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Abstract

Pheochromocytomas (PCC) and paragangliomas (PGL) are rare neuroendocrine tumors. Pheochromocytomas arise from chro-
maffin cells in the adrenal medulla, and PGLs arise from chromaffin cells in the ganglia of the autonomic nervous system. Para-
gangliomas originate from sympathetic or parasympathetic ganglia in the abdomen, thorax, and pelvis. The majority of PCC and
sympathetic PGL are endocrine active tumors causing clinical symptoms by secreting excess catecholamines (norepinephrine,
epinephrine, dopamine) and their metabolites. The incidence of PCC and PGL ranges between 2 and 8 per million, with a preva-
lence between 1:2500 and 1:6500. It peaks between the 3rd and 5th decades of life, and approximately 20% of cases are pediatric
patients. The prevalence among patients with hypertension in outpatient clinic ranges between 0.1-0.6% in adults and between
2-4.5% in the pediatric age group. 10-49% of these tumors is detected incidentally in imaging techniques performed for other rea-
sons. However, 4-8% of adrenal incidentalomas are PCCs. Of these neuroendocrine tumors, 80-85% are PCCs and 15-20% are PGLs.
Up to 40% of patients with PCC and PGL has disease-specific germline mutations and the situation is hereditary. Of 60% of the
remaining sporadic patients, at least 1/3 has a somatic mutation in predisposing genes. 8% of the sporadic cases, 20-75% of the he-
reditary cases, 5% of the bilateral, adrenal cases, and 33% of the extra-adrenal cases at first presentation are metastatic. Although
PCCs and PGLs have scoring systems for histological evaluation of the primary tumor, it is not possible to diagnose whether the
tumor is malignant since there is no histological system approved for the biological aggressiveness of this tumor group. Metastasis
is defined as the presence of chromaffin tissue in non-chromaffin organs, such as lymph nodes, liver, lungs and bone. Although
most of the PCC and PGL are benign, the metastatic disease may develop in 15-17%. Metastatic disease is reported between 2-25%
in PCCs and 2.4-60% in PGLs. The TNM staging system of the American Joint Committee on Cancer (AJCC) was developed to predict
the prognosis, based on the specific anatomical features of the primary tumor and the occurrence of metastasis.
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heochromocytoma (PCC) and paraganglioma (PGL) thorax, and pelvis. Paragangliomas may also originate from
are rare neuroendocrine tumors. Pheochromocytomas  parasympathetic ganglia at the base of the skull and along
arise from chromaffin cells in the adrenal medulla, and  the glossopharyngeal nerve and vagus nerve in the neck.”
PGLs arise from chromaffin cells in the ganglia of the auto-  The majority of PCCs and sympathetic PGLs are endocrine
nomic nervous system.! 2 Paragangliomas originate from  active tumors, and they cause clinical symptoms by secret-
sympathetic or parasympathetic ganglia in the abdomen, ing excess catecholamines (norepinephrine, epinephrine,
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dopamine) and their metabolites. However, approximate-
ly 2/3 of PGLs of parasympathetic origin in the head and
neck region are not endocrine active.® Paragangliomas are
sometimes called extra-adrenal PCCs. These tumors are ab-
breviated in the literature as PCC/PGL or PPGL; in this study,
PPGL abbreviation will be used.l' %4

Epidemiology and Incidence

The incidence of PPGL ranges between 2 and 8 per mil-
lion, with a prevalence between 1:2500 and 1:6500." ¢ The
annual incidence in the USA is approximately 500-1600
cases per year, which is lower than the prevalence of PPGL
(0.05-0.1%) detected in the autopsy series incidentally.®
PPGL peaks between the 3rd and 5th decades of life, and
approximately 20% of cases is pediatric patients.” ”! The
prevalence among patients with hypertension in outpa-
tient clinic ranges between 0.1-0.6% in adults and between
2-4.5% in the pediatric age group.®! 10-49% of PPGLs is de-
tected incidentally in imaging techniques performed for
other reasons. However, 4-8% of adrenal incidentalomas
are PCCs.! Of these neuroendocrine tumors, 80-85% is
PCCs, and 15-20% is PGLs.!"# 70-80% of PGLs arises from
infradiaphragmatic sympathetic ganglia. It most common-
ly originates from the Zuckerkandl organ located near the
origin of the inferior mesenteric artery at the aortic bifur-
cation. It can be less frequently found in the retroperito-
neal area around the kidney and adrenal and in the blad-
der; however, it can be seen in all anatomical areas in the
abdomen where sympathetic or parasympathetic ganglia
are localized. Approximately 10% of the PGLs are in the
mediastinal and pericardial localization within the thorax,
and approximately 20% is localized in the head and neck
region.>% Up to 40% of patients with PPGL have disease-
specific germline mutations and the situation is hereditary.
Of the 60% of the remaining sporadic patients, at least 1/3
has a somatic mutation in predisposing genes.'® 8% of the
sporadic cases, 20-75% of the hereditary ones, 5% of the
bilateral, adrenal cases, and 33% of the extradrenal ones at
first presentation are metastatic.”

