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Surgical treatment of ectopic adrenocorticotropic hormone
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Background: The study was to review the clinical manifestations and laboratory examinations of ectopic
adrenocorticotropic hormone (ACTH) syndrome, and to analyze the efficacy of surgical treatment.
Methods: The clinical data, surgical therapy, and outcome of 23 cases of ectopic ACTH syndrome
accompanied by intra-thoracic tumors were reviewed. The tumors were removed from all the patients
according to the principles of radical resection.

Results: The tumors were confirmed as associated with ectopic ACTH secretion in 19 cases.
Hyperglycemia and hypokalemia were recovered, while plasma cortisol, plasma ACTH and 24-hour urinary
free cortisol (UFC) levels were significantly reduced after surgery in these 19 cases. Recurrences of the
disease were found in six cases during following-up, and five of them died.

Conclusions: The thoracic cavity should be a focus in routine examinations of patients with symptoms
of Cushing’s syndrome (CS), because ectopic ACTH-producing tumors are commonly found in bronchus/
lung and mediastinum. Despite the incidence of the pulmonary nodule secondary to opportunistic infection
in some cases, surgery is still the first choice if the tumor is localized. The surgical procedure should be
performed according to the principles in resection of lung cancer and mediastinal tumor. The surgical
efficacy is significant for short-term periods; however, the recurrence of the disease in long-term periods is in

great part related to distal metastasis or relapse of the tumor.
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Introduction of the tumors were in the chest cavity, 50% of them were

caused by bronchopulmonary tumors, and 30% were caused

Ectopic adrenocorticotropic hormone syndrome (EAS) by mediastinal tumors (2). The diagnosis of EAS remains

is caused by secretion of adrenocorticotropic hormone difficult in spite of the development of clinical biochemical

(ACTH) from the tumor outside the pituitary, and may
result in overproduction of cortisol and related clinical
manifestations. It is rare, and between 10% and 20% of
Cushing’s syndrome (CS) could be found associated with

an ectopic tumor (1). In most reports, the major origins
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and imaging technology, especially in localization of the
ectopic tumors. Surgery is now commonly regarded as an
effective treatment in cases where EAS is diagnosed and the
ectopic tumor is localized.

To further understand the clinical aspects of the disease,
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Table 1 Clinical appearances and biochemical examinations of

23 cases
Descriptions Male Female
(n=10) (n=13)

Median age (years) 36 41

Location of the nodules
Mediastinal nodule (n) 8 9
Lung nodule (n) 1 3
Bronchus nodule (n) 1 0
Lung & mediastinal 0 1
nodule (n)

Clinical manifestations
Hypertension (n) 8 12
Hypokalemia (n) 10 11
Hyperglycemia (n) 7 9
Concentric obesity (n) 7 11
Edema of lower 6 8
extremities (n)
Hirsutism (n) 5 11
Acne (n) 8 9
Menstrual irregularity (n) - 10

Biochemical test results
Plasma ACTH (ng/L)
8:00 plasma cortisol
(bg/L)
24-hour urinary cortisol
(H9)

n, number of individual cases; ACTH, adrenocorticotropic

hormone.

293.15+167.80 254.36+187.70
535.90+145.82 452.56+201.59

958.83+350.31 961.69+258.76

we studied the cases diagnosed as EAS with suspected
tumors in the thoracic cavity, with surgery in the previous
18 years. The localization of the ectopic tumor, the
procedures of surgery, and postoperative outcomes were

summarized.

Methods
Patients

"This retrospective study was undertaken at the Department
of Thoracic Surgery, Ruijin Hospital Shanghai, approved
by the Regional Ethics Committee of our hospital, and
after patients’ informed consent. We studied 23 cases of CS
due to ectopic ACTH secretion accompanied by surgically
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removed suspected intra-thoracic tumors, between January
1997 and December 2014, including 10 male patients
and 13 female patients between the ages of 27 to 73 years
(median age, 40 years).

All patients were diagnosed with EAS by the Department
of Endocrine Disease before transfer to our department
for surgery, and the initial responses to medical treatment
were not satisfactory. The variable clinical presentations
associated with hypercortisolism were confirmed,
including metabolic features such as hypertension (87.0%),
hypokalemia (91.3%) and hyperglycemia (69.6%), general
features such as concentric obesity (78.2%) and edema
of the lower extremities (60.8%), skin features such as
hirsutism (69.6%) and acne (73.9%), and gonad features
such as menstruation irregularity (76.9%).

