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Abstract

Ectopic production of adrenocorticotropic hormone by carcinoid 
tumours is uncommon and covert and occult presentations often 
hamper its diagnosis. A 27-year-old man was admitted with multi-
ple vertebral bodies collapse related to osteoporosis along with oth-
er clinical features consistent with Cushing’s syndrome. Both basal 
and dynamic laboratory evaluation suggested adrenocorticotropic-
dependent Cushing’s syndrome diagnosis, specifically ectopic ad-
renocorticotropic syndrome. Laboratory testing also showed high 
serum levels of chromogranin A and urinary 5 hydroxyindoleacetic 
acid. Pituitary and thoracic-abdominal-pelvic imaging proved to 
be normal, including the octreoscan. To reduce cortisol levels, and 
before resorting to adrenalectomy, metyrapone was prescribed but 
eucortisolism was not achieved. Octreotide therapy reduced plasma 
adrenocorticotropic hormone and cortisoluria to half although the 
octreoscan had been negative. As no primitive tumour had been de-
tected, the patient underwent bilateral adrenalectomy. Two years 
and a half after the diagnosis, an octreoscan detected a lung tumour, 
which was resected. Pathological analysis revealed an atypical car-
cinoid tumour and immunohistochemistry was positive for adre-
nocorticotropic hormone but negative for corticotropin-releasing 
hormone and chromogranin A. Clinical and biochemical resolu-
tion of Cushing’ syndrome followed but chromogranin A levels re-
mained above normal. This case highlights both that, although rare, 
an exuberant osteoporosis can be the initial presentation of ectopic 

adrenocorticotropic hormone syndrome and high chromogranin A 
levels may have other origin than direct tumour production. It also 
raises the question of prescribing somatostatin agonists in patients 
whose octreoscan is negative as small tumours may produce false 
negative results. Moreover, the reduction of hypercortisolism be-
fore surgery may improve the surgical outcome and with bilateral 
adrenalectomy may contribute to the primary tumour growth and 
detection.

Keywords: Ectopic Cushing’s syndrome; Carcinoid tumor; Osteo-
porosis; Chromogranin A; Hipokalaemia; Octreotide

Introduction

Cushing’s syndrome (CS) may broadly be divided into ad-
renocorticotropic hormone (ACTH) independent CS and 
ACTH-dependent CS [1]. 12% to 17% of the CS occurrenc-
es are due to the ectopic ACTH syndrome (EAS), which are 
often tumours of neuroendocrine origin [2]. EAS not only 
includes tumours that secrete ACTH but also those that pro-
duce corticotropin-releasing hormone (CRH), which are ex-
tremely rare [2-4].

EAS may be caused by several tumours, mainly those 
that have their origin in neuroendocrine cells of the respi-
ratory or gastrointestinal tract [2, 5, 6]. The most frequent 
aetiologies of these tumours are small cell lung carcinoma 
(SCLC), carcinoid tumours (especially those of the lungs, 
thymus and gastrointestinal tract), islet cell tumours and 
pheochromocytoma [2]. Carcinoid tumours alone are re-
sponsible for 25% of all EAS [2, 7] and they are by far the 
most frequent cause of EAS with the classical features and 
habitus of CS. In most cases, when EAS is caused by ma-
lignant tumours, circulating ACTH and cortisol levels are 
extremely high without classical signs of CS but frequent 
hypokalaemia. Then the onset of CS is sudden, the duration 
of symptoms short and the clinical phenotype atypical [1, 
4, 7]. Conversely, patients who suffer from neuroendocrine 
tumours (NETs) namely carcinoid tumours or pheochromo-
cytoma usually exhibit the typical cushingoid habitus and 
have longer clinical courses because of the slow growth of 
the tumour [1, 4, 7]. Since non-adrenal tumours may pro-
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duce large amounts of ACTH and other proopiomelanocortin 
(POMC) derived peptides, baseline steroid values are usu-
ally significantly high and increased skin pigmentation may 

