Received: 11 January 2022 Revised: 2 March 2022

Accepted: 25 March 2022

DOI: 10.1111/jne.13137

EDITORINVITED REVIEW

DR WiLEY

Distinguishing Cushing's disease from the ectopic ACTH
syndrome: Needles in a haystack or hiding in plain sight?

Aimee R. Hayes!

INeuroendocrine Tumour Unit, ENETS Centre
of Excellence, Royal Free Hospital, London, UK

Abstract

2Centre for Endocrinology, Barts and the
London School of Medicine, London, UK

3Green Templeton College, University of
Oxford, Oxford, UK

Correspondence

Aimee R. Hayes and Ashley B. Grossman,
Neuroendocrine Tumour Unit, Royal Free
Hospital, Pond Street, London NW3 2QG, UK.
Email: aimee.hayes@nhs.net and ashley.
grossman@ocdem.ox.ac.uk

KEYWORDS

1 | INTRODUCTION

The ectopic ACTH syndrome (EAS) remains one of the most challeng-
ing differential diagnoses in endocrinology. In the past, patients with
the EAS typically presented with the abrupt onset of the clinical fea-
tures associated with severe hypercortisolism with aggressive malig-
nancies, such as small cell lung cancer (SCLC); however, probably due
to improved imaging techniques, the spectrum of tumours associated
with the EAS has been extended, and well-differentiated lung neuroen-
docrine tumours (NETSs), or carcinoid tumours, are now considered the
most frequent cause.? Discriminating the EAS from Cushing's disease is
now especially challenging, as ACTH-secreting lung NETs can often be
small and difficult to detect, with biochemical features similar or even
identical to that of pituitary corticotroph tumours. Moreover, patients
with ACTH-secreting NETs often present with the gradual onset of
classical symptoms and signs of Cushing's syndrome, indistinguishable
from Cushing's disease. It is therefore essential to undertake a meticu-
lous assessment to differentiate the EAS from Cushing's disease, incor-
porating clinical factors, dynamic biochemical tests, (frequently) inferior
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In the context of ACTH-dependent Cushing's syndrome, ectopic ACTH secretion
from a neuroendocrine tumour is not uncommon, and needs to be carefully differen-
tiated from pituitary-dependent Cushing's syndrome, Cushing's disease, in order to
optimise therapy. Some cases may be quite obvious, while in others the diagnosis
may be difficult to confirm and the source of ACTH problematic, as many clinical and
biochemical tests may overlap with Cushing's disease. Imaging is essential, but needs
to be interpreted in the light of both anatomical as well as functional imaging modali-
ties. In this review we summarise some of the main diagnostic problems, and empha-

sise the multimodal and interdisciplinary nature of the diagnostic pathways.

ACTH, carcinoid, Cushing's, diagnosis, ectopic, neuroendocrine tumour

petrosal sinus sampling and multimodal imaging, with an astute appreci-
ation of the caveats and pitfalls of each. Of course, it is vital to confirm
the presence of Cushing's syndrome initially, firstly to distinguish it
from so-called pseudo-Cushing's syndrome, and then to confirm its
ACTH-dependence (see Balomenaki et al: Diagnostic workup for Cus-
hing's syndrome, in this supplement). This article is part of a special issue
on the “Update of Cushing's Syndrome: 100 years after Minnie G”.

1.1 | Prevalence and nonpituitary source of ACTH

The EAS is rare. It is reported in approximately 1%-5% of patients
with SCLC,%® 3% of patients with lung or pancreatic NETs (excluding
MEN1)* and 0.7% of patients with medullary thyroid cancer (MTC),
but may occur in up to 25% of thymic NETs®” (including MEN1). Con-
temporary studies suggest that more cases of EAS are being identi-
fied, potentially due to increased awareness.® However, when looking
at ACTH-dependent Cushing's syndrome overall, some 10%-20% of
such patients may harbour an ectopic source.”'° The prevalence of
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EAS in patients with ACTH-dependent Cushing's syndrome has likely
increased over the years due to vastly improved imaging techniques,
and it may also be found to be more common in patients with NETs if
more detailed endocrine studies were performed.

