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Composite pheochromocytoma-ganglioneuroma is one of the mixed neuroendocrine-neural tumors composed of pheochromocy-
toma and other neural crest derivatives. To date, less than 50 cases of composite pheochromocytoma have been reported, and
about 70% of the accompanying tumors were ganglioneuromas. Here, we describe six cases of composite pheochromocytoma-gan-
glioneuromas in five men and one woman, aged 33 to 64. The size of the tumors ranged from 3.0 to 11.0 cm, and four out of the six
presented with intermittent onset of hypertension, palpitation, or dizziness. Microscopically, each tumor was composed of large
pleomorphic shaped chromaffin cells arranged in the Zellballen patterns characteristic of pheochromocytoma, and they were
mixed with clusters of mature ganglion cells and bundles of spindle-shaped Schwann cells characteristic of ganglioneuroma of vari-
able proportions. All were successfully treated laparoscopically, and none were associated with multiple endocrine neoplasm syn-
drome or neurofibromatosis.

Preoperative diagnosis of a composite pheochromocytoma-ganglioneuroma is impossible because of the low incidence rate, and
the radiological findings and symptoms are similar to those of typical pheochromocytomas. Although the significance of micro-
scopic detection of the nonpheochromocytoma component from pheochromocytoma has not yet been clarified, microscopic iden-
tification of the composite pheochromocytoma-ganglioneuroma is important because cumulative cases are used in an effort to

CASE REPORT

predict the behavior of this composite tumor. (Endocrinol Metab 26:340-344, 2011)
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INTRODUCTION

Mixed adrenal tumors composed of more than one cell type are
uncommon; they are called composite pheochromocytomas (1] and
corticomedullary mixed tumors [2]. This type of pheochromocy-
toma is called composite or mixed, depending on whether pheo-
chromocytoma and nonpheochromocytomatous combined com-
ponents are of the same or different embryonic origin. About 50
cases of composite pheochromocytoma have been published in
the English medical literature [3]. Composite pheochromocytoma is
a well-defined neoplasm of the medulla and the tumor consists of
both endocrine and neural components. Histologically, the endo-
crine portion is that of a pheochromocytoma, whereas the neural
portion has been reported as ganglioneuroma, ganglioneuroblas-

toma, neuroblastoma, neuroendocrine carcinoma or malignant pe-

ripheral nerve sheath tumor [4]. Pheochromocytoma is usually char-
acterized by a catecholaminergic effect with hypertension, whereas
ganglioneuroma is a rare mature neuroblastic tumor that is typically
nonmetabolically active, and so it is usually asymptomatic [5,6].

To date, less than 50 cases of composite pheochromocytoma have
been reported [1-6], and two Korean cases of composite pheochro-
mocytomas have been reported in the English and Korean litera-
ture [5,0]. Here, we report additional six cases of unusual tumor of
the adrenal gland and the tumor exhibited a mixed phenotype com-

posed of cells of adrenal medullary and neural lineages.