Although the 10's rule, which Graham defined in 1951 for
PPGL, describing 10% extradrenal, 10% bilateral, and 10%
malignancy, is still included in many textbooks, it has ex-
pired today.I'"

Catecholamine Synthesis and Metabolism

Synthesis of catecholamine hormones takes place in the
adrenal medulla, sympathetic and central nervous system.
Catecholamine synthesis begins with the conversion of L-
tyrosine, which is taken from the diet or synthesized from
phenylalanine in the liver, to L- dihydroxyphenylalanine
(DOPA) by catalyzation of the tyrosine hydroxylase enzyme.
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M This stage is the rate-limiting step of catecholamine syn-
thesis; hence, the source of the catecholamines depends
on the presence of this enzyme."? Tyrosine hydroxylase en-
zyme is largely found in the catecholaminergic nerve end-
ings of the brain and in the sympathetic nervous system
in the periphery, in the adrenal medulla, and extraadrenal
chromaffin cells.'”? DOPA is converted into dopamine with
L-aromatic amino acid decarboxylase enzyme. Dopamine
is transported by vesicular monoamine transporter into
storage vesicles inside the cell. Dopamine is converted
intravesically to norepinephrine with a dopamine-beta-
hydroxylase enzyme, which is one of the components of
storage vesicles (Fig. 1).' @ Norepinephrine is converted
to epinephrine (adrenaline) with the phenylethanolamine
N-methyl transferase (PNMT) enzyme found only in the
adrenal medulla and the Zuckerkandl organ, sympathetic
ganglion (Fig. 1). Since PNMT is a cytosolic enzyme, epi-
nephrine synthesis is dependent on the infiltration of
norepinephrine from its synthesis site, vesicles to the cy-
toplasm. There are two subgroups of chromaffin cells. Ad-
renergic cells (epinephrine cells) contain PNMT and store
mainly epinephrine, and these cells contain medium-den-
sity large granules containing epinephrine.'”? Adrenergic
cells are localized close to the cortex and are exposed to
high cortisol levels of the cortex. Cortisol is required for the
induction of the PNMT enzyme.""® Norepinephrine cells do
not contain PNMT; they mainly store norepinephrine and
contain small electron density granules containing norepi-
nephrine.'? Failure to secrete epinephrine in extra-adrenal
tissues may also arise from the absence of cortisol for PNMT
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stimulation.™ The circulating epinephrine is secreted by
the adrenal medulla, is released directly from the medulla
to the circulation, creating a hormonal effect on cells in
other tissues and its basal value is 0.1-0.3 nmol/L. Norepi-
nephrine acts as a neurotransmitter in some neurons in the
brain and peripheral sympathetic neurons. Norepinephrine
is secreted into the synaptic cleft for activation and taken
back into the nerve from the synaptic cleft. As a result, a
small amount of norepinephrine is released into the circu-
lation by escaping from the sympathetic nerves. More than
90% of circulating norepinephrine originates from sym-
pathetic nerves and approximately 7% from the adrenal
medulla and innervates the mesenteric organs, kidney and
skeletal muscles. The plasma level in basal conditions is 0.6-
2 nmol/L. However, circulating epinephrine is released only
from the adrenal medulla, and its level is 0.1-0.3 nmol/L.
Dopamine, which is not converted to norepinephrine and
epinephrine, is metabolized in the gastrointestinal tract.l'>
31 When the adrenal medulla is stimulated, the secretory
vesicles join the cell membrane in chromaffin cells, and the
entire vesicle content is released to the circulation through
its rich vascular network. These vesicles contain catechol-
amines, as well as ATP, calcium, magnesium, chromogra-
nins and other neuropeptides."¥ Catecholamine content
may vary depending on enzyme expression in PCCs. Most
PCCs produce predominantly norepinephrine. Some pro-
duce both norepinephrine and epinephrine, and rarely
epinephrine. Since dopamine is predominantly converted
to norepinephrine, in very rare cases, the mainly produced
molecule is dopamine.'? Since there is no PNMT in PGLs,
norepinephrine is produced predominantly.

