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Olfactory Neuroblastoma Causing Ectopic ACTH Syndrome
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Abstract.  A 39-year-old woman who presented with typical Cushingoid appearance (moon facies, central obesity,

purpura) was admitted to our hospital because of pulmonary infection.  She was found to have hypertension, severe

hypokalemia, and metabolic alkalosis.  Endocrine data revealed elevated plasma levels of ACTH and cortisol with lack of

circadian rhythm, non-suppressibility to high-dose dexamethasone, and hyperresponsiveness to CRH stimulation.  Although

no pituitary mass was detected by MRI of the brain, inferior petrosal sinus sampling showed a step-up of central to

peripheral ACTH levels; these data are consistent with the diagnosis of Cushing’s disease.  She was successfully treated

with metyrapone to control hypercortisolemia.  Ten months later, a mass was detected in the ethmoid sinus, which was

surgically removed.  After resection of the ethmoid sinus tumor, her Cushingoid features and hypercortisolemia disappeared,

but recurred after enlargement of a second mass in the maxillary sinus.  After resection of the maxillary sinus tumor, her

hypercortisolemia subsided.  Histologically, the tumor tissues from both the ethmoid and maxillary sinus were identical

and consistent with the diagnosis of olfactory neuroblastoma.  Immunohistochemically, the immunoreactivities of ACTH

and POMC were positive in the cytoplasm of tumor cells, and immunoreactive ACTH was demonstrated in both tumor

tissues.  Thus, this is the second rare case with ectopic ACTH syndrome caused by olfactory neuroblastoma thus far reported.
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AMONG the forms of Cushing’s syndrome, Cushing’s
disease (mostly pituitary ACTH-secreting micro-
adenomas) accounts for 55–82%, while ectopic ACTH
syndrome caused by non-pituitary ACTH-secreting tu-
mors occupies about 9–18% [1].  Most cases of ectopic
ACTH-producing tumors have been shown to be ma-
lignant neoplasm caused not only by small cell lung
carcinoma and bronchial carcinoid, but also by miscel-
laneous tumors including medullary thyroid carcino-
ma, pheochromocytoma, carcinoma of thymus and
pancreas.  Ectopic ACTH syndrome often presents a
major diagnostic challenge because of the difficulty in

differentiating it from Cushing’s disease [2, 3].  More-
over, localization of ACTH-secreting tumors by the
diagnostic image tests is often difficult; magnetic reso-
nance image (MRI) of the brain could detect pituitary
tumor in only about 40–50% of the cases in Cushing’s
disease, while localization of occult and indolent non-
pituitary tumors, such as bronchial carcinoid, is often
difficult by the current image tests [2, 3].

Olfactory neuroblastoma is an uncommon malignant
neoplasm with an average 5-year survival rate of about
45% [4].  Ectopic ACTH syndrome due to olfactory
neuroblastoma is extremely rare.  There has been only
one case of ectopic ACTH-producing olfactory neuro-
blastoma thus far reported [5].  We herein present a
patient with typical Cushing’s syndrome due to ectopic
ACTH-producing olfactory neuroblastoma, who now
survives for 7 years after successful treatment with
combination therapy consisting of surgery, radiation
and hormonal control.
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Methods and Patient

ACTH measurement

Plasma and tissue ACTH concentrations were deter-
mined by immunoradiometric assay (IRMA) using
Yuka ACTH IRMA kit (Mitsubishi Yuka, Tokyo,
Japan) which showed full crossreactivity with ACTH
(1–39), but none with ACTH fragments (1–13), (1–24),
(11–24), (18–39), �-lipotropin or �-endorphin [6].

Tumor extraction

Tumor tissue specimens obtained from surgery were
boiled in distilled water, homogenized in a glass-teflon
homogenizer, and centrifuged [6].  The supernatant
was subjected to ACTH measurement by IRMA.

Immunohistochemical study

The expression of ACTH and POMC was studied
by immunohistochemical Envision method (DAKO,
Carpinteria, CA) according to the manufacturer’s
instructions.  Antibodies against ACTH and POMC
used in this study were as follows: anti-ACTH mono-
clonal antibody (DAKO) used at dilution 1 : 200, and
anti-POMC monoclonal antibody (Biogenesis, Poole,
UK) used at 1 : 400.  Positive immunoreactions were
visualized by 3-3' diaminobenzidine reaction of horse-
radish peroxidase as reported [7].

