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Case Report

A 66-year-old man was suspected of having acute 
Cushing syndrome based upon the following symp-
toms: hyperglycemia; hypokalemic alkalosis; an ele-
vated serum total cortisol level of 41.0 μg/dL (normal, 
2.9–19.4 μg/dL), which did not respond to corticotro-
phin-releasing hormone stimulation; and adrenocorti-
cotropic hormone (ACTH) levels of 121–146 pg/mL 
(normal, 20–80 pg/mL), which were not suppressed 
by either low- or high-dose dexamethasone. Magnetic 
resonance imaging of the patient’s pituitary was nega-
tive; however, computed tomography (CT) imaging 
of the chest, abdomen, and pelvis suggested a vague 
1.7-cm × 2.4-cm mass-like abnormality in the uncinate 
process and bilateral adrenal thickening (Figure 1). 

The patient was referred for endoscopic ultrasound 
(EUS) and fine-needle aspiration (FNA) evaluation of 
the pancreas. A linear EUS examination clearly revealed 
a 2.4-cm × 2.4-cm hypoechoic heterogenic uncinate 
mass with regular borders and without cystic features 
(Figure 2), which was consistent with a T2N0MX 
neuroendocrine tumor based upon EUS criteria. Tis-
sue evaluation was performed using 2 passes each of 
25- and 22-gauge FNA needles as well as a core biopsy. 
Pathologic evaluation of both the fine-needle aspirates 
and the core biopsies demonstrated uniform neoplastic 
cells, small to medium in size, with scant cytoplasm, 
oval nuclei with coarse chromatin, and a solid nesting 
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pattern (Figure 3). Immunoperoxidase stains showed 
strong cytoplasmic staining within the tumor cells for 
antibodies directed against ACTH (Figure 4). 

The patient underwent a successful pancreaticoduo-
denectomy. Postoperatively, his ACTH level decreased 
from 121 pg/mL to 21 pg/mL, confirming the diagnosis of 
an ectopic ACTH-secreting tumor (Cushing syndrome).

Discussion

Approximately two thirds of patients with symptoms 
consistent with Cushing syndrome actually have Cushing 
disease, an ACTH-secreting pituitary tumor.1 Cushing 
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Figure 1.  Coronal computed tomography image of the chest, 
abdomen, and pelvis. The arrow reveals a 1.7-cm × 2.4-cm 
mass at the uncinate process. 
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syndrome secondary to ectopic ACTH production is a 
relatively uncommon clinical condition that accounts for 
up to 16% of patients with ACTH-dependent hypercorti-
solism.1,2 These patients have elevated cortisol and ACTH 
levels and frequently have CT scans that show bilateral 
adrenal enlargement.3 The most common ectopic ACTH-
secreting tumors are bronchial and thymic carcinoids, 
with pancreatic islet cell tumors being responsible for less 
than 1% of all causes of Cushing syndrome.1

Although the chronic syndrome is often clinically 
indistinguishable from pituitary-dependent hypercorti-
solism presenting with plethora, truncal obesity, buffalo 
hump, and red striae, the typical Cushing habitus is absent 
in many acute cases.4 Acute Cushing syndrome, which is 
how our patient presented, is more often associated with 
the rapid onset of hypertension, weakness, edema, hypo-
kalemia, glucose intolerance, anorexia, and weight loss.4  

Dynamic testing based upon differential sensitiv-
ity to glucocorticoid feedback or ACTH stimulation in 
response to corticotropin-releasing hormone or cortisol 
reduction is a reliable way to discern between an ectopic 
versus a pituitary source of excess ACTH.5 High-dose 
dexamethasone suppresses morning serum cortisol levels 
in approximately 80% of pituitary ACTH-producing 
adenomas, though it fails to suppress ACTH in approxi-
mately 90% of ectopic cases. However, bronchial and 
other carcinoids are well-documented exceptions to these 
general guidelines, as these ectopic sources of ACTH may 
exhibit feedback regulation indistinguishable from pitu-
itary adenomas.5 