Catecholamines show their biological effects by binding to
transmembrane adrenergic receptors, which are G protein-
coupled receptors. There are adrenergic receptors with dif-
ferent affinity for catecholamines in different tissues and
these are a, 31, 2 receptors. The receptor affinities for a re-
ceptors are; epinephrine > norepinephrine >> isoprotere-
nol; for B1 receptors; isoproterenol > epinephrine = norepi-
nephrine; and for B2 receptors; isoproterenol > epinephrine
>> norepinephrine.™ The effects of catecholamines in the
organs of where receptors are present through these re-
ceptors can be summarized as follows: While a1 receptors
cause vasoconstriction in the blood vessels, decreased mo-
tility in the intestine, increased sphincter tone, decreased
insulin and glucagon release in the pancreas, glycogenoly-
sis and gluconeogenesis in the liver, dilation of the pupils,
uterine contraction and sweating, a2 receptors inhibit nor-
epinephrine release in synapses and stimulate platelet ag-
gregation. While 31 receptors cause chronotropic and ino-
tropic effects on the heart, vasodilation in coronary vessels,
lipolysis in adipose tissue, decreased motility and increased

sphincter tone in the intestine, increase in insulin and glu-
cagon release in the pancreas; 32 receptors cause vasodila-
tion in the blood vessels, bronchodilation in the lungs and
uterine relaxation.l'

Many of the catecholamines are metabolized in the neu-
ral cells in which they are produced; catecholamines pro-
duced in the adrenal medulla are metabolized with adrenal
medulla. The stimulation half-life of the hormones released
to the blood is very short, about 1-2 minutes, and they are
taken by the non-neural tissues. The metabolism of cat-
echolamines given to circulation takes place primarily in
the liver and kidneys. Norepinephrine and epinephrine
are metabolized to normetanephrine and metanephrine
with catechol-o-methyltransferase (COMT) in the adrenal
medulla and non-neural tissues. These metabolites are me-
tabolized to the end product, vanillylmandelic acid (VMA),
with monoamine oxidase enzyme (MAO). Norepinephrine
and epinephrine can also be metabolised to VMA using
MAO and then with COMT. VMA is excreted in urine as con-
jugated with sulfuric and glucuronic acid, which happens
in the liver and intestine. Small amounts of free dopamine,
epinephrine and norepinephrine are excreted in the urine
(Fig. 1).0v 1213 Catecholamines are secreted from adrenal
medulla intermittently and their half-life is very short.
Therefore, these may reflect the sympathoadrenal activity
at the time the sample was taken. Oxymethyl derivatives of
catecholamines are continuously produced in tumor cells.
The plasma half-life of these metabolites is much longer
than norepinephrine and epinephrine. Their plasma levels
are relatively more stable. Plasma metanephrine level is of-
ten independent of sympathoadrenal stimulation.!" 3

Pathophysiology

PPGLs release an uncontrolled excess of catecholamines,
which bind to receptors in different organs, causing some
physiological changes. Norepinephrine stimulates al, a2,
and 31 receptors, whereas epinephrine stimulates only 1
and B2 receptors. While normal levels of dopamine do not
affect adrenergic receptors, it can stimulate both a and 3 re-
ceptors when dopamine increases in circulation, as in case of
tumors that secrete dopamine. The al adrenergic receptor
is primarily located in the smooth muscles of the peripheral
arteries and veins (such as coronary, peripheral and renal),
and their stimulation causes vasoconstriction. Presynaptic
a2 adrenergic receptors inhibit norepinephrine secretion in
sympathetic ganglia. Stimulation of a2 receptors in smooth
muscles causes arterial vasodilation and coronary vasocon-
striction. 31 receptors are primarily localized in the heart
and have positive inotropic and chronotropic effects on the
heart. In addition, 1 receptors increase renin secretion, re-
sulting in an increase in mean arterial pressure. 32 receptors
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lead to vasodilation in skeletal muscle arteries. It increases
the release of norepinephrine from sympathetic nerve end-
ings. Dopamine stimulates D1 and D2 receptors. D1 recep-
tors cause vasodilation in the renal arteries. Stimulation of
D2 receptors inhibits the secretion of norepinephrine in the
sympathetic nerve endings, and it has a slightly negative
inotropic effect on the heart. In addition, high levels of dopa-
mine stimulate a and 1 receptors, causing vasoconstriction
and increased heart rate.'> 18