Diagnoses of EAS for these patients were based on
the laboratory test results of increased plasma ACTH
(269.87+176.49 ng/L; normal range, 12-78 ng/L), elevated
blood levels of endogenous cortisol (489.60+£179.12 pg/L;
normal range, 67-226 pg/L), high levels of 24-hour urinary
free cortisol (UFC) (960.41+£293.23 pg; normal range
21-111 pg/24-hour), loss of normal feedback of the
hypothalamic-pituitary-adrenal axis (non-suppression with
both low-dose and high-dose dexamethasone in all cases),
and loss of the normal cortisol circadian rhythm.

Computed-tomographic (CT) scan, magnetic resonance
imaging (MRI), or positron emission tomography (PET)/
CT were used in the examinations for localization studies.
The tumors from bilateral adrenal glands or abdomen
were excluded. Solid nodules inside the thoracic cavity
were confirmed, including mediastinal nodules (n=17),
lung nodules (n=4), bronchus nodules (n=1), and lung
nodule combined with mediastinal nodule (n=1) (7able I).
The diameter sizes of the nodules ranged from 1 to 8 cm,
3.16 cm in average.

Methods

All patients underwent surgery to remove the suspected
intra-thoracic tumors. The treatments for controlling high
blood pressure, high glucose levels, and low potassium levels
were given before surgery. Glucocorticoid replacement
applied in cases of hypocortisolism after surgery. Usually,
hydrocortisone was given orally 20-30 mg per day as
glucocorticoid replacement. The surgical approach and
procedure were selected according to the location and
size of the tumor. The surgeries were performed by
minimal intercostal incision in 13 cases, by video-assisted
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Table 2 Pathological types and immunostainings of 19 cases of

localized tumors

Pathological types of tumors ACTH NSE CgA Syn

Mediastinal carcinoid (n=12) 11 9 7 6
Poorly-differentiated NET of 3 3 2 2
mediastinum (n=4)

Pulmonary carcinoid (n=1) 1 1 0 1
Pulmonary & mediastinal carcinoid 1 0 1 0

(n=1)
Bronchus carcinoid (n=1) 1 1 0 O
n, number of cases; NET, neuroendocrine tumor; NSE,

neuron-specific enolase; CgA, chromogranin A; Syn,

synaptophysin; ACTH, adrenocorticotropic hormone.

thoracoscope in eight cases, and by median sternal incision
in two cases. The tumors were removed by excision of the
mediastinal/thymic tumor accompanied by thymectomy
in 17 cases, by pulmonary lobectomy in four cases, by
lobectomy with mediastinal tumor resection in one case,
and by bronchial tumor resection in one case.

Biochemical data of fasting blood-glucose, blood
pressure, plasma potassium, plasma ACTH (8 am),
plasma cortisol (8 am) and 24-hour UFC were detected.
Comparisons of these data between pre-operative and post-
operative periods were made.

Statistical analysis

SPSS version 21.0 software (SPSS, Chicago, IL, USA)
was used in statistical analyses. The quantitative data were
presented in the form of mean = standard deviation (SD).
All P values less than 0.05 were considered significant.

Results

Among the 23 patients, 19 patients were confirmed as EAS
with intra-thoracic tumors associated with ectopic ACTH
production after surgery, while the ectopic ACTH-secreting
source remained occult in the other four patients. These
four patients were transferred back to the Department of
Endocrine Disease for continuing medical treatment.

Pathology

Among the 19 cases of EAS with localized tumors, 13 cases
were neuroendocrine tumors (NET) of the thymus (68.4%,
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ten cases of carcinoid and three cases of low-differentiated
NET), three cases were NET in other areas of the
mediastinum (15.8%, two cases of carcinoid and one case of
low-differentiated NET), and three cases were pulmonary
carcinoid, bronchial carcinoid, and pulmonary with
mediastinal carcinoid, respectively. The immunostaining
results showed ACTH positive in 17 cases, neuron-specific
enolase (NSE) positive in 14 cases, chromogranin A (CgA)
positive in 10 cases, and synaptophysin (Syn) positive in
nine cases.

The pathologies of the nodules in the other four cases of
occult source were pulmonary aspergillosis for three cases and
mediastinal angiomatous hyperplasia for one case (Table 2).