Although approximately 90% of patients with ectopic 
ACTH-producing tumors can be cured by surgical resec-
tion, pancreatic tumors are virulent neoplasms associated 
with a rapidly progressive clinical course.1 In a retrospec-
tive analysis of patients with pancreatic islet cell tumors 
associated with Cushing syndrome, 60% of patients died 

within 2 years, and the 5-year survival rate was reported 
to be 16%.6 Patients with ectopic ACTH secretion may 
be at risk of death from metastasis and infections caused 
by the immunosuppressive effects of excess adrenocortical 
steroid.6 Therefore, functioning pancreatic tumors should 
be operated early on in the course of the disease to provide 
a cure.7 The optimal treatment for patients with ectopic 
ACTH production is localization and surgical excision of 
the source of the ACTH secretion.1 Successful surgical 
excision depends upon the ability to identify the site of 
the tumor and the resectability and metastatic capacity of 
the neoplasm before operation.1  

Figure 2.  Linear endoscopic ultrasound of a 2.4-cm × 2.4-cm 
hypoechoic heterogenic uncinate mass.

Figure 3.  Uniform neoplastic cells, small to medium in size, 
with scant cytoplasm, oval nuclei with coarse chromatin, and a 
solid nesting pattern (hematoxylin & eosin stain, 40×).

Figure 4.  Strong cytoplasmic staining within the tumor cells 
for antibodies directed against adrenocorticotropic hormone 
(immunohistochemical stain, 40×). 
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Pancreatic neuroendocrine tumors (PETs) such as the one 
described in the interesting case report by Adebajo and 
associates1 are exceedingly rare but generate much clinical 
interest due to their protean and often dramatic manifes-
tations. They comprise 1–2% of all pancreatic neoplasms. 
The annual incidence of clinically symptomatic PETs is 
less than 1 in 100,000, although the prevalence of asymp-
tomatic PETs in autopsy studies is higher, ranging from 
0.8% to 10%.2,3 Nonfunctioning PETs are most common, 
accounting for 70–90% of all PETs,3 followed by insu-
linomas and gastrinomas, whereas vasoactive intestinal 
peptide-producing tumors, glucagonomas, somatostati-
nomas, and others occur very rarely, in decreasing order 
of incidence. Among the other hormones secreted by 
PETs extremely rarely are growth hormone–releasing 
factor, parathyroid hormone–related protein, and adre-

nocorticotropic hormone (ACTH). Although PETs do 
occur sporadically, they have a much higher incidence 
(30–75%) in patients with the hereditary syndrome 
multiple endocrine neoplasia-type 1 (MEN-1). Other 
inherited syndromes less commonly associated with 
PETs include von Hippel-Lindau disease, von Reckling-
hausen disease, and tuberous sclerosis.

Clinically, PETs are classified as nonfunctional or 
functional, depending upon the absence or presence of 
clinical symptoms related to hormone release. Therefore, 
nonfunctional PETs may not secrete hormones, or the 
secreted hormones may not produce symptoms. Accord-
ingly, nonfunctional PETs are larger and more often malig-
nant at presentation than functioning PETs.4 Malignancy 
is defined by the invasion of adjacent organs, spread to 
lymph nodes, or presence of distant metastases, and is not 
strictly based upon histology. The World Health Organi-
zation classifies PETs into the following categories: well-
differentiated endocrine tumors with benign or unknown 
behavior; well-differentiated endocrine carcinomas with 
low-grade malignant potential; or poorly differentiated 
endocrine carcinomas with high-grade malignant poten-
tial.5 A tumor lymph node metastasis (TNM) classifica-
tion analogous to the TNM system for other solid tumors 
has also been developed.6 Both appear to accurately pre-
dict long-term survival for PETs.7 Recent data have also 
suggested the ability to prognosticate from endoscopic 
ultrasound–fine needle aspirate (EUS-FNA) specimens 
of PETs. Malignant PETs contained significantly greater 
DNA microsatellite losses than benign lesions, and more 
microsatellite loss was associated with higher 2-year recur-
rence and lower 5-year survival.8

