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Introduction 

The neuroendocrine cells of the gastroenteropancreatic (GEP) axis 
belong to the APUD-system, because they are capable of amine 
precursor uptake and decarboxylation, leading to the production of 
amines and small peptides. Currently, over 50 peptides have been iden
tified, secreted by more than IS different types of neuroendocrine cells 
scattered throughout the gut [I]. Tumours of these cells are generally 
characterized by an excessive production of one or several of these pep
tides. The presence of peptides in tumour tissue can usually be easily 
identified with immunohistochemical methods, or by demonstrating 
their mRNA with in situ hybridization techniques [2,3]. The peptides are 
also frequently released into the circulation, where they can exert their 
endocrine effects on various targets, often inducing a typical clinical 
syndrome of hormonal overproduction. These tumours can be called cli
nically jilllctioning neuroendocrine tumours. The circulating peptides can 
usually be measured with radioimmunologic methods, allowing them to 
be used as tumour markers [4]. One tumour generally releases several 
amilles or peptides in the circulation. Therefore the choice of possible 
tumour markers is much wider than in the case of non-endocrine 
tumours. The situation is much more difficult in so-called clinically non
jilllctioning neuroendocrine tumours, not inducing symptoms or signs 
relating to hormonal hypersecretion. Sometimes, these tumours remain 
hormonally active, producing peptides without clinical effect, which still 
can be used as tumour markers [1,5-8]. When the tumour has lost all 
abilities to produce hormonally active substances one has to resort to 
the use of non-endocrine secretion markers, such as certain enzymes or 
other contents of secretOlY granules. 
In the choice of an adequate tumour marker, the following criteria 
should be taken into account [9]: the marker must be useful (l) to 
screen populations for the presence of a tumour, (2) to differentiate 
between the different types of neuroendocrine tumours, (3) to distin
guish between benign, intermediate or malignant tumour types, (4) to 
provide an estimate of the tumour load, (5) to follow the course of a 
particular tumour over time, in order to be able to evaluate the response 
to therapeutic interventions, and to rapidly detect an eventual relapse, 
and (6) to assess the prognosis. Unfortunately none of the current 
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tumour markers can fulfill all these goals. Therefore, the search for bet
ter markers still goes on, and is at present one of the main activities of 
neuroendocrine research. In addition to the use of the circulating pepti
des themselves, the receptors for some peptides have recently been 
shown to be velY valuable markers [4]. Their presence on tumour tissue 
can be demonstrated in vivo by radioisotopic techniques, using radio
nuclide labeled peptide, which specifically binds to a specific receptor 
[10]. 

Serum markers 

Clinically functioning neuroendocrine tumours 

Table I provides an ovelview of endocrine syndromes, with the most 
important peptides being responsible for the clinical expression. Most of 
these peptides can selve as excellent tumour markers, that can be used 
both in the diagnosis as well as in the follow-up of these neoplasms. 

Table 1. Clinical syndromes and markers of neuroendocrine tumours of the GEP axis 

tumours 

carcinoid 

gastrinoma 
insulinoma 
glucagonoma 
somatostatinoma 
VIPoma 
secreting 

"ectopic" hormones 

clinically 
non-functioning 

signs of honnone excess 

flushing, diarrhea 

ulcer disease 
hypoglycemia 
demlatosis, dementia, diabetes, DVT 
diabetes, steatorrhea, cholelithiasis 
diarrhea, hypokalemia, achlorhydria 
Cushing 
acromegaly 
hypercalcemia 
SIADH 
flushing, diarrhea 
none 

markers 

serotonin, substance P, 
urine 5-HIAA 
gastrin 
insulin 
glucagon 
somatostatin 
VIP 
ACTH,CRH 
GHRH 
PTH, PTHrp 
vasopressin 
calcitonin 
PP, BCG-subunits, NSE, CgA 

GEP ;;; gastroenteropancreatic, DVT = deep venous thrombosis, SIADI'! = syndrome of 
inappropriate antidiuretic homlone secretion, 5-HIAA ~ 5-hydroxyindoleacetic acid, 
VIP = vasoactive intestinal polypeptide, ACTH :::: adrenocorticotropic hormone, 
CRH = corticotropin releasing hormone, GHRH :::: growth hormone releasing homlOne, 
PTH ~ parathyroid homlOne, PTHrP ~ parathyroid homlOne related peptide, PP ~ pancreatic 
polypeptide, HCG ~ human chorionic gonadotropin, NSE ~ neuron-specific enolase, 
CgA :::: chromogranin A 
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In the interpretation of the data one should take into account the feed
back system involved. The demonstration of inappropriate secretion is 
often an important clue to the presence of a tumour: high insulin levels 
in the presence of hypoglycemia in insulinomas [I 11, high gastrin levels 
in the presence of gastric acid hypersecretion in gastrinomas [121, and 
high glucagon levels in the absence of hypoglycemia in glucagonomas 
[13J. Generally, the serum concentration of the peptide is positively cor
related with tumour mass. Thus, changes in the concentration over time 
provide information on tumour growth or shrinkage, except during 
treatment with drugs, such as octreotide, that inhibit peptide secretion 
[14J. In these cases the relation between changes in the concentration 
of the marker and changes in the volume of the tumour is lost, so that 
the marker can unfortunately no longer be used to monitor tumour 
growth. 

Usually the peptide marker can be used to assess the prognosis of its 
tumour. The prognosis of a particular tumour partially depends on the 
potential of the secreted peptide(s) to produce clinical symptoms. For 
instance, most insulin-producing tumours, have a good prognosis, since 
hypoglycemia usually develops very early in the evolution of the dis
ease, when the tumours are still smaller than 3 cm [5J. On the contrary, 
glucagon-producing tumours are generally much larger (around 7 cm as 
a mean) when they develop the glucagonoma syndrome [15J. This may 
select tumours of higher growing-potential, resulting in a higher malig
nancy rate (around 60 per cent) as compared to glucagon-producing 
tumours, lacking the syndrome. Most of the latter tumours ar small, 
benign adenomas discovered by chance in autopsy or surgical speci
mens. A similar behaviour is shown by somatostatin-producing tumours 
[16, I 7J. The prognosis is also influenced by the localization of the pep
tide production. TUmours of the endocrine pancreas producing eutopic 
hormones are less frequently malignant (5-15 per cent in the case of 
insulin om as), than those producing gut hormones, such as gastrin, 
vasoactive intestinal polypeptide (VIP) or neurotensin (around 60 per 
cent), or more apparent ectopic hormones, such as adrenocorticotropic 
hormone (ACTH), vasopressin (VP) or growth hormone releasing hor
mone (GHRH) (90-100 per cent malignant) [1-3,18-2IJ. This obviously 
suggests that tumours with ectopic hormone production are more 
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deeply transformed, resulting in a more aggressive behaviour. The con
cept of ectopic hormone production should be put in perspective, how
ever. Many of the secretion products considered to be ectopic are likely 
to be eutopic phylogenetically and ontogenetically. For instance, during 
the last years it has been demonstrated that virtually all normal tissues 
contain small amounts of a precursor of ACTH, probably pro-opiome
lanocortin (POMC) [22J. All cancers produce excessive amounts of this 
precursor, and some of them are able to convert it into biologically 
active ACTH. In this context, the word ectopic is a misnomer. 

The above discussion demonstrates that the secretion products of most 
GEP endocrine tumours can relatively easily be detected in the circula
tion and used as tumour markers. Carcinoids, the most commonly 
occurring gut endocrine tumours, form an exception to this rule [23,24J. 
Their clinical expression differs according to their origin from fore-, 
mid- or hindgut. The typical carcinoid syndrome, consisting of diarrhea, 
flushing and bronchospasm, is caused by midgut carcinoids [23J. 
Ullfortunately, since their secretions drain into the portal circulation and 
are degraded by the liver, such tumours usually become symptomatic 
only after substantial hepatic metastasis. Only in rare cases, when carci
noid tissue is present in the retroperitoneum or the ovaries, which drain 
directly into the systemic venous circulation, the syndrome can manifest 
itself in the absence of liver metastases [24J. Serotonin (5-hydroxytlYP
tamine) is one of the major secretion products. The measurement of the 
serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) in urine is the 
most frequently used parameter in the diagnosis and follow-up of mid
gut carcinoids. Using an upper cut-off value of 8 mg I 24 hours the sen
sitivity in the diagnosis of metastasized carcinoids is nearly 75 per cent 
with a specificity of 100 per cent [23,25]. Direct measurement of plasma 
serotonin concentrations, even when determined in platelet-rich plas
ma, does not provide better results [26]. Although the carcinoid syn
drome originally was considered to be due to the effects of serotonin 
secretion, carcinoid tumours are now known to secrete a mixture of 
bioactive amines and pep tides, including histamine, prostaglandins, 
tachykinins (most notably substance P and neuropeptide K), neuroten
sin, kallikreins, bradykinin-like peptides, endorphins, somatostatin, VIP, 
motilin, etc. [2 I ,25-33J. These secretion products may actually be 
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responsible for a large proportion of the clinical effects that previously 
have been attributed to increased levels of serotonin. Unfortunately, the 
serum concentrations of these peptides are not universally elevated in 
patients with the carcinoid syndrome, and they can also be produced in 
other situations where flushing occurs (medullmy thyroid carcinoma, 
VIPoma, idiopathic flushing) [32]. Therefore, it is only recommended to 
screen for some of the above peptides (e.g. substance P, neurotensin 
and VIP) if blood serotonin and/or urinary 5-HIAA levels are normal, in 
the presence of firm clinical suspicion of carcinoid syndrome. The use of 
provocative tests generally does not add to the information provided by 
the basal measurements. Due to the rarity of fore- and hindgut carci
noids, no information is presently available on the possible role of these 
secretion products in the diagnosis and follow-up of these tumours. 
General neuroendocrine markers, such as neuron-specific enolase 
(NSE) or chromogranin A (CgA) might provide useful alternatives in 
these cases, although their concentrations tend to increase rather late in 
the course of the disease. 

Clinically non-functioning neuroendocrine tumours 

Many neuroendocrine tumours of the GEP axis are not accompanied by 
clinical signs of endocrine overactivity, either because the secreted 
pep tides are not able to induce clinically important effects, or because 
the tumour has lost all endocrine secretoty capacity. In the former situ
ation the "silentious" hormonal products can serve as markers, in the 
latter the use of non-hormonal markers may offer a solution in certain 
cases. 

Silentious hormonal markers 

Pancreatic polypeptide (PP) 

PP is secreted by the pancreatic islets in response to the presence of 
nutrients in the gut lumen. Vagal cholinergic pathways fulfill an impor
tant role in the regulation of PP release [34]. The function of the peptide 
has still not been elucidated, since no effects are seen at physiological 
concentrations. In pharmacological doses PP antagonizes the effects of 
cholecystokinin (CCK) on gallbladder contraction, choledochal relaxa-
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tion and pancreatic exocrine secretion [35,36]. The plasma levels of pp 
are clearly elevated in around 50 per cent of patients with tumours of 
the endocrine pancreas, most frequently in combination with other pan
creatic hormones, seldomly alone [6,1]. In the fonner case the clinical 
picture is dominated by the effects of the concomitantly secreted pep
tides. When PP is the sole hormonal product of the tumour no endocrine 
clinical syndrome evolves, even not when plasma concentrations 
exceed 1000 times the normal levels [7]. Elevated plasma levels of PP 
must be interpreted with caution, since the concentrations can rise in 
several conditions of vagal cholinergic stimulation (postprandial, hypo
glycemia, exercise, etc.) [37]. These situations can be distinguished from 
tumoural production by cholinergic blockade with atropine [7,38]. 
Autonomous neoplastic overproduction of PP will not be influenced by 
the administration of atropine, while in conditions of an increased 
endogenous cholinergic tone the concentration significantly decreases. 

Subunits ojhwl1an chOlionic gonadotropin (HCG) 

HCG is a glycoprotein hormone, synthesized during pregnancy by the 
throphoblastic cells of the placenta [39]. It consists of an a- and p-sub
unit. The B-subunit is specific for HCG, while the a-subunit is common 
to the other hormones of the glycoprotein family (LH, FSH, TSH). 
Although only the intact hormone is biologically active, the uncombined 
subunits are also released in the circulation. HCG only fulfills a physio
logical role during pregnancy, when it is responsible for the preservation 
of the function of the corpus luteum. It is a well established marker of 
tumourous throphoblastic or germ-cell tissue in hydatiform mole, cho
riocarcinoma or testicular cancer [40,4 II. These neoplasms secrete 
large amounts of intact HCG, and to a lesser extent also free a- and/or 
p-subunits. Ectopic production of HCG subunits, not of intact HCG, is 
frequently encountered in neuroendocrine tumours of the GEP system 
[8,42-45]. The serum levels are usually much lower than in trophoblas
tic neoplasms, requiring the application of highly sensitive detection 
methods. The prevalences reported in literature valY considerably for 
similar neuroendocrine tumours, probably due to differences in patient 
selection and assay characteristics (sensitivity, cross-reaction with other 
glycoprotein subunits, etc.). High levels occur frequently in patients 
with endocrine pancreatic tumours and in patients with carcinoids [8]. 
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Elevated levels can also be encountered in nonfunctioning neuroendo
crine neoplasms, in the absence of other hormonal markers [8]. Both 
subunits should be measured, since several tumours only secrete a-sub
unit and no j3-subunit and vice versa. By analogy with other forms of 
ectopic hormonal secretion, it is postulated that elevated levels of these 
subunits are markers of malignant behaviour [43,45]. This has not been 
proven yet, however. Seldomly a- and j3-subunits can also be produced 
by tumours that are not ofthrophoblastic or neuroendocrine origin [46]. 
Thus, they are not entirely specific markers. 

Non-endocrine markers 

Neuron-specific enolase (NSE) 

NSE is a neuron specific isomer of the ubiquitous glycolytic enzyme 2-
phospho-O-glycerate hydro-lyase or enolase [47]. This isomer is present 
in neurons and neuroendocrine cells, and can serve as an immunohisto
chemical marker for tumours derived from these cells [48]. Elevated 
serum concentrations of NSE can be detected in all kinds of neuroendo
crine neoplasms, regardless of the original cell types or the secreted 
peptides [49-51]. Most research has concentrated on patients with 
neuroblastoma and small cell lung carcinoma (SCLC) [52-55]. Levels of 
NSE correlate with the extent of the disease in patients with SCLC 
[54,55]. Serum concentrations consistently fall in patients who respond 
to therapy, and return to normal in patients who are in complete remis
sion [53,55]. unfortunately, NSE has a poor sensitivity in patients with 
limited disease [55]. Thus, it cannot be used as a screening marker for 
early diagnosis or for early detection of recurrence. In functioning 
neuroendocrine neoplasms it is less sensitive than the classical peptide 
markers [53-55]. So, its interest is obviously limited to neuroendocrine 
tumours without hormonal production, or with secretion products that 
are difficult to quantitate (as is the case in carcinoids or pheochromo
cytomas). NSE is not entirely specific for neural or neuroendocrine 
tissues. Positive immunohistochemistlY and elevated serum levels are 
also found in a considerable number of nonneuroendocrine neoplasms 
[52,56]. 



Introd1lction 9 

CiJromogranin A (CgA) 

egA, a protein originally discovered in the chromaffin cells of the adre
nal medulla, is widely distributed throughout the neuroendocrine sys
tem [571. Inside the cells it is localized in the electron-dense core secre
tDly granules, where it is co-stored and co-secreted with the local neu
ropeptides. Although its biological role has not yet been established, 
several functions have been postulated [571. It might fulfill regulatory 
activities in the packaging and processing of peptide hormones and in 
the modulation of neuroendocrine secretion. egA is a well-established 
immunohistochemical marker of normal and neoplastic neuroendocrine 
tissues [58,591. During the last years several immunoassays have been 
developed to measure serum concentrations of CgA, allowing it to be 
used also as a serum marker of neuroendocrine tumours [60-621. Even 
less well differentiated tumours, that lost their ability to secrete neuro
pep tides, usually retain the capacity to synthesize and secrete egA [63]. 
Therefore, serum levels of CgA could be useful in diagnosing and 
monitoring clinically non-functioning neuroendocrine neoplasms. 
unfortunately, it is again not a very sensitive marker. egA is produced 
by nearly all normal neuroendocrine tissues throughout the body, resul
ting in a large circulating plasma pool. Therefore, only extensive 
tumours are able to induce significant increases in serum concentra
tions. Extreme elevations can occur in patients with metastatic carci
noids, with values in some patients exceeding 1000 times the upper 
limit of normal [60,62]. High levels can also be encountered in large 
pheochromocytomas, clinically functioning and non-functioning endo
crine pancreatic tumours and medullalY thyroid cancers [60,62]. egA is 
a more stable and thus more easily manageable marker for carcinoids 
and pheochromocytomas than the existing determinations of respecti
vely serotonin and catecholamines or their urinalY metabolites [6lJ. In 
the interpretation of the data one should take into account that hepatic 
and renal failure result in increased serum egA levels, with severe renal 
failure (creatinin clearance lower than 25 mllmin) leading to concentra
tions otherwise only seen in patients with neuroendocrine neoplasia 
[61]. 
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Figure I. (a) Anterior view of the abdomen, showing multiple somatostatin receptor-positive 
metastases in an enlarged liver, as well as the primary carcinoid tUIllOur in the wall of the 
jejunum of a patient with severe attacks of flushing and diarrhea. Pictures made 24 hours after 
[,l1lnj-DTPA-octreotide administration, {b} Posterior view of the chest and neck of this same 
patient showing a metastasis in a lymph node on the left side of the neck (top), as weIl as 
multiple metastases in ribs and pleura. (Reproduced from [4] with permission.) 
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Peptide receptors as markers for neuroendocrine 
tumours 

The synthesis and secretion of peptide hormones by most human 
neuroendocrine tumours allows the measurement of circulating hormo
ne concentrations as a marker of tumour presence, size and/or activity 
(see above). In recent years it has become evident that virtually all 
tumours with neuroendocrine characteristics also express membrane 
receptors for small pep tides like somatostatin, VIP, bombesin and sub
stance P. The demonstration of peptide receptors on tumours by ligand 
binding studies or autoradiography has extended the number of "neuro
endocrine markers" which can be used in the pathological examination 
of tumours [4]. However, apart from these in vitro investigations, peptide 
receptor expression by neuroendocrine tumours can also be studied in 
vivo after the administration of tracer amounts of pep tides coupled to 
radionuclides. This technique of peptide receptor scintigraphy has been 
developed successfully for the visualization of somatostatin receptors 
on (neuro)endocrine tumours [10,64]. After the intravenous administra
tion of '''In-DTPA-octreotide (Octreoscan) the primalY tumours, but also 
the previously unrecognized metastases of most carcinoids, islet cell 
tumours, paragangliomas, pheochromocytomas, medullary thyroid can
cers and SCLC can be visualized [10,64] (Fig. I). Also other tumour 
types containing neuroendocrine cells are often positive on the scan. 
The technique of peptide receptor scintigraphy is a new addition to the 
armament of different tumour markers, which gives information about 
the spread of the disease, but often also predicts a beneficial effect of 
therapy with somatostatin analogs. 
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Aims of the thesis 
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From the literature discussed in the previous introductory chapter it is 
apparent that, although many amines or peptides are available that 
can be used as serum markers for tumours of neuroendocrine origin, 
several clinical situations remain where these markers are either 
unavailable or provide unsatisfactOlY results. 

Examples of such situations encountered in endocrine clinical practice 
are: 
I. when the existing markers are either unstable or rapidly fluctuating 

or are inconvenient for clinical use. Examples of these are serotonin 
levels and 24-h urine collections for 5-hydroxy-indole-acetic acid (5-
HIAA) in patients with carcinoid tumours and catecholamine levels 
and 24-h urine collections for catecholamines and their degradation 
products in patients with pheochromocytomas. 

2. whe11 no peptide marker is available, as is the case in so-called "non
functioning" neuroendocrine tumours. Examples of these are clini
cally non-functioning pituitaJY adenomas (CNPA), silent gastro-ente
ro-pancreatic neuroendocrine tumours and small-cell lung carcino
mas (SCLC). 

3. when available markers fail to differentiate between different causes 
of an endocrine syndrome. Cushing's syndrome is an example of 
such a condition, where the distinction between a pituitaty, adrenal 
or ectopic source of hormonal ovetproduction can be vety difficult, 
but is nevertheless essential to be able to provide adequate treat
ment. 

4. when several neuroendocrine tissues are simultaneously involved in 
neoplastic disease, as is the case in the multiple endocrine neoplasia 
syndromes. In this situation the availability of a universal marker of 
neuro-endocrine tissue would be preferable over the use of several 
tissue-specific peptide markers. 

As was briefly mentioned in the previous chapter, two developments of 
recent years provide possibilities to resolve these clinical problems: 
I. the introduction of chromogranin A (CgA) as a general marker of 

neuroendocrine tissues. 
2. the development of amine or peptide receptor scintigraphy as a tool 

to demonstrate receptor expression on neuroendocrine tumours in 
vivo. 
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Figure 1. Presence of neuroendocrine cells in tumour tissue detected by immuno
histochemistry for chromogranin A. 

The aim of this thesis is to evaluate whether these techniques can provi
de useful solutions in the above-mentioned clinical problem-situations. 

egA is a protein that is uniquely present in neuronal and neuroendo
crine cells. It can be detected in neuroendocrine tissues by immunohis
tochemical techniques. Monoclonal antibodies for egA are commercial
ly available, and are used by clinical pathologists throughout the world 
to verify the presence of neuroendocrine cells in tumour tissues (Fig.l). 
Inside the cell egA is located in the neuroendocrine secretory granules. 
The primalY structure of the protein has been deduced from its corres
ponding cDNA sequence. It contains multiple sites for proteolytic pro
cessing to smaller peptides (Fig.2). During the secretion process egA 
and its cleavage products are co-released with the neuroendocrine hor
mones. This provides the opportunity to use egA and/or its proteolytic 
derivatives as serum markers of neuroendocrine neoplasms. Several 
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Figure 2. Diagram of the primaty structure of human chromo gran in A (hegA), 

with indication of the dibasic amino acid sites where proteolytic processing may 

take place. 
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polyclonal- and monoclonal-based immuno-assays have been deve
loped for measuring serum levels of egA andlor its cleavage products. 
polyclonal assays are more suitable for screening the secretion activity 
of neuroendocrine cells, since they detect egA and cross-react to its 
proteolytic products. We will use a polyclonal assay developed by the 
group of Prof. Bouillon (Leuven, Belgium) to measure egA in serum of 
patients with a broad range of neuroendocrine tumours. 

The use of egA as serum marker of peripheral (non-pituitary) 
neuroendocrine tumours 

Several groups have reported results of determination of serum levels of 
egA in small series of neuroendocrine tumours. Information on its sensi
tivity to detect small tumours, its specificity in differentiating between 
neuroendocrine and non-endocrine tumours, and its clinical value com
pared with other neuroendocrine markers is sparse or lacking, however. 
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The aim of the first part of the thesis is to evaluate the clinical useful
ness of CgA as serum marker in a large group of patients with non
pituitalY neuroendocrine tumours, including the following subgroups: 

• silent gastro-entero-pancreatic neuroendocrine tumours and SCLC, 
for which no peptide marker is available yet. 

• carcinoids and pheochromocytomas, whose existing markers are 
inconvenient for clinical use. 

• patients with biochemical proof of the presence of a neuroendocrine 
tumour, but where conventional radiography remains negative. One 
can often detect small neuroendocrine tumours in these patients by 
using ['''In-DTPA-D-Phe'j-octreotide scanning. The inclusion of these 
patients provides the opportunity to evaluate the usefulness of CgA in 
the early detection of neuroendocrine tumours, as would be necessalY 
in screening for multiple endocrine neoplasia. 

CgA will be compared with the specific neuroendocrine markers of 
these tumours as well as with the general neuroendocrine markers 
neuron-specific enolase (NSE) and the a-subunit of glycoprotein hor
mones (a-SU). 

The effect of tumour extent on CgA levels will be explored by measuring 
tumour volume by conventional radiographic techniques and by ['''In
DTPA-D-Phe']-octreotide scanning. 
A large control group of patients with a wide variety of non-endocrine 
tumours will be used to evaluate the ability of serum CgA to differen
tiate between neuroendocrine and non-endocrine tumours. 

Serum CgA in the differential diagnosis of Cushing's syndrome 

Imaging techniques are generally unreliable in localizing the causative 
tumour in patients with Cushing's syndrome. Corticotroph adenomas 
are often too small to be detected on pituitalY CT- or MR-imaging. On 
the other hand, the presence of a small lesion in the pituitalY gland, is 
no proof of pituitary ACTH overproduction, since it can as well be an 
insignificant "incidentaloma". The demonstration of a lesion in an 
adrenal gland should also be cautiously interpreted, since it can be a 
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sign of ACTH~induced macronodular hyperplasia. Several endocrine 
tests have been developed to differentiate between the various forms of 
Cushing's syndrome. They frequently fail, however, in cases of ectopic 
production of ACTH or CRH. Only the invasive technique of bilateral 
simultaneous inferior petrosal sinus sampling for ACTH determination 
can reliably distinguish ectopic from pituitary ACTH production, but still 
fails in cases of ectopic CRH secretion. 

We hypothesize that CgA levels will usually remain normal in patients 
with pituitalY corticotroph adenomas. These tumours are generally velY 
small and will therefore be unable to elevate the CgA levels above the 
physiological background secretion. Adrenal cortisol~producing 
tumours obviously do not produce CgA, because the adrenal cortex 
does not belong to the neuroendocrine system. On the contrary, 
tumours such as carcinoid tumours, medullalY thyroid carcinomas and 
SCLC, that can be involved in ectopic production of ACTH or CRH, will 
probably secrete substantial amounts of CgA. CgA might thus prove to 
be a serum marker of ectopic Cushing's syndrome. 

In order to evaluate this hypothesis CgA levels will be measured in 
patients with various well~proved causes of cortisol overproduction. 

CNPA, as a paradigm of neuro~endocrlne tumours for which no 
classical markers are available 

The use of CgA as serum marker of CNPA 

The majority of so~called CNPA are in fact poorly secreting rather than 
completely non~secreting. In cell culture they usually release gonadotro~ 
pins or their subunits in the incubation medium. In most cases, how~ 
ever, this secretion is to weak to substantially increase the serum con~ 
centrations of LH, FSH or subunits. The diagnostic yield can be enhan~ 
ced by demonstrating a response of gonadotropins and/or their sub~ 
units to the intravenous administration of TRH. However, in a fair num~ 
ber of patients the diagnosis cannot be made by these means. 
Moreover, data on the specificity of the TRH~test to differentiate 
between CNPA and other (endocrine and non~endocrine) tumours of the 
pituitalY region are lacking. 
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We hypothesize that CgA might be a suitable serum marker for CNPA, 
since they are generally large tumours with a well-developed neuro
secretOlY apparatus. To evaluate this hypothesis the following experi
ments will be done in a well-defined group of patients with CNPA: 
• immunohistochemistlY for CgA on tissue specimens. 
• determination of in vitro secretion of gonadotropins, a-subunit and 

CgA in cell culture. 
• measurement of serum gonadotropin, a-subunit and CgA levels before 

and during dynamic testing with TRH. 
Patients with "clinically functioning" pituitary adenomas and with 
nonendocrine tumours of the (peri)pituitaty region will serve as controls 
to evaluate the specificity of the measurements. 

Phannacoiogicai treatment ojCNPA 

The dopamine agonist bromocriptine can suppress the synthesis and 
secretion of gonadotropins and a-subunits by CNPA cells ill vitro. The 
results of bromocriptine treatment in patients with CNPA are rather dis
appointing, however, showing improvement of visual field defects 
and/or reduction of tumour mass in only a small number of patients. 
Since bromocriptine is generally not well tolerated in high doses, rather 
small doses were used. The new generation of more powerful and more 
selective dopamine agonists are better tolerated than bromocriptine, 
allowing the use of higher doses. They might thus be useful alternatives 
for bromocriptine in the treatment of patients with CNPA. 

We aim to prospectively evaluate the effect of the dopamine agonist 
quinagolide (CV 205-502) on the growth of CNPA ill vivo. Since these 
tumours are generally slowly growing a long-term stUdy with a follow
up of at least 3 years is needed. Tumour volume will be carefully meas
ured using CT- and MR-imaging of the pituitaty region. The effect on 
visual function will be evaluated by Goldmann perimetlY. 

Dopamine receptor scintigrapy in patients with CNPA 

The technique of peptide receptor scintigraphy has been developed suc
cesfully for the visualization of somatostatin receptors on neuroendo
crine tumours. Other receptors can be visualised in the same way using 
similar techniques. Recently new in vivo dopamine 02 receptor scinti-
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graphies with iodinated benzamides ('''HBZM and "'I-epidepride) have 
been developed. Since most CNPA express dopamine 02 receptors on 
their cell membranes, this offers an opportunity to visualize CNPA. 

