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a b s t r a c t 

Cushing syndrome is a disorder that occurs when the body is exposed to a higher than 

normal level of the hormone cortisol. It is most commonly caused by exogenous glucocorti- 

coids, and less commonly due to endogenous sources. Ectopic adrenocorticotropic hormone 

(ACTH) syndrome is one of the rare causes of endogenous Cushing syndrome engendered by 

oversecretion of ACTH from a tumor outside of the pituitary or adrenal glands. We present 

a case of a 74-year-old male with uncontrolled type 2 diabetes mellitus who was suspected 

of having Cushing syndrome on chest CT due to increasing mediastinal lipomatosis and 

enlarging bilateral adrenal glands. Cushing syndrome was confirmed based on clinical fea- 

tures and biochemical tests. Further investigation revealed an ACTH-producing functional 

neuroendocrine tumor of the pancreas causing ectopic Cushing syndrome. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Cushing syndrome is a disorder that occurs as a result of long-
term exposure to a high level of the stress hormone corti-
sol, which is normally secreted by the adrenal glands. It is
most commonly exogenous by taking prescribed glucocorti-
coid drugs or less commonly endogenous due to some de-
rangement in the normal pituitary-adrenal system or ectopic
tumors out of this axis, such as the pancreas [ 1 ,2 ]. A pancre-
atic neuroendocrine tumor (PNET) is the second most com-
mon malignancy of the pancreas, which could be the source
of different hormones such as insulin, glucagon, and ACTH [3] .
∗ Corresponding author. 
E-mail addresses: sshyest1@jhmi.edu (S. Shayesteh), dfoulad1

skawamo1@jhmi.edu (S. Kawamoto). 
https://doi.org/10.1016/j.radcr.2020.04.009 
1930-0433/© 2020 The Authors. Published by Elsevier Inc. on behalf of U
CC BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/
We report a rare case of ectopic Cushing syndrome due to an
ACTH-producing PNET. 

Case Report 

A morbidly obese 74-year-old male with a history of uncon-
trolled diabetes mellitus type 2 complicated by diabetic foot
infection, hypertension, hyperlipidemia, obstructive sleep ap-
nea, and frequent cellulitis presented with left ankle swelling,
bilateral upper extremity weakness, recurrent falls, and fore-
arm rashes. The exam of the lower extremities revealed 3 +
edema in the bilateral calves, redness, and venous stasis
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Fig. 1 – Mediastinal lipomatosis ( arrow ) on contrast-enhanced chest CT. (a) Three years before the admission. (b) At the time 
of the admission. Note increasing mediastinal lipomatosis compared to the previous CT. 

Fig. 2 – Upper abdomen through the adrenal glands included in chest CT. (a) Three years before the admission. Normal size 
adrenal glands on contrast-enhanced CT scan ( arrows ). (b) At the time of the admission. Interval development of extensive 
nodular thickening of both adrenal glands, compatible with nodular adrenal hyperplasia ( arrow ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

without ulceration, pain, crepitus, and bulla. Purpura and skin
thinning were noted on the chest and forearm. Neck and
shoulder fullness and central obesity were also observed. The
patient cited fatigue but denied cold intolerance, hair loss/hair
thinning, or constipation. He denied a family history of en-
docrine tumors, specifically pituitary, parathyroid, gastroin-
testinal, pancreatic, or adrenal tumors. He was admitted to
our hospital due to concern for left lower extremity cellulitis.
On the day of admission, he was afebrile, tachycardic, with
a pulse rate of 109. His blood pressure was 121/50 mmHg,
and his peripheral capillary oxygen saturation was 94% on
room air. Laboratory evaluation demonstrated a leukocytosis
to 11.09 × 10 9 /L and a lactate of 3.0 mmol/L (normal: 0.5-1
mmol/L), C-reactive protein was elevated to 55.3 mg/L (nor-
mal: below 3.0 mg/L), B-type natriuretic peptide was elevated
to 620 pg/mL (normal: less than 100 pg/mL); troponins were
negative. Laboratory results also revealed that the patient had
chronic hypokalemia and iron deficiency anemia. Blood cul-
ture showed group B streptococcus bacteremia secondary to
left lower extremity cellulitis, which was significantly im-
proved by a 2-week course of antibiotics. 