occur [1, 4, 7].
Besides increased ACTH levels, in EAS due to ectopic 

ACTH secretion there is no plasma and urinary cortisol sup-

Variable Reference Range, Adults Basal values

Hemogram

Hemoglobin (g/dL) 13.0 - 17.5 13.8

Hematocrit (%) 40.0 - 50.0 39.4

Mean Cell Volume (fL) 80.0 - 97.0 93.1

White-cell count (per µL) 4,000 - 11,000 8,900

Neutrophils (%) 57 - 67 90

Lymphocytes (%) 25 - 33 6.5

Eosinophils (%) 1-3 0.1

Platelet count (per µL) 150,000 - 450,000 119,000

Biochemistry

Glucose (mg/dL) 70 - 110 288

Urea nitrogen (mg/dL) 10 - 50 28

Creatinine (mg/dL) 0.7 - 1.2 0.6

Sodium (mmol/L) 135-145 150

Potassium (mmol/L) 3.5 - 5.1 2.0

Chloride (mmol/L) 98 - 107 96

Urate (mg/dL) 200 - 420 136

Aspartate Transaminase (U/L) 0 - 37 24

Alanine Aminotransferase (U/L) 10 - 49 46

Gamma-glutamyl transferase (U/L) < 73 21

Alkaline Phosphatase (U/L) 45 - 129 264

Bilirubin (mg/dL) 0.1 - 1.1 0.9

Proteins (g/L) 66 - 87 63

Albumin (g/L) 34 - 48 42

Lactate dehydrogenase (U/L) 208 - 378 1,009

Creatine Kinase (U/L) 32 - 294 55

Calcium (mg/dL) 8.6 - 10.2 8.3

Phosphorus (mg/dL) 2.7 - 4.5 1.5

Magnesium (mg/dL) 1.6 - 2.6 2.1

Triglycerides (mg/dL) < 200 164

Total Cholesterol (mg/dL) < 200 154

HDL (mg/dL) < 35 (high risk) 44

C-reactive protein (mg/dL) < 0.5 0.05

Table 1A. Laboratory Testing on Admission
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Table 1B. Laboratory Testing on Admission