Case Report

A 39-year-old Japanese woman was admitted to our
hospital because of systemic edema and general fatigue
in October, 1997.  Physical examination showed a typi-
cal Cushingoid appearance (moon facies, truncal obesi-
ty), systemic edema, purpura and high blood pressure
(166/80 mmHg).  Laboratory examination revealed a
profound hypokalemia (1.2 mEq/l) and metabolic al-
kalosis (pH 7.63, HCO3

– 50.4 mmol/l).  Endocrine test
revealed a marked elevation of plasma ACTH (150 pg/
ml) and cortisol levels (80.1 �g/dl), which lacked nor-
mal circadian rhythm, and were non-suppressibile to
high-dose (8 mg) dexamethasone and hyperresponsive
to CRH stimulation (Table 1).  These physical and
endocrine findings are consistent with the diagnosis of
ACTH-dependent Cushing’s syndrome.

On admission, she had fever (38.5°C) with leuko-
cytosis and positive C-reactive protein; X-ray and
computed tomography (CT) scan of the chest revealed
pulmonary empyema.  She was immediately treated
with antibiotics for sepsis and metyrapone to reduce
plasma cortisol levels, and underwent chest drainage;
her condition improved after two weeks.  CT scan of
the chest revealed a nodular lesion in the right lung
(S5), whose lung biopsy only revealed inflammatory
fibrotic changes.  To differentiate Cushing’s disease
from ectopic ACTH syndrome, inferior petrosal sinus
(IPS) sampling was performed.  Plasma ACTH levels
in the right and the left IPS and peripheral vein were
58, 130, and 47 pg/ml, respectively, with a central/
peripheral (C/P) ratio of 2.8; CRH stimulation was
not performed.  Thus, Cushing’s disease was the most
likely diagnosis, although MRI of the brain failed to
identify any pituitary lesions.  She was treated with
metyrapone (1.5–2.0 g/day) and dexamethasone (1
mg/day); her plasma ACTH and cortisol levels were 58
pg/ml and 3.7 �g/dl, respectively (Fig. 1).  Her signs
and symptoms associated with Cushing’s syndrome
improved remarkably and she was discharged.

In September 1998, repeated MRI of the brain inci-
dentally revealed a large tumor (2.5 × 3.0 cm) in eth-
moid sinus (Fig. 2a).  The tumor was surgically and
completely resected 16 months after she developed
Cushing’s syndrome (Fig. 2b, c).  Histologically, the
ethmoid tumor was composed of small round cells
with uniform round nuclei consistent with the diag-

Table 1. Endocrine Data

1. Circadian rhythm

Time (clock) 9:00 16:00 23:00

ACTH (pg/ml) 150 140 350

Cortisol (�g/dl) 80.3 52.3 78.1

2. DEX* suppression test

Time (clock) 9:00

ACTH (pg/ml) 180

Cortisol (�g/dl) 65.5

3. CRH stimulation test

Time (min) 0 30 60 90 120

ACTH (pg/ml) 120 1800 730 520 340

Cortisol (�g/dl) 43.7 82.7 87.4 101.2 93.6

* DEX: dexamethasone (8 mg) was given orally at 23:00 the day

before.
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Fig. 1. Changes of plasma ACTH and cortisol levels during clinical course

ACTH (■), Cortisol (◆).  Medical treatment is shown at the top; operations (Op) and rdiation (Rad) are shown by arrows.

Fig. 2. Magnetic resonance image (MRI) of the head

Sequential coronal views (top) and sagittal views (bottom) of MRI of the head are shown (a) before and (b) after the first

operation, and (c) after the second operation.



KANNO et al.678

nosis of olfactory neuroblastoma (Fig. 3a).  Immuno-
histochemical study revealed abundant immunoreactive
ACTH- and POMC-positive tumor cells (Fig. 3b, c).
The ACTH content of the resected tumor tissue as
determined by IRMA was 648 �g/mg protein.  Thus,
the definitive diagnosis of ACTH-producing olfactory
neuroblastoma was established.  Postoperatively, her
plasma ACTH and cortisol levels decreased from 150
to 60 pg/ml and from 14 to 6.7 �g/dl, respectively
(Fig. 1).

In June 1999, she received local irradiation directed
to the ethmoid sinus area (total dose: 54 Gy).  Since
her Cushingoid appearance completely disappeared,
metyrapone was discontinued in August 1999.  How-
ever, her plasma ACTH and cortisol levels began to in-
crease, which made her to receive again metyrapone
(2 g/day) in August 2000.

