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I n t r o d u c t i o n  
Pituitary adenomas are frequently occurring neo- 
plasms. In unselected pituitaries of adults obtained 
post-mortem a prevalence from 6 up to 23% is 
recorded [I 2]. Using immunocytochemical tech- 
niques, the prevalence of different types of pituitary 
adenomas could be estimated in large series of surgi- 
cally removed pituitary tumours (see Table I) [3 4]. 
While most pituitary adenomas are histologically 
benign, slow-growing tumours, some adenomas 
show a more rapid growth, with extension into the 
surrounding tissues, eventually causing damage to 
the optic nerve(s) and/or other cranial nerves [5]. In 
this manuscript some aspects of the treatment and 
problems which can occur during treatment of each 
of the pituitary adenomas as mentioned in Table I, 
will be described. 

P r o l a c t i n o m a s  

Diagnosis 
As mentioned in Table I, ~rolactinomas account for 
approximately 30% of pituitary adenomas. There are 
many reasons for an elevated serum prolactin level, 
such as pregnancy, renal failure, primary hypothy- 
roidism, or the use of medication known to induce 
hyperprolactinaemia (see Table 2). As prolactin is the 
only hormone of which the production is under con- 
stant suppression by dopamine, a sellar abnormality 
in a patient with hyperprolactinaemia may be due 
not only to a prolactinoma, but also to pituitary 
tumours or hypothalamic disorders, which decrease 
dopamine levels (e.g. by compression of the pituitary 
stalk). As serum prolactin levels do correlate well with 
the size of the prolactinoma, a mild degree of hyper- 
prolactinaemia in association with a macroadenoma, 
particularly with extrasellar extension, is usually not 
consistent with a prolactinoma, but with e.g. a non- 
functioning pituitary adenoma [6]. 

Treatment 
The natural history of untreated hyperprolactinaemia 
is not clear [7]. Therefore, in patients with untreated 
microadenomas, clinical symptoms, serum prolactin 
levels, and the appearance of the pituitary gland 
must be carefully monitored. In many patients with 
prolactinomas abnormalities in the secretion of gon- 
adotropin-releasing hormone (GHRH) and gonado- 
tropins lead to a relative or absolute oestrogen de- 
ficiency [8]. This is associated with osteoporosis, so 
despite the relative stability in tumour size, preven- 
tive therapy of hyperprolactinaemia may be necess- 
ary. Although only high oestrogen dosages can cause 
a mild hyperprolactinaemia, the use of oestrogens 
(e.g. as an oral anticonceptive drug) is not advisable. 
Therapy may also be necessary because of reproduc- 
tive dysfunction, infertility, galactorrhoea, as well as 
sexual dysfunction. Treatment of adenomas primarily 
consists of dopaminergic drugs. Neurosurgery is not 
the treatment of first choice because of the very high 
percentage of recurrence [9]. Radiation therapy for 201 
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prolactinomas is also unattractive, because of the 
associated hypopituitarism and the proven efficacy of 
drug therapy [10 11 ]. 

Bromocriptine 
Bromocriptine directly stimulates dopamine recep- 
tors (mainly D 2 receptors) [12]. Bromocriptine is 
capable of improving visual disturbances and re- 
ducing tumour size objectively in patients with large 
prolactinomas within several days or weeks [13]. It 
reduces tumour size by 50% or more in about 50% 
of the patients with a macroprolactinoma and de- 
creases prolactin levels to normal in about 70% of 
the patients [14]. Discontinuation of the therapy may 
be associated with a rapid expansion of tumour size 
and an increase in prolactin levels, so most patients 
require dopaminergic therapy indefinitely [15]. 
However, bromocriptine can be discontinued every 
two years on a trial basis to determine the need for 
continued therapy, as hyperprolactinaemia can re- 
solve spontaneously. 

Side-effects, which are roughly the same for all of 
the dopaminergic drugs, are nausea, orthostatic 
hypotension, headaches, fatigue, nasal congestion, 
abdominal cramps and constipation. Rare side-effects 
are pulmonary fibrosis, vasospasms and psychosis in 
patients with underlying psychiatric disorders [16]. 
The occurrence of side-effects, as well as the need for 
two or three daily doses of bromocriptine, remain 
important problems in the treatment of prolactino- 
ma patients. Therefore, other dopaminergic drugs 
have been developed recently, including meter- 
goline, lisuride, pergolide, mesulergine, terguride, 
dihydroergocristine, dihydroergocriptine, cabergo- 
line and quinagolide. Metergoline, dihydroergo- 
cristine and terguride were less effective than bromo- 

criptine [1 7-19], while lisuride and mesulergine were 
more poorly tolerated than bromocriptine [20 21]. 
Cabergoline, pergolide and quinagolide will be dis- 
cussed in more detail. 

Cabergoline 
A single oral dose of 0.3-0.6 mg cabergoline signifi- 
cantly lowers prolactin levels in hyperprolactinaemia 
for 7-14 days [22]. Given in a dose of 0.4-3.0 mg at 
weekly intervals for 8-9 weeks cabergoline induces 
normalisation of prolactin levels in about two thirds 
of hyperprolactinaemic women [23]. It has been 
shown that most patients are able to tolerate effec- 
tive doses of cabergoline without important side- 
effects [24 25]. These results indicate that cabergo- 
line is a well-tolerated new dopaminergic drug with 
long-lasting activity which represents a potential 
advantage in the chronic treatment of hyperprolacti- 
naemic states. 