PCCs often secrete both epinephrine and norepinephrine
at different rates. PGLs, on the other hand, are not able
to synthesize epinephrine since they do not contain the
PNMT enzyme. They only secrete norepinephrine. Differ-
ent catecholamines and their ratios may cause different
vasoactive effects. In some cases, clinical findings can be
extremely informative.

Prolonged and recurrent norepinephrine secretion results
in prolonged vasoconstriction and increased blood pres-
sure, and venous vasoconstriction results in decreased
blood volume in the circulation. If preoperative a blockade
is not applied and volume support is not provided in these
patients, acute hypovolemia may occur as the vasocon-
striction caused by norepinephrine disappears after PPGL
extraction in surgery. In tumors that predominantly secrete
epinephrine, tachyarrhythmia arises in addition to hyper-
tension.! % In addition, postural hypotension occurs due to
vasodilation in skeletal muscles with epinephrine stimula-
tion. Hypertension and palpitations may not be present
in tumors producing dopamine.? ' Increased plasma cat-
echolamine level, increased glycogenolysis and inhibition
of insulin secretion in pancreatic islet cells result in findings
of diabetes. Increased catecholamines can cause stress-in-
duced cardiomyopathy (Takotsubo cardiomyopathy).”!

The name pheochromocytoma crisis is the name given to a
group of symptomes. It is a rare condition resulting from un-
controlled catecholamine secretion characterized by mul-
tisystem organ failure, high fever, encephalopathy, severe
hypertension or hypotension. If not recognized and not
treated urgently, it may progress to metabolic acidosis and
lead to death.*

Genetic Basis and Genetic Testing

Up to 40% of patients with PPGL have disease-specific
germline mutations and are one of the most common he-
reditary tumors. At least 1/3 of the remaining 60% sporadic
cases have a somatic mutation in predisposing genes and
approximately 60% of patients with PPGL have germline
or somatic mutation. More than 20 gene mutations have
been detected to date.l'* 718

Patients with PPGL with these mutations can be divided
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into three groups according to the cancer genome map.
These groups are:!'!

Cluster 1 - pseudohypoxic Krebs cycle-related genes
Cluster 2 - Kinase Signaling-Related Genes
Cluster 3 - Wnt Signaling-Related Genes

Cluster 1 - Pseudohypoxic Krebs Cycle-Related Genes

This group is called the pseudohypoxic pathway because it
mimics cellular hypoxia.l?%

This group can be divided into two main subgroups. Those
associated with tricarboxylic acid cycle contain germline
mutations in genes encoding SDHx (succinate dehydro-
genase) subunits (SDHA, SDHB, SDHC, SDHD), SDHAF2
(succinate dehydrogenase complex assembly factor-2), FH
(fumarate hydratase), MDH2 (malate dehydrogenase 2),
IDH (isocitrate dehydrogenase 1) and the majority of pa-
tients with hereditary PGL are associated with these muta-
tions. Due to mutations in genes encoding enzymes in this
group, the phosphorylation in the Krebs cycle is disrupted,
glycolysis increases and results in the accumulation of on-
cometabolites, such as succinate, malate and fumarate.
PPGLs, especially related to mutations in SDHx subunits,
are often multiple, aggressive and metastatic tumors com-
pared to those originating from other mutations, especially
cluster 2 mutations.”

Mutations related to the other subgroup VHL/EPAST genes
contain germline mutations in PHD1/2 (Egl-9 prolyl hydrox-
ylase-1 and -2), VHL (von Hippel-Lindau tumor suppressor)
and HIF2A/EPAS1/2 (hypoxia-inducible factor 2a) genes.
95-100% of patients with VHL syndrome are related to the
mutation in the VHL tumor suppressor gene. By reduction
in hydroxylation and reduction of these HIF proteins, HIF-a
stabilizes and accumulates.?”!

This results in cellular proliferation, decreased apoptosis
and angiogenesis. EPAS1 related gene mutations also in-
crease the transcription of HIF-2a genes, similar to VHL."? In
addition, it has recently been suggested that mutations in
EPAS genes have unique molecular signatures in PPGLs.?"

