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William F. Young, Jr., MD, MSc, ELS

Professor of Medicine, Mayo Clinic College of Medicine
Vice-Chair, Division of Endocrinology, Diabetes, Metabolism,
& Nutrition at Mayo Clinic

Rochester, Minnesota USA

Dr. Young is Professor of Medicine in the Mayo Clinic College of Medicine and Vice—Chair of the
Division of Endocrinology, Diabetes, Metabolism, and Nutrition. He received his MD degree in 1978
from Michigan State University. Dr. Young trained in internal medicine at William Beaumont Hospital,
Royal Oak, Michigan, and in endocrinology and metabolism at Mayo Clinic, Rochester, Minnesota. He
has been a member of the staff at Mayo Clinic since 1984.

Dr. Young is a member of The Endocrine Society, American Association of Clinical Endocrinologists,
American Society of Hypertension, and Council of Science Editors. He is the associate editor for
the Journal of Clinical Endocrinology and Metabolism, senior editor for Clinical Endocrinology, and
editor of the Mayo Clinic Endocrinology Update Newsletter. He is the recipient of multiple education
awards, including the Mayo Fellows Association Teacher of the Year Award in Internal Medicine and
the Mayo School of Continuing Medical Education Outstanding Faculty Member Award. In 2003, he
received the Distinguished Mayo Clinician Award (a distinction given to no more than 4 Mayo
physicians annually). In 2004, he received the Mayo Clinic “Endocrinology Teacher of the Year
Award” from the endocrinology fellows. In 2006, he received “Distinction in Clinical Endocrinology
Award” from the American College of Endocrinology. In 2008, he received the H. Jack Baskin, MD,
Endocrine Teaching Award from the American Association of Clinical Endocrinologists in recognition
of his profound impact in teaching fellows—in—training. Dr. Young’ s clinical research focuses on
primary aldosteronism and pheochromocytoma. He has published over 210 articles on endocrine
hypertension and adrenal and pituitary disorders. He has presented at over 250 national and
international meetings and he has been an invited visiting professor for more than 80 medical
institutions.
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Pheochromocytoma: Then and Now
William F. Young Jr, MD, MSc

Division of Endocrinology, Diabetes, Metabolism, Nutrition, and Internal Medicine, Mayo Clinic,
Rochester, Minnesota, USA.

The evaluation and treatment of pheochromocytoma has evolved dramatically since it was first detected
and successfully treated in 1926. In this presentation, I will discuss the challenges that surrounded the
management of the early cases of pheochromocytoma and the advances that have occurred since the

initial descriptions.

Diagnosis

To avoid unnecessary exploratory laparotomies in all patients with episodic symptoms, it became
clear that noninvasive diagnostic tests were needed to confirm the presence of a
catecholamine-secreting tumor. An early test for pheochromocytoma was a pharmacologic stimulation
test, which was first performed on June 9, 1943, in Rochester, Minnesota. Subsequently, additional
provocative tests were developed with tetraethylammonium chloride, methacholine, glucagon, tyramine,
and metoclopramide. Provocative and suppression testing became the criterion standards to diagnose
pheochromocytoma for 3 decades. The first suppression test for pheochromocytoma was developed in
1952 by intravenous administration of the ct-adrenergic antagonist phentolamine. With subsequent
advances in baseline biochemical testing (described below) provocative and suppression testing for
pheochromocytoma are no longer needed.

Although the administration of adrenal medullary extract was demonstrated to produce
hypertension in animals in 1895 and epinephrine was synthesized in 1904, it was not until 1950 when
patients with pheochromocytoma were found to excrete increased amounts of epinephrine,
norepinephrine, and dopamine in the urine. In 1949, fluorometric methods were developed for the
measurement of pressor amines (epinephrine-like substances) in plasma. In 1957, the first urinary
catecholamine metabolite, vanilmandelic acid, was described. Measurements of 24-hour urine
vanilmandelic acid with paper chromatography and total metanephrines with the spectrophotometric
method of Pisano were in clinical use by 1960.