Pergolide 
The dopaminergic drug pergolide produced long- 
lasting reductions in prolactin levels after single 
doses of 50 l~g [26]. After 24 hours, the values re- 
mained suppressed at a mean of 29% of the baseline 
value. Liver enzyme disturbances were recorded 
infrequently. Although pergolide is a potent inhibitor 
of prolactin secretion [27], the drug has never found 
an important place in the treatment of hyperprolacti- 
naemic states. In a double-blind study involving a 
total of 157 hyperprolactinaemic patients the efficacy 
and tolerability of bromocriptine and pergolide were 
found to be the same, while the incidence and type 
of side-effects to both dopamine agonists were simi- 
lar [28]. 

Quinagolide 
Quinagolide (an octahydrobenzo[g]quinoline) is a 
non-ergot alkaloid dopaminergic drug, which re- 
cently became available for the therapy of hyperpro- 
lactinaemic states [29]. It is a potent D 2 receptor 
agonist, with only a weak D 1 receptor activity. On a 
weight basis this drug is far more potent than 
bromocriptine in suppressing both normal and 
pathological prolactin secretion [30 31]. These 
promising results were confirmed in several studies, 
all showing the potent inhibitory effect of quina- 
golide on prolactin secretion, as well as on tumour 
size, both in microprolactinoma and in macropro- 
lactinoma patients. Only relatively few patients com- 
plained of side-effects so severe that drug therapy 
bad to be discontinued [32-34]. 



Conclusion 
The treatment of prolactinomas has improved dra- 
matically in the last 20 years. Transsphenoidal hypo- 
physectomy as primary treatment is hardly ever indi- 
cated nowadays. Dopaminergic drugs are effective 
enough to control increased prolactin production 
and turnout growth in the vast majority of patients. 
Considerable tumour shrinkage occurs in most 
patients. An important problem remains that bromo- 
criptine has considerable side-effects, which result in 
a decrease in compliance in part of the patients. The 
development of newer, more specific dopamine D 2 
receptor agonists, e.g. quinagolide, were shown to 
be an improvement in the therapy of macroprolacti- 
nomas in particular, with regard to both the lower 
incidence of side-effects and compliance, because 
this drug can be taken once daily. 

Cushing's disease 

Diagnosis 
When Cushing's syndrome is suspected, two excel- 
lent screening tests are available: the overnight dexa- 
methasone test [35] and the measurement of 24- 
hour urinary excretion of cortisol [36]. After 
hypercortisolism has been confirmed in a patient 
with clinical Cushing's syndrome, the site of hor- 
mone overproduction must be determined. Once 
causes of Cushing's syndrome like medication (cor- 
ticosteroid therapy), alcohol abuse etc. have been 
shown unlikely, one must determine whether 
Cushing's syndrome is caused by Cushing's disease 
(pituitary overproduction of corticotropin), ectopic 
production of corticotropin (or corticotropin- 
releasing hormone) or overproduction of cortisol by 
an adrenal tumour (adenoma or carcinoma). 

To determine whether Cushing's syndrome has a 
pituitary or non-pituitary cause can be very difficult. 
A continuous dexamethasone infusion (1 mg/h) for 
7 h seems to be a superior diagnostic tool for this dif- 
ferential diagnostic problem [37]. The corticotropin- 
releasing hormone stimulation test is also a reliable 
test with high sensitivity and specificity [38]. Mag- 
netic resonance imaging seems to be a better way of 
localizing pituitary corticotropin-secreting microade- 
nomas than computer-tomographic scanning [39 
40]. A major advance in the diagnosis of Cushing's 
disease has been sampling of corticotropin in both 
inferior petrosal sinuses and measuring the central- 
to-peripheral corticotropin ratio [41 42]. 

Bilateral catheterization of the inferior petrosal 
sinus before surgery is recommended in all patients 
for whom dynamic testing is consistent with pituitary 
tumour but imaging studies are inconclusive. 

Treatment 
The therapy of choice for patients with Cushing's dis- 
ease is selective transsphenoidal adenomectomy. The 
reported rates of surgical cure are as high as 90% in 
patients with microadenomas. If sellar exploration 
does not reveal a tumour, hemihypophysectomy can 
be performed with the use of the lateralization data 
obtained from preoperative bilateral measurement of 
corticotropin in the inferior petrosal sinuses. Primary 
conventional radiotherapy leads to biochemical and 
clinical improvement in only 15 to 25% of adult 

patients [43] while neurological complications occur 
relatively frequently. 

Drug therapy of patients with Cushing's disease 
may be used to control severe hypercortisolism be- 
fore curative surgery, as an adjunctive treatment in 
patients who have received radiotherapy, or to treat 
patients who are not surgical candidates. Agents that 
inhibit the production of cortisol are also useful in 
the treatment of patients with ectopic corticotropin 
syndrome. A number of pharmacological agents 
block the adrenal system. 

Metyrapone 
Metyrapone is an 11~3-hydroxylase inhibitor, which 
decreases cortisol secretion, while the production of 
11-deoxycortisol and dehydroepiandrosterone is 
increased [44]. It has been used in the treatment of 
Cushing's disease. In doses up to 2 g daily, bio- 
chemical and clinical remission can be achieved [45]. 
Nausea, vomiting and dizziness can occur. The drug 
can also cause hirsutism due to the overproduction 
of adrenal androgens, as well as hypertension, hypo- 
kalaemic alkalosis and oedema, due to the accumu- 
lation of 11 -deoxycortisol. 