There were different effects of genes related to HIF tran-
scription, oxidative phosphorylation, and angiogenesis
compared with VHL- and SDHx-related PPGLs. In the future,
mutations in VHL and EPAS genes can be divided into two
specific subgroups.” 29

Almost all tumors with mutations in cluster 1 are tumors
with a noradrenergic biochemical phenotype. These pro-
duce norepinephrine and dopamine, not epinephrine.®

Cluster 2 - Kinase Signaling-Related Genes

Cluster 2 kinase signaling pathway is associated with germ-
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line or somatic mutations in the RET (rearranged-during-
transfection) proto-oncogene, NF 1 (neurofibromin 1) tu-
mor suppressor, HRAS, TMEM127 (transmembrane protein
127) and MAX (Myc-associated factor X) genes. Mutations
in these genes stimulate cell proliferation, cell surveillance,
cancer development, and angiogenesis by activating
PI3K/AKT (phosphatidylinositol-3-kinase), RAS/RAF/ERK,
mMTORC1 (mammalian target of rapamycin)/p70S6K (p70S6
kinase) signaling pathways.”?"

The most common hereditary syndrome in this group is
MEN syndromes.?” Many of the cluster 2 mutations have
adrenergic biochemical phenotype and are associated with
increased epinephrine production as a result of high PNMT
expression. Norepinephrine may increase or noradrenaline
may be at normal levels.”

Most PCCs associated with these mutations are benign but
have a high rate of recurrence and multifocality.??

Cluster 3 - Wnt Signaling-Related Genes

CSDET1 (Cold Shock Domain Containing E1) gene and the
MAML3 (mastermind-like transcriptional coactivator 3)
fusion gene contain PCCs with somatic mutations that
activate the Wnt and Hedgehog (Hh) signaling pathways.
These tumors strongly express chromogranin A.2% It has
been suggested that this category is related to aggressive
PPGLs, because some of the patients with this mutation ad-
mitted with recurrence and metastasis."”

The germline mutation of this category is unknown.?? The
biochemical phenotype of this group is also unknown.>®!

In general, the risk of metastatic disease from high to low is
as follows: mutations associated with cluster 1 tricarboxylic
acid cycle, mutations associated with group 1VHL/ EPAS1
genes, cluster 3, cluster 2.1

Genetic Syndromes Associated with
Pheochromocytoma and Paraganglioma

Multiple Endocrine Neoplasia Type 2 (MEN 2) (Table 1)

MEN2 syndromes are autosomal dominant diseases as-
sociated with RET proto-oncogene mutation located on
chromosome 10. There is a strong phenotype-genotype
relationship in these syndromes. More than a hundred RET
point mutations have been identified, approximately 90%
have single point mutations.’?*!

There are three subtypes of MEN syndrome. 75% of MEN
syndromes are MEN2A, 5% are MEN2B and 20% are famil-
ial medullary thyroid cancer. The familial medullary thyroid
cancer subgroup has no known components other than
medullary cancer.?

Medullary cancer develops in almost 100% of the patients
with MEN2A, PCC in 50%, primary hyperparathyroidism
in 10%. Approximately 100% of the patients with MEN2B
develop medullary cancer, 50% develop PCC, and 95%
develop the gastrointestinal system, mucosal neuroma
in the mouth and lips and Marfanoid appearance.” In
MEN syndromes, the tumor is often localized in the adre-
nal medulla and PGL is very rare.”? PCCs in this syndrome
make up 5% of all PCCs.™ Bilateral adrenal involvement
occurs in approximately 50-60%.2* 2! Bilateralism can be
synchronous or metachronous.'?” Its biochemical pheno-
type is adrenergic.l”®

Metastatic pheochromocytoma is seen below 5%.5 ! |n
addition, very rarely, head and neck PGL is defined in MEN2
syndromes.®

PCC should be investigated before any intervention in
MEN2 syndrome, and if any, PCC should be treated before
surgery for other components of the syndrome.