The most frequent site of ectopic ACTH is the lung. The larg-
est published collection of series, with 383 EAS patients, suggests
that lung NETs are the most common tumour (>25%) with a
roughly equal prevalence of typical and atypical histopathology,
followed by SCLC (~20%).1 The next most common tumours are
thymic (11%) and pancreatic NETs (8%), medullary thyroid cancer
(6%) and phaeochromocytomas (5%). However, up to 20% of
ACTH-secreting tumours remain undiscovered,” ! being referred
to as “occult” despite repeated evaluation, although progressively
smaller numbers are reported in recent studies due to more sophis-
ticated imaging techniques and, probably, longer follow-up inter-
vals.!* The lung nevertheless remains the major occult source
where tumours are eventually demonstrated, although this may
take many years to become apparent.’

12 |
the EAS

Epidemiological and clinical features of

The epidemiological features that can help discriminate between the EAS
and Cushing's disease include age and gender. The age of onset is nor-
mally higher in the EAS, with a mean age of onset varying between
38 and 50 years, compared to 30-40 years in Cushing's disease. 1%12-14
The gender ratio also differs, with EAS occurring only slightly more often
in women (female-to-male ratio 1:1 to 2:1) compared to the marked
female predominance in adult Cushing's disease (female-to-male ratio 3-
5:9)91014-17

The clinical features of the EAS are particularly heterogeneous,
and are influenced by the malignant potential of the underlying
tumour and the severity of the hypercortisolism. While patients
with the EAS, especially associated with SCLC, tend to have higher
ACTH and cortisol levels, there remains significant overlap

210 1t should also

between the EAS and Cushing's disease cohorts.
be noted that while disease activity in Cushing's disease can be
fluctuant, this may also be observed with the EAS.*®1? Accordingly,
the clinical presentation ranges from the abrupt onset of the signs
and symptoms of severe hypercortisolism, including hyper-
pigmentation, weight loss and mineralocorticoid effects (i.e., hyper-
tension, hypokalaemia and peripheral oedema) often associated
with aggressive malignancies like SCLC, to the gradual and slow
onset of the classical signs and symptoms of Cushing's syndrome.
These may be indistinguishable from the presentation of Cushing's
disease, which is typically seen with well-differentiated NETs.”"*°
Both lung NETs and pituitary corticotroph tumours are often small
and difficult to detect.”?° ACTH-secreting lung NETs, or carcinoid
tumourlets, have been reported as small as 2-3 mm.”* Furthermore, up
to 10% of the population will have incidental non-secreting pituitary cor-
ticotroph tumours demonstrated on magnetic resonance imaging (MRI),
and pituitary imaging should be interpreted with caution.?* This problem

is even more complex with the increasing power of new MRI machines

of higher resolution. It is therefore essential to rely on biochemical test-

ing to direct the imaging to the appropriate site.

1.3 | Dynamic noninvasive tests

After confirming endogenous hypercortisolism (overnight dexametha-
sone suppression testing or low-dose dexamethasone suppression
testing, urinary free cortisol and midnight serum or especially salivary
cortisol assessments) and a readily detectable plasma ACTH (usually
above 20-30 ng/l), the next challenge is to determine the source
(Figure 1).