Several additional major advances have enhanced the accuracy of the biochemical diagnosis of
pheochromocytoma (see Figure). In the late 1970s, high-performance liquid chromatography with
electrochemical detection was introduced for the measurement of catecholamines. In the early 1990s,
plasma fractionated metanephrines measured by high-performance liquid chromatography with
electrochemical detection was added to the diagnostic armamentarium. In 2002, the stable isotope
dilution liquid chromatography/tandem mass spectrometry method preceded by solid-phase extraction

of metanephrines was introduced for routine clinical testing in blood and 24-hour urine specimens.
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Localization

In 1951, von FEuler noted that the catecholamine profile could help in tumor
localization—epinephrine predominant tumors were located in the adrenal glands or in the organ of
Zuckerkandl. Before 1960, the hypertensive crises and potentially fatal outcomes related to contrast
administration with aortography and selective angiography led many centers to forgo angiographic
localization and use surgical abdominal exploration through an anterior high transverse incision to
localize catecholamine-secreting tumors. Perirenal insufflation of gas was also a risky localizing
procedure. Adrenal vein and vena cava sampling of blood for catecholamine measurements was
favored at some centers to assist in tumor localization from approximately 1960 to 1980. Excretory
urography (intravenous pyelography) with linear tomography (nephrotomography) localized up to
70% of adrenal pheochromocytomas and was considered the initial imaging test of choice from 1960 to
1975.

The introduction of computed tomography (CT) in 1974 revolutionized the approach to localizing
catecholamine-secreting tumors and most centers abandoned the use of selective angiography, venous
sampling, and nephrotomography. The accuracy of CT improved rapidly over its first decade of
availability as the 3 main determinants of image resolution (scan time, matrix density, and slice
thickness) were optimized. In 1981, !3lI-metaiodobenzylguanidine (131I-MIBG) was shown to
selectively image pheochromocytomas and paragangliomas. Subsequently, it was shown that
123]-MIBG was superior to 131-MIBG because the photon energy allows single-photon emission CT
images.

Abdominal magnetic resonance imaging (MRI) became available in the early 1980s. With low or
midfield-strength magnets, T1- and T2-weighted MRI could be used to differentiate
pheochromocytoma and malignancy from benign adrenal adenomas. On
gadolinium-diethylenetriaminepentaacetic acid—enhanced MRI, pheochromocytomas and malignant
lesions show rapid and marked enhancement and slower washout pattern, whereas adenomas
demonstrate mild enhancement and rapid washout of contrast. Similar findings are observed with CT.
Starting in the early 1990s, positron emission tomography scanning with 18F-fluorodeoxyglucose,
11C-hydroxyephedrine, or 6-[18Flfluorodopamine was used in selected cases to identify

pheochromocytomas or paragangliomas.

Determining the Pathogenesis of Pheochromocytoma

Although unique phenotypic associations with pheochromocytoma had been recognized for decades,
it has only been in the past 20 years that many of the responsible genetic mutations have been
identified. Approximately 15% to 20% of patients with catecholamine-secreting tumors have germline
mutations (inherited mutations present in all cells of the body) in genes associated with genetic
disease. Although many individual cases had been reported previously, multiple endocrine neoplasia
(MEN) type 2A was not fully described until the report by Schimke and Hartmann of 2 kindreds in
1965. MEN 2B was described in 1968.Von Hippel-Lindau syndrome is an autosomal dominant

disorder that may present with pheochromocytoma and a variety of benign and malignant neoplasms.
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Von Hippel reported his 2 patients in 1904. In 1927, Lindau described the association between retinal
angiomas and central nervous system lesions. Disease-causing mutations in the VHL gene were
identified in 1993, and clinically available germline mutation testing became available a few years
later. Neurofibromatosis type 1 is an autosomal dominant disorder, and approximately 2% of affected
patients develop catecholamine-secreting tumors. The first case reports of probable neurofibromatosis
appeared in the 1700s and the first review of the disorder was published in 1849. The NF7 tumor
suppressor gene, identified in 1991, encodes neurofibromin, a GTPase-activating protein that inhibits
Ras activity. Inactivating NFI mutations cause the disorder.

Familial paraganglioma is an autosomal dominant disorder characterized by paragangliomas and
adrenal pheochromocytoma. In 2000, Baysal and colleagues showed that many cases of familial
paraganglioma were caused by mutations in the succinate dehydrogenase (succinate:ubiquinone
oxidoreductase) subunit gene SDHD. Subsequently, mutations in the other succinate dehydrogenase
subunit genes (SDHB, SDHC, and SDHAF2), which compose portions of mitochondrial complex II,
were identified and associated with familial paraganglioma. Germline mutation testing for succinate
dehydrogenase mutations has been clinically available since 2002.

