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ACTH-Producing Pheochromocytoma

Anaforoğlu et al.

Adrenocorticotropic Hormone-Producing 
Pheochromocytoma in a Patient with Adrenal 
Incidentaloma

ABSTRACT

Pheochromocytomas are challenging and life-threatening neoplasms. They can secrete a great vari-
ety of hormones and peptides apart from catecholamines. A case of adrenocorticotropic hormone 
(ACTH)-secreting adrenal pheochromocytoma, which caused Cushing’s syndrome, is presented 
herein. A 60-year-old female was referred for an adrenal mass evaluation. It was detected incidentally 
during the assessment of her back and abdominal pain. She suffered from high blood pressure for 
30 years and diabetes mellitus for 15 years. The computerized abdominal tomography showed a 46 × 
35 mm cystic necrotic mass on the right side at 17-20 Hounsfield units, consistent with a non-adeno-
matous lesion. Laboratory analysis identified elevated levels of catecholamine and hypercortisolism. 
She underwent an adrenalectomy. Histological features were characteristic of pheochromocytoma. 
Immunostaining also confirmed the tumor was expressing ACTH. A diagnosis of ACTH-producing 
pheochromocytoma was made. The catecholamine metabolites were normal post adrenalectomy. 
Two months after the surgery, we assessed her for hypercortisolism. The dexamethasone suppres-
sion test was negative for endogenous hypercortisolism. This is a very rare cause of ectopic Cushing 
syndrome due to incidentally detected pheochromocytoma.
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Introduction

Pheochromocytomas originate from chromaffin cells of the adrenal medulla. They 
are rare tumors, with a yearly estimated incidence of 4-8 per 1 000 000 person-years.1,2 
Pheochromocytomas may be challenging and life-threatening neoplasms. They are fre-
quently associated with various clinical courses. They are heterogeneous tumors, and they 
can secrete a wide variety of hormones and peptides apart from catecholamines; interleu-
kins, calcitonin, adrenocorticotropic hormone (ACTH), and corticotropic hormone (CRH).3-8 
Although the classic symptoms are episodic headache, diaphoresis, hypertension, and tachy-
cardia, clinical features can be extremely different, mimicking the differentiation of the cells, 
and the diagnosis can be challenging.9 About 10% of patients with pheochromocytomas may 
present with an adrenal incidentaloma, and these tumors can be silent.10 Adrenocorticotropic 
hormone seems to be the most common co-secreted hormone.11

We report a case of ACTH-secreting adrenal pheochromocytoma, which caused Cushing’s 
syndrome, that was found incidentally. Informed consent was obtained from the patient.

Case Presentation

A 60-year-old woman was referred to our endocrinology clinic for evaluating her adrenal 
incidentaloma which was detected during the search of her lower back and abdominal pain. 
She had a history of high blood pressure for 30 years and diabetes mellitus for 15 years. 
Thyroidectomy was made for multinodular goiter 25 years ago. She went through invasive 
procedures for her cranial aneurysm 1.5 years ago. She used amlodipine at 10 mg, metoprolol 
at 25 mg, doxazosin at 4 mg, lisinopril at 20 mg, diphenylhydantoin at 2 × 100 mg, and met-
formin at 2 × 1000 mg. After a physical examination, her blood pressure was 170/100 mmHg, 
and her body mass index was 25.9 kg/m2. Approximately 1 × 1 cm thyroid node was palpated 
on the right side of her thyroid.
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She was lacking headache, palpitations, diaphoresis, buffalo hump, 
easy bruisability, weight gain, plethora, moon face, striae, and hir-
sutism. To evaluate the adrenal mass, an abdominal computerized 
tomography was performed; it showed a 46 × 35 mm, right-sided, 
cystic-necrotic mass at 17-20 Hounsfield units (HU) consistent 
with a non-adenomatous lesion (Figure 1). A full-thorough evalu-
ation of the adrenal medulla and cortex functions was made to 
see the functional status of the incidentaloma. Plasma aldosterone 
and renin activity were measured to evaluate a possible miner-
alocorticoid excess. They were found to be normal, and their ratio 
was normal. Her sodium and potassium levels were also normal. 
Laboratory studies resulted in high levels of catecholamines and 
endogenous hypercortisolism. Metanephrine and normetaneph-
rine were measured twice: metanephrine was 1300.8-2065.5 µg/24 
hours (reference range: 52-341 µg/24 hours) and normetanephrine 
was 484.8-792 (reference range: 88-444 µg/24 hours). Midnight cor-
tisol was 18.6 µg/dL; after the Liddle test, cortisol was 19.2 µg/dL; 
24-hour urinary cortisol level was 576 nmol/L; ACTH was measured 
twice: 20.5-53.2 pg/mL.

As ACTH was found to be high, a diagnosis of ACTH-dependent 
hypercortisolemia was made, but pituitary MRI was normal. She 
was prepared for the surgery with the maximum doses of alpha 
blockage followed by beta blockage until her blood pressure and 
heart rate were checked. An assessment was made to search for 
possible medullary thyroid carcinoma, and the calcitonin level was 
detected as normal (<2; 0-0.12 pg/mL). A biopsy performed after 
adrenalectomy to avoid a possible pheochromocytoma crisis that 
might be triggered by the invasive procedure revealed a benign 
result of fine needle aspiration of the thyroid nodule. She was given 
an operation adrenalectomy for the excess of catecholamines to 
prevent an adrenal crisis. She was operated on laparoscopically. 
Macroscopically, the mass was 4 cm, grey and brown, containing 
cystic and hemorrhagic fields. Histological features were typical of 
pheochromocytomas.