The rationale for most biochemical tests is that the majority of
pituitary corticotroph tumours retain glucocorticoid receptors with
the ability to inhibit ACTH secretion when exposed to high-dose
dexamethasone, as well as vasopressin V2 and V1b (V3) receptors and
CRH receptors, whilst ectopic ACTH-secreting tumours typically do
not.?2725 Hence, increased plasma ACTH and cortisol levels after CRH
or desmopressin administration usually indicates Cushing's disease.?®
Nevertheless, this distinction is far from absolute, especially for small
lung NETSs, which can occasionally express some or all of these recep-
tors and thus lead to false positive results.*?102¢

The most commonly used dynamic tests to discriminate patients
with EAS from Cushing's disease are the CRH stimulation test or the
desmopressin stimulation test, either alone or in combination with
CRH, although the desmopressin test has not been as useful as origi-
nally proposed.?” The high-dose (8 mg) dexamethasone suppression
test (HDDST) is still used in some centres but is considered to have
relatively low diagnostic accuracy,?® and has the associated risks of
the administration of corticosteroids in a patient already exposed to
excessive levels.

In the CRH stimulation test, recombinant human or ovine-
sequence CRH is given as an intravenous bolus of either 1 pg/kg or,
more typically, 100 pg. An ACTH rise of at least 35% (sensitivity 93%,
specificity 100%) and a serum cortisol rise at least 20% (sensitivity
91%, specificity 88%) above baseline values is considered indicative
of Cushing's disease when ovine CRH is used,?® and at least a 105%
ACTH increase (sensitivity 70%, specificity 100%) and a 14% cortisol
increase (85% sensitivity; 100% specificity) when human CRH is
used.?? However, diagnostic errors (false positives and false negatives)
occur in 7%-15% of patients even if the best discriminating criteria
are applied, with most errors being false negative results in Cushing's
disease patients who fail to respond.2°=32 Therefore, the CRH stimula-
tion test on its own does not consistently discriminate between Cus-
hing's disease and the EAS, although responses to either the CRH
stimulation test or the desmopressin stimulation test clearly shift the
probability in favour of Cushing's disease.?”*43°

Desmopressin can stimulate ACTH secretion from a high proportion
of corticotroph adenomas via activation of vasopressin receptors (V2,
V1b).274 However, because many ectopic ACTH-secreting tumours also
express these receptors, the desmopressin test has somewhat less utility
than CRH in the differential diagnosis of ACTH-dependent Cushing's
syndrome,?’¢ even when combined with CRH.®” Furthermore, up to
20% of those with Cushing's disease do not respond.®
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ACTH-dependent Cushing’s
syndrome
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Distant metastases or disease not Solitary lesion/ regional nodal Arrange urgent medical
amenable to curative surgery disease/ small volume metastases oncology referral
Consider bilateral Refer to NET specialist centre for Assess for curative surgery +/- liver

adrenalectomy consideration of multidisciplinary therapy directed therapies
FIGURE 1

Establishing the cause of ACTH-dependent Cushing's syndrome and management (adapted from?2). Abbreviations: ACTH,
adrenocorticotropic hormone; LDDST, low dose dexamethasone suppression test; CRH, corticotropin releasing hormone; MRI, magnetic
resonance imaging; BIPSS, bilateral inferior petrosal sinus sampling; CT, computed tomography; SCLC, small cell lung cancer
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Whilst each test on its own may have limited diagnostic accuracy,
the combination of the results of HDDST and CRH testing were
shown to have a greater discriminatory capacity.>?*° In one study of
245 patients with ACTH-dependent Cushing's syndrome, the combi-
nation of cortisol suppression on HDDST and stimulation on CRH had
a sensitivity of 95% and a specificity of 93% to detect Cushing's dis-
ease.** Furthermore, when using optimal criteria, the combination of
the results of the low-dose dexamethasone suppression test (LDDST)
and CRH test had similar diagnostic accuracy (sensitivity 94%, speci-
ficity 97%) compared with the combination of the HDDST and CRH
tests, so it can be argued that the HDDST provides little additional
information.** Nevertheless, up to 25% of EAS patients may have dis-

cordant dynamic test results,”1°

and tumour and epidemiological fac-
tors including age, sex and severity of hypercortisolism, can all impact