Von Hippel Lindau Syndrome (Table 1)

Von Hippel Lindau Syndrome is an autosomal dominant
syndrome that arises from the germline mutation in the
VHL tumor suppressor gene on the 3p25-26 chromosome.
1231 Several different mutations in the VHL gene may cause
this syndrome and affect multiple organs. Its prevalence
is one in 36000 people.?!! Cerebellar and spinal heman-
gioblastoma, retinal hemangioma, renal cysts, clear cell
renal carcinoma, pancreatic neuroendocrine tumors, cysts
and cystadenomas of the pancreas, PPGLs, cystadenomas
in gonads, benign asymptomatic lung lesions, benign as-
ymptomatic liver lesions, liver cysts, endolymphatic cystic
tumors can be seen in this syndrome.”! In 20% of the pa-
tients with VHL, PCC usually occurs and is seen at a young
age. Half of the pediatric age group, which presents with
PPGL, has VHL syndrome.”

Patients with PPGL with VHL syndrome constitute 5-10%
of all PPGL patients.”! 40-50% of PCCs in this syndrome
are bilateral.” The biochemical phenotype is noradrener-
gic. Metastatic PCC is rare.” In VHL syndrome, PGL is rare,
usually of parasympathetic origin and does not secrete a
significant amount of catecholamines.”” VHL syndrome
is divided into two subgroups, as type 1 if there is no PCC
or type 2 if PCC is present. Type 1 includes cerebellar and
spinal hemangioblastoma, retinal hemangioma, multiple
abdominal cysts and tumors, clear cell renal carcinoma, but
no PCC. Type 2 is divided into three types according to the
presence and aggressiveness of renal carcinoma. Cerebel-
lar and spinal hemangioblastoma, retinal hemangioma,
low-risk renal carcinoma and PCC are present in Type 2A,
cerebellar and spinal hemangioblastoma, retinal heman-
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gioma, high-risk renal carcinoma, endocrine neoplasms,
pancreatic cysts and PCC are present in Type 2B and only
PCCis present in Type 2C.12%

Cases with PCC are often asymptomatic and, unlike spo-
radic PCCs, they do not release excess catecholamines.’*

Neurofibromatosis 1 (Von Recklinghausen's Disease
(VRD) (Table 1)

Neurofibromatosis 1 is an autosomal dominant syndrome
that arises from a mutation in the NF1 gene, and its prev-
alence is 1 in 3000 people. This gene is localized on the
179ll.2 chromosome and encodes the neurofibromin pro-
tein. In the absence or decreased levels of neurofibromin
with mutations in the NF1 gene, cell proliferation through
various pathways and inhibited apoptosis occur.2% NF1 is
characterized by multiple neuromas and is characterized
by 15% peripheral nerve sheath tumors.” In addition, café-
au-lait spots, freckles in the axilla and inguinal areas, malig-
nant glioma, bone lesions, gastrointestinal stromal tumors,
and PPGL may occur.’>3"

PPGL develops in 1-5% of patients with NF-1. Almost all of
these tumors are PCC, and PGL occurs rarely. They consti-
tute 1% of all patients with PCC.®! They are 20% bilateral."

Approximately 10% of them are malignant.?*!

Hereditary Paraganglioma Syndromes (PGL
Syndromes) TYPE 1-5 (SDH COMPLEX) (Table 1)

There are four subunits of succinate dehydrogenase (SDHA,
SDHB, SDHC, SDHD), which cause syndromes with the au-
tosomal dominant inheritance that occur with germline
mutations in genes on different chromosomes that encode
different subunits. Type 1 is associated with SDHD muta-
tions, type 2 with SDHAF2 mutations, type 3 with SDHC
mutations, type 4 with SDHB mutations, and type 5 with
SDHA mutations.” 3" The prevalence is estimated as 1 in 1
million people.” These syndromes are more often asso-
ciated with PGL. Head and neck PGLs are common. PCCs
are seen in all five types. Malignancy rate is higher in SDHB
mutations and 30-70% malignancy has been reported. In
other types, the malignancy rate is low.™?

Apart from these, renal cell carcinoma, gastrointestinal
stromal tumors, pituitary adenomas can be seen. There is
a risk of papillary thyroid cancer and breast cancer in SDHB
mutations.?