Aminoglutethimide 
Although originally developed as an anticonvulsant 
drug, aminoglutethimide is now also used as a drug 
against hypercortisolism. It inhibits primarily the 
cholesterol side-chain cleavage enzyme which is 
involved in the synthesis of corticosteroids as well as 
the aromatase enzyme which converts androgens to 
oestrogens. It causes gastrointestinal side-effects, 
somnolence and a transient rash in therapeutical 
doses of 1-2 g daily. Steroid withdrawal symptoms 
are inevitable and replacement therapy by cortico- 
steroids is required [46]. However, in the long term, 
the use of this agent is limited by its lack of thera- 
peutic efficacy and by side-effects, including gastro- 
intestinal symptoms and (often severe) somnolence. 

Ketoconazole 
Ketoconazole, an antimycotic agent, is an imidazole 
derivative which inhibits mitochondrial cytochrome 
P-450 enzymes. The major activity appears to be the 
inhibition of 17-20 desmolase. A moderate blockade 
of 17-hydroxylase may be present, while there is a 
marked inhibition of 21- and/or 11-hydroxylase. It 
thus inhibits the conversion of androgens to oestro- 
gens, of progesterone to androstenedione and tes- 
tosterone, and of 11-deoxycorticosterone to cortico- 
sterone [47]. Started in doses of 800-1,200 mg daily 
and with maintenance doses of 600-800 mg daily, 
ketoconazole is relatively well tolerated, although 
liver enzyme disturbances can be a problem. It has 
been proven to be effective in the treatment of 
hypercortisolism in most types of Cushing's syn- 
drome [48-51]. One potential benefit of ketocona- 
zole is that while the cortisol levels decrease, there is 
not necessarily a proportionate increase in corticotro- 
pin levels. It is felt that ketoconazole may have a 
pituitary effect on decreasing corticotropin secretion 
[52]. Ketoconazole should be considered the initial 
drug therapy of choice in the majority of patients 
with Cushing's syndrome who require adjunctive 
treatment. However, the effects of long-term use 
have not been established. 203 
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Mifepristone 
The properties of mifepristone (RU 38486, RU 486), 
a steroid with powerful blocking activity at the pro- 
gesterone and the glucocorticoid receptor, have 
been studied both in vitro and in vivo [53]. In normal 
humans, mifepristone blocks glucocorticoid negative 
feedback at the hypothalamic-pituitary level, in- 
ducing a compensatory increase in plasma cortico- 
tropin and cortisol levels [54]. After one single-dose 
oral gift of 400 mg, mifepristone induces a response 
that lasts at least 34 h. When ketoconazole is unable 
to lower cortisol production and if the clinical con- 
dition requires a rapid, more or less acute total 
blockade of cortisol receptors (i.e. acute psychosis), 
the use of mifepristone should be considered [55]. 
Unfortunately, the drug cannot be titrated very well 
because there are no objective biological parameters 
to measure its effects. The blocking effects on the 
cortisol receptor in man can be antagonized by very 
high doses of dexamethasone [56]. 

Conclusion 
The treatment of Cushing's syndrome depends en- 
tirely on its cause. The diagnosis of Cushing's syn- 
drome due to ectopic corticotropin or corticotropin- 
releasing hormone production seems to be improved 
by the introduction of new procedures, like petrosal 
sinus catheterization and the use of magnetic reson- 
ance imaging. Also, several new drugs have become 
available. Both drugs blocking adrenal cortisol pro- 
duction (e.g. ketoconazole) and cortisol receptor 
blocking agents like mifepristone seem to have a 
place in the treatment of Cushing's syndrome. These 
drugs are better capable of controlling the clinical 
effects of hypercortisolism in Cushing's syndrome 
than the older ones. They still have considerable 
side-effects and, in the case of mifepristone treat- 
ment, monitoring the degree of cortisol receptor 
blockade is difficult, if not impossible. 

Non-functioning tumours 

Diagnosis 
The majority of so-called non-functioning pituitary 
adenomas are slowly growing macroadenomas with 
extrasellar extension. As such tumours do not have a 
characteristic clinical syndrome of excessive hormone 
production, they can grow to a considerable size 
before they are detected. Symptoms like headache, 
insidious visual loss and hypopituitarism are the most 
frequent occurring symptoms. These tumours pre- 
sent themselves at a relatively high age (50-80 years) 
[57]. When they produce gonadotropins, they are 
called gonadotropinomas. The pituitary glycoprotein 
hormones are composed of a common c~ subunit as 
well as J3 subunits specific to each hormone. The el- 
evation of serum cz or 13 subunit concentrations 
therefore seems to be an independent tumour 
marker and independent of alterations in the levels 
of other pituitary hormones. In some cases a para- 
doxical rise in one or several of these hormones to 
thyrotropin-releasing hormone can be helpful in 
establishing the diagnosis [58]. 

Treatment 
As most of the clinically non-functioning pituitary 
adenomas present themselves with visual field 
defects, neurosurgical decompression is often necess- 
ary. In principle the transsphenoidal approach is 
the primary therapy, although recent publications 
of experienced groups do report a considerable 
perioperative risk [59 60]. 

Pharmacotherapeutic possibilities with these 
tumours are somatostatin analogues, like octreotide, 
and dopaminergic drugs [61 62]. Possibly in the 
future gonadotropin-releasing hormone antagonists 
will also be of potential therapeutic use [63]. 

Octreotide 
Experience with octreotide is limited and consist of 
only some case reports. In most cases no reduction 
in tumour size was seen, but, remarkably, a fast 
improvement in visual capabilities was described in 
some patients. Whether this is the result of just a very 
small reduction in tumour size or a direct effect of 
octreotide on the retina or optic nerve is presently 
unknown. 