Clinical and laboratory results

The postoperative hospitalization period for all
23 patients was 7-15 days. They were all discharged
without complications. The plasma ACTH, plasma cortisol,
and 24-hour UFC were all decreased significantly in the
19 patients in whom the tumors were localized as the
ectopic ACTH secreting sources. The cases of hypokalemia
(19/19), hypertension (13/16), and hyperglycemia (13/14)
were consequently recovered to normal ranges without
medication, and menstrual irregularities disappeared in

some females (8/10) (Tuble 3).

Prognosis

Follow-ups were conducted for the 19 patients in whom the
ectopic tumors were removed. The duration of follow-ups
were from 5 to 102 months (median, 45 months), and three
patients lost contact. There was no death within 30 days
after surgery. One patient died within 1 year, three patients
died within 3 years and six patients died within 5 years.
The 1-year survival rate was 92.9% (13/14) and the 3-year
survival rate was 72.7% (8/11), while the 5-year survival
rate was 40% (4/10). Death occurred in six patients totally,
including four cases of thymus NET, one case of pulmonary
carcinoid, and one case of mediastinal carcinoid. The causes
of death consisted of tumor relapse in three cases, distant
metastasis in two cases, and one case of an unrelated cause.
The manifestations of CS recurred in six patients, with tumor
relapse in four cases, and distant metastases in two cases.

Surgery was repeated for the relapsed tumors for three
patients. One patient died in 1 month and another died
in 1 year, while the third survived and the symptoms of CS
again disappeared.
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Table 3 Comparison of biochemical data from 19 cases with localized tumors preoperative and postoperative

891

Laboratory results Preoperative Postoperative T P

Glucose in hyperglycemia (mmol/L) 10.85+3.15 5.39+0.87 5.293 0.000
Potassium in hypokalemia (mmol/L) 2.44+0.40 3.79+0.31 -10.200 0.000
Plasma ACTH (ng/L) 307.77+174.59 70.58+82.94 4.879 0.000
8:00 plasma cortisol (ug/L) 533.62+162.46 151.70+87.67 7.796 0.000
24-hour urinary cortisol (ug) 980.30+313.16 147.47+204.95 8.312 0.000

ACTH, adrenocorticotropic hormone.

Discussion

CS secondary to ectopic ACTH secretion has been
described in association with a variety of tumors. The
current experiences with this syndrome are based on a few
case series and individual case reports.

It is difficult to confirm CS associated with ectopic
ACTH-producing tumors, not only for diagnosis, but
also for localization of the tumor itself. Imaging scans,
such as CT or MRI of the chest and abdomen, PET,
and somatostatin receptor scintigraphy are still the most
effective diagnostic measures to localize the tumors (3).
However, the ectopic ACTH source usually remains occult,
and between 12% and 19% of the tumors may not be
localized on initial evaluation (4). The main cause is that
the associated tumors are not always detected in routine
imaging scans. It was reported that the tumors could not
be found with a CT scan or an MRI in about 20-50%
of the EAS cases (2). The outcomes after lung surgery
for suspected tumors were sometimes unsatisfactory,
because in these cases the resected nodules were not the
ectopic ACTH secreting tumors, but were the results
of opportunistic infections, such as invasive pulmonary
aspergillosis or bacillosis due to hypercortisolism (5,6). In
our cases, four patients could not recover after lobectomy
or excision of the mediastinal tumor. The pathological
study showed pulmonary aspergillosis in three cases and
mediastinal angiomatous hyperplasia in one case. The exact
tumors could not be found in these four patients; however,
surgery still remains important for localization of the tumor
and therapy for the disease.

In some cases, the ectopic ACTH-producing tumor
might co-exist with pituitary adenoma, even when the
pituitary tumor did not secrete the hormone. This made
diagnosis and localization more difficult, even leading to
misdiagnosis (2). In our study, we found three cases of
intra-thoracic tumors accompanied by pituitary tumors.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

The pituitary tumors were detected first in two cases, but
excision had no effect. The symptoms were not relieved
until the thymic tumors were found and removed. In
the third case, the pituitary and thymic tumors were
simultaneously found and the thymic tumor was removed
only, cortisol level decreased then and pituitary surgery was
avoided.