Other Mutations Associated with Pheochromocytoma/
Paraganglioma

PPGL can also be seen in TMEM127 mutations, MAX muta-
tions, KIF1B mutations, EGLN1 mutations, MDH2 mutations,

FH mutations, KIF1 mutations, HIF2A, CSDE1, MAML3 Pa-
cak-Zhuang Syndrome, Carney complex, Carney-Stratakis
Syndrome, MEN1 Syndrome.!'- 20,31

Clinical and Biological Behavior of Pheochromocytoma/
Paraganglioma

Although PPGLs have scoring systems for histological
evaluation of the primary tumor, it is not possible to di-
agnose whether the tumor is malignant, since there is
no histological system approved for the biological ag-
gressiveness of this tumor group.B¥ Malignancy in these
tumors can be defined as metastasis at presentation or
during subsequent follow-up. Metastasis is defined as
the presence of chromaffin tissue in non-chromaffin or-
gans, such as lymph nodes, liver, lungs and bone.B4 The
proposed benign and malignant definitions for PCC in the
3 version of the World Health Organization (WHO) pub-
lished on the classification of endocrine tumors in 2004
were removed in the 4™ version published in 2017.55 39
Because all PCCs and PGLs may have metastatic poten-
tial. Therefore, in version 4, the “metastatic” term is used
instead of “malignant” for both PCCs and PGLs. This also
eliminated the confusion that may occur between locally
invasive and distant metastatic tumors.”! PGLs are divid-
ed into two groups as sympathetic paragangliomas and
parasympathetic paragangliomas according to their clini-
cal and biological behavior in version 4. Parasympathetic
PGLs are often localized primarily in the head and neck
region, rarely localized in the thorax and pelvis. For this
reason, PGLs are examined under two subtitles as sympa-
thetic PGLs and head and neck PGLs.5¢!

Metastatic Pheochromocytomas/Paragangliomas

Although most of the PPGLs are benign, the metastatic dis-
ease may develop in 15-17%. Metastatic disease is reported
between 2-25% in PCCs and 2.4-60% in PGLs.B7- 3]

Head and neck PGLs constitute 20% of all PGLs, but the
rate of metastatic disease is 5%.°" Synchronous metasta-
sis is present in 35-52% of patients with metastatic PPGL
and metachronous in 48-65%.57 38 While at least 30% of
the patients with PPGL have a hereditary predisposition,
almost 50% of metastatic patients have germline muta-
tions.’ In metastatic disease, male gender, advanced
age, synchronous metastasis, larger primary tumor, pa-
tients without primary tumor resection, patients with
sympathetic PGL and tumors with increased dopamine
are associated with short-term survival.®” 3 The mean
tumor diameter is larger and 8.2 cm in patients with
metastatic PPGL, while 4.9 cm in non-metastatic tumors.
16% of metastatic tumors are under 5 cm in size, most of
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them (78.5%) are PGL, and only 21.5% of them are PCC.3”
Germline SDHB mutation is thought to be one of the most
important risk factors for the development of metastases
in patients with PPGL.“% More than half of patients with
metastatic PGL and 5-10% of patients with metastatic
PCC have germline SDHB mutation. MAX mutation carri-
ers have a 10-25% risk of developing metastatic disease,
but MAX mutations are rare. VHL and SDHD mutation car-
riers have less than 5% risk of metastatic disease.® The
course of metastatic disease is heterogeneous and the
5-year survival rate ranges between 40-85%.53 The most
common metastasis sites in metastatic PPGL are 80% lo-
cal and distant lymph nodes, 72% bones, 50% liver, and
50% lungs.® Bone and lymph node metastasis in PGL is
more than PCC, while liver metastasis is more common
in PCC."Y 91% of bone metastasis are lytic lesions, 81%
are in vertebrae and 67% in the pelvis. Bone lesions were
detected in CT or MRI with a rate of 81% and the detec-
tion rate in FDG-PET/CT is 95%. Survival in bone metasta-
ses is better than liver and lung metastases. Median total
survival was 12 years in those with only bone metastasis,
7.5 years in liver and lung metastases, and five years in
patients with bone, liver and lung metastases.*" The TNM
staging system of the American Joint Committee on Can-
cer (AJCC) was developed to predict the prognosis, based
on the specific anatomical features of the primary tumor
and the occurrence of metastasis. In the light of the data
accumulated in the literature, for the first time, staging for
PPGL was done in the updated version 8 of the TNM stag-
ing system (Table 2).#2 TNM staging system for PPGL was
implemented on January 01, 2017. It will guide clinicians
in determining the type and extension of surgery, indica-
tions for neoadjuvant and adjuvant treatments and the
follow-up needed by metastatic PPGL patients. Compre-
hensive staging and survival data will be collected over
the coming years. These data are expected to further our
understanding of PPGL and facilitate the development of
effective treatments.”
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