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Abstract

Cushing’s syndrome due to ectopic ACTH as a result of metastatic malignancy invariably
has a poor prognosis. In addition to tumour growth, diabetic and infective complications
are causes of death. A multidisciplinary approach is needed with the focus of care being
on management of endocrine abnormalities, control of symptoms and optimising quality
of life. The adverse prognosis associated with these cancers should be taken into account
when deciding on whether or not to pursue active oncological treatment with chemotherapy.
In this case report, a 69-year-old patient presented with symptoms and signs of Cushing’s
syndrome, which on further investigation was shown to be due to an ectopic ACTH-secreting
metastatic small cell cancer of unknown primary. Treatment with palliative carboplatin
etoposide chemotherapy and metyrapone was started, but unfortunately after one cycle of
chemotherapy the patient died following hospital admission with poor diabetic control and
non-neutropenic sepsis. We discuss the key issues in the diagnosis and management of this
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condition.

Case report

A 69-year-old woman presented with a four-week history of
facial and bilateral leg swelling. She also described symptoms of
proximal myopathy. Her past medical history included osteoporosis
and osteoarthritis. Routine medication was a weekly bisphosphonate,
aspirin and St John’s Wort. Clinical examination identified bilateral
pitting oedema to the knees and Cushingoid facies. Her blood pressure
was 150/70 mm Hg. Investigations performed is listed in Table 1.
These investigations showed:

A. Hypokalaemic alkalosis and an inappropriately high urine
potassium indicating a renal route of potassium loss;

B. Cushing’s syndrome due to ectopic ACTH as a result of metastatic
malignancy, with liver metastases (Figure 1), normal adrenal
glands and no obvious primary evident on CT chest abdomen and
pelvis;

C. Normal pituitary gland and no intra-cranial metastases on MRI
brain.

The non-specific increases in the serum concentrations of tumour
markers (CA125, CA15-3, CA19-9) were of no diagnostic value. The
patient underwent a liver biopsy which revealed small cell carcinoma.
Palliative carboplatin etoposide chemotherapy was subsequently
commenced to treat the cancer and metyrapone was given to treat the
endocrine abnormality. After one cycle of chemotherapy she developed
diabetes and was admitted to hospital with poor diabetic control and
non-neutropenic pneumonia. Unfortunately, she deteriorated rapidly
and passed away only four months after the development of her
symptoms.

Discussion

Cushing’s syndrome as a result of ectopic ACTH production has
been reported in association with a variety of malignant tumours.
Most commonly it is seen with neuroendocrine tumours such as small
cell lung cancer (accounting for about 50% of cases of ectopic ACTH
syndrome'?), carcinoid syndrome® and medullary carcinoma of the
thyroid.* It has also been seen in cases of adenocarcinoma of the lung,’

breast,’ prostate’ and pancreas.® Ectopic ACTH syndrome is evident in
approximately 2 to 5% of patients with small cell lung cancer’ "' and
it occurs in both limited and extensive stage disease. Ectopic ACTH
syndrome invariably has a poor prognosis unless it is associated with
carcinoid syndrome.

Figure | Computerised tomography scan of chest, abdomen and pelvis:
extensive liver metastases.

Patients are diagnosed with ectopic ACTH syndrome if they have
clinical signs and symptoms of excess corticosteroid production
and at least two of the following criteria: spontaneous hypokalemia
(potassium <3.2mmol/1), plasma cortisol level >660nmol/l with loss
of diurnal variation and/or lack of suppressibility by dexamethasone,
plasma ACTH level >22pmol/l, and 24-hour urinary free cortisol
level >400nmol/day.’ In addition to these tests, inferior petrosal sinus
sampling of ACTH levels is an invasive technique which is sometimes
used to differentiate between ectopic ACTH syndrome and Cushing’s
disease (Cushing’s syndrome due to pituitary adenoma).'? See Table
2 for a summary of the investigations used to determine the different
causes of Cushing’s syndrome.
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Table | Investigations performed

2.2 mmol/l (low)
[normal range 3.5 - 5.1]

37.2 mmol/l (high)
[normal range 22 — 29]

Serum potassium

Serum bicarbonate

Urine pota§5|um 46 mmolll (high)
concentration

Renal function Normal

Random serum cortisol

. 1303 nmol/l (high)
concentration

2444 nmol/l/24 hrs (high)
[normal range < 120]

175ng/1 (high)
[normal range < 46]

Urinary cortisol excretion

Plasma ACTH
concentration

0.3 pmol/ml/h (low)
[normal range 2.8 — 4.5]

< 75 pmol/l (low)
[normal range 100 — 800]

<250
[< 800 excludes Conn’s syndrome]