We aim to evaluate the value of pituitary dopamine 02 receptor scinti
graphy in the diagnostic evaluation of patients with pituitary tumours. In 
addition, the possibility to predict the clinical response to dopamine 
agonists in patients with CNPA will be evaluated. 
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Summary 

Chromogranin A (CgA) is gaining acceptance as a serum marker of 
neuroendocrine tumours. Its specificity in differentiating between 
neuroendocrine and nonneuroendocrine tumours, its sensitivity to 
detect small tumours, and its clinical value, compared with other neuro
endocrine markers, have not clearly been defined, however. The objec
tives of this study were to evaluate the clinical usefulness of CgA as 
neuroendocrine serum marker. Serum levels of CgA, neuron-specific 
enolase (NSE), and the a-subunit of glycoprotein hormones (a-SU) were 
determined in 211 patients with neuroendocrine tumours and 180 con
trol subjects with non endocrine tumours. The concentrations of CgA, 
NSE and a-SU were elevated in 50%, 43%, and 24% of patients with 
neuroendocrine tumours, respectively. Serum CgA was most frequently 
increased in subjects with gastrinomas (l00%), pheochromocytomas 
(89%), carcinoid tumours (80%), nonfunctioning tumours of the endo
crine pancreas (69%), and medullaty thyroid carcinomas (50%). The 
highest levels were observed in subjects with carcinoid tumours. NSE 
was most frequently elevated in patients with small cell lung carcinoma 
(74%), and a-SU was most frequently elevated in patients with carcinoid 
tumours (39%). Most sUbjects with elevated a-SU levels also had eleva
ted CgA concentrations. A significant positive relationship was demon
strated between the tumour load and serum CgA levels (p < 0.0 I by 
",'-testing). Elevated concentrations of CgA, NSE, and a-SU were present 
in, respectively, 7%, 35% and 15% of control subjects. Markedly elevated 
serum levels of CgA, exceeding 300 pg/l, were observed in only 2% of 
control patients (n~3) compared to 40% of patients with neuroendocrine 
tumours (n~76). We conclude that CgA is the best general neuroendo
crine serum marker available. It has the highest specificity for the detec
tion of neuroendocrine tumours compared to the other neuroendocrine 
markers NSE and a-SUo Elevated levels are strongly correlated with 
tumour volume; therefore, small tumours may go undetected. Although 
its specificity cannot compete with that of the specific hormonal secre
tion products of most neuroendocrine tumours, it can have useful clini
cal applications in subjects with neuroendocrine tumours for whom 
either no marker is available, or the marker is inconvenient for routine 
clinical use. 
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Introduction 

Chromogranin A (CgA) is a protein that is present in the secretory dense 
core granules of neuroendocrine tissues [I]. It is widely used as an 
immunohistochemical marker of neuroendocrine tumours. It can also 
serve as a serum marker, as it is cosecreted with the amitles and pep
tides that are present in the neurosecretory granules [2]. It is at present 
considered to be a very sensitive and specific serum marker of neuro
endocrine tumours. The concentrations often remain increased in cases 
of less well differentiated tumours of neuroendocrine origin that do not 
secrete known hormones [3]. The publications on CgA as a serum mar
ker of neuroendocrine neoplasia deal with rather small numbers of 
patients and small numbers of control subjects with nonneuroendocrine 
neoplasms [2,4,5]. Most neuroendocrine tumours included are far 
advanced, with a large tumour volume. Data on the specificity of CgA 
for the differentiation between neuroendocrine and non neuroendocrine 
tumours, and on its sensitivity for the detection of small neuroendocrine 
tumours are sparse or lacking. There are also no large studies available 
in which CgA is compared with other neuroendocrine markers, such as 
neuron-specific enolase (NSE) and the a-subunit of glycoprotein hor
mones (a-SU). 

We investigated the roles of the serum concentrations of CgA, NSE and 
a-SU in a large study group of patients with neuroendocrine tumours, 
including tumours with a small volume, and in a control group consis
ting of patients with several nonendocrine tumours. The results suggest 
that the determination of CgA is useful in selected clinical conditions 
when either no known specific peptide markers are available or when 
the available markers are inconvenient for routine clinical practice. 

Subjects and methods 

Patients 
Serum samples were obtained from 21 I subjects with the following 
neuroendocrine neoplasms: carcinoid tumour (n=62), medullaly thyroid 
carcinoma (n=26), paraganglioma (n=25), pheochromocytoma (n=9), 
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neuroblastoma (n~3), small cell lung carcinoma (n~23), insulinoma 
(n~21), gastrinoma (n~9), nonfunctioning pancreatic islet cell tumour 
(n~13), Merkel cell tumour (n~4), clinically nonfunctioning pituitalY ade
noma (n~IO) and GH-secreting pituitmy adenoma (n~6). All diagnoses 
were made histologically, except in a few patients with small tumours of 
the neuroendocrine pancreas. In these cases the following diagnostic 
criteria were used: paradoxical rise in gastrin levels after stimulation by 
intravenous injection of secretin in gastrinoma, and hypoglycemia with 
inappropriate hypersecretion of insulin and C-peptide during a diagnos
tic fast in insulinoma. All plasma samples were obtained before opera
tion. 

Serum samples were also obtained from 180 subjects with a variety of 
"control" neoplasms of non endocrine origin, both benign and malig
nant, including hematological and neurological tumours. This control 
group consisted of patients with breast carcinoma (n~64), nonsmall cell 
lung cancer (n~24), pancreatic adenocarcinoma (n~21), adenocarcino
ma of unknown origin (n~ 12), non-Hodgkin lymphoma (n~25), Hodgkin 
lymphoma (n~13), multiple myeloma (n~7), meningioma (n~IO) and 
astrocytoma (n~4). All these diagnoses were confirmed by histological 
examination. 

Immunoassays 
egA was measured in serum samples, stored at - 20"e, by a polyclonal 
RIA, using human CgA isolated from pheochromocytomas as tracer and 
standard, as previously described [6J. The within-assay coefficients of 
variation were 6.5% and 8.6% for mean concentrations of 95 and 1160 
ng/ml (n~ 18), respectively. The between-assay coefficients of variation 
were 6.9% and 6.3% for mean concentrations of 90 and 698 ng/ml (n ~ 
38), respectively. The detection sensitivity was 1.6 pg/1. The CgA imn1U
noreactivity remained stable whether the serum samples were imme
diately frozen or kept at 4"C or at room temperature for 24 h, or whether 
blood was centrifuged immediately to obtain serum or only after 24-h 
storage at room temperature. The reference value in 568 normal sub
jects of both sexes, aged 6-50 yr, is 90 ± 24 pg/l (range 35-176); in 33 
normal men older than 50 yr, it is 106 ± 22 pg/I (range 70-159); in 249 
normal postmenopausal women older than 50 yr, it is 110.1 ± 35.5 pg/l 
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(range 54-220). In men and premenopausal women, 175 l1g/l was cho
sen as the upper cut -off value, and in postmenopausal women, 220 
l1g/L was used, to avoid overlapping values with normal subjects. This 
corresponds to slightly more than 3 SO above the mean. 

NSE was measured by RIA. The upper cut-off value is 12.511g/l. 

a-Subunit was measured by RlA using antibodies purchased from VCB 
(Brussels, Belgium). The upper cut-off values are 1.1 l1g/1 in men, 2.3 
l1g/l in premenopausal women, and 4.0 l1g/1 in postmenopausal 
women. 

Determination of tumour mass 
The number of neuroendocrine tumour localizations was counted using 
computed tomography scan images and ["'In-OTPA-O-Phe']octreotide 
scanning [7]. The tumour load was considered limited when one or two 
localizations were found; it was considered extensive when more than 
three localizations were demonstrated. 

Statistical analysis 
Results are reported as the means ± SO. To compare the different mar
kers, x'-tests and Spearman rank correlations were used. To study the 
effect of tumour load on circulating concentrations of the markers, 
x'-tests were used. 

Results 

Serum concentrations of the markers CgA, a-SU and NSE were determi
ned in 211 patients with neuroendocrine tumours and compared to 
levels in a control group, consisting of 180 patients with nonendocrine 
neoplasms. The study and control groups showed comparable age dis
tributions (53 ± 14 and 54 ± 13 yr, respectively). The sex distribution 
showed a higher male/female ratio for the study group (1.67 vs. 0.68), 
which can be ascribed to the high number of patients with breast carci
noma in the control group. 
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Because renal failure can increase circulating egA concentrations [4], 
we evaluated whether this could cause falsely elevated levels. In the 
control group a significant relationship was demonstrated between a 
serum creatinine level higher than 133 pmolll and increased levels of 
egA (p < 0.001 by x'-test). A creatinine concentration above 133 pmolll 
was found in seven patients in the control group. Elevated serum con
centrations of egA (maximum, 371 pg/l) were present in six of these 
patients. A creatinine level above 133 pmolll was also present in three 
subjects in the study group (all with carcinoid tumour). One of these 
patients had normal and one had slightly increased egA concentrations 
(268 pg/l). The third patient, with an extensively metastasized carcinoid 
tumour, had a creatinine level of 220 pmolll and velY high levels of egA 
(188,160 pg/l). Although these extreme elevations probably cannot be 
attributed to the diminished renal function [4], these three study 
patients and seven control subjects with creatinine levels above 133 
pmolll were eliminated for further analysis of the data. Slightly elevated 
egA concentrations can also occur in cases of severe liver dysfunction 
[4]. This was not encountered in any of our study or control patients. 

The results are summarized in Tables 1 and 2 and Figure 1. The serum 
concentrations of egA were elevated in 103 of 208 patients with neuro
endocrine tumours. They were more frequently increased (in 50% of the 
subjects) than the concentrations of NSE and a-SU (in 43% and 24% of 
the subjects, respectively). The highest elevations of egA were observed 
in subjects with carcinoid tumours (up to a maximum of 52,340 flg/l). 

Very high levels (> 1,000 pg/l) were also seen in subjects with non
functioning pancreatic islet cell tumour, medullary thyroid carcinoma, 
pheochromocytoma, paraganglioma, small cell lung carcinoma, gastri
noma, and Merkel cell tumour. The levels were most frequently elevated 
in subjects with gastrinoma (l00%), pheochromocytoma (89%) and 
carcinoid tumour (80%). In subjects with pituitary adenoma (13%), insu
linoma (l0%) and paraganglioma (8%), elevated CgA levels were only 
rarely present (Tab. I and 2, Fig. I). 

The highest levels of NSE were recorded in patients with small cell lung 
carcinoma and Merkel cell tumour (up to a maximum of 558 pg/l). NSE 
was more frequently elevated than CgA in SUbjects with small cell lung 



Table 1. Serum levels of egA, NSE and a-SU in patients with neuroendocrine tumours and in controls vvith non endocrine tumours. 

Type of tumour No. of CgA lpg/I) NSE lpg/I) a-SU lpg/I) 
subjects Median Range Median Range Median Range 

N~yro~nQocrin~ t1!mOl.lr~ (n=208) 
Carcinoid tumour 59 688 33 - 52,340 12 6 - 156 l.5 0.6 - 353.0 
Medullary thyroid carcinoma 26 184 80 - 13,900 11 4 - 146 l.1 0.6 - 3.7 
Paraganglioma 25 106 50 -11,590 10 6 - 35 0.9 0.6 - 2.0 
Pheochromocytoma 9 275 110 -4,674 11 1 - 19 0.9 0.6 - l.8 
Neuroblastoma 3 133 117 -238 36 12 - 100 0.6 0.3 - 3.0 
Small cell lung carcinoma 23 149 45 - 2,948 27 6 - 511 l.2 0.5 - 2.5 
Insulinoma 21 105 63 - 236 12 5 - 19 1.1 0.5 - 3.4 
Gastrinoma 9 772 289 - 1,933 13 8 -23 l.6 0.5 - 4.7 
NF pancreatic islet cell tumour 13 306 85 - 14,750 10 5 - 91 1.1 0.7 - 2.1 Q 
Merkel cell tumour 4 109 84 -1,056 23 7 - 558 l.0 0.6 - 2.5 ~ 
Clinically NF pituitary adenoma 10 131 85 - 240 10 8 - 12 0.9 0.6 - 3.6 S 
GH-secreting pituitary adenoma 6 71 53 - 115 8 6 - 10 0.9 0.5-l.7 cr;. 

§ 
NQn~ndo~rine: tymollrs (n=173) C' 

" Breast carcinoma 62 96 55 - 8,307 11 4 - 26 l.5 0.4 - 13.0 ? 
Ii 

Nonsmall cell lung cancer 23 95 47 - 219 11 5 - 41 l.1 0.6 - 6.7 g 
Pancreatic adenocarcinoma 20 116 51 - 395 11 6 - 24 l.1 0.5 - 2.9 

& Adenocarcinoma uo 12 119 68 - 154 12 7 - 44 1.3 0.7-2.7 .;>-
Non-Hodgkin lymphoma 24 99 67 - 185 10 5 - 22 l.1 0.5 - 2.3 

~ Hodgkin lymphoma 13 75 22 - 161 10 6 - 52 l.0 0.7 - l.4 
Multiple myeloma 5 162 98 - 215 13 9 - 15 l.1 0.8 - !.7 t11 

§ 
Meningioma 10 89 57 - 134 11 6 - 32 l.0 0.4 - 2.6 

"'" Astrocytoma 4 86 66 - 121 6 5 - 52 0.8 0.6 - 0.8 Q , 
'" 

NF, Nonfunctioning; uo, unknown origin §. 
§ 
",. 

w 
'-
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carcinoma (in 74% and 39%, respectively), Merkel cell tumour (in 50% 
and 25%, respectively), insulinoma (in 38% and 10%, respectively)' para-
ganglioma (in 36% and 8%, respectively) and neuroblastoma (in 67% and 
33%, respectively). 

The levels of a-SU were most frequently elevated in patients with carci-
noid tumours (39%). VelY high levels (up to a maximum of 353 pg/l) 
were found in these patients. a-SU concentrations higher than 10 pg/l 
were found in 7 of 59 subjects with carcinoid tumours (12%), whereas 
they were never encountered in subjects with other neuroendocrine 
neoplasms. 

Table 2. Presence of elevated serum levels of egA, NSE and a-5U in patients with 
neuroendocrine tumours and controls with nonendocrine tumours. 

Type of tumour No. of tCgA t NSE i ({-SU 

sUbjects n % n % n % 

Nellmendocrine tumours 
Carcinoid tumour 59 47 80 28 47 23 39 
MedullaI)' thyroid carcinoma 26 13 50 11 42 5 19 
Paraganglioma 25 2 8 9 36 3 12 
Pheochromocytoma 9 8 89 4 44 II 
Neuroblastoma 3 1 33 2 67 1 33 
Small ceUlung carcinoma 23 9 39 17 74 8 35 
Insulinoma 21 2 10 8 38 0 0 
Gastrinoma 9 9 100 4 44 3 33 
NF pancreatic islet cell tumour 13 9 69 4 31 3 23 
Merkel cell tUIllOur 4 25 2 50 0 0 
Clinically NF pituitary adenoma 10 2 20 0 0 2 20 
GH-secretillg pituitary adenoma 6 0 0 0 0 0 0 

total: 208 103 50 89 43 49 24 

i'4Qllendocrine tumours 
Breast carcinoma 62 5 8 23 37 6 10 
Nonsmall cell lung carcinoma 23 1 4 9 39 4 17 
Pancreatic adenocarcinoma 20 3 15 7 35 2 10 
Adenocarcinoma 110 12 0 0 6 50 2 17 
Non-Hodgkin lymphoma 24 1 4 5 21 5 21 
Hodgkin lymphoma 13 0 0 3 23 4 31 
t1ultiple myeloma 5 2 40 3 60 2 40 
Meningioma 10 0 0 4 40 10 
Astrocytoma 4 0 0 1 25 a 0 

total: 173 12 7 61 35 26 15 

Il, Number of subjects with elevated levels 
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Figure 1. SelUm concentrations of egA in patients with neuroendocrine tumours and 
in controls with non endocrine tumours. Individual levels arc presented as dots; 
median levels as lines. The dashed line represents the upper cut -offlevel of 220 pg/1. 
The results are plotted logarithmically to accomodate extreme values, MTC, 
Medullary thyroid carcinoma; Pheo, Pheochromocytoma; SCLC, Small cell lung 
carcinoma; GH, GH- producing; NF, Nonfunctioning. 
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Functioning Non -Funclioning 

Elevated levels of egA, a-SU, and NSE were present in respectively 9 
(69%). 4 (31 %) and 3 (23%) of 13 patients with non functioning pancreatic 
islet cell tumours (Table 3). In 7 (54%) of these 13 patients, egA levels 
were markedly elevated (>300 pg/l). 

Elevated levels of egA, a-SU, and NSE were present in, respectively, 7%, 
15% and 35% of control subjects with nonendocrine neoplasms. 

When these control subjects were used as reference population, the sen
sitivities of egA, NSE, and a-SU for the diagnosis of peripheral neuro
endocrine tumours (pituitary adenomas excluded) were, respectively, 
53%, 46%, and 26%, with specificities of 93%, 65%, and 85%. We applied, 
however, a rather high upper cut-off value for egA, corresponding to 
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Table 3. Serum levels of egA, NSE, a-SU in patients with nonfunctioning tumours of the 
endocrine pancreas. 

Patient no. Sex Age (yr) CgA (pg!l) NSE (pg!l) «-SU (pg!l) 

M 56 969' 11.4 1.9* 

2 V 67 306' 4.6 1.7 

3 M 23 999' 5.6 l.l 
4 V 55 14,150' 10.3 2.1 

5 V 51 94 12.6' 2.0 

6 M 72 641' 6.8 1.3* 

7 M 70 201' 15.5* 1.0 

8 V 46 99 11.0 1.0 

9 M 51 910' 90.8' l.l 
iO M 64 211 ,. 8.1 1.0 

II M 59 85 5.3 0.7 
12 M 51 126 15.6* 1.2' 

13 M 63 561' 8.0 0.7 

,. = elevated levels 

Upper cut-off values: CgA (pg!l), 175 in men and premenopausal women, 220 in post
menopausal women; NSE (pg!I), 12.5; «-SU (pg!l), 1.1 in men, 2.3 in premenopausal 
women, and 4.0 in postmenopausal women. 

slightly more than 3 SO above the mean, to avoid overlapping values 
with normal SUbjects. Usually 2 SO above the mean is used as the upper 
cut-off level, increasing the risk of overlap. When we reanalysed our 
data using 2 SO as the upper cut -off level, the sensitivity hardly impro
ved to 58% with a specificity of 90%. When using 300 pg/L as the upper 
cut -off concentration for egA, elevated levels were found in only 3 of 
173 patients (2%) with nonneuroendocrine control tumours compared to 
76 of 192 patients (40%) with peripheral neuroendocrine tumours (sensi
tivity, 40%; specificity, 98%). Thus, finding an excessively elevated level 
of egA firmly suggests the presence of a neuroendocrine tumour. 

Relationships among the general neuroendocrine markers egA, 
NSE and a-SU 

In SUbjects with neuroendocrine tumours a statistically significant rela
tionship was demonstrated between the presence and absence of 
elevated serum levels of egA and a-SU (p < 0.00 I by x'-test), but not 
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between egA and NSE nor between a-SU and NSE (Tab. 4). A weak, but 
significant, relationship was present between the presence and absence 
of elevated serum concentrations of egA and a-SU (p = 0.05, by x'-test) 
in subjects with carcinoid tumours, who frequently had elevated a-SU 
levels. In patients with small cell lung carcinoma, who frequently had 
elevated NSE levels, no significant relationship could be shown between 
egA and NSE concentrations. 

Relationship with other neuroendocrine markers 

Measurements of 24-h urinary 5-hydroxyindole acetic acid (5-HIAA) 
excretions were available in 46 of 59 patients with carcinoid tumours. 
Increased levels (> 40 flmol/24 h) were present in 31 patients (67%). 
Elevated serum concentrations of egA were demonstrated in 30 of these 
31 subjects (97%; P < am by x'-test). A significant correlation was also 
present between the absolute values of serum egA and 24-h urinalY 
5-HIAA excretion (Spearman rank correlation test; r = 0.65; P < 0.01). No 
significant relationships were demonstrated between a-SU and NSE 
concentrations, on the one hand, and urinalY 5-HIAA excretions, on the 
other hand (p > 0.05, byx'-tests). 

Table 4. Relations between senllll levels of egA, NSE, and a-SU in subjects with neuro
endocrine tumours. 

,: = 18.10 CgA No. of '/ = 1.08 CgA No. of 
(p <0.001) Normal Elevated sUbjects (p = NS) Normal Elevated subjects 

Normal 93 66 159 Normal 64 55 I t9 
u-su NSE 

Elevated 12 37 49 Elevated 41 48 89 

No. of 105 103 208 No. of 105 103 208 
subjects subjects 

l;:: 0.05 NSE No. of 
(p= NS Nannal Elevated subjects 

Normal 92 67 159 
((-su 

Elevated 27 22 49 

No. of I t9 89 208 
subjects 

NS, p > 0,05 
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Determinations of serum calcitonin and carcinoembryonic antigen 
(CEA) concentrations were available in, respectively, 20 and 21 of 26 
subjects with medullary thyroid carcinoma. Calcitonin was elevated 
(> 0.14 pg/l) in 18 of 20 patients (90%), and CEA (> 10 pg/l) was eleva
ted in 18 of 21 patients (86%). Elevated CEA levels were present in the 2 
patients with normal calcitonin levels. In I of these 2 subjects, slightly 
elevated concentrations of CgA (192 pg/l) and a-SU (1.5 pg/l) were 
found. CgA, a-SU, and NSE levels were not increased in the 3 patients 
with normal CEA levels. Significant correlations were demonstrated 
between serum CgA, on the one hand, and calcitonin (by Spearman 
rank correlation test: r = 0.79; P < 0.0l) and CEA (r = 0.84; p < 0.01), on 
the other hand, as well as between NSE, on the one hand, and calcito
nin (r = 0.71; P < 0.01) and CEA (r = 0.82; p < 0.01), on the other hand. a
SU showed a correlation with calcitonin (I' = 0.63; P < 0.0l), but no sig
nificant correlation with CEA (r = 0.33; P > 0.05). 

Determinations of 24-h urinalY excretions of vanihnandelic acid (VMA) 
were only available in five of nine patients with pheochromocytoma. 
The highest levels of CgA were found in the patients with the highest 
urinaty VMA excretion, although the small number of cases did not per
mit statistical evaluation. 

Relationship with tumour load 

Using computed tomography scan images and octreotide scintigrams, 
information on tumour volume could be obtained in subjects with the 
following neuroendocrine neoplasms: 60 carcinoid tumours, 26 medul
laty thyroid carcinomas, 25 paragangliomas, II small-cell lung carcino
mas, 9 gastrinomas and 12 non functioning pancreatic islet cell tumours. 
Tumour load was considered to be limited when I or 2 localizations 
were found and was considered extensive when more than 3 localiza
tions were demonstrated. A highly significant positive relationship was 
demonstrated between the tumour load and serum CgA levels (p < 0.0 I, 
by x'-test). Such a relationship could not be shown for a-SU or NSE. In 
the individual neuroendocrine neoplasms, the relationship between 
tumour load and CgA levels was only significant in subjects with carci
noid tumours. Because they represent the largest subgroup, statistical 
significance is more easily reached. Gastrinomas form an exception to 
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the rule that small neuroendocrine tumours have low CgA levels; eleva
ted CgA levels were detected in all patients with gastrinomas, although 
they all presented with limited neoplastic disease. 

Discussion 

We evaluated the clinical usefulness of CgA, NSE, and a-SU as serum 
markers of neuroendocrine neoplasia in general. Serum concentrations 
were measured in a large group of patients with several neuroendocrine 
tumours and compared with those in a large control group with a varie
ty of nonendocrine tumours. 

The highest concentrations of CgA, with values up to 250 times the 
upper limit of normal, were observed in subjects with carcinoid 
tumours, medullary thyroid carcinomas, pheochromocytomas, and 
some tumours of the endocrine pancreas. This confirms the results of 
previous smaller studies [2,4,5]. Elevated levels were also frequently 
encountered in subjects with peripheral (nonpituitmy) neuroendocrine 
tumours without detectable hormonal secretion. These so-called chro
mograninomas were first described by Sobol and co-workers [3]. Serum 
concentrations of CgA are only rarely increased, however, in cases of 
clinically nonfunctioning pituitalY adenomas. This is probably due to the 
small volume of these adenomas [6]. 

We demonstrated a significant positive relation between the serum 
levels of CgA and the tumour mass of the neuroendocrine neoplasms. 
This confirms our earlier findings in Cushing's syndrome caused by 
ectopic ACTH production by extrapituitalY neuroendocrine tumours [8] 
and the findings by O'Connor and Deftos [2] and Hsiao and co-workers 
[9] in pheochromocytomas. The serum concentrations of CgA are only 
rarely slightly elevated in SUbjects with small neuroendocrine tumours, 
such as insulinomas, paragangliomas, or pltuitmy adenomas [6,8,10]. 
These tumours are usually detected at an early stage of oncological evo
lution, because they rapidly induce symptoms due to active hormonal 
secretion or compression of important surrounding tissues. The presen
ce of CgA or its messenger ribonucleic acid can nearly allways be 
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demonstrated in the cells of these tumours by immunohistochemistry or 
in situ hybridization [6, II )2J. Nevertheless, it must be assumed that the 
small amount of CgA released by these neoplasms usually fails to 
elevate the serum concentration above the physiological background 
level. Increased CgA concentrations were detected, however, in all of 
our patients with gastrinoma, although they all had a very limited 
tumour burden. It is well known that chronic elevation of gastrin levels 
provokes hyperplasia of the neuroendocrine cells of the stomach [13J. 
As these cells are able to secrete CgA, they might be responsible for the 
elevated CgA concentrations. Stabile and co-workers demonstrated that 
the CgA concentrations can be normalized by gastrectomy alone, wit
hout resection of the gastrin-producing tumour (and thus without cor
rection of the elevated gastrin levels) [14] . 

In our hands, CgA had a smaller sensitivity for the detection of neuro
endocrine neoplasms than reported in previous studies [2,4,5J. 
However, the technical characteristics of our RIA for CgA are very simi
lar to those of the other assays used in frequently cited publications 
[2A5J. A small neuroendocrine tumour mass was present in a rather 
large percentage of our patients, in contrast to the hitherto published 
series, in which almost all tumours were extensively metastasized 
[2A,5J. This can probably be explained by the fact that patients tend to 
be transferred earlier in their oncological evolution, after the develop
ment of ["'In-DTPA-D-Phe'Joctreotide scanning for the visualization of 
neuroendocrine tumours in our hospital. Many patients with biochemi
cal proof of a neuroendocrine tumour were transferred for somatostatin 
receptor scintigraphy after conventional radiography failed to elucidate 
the location of the tumour. The inclusion of a number of patients with 
these smaller tumours decreased the overall sensitivity of serum CgA in 
our series. 

The specificity of elevated levels of CgA in the diagnosis of neuroendo
crine tumours, was also lower in our study than in previous ones [2A,5]. 

O'Connor and co-workers [2AJ and Erikkson and co-workers [5J repor
ted specificities of 100 %. By contrast, we used a much larger control 
group, consisting of patients with a greater variety of nonendocrine 
tumours. After excluding patients with decreased renal function, eleva-
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ted serum concentrations of CgA were demonstrated in 12 of 173 
nonendocrine neoplasms (7%). The serum levels in these control 
patients were usually only slightly elevated. They exceeded 300 flg/l in 
only 3 of 173 patients (2%) compared to 76 of 208 patients (37%) with 
neuroendocrine tumours. Thus, finding an excessively elevated level of 
CgA firmly suggests the presence of a neuroendocrine tumour. 

It is well established that many non endocrine tissues contain neuro
endocrine cells, belonging to the amino-precursor-uptake-decarboxyla
tion system. A substantial body of data has accumulated in the literature 
during recent years, revealing that these cells are also present in most 
tumours of non endocrine origin [16-20]. They are either diffusely scatte
red throughout the tumour or multifocally located in small nests. In 
malignant tumours these neuroendocrine cells even participate in the 
neoplastic growth, as they show nuclear abberations and are present in 
locally invasive or metastatic tumour tissue. The number of tumours 
harboring these neuroendocrine cells or the percentage of neuroendo
crine cells in a tumour depend on the tumour type, the number of 
neuroendocrine markers used, and the detection technique (histoche
mistly for argyrophilia, immunohistochemistty, or detection of messen
ger ribonucleic acid of neuroendocrine markers). These cells probably 
secrete CgA, as it is present in their dense core secretory granules. 
There are only scarce data available in the literature concerning serum 
levels of CgA in subjects with nonendocrine tumours. Elevated levels 
were reported in patients with carcinomas of the prostate gland [21,22] 
and in cases of nonsmall cell lung cancer [23]. Whether proliferation of 
neuroendocrine cells also occurs in hematological neoplasms is not 
known. One study reported the presence of scarcely distributed CgA
positive cells in the normal spleen, lymph nodes, and thymus [24]. 

As a general neuroendocrine marker, CgA cannot differentiate between 
different subtypes of neuroendocrine neoplasms. Most tumours of 
neuroendocrine origin release typical secretion products that can be 
used as specific serum markers. These markers usually provide a higher 
sensitivity and specificity than CgA, as illustrated by our data comparing 
calcitonin and CEA with CgA in subjects with medullaty thyroid carcino
ma. In these situations the usefulness of CgA is limited, because it does 
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not provide additional information. By contrast, egA can have interes
ting clinical applications in so-called non functioning neuroendocrine 
tumours that are either not able to secrete hormonal products or release 
products that cannot be detected by current techniques. It can also be 
useful in neuroendocrine tumours in which other diagnostic procedures 
have their limitations (e.g. fluctuating levels of serum catecholamines in 
pheochromocytoma) or are inconvenient (e.g. 24-h urine collections for 
5-HIAA determination in carcinoid tumours). Our data illustrate the 
value of egA in these conditions: increased levels were found in 69% of 
nonpituitary, hormone-negative neuroendocrine tumours, 89% of pheo
chromocytomas, and 80% of carcinoid tumours. Very high concentra
tions were frequently encountered in these patients. 

NSE is the neuron-specific isomer of the glycolytic enzyme 2-phospho
D-glycerate hydrolase or enolase [25J. It is a widely used immunohisto
chemical and serum marker for neuroendocrine tissues and is especially 
known as a marker for small cell lung carcinoma [26]. Our data confirm 
the frequent elevation of its serum concentrations in patients with 
several neuroendocrine tumours [27-29]. The highest levels were 
encountered in small-cell lung carcinoma and in the rare cases of 
Merkel cell tumours. Serum concentrations of NSE are more often ele
vated than those of egA in subjects with these tumours and in those 
with insulinomas, paragangliomas and neuroblastomas. The specificity 
of serum NSE for the diagnosis of neuroendocrine tumours is, however, 
much lower than that of serum egA. Increased NSE levels were demon
strated in 61 of 173 subjects with nonneuroendocrine neoplasms (35%), 
as compared to 89 of 192 with peripheral (nonpituitalY) neuroendocrine 
tumours (46%). Unlike egA, the specificity of NSE can hardly be impro
ved by increasing the upper cut -off value. Therefore, NSE cannot be 
considered a good diagnostic marker for neuroendocrine tumours, but 
can be velY useful as follow-up marker, especially for small cell lung 
carcinoma and Merkel cell tumours. 

