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Ectopic ACTH syndrome represents a cancer-induced amplification of a property [proopiome-
lanocortin (POMC) peptides production] normally present in the cells from which the cancer
originated but with aberrant posttranslational processing of POMC resulting in a greatly elevated
secretion of ACTH precursors. The classic ectopic ACTH-producing tumors described in the 1960s
were highly malignant but more recently slowly growing tumors such as carcinoids are reported
with increasing frequency. Clinical features of patients with ectopic ACTH were analyzed, including
biochemical abnormalities, plasma ACTH, cortisol and urinary steroids. Dynamic tests such as
high-dose dexamethasone suppression, metyrapone and ovine-CRH (0CRH) stimulation were
explored, as well as inferior petrosal sinus ACTH sampling before and after oCRH. Among the
tumor markers examined, elevation of ACTH precursors was uniformly present followed by
increased output of calcitonin, gut hormones, oncofetal and placental hormones in decreasing order.
Since more than 909, of ectopic ACTH tumors are neuroendocrine in nature exhibiting APUD
characteristics, their 2 markers, neuron-specific enolase and chromogranins are very useful. The
imaging procedures for localization of the tumor ranged from chest X-rays to computed tomogra-
phy and magnetic resonance of the chest and abdomen. Abdominal ultrasonography was also useful.
Finally somatostatin receptor scintigraphy permitted demonstration of unrecognized tumors
and/or metastases, even when the tumors were occult. The ACTH content, immunostaining for
APUD markers and altered POMC processing were evaluated in ectopic tumors and/or metastases.
Occult ectopic ACTH syndrome of more than 4-6 months of symptoms without the emergence of
an obvious source was reviewed. Since the tumors are often clinically and biochemically undistin-
guishable from pituitary-dependent Cushing’s disease, inferior petrosal sinus sampling for ACTH
after oCRH stimulation established the diagnosis in over 909, of the cases. 609, of the occult tumors
were thoracic carcinoids (3/4 bronchial carcinoids), followed by small cell lung cancer and
pancreatic neuroendocrine tumors. In 129, the primary etiology was not detected. The rare
syndrome of ectopic CRH syndrome (6 published cases) leading to excessive stimulation of the
pituitary which became hyperplastic and secreted excessive amounts of ACTH is discussed. Finally,
the 12 published cases and 1 unreported patient with ectopic CRH-ACTH tumors were reviewed, the
majority being metastatic small cell lung carcinomas, bronchial and thymic carcinoids.
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INTRODUCTION tumor-associated proteins. The production of such
tumor markers has come to be refered to as “ectopic”
when the marker is not associated with the tissue from
which the tumor derives. With the use of present
techniques of hormone detection these syndromes
are felt to be common. Indeed, Odell et al. [1]
have postulated that all tumors endocrine or not,
make proopiomelanocortin (POMC), an ACTH pre-
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It has become apparent during the last decades that a
wide range of endocrine tumors secrete hormones not
normally associated with the gland in which the neo-
plasm arises and that nonendocrine tumors can syn-
thesize and/or secrete polypeptide hormones and other
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amplification of a property that is normally present in
the cells from which the cancer originated. Neverthe-
less, the term “‘ectopic hormone syndromes’ occurring
with nonendocrine neoplasms is well established and
widely used. It should be apparent, however, that
most ACTH-secreting tumors are indeed endocrine
tumors.

All tissues synthesize small amounts of POMC-
derived peptides (probably paracrine or autocrine mes-
sengers for the tissues) and in much greater quantities
by most carcinomas, due to the enhanced rate of
POMUC gene transcription or the inability to prevent
continuous expression of the POMC gene. The persist-
ent synthesis and secretion of POMC-derived peptides
is associated with a tendency to process the POMC
peptide product incompletely [2, 3].

The ratio of POMCmMmRNA/POMC-peptides
concentrations is many times greater in nonpituitary
tumors than in the pituitary gland and is probably
related to the POMCmRNA being translated into an
alternate reading frame (promoter switching) qualitat-
ively modifying the expression and compromising the
tumor’s ability to secrete regular POMC-peptides at
the posttranscriptional level. Other possibilities could
be a non-efficient mRNA translation or rapid release
and/or degradation of POMC {4]. Thus, ectopic
ACTH syndrome is characterized by over-expression
and aberrant posttranslational processing of POMC.
The elevation of ACTH precursors (POMC and
proACTH) but not ACTH itself correlate with plasma
cortisol in ectopic ACTH [3]. Gross elevation of pre-
cursors despite minimal bioactivity can be sufficient to
induce severe hypercortisolemia [3].

Finally, non-pituitary ACTH-secreting tumors are
generally unresponsive to both CRH (corticotropin-
releasing hormone) and glucocorticoids [5].

PREVALENCE OF CUSHING’S SYNDROME
ASSOCIATED WITH ECTOPIC ACTH

In all large series of patients with Cushing’s disease
there was a preponderance of pituitary ACTH depen-
dent Cushing’s disease, ranging from 55 to 829, of
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cases. Ectopic ACTH syndromes represented 9-18%,
of the patients in 4 large series: 88 patients from St
Bartholomew’s Hospital in London [6]; 312 patients
from the Mayo Clinic, Rochester [7]; 254 patients from
the National Institutes of Health, Bethesda [8] and 158
patients reported from Hospital das Clinicas, Sdo Paulo
[9]. By contrast to the earlier large series of ectopic
ACTH-producing neoplasms with a predominance of
lung carcinomas, the more recent series show a pre-
dominance of “benign” tumors, namely thoracic car-
cinoids (Table 1; Refs [6, 9-12]) probably due to the
fact that clinically apparent lung cancers are not re-
ported any more. On the other hand, in the majority of
patients in the newer series the diagnosis of ACTH-
secreting neoplasm became evident only after months
and years following the onset of hypercortisolism. Such
patients were generally referred to Endocrine Clinics as
diagnostic dilemmas.

Regarding the types of neoplasms producing ACTH,
small cell lung carcinomas were the single more com-
mon cause of Cushing’s syndrome reported in the
earlier series (Table 1) although most of these were not
associated with Cushing’s syndrome. Subtle abnormal-
ities of cortisol secretion may exist in these patients in
the absence of overt clinical findings. In the most recent
series, besides bronchial and thymic carcinoids, pan-
creatic carcinomas and pheochromocytomas are well
represented. It should be noted that tumors arising
from mesodermal tissue (i.e. sarcomas) have not been
reported to make ACTH.