Variable Reference Range, Adults Basal Values

Endocrinology
Insulin (mU/L) 3 - 25 26.4

C peptide (ng/mL) 0.8 - 3.9 6.16

Glycated haemoglobin (%) < 6.0% 6.3

Parathyroid Hormone (pg/mL) 14 - 72 40.2

Adrenocorticotropic Hormone (pg/mL) 0 - 46 212.0

Cortisol (µg/dL) 4.3 - 23 (8 a.m) 77.9

Hydroxyprogesterone (ng/mL) 0.3 - 2.0 4.30

Dehydroepiandrosteronesulfate (µg/dL) 80 - 560 375.0

Delta 4-androstenedione (ng/mL) 0.6 - 3.1 16.90

11 Desoxycortisol - Compound S (ng/mL) Baseline: < 7.2 40.30

Aldosterone (pg/mL) Standing: 40 - 310
Lying: 10 - 160

88.4

Renin (pg/mL) Standing: 2 - 50
Lying: 1.6 - 15

2.2

Thyroxin (µg/dL) 4.5 - 10.9 6.6

Thyroid Stimulating Hormone (µU/mL) 0.35 - 5.50 0.70

Free Thyroxin (ng/dL) 0.89 - 1.80 1.20

Triiodothyronine (ng/mL) 0.60 - 1.81 0.68

Follicle-stimulating hormone (U/L) > 16 years: 1.4 - 18.1 0.94

Luteinizing Hormone (U/L) 1.5 - 9.3 2.37

Prolactin (ng/mL) 2.1 - 17.7 12.8

Estradiol (pg/mL) Man: < 52 < 10.0

Total Testosterone (ng/dL) 241 - 827 198.0

Free Testosterone (pg/mL) 8.8 - 27 15.30

Free Androgen Index 14.8 - 94.8 53.8

Sex-hormone Binding Globulin (nmol/L) 13 - 71 14.7

Growth Hormone (ng/mL) 0 - 1.0 0.09

Insulin-like Growth Factor 1 (ng/mL) 117 - 329 118.0

Tumoral markers

CEA (ng/mL) < 5.0 17.6
CA 15.3 (U/mL) < 32 43.4
Chromogranin A (µg/L) < 100 1473
Glycoprotein Free alpha-subunit (µg/L) < 0.8 0.2
Calcitonin (pg/mL) < 8.4 < 5.00
Human chorionic gonadotropin (ng/mL) 0 - 2.5 < 0.1
Somatostatin (µg/L) < 5.6 1.4
Serotonin (µg/L) 117.5 - 193.3 186
Urinary 5-Hydroxyindoleacetic acid (mg/24h) 0.7 - 8.2 12.8
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pression in high-dose dexamethasone suppression test and 
typically no ACTH and cortisol rise in both CRH and me-
tyrapone tests. Furthermore, the pituitary scan magnetic res-
onance imaging (MRI) is expected to show no changes and 
the inferior petrosal sinus venous sampling (IPSS) shows no 
central/peripheral ACTH gradient [1, 4, 7-9]. Therefore, ad-
ditional imaging procedures have to be carried out in order 
to identify the ACTH or CRH secreting tumour [1, 4, 7-9].

EAS treatment depends on its cause. If the tumour can 
be found and the disease remains localised its excision can 
lead to cure [1]. On the contrary, if the ectopic source of 
ACTH cannot be found it may be necessary to perform bilat-
eral adrenalectomy followed by a careful observation of the 
patient (sometimes for several years) as the primary tumour 
can take time to grow and be localised [1]. Medical therapy 
may be necessary to partially correct the cortisol excess, hy-
pokalaemic alkalosis, high blood pressure and diabetes mel-
litus (DM) [1].

We describe a case of an EAS caused by ectopic ACTH 
secretion from an atypical carcinoid lung tumour. It shows 
several unusual features that may be of value for other cases: 
steroidogenesis inhibitors should always be used, even if bi-
lateral adrenalectomy is considered the first treatment option 
or the primary tumour is already localised and is going to 
be excised; somatostatin analogues may be a valid alterna-
tive even in patients with negative octreoscan; bilateral ad-
renalectomy contributes to the growth of the primary tumour 
and its localisation; chromogranin A (CgA) is not specific 
for NETs and its increase may have other origin than direct 
tumour production in patients suffering from NETs.

 
Case Report

A 27-year-old Caucasian man was admitted to the hospital 
because of severe hypokalaemia (1.6 mEq/L) in February 
2006.

In November 2005 the patient noticed acne and moon 
face; in January 2006 the onset of paraesthesias on both 
hands and feet, polydipsia and polyuria; and in February 
2006, two weeks before admission, fatigue and generalized 
weakness. Two days before admission the patient fell from 
his standing height and was admitted to the emergency room 
complaining of generalized weakness and lumbosacral pain. 
He denied weight changes, psychiatric symptoms or to have 
taken drugs recently.

On admission, the physical examination showed cen-
tripetal distribution of the fat tissue (BMI 28.4 kg/m2), moon 
face, buffalo hump, facial acne, dispersed small bruises 
on the trunk, generalized weakness and walking inability. 
The remaining physical examination was normal, including 
blood pressure levels.

