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Summary--The most common ectoplc production of a p~tmtary hormone is the one of ACTH 
leading to Cushing's syndrome Ectoplc ACTH-hypersecretlon is the cause of Cushing's 
syndrome m 10-15% of all cases The ACTH-secreting tumours are often oat-cell carcinomas 
of the lung, less frequently pancreaUc cancers, hypernephromas, or C-cell carcinomas of the 
thyroid Some of these tumours may be bemgn or sem~-bemgn as the rare carcmo~d tumours 
and cause great problems in the dlfferentml diagnosis of ACTH-dependent hypercortlsohsm 
Out of 173 of our paUents with Cushing's syndrome observed In the last 12 years 21 were 
caused by ectopIc ACTH-productlon Of these 21 patmnts 13 have a small cell carcinoma of 
the lung The ectopm ACTH-syndrome often has typical chmcal features caused by the levels 
of ACTH and cortlsol leading to hypocalaemm alcalosls with muscle weakness and wasting, 
carbohydrate intolerance, and hypertension with oedema The surwval time m many of these 
pattents is not long enough to allow them to develop typmal signs of Cushing's syndrome 
though they are often highly pigmented These patients are easily dmgnosed However, patients 
with small tumours which do not cause very elevated ACTH-levels and who have the more 
typical cllmcal signs of full-blown Cushing's syndrome are difficult to recogmze For the differ- 
entml diagnosis of ACTH-dependent Cushing's syndrome the corticotropm-releasIng hormone 
(CRH) stimulation test and dexamethasone suppression test with hlgh doses are helpful In 
special cases the venous samphng procedure for ACTH-measurements is necessary, also CT 
or NMR is helpful Ectoplc CRH-productlon Is a rare cause of ACTH-dependent Cushing's 
syndrome Patmnts with ectoplc CRH-productlon and consecutwe ACTH-hypersecretion 
from the pitmtary have not been studied extensively There are especmlly no well documented 
results of the use of the CRH-sUmulatlon test m wvo  m this group of patmnts vath Cushing's 
syndrome On the other hand, in the documented cases, not only CRH-, but also ACTH- 
production was found m the turnouts So far, this rare cause of ACTH-dependent Cushing's 
syndrome has to be excluded or confirmed by the measurement of endogenous CRH-levels 
But until now we have not been able to detect one smgle case of ectoplc CRH-productlon using 
a sensltwe homologous CRH-rad~olmmunoassay over a period of more than 8 years m which 
we have seen nearly 120 newly diagnosed patients with ACTH-dependent Cushmg's syndrome 
Only in the plasma and turnout t~ssue of two patients of other groups have we found high 
CRH-levels 

INTRODUCTION 

Ectopic production of  a releasing hormone is 
a rare cause of  endocrine diseases Growth 
hormone releasing hormone (GHRH) is the 
releasing hormone which is most frequently 
produced outside the hypothalamus [1] It has 
been shown to be the cause of  acromegaly and 
glgantlsm in a number of  cases, although it 
accounts for < 1% of all acromegahcs [1] In 
contrast ectopm corticotropln-releasing hormone 
(CRH)-productlon causing Cushing's syndrome 
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is very rare [2, 3] The far more frequent cause 
of Cushing's syndrome is ectoplc ACTH- 
production ACTH is the most commonly 
ectopically produced p~tultary hormone which 
leads to Cushing's syndrome and Is the cause of  
Cushing's syndrome in 10-15% of all cases [1, 4] 
Brown in 1928 [5] descnbed a combmatlon of  a 
"non-endocrine" tumour and the chmcal features 
of  Cushing's syndrome Thorne [6] descnbed 
the combinaaon of  bronchocarcinoma and 
Cushing's syndrome in 1952 Christy [7] dem- 
onstrated the presence of  an adrenal growth- 
stimulating factor m such tumours m 1961, but 
~t was not until 1962 that ectop~c secretion of  
ACTH by these tumours was first demonstrated 
[8] Llddle e t  a l  [9] in 1965 were the first to use 
the name "ectoplc ACTH-syndrome" 
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In 1971 Upton and Amatruda [10] extracted 
pepudes from mahgnant tumours One of the 
extracted peptldes stimulated ACTH-release, 
both m v w o  and zn w t r o  It was therefore 
postulated that the tumours made a pept~de 
with CRH-actwlty[10] Following the char- 
actenzaUon and synthesis of an owne CRH 
molecule m 1981 [11] ectoplc producuon of CRH 
has been demonstrated m only a few cases [2] 
Until now there is no single case m which 
Isolated ectoplc CRH-product~on could be 
demonstrated In all pubhshed cases ectoplc 
ACTH-productlon was also found [2] 