Almost all tumor types that produce ACTH also
secrete other hormones, such as gastrin in sporadic
Zollinger-Ellison syndrome, catecholamines and calci-
tonin in pheochromocytomas and related tumors. The
miscellaneous group of ectopic ACTH producing
tumors includes neoplasms which uncommonly pro-
duce ACTH, even though the tumors themselves are
extremely common.

The majority of the tumors that give rise to the
ectopic ACTH syndromes usually fall into one of 4
histopathological types: small cell lung carcinomas,
carcinoids, pancreatic islet cell tumors and pheochro-
mocytomas, all of them now well recognized to arise

Table 1. Types of neoplasms causing ectopic ACTH syndrome (values are percentage of cases)

Liddle et al., Imura et al., Jex et al.,, Howlett et al., Doppman ez al., Wajchenberg et al.,
1969 [10] 1978 [11] 1985 [12] 1986 [6] 1989 [13] 1994 [9]
(104 patients) (51 patients) (21 patients) (16 patients) (28 patients) (12 patients)
Ca lung 50 49 20 19 — 8
Pancreatic cystadenoma — — 4 — — —
Miscellaneous Ca or hematologic Ca 10 10 — 12 — —
Adeno Ca, undetermined 7 2 8 - 32 —
Bronchial adenoma (carcinoid) 5 8 28 39 17
Ca thymus, thymic carcinoid 0 12 8 12 7 25
Ca pancreas (incl. carcinoid & islet cell) 10 6 16 12 11 25
Pheochromocytoma 3 2 12 6 11 25
Medullary Ca thyroid 2 6 — — — —
GI carcinoid — 6 — — — —
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from neuroendocrine tissues, underlying the close
association between the neural and endocrine systems.
The classic work of Pearse [14] identified these tumors
as exhibiting APUD (amine precursor uptake and
decarboxylation) characteristics: peptides and/or bio-
genic amines and precursors secretion, presence of
storage granules, possessing chromogranin and enolase
activities. Many experimental studies have led to the
realization that APUD characteristics within some cells
and the ability to produce hormones in normal tissues
do not necessarily imply origin from the neural crest as
postulated by Pearse or from any particular endocrine
progenitor cell. Rather, the development of APUD
characteristics seems to be one of several pathways of
differentiation available to primitive epithelial cells
[15]. Thus the term neuroendocrine has gradually
replaced APUD. The neuroendocrine cells are widely
distributed in normal organs and different tumors and
neuroendocrine tumors have been described in virtu-
ally every organ of the body. While most of the
apudomas presented with clinical symptoms related to
peptide hypersecretion, many neuroendocrine tumors
originating from dispersed neuroendocrine cells seem
to represent subgroups of tumors arising in organs like
the colon and lung [16].

DIAGNOSIS OF ECTOPIC ACTH SYNDROME
Clinical features

In the early descriptions of the syndrome, the clinical
features differed from those of classic Cushing’s syn-
drome in that it occurred predominantly in men, the
duration of symptoms was less than 6 months, at-
tributed to the malighant character of the underlying
neoplasm, with body weight loss, hypertension, hyper-
pigmentation associated with hypokalemia and abnor-
mal glucose tolerance. In contrast to those earlier
descriptions, patients with ectopic ACTH syndrome
from slower growing tumors such as carcinoids exhibit
clinical features which are frequently indistinguishable
from pituitary-dependent Cushing’s disease. In these
patients, the differential diagnosis is sometimes ex-
tremely difficult, particularly because some of them are
very small and remain occult for long times before they
become clinically apparent. The clinical features in the
recently reported series [6,12], including our 12
patients [9], indicate that 40-44°, were in men, mean
age from 30 to 50 y, duration of symptoms ranged from
1 month (small cell carcinoma of the lung) to 6y.
Cushingoid features were found in 60-1009%, of the
patients. Weight gain paralleled centripetal obesity
while 20-259%, of the patients lost weight, particularly
those with overt tumors. Hypertension was common
(62-929%), as well as edema (55-60%,), and hyperpig-
mentation was observed in 32-50°, of the patients.
Hirsutism was noticed in more than 709, of the women
in two series [6, 9].

SBMB §3:1-6—G
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Biochemical features and baseline corticoid abnormalities

Hypokalemia was present in 71-1009%, of the patients
and more than 809%, exhibited metabolic alkalosis;
both being common even in “occult” forms of ectopic
ACTH syndrome. Glucose intolerance or frank
diabetes mellitus was observed in 67-90°, of patients
(6].

Basal plasma cortisol. Basal plasma cortisol was often
but not always elevated, considering the pattern of
adrenal secretory bursts. In three series being re-
viewed, elevated fasting plasma cortisol was observed
in 75-949%, of the cases [6, 9 12].

Urinary 17-hydroxycorticosteroids (17-OHCS). 17-
OHCS, an index of the daily cortisol secretion rate, was
found to be increased in more than 95%, of patients
with ectopic ACTH.

Urinary “‘free” cortisol. Urinary “free’” cortisol,
thought to be a more sensitive indicator of endogenous
hypercortisolism than 17-OHCS, enabled a complete
separation between Cushing’s syndrome, including
ectopic ACTH vs normal subjects [17], presenting a
96°, sensitivity, 989%, specificity and an accuracy of
979, for Cushing’s syndrome. In the Mayo Clinic
experience baseline urinary free cortisol levels were
found to be elevated in 100%, of patients with ectopic
ACTH [7], which was confirmed in our series [9].

Plasma ACTH. Levels (RIA) of plasma ACTH are
elevated in both Cushing’s disease and ectopic ACTH
syndrome with some overlap between them and with a
trend of higher basal levels in the ectopic syndrome.
The patients with overt tumors have the highest
ACTH values vs those with “occult’ tumors in whom
levels may be indistinguishable from that of Cushing’s
disease. Plasma ACTH values of 200 pg/ml or above
were seen in 33~729%, of patients with ectopic ACTH
reviewed.