Other factors influencing prognosis include the type 
of PET, primary tumor size and location, extent or rate 
of growth of liver metastases, presence of bone metasta-
ses, histologic features, high proliferative indices, flow 
cytometric features, and development of ectopic Cushing 
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syndrome. Although insulinomas have low malignant 
potential (5–15%), the other PETs have a much higher 
malignant potential, ranging from 50% to 90%, with a 
greater-than-90% malignancy rate in ACTH-producing 
PETs. ACTH-producing PETs metastasize early (occa-
sionally even before clinical manifestation of Cushing 
syndrome) and frequently to the liver, leading to a poor 
5-year survival rate of 16%.9 Therefore, it is certainly 
unusual that the patient in this case study did not present 
with metastatic disease.

Diagnosis of functional PETs is guided by clinical 
symptomatology. For suspected insulinomas, serum 
glucose, insulin, proinsulin, and C peptide levels should 
be checked, with a prolonged 72-hour fast as the gold 
standard for diagnosis. In potential gastrinomas, fast-
ing serum gastrin, basal acid output, and secretin tests 
may be used for diagnosis. Serum vasoactive intestinal 
peptide, glucagon, and somatostatin levels are diagnostic 
for their respective PETs. Diagnosis of ectopic ACTH-
PET, as outlined in this case, involves documentation of 
hypercortisolism, typically with late-night serum corti-
sol, followed by demonstration of ACTH dependence 
with elevated ACTH, and finally unresponsiveness 
to glucocorticoid feedback using the high-dose dexa-
methasone suppression test and corticotropin-releasing 
hormone test, which implies an ectopic, nonpituitary 
source of ACTH. Chromogranin A is widely used to 
diagnose and follow especially nonfunctional PETs, with 
a sensitivity of 60–100% in metastatic disease but only 
50% for local disease.10

With a biochemical diagnosis, radiologic studies are 
critical to identify the location of the tumor as well as 
metastases in order to guide appropriate management. 
This approach can be challenging, particularly with 
functional tumors, which are often small. Traditional 
radiologic imaging with computed tomography (CT) 
scan is 64–82% sensitive for detecting the primary tumor, 
whereas magnetic resonance imaging (MRI) has an equiv-
alent or superior sensitivity of 74–100%.11 Classically, 
PETs demonstrate hypervascular enhancement during the 
arterial phase of CT due to their vascular nature. Because 
PETs often contain somatostatin receptors, functional 
imaging with somatostatin receptor scintigraphy (SRS) 
identifies 50–70% of primary tumors, with the exception 
of insulinomas that express somatostatin receptors in only 
approximately half of cases.10 Other limitations of SRS 
include reduced accuracy in localizing the tumor within 
the pancreas, differentiating between an intrapancreatic 
lesion and a peripancreatic lymph node, and detecting 
small PETs less than 1 cm in size. Positron-emission 
tomographic scanning with standard substrates such as 
18F-deoxyglucose is ineffective due to the low metabolic 
activity of most PETs; however, use with 11C-5-hydroxy-

tryptophan (11C-5-HTP) or 68Ga-labeled somatostatin 
analogues appears very promising.12 With the advent of 
functional imaging and ever-improving CT and MRI, 
invasive angiographic techniques involving arterial stimu-
lation with secretagogues and subsequent selective hepatic 
venous sampling are infrequently utilized. 

Given the limitations of the current radiologic stud-
ies, EUS has become an integral part of the diagnosis of 
PETs because of its high sensitivity for detecting, local-
izing, and diagnosing pancreatic PETs. In fact, when a 
lesion is not visualized on CT scan in patients with PETs, 
sensitivity of EUS-FNA for diagnosing PETs is 70%.13 
In an older series of 82 patients with suspected PETs 
due to clinical, biochemical, or radiologic evidence, the 
sensitivity, specificity, and accuracy of EUS imaging for 
localizing PETs was 93%, 95%, and 93%, respectively.14 

Other studies have reported sensitivity rates of EUS rang-
ing from 83% to 94% for detecting PETs.15,16