This clinical setting suggested CS diagnosis. Laboratory 
testing pointed to an ACTH-dependent CS, suggestive of 
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EAS, with highly increased ACTH and cortisol levels, high 
delta 4-androstenedione serum levels, severe hypokalaemia, 
hyperglycaemia, hypocalcaemia, hypophosphataemia and 
metabolic alkalosis (pH: 7.51; PaCO2: 37 mmHg; PaO2: 76 
mmHg; HCO3- 29 mmol/L) (Table 1A, B)

The low-dose dexamethasone suppression test (0.5 mg 
of dexamethasone every 6 hours during 48 hours starting at 
8 a.m.) showed no cortisol suppression confirming the CS 
diagnosis. Although cortisol serum levels were reduced to 
half at the end of the high-dose dexamethasone suppression 
test (2 mg of dexamethasone every 6 hours during 48 hours 
starting at 8 a.m.), they remained extremely high and there 
was no reduction in the urinary cortisol levels suggesting an 
EAS. CRH (100 µg IV of CRH and ACTH measurement at 
0’, 15’ and 30’) and metyrapone (3g of metyrapone at mid-
night with ACTH measurement at 8 a.m.) tests showed no 
ACTH rise (Table 2) and tumour markers determination 
showed increased levels of CgA, carcinoembryonic antigen 
(CEA), cancer antigen (CA) 15.3 and 5-hydroxyindoleacetic 
acid (5-HIAA) (Table 1B), both reinforcing an EAS.

Pituitary MRI was normal. Thus a thorax, abdomen and 
pelvis MRI and an octreoscan were performed to find out 
the ectopic tumour. As no pituitary or non-pituitary tumours 
were detected, an IPSS was carried out. It showed no ACTH 
production lateralization, no central/peripheral ACTH ratio 
and no ACTH and cortisol increase after CRH stimulation, 
reinforcing the hypothesis of an ectopic origin of ACTH 
(Table 3).

The Computed Tomography (CT) scan of the dorso-
lumbar column highlighted the collapse of several vertebral 
bodies and vertebral sclerosis. In the vertebral column MRI 
there were non-recent reduction, intra-spongy herniation and 
degenerative changes of the dorsolumbar vertebral bodies 
and moderate hypertrophy of the posterior central epidural 
fat on the dorsal segment, without compression effect. The 
osteodensitometry showed vertebral osteoporosis with a T-
score of -3.3.

Because of severe hypokalaemia, the patient was ini-
tially treated with spironolactone (100mg twice a day) and 
high doses (120 mEq/day) of potassium chloride (KCl). Af-

ter the EAS diagnosis, metyrapone (500 mg three times a 
day) was added. In spite of an initial normalization of serum 
potassium and urinary cortisol, metyrapone dose had to be 
titrated as its effect was overcome. For the secondary DM, 
metformin was prescribed and a good glycaemic control 
was achieved. Because of severe osteoporosis with multiple 
vertebral fractures, generalized weakness and dorsolumbar 
pain, treatment with calcium carbonate, alendronate and 
non-steroid anti inflammatory drugs (NSAIDs) was started 
but soon opioids had to be added. The patient also started 
a proton-pump inhibitor (Omeprazole 20 mg, once a day), 
physical therapy and a dorsolumbar vest was applied.

During the coming months a progressive deterioration 
of the clinical condition and worsening of analytical indexes 
occurred. The patient complained of severe tiredness, in-
ability to walk (a wheelchair was needed), paraesthesias on 
the lower extremities and bruises for very little traumatisms. 
Broad violaceous cutaneous striae arose on the abdomen, 
peri-armpit regions and tights and a severe oedema of the 
lower extremities extended as far as the tights. ACTH plas-
ma levels, cortisol serum levels and cortisoluria increased 
and the doses of metyrapone, spironolactone and opioid an-
algesics had to be titrated. Somatostatin (Sandostatin LAR® 
20 mg per month) was added, with a reduction of cortisoluria 
to half one month later.

But even with the reduction in cortisoluria, no medical 
control of the CS was achieved, so the patient was proposed 
to bilateral adrenalectomy, which was performed in May 
2007. After the surgery the laboratory tests showed serum 
hypocortisolism (0.9 µg/dL; reference range - 4.3 - 23 µg/
dL) and high levels of plasma ACTH (744 pg/mL; reference 
range - 0 - 46 pg/mL). As a result, replacement therapy with 
hydrocortisone was prescribed and later fludrocortisone was 
added. Calcium carbonate, colecalciferol and alendronate 
continued being prescribed and only NSAID’s were needed 
to control pain but they were progressively discontinued.