In the following study some chnlcal data of 
ectoplc CRH- and ACTH-producUon as well 
as the results of dmgnost~c and therapeutic 
management of these forms of Cushing's 
syndrome are presented 

ECTOPIC CRH-PRODUCTION 

Ectopzc CRH-producUon causing Cushing's 
syndrome is very rare [2] So far, this rare cause 
of ACTH-dependent Cushing's syndrome has 
to be excluded or confirmed by the measure- 
ment of endogenous CRH-levels But until now 
we have not been able to detect one single case 
of ectoplc CRH-product~on using a sensitive 
homologous CRH-radlolmmunoassay over a 
period of more than 8 years, m which we have 
seen nearly 120 newly dmgnosed patients wzth 
ACTH-dependent Cushmg's syndrome Only 
m the plasma and tumour extract of a patient 
of Dr Rohde's group m Berhn [12] and m the 
plasma of a patient of Dr Furlam's group in 
Verona[13] have we found high CRH-levels 
Figure 1 shows the results of the dynamic tests 
of the ACTH-secretlon of a 31-year-old woman, 
whom we observed more than 14 years ago Th]s 
female patient had a history of Cushing's syn- 
drome going back 1½ years, beginning nght after 
pregnancy Because of the high, but not exces- 
swe ACTH-levels and the partial suppression of 
these levels after 2 days of 2 mg dexamethasone 
every 6 h (Fig 1) and because of the moderate 
ACTH-mcrease after stlmulaUon with lysme- 
vasopressm (Fig 1) we diagnosed pituitary 
ACTH-dependent Custung's disease However, 
neurosurglcal exploration did not reveal a 
mlcroadenoma The patient therefore under- 
went bilateral adrenalectomy The surgeon found 
dunng the operation a metastatic pancreatic 
tumour Perhaps th~s tumour had produced 
CRH whzch would be compaUble with the 
observation of partml ACTH-regulatlon by 
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Fig I DynammtestsofACTH-secreUonmafemalepatmnt 
with ACTH-dependent Cushing's syndrome [4] 

dexamethasone and CRH However, at the time 
we did not have the opportumty of prowng 
this hypothetical diagnosis by measuring this 
releasing hormone m plasma or tumour tissue 

So far, m all pubhshed cases of ectoplc CRH- 
production, a co-existence and co-secretion of 
CRH and ACTH could be demonstrated [2, 10] 
Untd now no single case of ectop~c CRH- 
producUon without ACTH-co-secretlon IS 
documented 

ECTOPIC ACTH-PRODUCTION 

Ectoplc ACTH-productlon Is the cause of 
Cushmg's syndrome in about 10-15% of all 
patmnts with endogenous Cushing's syndrome 
[1, 4] Fzgure 2 summarizes the results of ACTH- 
measurement m 173 patients with Cuslung's 
syndrome, which we observed over 12 years [1] 
Out of these 173 cases 21 were caused by ectoplc 
ACTH-producUon (Fig 2) Out of the 21, 13 had 
a small-cell carcinoma of the lung The typical 
cllmcal features of ectopm ACTH-syndrome are 
caused by the usually very high ACTH- and 
corusol-levels leading to hypocalaemlc alcalosls 
and hyperplgmentatzon These patients are 
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correctly diagnosed without problems How- 
ever, paUents with small tumours, e g broncho- 
carcmoids, and not very elevated ACTH-levels 
are often difficult to recogmze [2, 3] Table I sum- 
manzes the typical ACTH-patterns in paUents 
with ACTH-dependent hypercomsohsm In 
patients with Cushmg's disease ACTH-levels 
may be moderately or significantly elevated 
and do not respond to msuhn-hypoglycaerma. 
They respond clearly to CRH and are usually 
suppressed by high doses of dexamethasone 
Patients with an ectopic ACTH-excess usually 
have very highly elevated ACTH-levels, which 
do not respond to hypoglycaemia and CRH 
and are usually not suppressible with high 
doses of dexamethasone, but exceptions occur 
If both functional tests are used, one has the 
opportumty to make the correct differential 
diagnosis of ACTH-dependent Cushing's &sease 