Most commonly, PETs appear hypoechoic, round, 
homogeneous, and well defined on EUS, though they 
may be isoechoic and, on rare occasions, hyperechoic with 
irregular margins. Malignant PETs are larger, with irregu-
lar margins, compared to benign PETs. Cystic lesions are 
the least common presentation, accounting for 8–17% 
of PETs, and may be unilocular, septated, microcystic, 
or mixed solid-cystic.17,18 Compared to solid PETs, cystic 
PETs are twice as large, more often symptomatic, 3.5 
times more likely to be associated with MEN-1, and more 
likely nonfunctional.18 Approximately 81% of cystic PETs 
are nonfunctional, and diagnosis with radiologic or EUS 
imaging alone is unlikely due to the lack of distinguishing 
characteristics of these cystic lesions. Therefore, cytologic 
and immunohistochemical evaluation of EUS-FNA speci-
mens is essential and appears to have similar sensitivity as 
EUS-FNA of solid PETs.13 

The addition of FNA to EUS using a 22- or 25-gauge 
needle enables tissue diagnosis, which allows differen-
tiation from pancreatic adenocarcinoma and is more 
relevant for diagnosis of nonfunctioning or cystic PETs. 
One could argue that FNA was not essential in the cur-
rent case, given a biochemical diagnosis of ectopic ACTH 
syndrome with a mass seen on EUS. Two recent large 
studies of EUS-FNA in PETs reported overall 87–90% 
sensitivity, with one study finding diminished sensitiv-
ity (66%) for tumors that were smaller than 15 mm or 
benign, though the other publication failed to replicate 
these results.13,19 Although cytomorphology alone was 
adequate for diagnosis in one of these studies, the use of 
immunohistochemistry on cytology specimens, as in this 
case report, may aid in cytologic diagnosis of PETs.

To improve FNA yield, ideally onsite cytopathology 
examination should be performed. This examination 
significantly reduces the rate of unsatisfactory cytology 
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specimens from 20% to 9%.20 If a cytopathologist is 
unavailable, 5–7 passes should be performed for pancre-
atic masses (as in this case), 2–3 for liver metastases, and 
2–5 for lymph nodes.21,22 Use of a 22- versus a 25-gauge 
needle does not affect diagnostic yield, though compara-
tive experience specifically with PETs is limited.23 The 
trucut needle biopsy uses a 19-gauge needle to obtain 
core biopsies. Despite interest in this technique, studies 
have not consistently demonstrated superior diagnostic 
yield, and technical failures occur, particularly with the 
duodenal approach.24 Therefore, lesions in the pancreatic 
head and uncinate process are difficult to access, and, 
again, there are inadequate data with PETs. EUS-guided 
brush of pancreatic cysts appears to have similar or pos-
sibly superior diagnostic yield to FNA; however, it may 
carry an increased bleeding risk.25

Despite EUS and improved radiologic imaging, 
small PETs may be difficult to localize in the operating 
room. Intraoperative palpation combined with intra-
operative ultrasound is over 95% sensitive; however, 
they prolong operative time, have rarely been associated 
with splenic vessel rupture from manipulation of the 
pancreas, and are not practical with laparoscopic resec-
tions.26 Tattooing the lesion during EUS appears to be 
safe, according to small case series. The agents injected 
into the pancreas have included presterilized, diluted, 
and filtered India ink, indocyanine green, methylene 
blue, and GI Spot.27,28 EUS-fine needle injection with 
GI Spot lasted up to 83 days after injection, and opera-
tive time was significantly reduced, with no repeat sur-
gery necessary in tattooed patients.28

In conclusion, PETs are unusual entities offering an 
extraordinary glimpse into the workings of various hor-
mones, including, on rare occasions, ACTH. Diagnosis 
of functional PETs usually relies upon biochemical and 
imaging studies, particularly EUS, given the smaller size 
of functional tumors. Nonfunctional PETs are more read-
ily detected with radiology, though they will typically 
require EUS-FNA for definitive diagnosis. It is clear that 
endoscopy with EUS and EUS-FNA has become a cor-
nerstone in the diagnosis of these fascinomas.
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