on the results.?®

1.4 | Invasive testing

Most clinicians will diagnose Cushing's disease if a patient with
ACTH-dependent Cushing's syndrome has concordant results on the
dexamethasone and CRH and/or desmopressin test suggestive of
Cushing's disease, and the demonstration of a focal lesion of 10 mm
or more on pituitary MRI.2>%? There is a recent consensus that pitui-
tary tumours <6 mm should have bilateral inferior petrosal sinus sam-
pling (BIPSS) while tumours 210 mm do not require BIPSS.2> Expert
opinions differ regarding tumours 6-9 mm, although the majority
would recommend BIPSS in this setting. In addition, up to 40% of
patients with proven Cushing's disease will have a negative MRI,*3
and BIPSS is also particularly suitable for this cohort. However, CT
scanning of chest, abdomen and pelvis is a simple and readily-available
imaging technique which will rapidly diagnose any gross lesion, and
may direct further investigation to an ectopic source even in the
absence of BIPSS: it should probably be offered to all patients with
confirmed ACTH-dependent Cushing's syndrome, similar to MRI of
the pituitary.13°

BIPSS, in experienced hands, is the gold standard test to identify
a pituitary versus ectopic source of ACTH with a sensitivity and speci-
ficity of approximately 95%.2>*2%% In a recent meta-analysis of 20 ret-
rospective and three prospective studies including 1,642 patients,
BIPSS was shown to have a sensitivity of 94% and specificity of 89%,
although 17% of studies did not use CRH or desmopressin stimula-
tion.*® This is discussed in more detail in another review in this issue.
A pituitary source is identified by a central-to-peripheral ACTH gradi-
ent of more than two at baseline and more than three following CRH

46,47

or desmopressin administration.*? However, false negative, and

rare false positive results have been described.*®*° False positive
responses can occur in EAS patients with mild hypercortisolism,*&>°
and some centres recommend documentation of a two-fold or greater
increase in urinary free cortisol for 6-8 weeks prior to BIPSS to
ensure suppression of normal corticotrophs. We would simply check
the serum cortisol within 24 h of the test to ensure it remained ele-

vated. Treatment with cortisol-lowering agents may also theoretically

cause desuppression of normal corticotrophs and subsequent res-
ponsivity to CRH or desmopressin.*® Other rare causes of false posi-
EAS patients those with

hypercortisolism or in CRH-producing tumours which may induce cor-

tive results in include cyclical
ticotroph hyperplasia.**°* False negative results can occur in the set-
ting of poor catheter placement, petrosal sinus hypoplasia or
anomalous venous drainage, or low peak inferior petrosal sinus ACTH
levels.*?°2>% Measurement of prolactin (to normalise ACTH values) in
cases without a gradient can confirm adequacy of sampling®*°®
although prolactin-corrected ACTH values may threaten the sensitiv-
ity and specificity of the test, and a recent study found the measure-
ment of prolactin unhelpful and confusing®®; it is best used in select
cases. In addition, in patients with confirmed Cushing's disease, a high
rate of false negative responses has been reported in patients with
low peak inferior petrosal sinus ACTH values (<400 ng/| before or
after CRH), and so in the setting of an absent central-to-peripheral
gradient, low inferior petrosal sinus ACTH values should be inter-
preted with caution.”® There is little evidence that sampling from the

cavernous sinuses is advantageous, and is technically challenging.