In September 2007 he underwent a D6-D7-D8 lami-
nectomy with removal of posterior epidural fat. In August 
2008 there were no signs of hypercortisolism, DM, oedema 
or paraesthesias. Besides, there was a reduction of the pain 

Table 3. Inferior Petrosal Sinus Sampling With 1 µg/kg of Endovenous CRH at 0’

Inferior Petrosal Sinus Sampling with 1µg/kg endovenous CRH at 0’

Left Inferior Petrosal Sinus Right Inferior Petrosal Sinus Peripheral blood

ACTH 0’ 136 140 126

ACTH 15’ 143 159 128
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complaints and he was able to walk with the vest. There was 
a generalised cutaneous hyperpigmentation and increased 
CEA (9.2 ng/mL - reference range: < 5.0 ng/mL) and CgA 
(204 µg/L - reference range: < 100 µg/L) levels, although 
they were lower than those at initial presentation (CEA: 17.6 
ng/mL; CgA: 1,473 µg/L).

In August 2008, two years and a half after the initial 
symptoms, he performed another octreoscan which showed 
a single nodular lesion in the inferior third of the left hemi-
thorax medial surface (Fig. 1) and a thoracic MRI which re-
vealed a 1.8 cm of diameter, nodular lesion in the inferior 
left lobe of the pulmonary parenchyma (Fig. 2). The nodule 
excision was performed in September 2008 with no intercur-
rences. Isolation and section of the lobar bronchus was also 

carried out. The extemporaneous exam showed a carcinoid 
tumour and the pathological analysis diagnosed a 2.5 × 2 
cm atypical carcinoid tumour with intense and diffuse im-
munoreactivity to cytokeratines 7, 18 and CD56, positivity 
to ACTH and synaptofisin and negativity to CRH, CgA and 
thyroid transcription factor-1 (TTF-1) (Fig. 3). There was 
minimal necrosis, with the tumour extending to the surgical 
margins but no angioinvasion. There was tumour tissue in 
one of the hilar fragments of the left lung inferior lobe and in 
one of the three lymph nodes that were examined.

Two months later the patient had no complaints, the skin 
was less pigmented and the ACTH plasma levels had nor-
malised (27 pg/mL - reference range: 0 - 46 pg/mL). How-
ever, CA 15.3 was still slightly high (34 U/mL - reference 
range: < 32 U/mL) and the CgA levels had increased (816 
µg/L - reference range: < 100 µg/L). Seven months after the 
lung surgery, an octreoscan, a bronchofibroscopy and a tho-
rax and abdomen CT scan were carried out but no tumour ev-
idence was found. Although the osteodensitometry showed 
lumbar column osteopenia (T-score -1.6), there had been an 
improvement regarding to the one performed by the time the 
CS was diagnosed (T-score -3.3).

In October 2011, about five years and a half after the 
EAS diagnosis and three years and a half after the primitive 
tumour resection, the patient was treated with hydrocorti-
sone, fludrocortisone, calcium carbonate and colecalciferol. 
He continued asymptomatic, with normal ACTH and corti-
sol levels, with CA 15.3 and CgA within the reference range 
and he repeated an octreoscan which was negative. As a pre-
caution, before collecting the blood samples for analysis, the 
patient stopped the proton pump inhibitor therapy as it may 
be a cause of CgA false positives.

Discussion
  
This case describes a patient with an EAS secondary to an 
atypical carcinoid lung tumour, which corresponds roughly 
to 10% of all lung carcinoid tumours [6]. Lung carcinoid tu-

Figure 1. Octreoscan showing a single nodular lesion 
in the inferior third of the left hemithorax medial sur-
face.