A chest CT scan was performed to rule out superior vena
cava syndrome because of facial and neck swelling. The chest
CT showed mediastinal lipomatosis and prominent pericar-
dial fat pads, which had increased compared to a prior chest
CT performed 3 years before admission for another reason
( Fig. 1 a, b). Chest CT also showed interval development of dif-
fuse enlargement of the bilateral adrenal glands ( Fig. 2 a, b),
and diagnosis of Cushing syndrome was suspected. 

An endocrinologist was consulted for evaluation for hyper-
cortisolism. A dexamethasone suppression test resulted in a
cortisol level of 70 ug/dL (normal: 10-20 ug/dL). The ACTH level
was 144 pg/mL (normal: 10-60 pg/mL), late-night serum corti-
sol was 81.7 ug/dL (normal: less than 5 ug/d), 24-hour urine
free cortisol was significantly elevated, and the biochemical
evaluation strongly suggested Cushing disease. Carbohydrate
antigen (CA) 19-9 was elevated to 184 (normal: 0-37 U/mL). 

The patient’s pituitary MRI showed a 5-mm hypoenhanc-
ing lesion in the mid-posterior aspect of the pituitary gland
with no stalk deviation or mass effect on the optic chiasm
( Fig. 3 ). Cushing disease caused by pituitary adenoma does
not typically cause this degree of hypercortisolism. Further-
more, pituitary incidentalomas are very common. Therefore,
the possibility of ectopic ACTH-secreting tumor was consid-
ered, and CT of the abdomen and pelvis was performed. It re-
vealed a hypervascular mass in the pancreatic uncinate pro-
cess (30 × 37 × 40 mm), highly suspicious for a primary PNET
( Fig. 4 a, b). It was suspected that this PNET was the source of
ACTH-dependent Cushing syndrome, and the pituitary lesion
was thought to be more likely an incidental finding. A whole-
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Fig. 3 – Coronal T1-weighted postcontrast brain MRI shows 
a 0.4 cm x 0.5 cm hypoenhancing focus within the 
mid-posterior aspect of the pituitary gland. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 – Indium-111 OctreoScan AP view of 3D SPECT image 
reveals radiotracer activity within the pancreatic mass in 

the uncinate process ( arrow ), suggestive of a 
neuroendocrine tumor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

body and SPECT-CT indium-111 OctreoScan demonstrated ra-
diotracer activity within a pancreatic mass, highly suggestive
of a neuroendocrine tumor ( Fig. 5 ). 

The pancreas was evaluated by endoscopic ultrasound. It
showed a hypoechoic mass in the pancreatic uncinate pro-
cess. Fine needle aspiration of the pancreatic mass via endo-
scopic ultrasound revealed that the neoplastic cells were pos-
itive for synaptophysin and chromogranin with a Ki-67 of ap-
proximately 15%. ACTH immunostain was reactive in the neo-
plastic cells, confirming the pancreatic tumor as the source of
ACTH. 

Surgery was consulted for potential surgical management
of the pancreatic mass. However, surgical management was
thought to be a poor option due to severe decondition-
ing. Regarding medical treatment, octreotide was considered,
but deemed likely to be ineffective in controlling hypercor-
tisolism; therefore, mifepristone, a glucocorticoid receptor
blocker, was started. 

The patient’s course was complicated by recurrent celluli-
tis and resultant bacteremia presumably from skin breakdown
as well as Clostridium difficile colitis from long-term antibiotics
and septic shock. Despite aggressive resuscitative efforts, he

arrested and was declared dead.  

