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SUMMARY
Mixed corticomedullary adrenal tumours (MCMT) are
rare. We describe the second reported case of a male
patient presenting with hypertension and Cushing
syndrome with MCMT. A man aged 48 years presented
with hypertension and signs of Cushing syndrome. 24-
hour urine cortisol was elevated, with detectable
adrenocorticotropic hormone (ACTH). A high-dose
dexamethasone suppression test indicated an adrenal or
ectopic Cushing syndrome. Plasma metanephrines were
normal. A 3 cm left adrenal mass was identified without
potential ectopic sources of ACTH on imaging. After
induction of anaesthesia for laparoscopic adrenalectomy,
the patient developed resistant hypertension with stress-
dose hydrocortisone administration. Surgery was
cancelled and repeat testing revealed elevated plasma
metanephrines. α-Blockade was administered for a
presumed coexisting pheochromocytoma, and the patient
underwent adrenalectomy. Pathology revealed an MCMT.
This case highlights the importance of a thorough
biochemical evaluation in patients with adrenal masses
to rule out multiple hormone producing tumours.

BACKGROUND
The adrenal gland is composed of an adrenal
cortex and medulla, which arise from distinct
embryological origins. The cortex is responsible for
producing aldosterone, cortisol and androgens,
whereas the medulla produces catecholamines. The
clinical presentations of adrenal tumours vary
accordingly to the hormones secreted. The rarely
encountered mixed corticomedullary tumour
(MCMT) is distinguished as a single tumour mass
of the adrenal gland composed of intermixed
cortex and medullary cells.1

The first reported case of a mixed adrenal corti-
comedullary tumour was published in 1969 by
Mathison and Waterhouse.2 There have been 17
reported cases. Nearly, all patients are women pre-
senting with signs of Cushing syndrome and/or
hypertension, with benign MCMTs. To the best of
our knowledge, we report the second case of a
male patient diagnosed with Cushing syndrome
and resistant hypertension, found to have an
MCMT. This case highlights the importance of a
thorough biochemical evaluation of an adrenal
mass, as a missed diagnosis of pheochromocytoma
can be catastrophic.

CASE PRESENTATION
A man aged 48 years presented with 3 months of
fatigue and hypertension. He also reported easy
bruising and thigh weakness. He had a history of

hyperlipidaemia, recent weight gain and a vertebral
(T12) compression fracture. His mother and sister
had a history of non-functioning benign adrenal
adenomas. His medications included ramipril, car-
vedilol, spironolactone, potassium chloride and
aspirin. On physical examination, he had classic
Cushingoid features of facial plethora, moon facies,
central obesity, dorsal cervical fat pad, abdominal
striae and lower extremity oedema (figure 1). He
was hypertensive with blood pressure (BP) of 180/
120 mm Hg. Laboratory testing was performed to
confirm suspicion of Cushing syndrome.

INVESTIGATIONS
Laboratory studies revealed hypercortisolaemia with
an AM cortisol of 31.2 mg/dL (nl<22 mg/dL) and a
non-suppressed adrenocorticotropic hormone
(ACTH) of 18 pg/mL. Twenty-four-hour urine-free
cortisol was elevated to 787 μg/dL (nl<60 μg/dL); as
was midnight salivary cortisol to 1.71 μg/dL
(nl<0.09 μg/dL). An 8 mg dexamethasone suppres-
sion test was performed, revealing an elevated AM
cortisol of 31 μg/dL, and non-suppressed ACTH of
24 pmol/L. Calcitonin and CEA were within normal
limits. Corticotropin-releasing hormone (CRH)
stimulation test failed to stimulate cortisol and
ACTH. Plasma metanephrines, renin and aldosterone
were within normal limits. Cortisol levels were mea-
sured with a competitive antibody immunoassay;
ACTH via a non-competitive antibody immunoassay.
Abdominal CT revealed a 3.2 cm left adrenal

nodule with washout consistent with a lipid poor
adenoma (figure 2). MRI of the abdomen and
pelvis revealed a 3 cm left adrenal nodule with
indeterminate imaging characteristics, consistent
with either a lipid poor adenoma or an adrenal
tumour. There was no atrophy or hyperplasia of
the contralateral adrenal gland. A brain MRI and
CT of the chest, abdomen and pelvis revealed no
other potential ectopic sources of ACTH
production.