The a-SU of the glycoprotein hormones is a well known marker of pitui
tary adenomas of gonadotroph origin [6]. Recent studies suggest that 
determination of the serum concentrations of a-SU might also be of 
value in patients with peripheral neuroendocrine neoplasms [30-32]. 
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Our data confirm the presence of elevated serum levels in several sub
jects with these neoplasms. Again, as with egA and NSE, the marker 
lacks specificity. Serum levels were elevated in 26 of 173 subjects with 
nonneuroendocrine neoplasms (15%) compared to 47 of 192 with peri
pheral neuroendocrine tumours (24%). Increasing the cut -off level again 
failed to improve the specificity. Very high levels were frequently 
detected in patients with carcinoid tumours; 7 of 59 subjects with carci
noid tumours (12%) had levels higher than 10 pg/l. Such high levels 
were only encountered once in the control group, in a patient with bre
ast carcinoma. Thus, the finding of velY high serum concentrations of a
SU suggests the presence of a carcinoid tumour, when tumours of germ 
cell or trophoblastic origin are excluded. The clinical usefulness of a-SU 
as a marker for neuroendocrine tumours is limited, however, because 
most subjects with elevated levels also have elevated egA concentra
tions. 

In conclusion, egA is the best general neuroendocrine serum marker 
available. It had the highest specificity for the detection of neuroendo
crine tumours of the three tested markers. Unfortunately, it is not a velY 
sensitive marker; its serum concentrations seem to rise relatively late in 
the evolution of the tumour. Although its specificity cannot compete 
with that of the specific hormonal secretion products of most neuro
endocrine tumours, it can have useful clinical applications in subjects 
with neuroendocrine tumours for which either no marker is available 
(so-called nonfunctioning neuroendocrine tumours), or the marker is 
inconvenient for daily clinical use (e.g. 24-h urinmy 5-HIAA excretions 
and plasma catecholamines). 
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Summary 

We evaluated whether measuring serum levels of chromogranin A, a 
marker of neuroendocrine tumours, could be useful in the differential 
diagnosis between pituitary, adrenal and ectopic causes of Cushing's 
syndrome. Thirty patients with Cushing's syndrome were studied. The 
localization of the tumours responsible was pituitary in 15, adrenal in 5 
and ectopic in 10 patients. Serum concentrations of chromogranin A 
were measured in all patients. Petrosal sinus sampling for chromogra
nin A was performed in the cases with pituitary-dependent Cushing's 
syndrome. Immunohistochemical staining for chromogranin A was car
ried out on part of the tumour specimens. Slightly elevated serum levels 
of chromogranin A (range 223 - 262 pg/l) were detected in inferior 
petrosal sinus and peripheral venous samples from 3 patients with pitui
tary-dependent Cushing's syndrome. Serum chromogranin A showed no 
significant pituitary to peripheral gradient in these patients. Chromo
granin A levels were not elevated in cases of adrenal Cushing's syndro
me. Markedly elevated concentrations (range 270 - 13,900 pg/l) were 
shown in 7 of 10 patients with neuroendocrine tumours with ectopic 
adrenocorticotrophin (ACTH) and/or corticotrophin-releasing hormone 
(CRH) production. Widespread metastasis was present in all these cases. 
Subjects with "occult" carcinoid tumours, with limited spread, had 
normal chromogranin A levels. Immunohistochemical staining for chro
mogranin A was positive in 3 out of 5 pituitary adenomas and in all 
neuroendocrine tumours with ectopic ACTH and/or CRH production, 
while it was negative in all adrenocortical tumour specimens. It is con
cluded that elevated serum levels of chromogranin A can serve as mar
kers of neuroendocrine tumours with ectopic ACTH and/or CRH 
production. The circulating levels are dependent mainly on the size of 
the tumours. Serum chromogranin A is not useful in the diagnosis of 
so-called occult Cushing's syndrome, caused by ectopic ACTH and/or 
CRH secretion by small neuroendocrine tumours. 
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Introduction 

The diagnostic evaluation of patients presenting with cortisol excess 
remains one of the most difficult challenges of internal medicine. Over 
the years, several endocrine tests have been developed in order to be 
able to localize the causative tumour [1]. While these tests usually per
form well in differentiating between the adrenal and pituitaly-dependent 
forms, they fail frequently in cases of ectopic adrenocorticotrophin 
(ACTH) and/or corticotrophin-releasing hormone (CRH) production [2,3]. 
An ACTH or cortisol response to an intravenous injection of CRH, or sup
pression of cortisol levels by a high dose of dexamethasone, although 
typical for pituitmy-dependent cushing's syndrome, is encountered fre
quently in patients with ectopic ACTH- and/or CRH-secreting tumours 
[4,5]. PituitalY computed tomography (CT) or magnetic resonance ima
ging (MRl) often is not able to reveal the corticotroph adenoma or hyper
plasia in cases of cushing's disease [6,7]. On the other hand, abnormali
ties on pituitalY CT or MRI examination have been reported in patients 
with ectopic ACTH-secreting neoplasms [8]. These probably represent 
clinically insignificant "incidentalomas" [9]. Only the complex invasive 
technique of bilateral simultaneous inferior petrosal sinus sampling 
(BSIPSS) for ACTH determination can differentiate reliably between ecto
pic and pituitalY ACTH production, but it still fails in cases of ectopic 
CRH secretion [10]. Because of these difficulties, many patients with so
called "occult" Cushing's syndrome, caused by ectopic ACTH and/or CRH 
secretion, have undergone unnecessalY pituitary surgelY [8]. 

Chromogranin A (CgA), a 439-amino acid protein originally discovered 
in the chromaffin cells of the adrenal medulla, is present in the electron
dense core secretory granUles of a wide variety of neuroendocrine 
tissues [I I]. Although its biological role is not entirely clear, it is used 
increasingly as a marker for neuroendocrine neoplasia. CgA is overpro
duced and released into the circulation by some of these tumours. High 
serum levels are encountered frequently in patients with carcinoid 
tumours, medullary thyroid carcinomas (MTC) and small-cell lung can
cers (SCLC) [12- I 5]. These endocrine tumours can be responsible for 
ectopiC ACTH and/or CRH secretion. Therefore, CgA might prove to be a 
serum marker of ectopiC Cushing's syndrome. In the present study we 
evaluate the use of CgA in the differential diagnosis of the various cau
ses of cortisol overproduction. 
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Subjects and methods 

Patients 

The study was carried out in 30 patients with Cushing's syndrome, 
characterized by the typical clinical picture of cortisol excess, high 
urinary cortisol excretion, absent cortisol diurnal rhythm and lack of 
suppression of serum cortisol by low dose dexamethasone. All patients 
had normal renal function. The localization of the tumours responsible 
was pituitary in 15, adrenal in 5 and ectopic in 10 patients. Cushing's 
disease was confirmed by BSIPSS, showing a significant inferior petro~ 
sal sinus (IPS) to peripheral (P) serum ACTH gradient, according to the 
criteria of Oldfield and coworkers (basal IPS/P ratio;, 2.0 and/or CRH~ 
stimulated peak IPS/P ratio;, 3.0) [16J. The adrenocortical tumours 
were adenomas in 2, ACTH~independent macronodular hyperplasia in I 
and carcinomas in 2 patients. Neuroendocrine tumours causing ectopic 
ACTH and/or CRH secretion were SCLC in 1, bronchial carcinoids in 4, 
thymic carcinoid in 1 and MTC in 4 patients. Immunostaining of the 
tumour cells was positive for ACTH in all but one tumour (MTC) , that 
stained positive for CRH. 

Bilateral simultaneous inferior petrosal sinus sampling 

Petrosal sinus sampling was performed according to the technique 
descibed by Oldfield and coworkers [16J. Synchronous blood samples 
were taken from the catheters in each IPS and from a femoral vein for 
measurement of ACTH and CgA before and 5, 10, 15 and 20 minutes 
after the intravenous administration of CRH at a dose of I pg/kg. A 
positive response to CRH was defined arbitrarely as an increase of over 
40 % above the basal level. 

Immunoassays 

ACTH was measured by radioimmunoassay (RIA) and PRL, FSH, LH and 
GH by immunoradiometric assay (IRMA) (IRE~Medgenix, Fleurus, 
Belgium). a~Subunit was measured by RIA, using antibodies purchased 
from UCB (Brussels, Belgium). CgA was measured by a polyclonal RIA, 
using human CgA isolated from pheochromocytomas, as tracer and 
standard [I7J. The upper limit of normal was 175 pg/I in men and pre~ 
menopausal women and 220 pg/I in postmenopausal women. 
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Immunohistochemistry 

Tumour tissue for immunohistochemistlywas available from 5/15 corti
cotroph adenomas, 4/5 adrenocortical tumours and 81 I 0 neuroendo
crine tumours with ectopic ACTH and/or CRH production. Paraffin
embedded specimens were immunostained with a monoclonal CgA 
antibody, purchased from Eurodiagnostics BV (Apeldoorn, the 
Netherlands) [18]. The extent of immunoreactivity was recorded on a 
scale from "-" (no staining) to "+++" (heavy staining). Human pancreatic 
tissue served as a positive control. 

Results 

Table I summarizes the hormonal and immunohistochemical data of 
the patients with pituitary dependent Cushing's syndrome. A basal IPS/P 
ACTH ratio", 2.0 and lor a CRH-stimulated peak IPS/P ACTH ratio", 3.0 
was present in all patients, confirming the pituitary source of ACTH pro
duction. When applying these criteria to the other hormonal products, 
significant IPS/P gradients were demonstrated in 141 I 5 (93%) of the 
patients for PRL, 13/15 (87%) for GH, 9/15 (60%) for LH, 1/13 (8%) for 
FSH, and 7/15 (7%) for a-subunit (data not shown). Using the same cri
teria, CgA never showed a significant IPS/P gradient. Moreabove, CgA 
concentrations of the IPS samples were not statistically different from 
peripheral values (p > 0.05 by paired Student's t-test). Intravenous injec
tion of CRH induced marked increases (> 40% above baseline levels) of 
IPS levels of ACTH in 14/15 (93%) of the patients, of PRL in 14/15 (93%), 

of GH in 12115 (80%), of LH in 8/15 (53%), of FSH in 6/13 (46%), and of 
a-subunit in 61 I 5 (40%) of the patients. The IPS concentrations of CgA 
did not respond to CRH injection (p > 0.05 by paired Student's t-test). 
Three patients showed slightly elevated CgA levels in peripheral and IPS 
samples, without an IPS/P gradient. In none of these patients we could 
find evidence for the presence of other neuroendocrine tumours as the 
cause of these increased circulating CgA levels. Immunohistochemical 
staining for CgA was performed in 5 of the 15 patients with pituitalY 
dependent Cushing's syndrome: it was slightly positive in I and marked
ly positive in 2 of 5 basophil adenoma's. 



Table 1. Serum ACTH and chromogranin A (CgA) concentrations during bilateral simultaneous inferior petrosal sinus sampling, 
and immunohistochemical data in patients with pituitary-dependent Cushing's disease.~ 

ACTH (pmol!l) egA (~g/I) 
CgA 

P left IPS right IPS P left IPS right IPS imrnuno-
patient before after before after before after before after before after before after histo· 

CRH CRH CRH CRH CRH CRH CRH CRH CRH CRH CRH CRH chemistry 

post· I 6.8 20.9 6.8 29.5 4.8 190.0 86 96 96 96 92 98 n.d. 
menopausal 2 15.9 24.2 60.6 106.4 70.2 I I 1.6 91 91 101 101 118 118 n.d. 
women 3 2.2 14.3 4.4 12.6 13.7 58.4 235' 246' 220' 266' 210 240' n.d. 

4 2.0 2.0 32.6 39.9 74.0 94.0 262' 287' 258' 283' 254' 281' n.d. 

pre· 5 2.0 17.8 83.7 532.7 143.0 288.9 61 63 60 68 72 72 n.d. 
menopausal 6 9.0 18.9 62.3 203.9 49.3 210.5 67 87 69 79 88 88 n.d. 
women 7 8.8 18.9 33.3 311.8 11.0 45.8 69 85 68 76 84 84 n.d. 

8 3.1 7.3 78.4 316.0 12.1 28.4 77 87 114 114 83 90 n.d. 
9 2.0 31.9 5.7 112.7 65.2 621.2 84 96 84 100 87 104 . 

10 3.7 16.3 9.2 658.4 49.1 443.0 90 91 84 84 69 85 . 

II 2.0 11.9 35.5 351.9 34.8 351.4 223b 235' 224' 233' 236' 236' ++ 

men 12 37.0 72.2 57.5 261.6 56.4 158.5 68 73 65 83 74 76 + 
13 2.0 2.0 21.1 87.6 29.7 80.2 66 73 74 77 71 79 +++ 
14 6.2 20.5 29.1 367.5 4.4 27.3 103 108 104 lOS 103 112 n.d. 
15 2.0 4.6 5.7 51.5 32.S 114.7 103 116 106 117 110 121 n.d. 

, P: peripheral venous levels; IPS: inferior petrosal sinus levels; n.d.: not done. Immunohistochemical staining for CgA was performed on 5 adenomas. 
The extent of immunoreactivity was recorded on the following scale: - " all cells negative (0%), +" occasional cells positive « 20%), ++ " numerous 
cells positive « 20-50%), +++" widespread positivity (> 50%) 
'Elevated CgA concentrations. The upper limit of normal is I 75 ~g/I in men and premenopausal women and 220 ~g/I in postmenopausal women. 
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None of the patients with adrenal Cushing's syndrome had elevated CgA 
levels, and all tumours examined were negative immunohistochemical
ly for CgA (Tab. 2). The CgA levels were elevated markedly in several 
patients with neuroendocrine tumours with ectopic ACTH and/or CRH 
production (Tab. 2). Immunohistochemical staining for CgA on tumour 
specimens from 8 patients was diffusely positive in all. The highest 
serum concentrations were seen in patients with extensive metastatic 
disease. Normal levels were found in patients with small carcinoid 
tumours. In patients with MTC, the highest levels were found in those 
with the highest plasma concentrations of the tumour markers calcito
nin and carcinoemblyonic antigen (CEA), although the number of cases 
investigated (4) did not permit statistical analysis. The lowest CgA con
centrations were present in patients with small bronchial carcinoids, 
with no or only limited lymphatic spread. No association could be 
demonstrated between serum CgA concentrations and the severity of 
the hypercortisolism, expressed by mean 24-h urinary free cortisol 
excretion, serum cortisol after overnight dexamethasone suppression or 
mean serum ACTH levels, in any of the patients. 

Discussion 

Immunohistochemical staining for CgA has been demonstrated in many 
tumours of the anterior pituitary, with the exception of prolactinomas 
[17,19-24]. The cell types that produce glycoprotein hormones and/or 
their subunits are frequently positive [17,19,23]. Even so-called null cell 
adenomas, which lack any hormonal production, can still express CgA 
[17,19-24]. Data on the presence ofCgA in corticotroph adenomas are 
scarse. This is probably due to the difficulty in obtaining sufficient histo
logical material from this type of tumour [25]. Schmid and coworkers 
found CgA, in a focal distribution, in 1/3 ACTH-secreting adenomas 
[241. Deftos and coworkers reported the presence of egA in more than 
75 % of the cells of 2 corticotroph adenomas [201. We were able to per
form immunohistochemistry for CgA on tissue specimens from 5 cor
ticotroph adenomas. CgA immunostaining could be detected in 3 
tumours, with a focal pattern in 1 and diffuse patterns in 2 cases. 



Ri 
Table 2. Hormonal and immunohistochemical data in patients with adrenal and ectopic Cushing's syndrome." Q 

diagnosis disease CgA lowdex. ACTH other secretion products 
{j 

sex age serum mean 1b 
(years) extent CgA immuno- (nmol/I) cortisoluria (pmol/I) " "" (~g/I) staining (nmoI/24h) 

adrenal adenoma F 37 63 505 900 0 
F 39 98 750 3650 0 

hyperplasia F 36 74 696 1483 0 

carcinoma F 76 N 143 860 n.d. 3.5 
F 62 E 167 n.d. 812 3500 10.8 androgens 

ectopic bronchial M 42 N 122 +++ 641 4365 20.0 5-HIAA 40 
carcinoid M 65 N 165 +++ 1320 26867 78.2 5-HIAA30 

F 26 L 33 n.d. n.d. 8334 39.2 5-HIAA 45 
F 36 E 378' +++ 549 292 24.4 5-HIAA 246 

thymic carcinoid F 35 E 719' ++ 579 1540 44.3 5-HIAA36 

medulla!), M 32 E 699" ++ n.d. n.d. n.d. calcit. 28 ; CEA 185 
thyroid F 42 E 1248' +++ 498 1690 n.d. calcit. 150 ; CEA 1740 
carcinoma M' 38 E 1822' +++ n.d. 25000 19.8 calcit. 107 ; CEA 511 

M 43 E 13900' +++ 1018 1400 4.2 calcit. 1092 ; CEA 3500 

small cell F 61 E 270' n.d. 1820 28000 425.0 
lung cancer 

o egA: chromogranin A; low dex: serum cortisol after 1 mg of dexamethasone suppression overnight (normal < 145 nmol/l); F: female; M: male; N: no 
metastasis; L: lymphatic spread; E: extensive metastasis (liver and/or lung); n.d.: not done; 5-HIAA: urina!)' 5-hydroxyindoleacetic acid excretion (nor-
mal ~ 40 J.UYl0l/day); calcit.: serum calcitonin concentration (normal < 0.1 pg/l); CEA: serum carcinoernbryonic antigen concentration (normal < 5.0 
~g/l in non-smokers, < I 0.0 ~g/l in smokers). See legend to Table I for immunohistochemical staining for CgA. 
, Elevated CgA concentrations (see legend to Table I). 
e Medulla!), thyroid carcinoma with ectopic CRH production. 
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Probably, the use of more sensitive molecular biological techniques 
would have allowed CgA to be detected in more, i[ not in all, cortico
troph adenomas. 

Deftos and coworkers reported elevated serum levels o[ CgA in 3/5 
patients with pituitaty-dependent Cushing's syndrome [20]. We obser
ved only slightly elevated concentrations in 3/15 patients. BSIPSS [ailed 
to reveal an IPS/P gradient for CgA in these cases, suggesting overpro
duction by an extrapituitalY source. In none of these patients, however, 
could we find evidence for the presence of other neuroendocrine 
tumours that might be responsible for the overproduction of CgA. The 
adrenal cortex cannot be the source of the CgA overproduction, because 
this tissue does not originate from the neural crest. Only tissues from 
neuroendocrine origin are able to produce CgA. This is illustrated by the 
fact that we demonstrated normal serum concentrations and negative 
immunohistochemistly for CgA in our patients with adrenal cortisol
producing tumours. Probably, corticotroph adenomas do produce CgA, 
but as these microadenomas frequently have a diameter of only a few 
millimeters, their small CgA production may not be enough to raise the 
concentrations in the petrosal venous circulation. CgA is produced by a 
wide variety of normal neuroendocrine tissues throughout the body 
[11]. Its circulating plasma pool is substantially greater than that of 
many other peptide hormones and it has a relatively long plasma half
life of 16-18 minutes [26]. Therefore, it is no surprise that small tumours 
cannot perturb the serum levels of CgA. Thus, it is clear [rom these data 
that CgA cannot be used as a reliable serum marker of pituitary 
Cushing's disease. 

In contrast, serum levels of CgA frequently were elevated markedly in 
patients with tumours with ectopic ACTH andlor CRH production. 
Several groups described high serum values of CgA in patients with 
metastatic carcinoid tumours, MTC and SCLC [12-15]. We extend these 
data to neuroendocrine tumours responsible [or ectopic Cushing's syn
drome. The highest concentrations were seen in patients with metasta
tic MTC. The serum levels of CgA in these cases seem to be correlated 
with the tumour markers calcitonin and CEA. A weak correlation 
between serum calcitonin and CgA in patients with tumours of thyroid 
C-cell origin, has been described previously [12]. 
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The finding of markedly elevated CgA concentrations in 7/10 patients 
with Cushing's syndrome due to ectopic ACTH and/or CRH secretion 
may be explained by the big tumour bulk, because all showed wide
spread metastasis. By contrast, all subjects with "occult" carcinoid 
tumours, presenting with fairly limited disease (small tumours without 
distant metastases), had normal CgA levels. In the patient with SCLC, 
only a slight elevation of serum CgA was found, despite diffuse dissemi
nation of tumour cells in the bone marrow. This might suggest that less 
well-differentiated tumours secrete smaller amounts of CgA. 

The circulating CgA levels produced by "peripheral" neuroendocrine 
tumours seem mainly dependent on the size of these tumours. 
Increased CgA levels were found only in cases with extensively metas
tasized tumours, which usually are detected easily by physical examina
tion or routine imaging techniques. Thus, the clinical challenge of 
making an early diagnosis of Cushing's syndrome due to ectopic ACTH 
and/or CRH production by a small "occult" neuroendocrine tumour, 
cannot be resolved by measurement of serum CgA. 
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Summary 

We tested the hypothesis of whether chromogranin A (egA), an inunu
nohistochemical marker of neuroendocrine tumours, could serve as a 
serum marker for clinically nonfunctioning pituitary adenomas. 
Basal and TRH-stimulated concentrations of LH, FSH, a-subunit, and 
egA were measured in 22 patients with clinically non functioning pitui
tmy adenomas and in 20 control patients with other pituitaty tumours. 
The control group consisted of 9 patients with prolactin (PRL) and/or 
growth hormone (GH) secreting adenomas and II patients with non
endocrine tumours (5 craniophmyngiomas, 2 (dys)germinomas, I astro
cytoma, I meningioma, 1 neurinoma of the acoustic netve and 1 der
moid cyst). Immunohistochemical staining for egA was performed on 
tumour tissue obtained at transsphenoidal surgety in 18 study and 12 
control patients. Tissue from 19 of the 22 clinically non functioning ade
nomas was cultured, and concentrations of LH, FSH, a-subunit and egA 
were measured. 
Immunohistochemical staining for egA was positive in 15 of 18 clinical
ly non functioning adenomas and negative in all examined control 
tumours (n= 12). egA was present in culture medium of 16 of 18 adeno
mas in vitro. In 3 adenomas it was present in the absence of detectable 
amounts of gonadotropins or a-subunit. Basal serum levels of gonado
tropins and/or a-subunit were elevated in 7 of 22 patients with clinical
ly nonfunctioning adenomas and in 4 of 9 control patients with PRL
and/or GH-secreting adenomas. Basal egA was elevated in 2 study 
patients and in I prolactinoma patient. Significant increases in serum 
gonadotropin and/or a-subunit levels in response to TRH occurred in 14 
of 21 patients with clinically nonfunctioning adenomas and in 13 of 20 
control patients. A significant egA peak after TRH administration was 
demonstrated in 6 patients with clinically nonfunctioning pituitary 
tumours and in none of the controls. 
We conclude that I) immunohistochemical staining for egA seems an 
excellent tool to prove the endocrine origin of clinically non functioning 
pituitaty tumours; 2) ill vivo, the gonadotroph origin can be recognized 
in only a minority of patients who have elevated basal levels of LH, FSH, 
or a-subunit; 3) examination of the effect of TRH on egA release is a 
rather insensitive, but specific diagnostic test, allowing differentiation 
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from non endocrine pituitalY tumours; 4) the responses of gonadotropins 
and a-subunit to TRH, although more sensitive, are not specific for clini
cally nonfunctioning pituitary adenomas and probably only reliable in 
cases of total hypopituitarism. 

Introduction 

Clinically nonfunctioning pituitmy adenomas are characterized by the 
absence of symptoms of hormone excess. In cell culture, however, vir
tually all these adenomas produce and secrete gonadotropins and/or 
their subunits [1-3). During the last years, effective medical treatment 
became available for most hormone-secreting pituitary adenomas. 
Obviously, medical treatment might also be an attractive therapeutic 
option for adenomas of gonadotroph origin [4). To be able to evaluate 
the effects of various drugs on the growth of these adenomas, a precise 
diagnosis is very important. Reliable distinction from nonendocrine 
tumours in the pituitary region, such as craniopharyngiomas and 
(dys)genninomas, is necessalY to avoid inadvertent medical treatment 
in such patients. Increased serum concentrations of LH, FSH, or a-sub
unit are present in only a minority of cases of nonfunctioning pituitary 
adenomas [2,3,5-7]. The presence of a so-called paradoxical response 
of gonadotropins and/or their subunits to the intravenous administra
tion of TRH enhances the diagnostic yield [3,6,7). Even so, there 
remains a fair number of patients who cannot be characterized in these 
ways. Chromogranin A (CgA), a protein present in neuroendocrine 
secretOlY granules, is currently used as a serum and immunohistoche
mical marker of a wide variety of neuroendocrine tumours [8,9). Even 
nonhormone-producing tumours of neuroendocrine origin retain the 
ability to synthesize and secrete CgA [10,II]. Therefore, serum levels of 
CgA could be useful in diagnosing and monitoring clinically nonfunctio
ning pituitmy adenomas [12). The aim of this study was to evaluate the 
value of CgA as a tumour marker in a welldefined group of patients with 
clinically non functioning pituitalY adenomas and compare it with the 
measurement of gonadotropins and a-subunit. Patients with clinically 
functioning pituitary adenomas, and with non endocrine pituitary 
tumours served as controls. 
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Subjects and methods 

Patients 

The study was carried out in 22 patients with a clinically nonfunctio
ning, a-subunit-secreting, or gonadotroph pituitary adenoma, diagnosed 
after 1988. In none of these patients was there evidence that the adeno
ma originated from lactotroph cells (serum PRL < 100 pg!l), somato
troph cells (no clinical manifestations of acromegaly and serum insulin
like growth factor-I (IGF-I) < 45 nmolll) or corticotroph cells (no clinical 
manifestations of Cushing's syndrome). In every patient, the diagnosis 
of pituitmy adenoma was confirmed by histological examination of sur
gically excised tissue, and immunochemistry for PRL, GH and ACTH was 
negative. Patients with pituitary macroadenomas (n~9), secreting PRL 
and!or GH, and patients with intra- or suprasellar tumours of nonendo
crine origin (n~ II) served as controls. Five adenomas originated from 
somatotroph cells (clinical manifestations of acromegaly, serum IGF-I > 

50 nmolll), and 4 from lactotroph cells (serum PRL > 1000 pg!I). In all 
acromegalics and in I patient with prolactinoma who were treated by 
transsphenoidal surgery, histological examination and immunohisto
chemistry confirmed the diagnosis of pituitary adenoma. All patients 
with nonendocrine pituitary tumours underwent surgical excision. The 
histological diagnoses were 5 craniophmyngiomas, 2 (dys)germinomas, 
1 astrocytoma, I meningioma, I neurinoma of the acoustic nerve and I 
dermoid cyst. 

TRH tests 

The response to 200 pg TRH was studied in each patient. Blood samples 
were collected 30, 15, and 0 minutes before and 10,20,30,60, and 120 
minutes after iv bolus injection of TRH (Hoechst, Amsterdam, The 
Netherlands). All TRH tests were performed before treatment. 

Immunoassays 

PRL and IGF-I were measured using immunoradiometric assay (IRMA) 
kits obtained from IRE-Medgenix (Brussels Belgium), and TSH was 
measured using an IRMA from Behring (Marburg, Germany). The cross
reactivities of a-subunit and gonadotropins in the TSH assay were less 
than I % and less than 0.0 I %, respectively. 
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FSH and LH were measured using IRMA kits supplied by IRE-Medgenix. 
The sensitivity of these assays was 0.5 IV/I. a-subunit was measured by 
RIA using antibodies purchased from VCB (Brussels, Belgium]. The sen
sitivity of the a-subunit assay was 0.3 [lg/l. The cross-reactivities were: 
LH assay: FSH, 0.4%; a-subunit, 2.7%; FSH assay: LH, 0.1 %; a-subunit, 
0.5%; a-subunit assay: LH, 0.6%; FSH, 2.3%. The intra- and interassay 
coefficients of variation (CVs) were, respectively, less than 5% and less 
than 15% for LH, less than 3% and less than 8% for FSH, and less than 
6% and less than II % for a-subunit. Reference values in men are: LH, 
1.9-9.2 VII; FSH, 1.6-11.1 VII; a-subunit, 0.4-1.1 [lg/l; those in pre
menopausal women are: LH, 1.1-49.5 VII; FSH, 1.8-46.0 VII; a-subunit, 
0.3-2.3 [lg/l; those in postmenopausal women are: LH, 17.5-86.6 VII; 
FSH, 26.2-107.7 WI; a-subunit, 1.3-4.0 [lg/l (13,14). 

Chromogranin A 

CgA was purified from human pheochromocytomas using two anion 
exchange chromatographic steps (diethylaminoethyl cellulose and 
Zorbax SAX high pressure liquid chromatography). The final purification 
step was a reverse phase high pressure liquid chromatography on a 
wide pore Bakerbond Butyl column. During all purification steps, frac
tions were monitored with dot blots, using monoclonal antibody 
LK2H 1 0 against human CgA (Clonatec, Paris, France). Purity was con
firmed with sodium dodecyl sulfate-polyacrylamide gel electrophoresis. 
The peak area at 280 nm was used to quantitate human chromogranin, 
with human serum albumin as a reference standard. 

Human CgA was iodinated with Na"'l (ICN Biochemicals, Costa Mesa, 
CAl by the chloramine-T method and separated from unincorporated 
iodine by gel filtration on a PD 1 O-column (Pharmacia, Vppsala, 
Sweden). The specific activity ranged from 270 to 330 Ci/g. 
The RIA used 25 [lL of serum, diluted 10-fold in assay buffer (23 mM II 
barbital sodium, 0.02% sodium azide, and 1 % BSA), 0.1 ml of rabbit anti
serum (V-6; diluted 12,500-fold), and 0.1 ml labeled chromogranin 
(15,000 cpm). After overnight incubation at 4°C, phase separaration was 
obtained by second antibody solid phase (0.1 ml; A-SACI, IDS LId., 
Boldon, Vnited Kingdom). The within-assay CV ranged from 6.5% 
(mean, 95 ng/ml; n = 18) to 8.6% (mean, 1160 ng/ml). The between
assay CVs were 6.9% and 6.3% for mean concentrations of 90 and 698 
nglml (n = 38), respectively. The sensitivity of the assay was 1.6 [lg/l. 
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The reference value in 568 normal subjects of both sexes, aged 6 - 50 yr, 
is 90 ± 24 pg/l (range, 35-176); in 33 normal men older than 50 yr, it is 
106 ± 22 pg/l (range, 70-159); in 249 normal postmenopausal women 
older than 50 yr, it is 110.1 ± 35.5 pg/l (range 54-220). In men and pre
menopausal women, 175 pg/l was chosen as upper cutoff value, and in 
postmenopausal women, 220 pg/l was used, to avoid overlapping 
values with normal subjects. This corresponds to 3 SD above the mean. 