1.5 | Biomarkers

Calcitonin and plasma or urinary metanephrines have been shown to
be the only biomarkers of specific diagnostic value in the EAS?'1° and
they should be performed in all patients to exclude MTC or pha-
eochromocytoma, respectively. Interestingly, serum calcitonin is the
most frequently elevated tumour marker in the EAS regardless of
tumour type, and is elevated in 44%-69% of EAS cases including
MTC, NETs including gastrinomas, phaeochromocytoma, and occult
tumours.”1%>” Fasting plasma gut hormones, most commonly gastrin,
may be elevated in functioning pancreatic NETs, although in a recent
series only one of nine ACTH-secreting islet cell tumours cosecreted
gastrin.* A useful discriminative test in the future may include the
measurement of ACTH precursors. Ectopic ACTH-secreting tumours
typically do not process POMC efficiently, leading to increased preva-
lence of ACTH precursors in the circulation.>® A higher POMC or pro-
ACTH to ACTH ratio has been found in the EAS compared with
Cushing's disease.>®

1.6 | Immunohistochemistry

Tumour immunostaining for ACTH can be negative in up to 30% of

ACTH-secreting tumours™*°

and cannot be used to retrospectively
validate biochemical tests. Whilst this finding has been attributed to
the high secretory capacity of some tumours, negative ACTH immu-
nostaining has also been reported in occult tumours with modest hor-
mone secretion.’” Other explanations for negative immunostaining
include the presence of ACTH precursors which do not react with the
antibodies used, poor fixation during immunohistochemistry or, of
course, that the identified tumour has been wrongly assumed to be

the ectopic source.*>?
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1.7 | Imaging and tumour localisation

Whilst aggressive malignancies are often identified rapidly, lung NETs
can be more difficult to localise due to their small size and usual loca-
tion in the middle third of the lung adjacent to pulmonary vasculature,
from which they cannot readily be differentiated on computed tomog-
raphy (CT) or MRI.° Lung NETs, particularly “typical” carcinoids, can
also often be solitary, and identification is critical to permit surgery
with curative intent and to avoid unnecessary adrenalectomy.

The introduction of molecular imaging has greatly increased our
capacity to diagnose NETs, including those that cause the EAS
(Figure 2).%* In one of the largest systematic reviews of 231 EAS cases
(with only small numbers of SCLC), approximately half of EAS sources
were readily identified on cross-sectional imaging, while extensive
investigations were needed to discover “covert” cases in up to 30%.1!
In such covert cases, nuclear medicine imaging, including **!In-
pentetreotide scintigraphy and especially ¢®Ga-DOTA-somatostatin
analogue (SSA) PET/CT, identified 80% of tumours not seen on con-
ventional imaging. In this review, 19% of ACTH-secreting tumours

POsterior
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FIGURE 2
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remained occult despite intensive investigation; however, in nine
patients with “covert” disease who underwent ¢8Ga-DOTA-SSA PET/
CT, all had tumours identified, suggesting its potential superiority over
all other imaging techniques in which a significant number of tumours
remained occult. Of the entire cohort, they reported a sensitivity of
82% (18/22) for “8Ga-DOTA-SSA PET/CT compared to 66% (137/
202) for conventional CT; however, for covert cases this changed to a
sensitivity of 100% (9/9) for ®Ga-DOTA-SSA PET/CT and 44% (24/
55) for CT, although the sample size of covert cases who underwent
68Ga-DOTA-SSA PET was small.*? In another systematic review of
69 EAS cases (49% with lung NETs, 10% with thymic NETSs), including
10 with occult disease, a per-lesion analysis was performed.®? They
documented 57 %8Ga-DOTA-SSA PET positive lesions and 32 %8Ga-
DOTA-SSA PET negative lesions (including occult cases), resulting in
an overall sensitivity of 64%; however, this is difficult to compare with
the per-patient analysis above. Of the 10 cases they considered to
remain “occult”, ®®Ga-DOTA-SSA PET identified some - but not all -
lesions in two patients. Furthermore, one patient who initially had a
negative ®®Ga-DOTA-SSA PET had tumours which became avid after

Posterior

%8Ga-DOTATATE PET/CT showing intensely avid hepatic metastases and abdominal and left supraclavicular nodal metastases in a

