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Thallium-201 Scintigraphy Was Useful in Diagnosing Ectopic 

ACTH Syndrome Due to Bronchial Carcinoid
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Abstract. Initial investigations of a 70-year-old woman with clinical Cushing's syndrome, including overnight 
dexamethasone suppression test, CRH test, and pituitary MRI, suggested the presence of ectopic ACTH production. 
Thoracic computed tomography (CT) scan revealed a mass measuring 7 mm in the right lung, but it was thought to 
be an incidental opacity, leaving the source of ectopic ACTH undetermined for several years. During this period, 
although the size of the lung opacity did not change remarkably, serum cortisol levels became elevated to 43 pg/dl, 
and the patient's symptoms worsened. T1-201 SPECT demonstrated intense accumulation in the right lung. The 
mass was surgically resected using thoracoscopy to investigate it as the focus of ACTH production. Histological and 
immunohistochemical examination confirmed that the area of intense T1-201 uptake was an ACTH-producing 
bronchial carcinoid. Plasma ACTH and cortisol levels decreased immediately after the surgery. In conclusion, this 
case demonstrated T1-201 scintigraphy as a useful tool in identifying the location of an ACTH-producing bronchial 
Carcinoid.

Key words: Ectopic ACTH syndrome, Bronchial Carcinoid, Thallium-201 scintigraphy 

                                                       (Endocrine Journal 48: 697-702, 2001)

ECTOPIC ACTH secretion accounts for approxi-
mately 9-18% cases of ACTH-dependent Cushing's 
syndrome [1] . Excluding small cell carcinoma of the 
lung, most patients present with bronchial, and to 
a lesser extent, thymic carcinoids. Occult ectopic 
ACTH syndrome is often clinically indistinguishable 
from Cushing's disease, as studies of steroid dynam-
ics and pituitary imaging may yield inconclusive or 
misleading results. Even when the biochemical evi-
dence strongly suggests ectopic ACTH syndrome, it 
is very difficult to identify the location of the tumor

[2, 3] 
 We report here a case of a female patient with ec-

topic ACTH syndrome due to bronchial carcinoid 

for which T1-201 scintigraphy was useful in iden-

tifying the location of an ectopic ACTH-producing 

tumor.

Case Report

 In 1994, a 70-year-old woman was admitted to our 

hospital with a history of hypertension since 1989 and 

moon face, pigmentation of the skin, acne, and a 

buffalo hump since 1991. On admission, she was 152 

cm tall and weighed 55 kg. Her blood pressure was 
160/100 mmHg. Biochemical investigations revealed 

hypokalemia (3.2 mEq/L) and impaired glucose tol-
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erance after a meal (140-160 mg/dl). Basal plasma 
levels of ACTH and cortisol were elevated to 134 pg/ 
ml and 26.5 ag/dl, respectively, with loss of the nor-
mal diurnal rhythm; both levels failed to be sup-

pressed following overnight dexamethasone (1, 2, 8, 
16 mg) suppression test (Table 1, 2). Urinary cor-
tisol excretion level was 475 pg/day. From these 
findings, we diagnosed that she had ACTH-depend-
ent Cushing's syndrome. In support of this diagno-
sis, plasma ACTH response to CRH was blunted 

(Table 3), and dynamic magnetic resonance imaging 
(MRI) of the pituitary gland showed no evidence of 
a tumor. These findings strongly suggested ectopic 
ACTH production and a search for the site of ACTH 

production ensued. Plasma ACTH increased to 
49% and 75% of basal after administration of des-
mopressin and metyrapone, respectively (Table 4). 
In addition, plasma ACTH decreased to 42% of 
basal after octreotide administration (100 pg, sc) 

(Table 4). Endoscopic examination of the upper 
gastrointestinal tract, and abdominal CT scan show-

ed no evidence of tumor. Thoracic thin slice (5 mm) 
CT scan demonstrated a small mass measuring 7 mm 
in the right S7 (Fig, 1). However, the mass in right 

S7 was thought to be an opacity due to old inflam-
matory changes. At the same time, a brain CT scan 
revealed a mass measuring 2 cm in the left posterior 
lobe that was later diagnosed as a meningioma, which 
completely resolved following gamma knife therapy. 
We had initially hypothesized that the meningioma 
might be the source of ACTH production, but plas-
ma levels of ACTH did not decrease following sur-

gery (Fig. 2). The patient was then treated with 
metyrapone for hypercortisolemia. 