Plasma renin activity

Aldosterone

Aldosterone/renin ratio

Low dose dexamethasone

) Cortisol not suppressed
suppression test

High dose dexamethasone

) Cortisol not suppressed
suppression test

Corticotrophin releasing
hormone stimulation test

MRI brain

ACTH and cortisol not increased

No abnormality

Extensive liver metastases, normal adrenal

CT chest abdomen pelvis glands and no obvious primary (Fig 3)

Serum CAI25 66 U/L [normal range < 35]
Serum CAI5-3 158 kU/L [normal range < 25]
Serum CAI19-9 240 kU/L [normal range < 27]

It should be noted that clinical signs of Cushing’s syndrome are
not always evident in ectopic ACTH syndrome, with only metabolic
abnormalities present in some patients. Ectopic ACTH may therefore
mimic Conn’s syndrome (primary hyperaldosteronism), except that
plasma aldosterone and renin concentrations are low. This reflects
the rapid onset of severe hypercortisolism to a level where there is
significant cross-reactivity at the mineralocorticoid (aldosterone)
receptor in the kidney.

Patients with ectopic ACTH syndrome have a high incidence of
infection, diabetes and hypertension resulting from steroid excess.
Death is invariably due to tumour growth, but infection (neutropenic
and non-neutropenic) has often been noted to be the cause of
death. Studies suggest that ectopic ACTH production is an adverse
prognostic factor, although the reason for this is unclear. Possibilities
are an increased risk of infection and diabetic complications and
perhaps that ACTH excess signifies a more aggressive cancer.

Treatment strategies include treatment of the underlying cancer,
treatment of the endocrine abnormality and treatment of complications
(infection, diabetes and hypertension). In one case series of 14
patients with small cell lung cancer and ectopic ACTH syndrome
(five with limited stage disease, nine with extensive stage disease),’
objective tumour responses to chemotherapy were seen in three
patients (complete response in two, partial response in one). Median
survival was 10 and 5 months in patients with limited and extensive
stage disease, respectively, with median survival for the entire group
of 14 patients being 5% months. In another study of 10 patients
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with small cell lung cancer and assessable for hormone response
to chemotherapy,'® there was a complete, partial and no hormone
response seen in two, five and three patients. Median survival was
only 3.57 months illustrating the poor outlook of this condition.
While chemotherapy has been shown to improve median survival in
patients with metastatic small cell cancer,' there is no evidence that
it improves survival for patients with small cell cancer and ectopic
ACTH production.

There have been case reports which agree with this poor prognosis.
One was of'a 69-year-old patient with ACTH-secreting neuroendocrine
carcinoma of the Ampulla of Vater and liver metastases, in which the
patient died after four months despite administration of irinotecan
cisplatin combined chemotherapy.'* Another was of a 48-year-old
patient with sigmoid colon neuroendocrine carcinoma and liver
metastases, in which the patient died of neutropenic sepsis after two
cycles of palliative chemotherapy.'® The fact that survival is so poor
in these patients makes one have to question whether chemotherapy
has any significant impact on survival at all. However, there have
been some case reports in which patients do better. One was of a
55-year-old woman who had total thyroidectomy 20 years previously
and then developed ectopic ACTH as a result of recurrence with
metastatic disease affecting lungs, bones and the mediastinal and
neck nodes.* Treatment with the kinase inhibitor vandetanib resulted
in a radiological, biochemical and clinical improvement within two
months of treatment. Another case report was of a 27-year-old woman
with ACTH-secreting poorly differentiated pancreatic neuroendocrine
carcinoma with ovarian and pelvic metastases, which was treated
with extensive surgery (partial pancreatectomy, splenectomy,
bilateral oophorectomy and excision of peritoneal nodules) followed
by chemotherapy.'® Subsequent pelvic nodal recurrence happened
19 months after surgery and this didn’t respond to second line
chemotherapy.

Other treatments to improve symptoms due to ectopic ACTH
production include medications to decrease endogenous steroid
production by the adrenal glands, such as metyrapone,'”!®
ketoconazole,' aminoglutethimide'” and somatosatin analogues.?**!
Adrenal ablation (by mitotane, embolisation or adrenalectomy)
is another treatment option for decreasing endogenous steroid
production. Diabetic and blood pressure control is important and
requires careful monitoring.