Quinagolide 
In a recent report in a small group of 5 patients with 
clinically non-functioning pituitary adenomas the use 
of the dopaminergic drug quinagoline was investi- 
gated. Both an improvement in visual disturbances 
and a decrease in tumour size and a significant 
decrease in gonadotropin and/or subunit levels was 
observed [64]. Larger studies are necessary, though, 
to confirm these results. 

Conclusion 
The treatment of non-functioning tumours of the 
pituitary gland is primarily a surgical one, largely 
because of the size of these tumours, often leading 
to panhypopituitarism and visual disturbances. If 
these complications are not present, one can be 
more conservative. Hopefully in the future more 
results will become available proving beneficial 
results of treatment with dopaminergic drugs and/or 
somatostatin analogues. 

Acromegaly 

Diagnosis 
Although human somatic growth is regulated pri- 
marily by growth hormone, most of its growth-pro- 
moting effects are mediated by insulin-like growth 
factor I (IGF-I), which is largely synthesized in the 
liver, but is also produced in the kidney, muscle, 
pituitary gland, chondrocytes and the gastrointes- 
tinal tract [65]. As a negative feedback mechanism, 
IGF-I suppresses growth hormone-mRNA synthesis in 
the pituitary gland [66]. Although most of the 
growth hormone's growth-promoting actions are 
mediated by IGF-I, animal models suggest that the 
hormone and IGF-I act independently and synergisti- 
cally in skeletal and organ growth [67]. 

Because of the apparent manifestation of the dis- 
ease, acromegaly is usually diagnosed clinically. In 
most studies a positive correlation between tumour 
size and basal growth hormone levels has been 
found [68 69]. Up to levels of about 50-80 ilg/I, 



growth-hormone concentrations correlate well with 
serum IGF-I levels, suggesting that growth-hormone 
levels of about 60 pg/I stimulate IGF-I production 
maximally [70 71]. Several authors have reported a 
correlation between age and tumour volume, while 
others could not find such a relationship [72]. 

The two most sensitive tests for biochemical confir- 
mation of the hypersecretion of growth hormone are 
measurements of plasma IGF-I and an oral glucose 
tolerance test, which is more time-consuming but 
still is the golden standard. Random determinations 
of growth-hormone levels are rarely useful in the 
diagnosis of acromegaly. For screening purposes, 
IGF-I levels are specific in the diagnosis of acro- 
megaly, as they correlate well with mean 24-hour 
plasma growth-hormone concentrations. 

Treatment 
As acromegaly is associated with an increase in the 
expected mortality rate [73], it has to be treated 
either by surgery, drug therapy or radiotherapy (or 
any combination of these). Considering the fact that 
50% of the patients with growth-hormone levels 
< 5 ~g/I after surgery, do still have elevated IGF-I 
levels [74], a real cure of acromegaly by surgery 
might be rare. So other means of therapy or combi- 
nations of therapy are often necessary. When in- 
creased growth-hormone production still persists 
after surgery, or when there are contra-indications 
for surgery, external conventional radiotherapy can 
be used as treatment. This method is capable of 
reducing growth-hormone levels in a majority of the 
patients to < 5 i~g/I, although normal growth- 
hormone levels are only reached after several years 
[75]. Acquired hypopituitarism as a (late) compli- 
cation of radiation therapy occurs in more than 50% 
of the patients [76]. 

Bromocriptine 
As relatively large doses of bromocriptine are necess- 
ary to induce clinically beneficial effects [77] this 
drug is not so often used as a primary therapy for 
acromegaly, but more often as an adjuvant therapy 
[78]. In less than 20% of the patients, bromocriptine 
is capable of reducing growth-hormone levels to less 
than 5 F~g/I, while only in 8% of the patients normal- 
ization of IGF-I levels is achieved. 

Octreotide was found to be more effective in 
lowering growth-hormone levels than bromocriptine 
[79]. In a recent study by Chiodini et al. quinagolide 
was as potent in reducing growth-hormone levels as 
bromocriptine. No patients insensitive to bromocrip- 
tine were sensitive to quinagolide [80]. 

Octreotide 
Since the introduction of octreotide, therapy of acro- 
megaly has become much more successful [81]. 
Octreotide (50 t-[g as a single dose, subcutaneously), 
suppresses growth-hormone secretion within 1 h. 
Maximal suppression of growth-hormone levels is 
reached after 3 h. The response may be sustained up 
to 12 h [82]. The drug reduces tumour volume in 
50% of the patients [83]. It reduces growth-hor- 
mone secretion in 90% of the acromegalic patients, 
normalizes IGF-I levels in 60% and, because the 
course of serum growth-hormone levels after a single 
dose of octreotide correlates well with the serum 

growth-hormone levels reached during long-term 
treatment with octreotide, this substance has be- 
come the drug of first choice in the medical treat- 
ment of acromegaly [84]. It is usually well tolerated, 
although it inhibits gallbladder contractility, causing 
the development of gallstones [85]. It decreases 
headaches in most patients and long-term therapy 
with octreotide reduced serum IGF-I levels in several 
groups of acromegalics by 37 to 81%. 

Good selection of patients by age, sex and tumour 
size is necessary. Not all patients need a trans- 
sphenoidal operation, which has its own morbidity 
and appears to be seldom radical in large invasive 
adenomas. Especially in older (male) acromegalic 
patients one can probably primarily choose for 
octreotide therapy and omit transsphenoidal surgery. 
Also, one can predict the ultimate efficacy of octreo~ 
tide therapy in controlling hormonal hypersecretion 
by monitoring the degree of decrease of growth-hor- 
mone secretion after a single dose of octreotide. 