 In 1999, the patient presented with hematuria. 
Cystoscopy revealed a mass measuring 5 mm in the 
bladder, which was resected surgically. Pathology 
indicated a transitional cell carcinoma. ACTH 
staining of the tumor was performed but yielded a 
negative result, and plasma ACTH levels remained 
high. Chest thin slice CT scan was performed yearly 
to follow the lung mass, but the size of the mass 
remained unchanged. Since the possibility remained 
that the mass in right 57 could be a candidate for the 
ectopic ACTH-producing tumor, right pulmonary 
artery sampling was undertaken. The tumor was 
located in the pulmonary or splanchnic vascular 

beds, where the veins directly draining the tumor are 
inaccessible except by trans-left ventricular pulmo-
nary vein catheterization. ACTH levels had to be

Table 1. Endocrinological findings

Table 2. Overnight dexamethasone suppression test (1994)

Table 3. Results of preoperative and postoperative CRH test
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measured in the wedged pulmonary artery instead of 

the pulmonary vein. The results of this procedure 

revealed no differences between plasma ACTH levels 

from the pulmonary artery (1219 pg/ml), and peri-

pheral artery (1375 pg/ml). Thallium perfusion scin-
tigraphy following this procedure revealed uptake in 
the right lower lung field, again furthering suspicion

that this mass was the source of ectopic ACTH 

(Fig. 3). 
 In 2000, the patient presented with overt diabetes 

mellitus, and her hypertension became uncontrolled 
despite metyrapone treatment. Basal plasma ACTH 
and cortisol levels were elevated at 1000-1500 pg/ml 
and 40-45 pg/dl, respectively. Endoscopic examina-
tion of the lower gastrointestinal tract was normal. 
Again, thoracic CT scan demonstrated the mass 
measuring 7 mm in the right lower lobe (S7) and it 
was thought to be the same lesion that was demon-
strated by T1-201 SPECT. Therefore, it was consi-
dered to be a candidate for the ACTH-producing 
tumor, and the tumor was surgically resected by 
thoracoscopy. During the surgical procedure, the 
tumor was found to be in the right middle lobe. This 
anomaly of the right middle lobe was what was 
thought to be in S7 on CT scan before surgery. The 
tumor was round, 8 x 5 mm and yellow. Histologi-
cal examination of the tumor demonstrated a typical 
carcinoid morphology and immunohistochemical 
staining indicated that the majority of tumor cells 
exhibited positive cytoplasmic staining for ACTH 

(Fig. 4), chromogranin A, synaptophysin and neu-
ron-specific enolase (NSE), thereby confirming a di-

Table 4. Desmopressin test (1994)

Fig. 1. Chest CT. Arrows indicate a tumor.
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agnosis of an ACTH-secreting carcinoid tumor. In 
addition to the 8 x 5 mm mass, there was another 

tumor measuring 3 mm. It did not stain for ACTH 

but was positive for chromogranin A and NSE. 

Basal ACTH and cortisol levels immediately de-

creased 30 minutes after surgery to 16 pg/ml and 

3.1 ig/dl, respectively (Fig. 2). Hyperglycemia and 

hypertension were improved. Two weeks after the 

surgery, plasma ACTH and cortisol were suppressed

normally by dexamethasone (1 mg) suppression test. 

ACTH and cortisol responsiveness to CRH recovered 

eight months after the surgery. Replacement ther-
apy with hydrocortisone was discontinued and the 

patient is doing well.