CASE REPORT

1. Clinical summary

Case 1 was a 54-year-old normotensive woman visited an endo-
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crinology clinic of Gachon University Gil Hospital in February 2010.
She previously had visited the hospital in May 2000 to evaluate in-
cidentally found right adrenal mass. Abdominal computed tomog-
raphy (CT) showed a 4 cm-sized well defined heterogeneous atten-
uated soft tissue mass in right adrenal gland (Fig. 1A). She did not
complain any subjective symptoms and wanted to be regular follow-
up. During 10 years of preoperative follow-up period, she experi-
enced two episodes of headache. Case 2 was a previously healthy
33-year-old man came to Gachon University Gil Hospital in order
to evaluate incidentally found adrenal mass at health screening ex-
amination. Pre contrast CT revealed an 11 cm-sized right adrenal
mass with heterogenous low density, which was compressing liver
(Fig. 1B). After contrast-enhancement, the mass was heterogeneously
well enhanced at the peripheral solid portion. Case 3 was a 37-year-
old man visited an emergency room of Samsung Seoul Hospital in
July 2005 for severe headache. He had been suffered from severe
headache for one year when hypertension and medication started.
At that time, he also undertook a brain magnetic resonance for his
severe headache. Abdominal CT taken at the emergency room
showed a well-defined 5.0 cm-sized heterogeneous mass at the
right adrenal gland (Fig. 10). Case 4 was a 58-year-old man who
visited an emergency room of Samsung Seoul Hospital in January
2008. He had been suffering from headache and dizziness for the
previous 2 months although he had been undertaken antihyper-
tensive drugs for the previous 4 years. Abdominal CT revealed a
3.3 cm-sized right enhancing mass with central necrosis and cystic
changes at right adrenal gland (Fig. 1D). Case 5 was a previously
healthy 50-year-old man. A health screening taken in August 2005
at Samsung Seoul Hospital revealed increased level of 24 hour urine
vanillylmandelic acid (VMA; 7.7 mg/day) and a 3.0 cm-sized left ad-
renal mass on abdominal CT. Case 6 was a 64-year-old man visited
an emergency room of Gachon University Gil Hospital because of
a sudden onset of palpitation, limb tremor and headache for 2 days
in February 2011. His blood pressure was 220/100 mmHg at that time.
He had experienced two other such episodes after drinking alcohol
during the previous 10 years. Abdominopelvic CT showed a 4.0 cm-
sized heterogeneous enhancing mass in the right adrenal gland.
The biochemical profiles showed that the level of preoperative
urine metanephrine was increased in all the 6 cases and the urine
VMA level was elevated in cases 2, 3, and 6. But, endocrine profile
of blood and/or urine showed increased catecholamines including
epinephrine, norepinephrine or dopamine. To control the preoper-

ative hypertension, calcium channel blockers, including bevantolol
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and nifedipine and alpha-antagonists were administered. All the
cases underwent laparoscopic adrenalectomies. During the follow-
up period ranging from 3 months to 6 years, their hypertension was
controlled without any medication after adrenalectomy. The levels
of blood/urine catecholamines returned to normal with no radio-
logic evidence of metastasis after the operation. The pre- and post-
operative the 24 hour analysis of urine VMA and metanephrine were
shown in Table 1. All the patients and their families were not asso-
ciated with neurofibromatosis or multiple endocrine neoplasm (MEN)

syndrome.

2. Pathological findings

Grossly, the laparoscopically resected specimens consisted of ir-
regular pieces of firm pinkish tan tissue in cases 2, 3, and 6. A well
defined encapsulated oval shaped brownish yellow mass was found
in cases 1, 4, and 5. The size of each tumor ranged from 3.0 to 11.0
cm. The cut surface was yellowish brown to mahogany-brown color
(Fig. 1E, F). The specimen was received in 10% neutral-buftered for-
malin and processed routinely. In addition to routine hematoxylin
and eosin stains, immunohistochemistry for phosphorylated neu-
rofilament (2F11, 1:100 dilution; Dako, Glostrup, Denmark), S-100
protein (polyclonal, prediluted; Dako), synaptophysin (SY38, predi-
luted; Dako) and chromogranin A (DAK-A3, prediluted; Dako) were
performed on formalin-fixed, paraffin-embedded tissue. Microscop-
ically, the masses were characterized by nests, anastomosing cords
and trabeculae of large polygonal cells, i.e., Zellballen pattern (Fig.
2A). Between the nests, large globoid ganglion-like cells in a fibril-
lary schwannian loose stroma were identified. In the portion of tra-
beculae of large chromaffin cells, some of them had tiny nucleoli
and abundant, basophilic granular cytoplasm, with prominent in-
tracytoplasmic inclusions (Fig. 2B). Focal melanin-like pigmentation
of the chromaffin cells was also noted. Mitotic figures were rare.
That portion was diagnosed as pheochromocytoma. The bundles
of spindle cells were admixed with the ganglioid cells, and the find-
ings were consistent with ganglioneuroma (Fig. 2C). The ganglioid
cells were strongly positive for phosphorylated neurofilament (Fig.
2D) and S-100 protein, while the large chromaffin cells were posi-
tive for synaptophysin (Fig. 2E) and chromogranin A with admixed
S-100 protein-positive sustentacular cells (Fig. 2F). The tumors were
diagnosed as composite pheochromocytomaganglioneuromas. The
proportions of ganglioneuroma in cases 1, 2, 3, 4, 5, and 6 comprised
from 30%, 40%, 10%, 30%, 50%, and 60%, respectively.
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Fig. 1. A. Case 1. Thin section en-
hanced adrenal computed tomogra-
phy (CT) shows a well defined round
soft tissue mass, which is peripherally
well enhanced with heterogeneous
low attenuated internal density. B.
Case 2. A large well enhancing mass
shows central cystic degeneration at
the hepatorenal space. The mass also
displaces the liver. C. Case 3. CT re-
veals a b cm-sized heterogenous en-
hancing mass in right adrenal gland.
D. Case 4. Postcontrast abdominal CT
images show a heterogeneously en-
hancing right adrenal mass with cen-
tral cystic changes. E. Case 4. A brown-
ish yellow colored oval mass com-
presses the surrounding adrenal cor-
tex. Note the fish flesh cut surface
and focal cystic changes. F. Case 5. A
brown mahogany-colored oval mass
shows the central hemorrhagic cystic
changes and surrounding thinned ad-
renal cortex.