Other somatostatin analogues, such as the long- 
acting BIM 23014, are tested for their usefulness in 
acromegaly now and some reports describe a poten- 
tially beneficial role [86]. 

Conclusion 
The treatment of acromegaly has considerably 
improved after the introduction of octreotide. Con- 
trol of hormonal hypersecretion can also be achieved 
in part of the patients by octreotide therapy. If 
tumour size is a problem on its own, octreotide is 
not the treatment of choice, because the extent of 
tumour shrinkage is in most instances disappointing. 
In this case surgery (often in combination with radio- 
therapy) is mandatory. After surgery octreotide ther- 
apy should be considered in order to control clinical 
symptomatology related to residual acromegaly. 205 



@ 

�9 

206  

References 
1 Burrow GN, Wortzman G, Rewcastle NB, Holgate RC, 

Kovacs K. Microadenomas of the pituitary and abnormal sel- 
lar tomograms in an unselected autopsy series. N Engl J Med 
1981;304:156-8. 

2 McComb DJ, Ryan N, Horvath E, Kovacs K. Subclinical aden- 
omas of the human pituitary. New light on old problems. 
Arch Pathol Lab Med 1983;107:488-92. 

3 Kovacs K, Horvath E, Ezrin C. Anatomy and histology of the 
normal and abnormal pituitary gland. In: De Groot J, Cahill 
Jr GF, Odell WD, Martini L, Potts Jr iT, Nelson DH, et al., 
editors. Endocrinology. Philadelphia: W.B. Saunders Compa- 
ny, 1989:271-81. 

4 Wilson CB, Dempsey LC. Transsphenoida[ microsurgical 
removal of 250 pituitary adenomas. J Neurosurg 1978; 
48:13-22. 

5 Scheithauer BW, Kovacs K, Laws ER Jr, Randall RV. Pathology 
of invasive pituitary tumors with special reference to func- 
tional classification. J Neurosurg 1986;65:733-44. 

6 Flier JS, Underhill LH. Diagnosis and management of hor- 
mone-secreting pituitary adenomas. N Engl J Med 1991; 
324:822-31. 

7 Schlechte J, Dolan K, Sherman B, Chapler F, Luciano A. The 
natural history of untreated microprolactinemia: a perspec- 
tive analysis. J Clin Endocrinol Metab 1989;68:412-8. 

8 Klibanski A, Greenspan SL. Increase in bone mass after treat- 
ment of hyperprolactinemic amenorrhea. N Engl J Med 
1986;315:542-6. 

9 Serri O, Rasio E, Beauregard H, Hardy J, Somma M. Recur- 
rence of hyperprolactinemia after selective transsphenoidal 
adenomectomy in women with prolactinoma. N Engl J Med 
1983;309:280-3. 

10 Tran LM, Blount L, Horton D, Sadechi A, Parker RG. Radi- 
ation therapy of pituitary tumors: results in 95 cases. Am J 
Clin Oncol 1991 ;I 4:25-9. 

11 Clarke SD, Woo SY, Butler EB, Dennis WS, Lu H, Carpenter 
LS, et al. Treatment of secretory pituitary adenoma with 
radiation therapy. Radiology 1993;188:759-63. 

12 Benker G, Jaspers C, Hausler G, Reinwein D. Control of pro- 
lactin secretion. Kiln Wochenschr 1990;68:1157-67. 

13 Thorner MO, Martin WH, Rogol AD, Morris JL, Perryman RL, 
Conway BP, et al. Rapid regression of pituitary prolactino- 
mas during bromocriptine treatment. J Clin Endocrinol 
Metab 1980;51:438-45. 

14 Molitch ME, Elton RL, Blackwell RE, Caldwell B, Chang RJ, 
Jaffe R, et al. Bromocriptine as primary therapy for prolactin- 
secreting macroadenomas: results of a prospective multi- 
centre study. J Clin Endocrinol Metab 1985;60:698-705. 

15 Thorner MO, Perryman RL, Rogol AD, Conway BP, MacLeod 
RM, Login IS, et al. Rapid changes of prolactinoma volume 
after withdrawal and reinstitution of bromocriptine. I Clin 
Endocrinol Metab 1981 ;53:480-3. 

16 Vance ML, Evans WS, Thorner MO. Bromocriptine. Ann 
Intern Med 1984;100:78-91. 

17 Crosignani PG, Ferrari C, Liuzzi A, Benco R, Mattei A, 
Rampini P, et al. Treatment of hyperprolactinemic states 
with different drugs: a study with bromocriptine, metergo- 
line, and lisuride. Fertil Steril 1982;37:61-7. 

18 Dallabonzana D, Liuzzi A, Oppizzi G, Cozzi R, Verde G, 
Chiodini P, et al. Chronic treatment of pathological hyper- 
prolactinemia and acromegaly with the new ergot derivative 
terguride. J Clin Endocrinol Metab 1986;63:1002-7. 

19 Scarduelli C, Cavioni V, Galparoli C, Spellecchia D, Ferrari C, 
Crosignani PG. Clinical use of a new anti-prolactinemic 
drug: dihydroergocristine. I Obstet Gynecol 1987;7:225-7. 

20 Bouloux PMG, Besser GM, Grossman A, Moult PJA. Clinical 
evaluation of lisuride in the management of hyperprolactin- 
emia. BMJ 1987;294:1323-4. 

21 Grossman A, Bouloux PMG, Loneragan R, Rees RH, Wass 
JAH, Besser GM. Comparison of the clinical activity of 
mesulergine and pergolide in the treatment of hyperprolac- 
tinemia. Clin Endocrinol (Oxf) 1985;22:611-6. 