[14]. Patients wath ectoptc CRH-productaon seem 
to behave hke paUents wtth ectoplc ACTH- 
syndrome, though we do not have much data 
on these few patients Endogenous depression 
which may be accompanted by hypercortisohsm 
can be differentiated by the fact that the ACTH- 
levels at basal state are normal, do respond to 
msuhn-hypoglycaemaa, show a blunted response 
to CRH and a normal suppression after high 
doses of dexamethasone [2] Figure 3 summar- 
izes our experience with the CRH-stlmulation 
test in 9 patients wath ectopic ACTH-syndrome 
In contrast to patients with pituitary ACTH- 
dependent Cushing's disease [2], there is no 
increase of ACTH after CRH-stlmulatlon except 
m 2 cases, who showed significant ACTH- 
increases The cortisol levels which are often 
already maximally stimulated, do not reflect 
changes of ACTH-levels after CRH m these 
two patients (Fig 3) Two patients had only 
moderately elevated ACTH-levels (Fig 3, broken 
lines) The first one was a female patient with a 
bronchial carcmo]d turnout, the other a patient 
with an unknown small "non-endocnne" 
tumour 

In single cases cathetenzation studies of the 
cerebral sinus which drained the pitmtary gland 
are necessary A lack of a gradient between the 
ACTH-levels and the sinus petrosus inferior 
and in the penphery suggest that the source of 
the ACTH-hypersecreUon is not locahzed m the 
pituitary but elsewhere The combination of 
the catheterlzataon studies and CRH-stimulaUon 
leads to a better differentiation between pitu- 
itary ACTH-dependent Cushing's &sease and 
Cushing's syndrome due to ectopic ACTH- 
production [15] 

The difficulty in correctly dmgnosmg ACTH- 
dependent Cushing's syndrome is exemplified 
by the following 2 cases [1] In case 1, all test 
results pointed to p]tmtary ACTH-dependent 
Cushing's disease, though no m]croadenoma 
was detected dunng surgical sella-explorat]on 
Six years after bilateral adrenalectomy, ACTH 
increases further and a pituitary tumour was 

Table I Pattern of ACTH-secretJon m paUvnts voth ACTH-dependent hypercortzsohsm [1] 

Cuslung's Ectoplc ACTH- Ectop1¢ CRH- 
Test &seas¢ syndrome syndrome 

Level of basal ACTH ~ or n 1"i' or T t 

ACTH dunng IHT No increase No increase 

ACTH after CRH TI' or 1' No increase, 
seldom I" 

ACTH after lugh dex ,L No suppression, No suppression 
seldom 

Endogenous 
depression 

n 

Blunted T 

Abnormal 
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Fig 3 CRH-stzmulatzon test m 9 patients wzth ectoplc ACTH-product]on, 7 paUents had an oat-cell 
carcinoma of the lung [1-7] For details of the 2 other patmnts (broken hnes) see text [2] 

detected and removed In the second case the 
tests did not suggest pituitary ACTH-hyper- 
secretion, though no other ACTH-source could 
be found Six years after therapeutical bilateral 
adrenalectomy a small lung tumour was diag- 
nosed and removed, which led to a decrease of 
ACTH-levels [1] 