Fig. 2. Case 6. A. The mass is composed
of majority of pheochromocytoma (upper
left) and ganglioneuroma portion (lower
and right, H&E stain, x 100). B. The pheo-
chromocytoma portion shows the typical
morphology of nests and trabeculae of
polygonal shaped chromaffin cells (H&E
stain, x 200). C. In the ganglioneuroma
portion, the neaplastic ganglion cells have
vesicular nuclei with a single prominent
nucleolus and amphaphilic cytoplasm with
granules. Note the fibrillary Schwannian
spindle cells in the matrix (H&E stain, x
400). D. The plump ganglion cells of gan-
glioneuroma portion are stained with phos-
phorylated neurofilament (phosphorylated
neurofilament immunostain, x 400). E. In
pheochromocytoma portion, the chromaffin
cells are diffusely stained with synaptophy-
sin (synaptophysin immunostain, x 400). F.
Immunostain for S-100 protein stains gan-
glioid cells and Schwannian background
(left), while it stains some sustentacular
cells of pheochromocytoma (right) (S-100
protein immunostain, x 400).
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Table 1. Pre- and postoperative biochemistry including 24 hour urine analysis of the six cases

Urine VMA Urine metanephrine

Case Abnormal blood endocrine biochemistry (reference, < 8 mg/day) (reference, < 45-290 pg/day)
Preoperative Postoperative Preoperative Postoperative

Case 1 Elevated norpinephrine 761 578 810 120
Case 2 Elevated epinephrine, norepinephrine, metanephrine 150 4.46 2,690 440
Case 3 Elevated epinephrine, norepinephrine 137 44 1,657.8 182.45
Case 4 Elevated epinephrine, norepinephrine, dopamine 6.0 5.1 315.72 75.2
Case5 Elevated epinephrine, norepinephrine 17 32 1,033.43 35.88
Case 6 Elevated epinephrine, norepinephrine 145 46 4,450 285

VMA, vanillylmandelic acid.

DISCUSSION

Preoperative detection of a composite pheochromocytoma-gan-
glioneuroma is difficult because the low incidence of ganglioneu-
roma and the symptoms are not different from those of typical pheo-
chromocytomas. Pathologically, the chromaffin cells of the pheo-
chromocytoma are more readily highlighted with chromogranin
and synaptophysin staining and they are admixed with S-100 pro-
tein-positive sustentacular cells [7]. All the tumor cells of the pheo-
chromocytoma portion out of the composite tumor are strongly
positive for tyrosine hydroxylase, i.e., the rate-limiting enzyme in
catecholamine synthesis, while the ganglioneuroma portion displays
neurofilament-positive mature ganglion cells and S-100 protein-pos-
itive Schwann cells.