More genetic causes of pheochromocytoma and paraganglioma are yet to be discovered. For
example, earlier this year, truncating germline mutations in the transmembrane-encoding gene
TMEM127 on chromosome 2q11 were shown to be present in approximately 30% of affected patients
with familial disease and in about 3% of patients with apparently sporadic pheochromocytomas
without a known genetic cause. TMEMI127is a negative regulator of mammalian target of rapamycin
(mTOR) effector proteins.

Surgery

The early surgical approaches to resection of adrenal pheochromocytomas included open
transabdominal, thoracoabdominal, posterior, and flank incisions. In general, open transabdominal
exploration through a bilateral subcostal incision was favored because it allowed for exploration of
multiple tumors and associated intra-abdominal disorders (eg, cholelithiasis) could be addressed at
the same time. However, with the advances in diagnosis, localization, preoperative adrenergic
blockade, intraoperative hemodynamic control, and postoperative management, the unilateral
posterior open approach to adrenal pheochromocytoma became a viable option in the 1980s.

The major surgical advance was triggered by the report of Gagner and colleagues in 1992 on the
laparoscopic approach to surgical removal of pheochromocytoma. Subsequently, the transperitoneal
laparoscopic and retroperitoneoscopic approaches to the adrenal gland were perfected and are the
surgical procedures of choice for benign adrenal pheochromocytoma. However, open procedures

remain in use for large adrenal pheochromocytomas and for most paragangliomas.
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Figure.

Time line showing the advances in diagnosis, localization, and treatment of pheochromocytoma over
84 years. CT, computed tomography; ExU, excretory urogram; HPLC-EC, high-performance liquid
chromatography with electrochemical detection; 31 I-MIBG, !3!I-metaiodobenzylguanidine; IVP,
intravenous pyelogram; LC-MS/MS, liquid chromatography/tandem mass spectrometry; MRI,

magnetic resonance imaging; PET, positron emission tomography; VMA, vanilmandelic acid.
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STUDY ON PHEOCHROMOCYTOMA IN PEKING UNION MEDICAL COLLEGE
HOSPITAL OF CHINA

ZENG Zhengpei, L1 Hanzhong, LUO Ailun, LIU Dawei, TONG Anli, LI Fang,
LU Lin, L1 Ming, CHEN Shi, FU Chunli, LIU Tonghua, SHI Yifan
Peking Union Medical College Hospital (PUMCH), Chinese Academy of Medical Sciences, Beijing
100730, CHINA

710 cases (653 patients) with pheochromocytoma were diagnosed and treated from 1939 to November
2010 in Peking Union Medical College Hospital (PUMCH), Beijing, China. 653 patients suffered from
pheochromocytoma/paraganglioma (M 346, F 307) aged from 7 to 85 years (41£15 years). 68%
pheochromocytomas were originated from adrenal medulla. There were 184 cases (32%) of
extra-adrenal paragangliomas including in the side of aortic region, urinary bladder, cardiac, thorax,
liver, head and neck region et al. 122 patients (19%) with malignant pheochromocytoma and 49 patients
(7.5%) with familial pheochromocytoma including multiple endocrine neoplasia type 2 (MEN-2), von
Hippel-Lindau (VHL) and neurofibromatosis type I (NF1) syndrome were diagnosed. The
pheochromocytoma was diagnosed by measure plasma or urinary catecholamine levels using
biochemical methods or HPLC. CT scan, MR image, >'I-MIBG and/or Tc-99m-Octreotide uptake
scintigraphy were performed for tumors localization. Surgical removal of tumor, especially by
laparoscopic surgery, was proven to be an effective treatment to pheochromocytoma with
alpha-adrenergic blocking drug before operation. Some malignant pheochromocytomas with or without
metastasis was treated by *'I-MIBG or Tc-99m-Octreotide. Molecular genetic and epigenetic studies
including determine mutations of VHL gene and RET proto-oncogene from sporadic or familial
pheochromocytoma patients with MEN2 and VHL disease. Detect gene mutation, loss of heterozygosity
(LOH) and microsatellite instability (MSI) for succinate dehydrogenase subunit B (SDHB) and D
(SDHD) , methylation of the P16 gene promoter have been done in the part of patients with
pheochromocytoma/ paraganglioma. Study has revealed that the genetic testing should be considered in
all patients with pheochromocytoma and paraganglioma. Otherwise, vascular peptides (endothelin,
urotensin II, adrenomedullin et al) and cytokines (TNFa, TGFa, VEGF et al) may be play a important
role in regulation of blood pressure, cell proliferation, differentiation, apoptosis and pathogenesis of
pheochromocytoma/paraganglioma.
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