Figure 1 Physical examination: (A) purple abdominal
striae, (B) facial plethora and (C) dorsal cervical fat pad.
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DIFFERENTIAL DIAGNOSIS
Adrenal Cushing syndrome was suspected, given the adrenal
mass on imaging a non-suppressed ACTH, and an absence of
bilateral adrenal hyperplasia. The non-suppressed ACTH value
indicated an adrenal or ectopic source of ACTH, as dexametha-
sone would be expected to suppress ACTH more than 50% if
arising from a pituitary source. As calcitonin and CEA were
within normal limits, medullary thyroid cancer as a source of
ACTH was unlikely. CRH stimulation test was consistent with a
non-pituitary Cushing syndrome.

TREATMENT
We proceeded with a left laparoscopic adrenalectomy. After
induction of anaesthesia, the patient received a stress dose of
hydrocortisone succinate 100 mg intravenous, and the patient
developed hypertensive crisis to a BP of 220/120 mm Hg. The
surgery was aborted and the patient was stabilised. Repeat
plasma and 24-hour urine metanephrines were performed, and
found to be elevated: 24-hour urine metanephrines: 405 μg/
24 hours (nl<261μg/24 hours), and repeat plasma metane-
phrines 146 pg/mL (nl<57 pg/mL). MIBG scintigraphy was not
performed as we did not feel it would alter patient manage-
ment. The patient was treated with α-blockade with phenoxy-
benzamine, as well as nifedipine and liberal PO fluid intake. The
BP was titrated to orthostatic hypotension for 1 week in prepar-
ation for surgery. We then performed an uneventful left laparo-
scopic adrenalectomy. The patient tolerated intraoperative
stress-dose steroids and did not experience severe BP fluctua-
tions during surgery, and overall, his perioperative course was
uneventful. Frozen section of the specimen revealed an MCMT.

The gross specimen revealed a well circumscribed, soft brown
encapsulated adrenal mass, measuring 3.9 cm (figure 3).
Histologically, the mass comprised an intimate admixture of
adrenal cortical cells and pheochromocytes/adrenal medullary
cells (figure 4A). There was no capsular or lymphovascular inva-
sion, or necrosis. There were 0 mitoses/50 HPF. The cortical
component stained strongly for inhibin-A and melan-A (figure
4B, C) on immunohistochemistry. The medullary component
stained positive for chromogranin-A and synaptophysin, and
sustentacular cells were S100 positive (figure 4D). An ACTH
immunohistochemical stain was negative. Ki-67 labelling index
was low (<1%).

OUTCOME AND FOLLOW-UP
Postoperatively, the patient was administered a steroid taper
with hydrocortisone. One week later, he remained normotensive
on nifedipine and enalapril. Plasma metanephrines normalized

and were <25 pg/mL (nl<57) and plasma normetanephrines
were 126 pg/mL (nl<148). Random cortisol also normalised to
12.0 μg/dL (nl<22) with an undetectable ACTH of <5 pg/mL
(nl <50) on the steroid taper. ACTH was now undetectable
after adrenalectomy on the replacement steroid taper, indicating
that the MCMT was likely the source of the elevated ACTH
levels. Over the following year, he was tapered off nearly all BP
medications. At 1 year, laboratory results confirmed biochemical
cure with normal cortisol and ACTH levels: AM cortisol of
5.8 μg/dL (nl 5–25 μg/dL), and ACTH of 21 pg/mL (nl<69 pg/
mL). The patient’s BP was normal at 126/84 mm Hg, controlled
with a single agent of ramipril daily. On physical examination,
he had complete resolution of stigmata of Cushing syndrome.
He has no evidence of disease at 34 months.

Figure 2 Abdominal CT with and without contrast. The left adrenal
mass measures 3.2 cm, with (A) precontrast density 31 HU, (B) and
postcontrast density 68 HU, with 15 min washout of 67%, compatible
with a lipid-poor adenoma. No contralateral adrenal gland hyperplasia.

Figure 4 Histology of mixed corticomedullary tumour. (A)
Pheochromocytes (centre, basophilic) mixed with adrenal cortical cells
(with eosinophilic cytoplasm). (B) Adrenal cortical cells stain (+) for
inhibin-A (upper left); pheochromocytes staining (−) (lower right). (C)
Adrenal cortical component expressing melan-A. (D) Pheochromocytes
stain (+) for chromogranin A; adrenal cortical cells stain (−).