In July 2001, systemic edema and general fatigue
again developed with increased plasma levels of
ACTH (250 pg/ml) and cortisol (15.3 �g/dl), despite
metyrapone administration, which led her to be re-
admitted to our hospital.  Although CT scan and MRI

of the brain showed a second mass lesion (3.0 × 2.0 cm)
in the left maxillary sinus in September 1998 (Fig. 2a),
it was considered as an inflammatory change associat-
ed with chronic sinusitis.  However, CT scan and MRI
of the brain revealed an increased size (4.2 × 2.8 cm)
in the left maxillary sinus mass (Fig. 2b).  Because of
the possible metastasis of ethmoid sinus tumor to max-
illary sinus, the tumor of the maxillary sinus was sur-
gically resected (Fig. 2c).  The tumor was composed of
round, chromatin-rich tumor cells with the same histo-
logical characteristics as those of the ethmoid sinus
tumor, which was consistent with the diagnosis of ol-
factory neuroblastoma (Fig. 3d).  Immunohistochemical
study also revealed immunoreactive ACTH-positive
and POMC-positive tumor cells (Fig. 3e, f), but appar-
ently fewer than those in the ethmoid sinus tumor.  The
ACTH content of the resected tumor tissue was 5 ng/mg
protein.  After removal of the maxillary sinus tumor,
her Cushingoid signs and symptoms resolved com-
pletely and her plasma ACTH and cortisol levels
remarkably decreased to 20 pg/ml and 3.5 �g/dl, re-
spectively.  Thereafter, she is doing well without
metyrapone treatment.  She is currently followed-up at
outpatient department without recurrence of Cushing’s
syndrome.

Discussion

The patient described herein presented with typical
Cushingoid appearance together with hypertension,
severe hypokalemia, and increased plasma ACTH and
cortisol levels, which are consistent with the diagnosis
of ACTH-dependent Cushing’s syndrome.  The endo-
crine data with hyperresponsiveness of ACTH after
CRH stimulation and a step-up of plasma ACTH levels
in IPS, are compatible with the diagnosis of Cushing’s
disease, although she showed resistance to high-dose
dexamethasone suppression and no detectable pituitary
tumor with MRI of the brain.  Since she was under
such an immunocompromised state due to hypercorti-
solemia that immediate medical treatment was started;
her hypercortisolemia was well controlled with com-
bination of metyrapone and dexamethasone.  Subse-
quently, two mass lesions were incidentally detected
initially in the ethmoid sinus and later in the maxillary
sinus by MRI of the brain, both of which were sequen-
tially resected surgically.  Both tumor tissue specimens
were histologically identical and consistent with the

Fig. 3. Histopathological study of ethmoid and maxillary sinus

tumor tissues

Microscopical and immunocytochemical examinations

of ethmoid sinus tumor (left) and maxillary sinus tumor

(right) are shown.

(a, d) H & E (×100); (b, e) immunostaining for ACTH

(×200), (c, f) immunostaining for POMC (×200)
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pathological diagnosis of olfactory neuroblastoma.
The diagnosis of ectopic ACTH syndrome in this

case was definitely established based on the following
lines of evidence: 1) the presence of abundant ACTH
content in ethmoid sinus tumor (648 �g/mg protein)
and maxillary sinus tumor (5 ng/mg protein); 2) immuno-
histochemical demonstration of ACTH and POMC im-
munoreactivities in both tumor cells; 3) disappearance
of Cushingoid features accompanied by decrease in
plasma ACTH and cortisol levels after resection of
ethmoid sinus tumor; 4) recurrence of Cushing’s
syndrome accompanied by increase in plasma ACTH
and cortisol levels after metastatic tumor growth in
the maxillary sinus, whose removal again led to amelio-
ration of Cushing’s syndrome.

Olfactory neuroblastoma is a very uncommon neo-
plasm of neuroectodermal origin [8, 9]; about 1000
cases have been reported thus far [10].  As for the ec-
topic hormone production by olfactory neuroblastoma,
three cases with syndromes of inappropriate secretion
of antidiuretic hormone have been reported [11–13].
Although four cases of ectopic ACTH-producing adre-
nal neuroblastoma were reported in infants [14–17],
only one case with ectopic ACTH-producing olfactory
neuroblastoma in adulthood has been reported thus far
[5].  Thus, our case adds to the literature a second rare
case report of ectopic ACTH-producing olfactory neuro-
blastoma.