Patients with overt tumors had mean plasma cortisol
and ACTH levels much higher than those observed in
“occult” tumors (50-609%, being thoracic carcinoids).
With the more recent two-site immunoradiometric
assay (IRMA) for ACTH, the biologically inactive
ACTH fragments or precursors are not detected as in
the RIA, giving misleadingly low values in ectopic
ACTH. A ratio IRMA/RIA less than 1 is suggestive of
ectopic ACTH. Alternatively, the concentrations of
ACTH precursors could be determined [18] and the
values in such an assay were much greater in ectopic
ACTH than in Cushing’s disease.

Hypothalamic—pituitary —adrenal axis in ectopic ACTH
syndromes (Fig. 1)

High-dose dexamethasone suppression test. A greater
than 50°%, drop in 17-OHCS, urinary free or total
cortisol on day 2 of high-dose (8 mg) dexamethasone
administration or a fall of 509, or more of 8a.m.
plasma cortisol on the morning after the second day of
the glucocorticoid administration is considered to be a
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Fig. 1. Hypothalamic-pituitary-adrenal axis in normal subjects (A), Cushing’s disease (B), ectopic ACTH (C),
ectopic CRH (D), and ectopic ACTH-CRH syndromes (E).

positive test for pituitary disease, whereas an absence of
this response suggests primary adrenal disease or ec-
topic ACTH secretion. In the series reviewed in
Table 2 (Refs [6,7,9,12,19, 20]) it can be seen that
14-33°%, of the patients with ectopic ACTH suppressed
urinary 17-OHCS and 12-40°, decreased free or total
cortisol.

Since 9-25%, of patients with Cushing’s disease fail
to suppress urinary 17-OHCS and 12-33°, of the
ectopic ACTH patients in the series reviewed in
Table 2 exhibited a greater than a 509, fall in urinary
cortisol after dexamethasone we could have been mis-
led in the diagnosis utilizing urinary suppression data
after dexamethasone.

To circumvent the problem of urine collection, the
plasma cortisol response to the standard 2-day dexa-

methasone test was employed. A 509, fall in plasma
cortisol was observed from none to 229%, in the series
presented in Table 2. However, greater diagnostic
accuracy was achieved by measuring urinary cortisol
than plasma cortisol on the morning after the last
dexamethasone dose.

As an alternative to the 2-day high-dose dexametha-
sone test, an 8 mg overnight test was developed, a fall
of morning cortisol levels to less than 509%, of baseline
values strongly suggest pituitary-dependent Cushing’s
disease; a negative response (lack of suppression) is
seen in adrenal or ectopic tumor (Table 2). The com-
parison of the overnight high-dose dexamethasone sup-
pression test with the 2-day test [19, 21] indicated that
there was greater sensitivity and accuracy with the
overnight test.

Table 2. High-dose dexamethasone suppression test in ectopic ACTH syndrome (values expressed in percentage of
the number of patients presenting =500, suppression from basal levels)

2-day high dose dexamethasone

Overnight high-dose
dexamethasone

Urinary 17-OHCS Urinary free cortisol 8 a.m. plasma cortisol 8 a.m. plasma cortisol

Jet et al. [12]
25 patients
Howlett et al. [6]

16 patients 33
Tyrell ez al. [19]

7 patients 20
Carpenter (7]

21 patients 14
Flack er al. [20]

10 patients 20
Wajchenberg er al. [9} 25
Cushing’s disease 77

25 — —
— 11 —
— 0 0
12 — 10
40 — —
33* 22 —
90 79 92

*Urinary total cortisol.
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Metryrapone test. Using the criterion of a 100°, or
more increase in urinary 17-OHCS, a positive
metyrapone test (750 mg x 6) was found in 339, of
patients with ectopic ACTH in the combined data from
several series [6,9, 12, 17]. It is interesting to note that
63%, of patients with “occult neoplasm” (primarily
thoracic carcinoids) exhibited a positive response to
metyrapone stimulation. Measuring plasma 11-deoxy-
cortisol and cortisol after metyrapone, a normal re-
sponse would be an increase in 11-deoxycortisol of 4.3
times basal levels, along with a plasma cortisol of less
than 7 pg/dl. While 92°%, of patients with Cushing’s
disease had a normal or hyperactive response to
metyrapone only 25%, of our patients [9] presented
such a response. The low specificity of the test in
comparison to the high-dose dexamethasone suppres-
sion for the differential diagnosis of Cushing’s syn-
drome has led investigators to recommend that this test
be abandoned.

As for dexamethasone, an overnight metyrapone test
was introduced (30 mg/kg of body weight, or 2-3 g)
giving the drug between 11 and 12 p.m. and measuring
cortisol and 11-deoxycortisol at 8 a.m. the day of the
test and 8 a.m. next morning. A rise in 11-deoxycortisol
greater than 5-fold with a simultaneous fall of cortisol
to less than 8 ug/dl is considered as a positive response.
In the Mayo Clinic experience, 97°, of the patients
with Cushing’s disease had a positive response while
none of the subjects with adrenal tumors and 129, with
ectopic ACTH had a positive test (all bronchial car-
cinoids) [7]. According to their results, 11-deoxycorti-
sol levels after acute administration of metyrapone has
a diagnostic accuracy, sensitivity and specificity similar
to that achieved by 2-day high dose dexamethasone
testing or 8 mg given overnight.

Quine corticotropin-releasing hormone (0CRH) stimu -
lation. A positive response to oCRH was defined as an
increase in ACTH value of 50°, or greater or an
increase in cortisol level of 20%, or more from baseline.
869%, of Cushing’s disease patients had an ACTH
response to oCRH while only 9.5%, with ectopic
ACTH had a normal response. The cortisol respon-
siveness was positive in 91, of patients with pituitary-
dependent Cushing’s syndrome and only 5, of ectopic
ACTH responded (usually bronchial carcinoid) with a
cortisol increment. Thus, cortisol response to oCRH
has greater sensitivity, specificity and accuracy than
measurement of ACTH. The oCRH had the same
power in distinguishing pituitary from ectopic causes of
Cushing’s syndrome than the classic 2-day high-dose
dexamethasone suppression test. In the patient with an
ectopic ACTH tumor who responds to oCRH with
increased ACTH levels in peripheral blood, petrosal
sinus sampling during the oCRH test should
help elucidate if the pituitary is the source of ACTH
elevation. Ratios of ACTH in inferior petrosal
sinus/peripheral blood are not altered substantially
after oCRH, indicating that ACTH production oc-
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curred outside the pituitary gland. These results
suggest that the ectopic tumors which are sensitive to
oCRH have receptors to CRH. Since many of them also
appear to respond to changes in glucocorticoids it can
be assumed that the tumor has receptors to CRH
and/or glucocorticoids as well as the necessary post-re-
ceptor machinery.