Cell cultures 

Tumour cells from the 22 study patients were cultured as previously 
described [15]. In short, surgically removed pituitary tumour tissue was 
washed several times and incubated with dispase (Boehringer, Mann
heim, Germany), and the cells were dispersed using a Dounce type 
homogenizer (Kantes co., Vineland, NJ). The tumour cells were separa
ted from blood cells by discontinuous Ficoll-Isopaque gradient centrifu
gation and then suspended in Eagle's Minimum Essential Medium con
taining 100 gil fetal calf serum. Cell viability, determined by the ltypan 
blue dye exclusion method, was over 90% in each experiment. Cells 
were cultured at 37"C in Costar multiwell plates (Costar, Cambridge, 
MA) at a concentration of 200,000 cells lweI!. In addition, in most 
instances cells were also lysed after Ficoll separation in distilled water 
containing I gil BSA by repeated freezing and thawing. Medium 
harvested after the first 3 - 4 days in culture and cell lysates were stored 
at -20°C for hormone assay. The fetal calf serum used in the culture 
medium contained small amounts of CgA (<10 pg/l). Therefore the 
detection limit of CgA in culture samples was set at 10 pg/!. 

Immunohistochemistry 

Surgically excised tumour tissues were investigated by immunohisto
chemical methods using the avidin-biotin-peroxidase complex method. 
All tissues were fixed in 4% buffered neutral formaldehyde, embedded in 
paraffin, and cut in 4- to 6-pm slices. Mouse monoclonal antibodies 
against CgA, isolated from human pheochromocytomas, were pur
chased from Eurodiagnostics BV (Apeldoorn, the Netherlands) [16]. 
The antiserum was used in a dilution of I :20. Human pancreatic tissue 
served as a positive contro!. Interpretation was performed blindly, 
without knowledge of the endocrine characteristics of the patients. The 
extent of immunoreactivity was recorded on a scale from - (no staining) 
to +++ (heavy staining]. 
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Results 

In vivo hormonal results in study patients 

Basal serum gonadotropin, a-subunit and egA levels of the 22 patients 
with clinically non functioning pituitalY macroadenomas are listed in 
Table I. LH levels were in the low normal range or decreased in all 
patients. FSH levels were elevated in 2 male patients (9%). Both patients 
also presented elevated circulating a-subunit concentrations. In 2 of the 
6 postmenopausal women, FSH levels were in the normal postmeno
pausal range in the presence of lowered LH levels and hypopituitarism. 
Serum concentrations of a-subunit were increased in 6 patients (27%). 
5 males and I female. In total, 7 of the 22 patients (32%) presented with 
a gonadotroph- and/or a-subunit-secreting adenoma, defined by in
creased circulating FSH and/or a-subunit levels. An elevated basal egA 
concentration was found in 2 male patients. Both also had elevated 
a-subunit levels, and in I of them, an elevated FSH level was present. 

TRH tests were performed in 21 patients (Table I). Because of the large 
variability in basal values of the gonadotropins, a-subunit, and egA, all 
post -TRH values were expressed as a percentage of the 3 pre-TRH 
values. Basal serum levels of LH, FSH, a-subunit, and egA varied by up 
to 28%, 22%, 30%, and 20% of the respective baseline values. Therefore, 
increases after TRH over 30% of the baseline level were arbitrarely con
sidered to be significant. 

LH levels increased significantly after the administration of TRH in 5 of 
21 patients (24%). All had normal basal LH levels. FSH increased signifi
cantly in 4 patients (19%). In 3 ofthem, the basal FSH value was eleva
ted. An increase in a-subunit after TRH treatment occurred in II 
patients (52%). No significant correlation was present between the 
absolute increases of a-subunit and those in TSH in response to TRH 
(Spearman rank test). A significant increase in egA levels after TRH was 
demonstrated in 6 patients (29%). all of whom presented normal basal 
egA levels. The presence or absence of a significant increase in hor
mone levels after TRH treatment was not related to the respective basal 
serum concentrations (by x'-tests). The presence or absence of a signifi
cant increase in egA levels was not related to the presence or absence 
of a reaction of gonadotropin or ,,-subunit levels to TRH (by x'-test). 
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Table 1. Serum LH, FSH, ((-subunit, and egA concentrations at baseline and in response to 
TRH in 22 patients with clinically non functioning, ((-subunit -secreting or gonadotroph pituitary 
macroadenomas. 

LH FSH a-subunit egA 

basal % basal % basal % basal % 
patient sex age level increase level increase level increase level increase 

(U/I) after (U/I) after (pg/I) after (pg/I) after 
TRH TRH TRH TRII 

M 49 2.8 61' 45.2' 14 3.8~ 14 180.3" 18 

2 M 59 1.2 5S' 17.0" 4 3.6' 19 64.0 53' 

3 M 46 1.3 58' 6.6 33' l.8b 44' 116.3 25 

4 M 50 2.2 43' 3.8 23 1.6b 91' 72.0 67' 

5 M 70 <0.5 0 <0.5 0 1.5b 60' 210.0' 19 

6 M 54 0.8 25 0.8 338' 0.6 50' 98.0 2 

7 M 60 1.8 15 0.6 137' 0.7 9 71.7 9 

8 M 58 1.4 2 <0.5 0 0.6 94' 105.7 20 

9 M 52 <0.5 0 <0.5 0 0.8 75' 117.7 33' 

10 M 34 4.3 0 3.6 0 0.7 71' 82.0 23 

II M 37 1.9 47' 1.6 13 0.5 50' 72.0 8 

12 M 55 <0.5 0 <0.5 0 1.0 40' 72.0 13 

13 M 29 3.5 14 4.1 10 0.5 13 79.3 40' 

14 M 46 8.7 0 1.9 0 0.4 0 73.0 27 

15 M 72 1.0 10 1.9 5 0.5 20 130.0 7 

16 F 53 1.3 0 56.7' 4 6.4" 6 125.0 20 

17 F 68 2.1 II 33.0' 107' 1.1 209' 168.7 125' 

18 F 65 4.6 4 13.7 9 0.6 41' 40.7 38' 

19 F 60 1.9 18 2.3 2 0.8 30 73.3 23 

20 F 77 3.0 0 10.0 9 1.3 20 138.7 2 

21 F 70 10.3 7 IS.3 II 0.9 15 SI.7 20 

22 P' 44 <0.5 ND 1.5 ND 0.5 ND 73.0 ND 

Basal values are the means of determinations in three serum samples drawn at 15 min inter-

vals. The normal values in men are: LH, 1.9-9.2 U/I; FSII, 1.6-11.1 U/I; ((-subunit, 0.4-1.1 pg/I; 

in premenopausal women: LH, 1.1-49.5 U/I; FSH, 1.8-46.0 U/I; ((-subunit, 0.3-2.3 pg/I; in post-

menopausal women: LH, 17.5-86.6 VII; FSH, 26.2-107.7 VII; a-subunit, 1.3-4.0 p.g/l. % increase 

after TRH::: (maximal response to TRH - mean basal value) x I DO/mean basal value. A respon-

se greater than 30% is considered significant ND, Not done. 

, Significant response to TRH. 

" Elevaled basalleve!. 

, Inappropialely elevaled basal FSH/LH. 

d Premenopausal woman 



Table 2. Serum LH, FSH, a-subunit, and egA concentrations at baseline and in response to TRH in 9 patients with honnone secreting pituitary adeno-
mas, and in 6 patients with intra- and/or suprasellar tumours of nonendocrine origin. 

LH FSH a-subunit egA 
diagnosis patient sex age basal!eve! % increase basa!!eve! % increase basa!!eve! % increase basa!!eve! % increase 

(U/!) afterTRH (U/!) afterTRH (~g/!) afterTRH (~g/!) afterTRH 

acromegaly M 23 6.4 0 4.7 15 2.4" 17Sb 82 23 
2 M 43 4.2 62' 4.2 2 1.3" 0 84 6 
3 M 29 2.0 60' 2.3 35' 0.7 114' 124 5 
4 M 30 8.1 0 9.0 7 0.9 22 80 6 
5 F 43 <0.5 0 0.8 88' 0.5 40' 76 12 

prolactinoma 6 M 66 3.3 24 0.7 43' 4.6' 7 419' 0 
7 M 66 1.6 34' 0.8 8 1.2" 0 127 0 
8 F 23 3.7 68' 3.8 29 0.9 33' 65 0 

Cl 
9 F 26 <0.5 0 <0.5 0 0.8 38' 73 2 cranio- 10 M 30 0.7 9l' 2.1 3 0.8 96' 89 21 

pharyngioma 11 M 38 1.9 2 1.5 0 0.8 20 94 0 is-
"" 12 F 40 4.4 0 3.0 0 0.8 0 72 19 c:i 

13 F 43 <0.5 0 <0.5 0 0.4 85' 109 5 'C ". 
14 F 81 <0.5 0 <0.5 0 0.9 15 144 8 ,co 

germinoma 15 M 23 <0.5 0 <0.5 0 0.4 75' 143 3 " , 

dysgerminoma 16 M 44 1.4 0 3.5 0 0.7 0 104 0 
co 
§. 

astrocytoma 17 M 16 <0.5 0 2.1 0 1.5 0 75 17 § 
meningioma 18 F 31 2.6 0 3.4 3 0.5 60' 102 0 

"" ac. neurinoma 19 M 42 5.9 12 4.0 5 0.9 0 91 12 e 
dermoid cyst 20 M 29 3.6 11 1.5 20 0.5 40' 43 19 "'-

& 
Basal values are the means of determinations in three serum samples drawn at IS min intervals. % increase after TRH = (maximal response to TRH - :;. 

mean basal value) x I aD/mean basal value. Ac. neurinoma, neurinoma of acoustic nerve. S· 
, elevated basal value ~ 
b significant response to TRH :R 

g; 
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In vivo hormonal results in control patients 

The characteristics of the control patients are presented in Table 2. 
There were 13 men and 7 women. Among the 9 patients with hor
mone-secreting pituitary macroadenomas, gonadotropin levels were 
within the normal range. TWo patients with acromegaly and 2 with pro
lactinomas demonstrated elevated basal a-subunit concentrations. After 
the administration of TRH, LH levels significantly increased in 4 (44%), 
FSH in 3 (33%) and a-subunit in 5 (56%) patients. The baseline CgA con
centration was elevated in 1 man with a prolactinoma who also had 
elevated a-subunit. No significant increases of CgA levels occurred after 
TRH injection in any of these patients. 

Among the 11 patients with nonendocrine tumours in the pituitary 
region, no elevated basal levels of gonadotropins or a-subunit were 
detected. Significant LH and a-subunit responses to TRH were present 
in a patient with a craniophmyngioma. Four additional patients showed 
a significant a-subunit response. All basal and stimulated CgA levels 
were within the normal range. 

As in the study patients, no relations could be found in these control 
patients between the presence or absence of a response to TRH and the 
respective basal serum hormone concentrations (by x'-tests). 

Hormone release and content of cultured pituitary tumour cells 

Culture media and/or cell lysates were available from 19 patients with 
clinically non functioning adenomas. LH, FSH, a-subunit, or a combina
tion of these were detected in the media and/or cells from IS patients 
(Tab. 3). CgA was found in the media and/or cell lysates from 16 of 18 
patients. In 3 adenomas, CgA was present in the absence of detectable 
gonadotropin and a-subunit concentrations. 

Immunohistochemistry 

Tumour tissue for immunohistochemistly was available from 18 of the 
22 clinically nonfunctioning pituitary adenomas (Tab. 3), 6 of the 9 
secreting pituitary adenomas (all 5 GH-secreting and I of the 4 PRL
secreting adenomas), and 6 of the 11 nonendocrine tumours (3 of 5 cra
niophalyngiomas, 1 germinoma, 1 astrocytoma, and 1 meningioma). 
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egA immunopositivity was detected in 15 of the 18 clinically nonfunc-
tioning pituitary adenomas, none of the secreting adenomas, and none 
of the nonendocrine pituitalY tumours. No relation could be demonstra-
ted between the amount of staining and the concentrations in culture 
medium or serum (by Wilcoxon's rank sum test). 

Table 3. Results of in vitro cultures and immunohistochemical staining of adenoma cells of 
patients with clinically nonfullctioning, ((-subunit-secreting or gonadotroph pituitary macro-
adenomas. 

HomlOnes detected in vitro IH 

patient LH FSH ((-subunit egA CgA 
(U/I) (U/I) ~lg/I) ~lg/I) 

+ + + + 
2 + + + ND + 
3 + + + + +++ 
4 + + + + ND 
5 + + + +++ 
6 + ++ 
7 + + + + ++ 

9 + + +++ 
10 + + + + ++ 
II 
t3 + + +++ 
14 + +++ 
IS + 
16 + + + + + 
17 + + + +++ 
18 + + + + +++ 
19 + + + + +++ 
20 + + + +++ 
22 + + 

Surgically removed tumour tissue from 19 of the 22 patients with clinically nonfullctioning, «
subunit-secreting, or gonadotroph adenomas was brought in dispersed cell culture. FSH, LH, ((
subunit, and egA were determined in medium harvested after 3 - 4 days culture and in cell 
Iysates. The presence of concentrations higher than the detection limit of the assay (LH, 0.5 
U/I; FSH, 0.5 U/I; {(-subunit, 0.3 pg/l) was considered significant. The fetal calf serum used in 
the culture media and celllysates contained small amounts of egA « 10 pg/l). Therefore, the 
detection limit of egA was 10 pg/l. 
Immunohistochemical staining (IH) for egA was performed on 18 of the 22 adenomas. The 
extent of immunoreactivity was recorded on the following scale: -, all cells negative (0%); t, 

occasional cells positive « 20%); tt, numerous cells positive (20-50%); +tt, widespread positi
vity (> 50%). ND, Not done. 

67 
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Discussion 

Using immunological and molecular biological techniques, several 
investigators demonstrated that virtually all so-called non functioning 
pituitary tumours are of gonadotroph origin [1-3]. This is confirmed by 
our cell culture results, showing readily detectable amounts of LH, FSH, 
or a-subunit in incubation media or cell Iysates from 15 of 19 cultured 
adenomas. The clinical utility, however, is limited, because this secre
tion is seldom reflected in serum; only 5 of 15 male and 2 of 7 female 
patients showed elevated serum concentrations of gonadotropins 
and/or a-subunit. Other research groups reported elevated levels in 
6-67% of their patients [2,3,5-7]. Therefore, alternative markers are 
required to increase the diagnostic sensitivity. 

Deftos and co-workers proposed egA as a useful tissue and serum mar
ker for endocrine neoplasms [8,9]. Originally discovered in the chro
maffin granules of the adrenal medulla [17], it was sUbsequently 
detected in many normal and neoplastic tissues of neuroendocrine 
origin [9,18]. Its exact function is unknown. At the cellular level, egA is 
localized in hormone storage granules, suggesting corelease with the 
resident hormones [9]. Its amino acid sequence contains many proteo
lytic processing sites, and several cleavage products are present in 
serum [9]. This suggests that it might serve as a precursor of biologically 
active pep tides, with endo-, para-, or autocrine function [9,19]. In the 
interpretation of serum concentrations of egA, one should take into 
account that all immunoassays for egA show a variable degree of cross
reaction with these cleavage products [8]. This implies that each immu
noassay system should have its own well-defined normal range, so that 
our normal values cannot be extrapolated to other immunoassays. 

Although its biological role has not yet been established, its potential 
value as a marker of endocrine function is apparent. One of the most 
promising clinical uses is its ability to identify non functioning endocrine 
tumours [10-12]. Most hormone-negative neoplasms of endocrine origin 
retain the capacity to produce egA. We could demonstrate egA in the 
culture media or cell Iysates of 16 of 18 cultured clinically nonfunctio
ning pituitalY adenomas. In 3 of these, egA was present in the absence 
of detectable amounts of gonadotropins or a-subunit. Immunohisto-
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chemislly for CgA confirmed its almost universal presence in this type 
of adenomas. By contrast, CgA was not detected in the 6 (of 9) secreting 
adenomas and the 3 (of 6) non endocrine pituitaty tumours that were 
subjected to CgA immunostaining. Thus, immunohistochemistry for CgA 
seems an excellent pathological marker for adenomas of gonadotroph 
origin. This is in accordance with several reports of other research 
groups, showing immunohistochemical staining for CgA in nearly all 
null cell adenomas, oncocytomas and gonadotroph adenomas [12,20-
24), but absence or only focal staining in prolactinomas and in GH- and 
ACTH-producing adenomas [12,20,22-24]. 

As with gonadotropins and a-subunit, the presence of CgA in adenoma 
tissue is seldomly reflected in elevated serum levels. Elevated serum 
CgA concentrations were detected in only 2 of our 22 study patients. 
CgA is produced in a wide variety of nonlial neuroendocrine tissues 
throughout the body. The production by the relatively small pituitaty 
tumour bulk is probably lost in the scatter of physiological secretion. 
One patient with a prolactinoma showed an excessive serum concen
tration of CgA and a-subunit. The possibility of a plurihormonal adeno
ma [25], secreting PRL, a-subunit and CgA, is unlikely, because immu
nohistochemical staining of tumour tissue for CgA was negative. The 
presence of another extrapituitary endocrine neoplasm that releases 
CgA in the circulation offers an unconfirmed explanation. 

Many groups reported the stimulation of gonadotropin or subunit relea
se by TRH as a useful tool in the workup of nonfunctional pituitary 
tumours [3,6,7]. By analogy, we used TRH tests in the hope of obtaining 
a CgA response in these patients. Six of the 21 study subjects (29%) had 
a significant increase in CgA levels after TRH injection. All responders 
showed normal basal levels of CgA, and 3 presented elevated basal 
levels of FSH and/or a-SUbunit. A response of gonadotropin and/or 
a-subunit concentrations to TRH occurred in 14 patients (67%). Testing 
the effect of TRH on CgA release, although less sensitive, seems a more 
specific diagnostic aid than testing the response of gonadotropins or 
a-subunit. In the control group of 9 secreting and II nonendocrine 
pituitaty tumours, CgA never increased in response to TRH, while gona-
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dotropin and especially a-subunit levels increased in 13 patients (65%). 
In fact, in 4 of the 9 patients with secreting pituitary adenomas, even the 
basal levels of a-subunit were elevated. The existence of adenoma cells 
capable of producing more than one hormone has been conclusively 
proven [25J. a-Subunit is frequently coreleased by GH- and PRL-produ
cing adenomas. This fails to explain, however, the TRH-induced increa
ses in the concentrations of a-subunit in 5 and of LH in I of I I patients 
with nonendocrine pituitary neoplasms. Therefore, a so-called para
doxical gonadotropin response to TRH and, especially, an increase in 
a-subunit concentrations cannot be regarded as a specific diagnostic 
marker of pituitmy adenomas of gonadotroph origin. A small increase in 
LH [26J and a-subunit levels [27,28J after TRH administration can even 
be demonstrated in normal subjects. It is not clear whether these a-sub
unit responses originate from gonadotroph or other cell-lines. One pos
sibility is cosecretion with TSH. We could not demonstrate, however, 
any relation between the TRH-induced increases of the concentrations 
of a-subunit and those of TSH in our patients. Several patients showed 
a significant a-subunit response and no TSH response and vice versa. 
probably, an increase in a-subunit levels after TRH can only be regarded 
as diagnostic for a pituitalY adenoma of gonadotroph origin in the pre
sence of severe hypopituitarism. This hypothesis could not be tested, 
however, since most of our patients with clinically non functioning ade
nomas showed severe hypopituitarism, whereas most of our control 
patients with nonendocrine pituitalY tumours showed only partial hypo
pituitarism (data not shown). 

The major difficulty in the diagnosis of clinically nonfunctioning pituita
ry adenomas is the differentiation from nonendocrine pituitary tumours, 
such as craniopharyngiomas and meningiomas. Hormone-secreting 
pituitalY tumours, such as somatotropinomas and prolactinomas, can 
readily be differentiated on clinical grounds and by the demonstration of 
their principal hormonal product. Using the combination of elevated 
basal serum concentrations of gonadotropins and/or a-subunit, and/or 
a positive egA response to TRH allowed the diagnosis of clinically non
functioning, a-subunit secreting, or gonadotroph pituitalY adenoma in 
10 of 22 patients (45%), without false positive results in patients with 
nonendocrine pituitalY tumours. 
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Daneshdoost and co-workers [7) presented the LH~ response to TRH as 
the most sensitive and specific test for the detection of pituitaty adeno
mas of gonadotroph origin, allowing a diagnosis in 69% of their post
menopausal women. The actual clinical usefulness is limited, as good 
assays for the p-subunit of Ll-I are not widely available. Most assays 
show a low sensitivity and a high degree of cross-reaction with intact 
gonadotropins, especially with Ll-I. The specificity of this test in making 
the differential diagnosis with nonendocrine tumours of the pituitaty 
region has not been evaluated. 

We conclude from these data that immunohistochemical staining for 
egA is an excellent tool to prove the endocrine origin of clinically non
functioning adenomas. Even hormone-negative adenomas retain the 
capacity to synthesize egA. III vivo, the gonadotroph origin can be 
recognized in only a minority of patients who have elevated basal levels 
of LH, FSH, or a-subunit. Examination of the effect of TRH on egA 
release is a rather insensitive, but specific diagnostic test, allowing diffe
rentiation from nonendocrine pituitaty tumours. The responses of gona
dotropins and a-subunit to TRl-I, although more sensitive, are not speci
fic for clinically nonfunctioning pituitaty adenomas and probably only 
reliable in cases of total hypopituitarism. This might not apply to the 
measurement of LHB and/or FSl-IP, however [7). In view of the limited 
experience with egA in the immunohistochemical and serological 
diagnosis of tumours of gonadotroph origin, our observations should be 
extended to larger groups of patients, before firm conclusions can be 
drawn. 
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Summary 

Chromogranin A (CgA) belongs to a family of secretOlY proteins that are 
present in dense-core vesicles of neuroendocrine cells. Owing to its 
widespread distribution in neuroendocrine tissues, it can be used as an 
excellent immunohistochemical marker of neoplasms of neuroendocri
ne origin. It can also selve as serum marker of neuroendocrine activity 
because it is co-released with the peptide hormone content of the secre
tory granules. The serum concentration of CgA is elevated in patients 
with various neuroendocrine tumours. Elevated levels are strongly cor
related with tumour volume. Although its sensitivity and specificity can
not compete with that of the specific hormonal secretion products of 
most of these tumours, it can nevertheless have useful clinical applica
tions. Neuroendocrine tumours for which no peptide marker is available 
usually retain the capacity to secrete CgA. CgA can thus be used as 
serum marker for these so-called "non functioning" endocrine tumours. 
Moreover, in patients with carcinoids and pheochromocytomas, CgA is 
a more stable and thus more easily manageable marker than plasma 
levels of respectively serotonin and catecholamines and their urinary 
metabolites. Its role as an important general neuroendocrine marker 
may be extended in the future, by the development of immunoscintigra
phy of membrane-bound CgA, allowing in vivo visualization of neuro
endocrine neoplasms. 

Introduction 

Neuroendocrine cells contain typical secretory granules, called large 
dense-core vesicles, because of their characteristic appearance on elec
tron microscopy. In addition to"the specific peptide hormones or neuro
pep tides, these granules also contain one or more chromogranin/secre
togranin proteins [1-5J. These belong to a unique family of secretory 
proteins which share many biochemical properties as well as an exclu
sive presence in neuronal and neuroendocrine secretory granules [6J. 
The first member of this family to be identified was chromogranin A 
(CgA). Its name derives from its original discovery in the catecholamine-
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containing chromaffin granules of the adrenal medulla [7]. Other well
characterized members of the family are chromogranin B (CgB) and 
secretogranin II (SgII) [6]. CgA is the best -studied granin in humans. It 
shows the widest neuroendocrine distribution and is present in some 
cells that do not express CgB or SgII [1,3]. The physiological functions of 
CgA are gradually elucidated, although many questions still remain [5]. 

Its ubiquitous presence in neuroendocrine tissues and its co-secretion 
with peptide hormones and neuropeptides makes it a suitable tissue 
and serum marker of neoplasms of neuroendocrine origin [1-4]. The 
aim of this review is to provide a state of the art of the actual clinical 
value of CgA as marker of neuroendocrine tumours. Relevant biochemi
cal and clinical data will be summarized and possible future applica
tions will be discussed. 

Structure and biochemical properties 

The gene encoding for CgA is located on chromosome 14 [8J. Its unique 
expression in neuroendocrine cells depends on a complex mechanism 
of transcriptional regulation, which is gradually being unravelled [9J. 
The primary structure of CgA has been deduced from its corresponding 
cDNA sequence [IO,IIJ. It is a velY hydrophilic protein with an abun
dance of charged, mostly acidic amino-acids. It contains multiple sites 
with two or more adjacent basic amino-acids, far exceeding the number 
observed in other proteins [10-12]. Seven of these dibasic residues are 
conserved in all mammalian CgA species. They are potential positions 
for proteolytic processing to smaller peptides, which might be biologi
cally active, as will be discussed below. Another property with possible 
functional implications is the ability of CgA to bind calcium with mode
rate affinity at multiple sites, propably due to the excess of negative 
charges, and to aggregate in the presence of the cation [13,14J. All 
members of the gran in family contain multiple dibasic residues and cal
cium binding sites, suggesting analogous functions. CgA is most closely 
related to CgB [15J. Both contain a disulfide-bonded loop structure near 
their amino termini with a highly homologous amino acid sequence. 
This structure, which might have a role in directing the chromogranins 
to the right secretory vesicles, is not present in the secretogranins [l6J 
(Fig. I). 
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Figure 1. Diagram of the primary structure of human chromogranin A (hCgA) J 

human chromogranin B (hegB) and human secretogranin II (hSgll) with indication of 
the dibasic amino acid sites where proteolytic processing may take place. 
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CgA-like proteins have been detected in various vertebrate and inverte
brate species [3], and related proteins, immunologically cross-reacting 
with antisera against CgA, have been found in protozoa [17]. There is a 
considerable structural homology among the CgAs of different mamma
lian species, implicating conservation during evolution, suggesting 
important biological functions [2]. 

Functions 

Several hypotheses regarding the biological function of CgA have been 
proposed. They are summarized in Table 1. 
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Table I. Proposed functions of chromogranin A (egA) 

Extracellular 
• Precursor ofhiologically active peptides with auto-, para- and/or endocrine 

function. 

Intracellular 
• Modulation of proteolytic processing of peptide hormones and neuropeptides. 
• Acts as nucleus for aggregation and precipitation of peptide hormones and neuro

peptides to Conn dense core vesicles. 
• Directs peptide hormones and neuropeptides to the regulated pathway of secretion. 

ExtmcelIuJarjilllctiOl1S 

The best-studied one is that egA might be processed at its dibasic 
amino-acid residues, in a tissue-specific manner, to biologically active 
peptides. Although much evidence is accumulating in favour of this 
viewpoint, further investigations are needed before definite conclusions 
can be drawn. 

A key finding in this respect was the discovery that the amino acid 
sequence of pancreastatin is fully contained within the sequence of 
human egA corresponding to residues 248-303 [18]. Pancreastatin is a 
peptide, which, as its name suggests, inhibits insulin and glucagon 
secretion from the endocrine pancreas [19,20]. It also suppresses para
thyroid hormone (PTH) secretion from parathyroid cells [21]. In addition, 
it has a regulatOlY effect on secretion from non-endocrine cells, inclu
ding parietal cells and exocrine pancreas [22,23]. The pancreastatin 
sequence of the egA molecule is flanked by sites for proteolytic clea
vage, suggesting that the peptide is derived from egA by proteolytic pro
cessing. Its presence has been immunocytochemically documented in 
many human neuroendocrine cells [23,24]. 

During the last years several other peptide derivates of egA have been 
described. Vasostatin / ~-granin is a peptide, derived from the N-tenni
nal part of egA. In some tissues it is present as a 76-amino-acid chain 
and in other as a 113-amino-acid chain (called vasostatin I and 11 
respectively) [25,26]. It has been shown to inhibit vasoconstriction of 
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human veins [27] and to inhibit PTH secretion by bovine parathyroid tis
sue [28]. Parastatin, a peptide identical to porcine CgA347-419, inhibits 
PTH secretion [29]. A peptide, homologous to the amino-terminal resi
dues 1-40 of human CgA inhibits the secretion of calcitonin (CT) and 
PTH-related protein (PTHrP) and stimulates the secretion of CT gene
related peptide (CGRP) [30,31]. 

Chromostatin, another fragment of CgA corresponding to bovine 
CgA 124-143, has been shown to be able to inhibit the release of cate
cholamines by adrenal medulla cells [32]. It is liberated from the precur
sor molecule by cleavage at monobasic sites. A receptor for chromosta
tin has been described on chromaffin cells that binds the peptide with 
high affinity and in a saturable way [33]. Recently, however, purifica
tions of chromostatin preparations, with removal from a contaminating 
non-peptide material, rendered them biologically inactive [34]. Thus, the 
function of this CgA fragment remains unknown. 

All these CgA-derived pep tides have been identified ill vivo [5], with the 
exception of parastatin and the CgA 1-40 fragments, which have only 
been generated from CgA by enzymatic digestion ill vitro. The regions of 
the CgA molecule that give rise to most of these cleavage products, 
namely the amino- and carboxy-terminal sites and the pancreastatin 
sequence, are highly conserved among various species [2]. 

The proteolytic processing of CgA probably occurs during its stay in the 
dense-core vesicles [5]. Candidate proteases, able to recognise mono
and dibasic sites, have been found in these vesicles [35-37]. Depending 
on the type and amount of proteases present, the type and amount of 
the proteolytic cleavage products may vary in different neuroendocrine 
tissues [5,38]. 

Similar proteolytic derivates have been described for CgB and Sgll. For 
CgB two proteolytic peptides have been characterized: CCB, homolo
gous to residues 596-653; and GAWK, homologous to residues 420-483 
of the human CgB molecule [39,40]. For Sgll a peptide named secreto
neurin has been characterized homologous to amino acids 182-204 of 
human Sgll [41]. 
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The above data support the hypothesis that pep tides derived from intra
granular processing of CgA are co-released with the resident peptide hor
mones and/or neuropeptides and exert an immediate auto- and para
crine modulatory effect on the secretOlY activity of the neuroendocrine 
cells. A classical endocrine effect on distant tissues might also be possi
ble, since these fragments of egA are also released in the circulation [2]. 