Figure 2. Thoracic MRI showing a 1.8 cm of diameter, 
nodular lesion in the inferior left lobe of the pulmonary 
parenchyma.

Figure 3. Atypical carcinoid lung tumour × 200.

    33                                     34



J Endocrinol Metab  •  2013;3(1-2):29-37   Ectopic Cushing’s Syndrome

Articles © The authors   |   Journal compilation ©  J Endocrinol Metab and Elmer Press™   |   www.jofem.org

mours are non-smoking associated rare tumours, accounting 
for 1-5% of all pulmonary neoplasms and 12-15% of carci-
noid tumours overall [2, 10, 11]. They are more frequent in 
Caucasian males, the male-to-female ratio is 2:1, and affect 
individuals in a wide age range with a peak incidence in the 
fifth decade [5, 6]. They have their origin in the bronchial 
mucosa, in the neurosecretory cells - Kulchistky cells - and 
are classified as low grade malignant neoplasms because 
they can potentially cause both local invasion and local re-
currence and the occurrence of occasional metastases in ex-
trathoracic sites [5, 6]. Lung carcinoids are ranked typical 
and atypical, according to the histopathological criteria of 
the World Health Organization (WHO) [10] and, at present, 
their staging is named the same way as the lung bronchogen-
ic carcinoma [6, 12]. The incidence of CS in lung carcinoid 
tumours is about 1% [10]. Conversely, the incidence of lung 
carcinoid tumours as the cause of CS remains variable in the 
literature [10].

In February 2006, when admitted to the hospital, our pa-
tient had features typical of EAS caused by NETs.

The long-standing disease with the typical cushingoid 
habitus and associated osteoporosis was one of these fea-
tures. Indeed, in a retrospective study carried out by Libuse 
Tauchmanova, Rosario Pivonello, Carolina Di Somma et 
al, patients with ectopic and pituitary ACTH hypersecretion 
had more severe cortisol excess than those ones with adrenal 
adenomas or carcinomas and bone fractures were described 
as a presenting symptom of endogenous cortisol excess [13, 
14]: 4 patients out of a total of 104 (4%) presented low-ener-
gy fractures at the time of diagnosis and 38 (37%) medium or 
high energy fractures [14]. Besides, the severe disease with 
very high ACTH (higher than 200 pg/mL) and cortisol levels, 
high serum levels of delta-4-androstenedione, hypokalaemia 
and metabolic alkalosis and the non-suppression of cortisol 
in low and high-dose dexamethasone suppression tests and 
failure of CRH and metyrapone tests to increase ACTH and 
cortisol levels also suggested an EAS caused by a NET. This 
diagnosis was reinforced by the CgA levels increase and by 
the absence of image in the pituitary MRI and no central/pe-
ripheral ACTH gradient in the IPSS. Actually CgA is a neu-
roendocrine marker that may reflect the tumour size, activity 
and malignancy [1, 15] and that may be 1,000 times higher 
than the normal reference range in NETs [15]. IPSS, with 
a sensitivity of more than 95% and very rare false-positive 
results [4], has proved to be a highly sensitive test regarding 
the distinction between pituitary and non-pituitary sources 
of ACTH excess [1, 4, 7, 16], as opposed to pituitary MRI in 
which false negatives due to Cushing’s disease (CD) micro-
adenomas are common [16, 17].

So, once the EAS diagnosis had been made, its aethiol-
ogy had to be determined and the primary tumour localised.

Increased levels of urinary HIAA suggested a carcinoid 
tumour, as it was posteriorly confirmed. Indeed, carcinoid 
tumours are a common cause of EAS and up to one quarter 

of lung carcinoids are associated with increased levels of uri-
nary HIAA [17]. Also, the initial negative thorax, abdomen 
and pelvis MRI and octreoscan pointed to carcinoid tumour 
diagnosis. In fact, this is a common situation in these tumours 
as they remain radiologically undetectable for long periods 
after the initial presentation [18]. The absence of tumour de-
tection in these exams also pointed to the lack of sensibility 
of these methods in the detection of small carcinoid tumours. 
Actually, their sensibility is only 49% for the detection of 
slow growth ectopic ACTH-secreting tumours [18].