Figure 3 Gross adrenal specimen. (Mixed corticomedullary tumour
visible at the right end of the specimen.)
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DISCUSSION
MCMT of the adrenal gland is a rare entity, with only 17
reported cases in the literature (table 1). We report the second
case of a male patient presenting with Cushing syndrome and
hypertension, who was discovered to have an MCMT.

MCMT was first reported in 1969 by Mathison and
Waterhouse.2 The exact aetiology of this hybrid tumour remains
unclear, as the adrenal cortex and medulla arise from
distinct embryological origins. The medulla arises from migrat-
ing ectodermal neural crest cells, while the cortex arises from
the dorsal mesoderm. Within this composite tumour, the two
tissue types are intimately intermixed in a similar distribution.
Wieneke et al proposed that ACTH-induced cortical hyperplasia
may result from ACTH production from the pheochromocy-
toma itself, or from catecholamine-induced secretion from the
pituitary. They further hypothesise that the neoplastic cortical
and medullary components collide or combine together to form
an MCMT. Lee et al speculated that neoplastic changes of
adrenal cortical cells result in hypersecretion of cortisol, causing
hyperplasia of surrounding pheochromocytes, thereby produ-
cing an MCMT.

Immunohistochemical studies indicating cortical cells include
inhibin-A and melan-A, while medullary cells are characterised
by positive staining for synaptophysin, S-100, and chromogranin
A, all of which were positive in our case.3

In the 17 reported cases, the median age for patients was
54 years, and the median tumour size was 4.5 cm (table 1). The
majority of patients were female (82%), and almost half (47%)
of these patients presented with Cushing syndrome and/or
hypertension. Similar to our case, three patients (18%) experi-
enced hypertensive crises during the perioperative period due to
missed diagnosis of a multihormone-secreting tumour.2 4 7 The
majority (71%) of patients had elevated cortisol, 12% had ele-
vated aldosterone and 59% had elevated catecholamines. Of the

12 previous cases with elevated cortisol, 8 report ACTH levels
and the vast majority (7/8, 88%) had unsuppressed ACTH
levels, despite a hypercortisolaemic state.2–4 6–8 10 15

Most patients (82%) underwent an open adrenalectomy and
12% underwent a laparoscopic adrenalectomy. One patient
underwent bilateral laparoscopic adrenalectomy for bilateral
lesions.8 Not surprisingly, in all cases, the diagnosis of MCMT in
all patients was incidental, after adrenalectomy. The vast majority
of tumours (88%) were benign, and 12% were malignant.

In our patient, the MCMT produced cortisol, catecholamines
and likely ACTH. Levels of ACTH were undetectable postopera-
tively when the patient was placed on a steroid taper. Cortisol
and catecholamines also normalised postoperatively. Similar to
our patient, in seven of eight published cases, patients presented
with a detectable serum ACTH, despite a hypercortisolaemic
state from an adrenal source, in which ACTH is usually sup-
pressed.2–4 6–7 10 15 The detectable ACTH level is not grossly
elevated, as is usually seen from a pituitary or ectopic source.16

Pheochromocytomas are a known possible ectopic source of
ACTH. In patients with detectable ACTH from pure pheochro-
mocytoma, the mean ACTH is 344 ng/L, higher than levels
reported in patients with MCMT.17 The pheochromocytes are
likely the source of ACTH in patients with MCMTand a detect-
able ACTH; however, this cannot be definitively concluded in
our case, as the pheochromocytes did not stain positive for
ACTH. Since the levels of ACTH are not as elevated in MCMT
patients compared with those with pure pheochromocytomas, it
is possible that the ACTH stain may not cross threshold for
detection by standard microscopy. Of the seven of eight
reported cases in the literature with a detectable serum ACTH,
three reported testing for ACTH staining with immunohisto-
chemistry.3–4 6 Of those three cases, only one stained positive
for ACTH.3 In cases of negative IHC for ACTH, further testing
with mRNA of POMC and in situ hybridisation technique could

Table 1 Reported cases of mixed corticomedullary tumours

Reference Age/gender Clinical presentation Hormones secreted Tumour size (cm)

Mathison and Waterhouse,2 1969 39 F Cushing syndrome, intraoperative HTN Cortisol, ACTH*, catecholamines 4
Akai et al,3 1993 61 F HTN, hyperglycaemia Cortisol, ACTH*, catecholamines 3.5
Ohta et al,4 1995 32 M Cushing syndrome, intraoperative HTN Cortisol, ACTH* 4.5
Michal and Havlicek5 1996 56 F Cushing syndrome, HTN Cortisol, aldosterone, catecholamines 8