Fig. 4 – (a) Axial arterial phase and (b) coronal venous phase con
markedly enhanced 30 × 37 × 40 mm mass in the pancreatic un
Discussion 

We present one of the rare cases of ectopic ACTH syndrome
caused by a neuroendocrine tumor of the pancreas. Cushing
syndrome was initially suspected on a chest CT scan by in-
creasing mediastinal lipomatosis and the development of dif-
fuse enlargement of the bilateral adrenal glands. Mediastinal
lipomatosis refers to excessive deposition of mature adipose
tissue in the mediastinum, usually associated with corticos-
teroid therapy, obesity, or Cushing syndrome. 

Ectopic ACTH syndrome develops as a result of tumors
outside of the pituitary gland, which secretes either ACTH
and/or corticotropin-releasing hormone leading to a clinical
presentation that resembles Cushing disease, characterized
by hirsutism, hypertension, muscular wasting, osteoporosis,
truncal-central obesity, diabetes mellitus, and osteoporosis
[4] . PNETs, which arise from islet cells, are uncommon tumors
of the pancreas. The most well-known hormones secreted by
functional PNETs include gastrinoma and insulinoma; how-
ever, in rare cases, they can produce ACTH [5] . Hormonal pro-
file and imaging studies are necessary to confirm the diag-
trast-enhanced CT images of the abdomen demonstrate 
cinate process ( arrow ). 
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nosis of an ACTH producing PNET. Management of a PNET
includes surgical and medical treatments. If tumors are re-
sectable, the best option is surgery; otherwise, the main fo-
cus should be on medicine such as octreotide and mifepris-
tone [6] . There are few reports about pancreatic endocrine tu-
mors that start producing ACTH in the course of the disease.
Kondo et al. [7] reported one of the first cases in this regard
in 2009. The patient was a 64-year-old woman who presented
with extensive generalized edema and fatigue. The tumor in
the head of the pancreas with metastases to the liver was re-
vealed by CT. Typical Cushingoid signs with markedly elevated
plasma ACTH and cortisol levels, hypokalemia, and hyper-
glycemia confirmed the diagnosis of ectopic ACTH syndrome.
A combination of treatments with metyrapone, transarterial
chemoembolization, and somatostatin analog effectively de-
creased ACTH and cortisol levels and also addressed hyper-
glycemia. 

In another case report, Petal et al. [8] described a 44-year-
old female with a past history of diabetes mellitus, hyper-
tension, and hyperlipidemia who arrived at the hospital with
complaints of progressive fatigue and bilateral lower extrem-
ity weakness and abdominal striae over a few months. An el-
evated level of cortisol and ACTH with a large mass in the tail
of the pancreas detected in an abdominal CT scan established
diagnosis of ectopic Cushing syndrome. Two months after ini-
tiation of octreotide, ACTH and urinary free cortisol levels re-
turned to normal, and radioembolization was done for the pa-
tient without immediate complication. 

Recently, Byun et al. [5] reported a case of a 40-year-old
Korean female admitted to the hospital with ophthalmologic
discomfort, osteoporosis, and hypokalemia. Laboratory results
showed elevated levels of ACTH and cortisol not suppressed
by high-dose dexamethasone. A 1.8-cm pancreatic tail mass
was confirmed by endoscopic ultrasonography, which verified
autonomous ACTH production by venous sampling. Laparo-
scopic distal pancreatosplenectomy was undertaken for the
patient without any clinical complications, which brought her
ACTH level back to normal. 

Compared to the available case reports in the literature, our
patient was unique in terms of presenting with nonspecific
symptoms and was suspected for Cushing syndrome on chest
CT based on the finding of interval development of bilateral
adrenal hyperplasia and increasing mediastinal lipomatosis
and pericardial fat pads. Following confirmation of the diag-
nosis of ectopic ACTH syndrome by PNET by laboratory re-
sults and imaging studies, the patient was put on mifepris-
tone. However, the course of treatment was left uncompleted
because of the patient’s poor condition, and the patient passed
away due to complications of sepsis. 
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