 years, multiple, bilateral, recurrent

• Cytoplasmic vacuoles and inclusion-like spaces, oncocytic



Non-PPGL tumors in SDHB mutations

• Pituitary adenoma
• Rare

• About 21 cases reported in the literature

• Only 5 cases had further studies to confirm pathogenesis of SDHB

• Other tumors:
• Papillary thyroid cancer: questionable

• Lymphoid malignancy: two cases (SDHB, SDHC but with positive SDHB staining)

• Pancreatic NET: in asymptomatic SDHD carrier



Thank you



Follow up of patients with Hx of SDHx-related PPGL

Nolting S, et al. Endocrine Reviews: 43:199–239, 2022





Conclusions (Genetics)

Pheo/Para are unique oncometabolic genetic tumors 

Major advances in genetics, biochemistry, imaging and therapy 
of Pheo/PGL 

Genetic causes occur in about 70% of cases

Major advances in translational research in Pheo/PGL

A prototype for a real precision medicine practice