22 Mattei GB, Ferrari C, Baroldi P, Cavioni V, Paracchi A, 
Galparoli C, et al. Prolactin-lowering effect of acute and 
once weekly repetitive oral administration of cabergoline at 
two dose levels in hyperprolactinemic patients. J Clin 
Endocrinol Metab 1988;66:193-8. 

23 Melis GB, Gambacciani M, Paoletti AM, Beneventi F, Mais V, 
Baroldi P, et al. Dose-related prolactin inhibitory effects of 
the new long-acting dopamine agonist cabergoline in nor- 
mal cycling, puerperal, and hyperprolactinemic women, l 
Clin Endocrinol Metab 1987;65:541-5. 

24 Ferrari C, Mattei A, Melis GB, Paracchi A, Muratori M, Faglia 
G, et al. Cabergoline: long-acting oral treatment of hyper- 
prolactinemic disorders. J Clin Endocrinol Metab 1989; 
68:1201-5. 

25 Ciccarelli E, Giusti M, Miola C, Potenzoni F, Sghedoni D, 
Camanni F, et al. Effectiveness and tolerability of long term 
treatment with cabergoline, a new long-lasting ergoline 
derivative, in hyperprolactinemic patients. J Clin Endocrinol 
Metab 1989;69:725-8. 

26 Kleinberg DL, Boyd III AE, Wardlaw S, Frantz AG, George A, 
Bryan N, et al. Pergolide for the treatment of pituitary 
tumors secreting prolactin or growth hormone. N Engl J 
Med 1983;309:704-9. 

27 Kletsky OA, Borenstein R, Mileikowsky GN. Pergolide and 
bromocriptine for the treatment of patients with hyperpro- 
lactinemia. Am ] Obstet Gynecol 1986;154:431-5. 

28 Lamberts SWJ, Quik RF. A comparison of the efficacy and 
safety of pergolide and bromocriptine in the treatment of 
hyperprolactinemia. J Clin Endocrinol Metab 1991;72:635- 
41. 

29 Venetikou MS, Burrin JM, Woods CA, Yeo TH, Brownell J, 
Adams EF. Effects of two novel dopaminergic drugs, CV 
205-502 and ECP 201-403 on prolactin and growth hor- 
mone secretion by human pituitary tumours in vitro. Acta 
Endocrinol 1987;116:287-92. 

30 Vance ML, Cragun C, Reimnitz C, Chang R, Rashef E, 
Blackwell R, et al. CV 205-502 treatment of hyperprolactin- 
aemia. J Ciin Endocrinol Metab 1989;68:336-9. 

31 Newman CB, Hurley AM, Kleinberg DL. Effect of CV 205- 
502 in hyperprolactinaemic patients intolerant of bromo- 
criptine. Clin Endocrinol (oxf) 1989;31:391-400. 

32 Van 't Verlaat JW, Croughs RJ, Brownell J. Treatment of 
macroprolactinomas with a new non-ergot, long-acting 
dopaminergic drug, CV 205-502. Clin Endocrinol (Oxf) 
1990;33:619-24. 

33 Van der Lely AJ, Brownell ], Lamberts SWJ. The efficacy and 
tolerability of CV 205-502 (a non-ergot dopaminergic drug) 
in macroprolactinoma patients and in patients intolerant to 
bromocriptine. J Clin Endocrinol Metab 1991 ;72:1136-41. 

34 Kvistborg A, Halse J, Bakke S, B]oro T, Hansen E, Djoseland 
O, et al. Long-term treatment of macroprolactinomas with 
CV 205-502. Acta Endocrinol (Copenh) 1993;128:301-7. 

35 Liddle GW. Tests of pituitary-adrenal suppressibility in the 
diagnosis of Cushing's syndrome. J Clin Endocrinol Metab 
1960;20:1539-60. 

36 Laudat MH, Billaud L, Thomopoulos P, Vera O, Yllia A, Luton 
JP. Evening urinary free corticoids: a screening test in 
Cushing's syndrome and incidentally discovered adrenal 
tumours. Acta Endocrinol (Copenh) 1988;119:459-64. 

37 Biemond P, De Jong FH, Lamberts SWJ. Continuous dexa- 
methasone infusion for seven hours in patients with the 
Cushing's syndrome. A superior differential diagnostic test. 
Ann Intern Med 1990;112:738-42. 

38 Chrousos GP, Schulte HM, Oldfield EH, Gold PW, Cutler Jr 
GB, Loriaux DL. The corticotrophin-releasing factor stimu- 
lation test. An aid in the evaluation of patients with 
Cushing's syndrome. N Eng]J Med 1984;310:622-6. 

39 Doppman JL, Frank JA, Dwyer AJ, Oldfield EH, Miller DL, 
Nieman LK, et al. Gadolinium DTPA enhanced MR imaging 
of corticotropin-secreting microadenomas of the pituitary 
gland. J Comput Assist Tomogr 1988;12:728-35. 

40 Peck WW, Dillon WP, Norman D, Newton TH, Wilson CB. 
High-resolution MR imaging of pituitary microadenomas at 
1.5 T: experience with Cushing's disease. Am J Rad 1989; 
152:145-51. 

41 Findling JW, Kehoe ME, Shaker JL, Raft H. Routine inferior 
petrosal sinus sampling in the differential diagnosis of 
adrenocorticotropin(corticotropin)-dependent Cushing's 
syndrome: early recognition of the occult ectopic ACTH syn- 
drome. J Clin Endocrinol Metab 1991 ;73:408-13. 