Inferior petrosal sinus ACTH sampling before and
after oCRH stimulation. ACTH concentrations are
much greater in the inferior petrosal sinus (IPS) than
at peripheral sites in patients with Cushing’s disease
while in ectopic ACTH syndrome there should not be
a significant difference between central and peripheral
ACTH concentrations.

Bilateral simultaneous IPS ACTH sampling after
oCRH stimulation is probably the best test for diagno-
sis of Cushing’s disease vs ectopic ACTH syndrome,
being particularly useful in differentiating the “occult’
form. A maximal IPS/peripheral (IPS/P) ACTH ratio
> 2 during basal sampling and >3.0 at 3 or 5 min after
oCRH indicates a pituitary source of ACTH hyperse-
cretion [22] whereas a ratio of 1.5 or less would support
an ectopic cause (23] (Table 3). In 2 patients from our
series we used 10 ug of desmopressin (DDAVP) a
synthetic analog of arginine-vasopressin whose
ACTH-releasing ability is comparable of that of 100 ug
of oCRH ([24]. The maximal dominant basal IPS/P
ACTH was greater than 2 in 959%, of Cushing’s disease
patients studied by Oldfield ez al. [20] and Findling
et al. (23] and 739%, of our patients. False-positive
IPS/P-ACTH ratios of greater than 2 have been de-
tected in the ectopic ACTH syndrome [25] when
sampling occurred only in the basal state. After oOCRH
administration, the dominant IPS/P-ACTH ratio was
>3 in 226/227 patients with Cushing’s disease (pooled
data as per Table 3). In all patients with ectopic ACTH
syndrome, the basal IPS/P-ACTH ratio of less than 2
failed to increase or increased very little (always less
than 3) after oCRH or DDAVP administration.

TUMOR MARKERS IN ECTOPIC ACTH
SYNDROME

629, of the patients studied by Howlett ez al. [6] and
729, of the patients in our series [9] exhibited elevated
values of tumor markers in addition to ACTH.

ACTH precursors

The presence of high molecular weight ACTH pre-
cursors in the circulation of patients with Cushing’s
syndrome is suggestive of an extra-pituitary tumor.
Using an IRMA based on 2 monoclonal antibodies
which recognize POMC andjor ProACTH, Stewart
et al. [3] found plasma levels of ACTH precursors
markedly elevated in all 15 patients with ectopic
ACTH in comparison with 20 patients with Cushing’s
disease. The very high ratio of ACTH precursors/
ACTH is probably the best circulating marker for
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Table 3. Simultaneous bilateral IPS-ACTH sampling for the diagnosis of Cushing’s disease vs ectopic ACTH syndrome

Sampling after o°CRH (or DDAVP)

Basal sampling (dominant side) (3-5 min sampling (dominant side))

IPS/P* Range No. of patients IPS/P Range No. of patients References
Cushing’s Disease >2 0.9-130 205/215 23 3.1-650 203203 Oldfield er al., 1991 [8)
1.1-92.5 18/20 2.4-315 17/18 Findling ez al., 1991 [23]
(95%) (94%)
0.8~14.6 11/15 3.5-32.7 6/6 Wajchenberg ez al., 1993 [9]
(730, (100%)
Ectopic ACTH <2 0.9-1.9 2020 <3 1.1-2.4 17117 Oldfield ez al., 1991 [8]
(100°4) (100%)
1.1-1.5 9/9 1.1-1.2 6/6 Findling et al., 1991 [23]
(100°) (10000)
1.3, 1.6 2j2 0.8, 1.5t 2/2 Wajchenberg et al., 1993 [9]
(100°,) (100%,)

*IPS/P-ACTH ratio.
tDesmopressin (DDAVP), 100 ug IV.

diagnosis of ectopic ACTH syndrome. However, there
is the possibility that a patient with a non-pituitary
tumor may over-process POMC resulting in only auth-
entic ACTH in the circulation.

Calcitonin

This hormone was elevated in 699, of patients in
Howlett’s series [6] and in 44°, of our patients, with
bronchial carcinoids, pheochromocytomas alone or
associated with medullary carcinoma of the thyroid
(MEA 2A) [9].

Gut hormones

Gastrin was the most frequently elevated gut
hormone in our series with very high levels found
in the 2 patients with ACTH-secreting gastrinomas.
Increased levels of somatostatin were found in one
overt and 3/10 occult tumors reported by Howlett er al.

(6].
Oncofetal proteins

The relationship of these proteins to embryonic
tissue type and more importantly to levels of differen-
tiation appear to determine to a large degree which
oncofetal marker will be produced in greatest amount.
Our only patient with elevated levels of xz-fetoprotein
was a 15 year old boy with an ACTH producing
pancreatic islet cell tumor. CEA is the tumor marker
found in highest amounts in embryonic endodermal
tissues such as gastrointestinal tract, liver and
pancreas, being found elevated in 4/11 (25%,) of the
patients in Howlett’s series [6] but in none of our
patients [9].

Placental markers

As for the placental marker hCG (human chorionic
gonadotropin) or its f-chain (f-hCQG), it has been
demonstrated in 6-13%, of all carcinomas [26]. We did
not observe any increase in f-hCG in any of our 8

patients tested and it was elevated in only one of
Howlett’s subjects [6].

S-Hydroxyindolacetic acid (5-HIAA)

Urinary 5-HIAA was elevated in only one patient in
Howlett’s series [6] with a pancreatic endocrine tumor
and in one of our patients with bronchial carcinoid and
pulmonary metastases. Carcinoid tumors of the respir-
atory and upper gastrointestinal tract rarely produce
elevated 5-HIAA or serotonin levels and are not
imaged with iodine-131-meta-iodo-benzylguanidine
(MIBG) scintigraphy [23].