The most common symptoms of olfactory neuro-
blastoma include unilateral nasal congestion, obstruc-
tion, anosmia, recurrent epitaxis, frontal headache and
diplopia [4].  In our case, none of these symptoms were
noted, but signs and symptoms of Cushing’s syndrome
initially appeared, whose clinical manifestations are
similar to those as in the first case reported by Arnesen
et al. [5].  The clinical courses of ectopic ACTH-
producing olfactory neuroblastoma in these two cases
are very similar with regard to the acute onset of the
disease, improvement of signs and symptoms of
Cushing’s syndrome after the first tumor resection, and
aggravation of the clinical manifestation after the tu-
mor recurrence.  Olfactory neuroblastoma is malignant
with an average 5-year survival rate of 45–70% [4].
The most frequent therapeutic option is combination of
surgery and radiotherapy.  By employing the combina-
tion of repeated tumor resctions and irradiation with
adjunctive medical treatment with metyrapone to con-
trol hypercortisolemia, our patient managed to survive
7 years since the initial diagnosis of olfactory neuro-

blastoma, while Arnesen’s case survived at least 5 years
[5].  Therefore, the prognosis of ACTH-producing ol-
factory neuroblastoma seems better than those without
ACTH production, possibly due to the early diagnosis
resulting from excess hormonal manifestations and the
proper therapeutic modality for tumor and hormonal
control.  However, it has been reported that recurrence
occurred even ten years after the completion of treat-
ment [18–20].  Therefore, a close and cautious follow-
up in the present case is needed and implementation of
early resection of the recurrent tumor should be made.

Maxillary sinus tumor in the present case was con-
sidered metastasis from ethmoid sinus olfactory neuro-
blastoma.  Because both tumors showed identical
histological characteristics, it seems difficult to decide
which lesion appeared first.  However, it should be
noted that the ethmoid sinus tumor was found to be
larger and more invasive with bone destruction than
the maxillary sinus tumor, and that plasma ACTH
levels decreased remarkably after initial resection of
the ethmoid sinus tumor which contained far greater
ACTH contents than those of maxillary sinus tumor.
Therefore, it is reasonable to speculate that the ol-
factory neuroblastoma derived from the ethmoid sinus,
which was more aggressive and had increased ACTH
synthetic activity, may be the primary lesion which
spread to the maxillary sinus by metastasis.  An alter-
native possibility is that the olfactory neuroblastoma
developed simultaneously in both the ethmoid and
maxillary sinus.

In the present case, failure of high-dose dexametha-
sone to suppress plasma ACTH and cortisol levels sug-
gests ectopic ACTH syndrome, whereas hyperresponse
of ACTH after CRH stimulation suggests Cushing’s
disease.  Sensitivity and specificity of dexamethasone
suppression test for the diagnosis of Cushing’s disease
is 71% and 100%, respectively [21].  On the other
hand, sensitivity and specificity of CRH stimulation
test in Cushing’s disease is 86% and 95%, respectively
[22].  Thus, conventional endocrine tests could not
discriminate between Cushing’s disease and ectopic
ACTH syndrome as in our case.

It is currently recognized that IPS sampling is the
most reliable method to distinguish Cushing’s disease
from ectopic ACTH syndrome with the diagnostic
accuracy close to 100% [23–25].  However, it should
be noted that a step-up (C/P ratio >2) of basal plasma
ACTH levels by IPS sampling, despite lack of post
CRH data in this case, was misleading as to the source
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of ACTH from the pituitary rather than non-pituitary
source.  This may be accounted for by the localization
of the ethmoid sinus tumor adjacent to the upstream of
pituitary venous drainage.  Such false positive IPS
sampling in the diagnosis of Cushing’s disease has
only rarely been reported, and include two cases with
ectopic ACTH-producing bronchial carcinoid due to
possible periodic hormonogenesis [26], and one with
ectopic ACTH/CRH-producing neuroendocrine pan-
creatic tumor [27].  Thus, our case adds to another
situation in which aberrant anatomical location of the
ectopic ACTH source may cause potential pitfall of
IPS sampling in the diagnosis of ACTH-dependent
Cushing’s syndrome.  We recommend selective sam-
pling from cavernous sinus rather than IPS in combi-

nation with CRH stimulation and detailed diagnostic
imaging techniques to look for the occult ectopic
source of ACTH in the whole body, including para-
sinus regions of the head.
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