Altered POMC-maturatlon is common in 
non-pituitary tumours and decidedly unusual 
in pituitary cortlcotroph adenomas This subtle 
mechanism may be profitably used to detect 
abnormal POMC-fragments in blood that 
would pinpoint, but not identify, a non- 
pituitary origin of the ACTH-secretlon 
Bertagna et al [16] demonstrated that partial 
degradatmn of ACTH into CLIP is fairly com- 

mon in non-pttultary tumours CLIP escapes 
detection by most ACTH-radlounmunoassays 
(RIAs) and lmmunoradtometnc assays 
(IRMAs) Since the LPH are unaffected by the 
POMC-processing, the plasma LPH ACTH- 
ratio is increased [16] Ectoplc ACTH- 
production of carcinomas of the lung without 
chmcal signs of Cushing's syndrome was first 
described by Gewlrtz and Yalow[17] We 
looked with a N-terminal specific ACTH-RIA 
at the ACTH-secretIon of such patients and 
found clearly elevated levels in only 5 patients 
with an oat-cell carcinoma and In 4 patients 
with other tumours They all had, at least 
retrospectively, clinical signs of Cushmg's 
syndrome [4] 
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Fig 4 Serum cort]sol- and plasma ACTH-levels of a patzent with ectoptc ACTH-syndrome before and 
dunng continuous etomldate infusion [21] 



Ectop~c production of ACTH and CRH 407 

THERAPY OF ECTOPIC ACTH-PRODUCTION 

The only causal therapy is the removal of 
the ACTH-producmg "non-endocnne" tumour, 
but this is possible only m a rmnorlty of the 
cases In single cases, therapy with cytotox]c 
drugs can also allewate the ACTH-excess In the 
majority of the cases the therapy is directed 
against adrenal hypercort]sohsm by an adreno- 
lyttcal therapy whereas a bdateral adrenalectomy 
is necessary only in single cases [3, 18, 19] There 
are different adrenolyt]cal drugs [18], but greater 
experiences exist only with o,p'-DDD [3, 4, 18] 
In the last years lmldazole-denvatwes have also 
been used for adrenolytzcal therapy[18,20], 
especmlly ketoconazole and etom]date Figure 4 
shows the effects of an infusion of etomldate 
We treated a 53-year-old man with hyper- 
cortlsohsm due to ectopzc ACTH-product~on 
with th~s sedative therapy because of severe 
psychotic symptoms and severe hypocalaemla, 
alcaloszs and hypertension, which made a 
transfer to our mtenswe care umt necessary 
During contmuous infusion of etom]date at 
15-30 mg/h, corUsol levels fell to 5 #g/dl within 
8 h After reduction of the etomldate infusion 
corUsol levels increased, but fell agam when the 
dose of the drug was increased In contrast to 
the response in healthy people to short-term 
etom]date infusion, ACTH also decreased after 
3 days [21], a phenomenon also observed with 
other ]m]dazole-derlvatlves, e g ketoconazole 
[22, 23] In other cases a non-hypnoUc low-dose 
etomldate therapy led to a rap~d correction of 
hypercortlsolaemm m Cushmg's syndrome [20] 

Another possthdlty of treating selected cases 
with ectop]c ACTH-syndrome may be treat- 
ment vnth somatostat]n-analogue [24] We have 
shown years ago that a somatostatan infusion 
can acutely lower high ACTH-levels m a male 
patient with ectoplc ACTH-producUon from a 
metastatic medullary carcinoma of the thyroid 
[25] Now the long-acting somatostatan-analogue 
SMS 201-995 (Sandostatm) allows long-term 
therapy m such cases Rgure 5 shows the ACTH- 
and cortzsol-levels before and under Sandostatln- 
therapy of a young female patient with ectop~c 
ACTH-product]on This patient, who had a 
small carcmo]d lung tumour as the cause of 
ectoplc ACTH-syndrome, was at first operated 
upon successfully She had a relapse during and 
after pregnancy but now we can not find any 
trace of the tumour Therefore, we started the 
Sandostatm therapy (Fig 5), which has so far 
been successful 

CONCLUSIONS 

Ectop]c ACTH-hypersecret]on is the cause of 
Cushing's syndrome m 10-15% of all cases, 
whereas ectoplc CRH-product]on is a rare 
cause of ACTH-dependent Cushing's syndrome 
The dlfferentml dmgnoszs between p]tmtary and 
ectop]c ACTH-dependent Cushmg's syndrome 
may cause great problems m single cases In most 
cases symptomaUc therapy zs only achieved by 
reducing the steroid excess 
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