42 Miller DL, Doppman JL. Petrosal sinus sampling: technique 
and rationale. Radiology 1991 ;178:37-47. 

43 Tran LM, Blount L, Horton D, Sadeghi A, Parker RG. Radi- 
ation therapy of pituitary tumours: results in 95 cases. Am J 
Clin Oncol 1991 ;14:25-9. 

44 Howlett TA, Drury PL, Perry L, Doniach I, Rees LH, Besser 
GM. Diagnosis and management of ACTH-dependent 
Cushing's syndrome: comparison of the features in ectopic 
and pituitary ACTH production. Clin Endocrinol 1986; 
24:699-713. 

45 Jeffcoate WJ, Rees JH, Tomlin S. Metyrapone in long-term 
management of Cushing's disease. BMJ 1988;296:227-30. 

46 Shaw MA, Nicholls PJ, Smith HJ. Aminogluthetimide and 
ketoconazole: historical perspectives and future prospec- 
tives. J Steroid Biochem 1988;31:137-46. 

47 Bruynseels J, De Coster R, Van Rooy P, Wouters W, Coene 
MC, Snoeck E, et al. R 75251, a new inhibitor of steroid bio- 
synthesis. Prostate 1990;16:345-57. 

48 Lamberts SW, Bons EG, Bruining HA, De Jong FH. Differen- 
tial effects of the imidazole derivatives etomidate, ketocona- 
zole and miconazole and of metyrapone on the secretion of 
cortisol and its precursors by human adrenocortical cells. J 
Pharmacol Exp Ther 1987;240:259-64. 



49 Tabarin A, Navarranne A, Guerin J, Corcuff JB, Parneix M, 
Roger P. Use of ketoconazol in the treatment of Cushing's 
disease and ectopic ACTH syndrome. Clin Endocrinol (Oxf) 
1991;34:63-9. 

50 Khanderia U. Use of ketoconazol in the treatment of 
Cushing's syndrome. Clin Pharm 1991 ;10:12-3. 

51 Hoffman DM, Brigham B. The use of ketoconazole in ectopic 
adrenocorticotropic hormone syndrome. Cancer 1991;1: 
1447-9. 

52 Mortimer RH, Cannell GR, Thew CM, Galligan JP. Ketocona- 
zole and plasma and urine steroid levels in Cushing's dis- 
ease. Clin Exp Pharmacol Physiol 1991 ;18(8): 563-9. 

53 Lamberts SW], Bons EG, Uitterlinden P. Studies on the 
glucocorticoid receptor blocking action of RU 38486 in cul- 
tured ACTH-secreting human pituitary tumor cells and nor- 
mal rat pituitary cells. Acta Endocrinol (Copenh) 1985;109: 
64-9. 

54 Galliard RD, Poffet D, Diondel AM, Saurat JH. RU 486 in- 
hibits peripheral effects of glucocorticoids in humans. J Clin 
Endocrinol Metab 1985;61:1009-14. 

55 Van der Lely AJ, Foeken K, Van der Mast RC, Lamberts SWJ. 
Rapid reversal of acute psychosis in patients with severe 
Cushing's syndrome. Ann Intern Med 1991 ;114:143-4. 

56 Raux-Demay MC, Pierret T, Bouvier d'Yvoire M, Bertagna X, 
Girard F. Transient inhibition of RU 486 antiglucocorticoid 
action by dexamethasone. J Clin Endocrinol Metab 1990;70: 
230-3. 

57 Klibanski A. Nonsecreting pituitary tumors. Endocrino[ 
Metab Clin North Am 1987;16:793-804. 

58 Kwekkeboom DJ. Clinically nonfunctioning and gonado- 
troph pituitary adenomas [dissertation]. Rotterdam: Erasmus 
University, 1989. 

59 Ebersold MJ, Quast LM, Laws ER, Scheithauer 8, Randall RV. 
Long-term results in transsphenoidal removal of nonfunc- 
tioning pituitary adenomas. J Neurosurg 1986;64:713-9. 

60 Comtois R, Beauregard H, Somma M, Serri O, Aris-Jilwan N, 
Hardy J. The clinical and endocrine outcome to transsphe- 
noidal microsurgery of nonsecreting pituitary adenomas. 
Cancer 1991 ;68:860-6. 

61 Oppenheim DS, Klibanski A. Medical therapy of glycopro- 
tein hormone-secreting pituitary tumors. Endocrinol Metab 
Clin North Am 1989;18:339-58. 

62 Warner A, Timsit J, Chanson P, et al. The effect of soma- 
tostatin analogue on chiasmal dysfunction from pituitary 
macroadenomas. J Neurosurg 1989;71:687-90. 

63 Kwekkeboom DJ, Lamberts SWJ, Blom JHN, Schroeder FH, 
De Jong FH. Prolonged treatment with the GnRH analog 
busurelin suppresses LH-13 production by the pituitary gona- 
dotroph, while alpha-subunit production does not change. 
Clin Endocrinol (Oxf) 1990;32:443-51. 

64 Kwekkeboom DJ, Lamberts SWJ. Long-term treatment with 
the dopamine agonist CV 205-502 of patients with a 
clinically nonfuctioning, gonadotroph, or alpha-subunit se- 
creting pituitary adenoma. Clin Endocrinol (Oxf) 1992;36: 
1 71-6. 

65 Fagin IA, Brown A, Melmed S. Regulation of pituitary insulin- 
like growth factor-I messenger ribonucleic acid levels in rats 
harbouring somatomammotrophic tumors: implications for 
growth hormone autoregulation. Endocrinol 1988;122: 
2204-10. 