Composite pheochromocytoma-ganglioneuromas are composed
of chromaffin cells and the sympathetic ganglion cells [1-6]. The his-
togenesis of composite adrenal medullary tumors has been attrib-
uted to the common embryologic origin of the chromaffin and neu-
ronal cells from the neural crest. To date, less than 50 cases of com-
posite pheochromocytoma-ganglioneuromas have been reported
since the first description [8]. The composite tumor has been used
to describe tumors that theoretically arise from a common embryo-
logic progenitor, whereas mixed pheochromocytomas designate
tumors that have no common embryologic ancestry.

In about 70% of composite adrenal medullary tumors, the accom-
panying second tumor component was ganglioneuroma. The clini-
cal symptoms associated with composite pheochromocytoma-gan-
glioneuroma are usually similar to those of ordinary pheochromo-
cytoma, but secretion of vasoactive intestinal polypeptides (VIP) is
more common with composite pheochromocytoma-ganglioneu-
roma compared to the latter [3]. Hypertension and its related symp-

toms are common in composite pheochromocytoma-ganglioneu-
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roma. Occasional normotensive patients with composite tumors may
be explained by the theory of autonomic regulation by ganglioneu-
roma, and it partially depends on the complex biochemical inter-
action and proportion of each element [9]. Rarely, watery diarrhea,
hypokalemia and achlorhydria syndrome due to a functional VIP-
secreting tumor can be observed in patients with composite pheo-
chromocytoma-ganglioneuroma, and vasodilatory action of VIP also
contributes the normotension [10]. Commonly observed muscle
weakness may be related to associated hypokalemia [11]. Adrenal
composite tumor may be incidentally discovered, masquerading as
acute relapsing pancreatitis [5]. These composite tumors of the ad-
renal medulla may be associated with sporadic tumors or as part
of neurofibromatosis type I, von Hippel-Lindau disease, MEN 2A
and MEN 2B syndromes [12]. The present cases were shown to have
no relation to neurofibromatosis, but 6% to 11% of composite pheo-
chromocytomas are associated with genetic conditions. In general,
the patients with pheochromocytoma are likely to develop papil-
lary carcinoma, which may be related to the undulatory release of
thyroid hormone secondary to circulating catecholamines [6,13].
Albeit rare, these findings should warn the patients to undergo reg-
ular examination of the thyroid gland.

Both pheochromocytoma and ganglioneuroma commonly man-
ifests radiologically as a well-defined, smooth or lobulated mass
with or without calcification. CT is accurate in the detection of pheo-
chromocytomas. However, nearly one third of all cases show a non-
specific appearance that may overlap with the appearance of adre-
nocortical carcinoma [14]. In the same manner, composite pheochro-
mocytoma and ganglioneuroma shows heterogenous radiologic,
gross and microscopic features with varying admixtures of ganglio-
neuroma and pheochromocytoma components [15].

The clinical significance of microscopically detecting the other

component from pheochromocytoma has not yet been clarified
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because of the paucity of reports. Although there was one case of

pheochromocytoma-ganglioneuroma showing hepatic metastasis,

the composite pheochromocytomas with only a ganglioneuroma

portion behave in the same manner as a classic pheochromocytoma

and even when there are neuroblastomatous components because

neuroblastomatous elements have low mitotic-karyorrhectic index

and absence of N-myc amplification [15-17]. A review by Lam and

Lo [15] suggests that the composite tumors are seen in older patients

and are bigger than typical pheochromocytomas, which is possible

that they are more aggressive than pheochromocytoma alone [10].

Here, all the six cases of composite pheochromocytoma-ganglio-

neuroma undertook laparoscopic adrenalectomies. Laparoscopic

adrenalectomy provides the benefits of a minimally invasive ap-

proach, and is regarded to be the surgery of choice for pheochro-

mocytoma, compared to open resection, due to the improved pre-

operative hemodynamic stability and the lessened need for post-

operative analgesics [18].

SUMMARY

In summary, microscopic identification of a non-pheochromocy-

tomatous component from pheochromocytoma is important be-

cause cumulative cases of composite pheochromocytoma-ganglio-

neuroma may be used to predict the biologic behavior of this rare

tumor.
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