Intracellularjilllctions 

Besides these extracellular functions, egA might also exert a regulatory 
role inside the neuroendocrine cell. Obviously, the dibasic sites may 
serve as competitive substrates for proteolytic enzymes, modulating the 
proteolytic processing of peptide hormones and neuropeptides during 
their transport in the neurosecretOlY vesicles. In vitro data supporting 
this hypothesis have been reported [42J. 

The granins might also be involved in the packaging of pep tides into 
secretOlY granules and in directing them to the regulated pathway of 
secretion. The ability of the granins to bind calcium probably plays a 
key-role in this process [13,14J. In conditions of high calcium concentra
tion and low pH, as are present in the trans-Golgi network, where the 
dense-core vesicles are formed, egA avidly binds calcium. This results 
in a conformational change that induces aggregation of the molecule 
[13,14J. It has recently been shown that part of the granins firmly bind 
to the luminal site of the Golgi membrane and form nuclei for aggrega
tion [43]. The peptide hormones and/or neuropeptides are trapped in 
these aggregates. After budding from the trans-Golgi network, typical 
large dense-core vesicles are formed, containing peptide hormones and 
granins. In vitm experiments suggest that the interaction with egA 
occurs only with peptides secreted by the regulatory pathway, whereas 
constitutive secretOlY proteins, such as albumin, aI-acid glycoprotein, 
a I-antitrypsin, immunoglobulins and transferrin, are not precipitated in 
the aggregates [44,45]. Constitutive secretion refers to the rapid, bulk
now movement of proteins to the cell surface [46J. The regulated secre
tOlY pathway is characterized by the storage of proteins in secretory 
granules, whose contents are exocytosed when secretion is appropria
tely stimulated [46J. egA and the other members of the granin family 
might thus playa role in the formation of dense-core vesicles that 
exclude constitutive secretOlY proteins. 
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Clinical applications 

Although the biological functions of CgA are not established with cer
tainty, several clinical applications as marker for neuroendocrine 
tumours are already in use or are being developed. CgA is found throug
hout the neuronal and neuroendocrine system [1-4]. Neuroendocrine 
cells expressing the protein include endocrine cells of the anterior pitui
tmy, parafollicular C-cells of the thyroid, chief cells of the parathyroid, 
islet cells of the pancreas and chromaffin cells of the adrenal medulla. It 
is also present in the widespread neuroendocrine system of the bron
chial and gastrointestinal tracts and of the skin (Merkel cells). Endocrine 
cells that are not of neuroendocrine origin lack CgA. These are the folli
cular cells of the thyroid gland and the steroid hormone-secreting cells 
of the adrenal cortex and the gonads. 

Use as tissue mmker 

Immunohistochemical techniques to detect the presence of CgA in 
tumour tissues are widely used in clinical practice [1,4 7 ,48]. A mono
clonal antibody LK2H I 0 against CgA is commercially available for 
immunohistochemical staining [49]. A list of tumours for which CgA can 
serve as tissue marker is presented in Table 2. Besides typical neuroen
docrine neoplasms, tumours derived from the nervous system, such as 
ganglioneuroblastoma, ganglioneuroma, and neuroblastoma, also 
immunostain for CgA [1,3,4]. Even neuroendocrine tumours that lost 
their ability to produce peptide hormones (e.g. null-cell pituitalY adeno
mas) or which produce hormonal products with no apparent clinical 
effect (e.g. clinically non-functioning pituitary adenomas) retain CgA 
as a constituent of the dense-cored granule matrix [50-52]. 
Immunostaining for CgA is also positive in neuroendocrine hyperplasia 
(e.g. gastric enterochromaffin-like cell hyperplasia, pulmonary neuro
endocrine cell hyperplasia) [53-55]. 

lmmunostaining results should always be interpreted with caution 
however. Possible reasons for false-negative results are listed in Table 
3. Certain neuroendocrine tumours (e.g. small cell lung carcinoma 
(SCLC)) only weakly express CgA, often below the level of detection of 
the immunostaining method [56]. The typical characteristic of CgA to 
undergo cell- and tissue-dependent posttranslational modification can 
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Table 2. Neuroendocrine tumours for which egA can serve as tissue marker 

Anterior pituitalY tumours 

Corticotropinoma (Cushing) 

Gonadotropinoma 

Somatotropinoma (Acromegaly) 

Thyrotropinoma 

Clinically nonfunctioning neuroendocrine tumours 
Null-cell pituitaty adenoma 

Non-functioning islet cell tumour 

GEP (gastro-entero-pancreatic) neuroendocrine tumours 

Carcinoid 

Gastrinoma 

Glucagon om a 
Insulinoma 

somatostatinoma 

VIPoma 

Medullaty thyroid carcinoma 

Merkel cell tumour 

Neural tumours 

Ganglioneuroblastoma 

Ganglioneuroma 
Medulloblastoma 

Neuroblastoma 

Parathyroid tumours 

Pheochromocytoma - paraganglioma 

Tumours of the diffuse neuroendocrine system (outside the GEP system) 

e.g, in the lungs: Bronchial carcinoid 
Small cell lung carcinoma 

Large cell neuroendocrine lung carcinoma 
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also confound the results [5,38]. Moreover, the presence of CgA can be 
masked for immunodetection by binding to other molecules in the gra
nules. Several neuroendocrine cell types have been found that appear to 
express only one or two of the chromogranins/secretogranins. For 
example, prolactin-producing cells of the anterior pituitary are CgA 
negative but contain CgB and SgII immunoreactivity [50,51]. Likewise, C 
cells of the thyroid, chief cells of the parathyroid and pancreatic poly
peptide cells of the pancreatic islets lack CgB but contain CgA and SgII 
immunoreactivity [57]. 

Table 3. Causes for negative immunohistochemistry for egA in neuroendocrine 

tissue specimens 

• Epitope has been destroyed or rendered inaccessible by fixation or post-mortem 
changes 

• Epitope is present, but below the level of detection of the immUllostaining method 

• Epitope is masked by in vivo binding to other molecules (e.g. peptide hormones) 

• Epitope has undergone post -translational modif1cation and the antibody used was 

raised against the unmodified epitope 
• egA is not present (e.g. prolactin-producing cells) 

Thus, in cases with negative immunoreactivity against CgA, the use of 
antibodies against CgB or Sgil can be helpful. Immunostaining for 
cleavage products of CgA, such as pancreastatin, does not appear velY 
useful because CgA is not processed in evelY neuroendocrine cell to 
immunoreactive pancreastatin [23]. The detection of CgA mRNA, rather 
than the translation product itself, may have several advantages. First, 
the techniques of in situ hybridization and/or Northern blot analysis 
allow detection of velY small amounts of mRNA. Second, these tech
niques are more reliable than immunodetection of protein epitopes. 
CgA has also been identified in small amounts in some tumours that are 
not clearly of neuroendocrine origin [58-62]. This will be discussed 
below. 

Usc as serum marker 

The fact that CgA is co-released with the peptide hormones present in 
the secretOlY granules, opens the possibility to use its serum concentra
tion as a marker of secretion by neuroendocrine neoplasms [2]. 
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This might be of special interest in the following conditions: 
I. when no other marker is available, as is the case in so-called "non

functioning" neuroendocrine tumours. Clinically non functioning 
pituitary adenomas, silent neuroendocrine tumours of the gastro
entero-pancreatic amine precursor uptake and decarboxylation 
(APUD) system and SCLC might be suitable candidates. 

2. when the existing markers are either unstable or rapidly fluctuating 
or are inconvenient for clinical use. Examples of these are serotonin 
levels and 24-h urine collections for 5-hydroxy-indole-acetic acid 
(5-HIAA) in patients with carcinoid tumours and catecholamine levels 
and 24-h urine collections for catecholamines and their degradation 
products in patients with pheochromocytomas. 

3. when a differentiation should be made between endocrine tumours 
of neural crest or other origin. The distinction between a pituitary, 
adrenal or ectopic source of Cushing's syndrome is an example of 
such a condition. 

4. when several neuroendocrine tissues are simultaneously involved in 
neoplastic disease, as is the case in multiple endocrine neoplasia, 
CgA could serve as a universal marker of this disease. 

Several immunoassay procedures have been developed during recent 
years [5,63-65]. Both polyclonal- and monoclonal-based techniques are 
used, with either human or bovine CgA as tracer and standard. The 
assays all show a variable degree of cross-reaction with the cleavage 
products of CgA that are present in the circulation. This implies that the 
normal range of these immunoassay systems is not necessarily similar 
and should be carefully delineated. Since CgA is a very stable molecule, 
no special precautions are needed to handle or store the serum samples 
[64]. The immunoreactivity is stable to repeated freezing and thawing, 
prolonged incubation at 37°C, and lyophilization [64]. 

The assays are sufficiently sensitive to measure CgA in normal subjects 
[52,63,64,66,67]. Levels are slightly higher in postmenopausal women, 
which might be due to co-secretion with gonadotropins [52]. Spuriously 
elevated levels can be encountered in patients with renal or hepatic 
failure. Renal failure, especially as serum creatinine concentrations 
exceed 400 pmolll, can firmly increase serum CgA to levels othelwise 
seen only in neuroendocrine neoplasia [64]. In case of severe hepatic 
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dysfunction (serum bilirubin exceeding 80 pmolll), CgA levels are only 
slightly elevated [64J. As CgA is co-released with catecholamines, one 
might expect a significant elevation of its serum levels in circumstances 
of stress, e.g. caused by venepuncture. However, even under intense 
sympatheticoadrenal stimulation, such as during excessive medical 
stress (e.g. cardiac arrest) or during strenuous exercise, CgA levels do 
not increase more than two-fold [67,68]. As many neuroendocrine 
tissues contribute to the circulating concentrations of CgA, its plasma 
pool is substantially greater than that of most peptide hormones. As a 
consequence, it is more difficult to acutely increase the levels above the 
physiological background [69]. 

The serum levels of CgA are elevated in patients with various peptide
producing neuroendocrine tumours [63,64,66,70,71] (Fig. 2). There is a 
clear correlation between the tumour burden and the serum CgA con
centration [63,71-73]. The highest levels are recorded in subjects with 
metastatic neuroendocrine tumours, with extreme elevations up to 1000 
times the upper limit of normal in cases of metastatic carcinoid tumour 
[66,71]. In contrast, serum concentrations of CgA are rarely elevated in 
subjects with small neuroendocrine tumours, such as insulinomas, 
paragangliomas and pituitary adenomas [52,66,71]. These tumours 
generally induce symptoms at an early stage of oncological evolution 
because of secretion of pep tides with major physiological actions (e.g. 
insulin) or compression of important surrounding tissues. At the 
moment of their discovelY, they are usually too small to be able to ele
vate the serum CgA levels significantly above the normal steady-state 
level. However, elevated CgA levels can be encountered in patients with 
relatively small gastrinomas [7 I ,74]. Chronic hypergastrinaemia induces 
hyperplasia of the enterochromaffin-like cells of the stomach [75,76J. 
CgA production by these cells is probably responsible for the elevated 
serum levels seen in patients with gastrinoma. This is supported by the 
observation that CgA concentrations can be normalized by gastrectomy 
alone, leaving the gastrin-producing tumour intact [77]. 

In general, correlations between serum levels of CgA and of the specific 
peptide hormones of the tumours are poor [66,7IJ. Since the plasma 
pool of these peptides is usually small in normal conditions, even relati-
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Figure 2. Semm concentrations of chromogranin A (egA) in patients with neuro
endocrine tumours and in controls with nonendocrine tumours. 
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Individual levels are presented as dots, median levels as solid lines. The dashed line 
represents the upper cut-off level of normal values. The results are plotted logarithmi
cally to accomodate extreme values. MTC, medullmy thyroid carcinoma; phea, pheo
chromocytoma; SCLC, small cell lung carcinoma; NF, non-functioning. Adapted from 
Ref. 71. 

vely small neuroendocrine tumours can induce elevated concentrations. 
Obviously, the usefulness of egA as marker for these tumours is limited 
because it cannot compete with the peptide hormone markers in sensi
tivity nor specificity, By contrast, egA can have interesting clinical appli
cations in so-called "nonfunctioning" neuroendocrine tumours that are 
either not able to secrete hormonal products or release products that 
cannot be detected using current techniques, These tumours frequently 
retain the ability to secrete significant amounts of egA [71 ,78,79J. These 
so-called "chromograninomas" were first described by Sobol et 01. [78J, 
Unfortunately, serum concentrations of egA are only rarely increased in 
patients with "clinically non functioning" pituitary adenomas because of 
the small volume of these tumours [52,80J. In some cases, injection of 
TRH can induce significant CgA release by these adenomas [52J, 
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Another possible clinical role for CgA, as outlined above, is its use in 
tumours lacking stable or convenient markers, as is the case for pheo
chromocytomas. Plasma concentrations of adrenaline and noradrena
line tend to fluctuate, and 24-h collections of urine for catecholamines 
and/or their degradation products are cumbersome. Obviously, CgA, 
which was originally discovered in pheochromocytoma tissue, might 
serve as a useful serum marker. Patients with pheochromocytoma 
indeed usually show markedly elevated CgA concentrations [63,64,66, 
67,71-73,81]. CgA has a sensitivity and specificity similar to those of 
the above-mentioned routine markers [72,73]. No substantial elevation 
of CgA levels is seen in patients with other forms of hypertension [73]. 
Several drugs, used in the diagnosis or treatment of pheochromocyto
ma (c1onidine, metoprolol, phentolamine, tyramine) have little effect 
on plasma CgA concentrations, preserving the usefulness of plasma 
CgA determinations in patients receiving these drugs [69,73]. 

Another endocrine neoplasm whose hormonal production is difficult to 
measure in plasma, is a carcinoid tumour. Usually, these tumours are 
detected late in their oncological evolution, because they generally only 
induce symptoms in the presence of liver metastases. In these condi
tions, vety high serum levels of CgA are usually seen [66,71,79]. Only 
sparse data are available on CgA levels in patients with small carcinoid 
tumours. One study showed normal levels in patients with small bron
chial carcinoids with ectopic adrenocorticotrophin hormone (ACTH) 
secretion [82]. In patients with mid-gut carcinoid tumours only weak 
correlations are described between the serum CgA concentrations and 
24-h urinary 5-HIAA levels or symptoms of flushing or diarrhoea [83]. 
No correlation exists between CgA and serotonin levels. Octreotide, 
which is frequently used in the treatment of carcinoids, significantly 
suppresses serum CgA levels [83]. CgA response to octreotide is 
associated with clinical improvement. The changes in CgA parallel the 
corresponding changes in urinary 5-HIAA excretion. Obviously, the 
correlation between CgA levels and tumour mass is lost during treat
ment with octreotide, so that in these conditions CgA levels cannot be 
used as marker of tumour growth. 

Another interesting application of CgA is its use in localizing the 
responsible tumour in Cushing's syndrome. CgA levels usually remain 
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normal in patients with pituitmy corticotroph adenomas because these 
tumours are generally very small, with diameters of only a few millime
ters [82]. Adrenal cortisol-producing tumours obviously do not produce 
CgA because the adrenal cortex does not originate from the neural crest 
[82]. In contrast, high serum levels of CgA are frequently encountered in 
patients with carcinoid tumours and medullmy thyroid carcinomas and 
sometimes also in SCLC [66,71]. Since these tumours can be responsible 
for ectopic ACTH and/or CRH secretion, CgA might prove to be a serum 
marker of ectopic Cushing's syndrome. Unfortunately increased CgA 
levels are only found in cases with extensively metastasized tumours 
[82]. Thus, the clinical challenge of making an early diagnosis of ectopic 
Cushing's syndrome caused by a small "occult" neuroendocrine tumour 
cannot be resolved by measurement of serum CgA. 

Theoretically, CgA might be useful as a universal marker of multiple 
endocrine neoplasia (MEN) syndromes, because it can be produced by 
the different neuroendocrine tumours characteristic of these diseases 
[66,71]. It is clear from the previous discussion, however, that CgA 
levels do not increase early and are less sensitive than the specific pep
tide hormone markers of neuroendocrine tumours. As a result, CgA is 
unfortunately no suitable marker for screening for multiple neuroendo
crine neoplasia. 

CgA in non-endocrine tumours 

Elevated CgA levels are not entirely specific for neuroendocrine 
tumours. Slightly elevated levels have also been identified in patients 
with non endocrine tumours [65,71,84-87]. Immunohistochemical stu
dies reveal that many non endocrine tissues contain neuroendocrine 
cells belonging to the diffuse APUD system. Recently several studies 
have shown that these cells are also present in most tumours of non
endocrine origin [58-62]. They are either diffusely scattered throughout 
the tumour or multifocally located in small nests. They are also present 
in metastatic tumour tissue [88]. Obviously, these cells might produce 
peptides that affect the growth of tumour cells. The origin of these cells 
is not known. They are either cells of the diffuse neuroendocrine system 
that are attracted by the tumour and are stimulated to proliferate or 
cells of the tumour itself that undergo neuroendocrine differentiation. 
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The observation by Aprikian et aI. [89] that neuroendocrine cells in 
prostatic adenocarcinoma co-express CgA and prostate-specific antigen 
(PSA) suggests a common malignant precursor cell. Moreover, these 
neuroendocrine cells often show morphological changes such as nucle
ar hyperchromasia and pleomorphism also indicating a malignant origin 
[90]. Whether the presence of these cells in nonendocrine tumours has 
prognostic significance demands further investigation. PreliminalY data 
suggest that prostatic adenocarcinomas containing neuroendocrine 
cells are more resistant to hormonal treatment [60,86,91]. Similarly, 
patients with colorectal adenocarcinoma, containing numerous neuro
endocrine tumour cells, seem to have a worse prognosis [61,85,90]. On 
the other hand, patients with pancreatic adenocarcinoma [62] or with 
non-small cell lung carcinoma [58], whose cancer contains many neur
oendocrine cells seem to have a better prognosis. 

Future prospects 

The other members of the chromogranin/secretogranin family are also 
suitable as immunohistochemical and serum markers for neuroendo
crine tumours because they are all widely distributed in neuroendocrine 
tissues and co-secreted with neuropeptide hormones [3,70]. In fact, 
using a polyclonal antiserum raised against several chromogranins 
Isecretogranins and against their cleavage products might offer a more 
powerful tool to differentiate between neuroendocrine and nonneuro
endocrine neoplasms. Assays, using such an antiserum, might be used 
for detection in tissues as well as in serum. Eriksson et aI. [92] deve
loped a polyclonal antiserum against CgA and CgB and compared it 
with an antiserum directed against CgA only. The former antiserum 
appeared to be a much more sensitive marker than the latter one, both 
immunohistochemically and in the circulation. The concentrations of 
circulating "granins" were about ten times higher with the CgA + B anti
serum than with the CgA antiserum. Assays using such antisera might 
substantially improve the sensitivity for the detection of small tumours, 
which could be especially interesting for the early detection of neuroen
docrine neoplasms as part of MEN syndromes. 

Another future application of chromogranins/secretogranins might be 
their use in in vivo imaging techniques of neuroendocrine tumours. It 
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has been shown recently that some CgA and CgB molecules are tightly 
bound to the interior side of the secretOlY vesicle membrane [43]. After 
exocytosis, the membrane of these vesicles becomes part of the cell 
membrane, exposing the chromogranin molecules to the extracellular 
milieu. This has been proven for CgB in the PC 12 neuroendocrine cell 
line [43]. This provides the opportunity to develop an in vivo imaging 
technique, using immunoscintigraphy with monoclonal antibodies 
against CgA or CgB [93-96]. Such a "chromogranin-scan" might have 
the obvious advantage to be specific for neuroendocrine tissues, in con
trast with the widely used somatostatin receptor scintigraphy 
(Octreoscan, Mallinckrodt), that also visualises lymphatic tissues, such 
as inflammatory infiltrates and lymphomas [97]. preliminary data have 
been presented by Magnani et al. [93,96], Colombo et al. [94] and 
Siccardi et al. [95] about the use of a three-step pretargeted immuno
scintigraphy with anti-chromogranin A monoclonal antibody in patients 
with several neuroendocrine tumours showing a higher diagnostic 
accuracy than conventional imaging techniques. These data should be 
confirmed and be compared with a control group of patients with non
neuroendocrine neoplasms. In addition, its clinical value should be 
compared to that of somatostatin receptor scintigraphy. Furthermore, 
investigations of the safety and potential adverse effects of the immu
noscintigraphic method should be performed. 
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Summary 

This study was performed to evaluate the effect of prolonged treatment 
with the dopamine agonist qUinagolide on serum gonadotropin and a
subunit concentrations and tumour volume in patients with clinically 
non-functioning pituitary adenomas (CNPA). Ten patients with a CNPA 
were treated with quinagolide in a final daily dose of 0.3 mg. The 
median duration of treatment was 57 months (range 36 to 93 months). 
Blood samples for measurement of serum gonadotropin and a-subunit 
concentrations were drawn before treatment, after 5 days, and at each 
outpatient visit. Computerized tomography or magnetic resonance ima
ging of the pituitary region and Goldmann perimetlY were done before 
and at regular intelvals during treatment. Tumour volume was calcula
ted by a surface to volume summation method and by a method based 
on the 3 axes of the tumor. A significant decrease of serum follicle sti
mulating hormone (FSH), luteinizing hormone (LH) or a-subunit con
centrations was found in 9 patients. Response was shown within the 
first year in nearly all patients, except in one patient whose FSH levels 
decreased after more than 12 months. No escape to treatment occurred; 
the levels remained low during the entire treatment period. In 2 of 3 
patients with pre-existing visual field defects a slight improvement was 
shown during the first months of treatment, but eventually deterioration 
occurred in all 3 patients. A fourth patient developed unilateral ophthal
moplegia during treatment. During the first year tumour volume de
creased in 3 patients, but in 2 of them regrowth occurred after a few 
months. In 6 patients progressive tumour growth occurred despite 
sustained suppression of gonadotropin or a-subunit levels. At the end of 
follow-up tumor volume remained significantly below pretreatment 
volume in 2 patients, remained at pretreatment volume in 2 patients 
and was significantly increased in 6 patients. We conclude that in 
patients with CNPA long-term treatment with high doses of the dopa
mine agonist quinagolide induced a prolonged decrease in serum con
centrations of gonadotropins and/or a-subunits. Progressive increase in 
tumour size occurred in most patients, however, and no favourable 
long-term effects on visual function were shown. 
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Introduction 

Approximately 25 to 30% of pituitalY adenomas are classified as clinical
ly non-functioning [1-5]. Because patients harbouring these tumours 
lack clinical signs of hormone excess, the diagnosis is usually made at 
an advanced stage. Surgical removal is therefore often incomplete and 
at present there is no established medical treatment available. The 
majority of these tumours are in fact poorly secreting, rather than com
pletely non-secreting. In cell culture they usually release gonadotropins 
or their subunits [6-8]. Pharmacological suppression of this hormone 
production could theoretically induce tumour shrinkage, analogous to 
the effects of dopamine agonists in patients with prolactinomas and 
somatostatin analogues in patients with growth hormone (GH)-produ
cing adenomas [9,10]. 

In general, clinically non-functioning pituitary adenomas (CNPA) 
express dopamine D2 receptors on their cell membranes [I I.I 2]. This is 
confirmed by new in vivo dopamine receptor scintigraphy techniques 
with the iodinated benzamides "'HBZM or "'I-epidepride [13-16]. The 
dopamine agonist bromocriptine can suppress the synthesis and secre
tion of gonadotropins and a-subunits by CNPA cells in vitro [17- I 9]. It 

also reduces a-subunit mRNA accumulation in tumour tissue removed 
from patients with pure a-subunit secreting tumours [18]. Therefore 
several investigators have tried dopamine agonist therapy, usually bro
mocriptine, in patients with CNPA. The results are rather disappointing, 
however, showing improvement of visual field defects and/or reduction 
of tumour mass in only a small number of patients [11,20-24]. Since 
bromocriptine is generally not well tolerated in high doses, rather low 
doses were used in these studies. In addition, the treatment periods 
were generally short. 

The density of dopamine receptors on CNPA cells is much lower than on 
prolactin om a cells. Moreover, prolonged incubation with bromocriptine 
in high concentrations is needed to obtain a significant reduction of 
gonadotropin and a-subunit release in vitro [19]. This suggests that 
sustained treatment with high doses of a dopamine agonist is needed to 
obtain tumour shrinkage. 
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The new generation of more powerful and more selective dopamine 
agonists might provide a useful alternative for bromocriptine [25]. These 
drugs are better tolerated than bromocriptine, allowing the use of higher 
doses. Our group published preliminary results with the long-acting 
non-ergot dopamine agonist quinagolide (CV 205-502) in 5 patients 
with CNPA [26]. At a final daily dose of 0.3 mg during 12 to 18 months a 
significant decrease in serum follicle stimulating hormone (FSH) and/or 
a-subunit concentrations was induced in 4 patients, tumour shrinkage 
in 1, and improvement in visual field defects in 2 patients. The drug was 
well tolerated. 

In order to evaluate the long-term effect of quinagolide in vivo we fol
lowed serum gonadotropin and a-subunit concentrations and tumour 
volume in ten patients with a CNPA, who were treated with the dopa
mine agonist for at least 3 years. Tumour volume was carefully 
measured using a surface to volume summation method and a 
mathematical method based on the 3 axes of the tumour. 

Subjects and methods 

We studied ten patients with a CNPA. short-term (12-18 months) follow
up data of 4 patients (patients 2,3,7,8) were published previously by 
Kwekkeboom et aJ. [26]. CNPA was defined as the presence of a solid 
pituitalY tumor without clinical signs of hormonal hypersecretion and 
lacking clinical and radiological characteristics of non-pituitaty tumours 
(such as craniopharyngiomas, meningiomas, metastases of distant 
malignant tumors or anelllysms of the internal carotid artery). Patients 
with pituitaty apoplexia or radiological evidence of bleeding, necrosis or 
cystic structures in the tumour were excluded. None of the patients had 
received prior medical, surgical or radiation therapy for the pituitalY 
adenoma. 

All patients gave informed consent to participate in the study, which 
was approved by the hospital's ethical committee. Medical treatment 
with quinagolide was started at a daily dose of 0.075 mg. The dose was 
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progressively increased to the final daily dose of 0.3 mg within one 
month. Reasons for choosing quinagolide treatment were either the pre
sence of relative contra indications to surgery or refusal of surgery by 
the patient. Patients were regularly followed at the outpatient clinic for 
at least 3 years. 

Pretreatment serum gonadotropin and a-subunit concentrations were 
determined from samples drawn on a control day hourly for 12 hours. In 
6 patients additional hourly sampling for 12 hours was performed 5 
days after starting quinagolide treatment. Thereafter blood samples 
were drawn at each visit to the outpatient department. Prolactin (PRL) 
levels were measured to assess compliance to the treatment. 

PRL, insulin-like growth factor-I (IGF-I), GH, thyroid stimulating honno
ne (TSH) and adrenocorticotrophic hormone (ACTH) were measured 
using kits obtained, respectively, from IRE-Medgenix, Brussels, Belgium 
(PRL, IGF-I); Sorin, Milano, Italy; Behring, Marburg, Germany, and the 
Radiochemical Centre, Amersham, UK. FSH and luteinizing hormone 
(LH) were measured using immunoradiometric assay kits supplied by 
IRE-Medgenix, Brussels, Belgium. The sensitivity of these assays was 
0.5 UII. a-SUbunit was measured by RIA, using antibodies purchased 
from UCB, Brussels, Belgium. The sensitivity of the a-subunit assay was 
0.3 pg/l. The intra- and inter-assay coefficients of variation were, 
respectively, < 5 and < 15 % for LH, < 3 and < 8 % for FSH, and < 6 and 
< II % for a-subunit [271. 

Computerized tomographic (CT) scans or magnetic resonance imaging 
(MRI) of the pituitary region and Goldmann perimetty were done before 
and at regUlar intervals during treatment. CT-scan andlor MRI images 
were used to estimate tumour volume. The scans were digitized using a 
Hewlett Packard ScanJet II cxlt flatbed scanner (Hewlett Packard 
Company, U.S.A.). The scanner was operated by a Macintosh LC 475 
201250 mb computer (Apple Computer Inc., Cupertino, Ca, U.S.A.), utili
zing Desk scan II software (Hewlett Packard Company U.S.A.). Files 
were read by the NIH Image 1.27 digital image analysis program 
(National Institute of Health, shareware, Baltimore, U.S.A.). The scale 
was calibrated from pixels to millimeters using the scale bar printed on 
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scans. All measurements were performed by the same obselver. 1Wo 

methods of volume calculation were used: a surface to volume summa
tion method and a method based on the 3 axes of the tumour [28]. In 
the surface to volume summation method the tumour area was outlined 
using the computermouse. The surface of the tumour section was calcu
lated and multiplied with the slice thickness. The total volume of the 
tumor was calculated by adding up these values. Duong et al. published 
an error analysis of this method, showing acceptable measurement 
deviations from known volumes [29]. In the other method the X, Y and 
z radius were measured in the frontal, sagittal and coronal planes, 
respectively. Assuming a spherical volume, the formula 4/3 " R' was 
used for volume calculation, R being the mean of the X, Y and Z radius. 

Individual hormone levels were evaluated using analysis of variance. 
For the comparison of the means the Newman-Keuls method was 
applied. P values < 0.05 were considered significant. 

Results 

Patient data and hormone levels are listed in Table 1. No apparent 
hypersecretion of gonadotropins or a-subunits was shown, except in 
one patient (patient 7) who had a slightly elevated serum a-subunit 
level. Serum levels of PRL were slightly elevated in 4 patients (all < 25 
pg/l). Serum levels of GH, IGF-I, TSH and ACTH were not elevated in 
any of the patients. All patients showed hypopituitarism, with deficient 
adrenal, thyroidal and gonadal function, except patients 3 and 9, who 
only had deficient gonadal and thyroidal function, respectively. All 
patients had pituitmy macroadenomas with suprasellar extension. 