The most common type of tumor is NET, which can
be classified as well-differentiated NET (such as carcinoid
tumor) and poorly-differentiated NET (such as small-cell
carcinoma and large-cell neuroendocrine carcinoma). Most
prevalent origins of ectopic ACTH secretion are small-cell
carcinoma of the lung, broncho-pulmonary carcinoid tumor,
thymic NET, pancreatic NET, medullary thyroid cancer,
and pheochromocytoma of the adrenal gland (2,7). NSE
immunostaining can be regarded as one of the molecular
marker detections for NET, while immunostaining for
ACTH and CgA also provide helpful diagnosis for ectopic
ACTH secretion source (8). The tumors are often found
in the bronchus, lung, and mediastinum (9). In our cases,
the tumors were all NETs of the chest. The most common
location was in the mediastinum (84.2%, 16/19), and in
the bronchus/lung (10.5%, 2/19). ACTH showed positive
immunostaining in 89.5% (17/19) of the cases, while CgA
was positive in 52.6% (10/19) of the cases.

Surgical resection is effective in cases of ectopic ACTH-
secreting tumors when successfully localized (2,10). About
83% of CS patients with bronchial carcinoid tumors
recovered after curative resection (11). The surgical
procedure should be performed according to the principles
of resection of lung cancer and mediastinal tumor, including
anatomic resection of the tumor and radical complete lymph
node dissection (10). The outcome was favorable even in
N2 cases when surgery was technically feasible (8,12). It is
also important to excise the anterior mediastinal adipose
tissue as much as possible, for ectopic thymic tumors often
distribute in any part of the anterior mediastinal adipose
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tissue (13). In our study, we performed an N1-N2 lymph
node dissection during pulmonary lobectomy and excision
of anterior mediastinal adipose tissue during resection of
mediastinal tumors. And we found the N1 lymph node
metastasis in one case of lung carcinoid tumor and the N2
lymph node metastasis in two cases of mediastinal NETs
by pathological study. We also found the small metastasis
nodules in neighboring mediastinal adipose tissue in two
cases of thymic NETs. The symptoms were improved in
19 cases when tumors were successfully localized and
removed, and the increasement of cortisol levels did not
recur if there was no tumor relapse or metastasis.

However, chemotherapy failed to achieve a clinical
response, and the tumor progressed rapidly with worse
clinical conditions related to CS (14). Surgery is therefore
the first choice to treat the disease when the ectopic
tumor is localized (15). Medication, including adrenal
enzyme inhibitors and glucocorticoid antagonists, is also
an important way to control hypercortisolism (16). When
the primary tumor cannot be found or removed and
medical control fails, unilateral adrenalectomy, or bilateral
adrenalectomy with subsequent steroid replacement, is an
effective alternative for control of hypercortisolism (11,17).

Recurrence of the symptoms and recurring elevations
of the ACTHY/cortisol levels after surgery are usually
associated with relapse and metastasis of the tumors.
Distal metastasis of the tumor was commonly seen in some
pathological types. Thymic NET and small-cell carcinoma
of the lung showed high rates of relapse and distal metastasis
with poor prognosis (18,19). The symptoms recurred in six
cases related to mediastinal NET in our study. Two cases
showed distal metastasis, including one with bone metastasis
and the other with disseminated metastasis; both died later.
The other four cases had relapses of the tumor. One patient
died without a second surgery, while others received a
second surgery, but only one survived. In these four cases,
the relapsed tumors were all found in the mediastinum, but
in the different position instead of their original position.
This indicated that ectopic ACTH-producing tumors could
exist in any position of the mediastinum, and this could be a
reason for the relapse of the intra-thoracic NET.

Conclusions

In conclusion, the diagnosis of EAS can be challenging,
because the source of ACTH production is difficult to
identify. It is recommended that a CT scan or an MRI or
PET-CT should be used as routine detections for patients
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with symptoms of CS. The intra-thoracic region should be
assessed even when the tumor exists in the pituitary, because
the ectopic ACTH-secreting tumor is commonly observed
in the bronchus/lung and mediastinum. Despite the
incidence of pulmonary nodule secondary to opportunistic
infection in some cases, surgery is still the first choice if
the tumor is localized. The surgical procedure should be
performed according to the principles for resection of lung
cancer and mediastinal tumors. The anterior mediastinum
adipose tissue should be excised as much as possible during
resection of the mediastinal tumor. The surgical efficacy
is significant in the short-term period; however, the
recurrence of the disease in the long-term is considered
to mostly contribute to distal metastasis or relapse of the
tumor.
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