55 year old woman with a well-differentiated, grade 2 (Ki-67 8%), pancreatic neuroendocrine tumour (primary tumour previously resected) and
ectopic ACTH syndrome (images courtesy of Dr Shaunak Navalkissoor, Department of Nuclear Medicine, Royal Free Hospital)
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treatment with ketoconazole®?: it is well known that some NETs may
not express somatostatin receptor subtype-2 in the presence of high
circulating glucocorticoids, but these may be visualised when such
levels are lowered medically.®®

There is a role for **!In-pentetreotide scintigraphy which is consid-
ered a specific test (92%-100%) to detect NETs but is considerably less
sensitive (60%-80%) compared with 8Ga-DOTA-SSA PET (88%-93%),°*
and its use may be to confirm abnormalities detected on CT or MRI.

There may also be a role for 18E_.FDG PET; some studies have
shown that in EAS cases that remain occult after *8Ga-DOTA-SSA
PET, the next best imaging to identify ACTH-secreting tumours is *8F-
FDG PET.*! '8F-FDG PET has been traditionally reserved for high
grade (grade 3) NET or poorly-differentiated neuroendocrine carcino-
mas (NEC), which tend to have higher glycolytic metabolism and less
somatostatin expression. The sensitivity of 18F-FDG PET to detect
high grade NET or NEC is >90%; however, it is still quite substantial
(40%-60%) in low grade (grade 1 or grade 2) NETs.%*¢> Furthermore,
some EAS series have demonstrated a high proportion of patients
with grade 2 and grade 3 NETSs, and this may justify the use of 18F-
FDG PET/CT in EAS patients with occult disease and negative
somatostatin receptor imaging.**

Apart from patients with “typical” carcinoid tumours of the lung,
more than half of patients with ACTH-secreting NETs present with
metastatic disease.'® Complete staging incorporating a multimodal
approach, is therefore critical to determine appropriate candidates for
surgery (Figure 1). CT imaging for liver metastases and pancreatic
NETSs is inferior to that of MRI, and dynamic contrast-enhanced MRI
is therefore the preferred modality for imaging of the pancreas and
liver.®* “®Ga-DOTA-SSA PET/CT provides high sensitivity (88%-93%)
and specificity (88%-95%) for the diagnosis of NETs and is considered
imperative for their complete staging and to direct management®!
(Figure 2). It is more specific than conventional imaging in well-
differentiated NETSs, and will often diagnose lymph node, bone and peri-
toneal metastases not characterised on CT or MRIL.%%¢ As a theranostic,
it also indicates the potential efficacy of peptide receptor radionuclide

therapy (PRRT) in the setting of considerable tumour uptake.'*¢*

2 | CONCLUSIONS

While the ectopic ACTH syndrome is relatively uncommon in NETs in
general, it remains problematic in the context of a patient diagnosed
with ACTH-dependent Cushing's syndrome. Originally considered to
be a very rare differential diagnosis, it is now known to occur in a size-
able minority of such patients, even in childhood, and may cause not
insignificant diagnostic problems, less a “needle in a haystack” and
more “hiding in plain sight.” It contributes considerable excess mor-
bidity and mortality in a cancer patient population. When the clinical,
metabolic and biochemical alterations are severe and the tumour
readily detectable on cross-sectional imaging, such “overt” tumours
may be rapidly identified and treated. However, not infrequently the
biochemical and clinical features markedly overlap with Cushing's dis-

ease, the tumour may not be immediately obvious, and detailed

molecular imaging as well as bilateral inferior petrosal sinus sampling
are required to locate such “covert” tumours. And if all else fails and
the tumour remains “occult”, then one should consider “curing” the
Cushing's syndrome with bilateral adrenalectomy. In conclusion, the
diagnosis of the ectopic ACTH syndrome remains difficult in many
cases, with the necessity of consideration of the probabilistic nature
of diagnosis, while fine clinical judgement is as ever essential.

This review is an updated and revised version of our recently publi-
shed review.??

This article is part of an update series on the diagnosis and treat-

ment of Cushing's syndrome.®” 83
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