Metyrapone inhibits adrenal steroid synthesis by inhibiting the
enzyme steroid 11B-hydroxylase and subsequently this decreases
the conversion of 11-deoxycortisol to the more potent glucocorticoid
cortisol. It has been shown to produce clinical, hormonal and
biochemical improvement in patients with ectopic ACTH syndrome.
In one case series,'® metyrapone given at a median dose of 4000 mg/
day (range 1000-6000 mg/day) resulted in a reduction in cortisol
levels in 13 of 18 (70%) patients with ectopic ACTH syndrome.
Cortisol levels decreased from a median level of 1023 nmol/l (range
823 - 6354 nmol/l) to <400 nmol/l. The medication was well tolerated
with the most common side effects being transient hypoadrenalism
and hirsuitism.

Somatostatin analogues have also shown promise in achieving
hormonal improvements in carcinoid tumours. In one study, two
patients with ACTH syndrome due to lung carcinoid tumours were
treated with the long acting somatostatin analogue SMS 201-995
(Sandostatin).?! One patient had a 50% reduction in serum ACTH,
achieved within 4 hours of a single 50 mcg dose. In the other patient
a clinical and biochemical remission was maintained for 10 weeks on
100 mcg three times daily.
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Table 2 Investigations to determine different causes of Cushing’s syndrome
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Cushing’s disease (pituitary

Primary adrenal

Ectopic ACTH syndrome

latrogenic cushing’s

adenoma) cushing’s syndrome syndrome
Plasma Cortisol High High High High
24 hour urinary free . . . .
Cortisol High High High High
Plasma ACTH High Undetectable or low Normal to high Low
Low dose . )
. Cortisol not . Cortisol not
dexamethasone Cortisol not suppressed Cortisol not suppressed
. suppressed suppressed
suppression test
High dose . -
) Cortisol not ) Cortisol not
dexamethasone Cortisol suppressed Cortisol not suppressed
suppressed suppressed

suppression test

Corticotrophin
releasing hormone
stimulation test

MRI brain

CT chest abdomen
pelvis

ACTH and Cortisol increases

Pituitary adenoma detected in

70% of cases

No abnormality

ACTH and Cortisol
does not increase

No abnormality

Adrenal adenoma or
adrenal hyperplasia

ACTH and Cortisol does not

increase
No abnormality

Malignant disease identified

ACTH and Cortisol
does not increase

No abnormality

No abnormality

IPS:plasma ACTH ratio >2
(>3 if corticotrophin releasing
hormone given) indicates a
pituitary source of ACTHI2

Inferior petrosal sinus
(IPS) sampling|2

Not indicated

IPS:plasma ACTH ratio <2 (<3 if
corticotrophin releasing hormone

given) suggests ectopic source of
ACTHI2

Not indicated

In another study,” ketoconazole has been shown to achieve
clinical, hormonal and biochemical responses. Fifteen patients
with ectopic ACTH syndrome were assessable for response to
ketoconazole given in a daily dose ranging from 400 to 1200 mg. After
starting ketoconazole, hypokalemia improved in 13 of 14 assessable
patients, although only five were able to discontinue potassium
supplementation and potassium-conserving medications. Metabolic
alkalosis completely responded in 8 of 11 assessable patients.
Seven of 10 assessable patients with new or worsened diabetes had
improved glycemic control, and in one of the patients insulin or oral
hypoglycaemic drugs could be stopped. All eight assessable patients
with new or worsened hypertension had improved blood pressure
control, although antihypertensives could be discontinued in only
one patient. Hormonal response was assessed using urinary free
cortisol levels in 12 patients, with a complete response (normalisation
of urinary free cortisol level) seen in five patients and a partial
response in three patients. It should be noted that patients received
concurrent chemotherapy, therefore making it difficult to determine
whether chemotherapy or ketoconazole had achieved the response.
Of importance is that in those who have a hormone response on
ketoconazole, there is an inadequate steroid response to stress (e.g.,
infection). This has led to the recommendation that maintenance
corticosteroids should be given to those who have normalisation of
hormones and that early steroid replacement be given at times of
stress in those who have a partial hormone response.'***? This should
also be the practice in those treated with other medications used to
decrease endogenous steroid production, such as metyrapone and
aminoglutethimide.

In summary, treatment of ectopic ACTH syndrome due to
malignancy based on current evidence would be: urgent referral
to oncology for assessment and for consideration of starting
active oncological treatment; consideration of therapies to reduce
endogenous steroid production; give steroid replacement in complete
hormone responders and at times of physiological stress in partial

hormone responders; early treatment of suspected infection; active
management of glucose intolerance and hypertension. This is a
multidisciplinary problem and needs involvement of endocrinology,
oncology, clinical biochemistry, histopathology, radiology, and
palliative care specialties. Although ideally randomised controlled
trials should assess the interventions involved, they are unlikely to
be feasible, given the rarity of the condition and that data to date are
based on case series. Instead future evidence is likely to be gained
from adopting a national framework of recommendations for practice
and auditing outcomes accordingly.
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