The median duration of follow-up under quinagolide treatment was 57 
months (range 36 to 93 months). PRL levels remained lower than 2 pg/l 
during the entire treatment in all the patients, indicating good com
pliance. Tolerance of the drug was excellent. A significant decrease of 
serum LH, FSH or a-subunit concentrations was found in 9 patients 
(Tab. I). No early decrease was seen in the 6 patients whose gonadotro-



Table 1_ Patient data and LH, FSH and a-subunit levels before and during treatment with quinagolide. 

quinagolide treatment (months) 
Patient Sex Age Duration PRL Gonadotropins 0 1-3 3-12 >12 

(years) of follow-up (~g/l) and a-subunit mean (range) mean (range) mean (range) mean (range) 
(months) 

M 67 56 22.1 ill (U/I) 1.4 (0.9 - 1.8) 1.0 0.7 (0.4 - 1.01' 0.5 (0.4 - 0.8) 
FSH (U/I) 1.4 (0.6 - 2.2) 0.9 1.4 (1.0 - 1.9) 1.2 (0.4 - 2.4) 
a-subunit (~g/l) 0.4 (0.3 - 0.6) 0.6 (0.5 - 0.6) 0.5 (0.2 - 0.8) 

2 M 62 91 16.5 LH (U/I) 0.6 (0.5 - 0.6) 0.5 (0.4 - 0.6) 0.5 (0.4 - 0.8) 0.5 (0.4 - 0.9) 
FSH (U/I) 8.0 (6.8 - 9.4) 1.5 (0.5 - 2.2)" 2.0 (1.4 - 2.7) 0.9 (0.4 - 1.5» 
a-subunit (~g/l) 0.5 (0.5 - 0.6) 0.4 (0.2 - 0.5)' 0.5 (0.4 - 0.5) 0.4 (0.2 - 0.6) 

3 M 57 93 7.0 ill (U/I) 3.8 (3.4 - 4.7) 2.3 (1.4 - 3.01" 2.8 (2.3 - 3.2) 1.7 (0.4 - 3.1)" 
FSH (U/I) 6.2 (5.2 - 7.2) 2.6 (1.7 - 3.3)" 2.9 (1.9 - 3.3) 2.7 (1.6 - 4.5) 
a-subunit (~g/l) 1.0 (0.9 - !.l) 0.5 (0.4 - 0.6)" 0.5 (0.4 - 0.6) 0.5 (0.2 - 0.7) 

4 M 62 51 13.2 ill (U/I) 0.6 (0.4 - 1.3) 0.4 0.6 (0.4 - 1.1) 0.5 (0.4 - 1.0) 
FSH (U/I) 2.9 (2.3 - 4.4) 0.4 0.9 (0.4 - 1.3)" 0.7 (0.4 - 1.6) 
a-subunit (~g/l) 1.0 (0.8 - 1.3) 0.3 0.4 (0.3 - 0.4)'" 0.4 (0.2 - 0.6) 

5 M 62 44 6.0 LH (U/I) 0.5 (0.4 - 0.8) 1.6 0.5 (0.4 - 0.7) 0.4 (0.4 - 0.4) 
FSH (U/I) 2.2 (1.4 - 3.6) 2.8 (0.4 - 6.0) 0.6 (0.4 - 1.0)-
a-subunit (~g/l) 0.8 (0.6 - 1.0) 0.9 0.6 (0.5 - 0.9) 0.4 (0.2 - 0.5) 

6 M 70 41 14.9 LH (U/I) 1.1 (1.0 - 1.2) 0.7 (0.6 - 0.7)" 0.5 (0.4 - 0.8) 
FSH (U/I) 2.3 (1.8 - 3.0) 1.7 (1.5 - 1.9) 1.0 (0.6 - 1.7) 
a-subunit (~g/l) 0.8 (0.6 - 0.9) 0.9 0.8 (0.7 - 0.9) 0.4 (0.2 - 0.5)-

7 M 81 85 8.2 LH (U/I) 1.1 (0.9 - 1.2) 1.5 (1.5 - 1.5) 1.7 (0.6 - 3.0) 0.8 (0.4 - 1.5) ;() 

FSH (U/I) 3.3 (3.3 - 3.3) 1.3 (1.1 - 1.4)' 0.9 (0.4 - 1.9) 1.1 (0.4 - 2.6) '" ",. 

a-subunit (llg/l) 1.3 (1.2 - 1.4) 0.7 (0.6 - 0.8)" 0.5 (0.5 - 0.6) 0.6 (0.4 - 0.8) Jj 
8 M 78 68 17.7 ill (U/I) 3.3 (2.5 - 3.9) 0.9 (0.4 - 1.3)" 0.8 (0.4 - 1.6) 0.8 (0.4 - 2.2) 0 

FSH (U/I) 5.2 (4.2 - 6.0) 0.5 (0.4 - 0.7)" 1.8 (0.8 - 3.0) 1.9 (0.6 - 2.9) ~ a-subunit (~g/l) 0.3 (0.2 - 0.4) 0.2 (0.2 - 0.2) 0.2 (0.2 - 0.2) 0.2 (0.2 - 0.6) 

'" 9 V 72 57 21.7 LH (U/I) 0.6 (0.4 - 1.2) 1.2 (0.6 - 1.8) 0.6 (0.4 - !.l) r; 
FSH (U/I) 5.1 (4.3 - 5.8) 2.7 (1.0 - 4.3)" 2.6 (1.7 - 3.5) '" '" a-subunit (~g/l) 0.4 (0.3 - 0.6) 0.7 0.6 (0.5 - 0.7) 0.5 (0.4 - 0.8) g 

10 M 67 36 13.7 ill (U/I) 0.4 (0.4 - 0.4) 0.4 0.4 
~ 

FSH (U/I) !.l (0.4 - 1.6) 0.4 1.1 ~ a-subunit (~g/l) 0.6 (0.4 - 0.7) 0.5 n 
* P < 0.05 and ** P < 0.0 1 vs month 0; + P < 0.05 and ++ P < 0.01 vs month 3-12. No statistical evaluation was perfamed on individual hormone levels. ~ 
Normal values in men: LH 1.9-9.2 UII, FSH 1.6-11.1 UII, a-subunit 0.4-1.1 ~g/l; in postmenopausal women: LH 17.5-86.8 UII, FSH 26.2-107.7 UII, 

~ 

a-subunit 1.3-4.0 ~g/l. Pretreatment levels are means of 13 values on a control day. The levels after 1-3,3-12 and> 12 months of therapy are means of -2 to 5, 2 to 6 and 4 to 17 serum samples, respectively, except in the few cases when only one value was available. a 
Cl1 
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pin and a-subunit levels were measured 5 days after the beginning of 
quinagolide treatment (data not shown). Response was shown within 
the first 12 months of treatment, except in patient 5 whose FSH levels 
decreased only after more than 12 months. In 3 patients (2, 3 and 6), 
who responded within the first year, gonadotropin or a-subunit levels 
further decreased after a treatment duration of more than 12 months. 
The suppression was most marked in those patients with the highest 
pretreatment levels. The levels remained low during the entire treat
ment period. No apparent escape to treatment was seen, not even in 
patients 2,3 and 7, who were followed for more than 7 years. 

The two methods of tumour volume calculation showed comparable 
results (correlation coefficient r = 0.95) (Fig. I). Therefore only the 

Figure 1. Comparison between two methods of tumour volume estimation 
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surface summation method was used for evaluating the effect of qui
nagolide on tumour volume. A volume change of more than 10% was 
arbitrarily considered significant (Tab. 2). During the first year tumour 
volume decreased in 3 patients (patients 3, 5 and 6), remained stable in 
3 patients (patients 1, 4, and 7) and increased in 4 patients (patients 2, 
8, 9 and 10) (Tab. 2, Fig. 2). In patients 3 and 6, whose tumour initially 
decreased in volume, regrowth to the pretreatment volume occurred 
after 10 and 24 months, respectively. Of the 3 patients whose tumour 
volume initially remained stable, a significant decrease in volume was 

Table 2. Tumour volume before and during treatment with quinagolide. 

quinagolide treatment (months) 

0 1-12 12-48 > 48 

Tumour volume (em3
) mean mean (range) mean (range) mean (range) 

Change from baseline (%) 11 11 11 

patient I 5.5 5.6 5.8 (5.6 - 6.1) 4.2 

11 1.8 11 5.5 11 -23.6' 

patient 2 4.7 6.9 (5.4 - 8.4) 7.1 (6.4 -7.8) 7.5 (7.3 -7.7) 

11 46.8' 6.51.1* 11 59.6' 

patient 3 10.5 8.2 11.5 (10.5 - 12.4) 12.3 (11.5 - 13.3) 

11 -21.9' 11 9.5 11 17.1' 

paIienl4 7.0 7.6 (7.0 - 8.2) 12.1 (9.7 - 14.5) 12.6 

11 8.6 11 72.9' 11 80.0' 

patientS 4.5 2.3 2.2 (2.1 - 2.4) 

11 -48.9' n-Sl.l* 
paIienl6 3.3 2.9 (2.6 - 3.1) 3.5 3.4 

11-12,[< 11 6.1 113.0 

patient? 7.1 6.5 7.7 (5.8 - 9.5) 8.8 

11 -8.5 11 8.5 11 23.9' 

patient 8 11.1 14.6 13.9 (13.2 - 14.5) 15.4 (13.5 - 17.3) 

11 31.5' A 25.2' 1138.7' 

patienl9 5.6 6.5 (6.3 - 6.6) 6.0 (5.4 - 6.6) 8.4 

11 16.1' 11 7.1 8. 50.0* 

patient 10 5.5 6.1 6.0 

11 10.9' 11 9.1 

to. :::: tumour volume change from baseline. '" a change of more than 10 % is arbitrarely conside-
red significant 
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shown in patient 1 after 56 months of treatment, but significant growth 
occurred in patients 4 and 7 after 24 and 37 months, respectively. At the 
end of follow-up (range 36 to 93 months) tumour volume remained sig
nificantly below pretreatment volume in 2 patients (patient 1 and 5), 
remained at pretreatment volume in 2 patients (patient 6 and 10) and 
was significantly increased in 6 patients (patients 2, 3, 4, 7, 8 and 9). No 
relationship between changes in tumour volume and changes in gona
dotropin and/or a-subunit levels could be demonstrated. 

Patients 1, 2, 3, 4, 5, 9 and 10 had no visual field defects before or 
during the treatment. In patient 6 a pre-existing discrete left superior 
temporal quadrant anopsia slightly deteriorated during treatment with 
development of bitemporal superior quadrantanopsia, although no 

Figure 2. Evolution of tumour volume 

20 

18 

16 

14 

h' 12 
E 
~ 
~ 

10 E 
~ 

<5 
> 
~ 

8 ~ 
0 
E 
~ 

I-
6 

4 _--(G) 

2 
't--.-_---1'-__+(S) 

, )1«8) 

( I) 

o 1-------,--------,-------,-------,-------, 

o 20 40 60 80 100 

Months 

( ):::;: patient number 



Quinagolide treatment ojCNPA 109 

significant increase in tumour volume could be detected on MRI. In 
patients 7 and 8, who had bitemporal superior quadrantanopsia and 
bitemporal hemianopsia, respectively, visual field defects improved in 
the first 4 months of treatment. When tested after 59 and 35 months of 
treatment, respectively, a slight deterioration was shown in both 
patients, correlating with a significant increase in tumour volume. 
Patient 2, whose tumour volume was progressively increasing on suc
cessive CT- and MRI-scans, developed unilateral ophthalmoplegia (6th 
cranial nelvej after 83 months of quinagolide treatment, that responded 
favourably to treatment with dexamethasone. 

Patients 6 and 10 were eventually operated on. Pathological examina
tion of the resection specimens revealed chromophobic adenoma, with 
negative immunohistochemistly for PRL and ACTH. 

Discussion 

The dopamine agonist bromocriptine induces an increasing time
dependent inhibitOlY effect on the synthesis and release of gonadotro
pins and «-subunits in vitro, when added to cultures of tumour cells of 
gonadotroph origin [17-19]. Previously, we reported that it takes pro
longed incubation of 2 to 6 weeks before maximal inhibition is attained 
[19]. In this in vivo study, in which we report on the efficacy of treatment 
with quinagolide in ten patients with CNPA, we found a significant 
decrease of serum concentrations of LH, FSH or a-subunit in nearly all 
patients. In concordance with our in vitro studies, no early decrease was 
seen a few days after the beginning of quinagolide treatment. Response 
was shown within the first year in nearly all patients, except in one 
patient whose FSH levels decreased only after more than 12 months. 
In 3 patients, who responded within the first year, gonadotropin or 
a-subunit levels further decreased after more than 1 year treatment. The 
levels remained low during the entire follow-up period. No escape to 
treatment was seen, not even in patients followed for more than 
7 years. 
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In patients with PRL- or GH-producing pituitary adenomas, drugs that 
suppress hormonal activity induce tumour shrinkage in a substantial 
proportion of tumours [9,10]. One might expect similar effects 
in patients with CNPA. The reported in vivo effects of bromocriptine 
treatment on tumour size have been variable, however [11, 20-24]. In 
general no reduction in tumour size has been observed, but occasional 
patients respond to dopaminergic therapy with improvement in visual 
field defects and/or reduction of tumour mass. In many reports the 
administered doses were low and the treatment period short. Based on 
the in vitro data, showing suppression of hormone production only 
when high concentrations of dopaminergic drugs are used for a long 
time, we hypothesized that long-term treatment with high doses would 
be needed to obtain tumour shrinkage. For this reason we chose the 
potent selective dopamine D2 agonist quinagolide (CV 205-502), in a 
final daily dose of 0.3 mg, comparable to 30 mg bromocriptine. In a pre
IiminalY study in five patients, treated for 12 to 18 months, promising 
results were obtained with tumour shrinkage in 1, and improvement in 
visual field defects in 2 patients [26J. Our long-term results in 10 
patients do not confirm these observations. During the first year tumour 
volume decreased in 3 patients, but in 2 of them regrowth occurred 
after a few months. In 6 patients progressive increase in tumour size 
occurred despite sustained suppression of gonadotropin or a-subunit 
levels. In 2 of 3 patients with pre-existing visual field defects a slight 
improvement was shown during the first months of treatment, but 
eventually deterioration occurred in all 3 patients. One patient deve
loped unilateral ophthalmoplegia during treatment. At the end of 
follow-up (median 56 months, range 36 to 92 months) tumour volume 
remained significantly below pretreatment volume in 2 patients, 
remained at pretreatment volume in 2 patients and was significantly 
increased in 6 patients. 

In the absence of a control group it is difficult to determine whether qUi
nagolide was effective in slowing down tumour growth or not. CNPA are 
usually slowly growing tumours. Recurrence rates after transsphenoidal 
surgery without radiation for CNPA have been reported to be between 12 
and 22 % [30-32]. This is probably an underestimation, however, because 
of selection bias induced by the tendency to use 
radiotherapy in those patients with the most aggressive tumours and 
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because of loss to follow-up due to death to unrelated causes in this 
elderly patient-group. Moreover, the recurrence rates have been retro
spectively determined on a clinical basis, by detection of new visual field 
defects or the presence of a clear increase in tumour size on CT or MRI 
imaging. No prospective studies, using meticulous measurement techni
ques of tumour volume, such as used in our study, have been reported. 

A possible explanation for the discrepancy between the efficient sup
pression of hormone production by quinagolide and the disappointing 
effects on tumour volume could be the inclusion of tumors with a velY 
low dopamine receptor density. This problem can now be approached by 
dopamine receptor scintigraphy with '''I-IBZM or preferably with 
"'I-epidepride [13-16]. These nuclear medical techniques can predict the 
suppressive effect of dopamine agonists on the growth of prolactinomas. 
In a recent study we demonstrated tumour shrinkage in 2 and tumour 
stabilisation in I of 3 "'I-IBZM SPECT-positive CNPA patients treated with 
qUinagolide, although in one of these patients an additional effect of 
octreotide could not be excluded [14]. In I of 4 patients without "'l-IBZM 
uptake in the pituitary fossa tumour growth occurred under quinagolide 
therapy. Future long-term studies are needed to validate whether SPECT 
with "'HBZM or "'I-epidepride might be of assistance in selecting 
patients, who may potentially benefit from dopaminergic therapy. 

Another explanation for the limited effects of quinagolide on tumour 
volume in our study could be that dopamine receptors on CNPA have 
only a small effect on hormone production. Dopamine receptors on nor
mal pituitary tissue are coupled to the inhibition of both adenyl cyclase 
and the reduction of cytosolic free Ca" levels. Lania el al. showed that, 
while dopamine receptors in prolactinomas display these characteris
tics, in CNPA dopamine in pharmacological concentrations had no effect 
on cAMP production and was only able to reduce cytosolic free Ca" 
levels [33]. These data indicate that dopamine receptors of CNPA show 
a defective transduction mechanism, which could explain the weak 
inhibitOlY response to dopamine agonists. Our observation that quina
golide was able to induce a significant and permanent suppression 
of the serum concentrations of LH, FSH and a-subunit, without a 
favourable effect on tumour volume in most patients, makes this expla
nation less likely, however. 



112 Chapter 7 ______________________ _ 

Another reason for the relatively low success rate of dopamine agonist 
therapy to induce tumour shrinkage might be that most CNPA only 
secrete very low amounts of glycoprotein hormones or subunits. Drugs 
that suppress hormone production only induce significant shrinkage of 
active endocrine cells containing a well-developed secretOlY apparatus 
[9, I 0]. Organelles involved in the synthesis and storage of hormones, 
such as the endoplasmatic reticulum and the secretOlY vesicles, make a 
substantially smaller contribution to the tumour volume in CNPA than in 
prolactinomas. In our study group no patients with adenomas hyperse
creting gonadotropins or a-subunits were included, except one, in 
whom serum «-subunit levels were only moderately elevated. An 
improvement of visual field defects or a tumour size reduction during 
dopamine agonist treatment has been reported in a greater percentage 
of patients with pituitalY adenomas that hypersecrete gonadotropins or 
a-subunits than in patients without apparent ovelvroduction [11,20-24]. 

In conclusion: in patients with CNPA, long-term treatment with high 
doses of the dopamine agonist quinagolide induces a prolonged decrea
se in serum concentrations of gonadotropins and/or «-subunits. While 
this is accompanied by tumour shrinkage in some patients, progressive 
increase in tumour size occurs in most patients, despite persistent sup
pression of hormone secretion. Additional studies are needed to investi
gate whether subgroups of patients, e.g. those with positive dopamine 
receptor scintigraphy or those with marked hypersecretion of intact 
gonadotropins or subunits, will respond more favourably to treatment 
with dopamine agonists. 
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Summary 

Knowledge of the dopamine 02 receptor status of pituitary tumours may 
playa predictive role in differential diagnosis and therapeutic decisions. 
This study was performed to evaluate the value of pituitmy dopamine 
02 receptor scintigraphy with (S)-2-hydroxy-3-"'I-iodo-6-methoxy-N
[(I-ethyl-2-pyrrolidinyl)methyl]benzamide ('''I-IBZM) in the diagnostic 
evaluation of patients with pituitmy tumours. 
Scintigraphy using "'I-IBZM was performed in 5 patients with PRL
secreting macroadenomas, 2 patients with PRL-secreting microadeno
mas, 17 patients with clinically nonfunctioning pituitary adenomas 
(NFPAs), 12 patients with GH-secreting adenomas and I patient with a 
TSH-secreting macroadenoma. 
Single photon emission tomography (SPECT) showed significant uptake 
of "'I-IBZM in the pituitary region in 3/5 macroprolactinoma patients. 
These results closely correlated with the response of plasma PRL levels 
to the dopamine 02 receptor agonist quinagolide. In two scan-positive 
prolactinoma patients, repeated SPECTs during therapy with quinagoli
de showed a reduction in the pituitary uptake of "'I-IBZM. Pituitary 
SPECT was negative in the 2 microproiactinoma patients, who respon
ded to quinagolide administration. In 4/17 patients with NFPA, signifi
cant uptake of the radioligand in the pituitmy region was observed. In 
2/3 scan-positive NFPA patients, who were treated with quinagolide, 
shrinkage of the pituitary tumours was observed. TI"eatment with qui
nagolide resulted in stabilisation of tumour growth in the other scan
positive patients. Four out of 17 patients with NFPA and a negative 
SPECT were treated with quinagolide. Tumour growth was observed in 
I patient, and tumour size did not change in the other 3 patients. The 
pituitary region of none of the 12 acromegaly patients showed signifi
cant uptake of "'I-IBZM. Sensitivity of the GH-secreting adenomas to 
quinagolide was demonstrated in 8/12 patients in vivo by an acute test, 
and in 6/9 of the tumours ill vitro. Pituitary SPECT was negative in the 
patient with the TSH-secreting macroadenoma and this tumour also 
showed no sensitivity to quinagolide ill vivo and ill vitro. 
We conclude that "'I-IBZM is a ligand for ill vivo imaging of dopamille 
agonist -sensitive macroprolactinomas, but not microprolactinomas or 
GH-secreting adenomas. The technique potentially provides a means of 
predicting dopamine agonist-responses ofNFPAs ill vivo. 
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Introduction 

PituitalY PRL secretion is under the tonic inhibitOlY control of dopamine 
secreted from the hypothalamus via stimulation of the membrane
bound dopamine 02 receptors on the lactotrophs [I]. Several dopamine 
02 receptor agonists are available for first-line medical therapy of pro
lactinomas. These drugs successfully control pathological tumoral PRL 
secretion in the majority of patients with pituitary micro- and macro
prolactinomas. This is accompanied by tumour shrinkage in approxima
tely 90% of patients [I]. Resistance of prolactinomas to dopamine 02 
agonists may result from a reduced dopamine 02 receptor density on 
the tumours, or from post-receptor defects [2,3]. persistently elevated 
PRL levels in prolactinoma patients on dopaminergic therapy are caused 
by dopamine resistance or are the consequence of lack of compliance 
with medical therapy. The clinical differentiation between these two 
conditions is often difficult. 

A substantial number of clinically non functioning pituitary adenomas 
(NFPA) and gonadotroph pituitalY adenomas also possess dopamine 02 
receptors [4,5,6]. PreliminalY evidence demonstrates that dopamine 02 
agonists suppress in vivo and in vitro the secretion by these tumours of 
gonadotrophins or their subunits while in exceptional cases the growth 
of these tumours may also be restrained [7,8]. 

In most patients with GH-secreting pituitalY adenomas, 02 agonist the
rapy successfully lowers plasma GH levels. However, long-term norma
lization of plasma IGF-I concentrations and significant tumour shrinka
ge with this therapy have been achieved in only a few cases [9]. 

Variable effects of dopamine agonists in thyrotrophin TSI-I-secreting 
tumours have been reported, and suppression of the inappropriate TSI-I 
secretion by these agents has been demonstrated in a few cases [10,11]. 

(5) -2-I-Iydroxy-3-m r -iodo-6-methoxy-N -[( l-ethyl-2-pyrrolidinyl) methyl] 
benz amide ('''HBZM) is a currently available radioligand for the ima
ging of dopamine 02 receptors in vivo by single-photon emission tomo
graphy (SPECT). The purpose of the present study was to evaluate the 
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value of "'HBZM SPEeT in the diagnostic evaluation and treatment of 
patients with pituitary tumours. Scintigraphy was also repeated in 4 
patients who were treated with the dopamine 02 receptor agonist qui
nagolide. 

Subjects and methods 

Patients 

Patients' characteristics are shown in Tables 1-3. Five patients with 
newly diagnosed or recurrent PRL-secreting macroadenomas (tumour 
diameter> 10 mm), 2 patients with newly diagnosed PRL-secreting 
microadenomas (tumour diameter < 10 mm), 17 patients with newly 
diagnosed or recurrent NFPA, 9 patients with newly diagnosed GH
secreting macroadenomas, 3 patients with newly diagnosed GH-secre
ting microadenomas and I patient with a TSH-secreting macroadenoma 
were studied. All pituitary tumours were documented by nuclear mag
netic resonance imaging (MRI, 0.5 T, Philips Gyroscan, Best, The 
Netherlands). Tl-weighted, 3-mm-thick sagital and coronal spin-echo 
images were obtained native and after gadolinium diethylenetriamine
pentaacetic acid (Gd-OTPA) enhancement. Tumour volume was calcula
ted according to the formula of Oi Chiro and Nelson (volume = 1/2 x 
height x length x width; range normal sellar volume: 240 - 1092 mm', 
mean sellar volume: 240 mm') [12]. Tumours containing> 30% cystic or 
necrotic areas on MR! were excluded from the study. 

The diagnosis of a macroprolactinoma was made in patients with the 
typical clinical symptoms of galactorrhoea, secondary amenorrhoea 
andlor loss of libido, together with considerably elevated serum PRL 
levels (> 200 pg/l (6000 mUll), normal < 12 pg/l (360 mUll) in males, 
< 15 pg/l (450 mUll) in females), and the presence of a pituitary tumour 
with a diameter> 10 mm on MR!. The diagnosis of a microprolactinoma 
was made in patients with the same clinical symptoms with PRL levels 
< 100 pg/l (3000 mUll) and the presence of a pituitary hypodensity with 
a diameter < 10 mm on a Gd-OTPA enhanced MR image. A dopamine 
agonist-induced reduction in the volume of this hypodense area 



Table 1. Patient characteristics of 7 prolactinoma patients, who underwent SPECT with I23I-IBZM. 

Pituitary Long-term hormonal 
182M Response response to quinagolide Hannanal 

Tumour uptake tumour size in vivo (pg/l)~ response 
Patient Sex Age Tumour volume coronal Previous to quinagolide to quinagolide 
number (M/F) (years) size (mm') SPECT' treatment in vivot PRL off PRLon in vitro§ 

M 42 Ma 37798 3 none < 2730 15.1 ND 
2 F 57 Ma 4636 3 none < 2791 3.1 ND 

3 F 50 Ma 15933 0 TNH-RT > 3117 2998 PRL: 32%< 
4 F 39 Ma 2775 0 none > 492 499 ND 

5 F 22 Ma 21114 3 TFH-RT 291 16 ND 

6 F 18 Mi 114 0 none < 33 9.1 ND 

7 F 29 Mi 134 0 none < 42 8.5 ND 

Ma, Macroadenoma; Mi, microadenoma; PRLoff, serum PRL level without therapy; PRLon, serum PRL level during therapy with quinagoJide; TNH-RT, 
trans-nasal hypophysectomy foHowed by external pituitary irradiation; TFH-RT; trans-frontal hypophysectomy foHowed by external pituitary irradiation. 
'0, no uptake; 3, isointense with basal ganglia. 
t =, unchanged; < decrease; > increase. 
'I' Normal values PRL: M < 12 pg/l, F < 15 pg/!, 1 pg/l" 30 mUll. 
§ Decrease expressed as percentage of controls; ND, not detennined. 
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Table 2. Patient characteristics of 17 patients with clinically nonfunctioning pituitaI)' macroadenomas. who underwent SPECT with '~HBZM 9 

Tumour Pituitary 16ZM Response Hormonal 
.g 

Patient Sex Age volume uptake Previous Follow-up tumour size response ~ 
number (M/F) (years) (mm') coronal treatment Initial therapy therapy Immuna-histology to quinagolide to quinagolide Oc 

SPECf' in vNot in vitr01 

8 F 36 14090 0 none quinagolide TFH-RT null cell adenoma > ND 
9 M 47 7733 2 TNH-RT none sparsely granulated PRL ND ND 

cell adenoma 
10 F 60 3145 0 none TNH-RT gonadotroph cell adenoma ND a-5U: 48%< 

FSH: 30%< 
11 M 33 64660 2 none quinagolide sparsely granulated ACfH < NO 

cell adenoma§ 
12 F 71 3254 0 none none ND NO NO 
13 F 54 10296 3 TFH-RT quinagolide sparsely granuiated GH ND 

cell adenoma 
14 F 34 1908 0 none quinagolide NO ND 
15 F 77 2775 I TNH-RT none gonadotroph cell adenoma ND ND 
16 F 60 1580 0 none quinagolide ND ND NO 
17 M 45 9970 0 none quinagolide NO NO 
18 F 51 1952 0 none quinagolide NO ND ND 
19 M 70 2400 0 none quinagolide ND NO NO 
20 M 46 5339 0 none TNH-RT null cell adenoma NO No FSH, no LH, 

no a-SU production 
21 M 70 14267 0 TNH (1)-RT TNH (2) nuil cell adenoma NO No F5H, no LH, 

no a-SU production 
22 F 27 1715 0 none none TNH gonadotroph cell adenoma ND ND 
23 M 60 5300 0 TNH (l}-RT TNH (2) null cell adenoma NO NO 
24 M 32 35478 2 none quinagolide nuil cell adenoma < No FSH, no LH, 

+ octreotide no aSu production 

TNH-RT, trans-nasal hypophysectomy followed by external pituitary irradiation; TFH-RT; trans-frontal hypophysectomy followed by external pituitary irradiation; TNH, 
trans-nasal hypophysectomy; NO, not determined; a-SU, a-subunit. 
* 0, no uptake; 1, less intense than brain; 2, isointense with brain; 3, isointense with basal ganglia. 
t =, unchanged; < decrease; > increase. 
t Decrease expressed as percentage of controls. § Tumour biopsy. 
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Table 3. Patient characteristics of 12 patients with acromegaly, who underwent 
SPECT with mHBZM. 

Acute GH response Gf I response to 
TUlllour to quinagolide quinagolide 

Patient Sex Age Tumour volume in vit'o" in vitro"' 
number (M/F) (years) size (nunl) (%) (%) 

25 F 58 Ma 4560 50< 80< 
26 F 69 Mi 175 20< ND 
27 F 53 Ma 2782 no response ND 
28 M 55 Mi 186 64< 41< 
29 M 52 Ma 1308 62< 61< 
30 M 63 Mi 194 52< ND 
31 M 58 Ma 1443 10< No< 
32 M 34 Ma 4250 41< 15< 
33 F 47 Ma 5270 60< 69< 
34 M 43 Ma 4919 78< 56< 
35 M 32 Ma 6480 45< 70< 
36 F 43 Ma 1545 19< No< 

Ma, Macroadenoma; Mi, microadenoma; NO, not determined. 

* Decrease expressed as percentage of controls. 

together with a reduction or normalization of serum PRL levels was 
considered substantial evidence for the diagnosis of microprolactinoma. 

Acromegaly was diagnosed in patients with typical clinical signs and 
symptoms, together with persistently elevated GH levels measured over 
a 24-h period, elevated plasma IGF-I (> 45 nm01l1) and IGFBP-3 concen
trations (> 4.8 mg/l) and a pituitary tumour on MRI. In all patients, 
immuno-histology on a tumour specimen confirmed the clinical diagno
sis. 