APUD markers

Two important markers: y-enolase or neuron-
specific enolase (NSE) and chromogranins are quite
helpful in determining the neuroendocrine nature of a
tumor.

NSE is elevated in patients with benign and malig-
nant APUDOMAS, namely insulinomas, pheochromo-
cytomas, pituitary adenomas and MCT, not only in
tissues but also in serum.

Chromogranins are markers for the presence of
secretory granules co-stored and co-released with pep-
tides and amines in a variety of human endocrine
tissues, both normal and neoplastic, but not by non-
endocrine cells. There are 3 families of chromogranins:
A, B and C. Chromogranin A is the major component
of the secretory granules of neuroendocrine tumors,
involved in the packaging of hormones into secretory
vesicles and their release from the cells together with
their resident hormones [27]. The majority of patients
with endocrine pancreatic tumors, carcinoids and
pheochromocytomas have been shown to have in-
creased levels of chromogranins. Among the 3 chro-
mogranins, the A peptide is the most suitable marker
of endocrine tumors. Measurement for chromogranins
has a far greater sensitivity (949;,) than the other serum
markers [28].
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IMAGING DIAGNOSIS OF ECTOPIC ACTH
SYNDROME

Once the diagnosis of ectopic ACTH is made by
demonstrating ACTH-dependent hypercortisolemia in
the absence of an IPS/P-ACTH gradient, a screen for
biochemical markers is useful to detect possible sources
of ectopic ACTH-production. Next, tumor localization
studies can be done recognizing that in some patients
with clinically “occult” tumors the diagnosis may be
difficult to establish. In the more recent series that we
have reviewed [6, 9, 12, 29], 50~69°, of patients with
occult ACTH secretion had tumors in the chest. All
patients presented with bilaterally enlarged adrenal
glands on CT scans.

Chest X -rays

78% of smalil cell lung carcinomas were seen on
initial chest X-rays in the series we have reviewed. On
the other hand, 809%, of the bronchial carcinoids had
normal chest X-rays, requiring at times several years
before a small tumor became radiographically visible.
In many of these patients only a CT scan of the chest
allowed definitive diagnosis. Thymic enlargement was
found in 579%, of thymic carcinoids on chest X-rays.
Thus, routine chest X-rays can usually detect small cell
lung carcinomas with overt Cushing’s syndrome and
some thymic carcinoids but in the majority of cases,
particularly “occult tumors”, normal chest X-rays are
observed.

Computed Tomography (CT) and Magnetic Resonance
Imaging (MRI)

Chest CT and MRI

CT scannning of the chest was successful in localiz-
ing all thymic carcinoids we reviewed.

As for bronchial carcinoids the lesion was demon-
strated on CT in 899, of the 83 surgically-proven cases
reviewed by Leinung et al. [30] while in only 369, was
an abnormal chest roentgenogram noted. MRI of the

chest has detected carcinoid tumors not seen on CT
[31].

Abdomen CT, MRI and ultrasonography

In those patients where CT failed to show an ectopic
tumor, all other techniques are similarly unsuccessful.

Pheochromocytomas. All cases of ACTH-secreting
pheochromocytomas reviewed were detected on CT
scans. On MRI, pheochromocytomas are extremely
bright on T2-weighted images, with the pheochromo-
cytomas/liver ratio being uniformly greater than 3.0
[32]. Hyperplastic adrenocortical tissue, on the other
hand, remains of low signal intensity or “black”.
The large areas of necrosis, present in many pheochro-
mocytomas, also had high signal intensities on T2-
weighted images [32]. Both benign and malignant
pheochromocytomas presented similar signal intensi-
ties on T2.
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Pancreatic tumors. At present, ultrasonography and
CT are the methods most frequently used to identify a
pancreatic tumor. Further, hepatic metastases and ex-
trahepatic spread can be imaged via CT which provides
better definition of the tumor and surrounding struc-
tures than ultrasonography. Ultrasonography has the
advantage of being able to distinguish changes in
echogenicity, which can reveal a small tumor before it
changes the contour of the gland, a condition required
for detection by CT.

An improvement in the ultrasonographic method
for detection of pancreatic tumors is endoscopic ultra-
sonography, which provides ultrasonic imaging of
pancreatic tumors and lymph nodes through the gas-
trointestinal lumen.

Angilography is usually not very useful in determin-
ing the size and location of the pancreatic tumor but it
is an excellent way of assessing major vascular involve-
ment. Liver metastases from pancreatic cancer and
peritoneal spread can be identified by CT if masses are
larger than 2 c¢m in diameter. Unfortunately, one third
of these tumors are too small and can only be detected
by direct visualization by laparoscopy before the
patient is submitted to laparotomy [33].

Pancreatic neuroendocrine tumors are slowly grow-
ing tumors and the only reliable sign of malignancy is
the presence of metastases or extensive growth and
invasion of adjacent organs. In Eriksson’s experience
[34], with patients with neuroendocrine tumors of the
pancreas selective abdominal angiography was the most
sensitive imaging technique (67%,), followed by CT
scanning (659%,) and ultrasonography (56%,) in detect-
ing these tumors. However, angiography was less sen-
sitive than either CT or ultrasonography in detecting
liver metastases, the latter method yielding the highest
number of positive results (57%,). Magnetic resonance
has no significant advantage over CT in an evaluation
of pancreatic tumors.

Adrenal glands. The CT appearance of the adrenal
glands in ectopic ACTH syndrome may provide an
early clue to the presence of ectopic ACTH production.
In pituitary-dependent Cushing’s disease approxi-
mately half of the adrenal glands appear normal and
half mildly hyperplastic. In ectopic ACTH the glands
show mild hyperplasia in 56%, and marked adrenal
hyperplasia in 379, of the patients [29]. In our series
of 12 patients [9], enlarged adrenals were seen in all
cases. As previously indicated the enlarged hyperplastic
adrenals appeared of low signal intensity on T1 and
T2-weighted images [29].