High CAE and CA 15.3 levels at presentation pointed to 
an EAS, but they didn’t help finding its aethiology. In fact, 
and although CAE and CA 15.3 might be increased in lung 
cancer, they are non-specific tumour markers and may be 
raised in many other cancers and other non-cancerous condi-
tions, all excluded in our patient [19].

In conclusion, we would like to point out some unusual 
features that might be useful for other cases.

The importance of reducing hypercortisolism with med-
ical adrenalectomy before surgery (bilateral adrenalectomy, 
primary tumour excision or other surgeries). Actually it re-
duces the surgical risk as the reduction in serum cortisol lev-
els ameliorates the surgical prognosis [20]. Thus, we suggest 
that all patients with hypercortisolism should be treated with 
steroidogenesis inhibitors even if bilateral adrenalectomy is 
considered the first option or the primary tumour is already 
localised and is going to be excised.

The presence of somatostatin receptors in many ectopic 
ACTH-secreting tumours is the basis for the use of soma-
tostatin analogues to treat this condition and the uptake of 
radiolabelled somatostatin has been found to be predictive of 
biochemical response to somatostatin analogues [18]. In this 
case a marked and early response to somatostatin analogues 
was noted despite a negative octreoscan. Although we did 
not further pursue this therapy and instead choose to perform 
bilateral adrenalectomy it is worth noting that medical ther-
apy with somatostatin analogues may be a valid alternative 
despite a negative octreoscan.

After bilateral adrenalectomy increased levels of ACTH 
were found and the primary tumour was localised about one 
year later. This is reminiscent of a Nelson-like syndrome, 
whereby bilateral adrenalectomy, reducing the negative 
feedback of cortisol on the pituitary leads to an increase ac-
tivity of the pituitary tumour/corticotroph cells or primary 
ectopic syndrome. In this regard, the previous note may be 
particularly relevant since maintained medical therapy with 
somatostatin analogues may have a similar effect and may 
lead to the identification of the primary tumour, thus avoid-
ing unnecessary bilateral adrenalectomy. We suggest this 
could become a rational approach to non-localised EAS.

A fourth worth noting point regards the misleading value 
of CgA. This is a somehow specific marker of neuroendo-
crine cells/tumours mostly produced but chromaffin cells of 
the adrenal medulla, but also synthesized in anterior pituitary 
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gland and pancreatic β cells, what explains its rise in DM. 
Besides DM, CgA levels are increased in renal and heart 
failures, chronic atrophic gastritis, osmotic diarrhea and 
therapy with proton-pump inhibitors [21]. Glucocorticoids 
also raise CgA levels [22, 23] and CgA secretion from the 
adrenal medulla and anterior pituitary gland into the blood 
stream is increased during stress [15]. In fact, and although 
produced in the cortex, glucocorticoids reach the adrenal 
medulla through the corticomedullary portal system and, at 
high levels, can promote the upregulation of phenylethanol-
amine N-methyltransferase (PNMT), increasing epinephrine 
synthesis and secretion and therefore raising CgA [1]. Al-
though the high levels found in this patient were in apparent 
agreement with a carcinoid tumour, later data clearly show 
the tumour was not the origin of the increased CgA levels 
- no immunoreactivity for CgA in the tumour itself and per-
sistent high levels after tumour excision. This may induce 
unnecessary anxiety and unneeded further exploration. In 
fact, increased CgA in this patient probably depends as not-
ed on the glucocorticoid effects on CgA secretion, DM and 
proton-pump inhibitors use, as, and excluding the initial and 
final CgA measurements (February 2006 and October 2011 
respectively), the patient was taking proton-pump inhibitors.
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