Fig. 2. Clinical course and ACTH, cortisol and urine cortisol levels of the 

   following gamma knife surgery and resection of bladder carcinoma. 

   and cortisol levels decreased immediately.

case. Plasma levels of ACTH did not decrease 

After the surgery of thoracic tumor, basal ACTH

Fig. 3. Thallium perfusion scintigraphy of the lung. Arrow 

   indicates increased uptake in the right lower lung 

  field.
Fig. 4. Immunostaining of the tumor for ACTH. 

   cells display a cytoplasmic staining for 

  (brown). ( x 200)

Tumor 

ACTH
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Methods

Clinical examinations

  Dexamethasone suppression tests (1, 2, 8, 16 mg) 

were performed by overnight method. 
 CRH (hCRH Mitsubishi Injection) or desmopres-

sin (Kyowa Hakko) was injected at 9:00 am as an 
intravenous bolus of 100 pg or 5 tcg, respectively. A 
50% increase in plasma ACTH or a 20% increase in 

plasma cortisol over basal levels was regarded as 
responsive [4]. 

 Following an oral administration of 1.5 g metyra-

pone, plasma ACTH, cortisol, and 11-deoxycortisol 
were measured every two hours until 8 hours after 
administration. Following the subcutaneous injec-
tion of 100 pg octreotide (Novartis), plasma ACTH 
and cortisol were measured every hour until 8 hours 
after administration.

Histological examination 

 The tumor section was immunostained with a 

rabbit polyclonal anti-human ACTH antibody 

(Dako, Glostrup, Denmark) at a dilution of 1: 250. 
Immunoreaction product deposits were visualized by 

the avidin-biotin immunoperoxidase complex (ABC) 

procedure. Reaction control samples of sections 
were prepared with an incidental procedure except 

for the reaction with primary antibodies.

Discussion

 Occult ectopic ACTH syndrome is defined as CRH 
and/or ACTH-dependent hypercortisolemia of non-

pituitary origin of more than 4-6 months duration 
without the emergence of an obvious source [1]. 
There are two major problems with a patient who has 
Cushing's syndrome due to occult ectopic ACTH 

production. First, it is often clinically indistinguish-
able from Cushing's disease, as biochemical studies 
of steroid dynamics and pituitary imaging may yield

inconclusive or misleading results. Secondly, it is 

difficult to determine the source of ectopic ACTH 

production because of the variable location and small 
size of the tumors [5, 6]. 

  In this case, a small intrapulmonary lesion on CT 

was identified in 1994, but it was thought to be an 
incidental opacity due to old inflammatory changes. 

The important point in this case was that the T1-201 

scintigraphy images demonstrated marked accumula-
tion of radioactivity in the area of the lesion of right 

lung corresponding to the location of the tumor 

on CT. Tonami et al. reported a case of carcinoid 
tumor of the thymus in which T1-201 SPECT demon-

strated intense accumulation in the tumor [7] . They 

speculated that intense uptake by multiple, solid 

small cell nests of closely packed cells in the viable 

part of the tumor were responsible for Tl accumula-
tion and prolonged retention. Ando et al. reported 

that a small fraction of thallium taken up by tumor 

cells was localized in the nuclear mitochondrial and 

microsomal fractions of tumor tissue [8] . Although 

T1-201 scintigraphy is not specific for carcinoid or for 

ACTH-producing tumors, Elgazzar et al. reported 

that T1-201 uptake reflects the viability and metabolic 

activity of the tumor cells [9] . In our case, the tumor 

was an ACTH-producing bronchial carcinoid that 

might be viable and have high metabolic activity. It 

was invaluable to this case that T1-201 SPECT iden-

tified the location of the tumor. 
 Recently, somatostatin receptor scintigraphy (SRS) 

has been proposed for the localization of ectopic 

ACTH-producing tumors [10, 11]. At present, SRS 

has not been approved in Japan. However, Tabarin 

et al. reported that the sensitivity of SRS for the de-
tection of bronchial carcinoids was lower than that 

of thin-section CT scanning [12] . It has also been 

shown that the positivity of SRS relies not on tumor 

size but on the density or subtypes of the receptors 

expressed [12, 13]. 

 In conclusion, this case suggests that thallium per-

fusion scintigraphy might be useful when it is difficult 

to identify the source of ectopic ACTH production.
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