Medullary carcinoma of the thyroid (MCT). Cush-
ing’s syndrome is a rare hormonally-mediated compli-
cation of MCT. The most common initial clinical
presentation of sporadic MCT is a single nodule or
thyroid mass, almost always being ‘“‘cold” on thyroid
scanning, presenting hypoechoic regions on ultrasound
examination. Metastases to cervical and mediastinal
lymph nodes are found in half of the patients during the
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examination. Thin needle aspiration of the hypoechoic
nodule and cytologic examination with immunohisto-
chemical staining for calcitonin led to a correct diagno-
sis in most cases of sporadic MCT.

Pituitary imaging

The diagnostic accuracy of pituitary imaging as the
basis for distinguishing Cushing’s disease for ectopic
ACTH is compromised by the relatively high incidence
of incidental pituitary microadenomas in the normal
population. In Doppman’s series [35], 3 of the 19
patients with proven ectopic ACTH production had
positive findings in CT and/or MRI of the pituitary.
MRI provides an improvement over CT scanning
(47°%, sensitivity) with a sensitivity of 719, after
Gadolinium contrast for locating a pituitary adenoma.

Should there be conflicting biochemical tests which
obscure the distinction between pituitary and ectopic
ACTH production, as frequently observed in bronchial
carcinoids, the demonstration of a focal defect in the
pituitary gland on CT or MRI should not be taken as
absolute evidence for the presence of a corticotrope
adenoma. Petrosal sinus samplings may be useful with
the possible exception of those tumors which produce
CRH without ACTH ([36].

Somatostatin Receptor Scintigraphy

Lamberts and co-workers demonstrated that external
imaging of many neuroendocrine tumors such as car-
cinoids, islet cell tumors, medullary carcinoma of the
thyroid, pheochromocytomas and small cell lung can-
cers, using an iodinated tyrosine-3-substituted analog of
octreotide, was correlated with the presence of somato-
statin receptors i vivo. Unrecognized metastases could
be demonstrated in some cases and a positive scan may
predict a good suppressive effect of octreotide on
hormonal secretion by these tumors [37—-39].

Recent molecular genetic studies have demonstrated
the existence of at least 5 different somatostatin recep-
tor subtypes in human tissues with different tissue
distributions and which differ with regard to their
binding to natural somatostatin-14, somatostatin-28
and octreotide [40]. The presence of receptors, particu-
larly of the subtypes which display selectivity to oc-
treotide (particularly subtypes 2 and 5) provide the
molecular basis for octreotide scanning and action.

Because of some disadvantages in the use of '?I-Tyr-
3-octreotide, in the process of labelling with radioactive
iodine and the distribution of the product, a radioactive
indium (''In) labeled analog of somatostatin (!''In-
DTPA-d-Phe'-octreotide) was introduced, being su-
perior to the tyrosine analog for the localization of a
variety of tumors {41].

ACTH-secreting pituitary tumors generally do not
express somatostatin receptors and no suppression of
ACTH and/or cortisol was observed in patients with
Cushing’s disease treated with octreotide. However,
octreotide therapy has been shown to suppress ACTH
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and cortisol secretion in several patients with ectopic
ACTH secretion from pancreatic endocrine tumors,
branchial carcinoids and medullary carcinoma of the
thyroid [37]. Thus, somatostatin receptor scintigraphy
has a place in the differential diagnosis of Cushing’s
syndrome and in the localization of ACTH-secreting
tumors, even if they are occult. Finally, it is possible
that long-term exposure to excess circulating levels of
cortisol in patients with ectopic ACTH might inhibit
the expression of somatostatin receptors, as has been
suggested in ACTH-secreting pituitary tumors [40].
Thus, the use of mitotane or RU 486 may up-regulate
somatostatin receptors in such tumors allowing their
localization [40, 42].

STUDIES OF TUMOR TISSUE IN ECTOPIC ACTH
SYNDROME

ACTH content of tumor tissue

The ACTH content in tumor extracts from patients
with ectopic ACTH has been reported in 3 series
[2, 43, 44] including 5 of our patients. Using an anti-
serum against the N-terminal sequence of ACTH or
intact 1-39 ACTH, values ranged from 0.001 to
64.6 ug/g wet weight of tissue. On the other hand, the
immunoreactivity against the C-terminal sequences, in
2 series [43, 44], varied from 0.017 to 1.1 x 10° ug/g
wet weight tissue. There was in general, a good corre-
lation between bioactivity and the N-terminal ACTH
immunoreactivity in the Orth series [43].

Altered POMC processing in ectopic ACTH syndrome

POMUC, a glycopeptide of molecular weight 31 kDa,
is a common precursor of ACTH, f-lipotropin (-
LPH), f-endorphin (f-END) and a series of other
peptides (Fig. 2). Posttranslational processing of
POMC and its cleavage into smaller peptides may
differ between the pituitary gland and nonpituitary
tumors [45]. POMC possesses 9 potential cleavage sites
[46]; not all of these are used, and different sites may
be used in different cell types which express the
precursor gene, leading to a tissue-specific set of pep-
tides. In the human pituitary, a specific prohormone
convertase (PC3 endoprotease) results in POMC pro-
cessing of 4 sites, giving rise to only 6 peptides:
N-POMC 4, joining peptide (JP), ACTH, B-LPH
and small amounts of y-LPH and B-END. In non-
pituitary tumors, there may be alternate POMC-pro-
cessing, resulting either in large underprocessed
molecules, such as ProACTH or activation of normally
silent cleavage sites, suggesting the expression of PC2
endoprotease, generating fragments not commonly
seen in normal or tumorous pituitary. Fragments such
as corticotropin-like intermediate lobe polypeptide
(CLIP) and f-MSH,_,, may be produced by activating
the f-MSH,,, site from y-LPH. In non-pituitary
tumors there is a high ratio of CLIP relative to the
other fragment, suggesting that the CLIP site may be
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Fig. 2. Posttranslational processing of proopiomelanocortin (POMC) in normal pituitary, pituitary and

ectopic ACTH-secreting tumors. Hatched areas indicate peptides more abundant in the pituitary; cross-

hatched areas indicate MSH sequences and black areas represent “abnormal” fragment markers of ectopic

ACTH syndrome. (Adapted from D. Vieau et al. [46] with permission of the publishers, and from A. C. Hale
et al. [45] with permission of the authors and publishers).

a more sensitive site than f-MSH,_,, for activating an
alternate mode of POMC processing [47].

