29-PHEOCHROMOCYTOMA AND PARAGANGLIOMA

Vitaly Kantorovich, MD, Associate Professor, Division of Endocrinology, University of CT Health Center,263 Farmington Avenue, MC 1850, Farmington, CT 06030-1850
Christian A. Koch, MD, Professor and Director, Endocrine Tumor Program, Cancer Institute, University of Mississippi Med Ctr, Jackson, MS 39216

Karel Pacak, MD, PhD, DSc, Professor and Senior Investigator, NICHD, National Institutes of Heatlh, Bethesda, MD 20892

CLINICAL RECOGNITION

Pheochromocytomas and paragangliomas (PHEO/PGL) are chromaffin cell tumors that embryonically derive from the neural crest and functionally are capable of production, storage, metabolism, and secretion of catecholamines. While PHEOs arise from the adrenal medulla, PGLs can develop from both sympathetic and parasympathetic paraganglia. Sympathetic PGLs show diffuse distribution, frequently produce catecholamines and often cause hypertension, while parasympathetic counterparts are found mainly in head and neck areas, rarely produce significant amounts of catecholamines and usually do not cause hypertension. Overall, PGLs represent about 15% of all PHEO/PGL tumors, usually locate intra-abdominally around the origin of the inferior mesenteric artery (the organ of Zuckerkandl) or aortic bifurcation, but rarely within kidney, bladder, urethra, prostate, spermatic cord, genital tract, and liver. Most PHEOs are sporadic, unicentric and unilateral, although 20-30% are familial, multicentric and bilateral. About 4-10% of PHEOs are found as adrenal incidentaloma, whereas approximately 5% are diagnosed at surgery. Metastatic disease is rare in all but abdominal PGLs and those with SDHB germline mutation. In Western countries, the prevalence of PHEO can be estimated at 1:2,500 to 1:6,500 patients, with an annual incidence in the United States of 500 to 1,100 cases per year.
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Figure 1.

SUSPECT
(Figure 1.) PHEO is easily suspected in someone with paroxysmal hypertension, resistant hypertension, etc. Sustained hypertension is very prevalent in the adult population, while pheochromocytoma is rare. A significant number of PHEO-oriented workups is currently related to frequent discoveries of unrelated adrenal incidentalomas. Added to this are incidentally found PGLs and hypercatecholaminemic crises during unrelated surgeries. The above make it seemingly complicated to define a standardized approach to the initial step in managing PHEO, but the following symptoms and signs should raise the suspicion, while the following table should further support it. These symptoms and signs include: headaches, palpitations, anxiety, hypertension (paroxysmal, sustained, resistant), unexplained fever, hyperglycemia, diaphoresis, chest pain, and paroxysmal pallor. Unexplained spells of any combination from the above list are highly suggestive. (Figure2.)
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Figure 2.

GENETICS/PATHOPHYSIOLOGY

Hereditary cases of PHEO comprise between 20 and 30%. While PHEO develops in about 50% of patients with MEN2, it is seen in 10-20% of patients with VHL and only 1% of patients with neurofibromatosis type 1. These pheochromocytomas are usually benign and develop in adulthood. On the other hand, PHEOs related to mutations in the SDH genes, especially SDHB, develop at younger age and show more aggressive behavior. Although genetic testing of each and every case of PHEO is not cost effective, cases where disease develops at an early age, known family history of PHEO or associated tumors, extra-adrenal localization and malignant disease are suggestive of hereditary cases and should lead to genetic testing. Below is a current list of hereditary pheochromocytomas. (Table 1)
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Table 1.