The tumor expressed synaptophysin, chromogranin, neuron-spe-
cific enolase, and weak-local expression of vimentin, as well as 
inhibin, HMB-45, and melan-A by immunohistochemistry. S-100 
expression was present in sustentacular cells. Immunostaining 
was  done for ACTH, confirming that the tumor expressed ACTH. 
The distribution of ACTH staining was not widespread; there 
were  focal,  small, neoplastic cell groups staining ACTH (Figure 2). 
Ki-67 positivity was 1%-2%, and staining by p53 was very weak. The 
pass score was 6. A diagnosis of an ACTH-producing pheochromo-
cytoma was made.

Catecholamine metabolites were measured, and they were at normal 
ranges after adrenalectomy; metanephrine: 49.3-88.3 µg/24 hours 
(52-341 µg/24 hours), normetanephrine: 272.4-176.6 µg/24 hours 
(88-444 µg/24 hours).

She was evaluated 2 months after the operation to see if hypercor-
tisolism was still present. The dexamethasone suppression test was 
suppressed.

Discussion

This case represents a very rare cause of ectopic Cushing’s syndrome 
due to a pheochromocytoma detected incidentally. After resection 
of the adrenal mass, endogenous hypercortisolemia and catechol-
amine metabolites excesses were resolved.

Ectopic Cushing’s syndrome is a rare condition usually accompanied 
by bronchial carcinoid, small cell lung cancer, or medullary thyroid 
carcinoma.11 Ectopic ACTH secretion from a pheochromocytoma was 
defined as early as 1955 by Roux et al.12 After Forman et al13 defined 
the diagnostic criteria in 1979, Chen et  al14 revised the criteria as 
having clinical and laboratory evidence of hypercortisolism accom-
panying increased levels of ACTH; proven pheochromocytoma with 

MAIN POINTS
•	 The clinical spectrum of adrenocorticotropic hormone-secret-

ing pheochromocytomas may vary from asymptomatic cases to 
fatal cases.

•	 Pheochromocytomas are heterogeneous tumors associated 
with different and unexpected clinical courses, as they can 
produce a great variety of hormones and peptides beyond 
catecholamines.

•	 Adrenocorticotropic hormone seems to be the most common 
co-secreted hormone.

Figure 1.  (A) Computerized tomography image of the adrenal 
gland demonstrating a right-sided 46 × 35 mm large adrenal 
tumor at 17-20 Hounsfield units (HU). (B) Computerized 
tomography with contrast demonstrating a cystic necrotic 
mass compatible with a non-adenomatous lesion.

Figure 2.  Positive staining for adrenocorticotropic hormone.
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elevated levels of urinary catecholamines or adrenal mass on MRI; 
disappearing signs and symptoms related to catecholamine excess; 
and rapid normalization of ACTH levels following adrenalectomy. 
Our case met all these criteria. Causality could not be demonstrated 
between these 2 entities, arising from different parts of the adrenal 
gland. Recently, Cheng et  al15 described 3 cases of ectopic ACTH-
secreting pheochromocytomas; they showed adrenal medullary 
hyperplasia in their biopsy specimens and concluded that the adre-
nal medulla could be a site for ectopic secretion of ACTH. Falhammar 
et al8 reported the first medullary hyperplasia case in 2017 and con-
cluded that medullary hyperplasia can be accepted as a precursor of 
pheochromocytoma. Cheng et al15 pointed to the presence of a pos-
sible local, intra-adrenal CRH/ACTH system, and adrenal medullary 
cells may have the potential to posse ACTH into plasma. Although 
Forman et  al13 and Chen et  al14 noted that negative immunostain-
ing of ACTH on tumor tissue does not exclude the diagnosis and 
molecular studies should be made in the case, we have shown posi-
tive immunochemistry staining in our tissue (Figure 2).

The frequency of ACTH-secreting pheochromocytomas is rare; in 
Ballav et  al16 cohort, they have found that pheochromocytomas 
consist of 5.2% of ectopic ACTH-secreting adenomas, whereas 
Falhammar et  al8 found a frequency of 1.2% among all Cushing 
cases.4 Very recently, Elliott et al17 published a meta-analysis of the 
patients with ectopic ACTH-and/or CRH-producing pheochromocy-
tomas to date. To date, they identified 99 patients with ACTH- and/or 
CRH-producing pheochromocytoma (with 4 CRH-secreting and the 
rest of ACTH-secreting cases).

In our patient, a diagnosis of both hypercortisolemia and catechol-
amine excess was made because of an adrenal mass that was found 
incidentally. Her adrenal mass was compatible with a non-adenoma 
adrenal tumor, having cystic changes and high HU. She did not have 
any evidence of Cushing’s syndrome, hypertensive attacks, or crisis 
suggesting pheochromocytoma, but she had resistant hypertension, 
which 4 different antihypertensive pills could control. She had diabe-
tes mellitus, and she was overweight, which can indicate a subclinical 
Cushing’s syndrome diagnosis. This makes the rule to screen patients 
with an adrenal incidentaloma for the possibility of subclinical hor-
mones mandatory. This is the first case of ectopic Cushing’s syn-
drome due to pheochromocytoma detected incidentally. The cases 
with this phenomenon emerged with either Cushingoid features and 
symptoms of pheochromocytomas like palpitations, headache, anxi-
ety, or adrenal crisis.6,7,11,12,13-17 This case represents a very rare cause of 
ectopic Cushing’s syndrome due to a pheochromocytoma detected 
incidentally. After resection of the adrenal mass, endogenous hyper-
cortisolemia and catecholamine metabolites excesses were resolved.

Conclusion

The clinical spectrum of ACTH-secreting pheochromocytomas may 
vary from asymptomatic cases to fatal cases. They are rare, but it is 
essential to consider them in the workup of a patient with adrenal 
incidentaloma. The treatment of these lesions can be lifesaving.
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