On the other hand, a higher proportion of ProACTH
has been demonstrated in tumor extracts from patients
with ectopic ACTH than from pituitary-dependent
Cushing’s disease, Addison disease and Nelson’s syn-
drome [44]. Other molecular forms present in ectopic
ACTH-secreting tumors were N-terminal POMC,_,
ACTH,,,, -LPH, y-LPH and f-END. These frag-
ments were also observed in pituitary tumors, but at
much lower levels. Further, there were smaller ACTH
fragments, including an ACTH, ,; fragment (from
authentic ACTH,_;5 by specific endoproteases) absent
from the pituitary, and fully active in an iz vivo assay.

Thus, the measurement of abnormal fragments such
as CLIP, f-MSH, y-MSH and a high f-LPH to
y-LPH ratio in the plasma of a patient with ACTH-
dependent Cushing’s syndrome may be useful in deter-
mining an ectopic origin of the ACTH.

APUD markers in ACTH -secreting tumors

The current methods for recognizing neuroendo-
crine tumors involve the demonstration of one or more
of the following classes of markers: (1) synthesis of
amines and/or peptides; (2) enzymes such as the

neuron-specific enolase (y -enolase); (3) secretory gran-
ules such as the chromogranins; (4) secretory granule
peptides 7B2 and CCB; and (5) specific receptors, such
as somatostatin and analog peptides. The importance of
documenting that a tumor is of neuroendocrine origin
lies in the observation that certain chemotherapeutic
regimens worked unexpectedly well in anaplastic carci-
nomas if they are of neuroendocrine origin [48].
Nine patients from our series with ectopic ACTH
secretion were studied by immunohistochemical
methods in the primary tumor and/or metastatic lesions
(Table 4). In all but one, ACTH was detected in the
primary neoplastic cells and/or metastases by an
immunoperoxidase method. All neoplastic tissues
immunostained for neuron-specific enolase and chro-
mogranin-A were positive which, as indicated, ident-
ified the tumors as neuroendocrine. An inverse
correlation between immunohistochemical results and
clinical observations is usually remarkably good. Thus,
rapidly growing tumors with widespread metastases,
such as small cell lung carcinomas, did not contain
sufficient  ACTH for cytochemical confirmation
[49, 50]. It could be suggested that highly malignant
endocrine tumors associated with ectopic ACTH ex-
hibit excessive hormone secretion rates, leading to low
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Table 4. Immunohistochemical evaluation of the primary tumor and/or metastases in 9 patients with ectopic ACTH syndrome

studied at The Hospital das Clinicas (Sdo Paulo, Brazil)

Immunoreactivity

Neuron-specific

Primary Tissue enolase
Patient tumor studied ACTH (7 enolase) Chromogranin-A  Calcitonin ~ Gastrin CRH
1 Thymus carcinoid Primary tumor + + +
2 Thymus carcinoid Primary tumor + + +
Qvarian metastasis + +
Breast metastasis + +
Lymph node metastasis +
Brain metastasis + + + +
3 Thymus carcinoid Primary tumor + + + + + + + + - -
Breast metastasis + + + + + + + — —
Liver metastasis + 4+ + + +
Adrenal metastasis + +
4 Bronchial carcinoid Primary tumor +
S Metastatic Lung metastasis + + + + + + + + -
lung carcinoid
7 Pancreatic Primary tumor + + + + + + - -
neuroendocrine
neoplasia
8 Metastatic Liver metastasis — + + + + + + - +
gastrinoma
9 Bilateral pheo Left adrenal + + + + + + + - -
+ medullary Right adrenal + + + + + + + - -
carcinoma thyroid Thyroid carcinoma - + + + + + + + + -
11 Malignant right pheo Primary tumor + + + + + + + + -

Pheo, pheochromocytoma.

storage of peptide hormones such as the POMC-
derived-ones.

“OCCULT” ECTOPIC ACTH SYNDROME

As defined by Doppman [35], “‘occult’” ectopic
ACTH syndrome is CRH- and/or ACTH-dependent
hypercortisolemia of non-pituitary origin and of more
than 4-6 months duration without the emergence of an
obvious source. The “occult” ectopic ACTH syn-
drome 1s often clinically indistinguishable from Cush-
ing’s disease, since biochemical studies and imaging
evaluation may yield inconclusive or misleading re-
sults. Failure to recognize “occult’” ectopic ACTH
syndrome may lead to unnecessary pituitary/adrenal
surgery and has created a need for improved diagnostic
procedures such as IPS ACTH sampling.

In a review of 68 patients with “occult’ ectopic
ACTH including 10 subjects from our series
[9, 23, 51], the mean patient age was 44y and the
male/female ratio was almost 1, in contrast with the
striking female preponderance in pituitary-dependent
Cushing’s disease. The general physical features were
indistinguishable from those of Cushing’s disease,
however hypokalemia was present in 68Y%, of the
patients vs less than 109, in Cushing’s disease. In many
patients basal ACTH levels were similar to that found
in Cushing’s disease (ACTH/RIA less than 200 pg/ml).
Intermittent hypercortisolemia with long periods of
remission has been increasingly appreciated in ectopic

ACTH resulting in misinterpretation of laboratory
investigations.

32 of 56 patients with ““occult” ectopic ACTH had
bilateral adrenalectomy, either because the initial diag-
nosis was Cushing’s disease or the source of ectopic
ACTH could not be detected at the time. It is likely
that many “‘occult” tumors might have been detected
earlier using today’s technology and without the need
for palliative bilateral adrenalectomy.

Regarding the dynamic tests, 309 of the patients
with occult ACTH-producing tumors exhibit high-
dose dexamethasone suppressibility and as many as
419, of rthoracic carcinoids associated with ectopic
ACTH are dexamethasone-suppressible [52]. As for
the metyrapone test, 50-63%, of the patients had a
positive response. Together with the high-dose dexa-
methasone suppressibility in a high percentage of
cases, these findings are highly suggestive of pituitary-
dependent Cushing’s syndrome, probably reflecting
the function of glucocorticoid receptors in these tumors
[30].

IPS ACTH sampling was able to distinguish patients
with “occult” ectopic ACTH syndrome from those
with pituitary-dependent Cushing’s disease [13, 23].