DIAGNOSIS

Measurement of metanephrines represent a reliable and sensitive biochemical diagnosis of PHEO, based on the fact that differently of paroxysmal secretion of catecholamines from the tumor cell, metanephrines – intra-cellular metabolites of catecholamines – are produced and secreted continuously. The initial testing for PHEO should include measurements of fractionated metanephrines (i.e. normetanephrine and metanephrine measured separately) in urine, plasma or both, as available. It is important to remember that tricyclic antidepressants and non-selective alpha-blockers significantly increase levels of both plasma and urinary norepinephrine and normetanephrine, while MAO inhibitors affect both metanephrines. Sympathomimetics, stimulants, cocaine can also moderately affect catecholamine levels. Elevated test result may not always allow to distinguish PHEO from a state of sympathetic activation. In such situations, the clonidine suppression test combined with measurements of plasma catecholamines and normetanephrine is useful. Clonidine is administered at a dose of 0.3 mg/70 kg of body weight orally. Lack of a decrease in norepinephrine or normetanephrine at 3 hrs, is highly suggestive of PHEO. For metastatic PHEO/PGL, plasma methoxytyramine may represent a novel biomarker. Below (Figure 3.) is a diagnostic algorithm based on assessment of plasma free metanephrines.
Figure 3.
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It is important to remember that tricyclic antidepressants and non-selective alpha-blockers significantly increase levels of both plasma and urinary norepinephrine and normetanephrine, while MAO inhibitors affect both metanephrines. Sympathomimetics, stimulants, cocaine can also moderately affect catecholamine levels. Drug-induced decrease in norepinephrine re-uptake at the sympathetic ganglia may result in increase of both norepinephrine and normetanephrine and careful medication history needs to be taken in each patient with suspected PHEO/PGL.

Chromogranin A is a sensitive, although nonspecific marker of neuroendocrine cells, is often times elevated in PHEO/PGL and can be used to support diagnosis and assess cure during follow up. The O-methylated metabolite of dopamine methoxytyramine has been shown to be the test of choice in dopamine-secreting and metastatic PGLs.

LOCALIZATION
Tumor localization should usually only be initiated once the clinical evidence for pheochromocytoma is reasonably compelling and biochemical test results support diagnosis. Either computed tomography (CT) or magnetic resonance imaging (MRI) are recommended for initial tumor localization (more than 95% of tumors are found), with MRI preferred in children or pregnant women. Although CT and MRI have excellent sensitivity for detecting most catecholamine-producing tumors, these anatomical imaging approaches lack the specificity required to unequivocally identify a mass as a pheochromocytoma or paraganglioma. Functional imaging also allows determination of the extent of disease, including the presence of multiple tumors or metastases, information that can be important for appropriately guiding subsequent management and treatment.


THERAPY
The definitive treatment of pheochromocytoma is surgery. Medical therapy is used for following: a]. initial improvement of symptoms, b]. pre-operative stabilization, c]. through-operative management, d]. treatment of inoperable disease, and e]. management of PHEO crisis. (Figure 4., Figure 5)

Phenoxybenzamine (Dibenzyline), an (-adrenoceptor blocker, is most commonly used for preoperative control of blood pressure. It is administered orally at a dose of 10-20 mg twice daily and titrated to systolic blood pressure and orthostasis. Alternatives to phenoxybenzamine which has a long half-life and therefore can lead to postoperative hypotension by prolonged vasodilatation, calcium channel blockers and selective (1-adrenoceptor blocking agents, such as terazosin (Hytrin) and doxazosin (Cardura) are used. (-adrenoceptor blockers could be added only after adequate blocking of (-adrenoceptor mediated vasoconstriction. Combined (/(-adrenoceptor blocker (Labetalol) has disadvantage of fixed ratio between both receptor blockers that may provide inadequate (-blockade. 

For hypertensive crisis management, continuous infusion of sodium nitroprusside (preparation similar to phentolamine) can be administered at 0.5 to 10.0 mcg/kg per minute (stop if no results are seen after 10 minutes). Nicardipine can prevent catecholamine-induced coronary vasospasm and is given intravenously at 1 to 2.5 mg for 2 min, then at 5 to 15 mg/h. Magnesium sulfate acts as vasodilator and antiarrhythmic and is admininistered as bolus 1-2 gm and then continuously at 1 to 3 g/h. Phentolamine, an alpha antagonist, is given as an i.v. bolus of 2.5 mg to 5 mg at 1 mg/min, which can be repeated Q5 min to adequate control of hypertension. Alternatively, it can be given as a continuous infusion (100 mg of phentolamine in 500 mL of 5% dextrose in water) with an infusion rate adjusted to the patient’s blood pressure during continuous blood pressure monitoring. A competitive inhibitor of tyrosine hydroxylase - (-methyl-para-tyrosine (metyrosine) can be used at 250 mg twice to fourth time a day.

Esmolol, a short acting beta1 antagonist can improve uncontrolled tachycardia.

Hypotension is managed by fluid administration and/or vasopressors including phenylephrine. Hypoglycemia can occur after removal of PHEO/PGL-related catecholamine excess as a result of rebound release of insulin secretion and is treated with intravenous glucose.
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Figure 4
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