66 Yamashita S, Melmed S. Insulin-like growth factor-I regu- 
lation of growth hormone gene transcription in primary rat 
pituitary cells. I Clin Invest 1987;79:449-52. 

67 Mathews LS, Hammer RE, Behringer RR, D'Ercole AJ, Bell GI, 
Brinster RL, et al. Growth enhancement of transgenic mice 
expressing human insulin-like growth factor I. Endo- 
crinology 1988;123:2827-33. 

68 Klijn JGM, Lamberts SWJ, De long FH, Van Dongen KJ, 
Birkenhager JC. Interrelationships between tumour size, age, 
plasma growth hormone and incidence of extra sellar exten- 
sion in acromegalic patients. Acta Endocrinol (Copenh) 
1980;95:289-97. 

69 Smals AEM, Pieters GFFM, Smals AGH, Kloppenborg PWC. 
Sex difference in the relation between sellar volume and 
basal and GH-releasing hormone stimulated GH in acro- 
megaly. Acta Endocrinol (Copenh) 1986;88:224-36. 

70 Lamberts SWJ, Uitterlinden P, Verleun T. Relationship 
between growth hormone and somatomedin-C levels in 
untreated acromegaly, after surgery and radiotherapy and 
during medical treatment with sandostatin (SMS 201-995). 
Eur J Clin Invest 1987;1 7:354-9. 

71 Barkan AL, Beitins IZ, Kelch RP. Plasma insulin-like growth 
factor-I/somatomedin-C in acromegaly: correlation with the 
degree of growth hormone hypersecretion. J Clin Endocrinol 
Metab 1988;67:69-73. 

72 Van der Lely AJ, Harris AG, Lamberts SWJ. The sensitivity of 
growth hormone secretion to medical treatment in acro- 
megalic patients: influence of age and sex. Clin Endocrinol 
(Oxf) 1992;37:181-5. 

73 Wright AD, Hill DM, Lowy C, Fraser TR. Mortality in acro- 
megaly. Q J Med 1970;39:1-16. 

74 Barkan AL Acromegaly diagnosis and therapy. Endocrinol 
Metab Clin 1989;18:277-310. 

75 Kliman B, Kiellberg RN, Swisher B, Butler W. Long-term 
effects of proton-beam therapy for acromegaly. In: Robbins 
RJ, Melmed S, editors. Acromegaly: a century of scientific 
and clinical progress. New York: Plenum Press, 1987:221-8. 

76 Snyder PJ, Fowble BF, Schatz NJ, Savino PJ, Gennarelli TA. 
Hypopituitarism following radiation therapy of pituitary 
adenomas. Am J Med 1986;81:457-62. 

77 Lamberts SWJ, Liuzzi A, Chiondini PG, Verde S, Klijn JG, 
Birkenhager JC. The value of plasma prolactin levels in the 
prediction of the responsiveness of growth hormone se- 
cretion to bromocriptine and TRH in acromegaly. Eur J Clin 
Invest 1982;12:151-5. 

78 Wass ]A, Thorner MO, Morris DV, Rees LH, Mason AS, Jones 
AE, et al. Long-term treatment of acromegaly with bromo- 
criptine. BMJ 1977;1:875-78. 

79 Halse J, Harris AG, Kvistborg A, Kjartansson O, Hanssen E, 
Smiseth O, et al. Randomized study of SMS 201-995 versus 
bromocriptine treatment in acromegaly: clinical and bioche- 
mical effects. J Clin Endocrinol Metab 1990;70:1254-61. 

80 Chiodine PG, Attanasio R, Cozzi R, Dallabonzana D, Oppizzi 
G, Strada S, et al. CV 205-502 in acromegaly. Acta Endo- 
crinol (Copenh) 1993;128:389-93. 

81 Lamberts SW~. The role oi* somatostatin in the regWation of 
anterior pituitary hormone secretion and the use of its ana- 
logs in the treatment of human pituitary tumors. Endocr Rev 
1988;9:41 7-36. 

82 Plewe G, Beyer J, Krause U, Neufeld M, Del Pozo E. Long- 
acting and selective suppression of growth hormone se- 
cretion by somatostatin analogue SMS 201-995 in acrome- 
galy. Lancet 1984;2:782-4. 

83 Barkan AL, Lloyd RV, Chandler WF, Hatfield MK, Gebarski 
SS, Kelch RP, et al. Preoperative treatment of acromegaly 
with long-acting somatostatin analog SMS 201-995: shrink- 
age of invasive pituitary macroadenomas and improved sur- 
gical remission rate. I Clin Endocrinol Metab 1988;67:1040- 
8. 

84 Ezzat S, Snyder PJ, Young WF, Boyajy LD, Newman C, 
Klibanski A, et al. Octreotide treatment of acromegaly. A 
randomized, multicentre study. Ann Intern Med 1992;117: 
711-8. 

85 Van Liessum PA, Hopman WPM, Pieters GFFM, Jansen JB, 
Smals AG, Rosenbusch G, et al. Postprandial gallbladder 
motility during long term treatment with the long-acting 
somatostatin analog SMS 201-995 in acromegaly. J Clin 
Endocrino} Metab ] 989;69:557-62. 

86 Heron I, Thomas F, Dero M, Gancel A, Ruiz JM, Schatz B, et 
al. Pharmacokinetics and efficacy of a long-acting formu- 
lation of the new somatostatin analog BIM 23014 in 
patients with acromegaly. I Clin Endocrinol Metab 1993;76: 
721-7. 

207  