32 F Cushing syndrome, HTN Cortisol, aldosterone, catecholamines 9
Wieneke et al,1 2001 34 F HTN, hair loss, amenorrhoea Cortisol 4.5

52F Flank pain None 2.5

Chu et al,6 2003 55 F Mild Cushing syndrome Cortisol, ACTH* 2.5
Ma et al,7 2007 41 F Cushing syndrome, intraoperative HTN Cortisol, ACTH* 4
Lee et al,8 2008 25 F Cushing syndrome, gestational diabetes, HTN Cortisol, catecholamines 3.2
Kimura et al,9 2009 54 F HTN, diabetes Cortisol, catecholamines 4.9
Alexandraki et al,10 2009 66 F Subclinical Cushing syndrome Cortisol, ACTH* 4.2
Singh et al,11 2010 48 F Abdominal distention, pedal oedema Catecholamines 8
Lau et al,12 2011 64 F HTN Catecholamines 3.6
Donatini et al,13 2013 53 M Right flank pain Catecholamines 5.5
Turk et al,14 2012† 78 F Hypertensive urgency Catecholamines 10
Michalopoulos et al,15 2013† 63 M Right upper quadrant palpable mass Cortisol, ACTH* 8
Total number of cases: 17 Median age

53.5 years (range 25–78)
Females 82% (14/17)
Males
18% (3/17)

Cushing syndrome 47% (8/17)
Intraop HTN 18% (3/17)
HTN 47% (8/17)

Cortisol 71% (12/17)
Aldosterone 12% (2/17)
Catecholamines 59% (10/17)
ACTH* 88% (7/8)

Median size
4.5 cm
(range: 2.5–10)

*ACTH was detectable (non-suppressed) in the setting of hypercortisolaemia.
†Mixed corticomedullary carcinoma (MCMC).
HTN, hypertension; Intraop, intraoperative.
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be considered. Staining for DHEA-ST in the adjacent normal
adrenal tissue can also help to discern ACTH-dependent from
ACTH-independent Cushing syndrome.

It should also be noted that in patients with an adrenal mass,
pheochromocytoma should be ruled out prior to performance
of a DST, as glucocorticoids can induce the production of cate-
cholamines via induction of biosynthetic enzymes, resulting in
hypertensive crisis.

All of the described MCMTs in the literature have been uni-
lateral, and most are benign (88%, 15/17 cases). Two cases of
malignant MCMT, or mixed corticomedullary carcinoma
(MCMC), have recently been reported.14–15 When evaluating
these mixed tumours histologically, features concerning for
malignancy include tumour necrosis, atypical mitotic activity,
nuclear pleomorphism, lymphovascular invasion and a high
Ki-67 proliferative index.14 Both patients with MCMC reported
in the literature were treated with adjuvant etoposide and
platinum-based chemotherapy. Both developed distant hepatic
metastases at 4 and 12 months, respectively.14–15 One patient
died 18 months after surgery and follow-up information was
not reported for the other patient.

MCMTremains a rare entity with unclear pathogenesis. In our
patient, an MCMT was responsible for production of cortisol,
catecholamines and likely ACTH. He has no evidence of recur-
rence after laparoscopic adrenalectomy at 34 months. In the
majority of reported cases of MCMT, patients present with
hypertension and classic signs of Cushing syndrome. MCMTs are
more common in women and are likely to be benign. Of the two
reported malignant cases, the prognosis was dismal. Although
this is a rare entity, this case highlights the importance of a thor-
ough biochemical evaluation in patients presenting with an
adrenal mass, to rule out multiple hormone production, as a
missed diagnosis of pheochromocytoma can be catastrophic.

Learning points

▸ Mixed corticomedullary tumours are rare with protean
clinical presentations.

▸ Hormonal activity of these lesions is variable. Cortisol,
catecholamines and adrenocorticotropic hormone are the
most frequently produced. A thorough biochemical
evaluation is necessary prior to any intervention in all
patients with adrenal masses.

▸ Adrenalectomy for benign mixed corticomedullary tumour
(MCMT) is effective with resolution of presenting symptoms
and signs. Two reported cases of malignant MCMTs had a
dismal prognosis, despite adjuvant treatment.
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