The diagnosis of a NFPA was based on the detection of a pituitary ade
noma on MRI, the absence of a characteristic clinical syndrome apart 
from hypopituitarism, basal low to normal LH, FSH and glycoprotein 
hormone a-subunit (a-SU) levels. A slightly elevated PRL concentration 
« 100 [,gil « 3000 mUll)), which was not in accordance with the 
tumour size, was interpreted as caused by pituitary stalk compression. 
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In these patients, no elevation of IGF-I « 45 nmolll) or IGFBP-3 « 4.8 
mg/l) levels were found. In II patients, the diagnosis was confirmed by 
(immuno-)histology on tumour specimens, which were obtained at sur
gely (see Tab. 2). 

The diagnosis of a TSH-secreting macroadenoma was made on the 
basis of detectable TSH levels in the face of high free thyroid hormone 
concentrations (TSH 2.49 mUll. T4 221 nmolll (normal: 64-132). FT4 

48.7 pmolll (normal: 11-25). T3 5.02 nmolll (normal: 1.35-2.59)). a pitui
tmy lesion at neuroradiology and the clinical picture of hyperthyroidism. 
In this patient no evidence was found for hypersecretion of PRL, GH, LH, 
FSH, or ACTH. The TSH response to TRH was absent and the serum 
levels of SHBG and a-subunit were elevated. In this patient the diagno
sis was later confirmed by immuno-histology on a tumour specimen 
obtained at surgely. 

If appropriate, patients received replacement therapy for insufficiencies 
of the pituitaly-adrenal, -thyroidal. or -gonadal axes. 

"'I-IBZM-SPECT 

All patients gave informed consent for the study, which was accepted by 
the ethics committee of the university Hospital Rotterdam. 

Prior to the ml-lBZM examination, the uptake of free ml by the thyroid 
gland was blocked with potassium iodide. 

ml-lBZM (Cygne BV, Eindhoven, the Netherlands) (185 MBq) was admi
nistered as an i. v. bolus. Gamma-camera images of the head were 
obtained using single-photon emission computed tomography (SPECT; 
64 x 64 matrix) technique using a three-headed gamma-camera (fitted 
with medium energy collimators) (Picker 3000, Picker Int., Cleveland, 
Ohio, USA). Peak setting at 159 keY with 20% window. Acquisition para
meters for 10 SPECT studies were 60 projections of 10 s each. Images 
were obtained 90 minutes post injection. Before reconstruction, the 10 
SPECT studies were summated. Scintigrams were assessed indepen
dently without knowledge of the results of MRI by three observers 
(WWdeH, AR, DJK). The uptake of radioactivity in the pituitary area was 
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compared to that in the left and right basal ganglia and in the cerebral 
cortex. Absence of pituitary uptake of radioactivity was classified as 
grade O. Vptake in this region equal to that observed for the basal gan
glia was classified as grade 3. Vptake in the pituitary region which 
equalled that of the cerebral cortex was classified as grade 2. Slight to 
doubtful uptake in the pituitary region was classified as grade 1. 
Examples of grade 3, 2 and 0 scans are given in the Figures 1 a and 2a, 
1 c and 2c. The uptake of radioactivity in the pituitary area was also 
established as an uptake index (VI). For this purpose, circular regions of 
interest were placed on the pituitalY area and on the basal ganglia areas 
(see Fig. 3). The radioactivities were expressed as counts per pixel. The 
UI was determined as the ratio of the pituitmy activity over the total of 
the activities in the basal ganglia. Grade 3 scans corresponded to an VI 
> 0.80, grade 2 scans corresponded to an VI ranging from 0.75 to 0.80, 
grade 1 scans corresponded to an VI ranging from 0.65 to 0.75, and 
grade 0 scans corresponded to an VI < 0.65. The inter- and intraobser
ver variability in the VI was less than 5%. 
"'l-lBZM SPECT was repeated during therapy with the dopamine D2 
receptor agonist quinagolide (Norprolac, Sandoz, Basel, Switzerland) in 
4 patients with initially positive scintigraphic findings (patients I, 2, 1 I 
and 13, Tab. 1 and 2). 

In vitro studies 

The clinical diagnosis was histologically confirmed in 23 tumour speci
mens. 

Single-cell suspensions of the adenomas were prepared by enzymatic 
dissociation with dispase, as has been described in detail previously 
[13]. The cells were plated at a density of 10' cells per well (GH-secre
ting adenomas and prolactinomas). or 2 x 10' cells per well (NFPAs) in 
1 ml of culture medium. After 3 days of culture, the medium was chan
ged and 72-h incubations with or without 10 nM quinagolide were per
formed in quadruplicate. Hormone concentrations in the media were 
determined as described in detail previously [7,13]. The culture medium 
consisted of Minimal Essential Medium supplemented with non-essen
tial amino acids, sodium pyruvate (1 mmolll). 10% fetal calf serum, 
L-glutamate (2 mmol/I). sodium bicarbonate (2.2 gil) and antibiotics. 
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Figure I. 42-year-old male patient witil a macroprolactinoma (pa tient 1, Table 1), 
before therapy with quinagoJide. 
a. IH)-JBZrvl SPEer of the brain, coronal section showing the intense (grade 3) uptake 

of radiolabel in the pituitary tumour and in the basal ganglia . 
b. Contrast-enhanced coronal magnetic resonance image of the sella, showing the 

macroadcnoma. 
The same patient, being treated with 0.3 mg quinagolide for I year. 
c. '21]-IBZrVI SPECT o f the brain, coronal sec tion showing the reduced (grade 2) uptake 

of radio label in the pituitary tUlllOur as compared to figure l ao 
d. Contrast-enhanced coronal magnetic resonance image of tile sella, showing 

reduction in tumour size as compared to figure 1 b. 

Figure I a. Figure l b. 

Figure 1 c. Figure ld. 
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Figure 2. 57-year-old female patient with a macroproiactinoma (patient 2, Table I). 
before therapy with quinagolide. 
a. 'BJ-JBZIVI SPEeT of the brain, coronal section showing the intense (grade 3) uptake 

of radial abel in the pituitary tumour and in the basal ganglia. 
b. Contrast-enhanced coronaimagnetic resonance image of the selia, showing the 

macroadenoma . 
The same patient, being treated with 0.3 mg quinagolide for 12 months. 
c. 'U[_lBZM SPEeT of the brain, coronal section showing that the uptake of the radio

label in the pituitary tumour has completely disappeared (grade 0) 
d. Contrast -enhanced coronaimagnetic resonance image or tile pitui tary , showing 

reduction in tumour size as compared to figure I h. 

Figure 2a. Figure 2b. 

Figure 2c. Figure 2d. 



J 28 ChaplerS ____________ ___ _______ _ 

III vivo studies 
All prolactinoma patients were treated with quinagolide in a final 
dosage of 0.3 mg daily. Serum PRL levels were evaluated every 3 
months and the evolution of tumour size was evaluated by MR!. One 
patient (patient 4, Tab. t) was operated upon because of resistance to 
quinagolide, which was demonstrated by persistently elevated PRL 
levels during therapy and tumour growth as demonstrated on MRI. TWo 
other patients (patients 3 and 5, Tab. I) had already been operated upon 
in the past. 

Nine out of 17 NFPA patients underwent pituitary surgery and 8 of them 
subsequently received externa l pituitary radiotherapy. 1\.,,0 patients 
were reoperated. SPEer studies were performed before surgery in 4 
patients and after surgery in 5 patients (Tab. 2). Nine NFPA patients 
were treated with quinagolide in a final dosage of 0.3 mg daily (Tab. 2). 
plasma concentrations of LH, FSH and a-SU were evaluated every 3 

months and the evolution of tumour size was measured by MRI. 

Figure 3. Example of an uptake index calculation in a patient with a grade 2 IBzrvl 
SPECT (palient 24, Table 2). 

(I) = right basal ganglia, (2) = len basal ganglia, (3) = pituita I)" (4) = background 
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All patients with acromegaly were primarily operated upon. None of 
these patients was additionally treated with quinagolide, but the acute 
reaction of GH to a single dose of 0.075 mg of this drug was investigated 
preoperatively. On the first day, serum was sampled for GH from an 
indwelling venous catheter at hourly intervals from 08.00 to 20.00 h. On 
the second day, 0.075 mg quinagolide was given orally at 08.00 hand 
the sampling protocol was repeated. GH levels were analyzed as area 
under the curve (AVC) values, and the percentage decrease of GH after 
quinagolide was calculated from the AVCs obtained on the control and 
test days. 
In the patient with the TSH-secreting macroadenoma, the acute reaction 
of TSH to a single dose of 0.075 mg of quinagolide was investigated 
following the same procedure as in the patients with acromegaly. After 
transsphenoidal debulking of the tumour, this patient was treated with 
octreotide and external pituitmy radiotherapy. 

The clinical decisions concerning surgelY, radiotherapy and/or medical 
therapy in all 37 patients had not been influenced at any time by the 
results of the '''HBZM SPECT studies, which were not known to the 
attending physician (s). 

Results 

Prolactinomas 

"'HBZM SPECT showed significant (grades 2 and 3) uptake in the pitui
tmy region in 3 out of 5 macroprolactinoma patients. In these patients, 
a significant positive correlation (p <0.00 I, Fisher's exact test) was 
found between the results of the in l'ivo scintigraphy and the in vivo 
response of PRL release by the tumours to quinagolide (Tab. I). 

In two "'HBZM-positive patients (patients I and 2, Tab. I), scintigraphy 
was repeated during treatment with 0.3 mg quinagolide. In patient I, 
the uptake of radioactivity in the basal ganglia and cerebral cortex had 
remained unchanged, while the pituitmy uptake had been reduced from 
grade 3 to 2 after 10 months therapy. MRI demonstrated shrinkage of 
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the macroprolactinoma by 33% after 8 months therapy. Tumour size 
stabilized in the following 12 months. In patient 2, no change in the 
uptake of "'I-IBZM was obselved for the basal ganglia and cerebral cor
tex, while the uptake in the pituitary region (grade 3 before the start of 
quinagolide) had disappeared (grade 0) after 12 months therapy. MRI 
demonstrated shrinkage of the macroprolactinoma by 56% after a 
6 months therapy and by 78% after 18 months. Neither of the 2 micro
prolactinoma patients showed uptake of the radioactivity in the pituitary 
region, although suppression of the pathological PRL levels to < 10 ug/l 
and disappearance of the tumours followed treatment with quinagolide 
in these patients. 

NFPA 

In 4 of the 17 patients with NFPA, significant uptake (grades 2 and 3) of 
the radioligand in the pituitary region was obselved. In one "'I-IBZM
positive patient (patient 11, Tab. 2), treatment consisted of quinagolide 
in a final dosage of 0.3 mg. In another scan-positive patient (patient 13, 
Tab. 2), quinagolide therapy (final dosage of 0.3 mg) was started 24 
years after transfrontal surgery and external pituitary radiotherapy, 
because MRI indicated progressive growth of a perisellar tumour rem
nant to a large macroadenoma with extensive invasion in the surroun
ding tissues. In both patients, scintigraphy was repeated during treat
ment with 0.3 mg quinagolide. In patient 11, the uptake of radioactivity 
in the basal ganglia and cerebral cortex had remained unchanged after 
6 months therapy, while the uptake in the pituitalY region was slightly 
reduced, without change in the grade (grade 2). MRI demonstrated 
shrinkage of the pituitary tumour by 20% after 6 months therapy. 
Tumour size stabilized in the following 10 months. In patient 13, the 
uptake in the basal ganglia, cerebral cortex and the pituitary region had 
remained unchanged (grade 3) after 6 months therapy. MRI demonstra
ted stabilisation of tumour growth. In patient 24, follow-up MRI exami
nation after 3 months therapy with quinagolide (0.3 mg per day) and 
octreotide (0.3 mg per day) demonstrated shrinkage of the pituitary 
tumour by 20%, which was accompanied by the almost complete dis
appearance of visual field defects. In three other patients with NFPA 
(patients 14, 17 and 18, Tab. 2), long-term therapy with quinagolide (0.3 
mg per day for 12, 18 and 12 months, respectively) did not result in a 
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change in the pituitalY tumour size. SPECT with "'HBZM did not show 
significant (> grade 1) uptake of radioactivity in the pituitary fossa of 
these three patients. In one patient with NFPA and a negative SPECT 
(patient 8, Tab. 2), tumour growth occurred after 9 months of quinago
!ide therapy (0.3 mg per day), and the patient subsequently had to 
undergo pituitalY surgelY. 

Acromegaly 

None of the pituitalY regions of the 12 acromegaly patients investigated 
showed significant uptake of mHBZM. In 8 of these patients, however, a 
more than 20% reduction of the areas under the curves for GH was 
observed after a single dose of 0.075 mg quinago!ide in comparison 
with the levels on the control day (Tab. 3). In 6 of 9 patients whose 
tumour cells were studied in vitro, sensitivity of GH release to quinagoli
de was confirmed (Tab. 3). There was a statistically significant relation 
between the response of GH secretion to quinagolide in vim and in vitro 
in these 9 acromegalic tumours (P < 0.05, Fisher's exact test). 

TSH -secreting macroadenoma 

Pituitary SPECT was negative in the patient with the TSH-secreting 
macroadenoma. In this patient no reduction of the areas under the cur
ves for TSH was observed after a single dose of 0.075 mg quinagolide in 
comparison with the levels after placebo administration. Also, tumour 
cells in vitro showed no sensitivity to quinagolide of TSH release. 

Discussion 

Dopamine D2 receptors can be successfully visualized on prolactinomas 
and somatotroph adenomas using positron emission tomography (PET) 
with "C labelled dopamine D2 antagonists and agonists [14-17]. 
However, the installation and maintenance of PET equipment is expen
sive and this technique is available in only a limited number of centres 
throughout the world. 
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Experience with SPEeT with "'HBZM in patients with pituitary tumours 
is also limited, although this technique in principle can be performed in 
a larger number of centres. In a study by Assies et aI., SPEeT with "'1-
IBZM failed to visualize a primaty malignant pituitary macroprolactino
ma, whereas low uptake of this radioligand was found in one intracra
nial metastasis [18]. This metastatic tumour showed only a partial clini
cal response to dopaminergic therapy in vivo [18]. Pirker et ai. performed 
SPEeT with "'I-IBZM in I 5 patients with a variety of pituitalY tumours 
[19]. Only one of two dopamine 02 agonist-responsive macroprolacti
nomas could be visualized and three dopamine 02 agonist -resistant 
macroprolactinomas were negative on the scan. Nomikos et ai. com
pared the results of "'HBZM SPEeT in dopamine (02) agonist-resistant 
patients and in responsive prolactinoma patients [20]. In 5 of 12 dopa
mine (02) agonist-resistant patients "'I-IBZM SPEeT was negative. All 5 
dopamine (02)-responsive patients showed uptake of the radioligand in 
the pituitaty region [20]. Scillitani et al. have performed "'HBZM SPEeT 
in one bromocriptine-resistant macroprolactinoma and in one bromo
criptine-responsive macroprolactinoma [21]. They showed that the 
uptake of the radioligand was consistent with the in vivo response of the 
tumour to bromocriptine. 

In our study, 3 of 5 patients with macroprolactinomas showed high 
(grade 3) uptake of "'I-IBZM. Two patients showed no pituitary uptake 
of the radio ligand and also failed to show a significant PRL-Iowering 
effect in response to high doses (0.3 mg per day) of quinagolide. 
Resistance of the tumour to quinagolide was also demonstrated in vitro 
in one of these patients. Pellegrini et al. have also shown that the densi
ty of dopamine 02 receptors was significantly reduced in bromocriptine
resistant prolactinomas as compared to dopamine-agonist -sensitive 
prolactinomas [3]. However, most physicians will generally start dopa
minergic therapy, as resistance of prolactinomas to dopamine agonists 
is rare. In our studies, "'HBZM SPEeT of the pituitary region was nega
tive in both dopamine agonist-sensitive microprolactinomas. Therefore, 
the sensitivity of "'I-IBZM SPEeT is probably too low to visualize adeno
mas with a diameter < 10 mm. We have repeated the SPEeT studies in 
two patients with dopamine agonist-sensitive macroprolactinomas. The 
uptake of radioactivity in the pituitary region had been reduced in 
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one patient, whereas it had disappeared in the other. This might be 
explained by therapy-induced tumour shrinkage and fibrosis, or 
decreased viability [22]. 

NFPAs represent about one-quarter of all pituitary adenomas. The surgi
cal removal of these tumours is often incomplete, and at present there is 
no established medical treatment [4,5,6]. In some cases, the clinical 
distinction of these tumours from other nonendocrine tumours in the 
pituitalY region is difficult. The effect of long-term dopaminergic therapy 
on the size of NFPA has so far been investigated only in small series 
[7,8]. Clinical evaluation of the efficacy of dopaminergic therapy is diffi
cult because of the absence of reliable hormonal markers and the fact 
that it is impossible to select those NFPA patients with dopamine 
02 receptor-positive tumours. In general, NFPA show a lower dopamine 
02 receptor density than PRL-secreting adenomas [23-26]. Future stu
dies are needed to validate whether SPECT with "'I-JB2M might be of 
assistance in the differential diagnosis of tumours in the pituitary 
region. Ideally, a positive SPECT would then point to the presence of 
a pituitalY adenoma. In patients with NFPA, in vivo scintigraphy with 
"'I-182M may be used for the selection of patients, who may potentially 
benefit from dopaminergic therapy. Three of our SPECT-positive NFPA 
patients responded to dopaminergic therapy with tumour shrinkage, 
although in one of these patients an (additional) effect of octreotide 
treatment can not be excluded. 

In our series, none of the GH-secreting pituitary tumours could be visu
alized on "'I-182M SPECT, although some of these tumours showed a 
significant acute GH response to quinagolide in vivo and in I!ilro. The 
long-term response to dopaminergic treatment has not been studied in 
these patients. Although dopaminergic treatment successfully lowers 
plasma GH in acromegalic patients, normalization of plasma IGF-I and a 
significant reduction in tumour size is achieved in only a few cases [9]. 
As in NFPA, lower dopamine 02 receptor densities have been demon
strated on GH-secreting adenomas as compared to PRL-secreting ade
nomas [23,24,28,29]. As most tumours studied were macroadenomas, 
the results are obviously not hampered by the small size of the tumours 
or the limited spatial resolution of SPECT. However, tumour size can not 
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be excluded as a determinant for uptake, as all SPECT-positive NFPA's 
were larger than the GH-secreting macroadenomas. The findings impli
cate that in our patients with acromegaly "'I-IBZM SPECT was not sen
sitive enough to visualize GH-secreting pituitaty tumours. 

Verhoef et al. reported on the successful visualization of a mixed TSH-, 
a-SU- and PRL-secreting pituitaty macroadenoma by SPECT with "'1_ 
lBZM [II]. An acute response to the dopamine agonist bromocriptine 
could be demonstrated in this patient, but long-term treatment with this 
drug did not induce significant tumourshrinkage. However, in our 
patient with the TSH- (and a-SU-) secreting tumour, the SPECT studies 
were negative and we could not demonstrate an acute in viFo, or in Film 

response of the tumour to quinagolide. 

From our studies it can not be certainly concluded that dopamine 02 
receptor binding has been determined by SPECT with "'I-IBZM, because 
repeat studies with adequate receptor blocking to determine specific 
binding were not feasible. Therefore, variability in the pituitary uptake 
might have been to a variable degree related to non-specific binding. It 

is also not possible to use the uptake in the cortex as an indication of 
non-specific binding, because this can be influenced by variations in tis
sue composition, flow and other parameters. However, the close corre
lation between the results of the SPECT studies and the PRL response to 
quinagolide in the macroprolactinoma patients suggests that we were 
indeed looking at specific tracer uptake. 

In conclusion, "'I-lBZM is a ligand for in FiFO imaging of dopamine ago
nist-sensitive macroprolactinomas. Future studies are needed to deter
mine the usefulness of this technique in the differential diagnosis of 
tumours in the pituitaty region and for the prediction of dopamine 02 
agonist-responses of NFPA in FiFO. In our hands, the technique is not 
sensitive enough for the visualization of microprolactinomas and soma
totroph adenomas. However, higher sensitivities might be obtained with 
other recently developed ligands like ["'I]-epidepride [30]. 
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Introduction 

The majority of pituitary adenomas produce typical clinical syndromes as 
a result of hypersecretion of one or more anterior pituitmy hormones. 
Identifiable syndromes include acromegaly, caused by overproduction of 
growth hormone (GH), cushing's disease, caused by overproduction of 
adrenocorticotrophic hormone (ACTH) and the amenorrhea-galactorrhea 
syndrome in women, caused by overproduction of prolactin (PRL). 
Approximately 25-30 % of patients with pituitaty tumours do not present 
with symptoms related to pituitaty hormone hypersecretion [1-5]. As a 
result they escape early detection and usually present with symptoms 
related to compression of important surrounding tissues by the 
expanding tumour mass, or are found incidentally on radiographic 
studies [6]. Unlike for "secreting" pituitary adenomas, no accepted medi
cal treatment yet exists for these "non-secreting" tumours. The treatment 
of choice is surgical debulking, often followed by external radiation 
therapy. 

Due to advances in immunological and molecular biological techniques 
to detect hormonal secretion in vitro, it has been demonstrated in recent 
years that the majority of these tumors are in fact poorly secreting, 
rather than completely non-secreting [6-7]. In cell culture they usually 
synthesize and secrete the gonadotropic hormones follicle stimulating 
hormone (FSH) and/or luteinizing hormone (LH), and/or their free a- or 
~-subunits. Even adenomas that lost all neuropeptide synthetizing 
activity (so-called null-cell adenomas) demonstrate typical dense core 
neurosecretoty granules on electron microscopy, while the secretoty gra
nule-specific protein chromogranin A (CgA) can be identified in 
virtually all cases [8]. In a subset of tumours clinically inapparent produc
tion of ACTH or GH, or even of a combination of several anterior pituitmy 
homones, is present [9,1 0]. These silent corticotroph or somatotroph ade
nomas may be detected in up to 8 and 3 % of cases, respectively. 

The term "clinically non-functioning" pituitary adenomas (CNPA) 
appears thus to be preferable to the terms "inactive" or "non-secreting" 
adenomas. Tumors of gonadotroph origin, secreting gonadotropic hor
mones or their subunits are also called gonadotropinomas. Research on 
diagnostic techniques and phannacological treatment of these CNPA is 
rapidly progressing and will be discussed in this review. 



CNPA: diagnostic and therapeutic options 141 

Clinical presentation 

CNPA are diagnosed in middle-aged or elderly patients [1,2,5], This not 
only reflects the slow rate of growth but also the lack of clinical mani
festations of excessive hormone secretion, Gonadotropinomas occur 
more frequently in men than in women [1,2,5], This may be biased, 
however, by the fact that the diagnosis is more difficult in postmeno
pausal women, Making the distinction between an adenoma hyper
secreting gonadotropins, and a nonsecreting adenoma associated with 
normal postmenopausal elevations of serum levels of FSH and LH, is 
not easy, By the time most CNPA are recognized clinically, they are suffi
ciently large (diameter> 10 mm) so as to extend outside the sella turci
ca and produce symptoms related to the mass of the tumour (Fig, I) 
[1,2,5,6], Headache due to traction on the parasellar meninges is a fre
quent complaint. Neuro-ophthalmological complications include visual 
field defects (usually bitemporal hemianopsia) caused by pressure on 
the optic chiasm and ophthalmoplegia caused by pressure on the oculo
motor nerves in the cavernosal sinus [I I], 
Mechanical compression of the normal anterior pituitary gland can 
result in partial or complete hypopituitarism, GH- and gonadotropin
axes are most frequently affected, while TSH and ACTH deficiencies are 
less common [12,13], compression of the pituitary stalk may impair the 
dopaminergic inhibition of PRL secretion, The resulting mild degree of 
hyperprolactinemia (usually < 100 pg/L) can be differentiated from the 
firmly increased PRL levels in patients with macroprolactinomas [14], 
Clinically symptomatic diabetes insipidus is an uncommon finding at the 
time of initial presentation, Its presence should stimulate a thorough 
investigation to exclude a non-endocrine tumour of the pituitary region 
(e,g craniopharyngioma), 

Hypopituitarism often goes undetected, After menopause secondary 
hypogonadism obviously does not cause symptoms, while men fre
quently do not seek medical attention, because decreased libido and 
impotence are usually ascribed to the effect of aging, The symptoms 
related to GH-, TSH- and/or ACTH-deficiency are vague, The specific 
clinical signs and symptoms caused by GH deficiency in adulthood have 
only recently been recognized [15,16], The predominant features of this 
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Figure I. Clinically nonfunctioning pituitary adenoma causing compression of the 
optic chiasm. 
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syndrome are diminished quality of life, as perceived by the patients and 
as indicated by standardized psychological tests, diminished muscle 
strength and increase of body fat. Premature mortality from cardiovas
cular disease may also be part of this syndrome. 

In a small subgroup of male patients with glycoprotein hormone produ
cing tumors, overproduction of biologically active intact FSH results in 
hypertrophy of the seminiferous tubules and bilateral testicular enlar
gement [2]. Intact LH secretion, causing elevated serum testosterone 
levels in men, occurs even much rarer [17]. A case of ovarian hyper
stimulation due to hypersecretion of intact FSH by a gonadotropinoma 
has been described [18]. There are no clinical effects from excess 
secretion of uncombined glycoprotein-subunits, since they are biologi
cally inactive. 

Hormonal characteristics in vivo 

Most CNPA secrete gonadotropins and/or their subunits. Demonstration 
of elevated serum levels of these markers, most frequently of a-subunit 
and/or FSH, suggests the presence of an adenoma of gonadotroph ori
gin [19,20]. Differentiation of nonnal from abnormal gonadotropin and 
subunit secretion may be difficult, however, especially in postmenopau
sal women [1,2]. Many groups report the response of gonadotropins 
and/or their subunits to the injection of TRH as a useful addition in the 
workup of CNPA [7,21-23]. Normal gonadotrophs do not respond to 
TRH. Therefore any obselved increased secretion derives from tumo
rous gonadotrophs. Responses of intact gonadotropins and a-subunits 
are most frequently used in clinical practice (Fig. 2). TRH stimulated j)

LH secretion is reported to be more sensitive, being elevated in about 
one third of men and two thirds of women harboring CNPA [21,22]. The 
measurement of subunit levels is limited by several factors, including 
assay specificity, sensitivity and commercial availability [3]. The sensiti
vities and specificities of subunit assays are highly variable. Polyclonal 
subunit assays for instance may show considerable cross-reactivity with 
intact hormones [24]. Moreover, the specificity of the TRH-test is doubt
ful. TRH-stimulated gonadotropin and/or subunit release has also been 
obselved in patients with PRL-[25,26] and GH-[25] producing pituitaJY 
adenomas and in patients with non endocrine tumours of the pituitary 
region [251. 
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Figm-e 2. TRH stimulation test in a patient with a clinically nonfullctioning pituitaly 
adenoma, showing a marked response of a-subunit. 
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CgA might also be a suitable candidate marker for CNPA, since CNPA 
almost invariably show immunostaining for egA. Unfortunately, due to 
the relatively small volume of these tumours, serum concentrations of 
CgA are only rarely increased [25]. Indeed, CgA is produced in a wide 
variety of normal neuroendocrine tissues throughout the body. Usually, 
only large tumours succeed in elevating serum CgA levels. 
In those cases where a preoperative hormonal diagnosis is not possi
ble, the differential diagnosis should include a large spectrum of non
hormone producing neoplasms of the hypothalamo-pituitary region 
(Tab. 1) [27]. The most frequent space-occupying lesions encountered 
in that area are craniopharyngiomas, meningiomas, metastases of 
distant malignant tumors, and anelllysms of the internal carotid artelY. 
Failing to recognise the last option before neurosurgery, may obviously 
cause huge problems during the operation. Fortunately, the present 
MRI-imaging techniques can reliably indicate the presence of such an 
aneurysm. 
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Table 1: Nonhormone producing space-occupying lesions of the hypothalamo
pituitary region 

cell rest tumours 

cholesteatoma 
chordoma 
colloid cyst 
craniophalyngioma 
infundibuloma 

sphenoid mucocele 

infectious, inflammatory 

abcess (bacterial, fungal) 
echinococcal cyst 
giant cell granuloma 
histiocytosis 
lymphocytic hypophysitis 
sarcoidosis 
tuberculosis 

Invasive treatment 

primitive genu 
cell tumours 

teratoma 

germinoma 
dysgerminoma 
ectopic pinealoma 
dermoid 

cerebrospinal 
fluid related 

arachnoid cyst 
empty sella syndrome 
pseudotul11or cerebri 

gliomas 

astrocytoma 

ependymoma 
microglioma 

oligodendroglioma 

Rathke's cleft cyst 

miscellaneous 

enchondroma 
lipoma 
meningioma 
metastatic tumours 
vascular lesions 

Transsphenoidal surgelY is the preferred treatment of CNPA. The proce
dure is primarily meant to improve visual field defects and loss of visual 
acuity, and to remove as much tumor tissue as possible. It is also impor
tant to obtain tissue for pathologic diagnosis. In experienced hands 
serious complications are uncommon, but appear to be greater when 
the adenoma is velY large. The group of J. Hardy, one of the pioneers of 
transsphenoidal surgelY, reports a peri operative mortality of 1.6 % in 
their series of 125 macro adenomas [28]. Significant operative blood 
loss, requiring transfusion occurs in 12.7 %, nasal liquorrhoea in 4.8%, 
meningitis in 1.6% and cranial nelve palsy in 1.6% of cases. Transient 
diabetes insipidus or inappropriate antidiuretic hormone (ADH) secre
tion are frequently seen. Diabetes insipidus remains permanent in 5.6% 
of cases. 
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In most instances substantial improvement of visual defects occurs 
after surgery. Several large series report recovery or improvement of 
visual fields in 60-70 % of cases and stabilisation in 25-35 % [6,29-31 J. 
Even severe preoperative field defects often strikingly improve, with 
noticeable visual recovery within 12 to 24 hours after surgery. A 
seriously compromised visual acuity has a worse prognosis, however, 
although surgelY can still induce improvement. Optic disc pallor is an 
ominous prognostic sign : visual outcome never significantly amelio
rates in the event of frankly atrophic discs. For both acuity and fields 
there is an inverse correlation between duration of symptoms and final 
outcome [31 J. However, even when symptoms last longer than 6 
months, visual improvement still occurs in more than 50 % of cases. 
Ophthalmoplegia, caused by pressure on the ocular motoric nerves in 
the cavernous sinus, usually also improves within a few weeks to 
months after surgely. 