Ectopic ACTH tumors due to carcinoids can be
confused with pituitary Cushing’s disease because of
positive dexamethasone suppression and metyrapone
tests [52] and even oCRH stimulation. The mechanism
of tumor response to these challenges in unclear
most probably due to tumor response to changes in
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circulating glucocorticoid levels but also to CRH [53].
It has been demonstrated that some of the tumors
secrete CRH with or without ACTH. However, it is
unlikely that tumors secreting both CRH and ACTH
could exhibit CRH stimulation of pituitary ACTH,
since the hypercortisolemia resulting from tumor-se-
creted ACTH would block CRH action on the pituitary
[54]. Then, it could be postulated that the tumors that
respond to dexamethasone, metyrapone and CRH are
those which produce CRH without associated ACTH.

Regarding the types of tumors producing occult
ectopic ACTH, in our review of 68 cases, 60%, were
thoracic carcinoids (3/4 being bronchial carcinoids),
followed by SCLC (109,), pancreatic neuroendocrine
neoplasia and miscellaneous tumors in decreasing fre-
quency. The source of ectopic ACTH was not detected
in 129 of the “occult” tumors. Once the diagnosis of
the ectopic ACTH syndrome is established a screen for
tumor markers to detect possible sources of ectopic
ACTH should be performed. Since more than 909,
of the patients with occult ectopic ACTH syndrome
harbor neuroendocrine tumors, elevated circulating
levels of neuron-specific enolase and/or chromogranins
should be present. If biochemical screening provides
no clue for the source of ectopic ACTH,
CT/MRI/somatostatin scintigraphy of the chest and
abdomen should be performed. When the initial
screening fails to detect the source of the ectopic
ACTH production, medical suppression of adrenal
cortisol hypersecretion may be tried along with peri-
odic screening with CT/MRI/scintigraphy. Even if
failure of medical suppression leads to bilateral
adrenalectomy, surveillance must continue so that po-
tentially malignant carcinoid and neuroendocrine islet
cell tumors can be detected at the earliest possible time.

ECTOPIC CRH SYNDROME

Six cases of ““isolated” ectopic CRH have been
reported (2 nmetastatic prostatic carcinomas, 2
metastatic medullary carcinoma of the thyroid, 1 in-
trasellar medullary carcinoma of the thyroid, 1 in-
traseller gangliocytoma and 1 metastatic small cell
carcinoma with unknown primary tumor). In all cases
the tumor and/or metastases were immunostained posi-
tive for CRH but not for ACTH. The ectopically
produced CRH stimulated excessive secretion of pitu-
itary ACTH, as shown in Fig. 1. The pituitary glands
were examined in S patients and revealed corticotrope
hyperplasia in 4 and normal in the 5th case. All 5 cases
demonstrated ACTH in their corticotropes by im-
munostaining. Peripheral levels of CRH when
measured (3 patients) were elevated. In most cases the
diagnosis of ectopic CRH was made either postmortem
or postsurgery.

The circulating levels of ACTH and cortisol were in
the range usually found in patients with “occult”
tumors or with Cushing’s disease. In 4 patients in
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whom high-dose dexamethasone suppressibility had
been tested, none showed a positive response.
Although these patients are categorized as selectively
secreting CRH, it is possible that their tumors co-se-
creted ACTH as well and just negative staining for
ACTH in the tumor or metastases may be related to
reduced storage of ACTH due to high secretion rates,
as previously indicated. Positive histochemical evi-
dence of pituitary ACTH hypersecretory activity and
hyperplastic appearance of the corticotrope cells in
nearly all of the patients in whom pituitary tissue was
available suggests that tumor ACTH might have been
produced in relatively small amounts, not blocking the
action of CRH on the pituitary. Thus, the major
production of ACTH would be of pituitary origin.

ECTOPIC CRH-ACTH

There have been 13 cases of combined ectopic
CRH-ACTH described in the literature and one from
our series [55]. This series includes 3 patients with
metastatic lung small cell carcinoma, 3 cases of
bronchial carcinoids, 2 thymic carcinoids, 1 pancreatic
carcinoma, 1 medullary carcinoma of the thyroid, 1
pheochromocytoma, 1 MEN I + paraganglioma and 1
nephroblastoma. In these 13 patients the tumor was
considered to produce both peptides, based on im-
munocytochemical studies of the tumor and/or
metastatic tissue and by the finding of a CRH and
ACTH concentration gradient across the tumor bed in
2 cases [22,56]. Six of 11 patients (54%) in whom
circulating ACTH was measured by RIA had values
<210 pg/ml; 4 of these being thoracic carcinoids. On
the other hand, our patient with thymic carcinoid had
the highest ACTH and cortisol values in the series [55].

Plasma cortisol was above 28 ug/dl in 9/11 (829
of the patients studied with combined ectopic
CRH-ACTH. The plasma CRH was above the normal
range in all 7 patients in which it was measured, except
in a case of a thymic carcinoid reported by Raux Demay
et al. [57] which had normal circulating hCRH. In this
case, the tumor tissue was demonstrated to contain
POMCmMmRNA and POMC-related peptides such as
ACTH, ;, in addition to hCRH. In the absence of
elevated circulating CRH, tumor CRH could have
exercised a paracrine function, stimulating the tumor
cells to produce POMC peptides [58].

As for dynamic tests, 4 of the 7 patients studied
(57%) had a positive dexamethasone suppression while
all 6 patients in whom a metyrapone test was done
showed a positive response. Four of the 5 patients in
whom dexamethasone suppression and metyrapone
stimulation were performed, the responses were
characteristic  of  pituitary-dependent  Cushing’s
disease.

The finding of corticotrope hyperplasia in the case
of nephroblastoma [59] and another patient
with bronchial carcinoid [25] along with pituitary
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immunoreactivity to ACTH (both patients responded

to

dexamethasone and metyrapone) suggest that the

major production of ACTH was by pituitary stimu-
lation from the tumor CRH, with the role of tumor
ACTH being a minor one.

In conclusion, in patients with ectopic CRH-ACTH

production by extrapituitary neoplasms there is a range
of clinical presentations from classical ectopic ACTH-
secreting tumors to biochemical patterns found in
pituitary-dependent Cushing’s disease.
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