Panhypopituitarism with lack of response to pituitaty stimulation tests 
is not likely to improve after surgical decompression [12J. In patients 
with a normal or mildly elevated PRL level, and a rise in TSH levels in 
response to TRH stimulation, however, significant postoperative 
improvement may occur [12,13,32J. This suggests that pituitary failure 
is caused by compression of the portal circulation in this setting, and 
not by destruction of the normal anterior pitllitaty gland. SecondalY 
hypothyroidism, adrenal failure and hypogonadism can rather easily 
be treated by hormone replacement therapy [33J. In patients with 
GH deficiency, GH replacement therapy has been reported to be of 
benefit for their quality of life, as well as for normalizing body compo
sition, improving muscle strength and increasing cardiac performance 
[15,16J. Preliminary data suggest that an increase in HDL- and a 
decrease in LDL-cholesterol, induced by GH treatment, may contribute 
to the prevention of early atherosclerosis. GH replacement therapy is 
expensive however, with total yearly costs amounting to 10,000 -
12,000 dollars. 

Because most CNPA are already velY large at the time of diagnosis, they 
are often not completely resectable. Adjunctive radiation therapy to pre
vent further tumour growth may be considered for patients with sub-
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stantial residual tumour tissue or in those with recurrent adenomas 
[6,34,35]. The completeness of tumour removal by transsphenoidal sur
gelY is often difficult to evaluate, however. On early postoperative MRl
scans the distinction between adenomatous tissue, hematoma, fibrosis 
or muscle used by the neurosurgeon to pack the tumour bed after resec
tion, can hardly be made. One has to wait for a period of more than 6 
months before proper neuroradiological investigations can be carried 
out to demonstrate the size and localizations of tumour remnants [36]. 

Recurrence rates after transsphenoidal surgery without radiation for 
CNPA between 12 and 22 % have been reported [6,28,30,37-39]. In 
patients who received postoperative radiotherapy tumour regrowth 
rates between 2 and 18 % have been reported [6,30,37-42]. Because of 
selection bias in these studies it is not possible to directly compare the 
results of surgery alone with those of surgery followed by radiation the
rapy. No prospective randomised trials have been published yet. 

Side effects of radiotherapy include nausea and fatigue, which last up to 
1 or 2 months after treatment, diminished taste and olfaction, which 
may last for 6 months, and loss of hair in the temporal region, which 
may last for a year [2]. Partial or complete hypopituitarism, which usual
ly not begins until a year or more after the procedure, occurs eventually 
in over 50 % of the patients 10 years after radiation [33,43]. Severe com
plications, such as radionecrosis of the optic nerve or of parts of the 
brain (usually the temporal lobe), are seldomly reported. However, 
when specifically looked for with meticulous imaging studies, parenchy
mal changes of the brain can be found in 25 to 30 % of the patients in 
the years following radiation therapy [44,45]. Moreover, patients who 
undergo radiotherapy are more likely to have difficulties with memOlY 
on neurocognitive function testing than those who undergo surgery 
alone [46]. 
Taking these data into account, one might recommend careful post -sur
gical follow-up MRl scans. If there is evidence of tumour (re)growth, 
radiation therapy is promptly instituted, or repeat transsphenoidal sur
gery is considered, depending on the size of the residual tumour, the 
importance of preserving pituitalY function and the experience of the 
neurosurgeon. 
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Medical treatment 

In analogy with the use of dopamine agonists and somatostatin analogs 
in the treatment of respectively GH- and PRL-producing pituitary 
tumors, the possibility of medical treatment in patients with CNPA may 
be considered. Several pharmacological options might be used. 

GnRH agonists and antagonists 

The release of gonadotropins by normal anterior pituitmy cells is regu
lated by pulsatile secretion of gonadotropin releasing hormone (GnRH) 
by the hypothalamus. The chronic administration of GnRH to normal 
individuals produces an initial rise in gonadotropin levels, followed by 
gonadotroph desensitization, leading to efficient suppression of gona
dotropin release. Long acting agonist analogs of GnRH have been used 
therapeutically to decrease gonadotropin secretion in patients with 
precocious puberty, polycystic ovary syndrome and metastatic carcino
ma of the prostate gland [471. Obviously, they might also be of thera
peutical benefit in patients with gonadotropinomas. Investigations in 
patients with prostatic carcinoma, treated with GnRH-analogs, indi
cate that, although the production of LH by the pituitmy gland is sup
pressed, the production of FSH and a-subunits remains intact or is 
even stimulated [48J. Since FSH and ,,-subunit are the predominant 
secretion products of gonadotropinomas, doubt rises whether GnRH
analogs could be safely used as treatment. Indeed, when cells of gona
dotropinomas are brought in culture in the presence of GnRH-ago
nists, no desensitization phenomenon is observed. Instead, a stimu
lating effect on gonadotropin release frequently occurs [49J. Several 
groups have tried the medication in a small number of patients, 
bearing gonadotropinomas [50-54J. They either induce an agonist 
effect, no effect, or rarely, a decrease of gonadotropin levels. It is 
unclear why some tumours respond to chronic GnRH analog admi
nistration with a persistent agonist effect and others with desensiti
zation. Thus, GnRH-agonists have not been proven of consistent 
benefit in the treatment of CNPA, and should not be used. Whether 
they could be used to prevent regrowth after surgical resection in 
patients whose tumours respond favorably to chronic GnRH-stimu
lation in vitro has not been evaluated yet. 
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The use of GnRH antagonists has a theoretical advantage, because they 
lack the initial gonadotropin stimulating effect of GnRH agonists. 
Incubation of CNPA cells with a GnRH antagonist can diminish the 
GnRH-stimulated gonadotropin and subunit release, but has no effect in 
unstimulated conditions (Fig. 3). Long-term treatment with the GnRH 
antagonist Nal-Glu GnRH reduced elevated FSH levels to normal in five 
patients but had no effect on tumour size [55,56]. More long-term stu
dies are needed before conclusions can be drawn. 

Somatostatin analogs 

The development of octreotide, a long-acting agonist of somatostatin, 
was an important advancement in the medical treatment of acromegaly 
[57]. Octreotide inhibits GH release and induces a modest degree 
of tumour shrinkage via specific somatostatin receptors on most 
GH-secreting pituitalY tumours. Using in vitro autoradiography, these 
receptors are not only detected on somatotropinomas, but also on some 
CNPA [58J. TWelve of 16 macroadenomas of gonadotroph origin could 
be visualised in vivo by '''In-DTPA-octreotide scintigraphy [59]. In 
another stUdy, using "'I-1Yr'-octreotide scintigraphy, only 2 of 8 CNPA 
could be visualized [60J. In cell cultures no or only modest effect of 
octreotide on hormone secretion by these tumours is shown (Fig. 4) 
[61], but, when used in high unphysiological concentrations, a signifi
cant reduction in cell growth can be induced [62J. To date only sparse 
data are available on the chronic use of octreotide in the treatment of 
these patients. preliminalY results are rather disappointing, showing 
only modest reductions of gonadotropin levels or tumour size in a low 
percentage of patients [6I,63-67J. Interestingly, a clear improvement of 
visual fields and acuity can be seen in some patients, within the first 
hours after starting the drug [67,68J. This seems to be unrelated to the 
effect on tumour volume, suggesting either a direct action on the optic 
nelve and/or the retina, or an effect on their vascularization. 

somatostatin receptor scintigraphy cannot be used in the differential 
diagnosis of a pituitary mass, as other tumours of that region (e.g. 

meningiomas, gliomas) may also possess somatostatin receptors [69]. 
Whether somatostatin receptor scintigraphy can predict the effect of 
treatment with octreotide remains a point of discussion. In a recent 



150 Chapter 9 _____________________ _ 

Figure 3, Effects of GnRH and a GnRH-antagonist on mean (± SE) glycoprotein 
honnone release by 4 clinically nonfunctioning pituitary adenomas in vitro, 
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report in 14 patients no close relation was observed between the results 
of the scan and the effect of octreotide therapy on tumour shrinkage 
[66], while in another smaller study in 5 patients such a relation could 
indeed be shown [70]. 

Recent studies indicate the presence of a variety of somatostatin recep
tor subtypes on CNPA [71-73]. Octreotide binds with a high affinity to 
somatostatin receptor subtypes 2 and 5 only. using autoradiography 
Holland et 01. found specific binding of octreotide in only 2 of 5 CNPA, 
while binding of natural somatostatin occurred in 4 adenomas [73]. The 
2 CNPA that only interacted with natural somatostatin and not with 
octreotide, lacked mRNA expression for somatostatin receptor subtype 
2. Using natural somatostatin, a significant inhibition in the production 
of glycoprotein hormones and/or their free subunits was reported in 7 
of 11 cultured tumours, while octapeptide somatostatin-analogs (inclu
ding octreotide) were only effective in 3 of 10 [73]. Klibanski et 01. 
showed significant suppression of tumoural secretion products by 
natural somatostatin in 10 of 15 cultured tumours [741. This suggests 
that other subtype-specific somatostatin analogs might exert different 
actions on these tumours. However, dopamine agonists are generally 
equally or more effective than natural somatostatin in the suppression 
of gonadotropin and/or subunit secretion by CNPA [61, 73]. 

Dopamine agonists 

Finally, the use of dopamine agonists for treating CNPA can be conside
red. CNPA express dopamine receptors on their cell membranes, but 
their number and affinity are smaller than in prolactinomas [75,76]. 
Addition of the dopamine agonist bromocriptine, in high phannacologi
cal concentrations, to cultures of tumour cells of gonadotroph origin 
suppresses the release and synthesis of gonadotropins and a-subunits 
[61,77-79]. Maximal effects are only attained after prolonged incubation 
during several days to weeks. These in vitro data suggest that prolonged 
treatment with high doses of bromocriptine might exert an inhibitOlY 
effect on tumour growth in vivo. The clinical data are disappointing, 
however, showing improvement of visual field defects and/or reduction 
of tumour mass in 4 of 6 patients with gonadotroph or a-subunit secre
ting pituitalY adenomas and in 7 of 84 patients with CNPA [17,78,80,81]. 
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Figure 4. Effects of octreotide and bromocriptine on mean (± SE) glycoprotein 

hormone release by 5 clinically nonfullctioning pituitary adenomas in vitm. 
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Since the use of bromocriptine in high doses is generally not well tole
ra ted, however, these studies have been performed w ith rather small 
doses. The new generat ion of more powerful and more selective dopa
mine agonists, might provide a useful alternative for bromocriptine. In a 
preliminary study of 5 patients with CNPA promising results were shown 
with the long-acting dopamine agon ist quinagolide (CV205-502) in a 
dosis of 300 pg/day for 12- 18 months [82J. In a long-term study in 10 
patients, however, progressive increase in tumour size was shown in 
most patients, despile efficient suppression of gonadotropin and n-sub
unit secretion [83J. AI the end of follow-up (36 to 93 months) tumour 
volume remained significantly below pretreatment volume in 2 patients, 
remained at pretreatment vol ume in 2 patients and was significantly 
increased in 6 patients [83J. 

Reasons for the relatively low success rate of dopamine agonist therapy 
include the inclusion of dopamine-receptor negative tumours in these 
studies. This problem can now be approached by dopamine receptor 
scintigraphy with the iodinated benzamides '''I-IBZM or "'I-epidepride 
(Fig. 5) [84-871. With this technique one can predict the suppressive 

Figure 5: '13I-IBZrvl SPECT of the brain of a patient wi lh a cl inically non-functioning 
pil uitary adenoma, showing slight uptake in the adenoma and intense uptake in the 
basal ganglia. 
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effect of dopamine agonists on the tumour volume of prolactinomas 
[84,85J. In a recent study in patients with CNPA de Herder et al. demon
strated tumour shrinkage in 2 and tumour stabilisation in 1 of 3 "'1-
IBZM SPECT-positive patients treated with quinagolide [85J. In one of 
these patients an additional effect of octreotide could not be excluded. 
In 1 of 4 patients without pituitalY "'I-IBZM uptake tumour expansion 
occurred under quinagolide therapy. The recently developed dopamine 
receptor ligand "'I-epidepride shows a higher affinity for dopamine 02 
receptors than "'I-IBZM, and thus a higher sensitivity for detecting 
dopamine receptor-positive pituitary adenomas [86, 87J. Future long
term studies are needed to investigate whether in vivo imaging of dopa
mine receptors with these ligands is useful in selecting patients, who 
may benefit from dopaminergic therapy. 

Conclusions 

The detection of hormonal activity in most CNPA has allowed a 
thorough examination of the behaviour of these tumours and their 
response to medical manipulation in vitro as well as in vivo. 
Demonstration in serum of elevated levels of intact glycoprotein or sub
unit secretion products, in basal conditions or after stimulation by TRH, 
can be used for diagnostic purposes. Transsphenoidal surgelY is still the 
treatment of choice. Postoperative external irradiation might be omitted 
in most patients, providing that repeated MRI-imaging is possible, to 
allow early detection of recurrence. Medical treatment with dopamine 
agonists and/or somatostatin analogs can be recommended only in 
patients without an important "mass effect" of the tumour. New nuclear 
techniques revealing the presence of dopamine and/or somatostatin 
receptors on these tumours may help to select patients who might 
benefit from medical therapy. 
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chromogranin A (CgA) as serum marker of neuroendocrine 
tumours. 

egA is a protein localised in the secretory granules of neuroendocrine 
cells. Its physiological functions are gradually elucidated, although many 
questions still remain (chapter 6). It is co-secreted with the hormonal 
content of the secretOlY granules. Therefore, its concentrations in serum 
are a reflection of neuroendocrine secretOlY activity. Since neuroendo
crine tumours retain the capacity to secrete egA, it can be used as 
tumour marker. It is a general marker of neuroendocrine neoplastic 
growth. Endocrine cells, that are not of neuroendocrine origin, such as 
the follicular cells of the thyroid gland and the steroid hormone secreting 
cells of the adrenal cortex and the gonads, lack egA production. 

egA is more specific for neuro-endocrine tumours, than other general 
neuroendocrine markers, such as neuron-specific enolase and the 
«-subunit of glycoprotein hormones (chapter 3). 

Obviously, the usefulness of egA as marker of tumours, that secrete 
specific peptide hormones, is limited, since it cannot compete with 
these neuropeptide markers in sensitivity nor specificity. It can never
theless have interesting clincal applications for so-called "non-functio
ning" neuroendocrine tumours for which no marker is available, or for 
tumours, such as carcinoids or pheochromocytomas, where the 
available markers are either unstable or inconvenient for clinical use 
(chapter 3). 

"Non-functioning" neuroendocrine tumours, that are either not able to 
secrete hormonal products or release products that cannot be detected 
by current techniques, frequently retain the ability to secrete significant 
amounts of egA. This is very useful for "silent" gastro-entero-pancreatic 
neuroendocrine tumours, facilitating their differentiation from neo
plasms of the exocrine pancreas with higher malignant potential and 
worse prognosis (chapter 3). 

Very high serum concentrations of egA can be encountered in patients 
with carcinoids or pheochromocytomas. Since egA is a very stable 
molecule, no special precautions are needed to handle or store the 
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serum samples, in contrast to samples for measurement of serotonin in 
the case of carcinoids or catecholamines in the case of pheochromocy
tomas. Moreabove, serum determinations are more convenient and bet
ter reproducable than 24-h collections of urine for 5-hydroxy-indole
acetic acid (5-HIAA) in patients with carcinoid tumours and for 
catecholamines and their degradation products in patients with pheo
chromocytomas (chapter 3). 

CgA cannot be considered as an early marker of neuroendocrine neo
plasms. Only extensive tumours are able to elevate the serum concen
trations above the large physiological back-ground, produced by the 
vast amount of normal neuroendocrine cells throughout the body. 
Elevated levels are strongly correlated with tumour volume and thus 
small tumours may escape detection (chapter 3). 

Therefore, CgA is not suitable for screening neoplastic growth in syn
dromes of multiple endocrine neoplasias, where it could serve as a uni
versal marker of the different tumours involved. Indeed, CgA levels do 
not increase early and are less sensitive than the specific peptide hor
mone markers of these neuroendocrine neoplasms (chapter 3). 

CgA can be used as marker of Cushing's syndrome, caused by ectopic 
secretion of adrenocorticotropic hormone (ACTH) or corticotropin 
releasing hormone (CRH) by non-pituitary neuroendocrine tumours, 
such as carcinoid tumours, medullaty thyroid carcinomas and small cell 
lung carcinomas (chapter 4). CgA levels are generally not elevated in 
pituitaty Cushing's disease, since corticotroph microadenomas are usu
ally very small. In addition, adrenal cortisol-producing tumours do not 
secrete CgA, because they are not from neuroendocrine origin. Unfor
tunately, CgA does not provide help in the difficult cases of so-called 
occult ACTH-secreting neuroendocrine tumours, usually bronchial car
cinoids, since these tumours are velY small and therefore don't produce 
enough CgA. 

Slightly elevated levels of CgA are, unexpectedly, also found in some 
patients with non endocrine tumours (chapter 3). Many non endocrine 
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tissues contain cells, belonging to the diffuse neuroendocrine system. 
Recently several immuno-histochemical studies have shown that these 
cells are also present in most tumours of non-endocrine origin. They are 
either diffusely scattered throughout the tumour or multifocally located 
in small nests. Whether the presence of elevated serum levels of CgA in 
patients with these tumours has prognostic significance demands 
further investigation. 

Clinically nonfunctioning pituitary adenomas (CNPA), as a para
digm of neuroendocrine tumours for which no classical markers 
are available. 

CNPA represent about one quarter of all pituitary adenomas. Since they 
do not present symptoms related to pituitary hormone hypersecretion, 
they usually escape early detection. Surgical treatment of these tumours 
is therefore often incomplete, and at present no established medical tre
atment is available yet (chapter 9). 

In recent years it has been demonstrated that the majority of these 
tumours are in fact poorly secreting, rather than completely nonsecre
ting. [n cell culture they usually secrete the gonadotropic hormones fol
licle stimulating hormone (FSH) and/or luteinizing hormone (LH) 
and/or their free a- or B-subunits (chapter 5). 

Unfortunately, most CNPA secrete very [ow amounts of glycoprotein 
hormones and/or subunits, making detection in serum difficult. There
fore provocative testing with thyrotropin releasing hormone (TRH) is 
frequently used, since paradoxical secretion of gonadotropins and/or 
their subunits frequently occurs in CNPA, while normal gonadotrophs do 
not respond. [n patients with nonendocrine, and thus not hormonally 
active tumours of the pituitary region, release of LH or a-subunits in 
response to TRH can also occur, however, casting doubt on the ability 
of the test to distinguish endocrine from nonendocrine tumours 
(chapter 5). 

In vitro, CgA immunostaining is almost invariably present in CNPA, even 
in so-called null-cell adenomas, that have lost all neuropeptide synthe-
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tizing activity. However, due to the relatively small volume of these 
tumours, serum concentrations of CgA are only rarely increased. 
Release of CgA can also be induced by injection of TRH. This seems to 
be more specific for CNPA than the release of gonadotropins and/or 
their subunits in response to TRH. The sensitivity of this test is rather 
low, however (chapter 5). 

CNPA express dopamine receptors on their cell membranes, but their 
number and affinity are smaller than in prolactinomas. III vitro data sug
gest that prolonged treatment with high doses of dopamine agonists 
might be able to exert an inhibitOlY effect on tumour growth ill vivo. 
Since the use of bromocriptine in high doses is generally not well tole
rated, however, the clinical data are disappointing. The new generation 
of more powerful and more selective dopamine agonists, might provide 
a useful alternative. Long-term medical treatment of subjects with CNPA 
with the dopamine agonist quinagolide (CV205-502), however, generally 
fails to induce a significant reduction in tumour volume. Although it is 
able to cause a persistent suppression of hormone secretion by CNPA, 
progressive increase in tumour size occurs in most patients (chapter 7). 

The reason why some CNPA respond and others not could be due to dif
ferences in expression of dopamine-receptors on these tumours. The 
density of dopamine receptors on tumour tissue can be examined in vivo 
by scintigraphy with "'J-IBZM or with "'J-epidepride. Positive scans, sug
gesting a high density of dopamine receptors, are found in about a quar
ter of CNPA (chapter 8). Future studies are needed to determine the use
fulness of this technique for the prediction of clinical responses to dopa
mine agonists. 
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Chromogranine A (CgA) als tumonnerker van neuroendocriene 
tumoren. 

egA is een eiwit dat dee I uitmaakt van de secretiegranulae van neuro
endocriene cellen. De fysiologische functies van dit eiwit worden gelei
delijk aan opgehelderd, hoewel nog vee I vragen onopgelost blijven. 
Tijdens het secretieproces wordt egA samen met de hormonale inhoud 
van de granulae vrijgesteld. De concentratie in het serum vonnt dus 
een weerspiegeling van de secretieactiviteit van het neuroendocrien 
stelsel. Venn its neuroendocriene tumoren in staat blijven om egA vrij 
te stell en, kan het gebruikt worden als tumormerker. Endocriene cel
len, die niet van neuroendocriene oorsprong zijn, zoals de folliculaire 
cellen van de schildklier en de steroidhormoon producerende cellen 
van de bijnierschors en van de gonaden, zijn niet in staat om egA te 
produceren. 

egA is een specifiekere merker van neuroendocriene tumoren dan 
andere algemene neuroendocriene merkers, zoals neuron-specifiek 
enolase en de a-subunit van glycoprote[ne honnonen (hoofdstuk 3). 

Het nut van egA als merker van tumoren, die specifieke peptide honno
nen poduceren is natuurlijk beperkt, omdat het qua sensitiviteit en spe
cificiteit niet met deze merkers kan concurreren. Het kan nochtans inte
ressante klinische toepassingen hebben bij zogenaamde "niet-functio
nerende" neuroendocriene tumoren, waarvoor geen merker vOOl·han
den is, of bij tumoren, zoals carcino[den of pheochromocytomen, waar
van de beschikbare merkers of wei onstabiel zijn of wei onhandig voor 
klinisch gebruik (hoofdstuk 3). 

"Niet-functionerende" neuroendocriene tumoren, die of wei niet in staat 
zijn om hormonale stoffen te produceren, of wei stoffen vrijstellen, die 
met de huidige technieken niet opgespoord kunnen worden, behouden 
vaak het vennogen om significante hoeveelheden egA vrij te stellen. Oit 
is erg nuttig bij "silentieuze" gastro-entero-pancreatische neuroendo
criene tumoren, omdat dit toelaat hen te onderscheiden van tumoren 
van de exocriene pancreas, met een hoger maligne potentiaal en een 
slechtere prognose (hoofdstuk 3). 
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Zeer hoge serum concentraties van CgA worden vaak gevonden bij 
patienten met carcino[den of pheochromocytomen. Vermits CgA een 
erg stabiele moleCUle is, zijn er geen speciale maatregelen nodig om de 
serummonsters te transporteren of te bewaren, in tegenstelling tot de 
monsters die nodig zijn voor bepaling van serotonine bij carcino[den of 
van catecholamines bij pheochromocytomen. Bovendien zijn serumbe
palingen gemakkelijker en beter reproduceerbaar dan 24 uur urine ver
zamelingen voor 5-hydroxy-indoolazijnzuur bij patienten met carcinoid 
tumoren en voor catecholamines en hun afbraakproducten bij patienten 
met pheochromocytomen (hoofdstuk 3). 

CgA kan niet beschouwd worden als een vroege merker van neuroen
docriene neoplasie. Enkel uitgebreide tumoren zijn in staat om de 
serumconcentraties boven de fysiologische achtergrondspiegel, 
gevormd door de secretie door de vele neuroendocriene cellen in het 
lichaam, te doen uitstijgen. Er is dus een duidelijk verb and tussen de 
hoogte van de serumspiegel en het tumorvolume, waardoor kleine 
tumoren aan detectie ontsnappen (hoofdstuk 3). 

Daarom is CgA niet bruikbaar voor vroegtijdige opsporing van neoplas
tische groei bij syndromen van multipele endocriene neoplasie, waar 
het nochtans zou kunnen gebruikt worden als universele merker van de 
verschillende betrokken tumoren. De spiegels van CgA stijgen immers 
eerder laat en zijn dus minder sensitief dan de specifieke peptide hor
moonmerkers van deze neuroendocriene tumoren (hoofdstuk 3). 

CgA kan gebruikt worden als merker van Cushing syndroom veroorzaakt 
door ectopische secretie van adrenocorticotroof hormoon (ACTH) of 
corticotropin releasing ho1'1l1oon (CRH) door niet -hypofysaire neuroendo
criene tumoren, zoals carcino[den, medullaire schildkliercarcinomen en 
kleincellige longtumoren (hoofdstuk 4). CgA spiegels zijn doorgaans niet 
verhoogd bij hypofysaire Cushing omdat de corticotrofe microadenomen 
meestal zeer klein zijn. Bovendien zijn cortisol producerende tumoren 
van de bijnieren niet in staat om CgA te maken omdat ze niet tot het 
neuroendocriene stelsel behoren. Spijtig genoeg biedt CgA geen hulp in 
de moeilijke gevallen van zogenaamde occulte ACTH-secreterende 
neuroendocriene tumoren, meestal bronchuscarcino[den, vermits deze 
tumoren erg klein zijn en daarom niet genoeg CgA aanmaken. 
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Licht gestegen CgA spiegels worden eigenaardig genoeg ook gevonden 
bij sommige patienten met niet~endocriene tumoren (hoofdstuk 3). Veel 
niet ~endocriene weefsels bevatten cell en, die tot het diffuse neuroendo~ 
criene systeem behoren. Vershillende recente immunohistochemische 
studies hebben aangetoond dat deze cellen ook aanwezig zijn in de 
meeste niet ~endocriene tumoren. Ze Iiggen of wei diffuus verpreid in de 
tumor of multifocaal in kleine celnesten. Verder onderzoek is no dig om 
uit te maken of de aanwezigheid van verhoogde serum spiegels van 
CgA bij patienten met deze tumoren prognostisch belang heeft. 

K1inisch niet~functionerende hypofyseadenomen (NFA) als een 
paradigma van neuroendocriene tumoren waarvoor geen k1as~ 
sieke merkers beschikbaar zijn, 

NFA vertegenwoordigen ongeveer een vierde van aile hypofyseadeno~ 
men. Vermits zij geen symptomen van honnonale overproductie indu~ 
ceren, worden zij doorgaans laattijdig ontdekt. Daarom kunnen zij 
meestal niet volledig chirurgisch verwijderd worden. Momenteel bestaat 
er nog geen afdoende farmacologische behandeling voor deze tumoren 
(hoofdstuk 9). 

De laatste jaren werd aangetoond dat de meeste van deze zogenaamde 
"niet ~secreterende" tumoren toch een zwakke honnoonsecretie verto~ 
nen. In celculturen stell en zij vaak de gonadotrofe honnonen follikel~ 
stimulerend honnoon (FSH) en/of luteinizerend honnoon (LH) en/of 

vrije a~ of B~subunits vrij (hoofdstuk 5). 

Spijtig genoeg secreteren de meeste NFA slechts kleine hoeveelheden 
glycoproteine honnonen en/of subunits, waardoor deze secretieproduc~ 
ten vaak moeilijk in het serum kunnen aangetoond worden. Daarom 
gebruikt men vaak een stimulatietest met thyrotropin releasing hor~ 
moon (TRH). NFA reageren immers vaak op TRH met een paradoxa Ie 
vrijstelling van hun secretieproducten, terwijl nonnale gonadotrofe cel~ 
len geen reactie vertonen. Bij patienten met niet ~endocriene, en dus 
niet honnonaal actieve tumoren van de hypofysestreek kan men echter 
ook een vrijstelling van LH of a~subunits zien na inspuiting van TRH. 
Hierdoor word! de mogelijkheid van de test om een ondersheid te 
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maken tussen endocriene en niet -endocriene tumoren in twijfel getrok
ken (hoofdstuk 5). 

Met immuunhistochemie kan men in vitro in bijna aile NFA egA aanto
nen, zelfs in zagenaamde nulcel-adenomen, die aile neuropeptide syn
thesecapaciteit verloren hebben. Door het vrij kleine tumorvolume zijn 
de serum can centra ties van egA echter slechts zeldzaam verhoogd. 
Vrijstelling van egA kan oak geYnduceerd worden door inspuiting van 
TRH. Oit lijkt specifieker te zijn voor NFA dan de vrijstelling van gonado
trofines en/of hun subunits in antwoord op TRH. De sensitiviteit van 
deze test is echter laag (hoofdstuk 5). 

De meeste NFA hebben dopamine receptoren op hun celmembranen, 
maar hun aantal en hun affiniteit voor dopamine is kleiner dan bij pro
lactinomen. In vitro gegevens suggereren dat langdurige behandeling 
met hoge dosis dopamine agonisten in staat zau kunnen zijn am de 
tumorgroei in vivo te onderdrukken. De klinische resultaten zijn echter 
teleurstellend omdat bromocriptine meestal niet goed verdragen wordt 
wanneer gebruikt in hoge dosissen. De nieuwe generatie van krachtige
re en selectievere dopamine agonisten kan een nuttig alternatief bieden. 
Langdurige behandeling van patienten met NFA met de dopamine ago
nist quinagolide (eV 205-502) induceert echter doorgaans geen tumor
verkleining. Ondanks het feit dat de hormoonproductie van de NFA per
manent onderdrukt wordt door quinagolide, ziet men bij de meeste 
patienten een progressieve stijging van het tumorvolume (hoofdstuk 7). 

Waarom sommige NFA reageren en andere niet zou kunnen te wijten 
zijn aan verschillen in expressie van dopamine receptoren op hun 
membraan. De densiteit van dopaminereceptoren in de tumor kan nu in 
vivo aangetoond worden door middel van scintigrafie met "'l-lBZM of 
"'I-epidepride. Positieve scans, wijzend op een hoge densiteit van dopa
mine receptoren, worden in ongeveer 1 op 4 NFA gevonden (hoofdstuk 
8). Of deze techniek zinvol is am uit te maken welke tumoren gunstig 
zullen reageren op behandeling met dopamine agonisten zal in toekom
stige studies uitgemaakt moeten worden. 
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